
Advances in Intelligent Systems and Computing 362

Jiuping Xu
Stefan Nickel
Virgilio Cruz Machado
Asaf Hajiyev    Editors

Proceedings of the Ninth 
International Conference 
on Management 
Science and Engineering 
Management



Advances in Intelligent Systems and Computing

Volume 362

Series editor

Janusz Kacprzyk, Polish Academy of Sciences, Warsaw, Poland
e-mail: kacprzyk@ibspan.waw.pl



About this Series

The series “Advances in Intelligent Systems and Computing” contains publications on the-
ory, applications, and design methods of Intelligent Systems and Intelligent Computing.
Virtually all disciplines such as engineering, natural sciences, computer and information
science, ICT, economics, business, e-commerce, environment, healthcare, life science are
covered. The list of topics spans all the areas of modern intelligent systems and computing.

The publications within “Advances in Intelligent Systems and Computing” are primarily
textbooks and proceedings of important conferences, symposia and congresses. They cover
significant recent developments in the field, both of a foundational and applicable character.
An important characteristic feature of the series is the short publication time and world-wide
distribution. This permits a rapid and broad dissemination of research results.

Advisory Board

Chairman

Nikhil R. Pal, Indian Statistical Institute, Kolkata, India
e-mail: nikhil@isical.ac.in

Members

Rafael Bello, Universidad Central “Marta Abreu” de Las Villas, Santa Clara, Cuba
e-mail: rbellop@uclv.edu.cu

Emilio S. Corchado, University of Salamanca, Salamanca, Spain
e-mail: escorchado@usal.es

Hani Hagras, University of Essex, Colchester, UK
e-mail: hani@essex.ac.uk

László T. Kóczy, Széchenyi István University, Győr, Hungary
e-mail: koczy@sze.hu

Vladik Kreinovich, University of Texas at El Paso, El Paso, USA
e-mail: vladik@utep.edu

Chin-Teng Lin, National Chiao Tung University, Hsinchu, Taiwan
e-mail: ctlin@mail.nctu.edu.tw

Jie Lu, University of Technology, Sydney, Australia
e-mail: Jie.Lu@uts.edu.au

Patricia Melin, Tijuana Institute of Technology, Tijuana, Mexico
e-mail: epmelin@hafsamx.org

Nadia Nedjah, State University of Rio de Janeiro, Rio de Janeiro, Brazil
e-mail: nadia@eng.uerj.br

Ngoc Thanh Nguyen, Wroclaw University of Technology, Wroclaw, Poland
e-mail: Ngoc-Thanh.Nguyen@pwr.edu.pl

Jun Wang, The Chinese University of Hong Kong, Shatin, Hong Kong
e-mail: jwang@mae.cuhk.edu.hk

More information about this series at http://www.springer.com/series/11156

http://www.springer.com/series/11156


Jiuping Xu • Stefan Nickel
Virgilio Cruz Machado • Asaf Hajiyev
Editors

Proceedings of the Ninth
International Conference
on Management Science
and Engineering
Management

123



Editors
Jiuping Xu
Business School
Sichuan University
Chengdu, Sichuan
China

Stefan Nickel
Karlsruhe Institute of Technology
Karlsruhe
Germany

Virgilio Cruz Machado
Industrial Engineering
Universidade Nova de Lisboa
Lisbon
Portugal

Asaf Hajiyev
Azerbaijan National Academy of Sciences
Baku
Azerbaijan

ISSN 2194-5357 ISSN 2194-5365 (electronic)
Advances in Intelligent Systems and Computing
ISBN 978-3-662-47240-8 ISBN 978-3-662-47241-5 (eBook)
DOI 10.1007/978-3-662-47241-5

Library of Congress Control Number: 2015939154

Springer Heidelberg New York Dordrecht London
© Springer-Verlag Berlin Heidelberg 2015
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made.

Printed on acid-free paper

Springer-Verlag GmbH Berlin Heidelberg is part of Springer Science+Business Media
(www.springer.com)



Preface for Volume 1

Welcome to the proceedings of the Ninth International Conference on Management
Science and Engineering Management (ICMSEM2015) held from July 21 to 23,
2015 at Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany.

The International Conference on Management Science and Engineering
Management is the annual conference organized by the International Society of
Management Science and Engineering Management (ISMSEM). The goals of the
conference are to foster international research collaborations in Management
Science and Engineering Management as well as to provide a forum to present
current research results in the forms of technical sessions and round table discus-
sions during the conference period in a relaxed and enjoyable atmosphere. This
year, 971 papers from 35 countries were received and 132 papers from 15 countries
were accepted for presentation or poster display at the conference after a serious
review. These papers are from countries including Spain, Australia, Germany,
Russia, Saudi Arabia, Turkey, UK, Canada, Pakistan, China, USA, Japan, Portugal,
Iran, and Azerbaijan. They are classified into eight parts in the proceedings which
are Intelligent Systems, Logistics Engineering, Information Technology, Risk
management, Computing Methodology, Project Management, Industrial
Engineering and Decision Making Systems. The key issues of the Ninth ICMSEM
cover various areas in MSEM, such as Decision Making Methods, Computational
Mathematics, Information Systems, Logistics and Supply Chain Management,
Relationship Management, Scheduling and Control, Data Warehousing and Data
Mining, Electronic Commerce, Neural Networks, Stochastic models and
Simulation, Heuristics Algorithms, and Risk Control. In order to further encourage
the state-of-the-art research in the field of Management Science and Engineering
Management, ISMSEM Advancement Prize for MSEM will be awarded at the
conference for these researchers.

A total of 132 papers were accepted and they were divided into two proceedings
with 66 papers in each proceedings. To find out the research topics among the
accepted papers, the NodeXL was applied. To begin with, keywords from the first
proceedings were excerpted as follows: Coupled technology, Poly-cell local sup-
port, Finite element method, Elasticity, Behavioral research, Intelligent systems,
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Work result, Qualitative research, Demographic Characteristics, Educational
Interaction, Social Media, Matter element model, Extension set, Entrepreneurship
education, Quality management, Projection pursuit, Combined model, Discharged
patients forecasting, Earthquakes, Marking System, Multidimensional Scene,
Principal component analysis, Executive compensation, Performance, Decision
Making, Efficiency, Decision trees, Binary decision diagrams, Forecasting,
Stochastic systems, Fuzzy control, Dynamic programming, Supply chain man-
agement, Distribution of goods, Bi-level modeling, Genetic algorithms, Logistics
engineering, Buyback contract, Equilibrium model, Variational inequalities, Fuzzy
demand price, Integrated inventory model, Carbon mission trade, Economic order
quantity (EOQ), Vehicle routing, Uncertain demands and traveling time, Particle
swarm optimization (PSO), Supplier selection, Gray relational analysis method,
Entropy, Knowledge Flow, Collaborative Innovation, Running Mechanism of
Water resources, Fuzzy sets, Life cycle, Condition monitoring, Wind power,
Offshore Wind Turbines, Perspective of spatial structure, Selection, Risk assess-
ment, Aviation, Prognostics, State of health, State estimation, Adaptive learning,
Uncertainty analysis, Green supply chain, Information technology, Public security
perception, Influencing factors, Mobile internet, Linear bi-level programming,
Random fuzzy variable, Chance constraints, Interactive programming technique,
Web forum, Message board, Tourist products, Public transport status, Assurance
system, Economic fluctuation, Asymmetry, Markov Regime-switching model, Big
data, University brand, Harnessing and boosting, Electronic commerce, Repeated
game, Price competition, Multiple attribute decision making (MADM), The 2-tuple
linguistic model, Group decision making, Integrated model, Factor analysis,
Performance improvement, Maintenance, Net Present Value (NPV), Regression
analysis, Increasing number of parameters, Least squares approximations,
Confidence band, Sensor optimization selection, Aircraft engines, mHealth, Health
care, Mobile IT, Patient-centered, Research and development management,
Portfolio selection, Multiobjective optimization, Mixed integer programming,
Large engineering, Pollution, Risk management, Game theory, Distributive justice,
Banking employees, Knowledge chain, Innovation, Adverse selection, Mixed
asymmetric information, Incentive contract, Small and medium-sized enterprises,
Multiple attribute decision making, Structural equation modeling.

The significance of the keywords not only lies in its frequency or ratio. The
connection between the keywords is very important in our study of how these
papers revolve around the theme of Management Science (MS). The field of MS
provides a set of concepts and metrics to systematically study the relationships
between the keywords. The methods of information visualization have also become
valuable in helping us to discover patterns, trends, clusters, and outliers, even in
complex social networks. In the preface, the open-source software tool NodeXL
was designed especially to facilitate learning the concepts and methods of MS as a
key component.

Using the NodeXL, a total of 306 keywords involved in the 66 papers were
analyzed. To begin with, the preliminary processing was executed on all the key-
words. Except for a unified expression of words, all the keywords with the same
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meaning and the words including the meaning of similar keywords have been
unitized. Such as “multiobjective problems”, “multiobjective models,” and
“multiobjective optimization” have finally been unified to “multiobjective optimi-
zation.” Through the preliminary processing, the keywords have reduced to 284,
making it possible to constitute network efficiently.

These processed keywords represented as the vertexes in NodeXL will be
visualized in a network diagram. In the network diagram, the vertex sizes have been
set to depend on a number of other vertexes associated with it. The more the vertex
connects with other vertexes, the higher centrality it would be, which reflects the
keyword’s important status in the field of MS. In other words, this keyword is likely
to represent an important issue in MS. At the same time, the vertex shapes have
been set to depend on their betweenness and closeness centrality. When the degree
of a vertex’s betweenness and closeness centrality is beyond a certain value, the
shape of this vertex would be square. The aim is to find out some key concepts in
the field of MS, these key concepts are likely to be the important nodes that connect
with other research topics.

Through the above steps, a network constituted by the keywords representing the
relationship between them can be demonstrated in Fig. 1. It shows that intelligent
systems, information technology, multiobjective optimization, logistics engineer-
ing, supply management, risk management, and genetic algorithms are key con-
cepts as the important nodes which connected with other research topics. In other
words, they are key issues about MS in the accepted 66 papers in this volume.

In this volume, the proceedings concentrate on intelligent systems, logistics
engineering, information technology, risk management. To begin with, intelligent
systems are the basic MSEM tools, as they provide a foundation for the discussion
of practical management problems. Genetic algorithms and simulation are their key
concepts. In this part, Gen et al. introduce how to design hybrid genetic algorithms
(HGA) and multiobjective hybrid genetic algorithms (Mo-HGA) for solving prac-
tical manufacturing scheduling problems for the hard disk device (HDD) and the
thin-film transistor-liquid crystal display (TFTLCD) manufacturing systems,

Fig. 1 Research topics in MS for the ninth ICMSEM
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respectively. Mushtaq and Rehman address the use of social media for educational
interaction and explore the influence of demographic characteristics on the use of
social media in faculty members. Zhang et al. propose a projection pursuit com-
binatorial model (PPCM), which is applied to forecast the numbers of daily dis-
charged patients through 3 years’ time series data. Comparing with the forecasting
results from ARIMA model, the new model produces a better forecasting perfor-
mance. Ma and He propose a new method named as MPG/FEM method which is
constructed by coupling the meshfree poly-cell Galerkin method (MPG) with the
finite element method (FEM) for the analysis of elasticity problems.

Logistics engineering, the second part, is a field of engineering dedicated to the
scientific organization of the purchase, transport, storage, distribution, and ware-
housing of materials and finished goods. Scholars in this section tend to focus on
the accomplishment of desired goals and objectives by using restricted resources
efficiently and effectively. Ping et al. demonstrate that a buyback contract can
coordinate the supply chain under group buying, and how its contract terms criti-
cally depend on the quantity threshold above which group buying deal is activated.
Segura et al. present a novel maintenance management research based on an eco-
nomic study of the Life Cycle Cost (LCC) of CMS for offshore wind turbines. Yan
et al. study the vehicle routing optimization problem with uncertain demands and
traveling time. Xu et al. study the dynamic optimal allocation of irrigation water
resources for multi-crop in multiple agricultural subareas and employ the fuzzy
random simulation to deal with the uncertainty of seasonal inflow and rainfall.

The third part is information technology. Information technology (IT) is the
application of computers and telecommunications equipment to store, retrieve,
transmit, and manipulate data, often in the context of a business or other enterprise.
IT is playing an increasingly dominant part in modern society. Hajiyev and
Narmina suggest a new method for estimating of unknown parameters, choice of an
optimal number of unknown parameters, and construction of a confident band for
unknown function in these models. Görlitz proposes an mHealth concept for stroke
patients and their caregivers that combines individual information with mobile IT
and serious games to support the rehabilitation, therapy adherence, and secondary
stroke prevention. Wu et al. present an intergraded multiple attribute group deci-
sion-making (MADGM) approach combining the consensus process and VIKOR
method. Zhou et al. employ the interactive programming technique to deal with a
class of linear bi-level programming with random fuzzy coefficients, which has no
mathematical meaning because of the uncertain factors.

Risk management, the last part, is the identification, assessment, and prioriti-
zation of risks followed by coordinated and economical application of resources to
minimize, monitor, and control the probability and/or impact of unfortunate events
or to maximize the realization of opportunities. In this part, Tahir and Sabir aim to
highlight an error in the prevailing present value (PV) approach with compounding
for bond evaluation providing evidence regarding inappropriate use of com-
pounding and through analyzing the two difference cases with illustrations. Akram
et al. aim to determine the relationship between organizational justice and employee
job satisfaction. The results showed that distributive justice has positive and
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significant impact on job satisfaction. Liu shows arbitrage equilibrium exists in a
non-competitive context and explicit the role of elasticity in the relation of arbitrage
and equilibrium in the non-Walrasian market. Zhang applies multiple attribute
decision-making method of SMEs to four enterprises in risk assessment, and the
results show that the multiple attribute decision-making method is effective and
feasible.

The four parts containing 66 papers were hot research topics in MS. In addition
to the high-quality proceedings, the conference also provides a suitable environ-
ment for discussions and exchanges of research ideas among participants during its
well-organized conference. Although we will present our research results in tech-
nical sessions and participate in round table discussions during the conference
period, we will have extra and fruitful occasions to exchange research ideas with
colleagues in this relaxed and enjoyable atmosphere of sightseeing.

We want to take this opportunity to thank all participants who have worked hard
to make this conference a success. We appreciate the help from International
Society of Management Science and Engineering Management and Sichuan
University in conference organization. We also appreciate Springer-Verlag London
for the wonderful publication of the proceedings. We are also grateful to Prof.
Stefan Nickel forf being a General Chair and Dr. Roland Görlitz for being the
Organizing Committee Chair. Besides, we appreciate great support from all
members of the Organizing Committee, Local Arrangement Committee, and
Program Committee as well as all participants who have worked hard to make this
conference a success. Finally, we want to appreciate all authors for their excellent
papers to this conference. Due to these excellent papers, ISMSEM Advancement
Prize for MSEM will be awarded again at the conference for the papers which
describe a practical application of Management Science and Engineering
Management. The Tenth International Conference on Management will be hosted
by Azerbaijan National Academy and Ministry of Communication and High
Technologies of Azerbaijan, Baku, Azerbaijan in July 2016. Professor Dr. Asaf
Hajiyev will be the Organizing Committee Chair for 2016 ICMSEM. We sincerely
hope that you can submit your new findings on MSEM and share your ideas in
Azerbaijan.

Karlsruhe, Germany Jiuping Xu
May 2015 Stefan Nickel

Virgilio Cruz Machado
Asaf Hajiyev

Preface for Volume 1 ix



Preface for Volume 2

Welcome to the proceedings of the Ninth International Conference on Management
Science and Engineering Management (ICMSEM2015) held from July 21 to 23,
2015 at Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany.

The International Conference on Management Science and Engineering
Management is the annual conference organized by the International Society of
Management Science and Engineering Management (ISMSEM). The goals of the
conference are to foster international research collaborations in Management
Science and Engineering Management as well as to provide a forum to present
current research results in the forms of technical sessions and round table discus-
sions during the conference period in a relaxed and enjoyable atmosphere. This
year, 971 papers from 35 countries were received and 132 papers from 15 countries
were accepted for presentation or poster display at the conference after a serious
review. These papers are from countries including Spain, Australia, Germany,
Russia, Saudi Arabia, Turkey, UK, Canada, Pakistan, China, USA, Japan, Portugal,
Iran and Azerbaijan. They are classified into 8 parts in the proceedings which are
Intelligent Systems, Logistics Engineering, Information Technology, Risk
Management, Computing Methodology, Project Management, Industrial
Engineering and Decision Making Systems. The key issues of the Ninth ICMSEM
cover various areas in MSEM, such as Decision Making Methods, Computational
Mathematics, Information Systems, Logistics and Supply Chain Management,
Relationship Management, Scheduling and Control, Data Warehousing and Data
Mining, Electronic Commerce, Neural Networks, Stochastic models and
Simulation, Heuristics Algorithms, and Risk Control. In order to further encourage
the state-of-the-art research in the field of Management Science and Engineering
Management, ISMSEM Advancement Prize for MSEM will be awarded at the
conference for these researchers.

132 papers were accepted and they were divided in two proceedings, with 66
papers in each proceedings. In order to find out the research topics among the
accepted papers, the NodeXL was applied. To begin with, key words from 66
papers were excerpted as follows: Decision making Systems, Safety assessment,
Industrial clusters, Knowledge based companies, Fuzzy dematel, Project
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management, Risk management, Maintenance management, Cooperative game,
Computing methodology, Allocation strategy, Group decision-making, Customer
satisfaction index, Perceived equity, Customer loyalty, Institutional policy,
Industrial engineering, Automobile market, Targeted effect, Spillover effect,
Logistics engineering, Development strategy, Path model, Internal resources, Brand
status, Entropy-fuzzy comprehensive evaluation model, Relationship diagraph,
Perceptive value, Store image, Consumer satisfaction, Functional mechanism,
Dynamic value chain, Fuzzy analytic hierarchy process (FAHP), Time-cost-envi-
ronment, Construction project, Genetic algorithm, Capital stork, Energy project
selection, Fixed-capital price index, Inventory, Depreciation, Energy project
selection, Supplier selection, Logistics outsourcing, Automotive manufacturing,
Science parks, Water quality, English heritage, Uncertainty, National trust,
Concentrated solar plants, Wavelet transform, Perceived price, Index system, Water
quality, Evaluation, Catastrophe theory, R&D project, Portfolio selection, Mixed
integer programming, Industry structure, Optimization model, Low-carbon econ-
omy, Sustainable development, Brand marketing strategy, Marketing performance,
Real-time scheduling, Hierarchical medical examination, Simulation, Empirical
analysis, Entropy method, Differentiation strategy, Breakthrough innovation,
Contribution rate, Technological progress, Coal enterprise, Soft sandstone,
Remixing soil, Land reclamation, Resource utilization, Salvage cost, Error cor-
rection model, Stochastic game, Economic efficiency, DEA method, Pay strategy,
Organizational performance, Industrial relations, Organization climate, Financial
characteristic, Wind turbines, Fast Fourier transform, Factor analysis, Electricity
industry, Economic development, Contribution ratio, Lean, Assessment tool, Fuzzy
evaluation, Customer value attribute, Experimental research, Corporate value,
Construction industry, Analytic hierarchy process, Resource uncertainty,
Cooperative mechanism, Control system, Perceived opportunities, Travel intention,
Contingent contract, Evolution characteristics.

The significance of the keywords not only lies in its frequency or ratio. The
connection between the keywords is very important in our study of how these
papers revolve around the theme of Engineering Management (EM). The field of
EM provides a set of concepts and metrics to systematically study the relationships
between the keywords. The methods of information visualization have also become
valuable in helping us to discover patterns, trends, clusters, and outliers, even in
complex social networks. In the preface, the open-source software tool NodeXL
was designed especially to facilitate learning the concepts and methods of EM as a
key component. Using the NodeXL, the total 407 keywords involved in the 66
papers were analyzed. To begin with, the preliminary processing was executed on
all the keywords. Except for a unified expression of words, all the keywords with
the same meaning and the words including the meaning of similar keywords have
been unitized. Such as “Industrial engineering,” “Industry engineering,” and
“Industrial project” have finally been unified to “Industrial engineering”. Through
the preliminary processing, the keywords have reduced to 361, making it possible
to constitute network efficiently. These processed keywords represented as the
vertexes in NodeXL will be visualized in a network diagram. In the network
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diagram, the vertex sizes have been set to depend on the number of other vertexes
associated with it. The more the vertex connects with other vertexes, the higher its
centrality would be, which reflects that the keyword’s important status in the flied of
EM. In other words, this keyword is likely to represent an important issue in EM. At
the same time, the vertex shapes have been set to depend on their betweenness and
closeness centrality. When the degree of a vertex’s betweenness and closeness
centrality is beyond a certain value, the shape of this vertex would be square. The
aim is to find out some key concepts in the field of EM, these key concepts are
likely to be the important nodes that connect with other research topics. Through
the above steps, a network constituted by the keywords representing the relation-
ship between them can be demonstrated in Fig. 2.

Figure 2 shows that decision-making systems, industrial engineering, project
management, computing methodology, multiobjective optimization, scheduling,
entropy method, simulation, innovation, and evaluation are key concepts as the
important nodes which connected with other research topics. In other words, they
are key issues about EM in the accepted 66 papers in this volume.

In this volume, the proceedings concentrate on computing methodology, project
management, industrial engineering, and decision-making system. To begin with,
computing methodology is the theoretical foundation of dealing with problems in
management science and engineering management. In this part, Yüzbasi and
Ahmed suggest shrinkage ridge regression estimators for a multiple linear regres-
sion model, and compare their performance with some penalty estimators which are
lasso, adaptive lasso, and SCAD. Jafarova and Aliyev use Oracle Data Mining
to investigate k-means clustering algorithm. The result of investigation allows
to group 40 banks with 18 parameters in 10 centralized clusters, and at the
same time shows the attributes and rules of clustering. This allows for comparison
of parameters of banks and the association of banks in their specialization.
Chen et al. provide a new CSI model on the basis of the present research
achievements and the characteristics of consumer behavior in China. Zhou and
Yang focus on the model of third-party rating results in connection with the per-
formance control system of MFIs, to provide a reference for the establishment a
comprehensive evaluation system for MFIs institutions.

Fig. 2 Research topics in EM for the ninth ICMSEM
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The second part is project management. Project management is the discipline of
planning, organizing, securing, and managing resources to bring about the suc-
cessful completion of specific project goals and objectives. Scholars in this part tend
to focus on the accomplishment of desired goals and objectives by using restricted
resources efficiently and effectively. Gómez et al. propose a novel approach for
FDD based on long-range ultrasonic technology, together with a signal processing
of ultrasonic waves employing wavelet transforms using a variable window size.
Aleksandra and Oleg consider the realization of “compromise” through the
scenario approach as effective choice of feedback coefficients of trading strategy.
Luo et al. research on the technological transition of soft sandstone from a single
control object to a comprehensive resource utilization object and propose a feasible
resource utilization method for soft sandstone in the Mao wu su Sand Land
based on the Land Consolidation Project practice and experimental analysis.
Cao et al. calculate the optimal effort level of management fund institution with
taking reputation into account using multi-stage dynamic game model of financing.
It helps to resolve the moral hazard problem of fund managers and provides theory
guide for raising of post-disaster reconstruction fund.

Industrial engineering, the third part, is the branch of engineering which deals
with the optimization of complex processes or systems. In this part, Raúl et al. focus
on the successful application of dependable embedded computer systems for the
reliable implementation of wind turbine condition monitoring and control tech-
nologies. Schröders and Machado develop an assessment tool that helps an orga-
nization to implement lean in a sustainable way. Initially, the success factors of a
lean approach have been identified and different business models have been
reviewed. The research has shown that there are four main categories of crucial
factors, including 24 criteria in total. Wang and Yu take the listed companies in
construction industry as research samples. It has unscrambled the development
rules of internal control quality in construction enterprises from two aspects: self-
evaluation and verification, and goal achievement, and has further analyzed the
impact of the internal control quality on the corporate value. Li et al. examine the
effectiveness of an institutional policy-tax-reduction for low-emission vehicles
policy-implemented in China automobile market and find that the institutional
policy has positive targeted effect on small-engine cars and negative spillover effect
on big-engine cars.

The fourth part focuses on decision-making systems. It is computer-based
information systems which support knowledge management, decision making, and
management reporting and assist managers in making decisions in highly uncertain
and complex environments that Decision-Making Systems emphasize on. Rehman
et al. highlight the moderating role of decisional intelligence in predicting the
relationship among work-family conflict and decision-making styles. They also
describe both academic and professional issues and its findings can be compre-
hensively utilized for the betterment of higher education sector of Pakistan. Pliego
and García present an approach employing Binary Decision Diagram applied to the
Logical Decision Tree, which allows addressing a Main Problem by establishing
different causes, called Basic Causes and their interrelations. Liu and Liu establish a
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mechanism model on how store image influences consumers and loyalty in drug
retail. They discover that store image influences brand loyalty through four different
approaches, in which there are three mediating variables of perceptive value,
consumer satisfaction, and brand trust. Guo et al. propose a dynamic group decision
approach with intuitionistic fuzzy entropy and lattice order preference, where
preference relations’ possibility with respect to decision makers is represented by
intuitionistic fuzzy number.

The four parts containing 66 papers were hot research topics in EM. Except the
high-quality proceedings, the conference also provides a suitable environment for
discussions and exchanges of research ideas among participants during its well-
organized conference. Although we will present our research results in technical
sessions and participate in round table discussions during the conference period, we
will have extra and fruitful occasions to exchange research ideas with colleagues in
this relaxed and enjoyable atmosphere of sightseeing.

We would like to take this opportunity to thank all participants who have worked
hard to make this conference a success. We appreciate the help from International
Society of Management Science and Engineering Management and Sichuan
University in conference organization. We also appreciate Springer-Verlag London
for the wonderful publication of the proceedings. We are also grateful to Prof.
Stefan Nickel for being a General Chair, Dr. Roland Görlitz for being the
Organizing Committee Chair. Besides, we appreciate great support from all
members of the Organizing Committee, Local Arrangement Committee, and
Program Committee as well as all participants who have worked hard to make this
conference a success. Finally, we want to appreciate all authors for their excellent
papers to this conference. Due to these excellent papers, ISMSEM Advancement
Prize for MSEM will be awarded again at the conference for the papers which
describes a practical application of Management Science and Engineering
Management. The Tenth International Conference on Management will be hosted
by Azerbaijan National Academy and Ministry of Communication and High
Technologies of Azerbaijan, Baku, Azerbaijan in July 2016. Professor Dr. Asaf
Hajiyev will be the Organizing Committee Chair for 2016 ICMSEM. We sincerely
hope that you can submit your new findings on MSEM and share your ideas in
Azerbaijan.

Karlsruhe, Germany Jiuping Xu
May 2015 Stefan Nickel

Virgilio Cruz Machado
Asaf Hajiyev
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Intelligent Systems



Multiobjective Hybrid Genetic Algorithms
for Manufacturing Scheduling: Part I
Models and Algorithms

Mitsuo Gen, Lin Lin and Wenqiang Zhang

Abstract In real world manufacturing systems there are many combinatorial
optimization problems (COP) imposing on more complex issues, such as complex
structure, nonlinear constraints, and multiple objectives to be handled simultane-
ously. Manufacturing scheduling is one of the important and complex COP models,
where it can have a major impact on the productivity of a production process. More-
over, the COP models make the problem intractable to the traditional optimization
techniques because most of scheduling problems fall into the class of NP-hard com-
binatorial problems. In order to develop effective and efficient solution algorithms
that are in a sense good, i.e., whose computational time is small as within 3min, or at
least reasonable for NP-hard combinatorial problemsmet in practice, we have to con-
sider: quality of solution, computational time and effectiveness of the nondominated
solutions for multiobjective optimization problem (MOP). When solving any NP-
hard problem, a genetic algorithm (GA) based on principles from evolution theory
is most powerful metaheuristics. In this paper, we concern with the design of hybrid
genetic algorithms (HGA) and multiobjective HGA (Mo-HGA) to solve manufac-
turing scheduling problems. Firstly we introduce typical models in manufacturing
scheduling systems such as parallel machines scheduling (PMS), flexible job-shop
scheduling problem (FJSP) and assembly line balancing (ALB) problem. Secondly
to solve NP-hard COP models, we introduce design scheme of HGA combined with
fuzzy logic controller (FLC) andmultiobjectiveHGA (Mo-HGA)with several fitness
assignmentmechanisms. For demonstrating computational experiments byHGAand
Mo-HGA, the effectiveness of theHGA for theHDD (hard disc device) andMo-HGA
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for TFT-LCD (thin-film transistor-liquid crystal display) module assembly problems
as a practical manufacturing model, respectively is demonstrated in the concatenated
paper Part II.

Keywords Hybrid genetic algorithms (HGA) · Multiobjective HGA (Mo-HGA) ·
Manufacturing scheduling · Parallel machines scheduling (PMS) · Hard disc
device (HDD)

1 Introduction

In real world manufacturing systems there are many combinatorial optimization
problems (COP) imposing on more complex issues, such as complex structure, non-
linear constraints, and multiple objectives to be handled simultaneously. Manufac-
turing scheduling is one of the important and complex COP models, where it can
have a major impact on the productivity of a production process. Moreover, the
COP models make the problem intractable to the traditional optimization techniques
because most of scheduling problems fall into the class of NP-hard combinatorial
problems. In order to develop effective and efficient solution algorithms that are in
a sense good, i.e., whose computational time is small as within 3min, or at least
reasonable for NP-hard combinatorial problems met in practice, we have to consider
three important issues:

(1) Quality of solution, (2) Computational time and (3) Effectiveness of the non-
dominated solutions for multiobjective optimization problem (MOP).

When solving anyNP-hard problem, a genetic algorithm (GA) based on principles
from evolution theory is one of very powerful metaheuristics [1].

The semiconductor industry has grown rapidly and subsequently production plan-
ning problems have raised many important research issues. Because of short product
lifecycles, it is crucial to rapidly respond to various customer needs and deliver prod-
ucts on time in high-tech semiconductor manufacturing industries such as the various
semiconductor devices including IC chips, LSI chips & microprocessors, thin-film
transistor-liquid crystal display (TFT-LCD) and hard disc device (HDD). The HDD
and TFT-LCD manufacturing is capital and technology intensive industry. Facing
the fierce competitive pressures, it is important to enhance productivity and opera-
tional efficiency. Manufacturing scheduling of TFT-LCD module assembly system
is a key issue to enhance manufacture efficiency that could satisfy customer demand
on time [2].

By focusing on realistic settings, a module assembly process was formulated
for use in the HDD and TFT-LCD industries as a generalization of the flexible
job-shop scheduling problem (FJSP) and assembly line balancing (ALB) model,
respectively. On a flexible job-shop floor, workstations employ non-identical par-
allel machines scheduling (PMS) model and reentrant flow-shop scheduling (RFS)
model that exhibit distinct production velocities. An operation can be processed using
an available machine from a given workstation. For example, the TFT-LCD module
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assembly scheduling problem can be divided into two subproblems: the routing (i.e.,
assigning each operation to machines) and scheduling problems (i.e., determining
the start time of each operation to machines). The following factory-specific factors
complicate theTFT-LCDmodule assembly scheduling problem. [3] reported detailed
definitions to avoid ambiguity of terms commonly used by different communities:
complete schedule, flexible schedule, conditional schedule, predictive schedule, exe-
cutable schedule, adaptive scheduling system, robust predictive schedule and table
predictive schedule.However, to find the optimal solutions ofmanufacturing schedul-
ing gives rise to complex combinatorial optimization, unfortunately, most of them
fall into the class of NP-hard combinatorial problems.

Furthermore,many researches are focusingon themanufacturing schedulingprob-
lems such as parallel machine system (PMS), job-shop scheduling problem (JSP),
flexible job-shop scheduling problem (FJSP) and by genetic algorithms. The PMS
model has been widely used in many manufacturing environments and [4] proposed
a genetic algorithms for solving minmax earliness/tardiness scheduling in identical
parallel machine system problem. Cheng and Gen [5] expanded the memetic algo-
rithm to solve the minmax PMS problem. The memetic algorithm is a kind of hybrid
version of the genetic algorithms and the local optimizer in order to enhance the
performance of the genetic algorithms.

In the job-shop scheduling problem (JSP) consisting of a set of jobs and a set
of machines, the JSP model is to establish a permutation of operations on each
machine subject to precedence constraints to minimize production time completed.
This problem is one of the best known models of the difficult combinatorial opti-
mization problems. Cheng et al. [5, 6] reported a tutorial survey of JSP using
genetic algorithms: representation and hybrid genetic search strategies, respectively.
Kachitvichyanukul et al. [7] proposed a two-stage genetic algorithm (2S-GA) for
multiobjective JSP (MoJSP). The 2S-GA is proposed with three criteria: minimiz-
ing makespan, minimizing total weighted earliness, and minimizing total weighted
tardiness. Gao et al. [8] reported a hybrid genetic algorithm for solving flexible
job-shop scheduling problem (FJSP) model with maintenances and Gao et al. [9]
proposed a hybrid of genetic algorithm with bottleneck shifting method for solv-
ing multiobjective FJSP problems. Gao et al. [10] also proposed a hybrid genetic
algorithm (HGA) combined with variable neighborhood descent (VND) method for
solving multiobjective FJSPmodel (MoFJSP). Gen et al. [11] proposed a multistage-
based GA (MsGA) with bottleneck shifting developed for treating the multiobjective
FJSP model.

Since the 1960s, there has been being an increasing interest in imitating living
beings to solve the hard optimization problems. An evolutionary algorithm (EA) such
as a genetic algorithm (GA) is a generic population-basedmeta-heuristic optimization
algorithm [12–14]. An EA uses some mechanisms inspired by biological evolution:
reproduction, mutation, recombination, and selection. Handa et al. [15] gave a com-
prehensive overview of recent advances of evolutionary computation (EC) studies.
GAs have attracted significantly attention with respect to complexity scheduling,
which is referred to evolutionary scheduling, it is vital research domain at interface
of two important sciences C artificial intelligence and operational research [16].
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Even if EAs have attracted significantly attentionwith respect to above complexity
scheduling problems, it has a disadvantage: we have to design a specialized EA for
each practical scheduling problemwith the problem’s specificity. So that means each
class of EAs doesn’t have a wide range of applications on manufacturing scheduling.
Recently Gen and Lin [1] surveyed multiobjective evolutionary algorithm for manu-
facturing scheduling problems. In order to design an effective GAwith the problem’s
specificity, we have to consider (1) how to design a representation and a way of pop-
ulation initialization; (2) how to evaluate an individual by a fitness function; (3)
how to improve population by evolutionary operators. In this paper, we focus on
the effective multiobjective hybrid genetic algorithm for applying to manufacturing
scheduling, in particular HDD and TFT-LCD module assembly problems.

The rest of this paper is organized as follows: Sect. 2 introduces typical manufac-
turing scheduling models such as parallel machine scheduling (PMS) model, flexible
job-shop scheduling problem (FJSP) and assembly line balancing (ALB) problem. A
design scheme for hybrid genetic algorithms (HGA) and fuzzy logic controller (FLC)
for tuning GA parameters introduce in Sect. 3. The basic concept for a multiobjective
optimization problem (MOP) summarizes and multiobjective HGA (Mo-HGA) with
several fitness assignment mechanisms introduces in Sect. 4. Finally, the conclusion
of this paper are drawn in Sect. 5.

2 Manufacturing Scheduling Models

2.1 Parallel Machine Scheduling Model

Scheduling is to simply assign a set of jobs to a set of machines with respect to opera-
tional constraints such that optimal usage of available resources is obtained. Because
of the growing cost of raw material, labor, energy and transportation, scheduling
plays an essential role in production planning of manufacturing systems, and it is
one of the most important issues for survival in the modern competitive market place.
Parallel machine scheduling (PMS) has been widely used in many manufacturing
environments [4]. It is an extension of the fundamental single-machine scheduling,
and can also be regarded as a production scheduling stage in a flexible flow shop
or flexible job-shop. In the PMS problem an objective is to minimize the maxi-
mum weighted absolute lateness. It is known as one of non-regular performance
measures. In recent years, scheduling research involving non-regular performance
measures has received much attention from practitioners as well as researchers to
respond to the increasing competitive pressure in domestic and international mar-
ket. There are two non-regular performance measures commonly used in machine
scheduling: minsum and minmax. A minsum problem attempts to minimize the sum
of weighted absolute deviation of job completion time about the due date to reduce
customers’ aggregate disappointment;while aminmaxproblemattempts tominimize
the maximumweighted absolute deviation of job completion time about the due date
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to reduce a customer’smaximumdisappointment. Li andCheng [17] have shown that
the minmax scheduling problem is NP-complete even for a single machine system.

In general,weknow that there are twoessential issues to bedealtwith inPMSprob-
lems: (1) Job partition among machines (combination nature) and (2) Job sequence
within each machine (permutation nature).

That is, the problem involves both permutation and combination components.
Most PMS problems have been shown to be NP-complete [13]. That is, the PMS
problem involves a combination of the permutation component and the combination
component and ismuch difficult to solve than the singlemachine scheduling problem.
Parallel machine scheduling problem has been one of the topics of interest for many
researchers in the past few decades. Most of these studies considered the machines as
only resource which is restricted. However, in real life manufacturing systems other
resources such as machine operators and tools are constrained and it is illogical to
consider that there are always enough resources for processing a job.

Cheng and Gen [12] applied the memetic algorithm to solve the minmax parallel
machine scheduling problem. The memetic algorithm is a kind of hybrid version of
the genetic algorithms and the local optimizer in order to enhance the performance
of the genetic algorithms. The genetic algorithm is used to evolve the job partition
amongmachines and the job sequencewithin eachmachinewhereas a local optimizer
is used to adjust the job order to form a V-shaped scheduler for each machine. Exper-
iment results shown that the hybrid approach outperforms the genetic algorithms and
conventional heuristic.

Balin [18] proposed genetic algorithm a new crossover operator and a new opti-
mality criterion for solving the non-identical parallel machine scheduling (Nonident-
MPS) problem consisting of the n independent jobs and the m non-identical parallel
machines in order to minimize makespan with a definite processing time with a dif-
ferent processing time on each machine. The GA proposed here is suitable for the
Nonident-MPS problem of minimizing the maximum completion time (makespan).
GA can be applied to non-identical parallel machine scheduling problem involving
setup times, ready times and/or due dates in order to minimize the maximum flow
time, number of tardy jobs or total tardiness [18]. Balin [19] proposed genetic algo-
rithm embedded with a simulation model for solving non-identical parallel machine
scheduling problem with fuzzy processing times (Nonident-FuzzyPMS) by mini-
mizing maximum completion time (makespan).

Li et al. [20] proposed metaheuristics and exact methods to solve a multiobjec-
tive parallel machines scheduling (MoPMS) problem, Pm|si j , r j |Cmax, Tj in which
consists in scheduling n independent jobs on m identical parallel proposed machines
and the job data such as processing times, release dates, due dates and sequence
dependent setup times are considered where si j and r j are the sequence dependent
setup times if job j is the immediate successor of the job i on the same machine and
the release of job j , respectively and Cmax, Tj are the makespan and the tardiness
of job j . They formulated a mixed integer linear program (MILP) model for the
MoPMS problem for solving it by CPLEX solver and proposed the nondominated
sorting genetic algorithm (FLC-NSGA-II) coupled with a fuzzy logic controller
(FLC) to solve the problem. The role of the fuzzy logic is to better set the crossover
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and the mutation probabilities in order to update the search ability as demonstrated
in hybrid genetic algorithm (HGA) by Yun and Gen [16] as introducing in Subsec-
tion3.2 Fuzzy Logic Controller for Tuning Parameters and also auto-tuning strategy
for balancing between exploration and exploitation by Lin and Gen [21]. The exper-
imental results for the MoPMS problem shown the advantages and the efficiency of
the FLC-NSGA-II [20].

The flexible flow-shop scheduling (FSS) problemmay be seen as a generalization
of two particular types of scheduling problems: the PMS problem and the flow-shop
scheduling problem (FSP). The key decision of the PMS problem is the allocation of
jobs to machines whereas the key decision of FSP is the sequence of jobs through the
manufacturing shop floor. The FSS problem has been widely studied in the literature.
Themachines considered in each stage of the flexible flow-shop problem are different
and can be identical machines [22]. The main consequence of the reentrant flow
nature is that wafers at different stages in their semiconductor manufacturing cycle
have to compete with each other for the same machines. This is a reentrant flow-
shop scheduling (RFS) model, in the RFS problem all jobs have the same routing
over the machines of the shop and the same sequence is traversed several times to
complete the jobs. Chen et al. [23] proposed a hybrid genetic algorithm for solving
the reentrant flow-shop scheduling problem.

Recently hybrid genetic algorithms (HGAs) are proposed to solve the com-
plex re-entrant scheduling problem with time windows constraint in manufactur-
ing HDD devices with lot size. This problem can be formulated as a determin-
istic Fm|fmls, rcrc, temp|CMAX problem for finding the scheduling operations of
machines in a flow-shop environment processing fmls job families with the objec-
tive of minimising the makespan, CMAX [24, 25]. Sangsawang et al. [26] proposed
metaheuristics optimization approaches for solving the two-stage reentrant FFS
(RFFS) problem with blocking constraint (FFS|2-stage,rcrc,block|Cmax) in which
they applied a hybrid GA and a hybrid particle swarm optimization (HPSO) with
Cauchy distribution.

2.2 Flexible Job-Shop Scheduling Model

Machine scheduling problems arise in diverse areas such as flexible manufactur-
ing system, production planning, computer design, logistics, communication, etc. A
common feature of many of these problems is that no efficient solution algorithm
is known yet for solving it to optimality in polynomial time. The classical job-shop
scheduling problem (JSP) is one of the most well-known machine scheduling prob-
lems. JSP is among the hardest combinatorial optimization problems [27]. Because of
its inherent intractability, heuristic procedures are an attractive alternative. Most con-
ventional heuristic procedures use a priority rule, i.e., a rule for choosing an operation
from a specified subset of as yet unscheduled operations. In recent years, an interest
in using probabilistic search methods to solve JSP has been growing rapidly. These
approaches comprise the emergence of promise for conquering the combinatorial
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explosion in a variety of decision-making arenas. Van Laarhoven et al. [28] proposed
a simulated annealing for solving job-shop scheduling problem and Dell’Amico and
Trubian [29] proposed a tabu search for solving the job-shop scheduling problem.
Gen et al. [30] proposed a genetic algorithm for solving the job-shop scheduling prob-
lem. Cheng et al. [6, 31] reported a tutorial survey of JSP using genetic algorithms:
representation and hybrid genetic search strategies, respectively.

Flexible job-shop scheduling problem (FJSP) is an extension of the traditional job-
shop scheduling problem, which provides a closer approximation to real scheduling
problems. In the job-shop scheduling problem (JSP), there are n jobs that must be
processed on a group of m machines. Each job i consists of a sequence of m oper-
ations (oi1, oi2, . . . , oim), where oik (the kth operation of job i) must be processed
without interruption on a predefined machine mik for pik time units. The operations
oi1, oi2, . . . , oim must be processed one after another in the given order and each
machine can process at most one operation at a time. In a flexible job-shop, each job
i consists of a sequence of ni operations (oi1, oi2, . . . , oini ). The FJSP extends JSP
by allowing an operation oik to be executed by one machine out of a set Aik of given
machines. The processing time of operation oik on machine j is pik j > 0. The FJSP
problem is to choose for each operation oik a machine M(oik) ∈ Aik and a starting
time sik at which the operation must be performed.

Mastrolilli and Gambardella [32] proposed two neighborhood functions for the
FJSP problem. They proposed a tabu search procedure and provided an extensive
computational study on 178 FJSP problems and 43 JSP problems. The flexible
job-shop scheduling problem is to assign each operation to an available machine
and sequence the operations assigned on each machine in order to minimize the
makespan, that is, the time required to complete all jobs. The multiobjective FJSP
model (MoFJSP) will be formulated as a multiobjective 0–1 mixed integer program-
ming (M0-1MIP) model as follows [11]:

mintM = max
i,k

{cik} , (1)

minWM = max
j

{
W j

}
, (2)

minWT =
m∑

j=1

W j , (3)

s.t.cik − tik j xik j − ci(k−1) ≥ 0, k = 2, . . . , Ki ; ∀i, j (4)
[(

chg − cik − thg j
)

xhg j xik j ≥ 0
] ∨ [(

cik − chg − tik j
)

xhg j xik j ≥ 0
]
,

∀(i, k), (h, g), j (5)

m∑

j=1

xik j = 1,∀k, i (6)

xik j ∈ {0, 1} ,∀ j, k, i (7)

cik ≥ 0,∀k, i (8)
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The objective functions accounts Eq. (1) is to minimize the makespan, Eq. (2)
is to minimize the maximal machine workload (i.e., the maximum working time
spent at any machine), Eq. (3) is to minimize the total workload (i.e., the total work-
ing time over all machines). Equation (4) states that the successive operation has to
be started after the completion of its precedent operation of the same job, which
represents the operation precedence constraints. Equation (5) is a disjunctive con-
straint, where one or the other constraint must be observed. Equation (6) states that
one machine must be selected for each operation. Equations (7) and (8) are vari-
able restrictions. Gao et al. [8] developed a new hybrid GA to solve the flexible
job-shop scheduling problem with non-fixed availability constraints. Gao et al. [10]
also proposed a hybrid genetic algorithm (HGA) combined with variable neigh-
borhood descent (VND) method for solving multiobjective FJSP model (MoFJSP).
Gen et al. [11] proposed a multistage-based GA (MsGA) with bottleneck shifting
developed for treating themultiobjective FJSPmodel. The realistic FJSPmodel com-
bined sequence-dependent setup time (SDST) constraints will be considered man-
ufacturing scheduling systems for the TFT-LCD (thin-film transistor-liquid crystal
display).

2.3 Assembly Line Balancing Model

Anassembly line (AL) is amanufacturing process consisting of various tasks inwhich
interchangeable parts are added to a product in a sequential manner at a station to
produce a finished product. Assembly lines are the most commonly used method
in a mass production environment, because they allow the assembly of complex
products by workers with limited training, by dedicated machines and/or by robots.
The assembly line balancing (ALB)model is not only include the operation sequence
between stations, but also need to consider that how to group the operations among
stations so that the precedence relations are not violated and a given objective function
is optimized.

Since, ALB model falls into the NP-hard class of combinatorial optimization
problems [33], in recent years, to provide an alternative to traditional optimization
techniques, numerous research efforts have been directed towards the development
of heuristics and meta-heuristics. While heuristic methods generating one or more
feasible solutions were mostly developed until mid 90s; meta-heuristics such as tabu
search [34], simulated annealing, genetic algorithms [29] and ant colony optimiza-
tion [35] have been the focus of researchers in the last decade.

Among themeta-heuristics, the application ofGeneticAlgorithms (GAs) received
a considerable attention from the researchers, since it provides an alternative to
traditional optimization techniques by using directed random searches to locate
optimum solutions in complex landscapes and it is also proven to be effective in
various combinatorial optimization problems.GAs are powerful and broadly applica-
ble stochastic search and optimization techniques based on principles from evolu-
tionary theory [13]. Falkenauer and Delchambre [36] were the first to solve ALB
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problem with GAs. Following Falkenauer and Delchambre, application of GAs for
solving ALB model was studied by many researchers, [37–39]. However, most of
the researchers focused on the simplest version of the problem, with single objec-
tive and ignored the recent trends, i.e., mixed-model production, u-shaped lines,
robotic lines and etc., in the complex assembly environments, where ALB models
are multiobjective in nature [40, 41].

The basic version of the ALBmodel is the simple assembly line balancing (sALB)
model. The simple assembly line is a single-model assembly line that is capable of
producing only one type of product. A simple ALBmodel capable of producing only
one type of product consists of stations (i = 1, . . . , m) arranged along a conveyor
belt or a similar mechanical material handling equipment. The workpieces (jobs) are
consecutively launched down the line and are moved from station to station. At each
station, certain tasks are repeatedly performed regarding the cycle time (maximum
or average time available for each workcycle). The decision problem of optimally
partitioning, i.e., balancing, the assembly work among the stations with respect to
a given objective function is known as sALB problem. Manufacturing a product
on an assembly line requires partitioning the total amount of work into a set of
elementary operations named tasks j = 1, . . . , n. Performing a task j takes certain
task time t j and requires certain equipment of machines and/or skills of workers.
Due to technological and organizational conditions precedence constraints between
the tasks have to be observed. These elements can be summarized and visualized by
a precedence network. It contains a node for each task, node weights for the task
processing times and arcs for the precedence constraints.

Any type of sALBmodel consists in finding a feasible line balance, i.e., an assign-
ment of each task to a station such that the precedence constraints are fulfilled. The
set of tasks Si assigned to a station i (i = 1, . . . , m) constitutes its station load, the
cumulated task time:

t (Si ) =
∑

j∈Si

t j , (9)

is called station time. When a fixed common cycle time cT is given, a line balance
is feasible only if the station time of neither station exceeds cT . In case of tSi < cT ,
the station i as an idle time of (cT − tSi ) time units in each cycle.

After defining the indices, parameters and decision variable [11, 21, 42], we
formulate the following multiobjective 0–1 integer programming model:

max E = 1

mcT

n∑

j=1

t j xi j (10)

min m =
M∑

i=1

max
1≤ j≤n

{xi j } (11)
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min V =
√√
√
√ 1

m

m∑

i=1

(ui − u)2 (12)

s.t.
M∑

i=1

xi j = 1,∀ j (13)

M∑

i=1

i xik ≤
M∑

i=1

i xi j ,∀ j; ∀k ∈ Pr e( j) (14)

t (Si ) =
∑

j∈Si

t j =
n∑

j=1

t j xi j ≤ cT ,∀i (15)

xi j = 0 or 1,∀i, j. (16)

In thismathematical model, the first objective Eq. (10) of themodel is tomaximize
the line efficiency. The second objectiveEq. (11) is tominimize the number of stations
actually employed. The third objective Eq. (12) of the model is to minimize the
variation of workload. The constraints given in Eqs. (13)–(16) are used to formulate
the general feasibility of the problem. The constraint given in Eq. (13) states that
each task must be assign to one and only one station. Equation (14) represents the
precedence constraints and it states that the direct predecessor of task j must be assign
to a station, which is in front of or the same as the station that task j is assigned in. This
constraint stresses that if a task is assigned to a station, then the predecessor of this
task must be already assigned to a station. Equation (15) denotes that the available
time at each station should be less than or equal to the given cycle time. Constraint
given in Eq. (16) represents the usual integrity restriction.

For designing a chromosome representation with encoding method, there are sev-
eral methods to suit the characteristics of ALB model [41]: Task-based Encoding,
Embryonic Encoding, Workstation-based Encoding, Grouping-based Encoding, and
Heuristic-based (Indirect) Encoding. In the past decades, robots have been exten-
sively used in assembly lines as called robotic assembly lines (rALs). An assembly
robot can work 24h a day without worries or fatigue. Goals for implementation of
robotic assembly lines include high productivity, quality of product, manufacturing
flexibility, safety, decreasing demand of skilled labor, and so on. Different robot
types may exist at the assembly facility. Unlike manual assembly lines, where actual
processing times for performing task vary considerably and optimal balance is rather
of theoretical importance, the performance of rALs depends strictly on the quality of
its balance. As extended from sALB, robotic assembly line balancing (rALB) is also
NP-hard [43]. Lin et al. [44] proposed a hybrid genetic algorithm for robot-based
ALB problem, Gao et al. [45] reported an efficient approach Based onGA for solving
type II robotic assembly line balancing problems, Zhang et al. [46] and Zhang and
Gen [47] proposed multiobjective GA for ALB Problems with worker allocation and
considering demand ratio-based cycle time, respectively.
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3 Hybrid Genetic Algorithms

3.1 Genetic Representations and Operations

Major Advantages of GA: GA has received considerable attention regarding their
potential as a novel optimization technique. Three major advantages exist when
applying GA to various combinatorial optimization problems [11]:

Adaptability: GA does not have much mathematical requirements about the opti-
mization problems. Because of the evolutionary nature, GA will search for solutions
without regard to the specific inner workings of the problem. GA can handle any kind
of objective functions and any kind of constraints, i.e., linear or nonlinear, defined
on discrete, continuous, or mixed search spaces.

Robustness: The use of evolution operators makes GA very effective in perform-
ing global search (in probability), whereas most of conventional heuristics usually
perform local search. It has been proved by many studies that GA is more efficient
and more robust in locating an optimal solution and reducing a computational effort
than other conventional heuristics.

Flexibility: GA provides us with a great flexibility to hybridize with domain-
dependent heuristics to make an efficient implementation for a specific problem.

Applicability: The practical software packages based on GA such as ERP and
Simulation are standard usages in the real world.

Theoriginal formof genetic algorithms (GAs)was describedbyGoldberg [48] and
Michalewicz [14] expanded GA to evolution programs by combined with data struc-
ture. Gen and Lozano [49] proposed fuzzy logic controllers for adapting parameters
in genetic algorithm. GA is a stochastic search technique based on the mechanism of
natural selection and natural genetics. The central theme of research on GA is to keep
a balance between exploitation and exploration in its search to the optimal solution for
survival in many different environments. Features for self-repair, self-guidance, and
reproduction are the rules in biologic systems, whereas they barely exist in the most
sophisticated artificial systems. GA has been theoretically and empirically proved to
provide a robust search in complex search spaces.Many research papers and disserta-
tions have established the validity of GA approach in function optimization problems
and application problems [11–13, 50].

Genetic Representation: In general, two ways exist to generate the initial popula-
tion, i.e., a set of solution candidates, heuristic initialization and random initialization,
by using an encoding procedure satisfying system constraints and/or a boundary con-
dition. How to present a solution of the scheduling problem into a chromosome is
a key issue for GAs. For evaluating the effectiveness of the different chromosome
representation, there are several critical issues are summarized by Gen and Lin [21].

Space: Chromosomes should not require extravagant amounts of memory.
Time: The time complexities of evaluating, recombining, and mutating chromo-

somes should be small.
Feasibility: All chromosomes, particularly those generated by simple crossover

(i.e., one-cut point crossover) and mutation, should represent feasible solutions.
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Uniqueness: Themapping from chromosomes to solutions (decoding)may belong
to one of the following three cases: 1-to-1 mapping, n-to-1 mapping and 1-to-n
mapping. The 1-to-1 mapping is the best one among three cases and 1-to-n mapping
is the most undesired one.

Heritability: Offspring of simple crossover (i.e., one-cut point crossover) should
represent solutions that combine substructures of their parental solutions.

Locality: A mutated chromosome should usually represent a solution similar to
that of its parent.

We need to consider these critical issues carefully when designing an appropri-
ate representation so as to build an effective GA. As known, scheduling problem is
the implement of production plan, with considering production processes, lot-size,
amount and customer requirements etc. And scheduling problem is how to decide
the resources assignment to the production, with considering constrains of resources
capabilities and capacities. There are two decision making parts for scheduling opti-
mization: (1) operation sequencing and (2) resources assignment.

Representation for Operation Sequencing and Resource Assignment: In the past
few decades, the following 6 representations for the job-shop scheduling problem
(JSP, an operation sequencing problem with considering the precedence constraints
of operations) have been proposed [13]:

Operation-based representation, Job-based representation, Preference list-based
representation, Priority rule-based representation, Completion time-based represen-
tation, Random key-based representation.

The flexible job-shop scheduling problem (FJSP) is expanded from the tradi-
tional JSP, which possesses wider availability of machines for all the operations
(a combinatorial optimization problem considering both of the operation sequence
and the resource assignment). The following 4 representations for FJSP have been
proposed [13].

Parallel machine-based representation, Parallel jobs representation, Operations
machines-based representation, Multistage operation-based representation.

Cheng and Gen [51] proposed a priority-based representation firstly in evolution
program for solving resource-constrained project scheduling problem (RcPSP). This
representation encodes a schedule as a sequence of operations and each gene stands
for one operation [12]. As known, a gene in a chromosome is characterized by two
factors: locus, i.e., the position of the gene located within the structure of chromo-
some, and allele, i.e., the value the gene takes. In this encoding method, the position
of a gene is used to represent operation ID and its value is used to represent the pri-
ority of the operation for constructing a schedule among candidates. A schedule can
be uniquely determined from this priority-based encoding. However, the nature of
the priority-based representation is a kind of permutation representations. Generally,
this representation will yield illegal offspring when using one-cut point crossover or
other simple crossover operators. Thatmeans some node’s prioritymay be duplicated
in the offspring.

Genetic Operations: When GAs are used, both the search direction to optimal
solution and the search speed should be considered as an important factor, in order
to keep a balance between exploration and exploitation in search space. In general,
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the exploitation of the accumulated information resulting from a GA search is done
by the selection mechanism, whereas the exploration to new regions of the search
space is accounted for by genetic operators. The genetic operators mimic the process
of heredity of genes to create new offspring at each generation. The operators are
used to alter the genetic composition of individuals during representation. In essence,
the operators perform a random search and cannot guarantee to yield an improved
offspring. Three common genetic operators exist: crossover, mutation, and selection.

Crossover is the main genetic operator. It operates on two chromosomes at a
time and generates offspring by combining both chromosomes’ features such as
one-cut point, two-cut point, multi-cut point, or uniform crossover. There are several
crossover operators proposed for permutation representation, such as partial-mapped
crossover (PMX), order crossover (OX), position-based crossover (PX), heuristic
crossover, etc.

Mutation is a background operator that produces spontaneous random changes in
various chromosomes such as inversion mutation, insertion mutation, displacement
mutation, and swap mutation. In GAs, mutation serves the crucial role of either

(1) Replacing the genes lost from the population during the selection process so
that they can be tried in a new context or

(2) Providing the genes that were not present in the initial population. Selection (or
reproduction) operator is intended to improve the average quality of the population
by giving the high-quality chromosomes a better chance to get copied into the next
generation.

Selection provides the driving force in a GA. One of the common proportional
selections is the so-called roulette wheel selection, and other selection types like
tournament selection, elitist selection, (μ, λ) selection, and (μ + λ) selection deter-
ministic procedures that select the best chromosomes fromparents and offspring [13].

Multistage-based Hybrid Genetic Algorithms: Considering the GA approach pro-
posed by Kacem et al. [52], it is complex even when you take all the objectives in
count, because all the crossover and mutation are based on the chromosome which
is described as a constructor of table. Therefore, it will spend more CPU-time for
finding solutions. To avoid such kind of loosing and improve the convergence speed
at the same time, multistage-based genetic algorithm (MsGA) for solving the flexible
job-shop scheduling problems is very useful [53]. There are several stages separat-
ing the route from the starting node to the terminal one, and in each stage several
states are offered for choosing as shown in Fig. 1. After we make all the decisions
for choosing states, we can get a solution, and the fitness of the result is in terms of
the different decisions made in the route [50].

It is obvious to find the stage number is just the total operation numbers, and also
in each stage, the machines available are treating as the state correspondingly.
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Fig. 1 Multi-stage decision making model of multioperation based genetic algorithm

3.2 Fuzzy Logic Controller for Tuning Parameters

Fuzzy logic is much closer in spirit to human thinking and natural language than the
traditional logical systems. In essence, the fuzzy logic controller (FLC) provides an
algorithm which can convert a linguistic control strategy based on expert knowledge
into an automatic control strategy. In particular, thismethodology appears very useful
when the processes are too complex for analysis by conventional techniques or when
the available sources of information are interpreted qualitatively, inexactly, or with
uncertainty [49]. The pioneering work to extend the fuzzy logic technique to adjust
the strategy parameters of genetic algorithms dynamically was carried out by Xu and
Vukovich [50]. The main idea is to use a FLC to compute new strategy parameter
values that will be used by the genetic algorithms [16]. A fuzzy logic controller is
comprised of four principal components as shown in the generic structure of a FLC
in Fig. 2:

Knowledge base, Fuzzification interface, Inference system, Defuzzification inter-
face.

Fig. 2 Generic structure of a
fuzzy logic controller (FLC)
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The experts’ knowledge is stored in the knowledge base in the form of linguistic
control rules. The inference system is the kernel of the controller, which provides an
approximate reasoning based on the knowledge base.

One of the main problems related to GA is to find the optimal control parameter
values required by the technique. Furthermore, different values may be necessary
during the course of a run. There has beenmorework dedicated to finding the optimal
parameters of genetic algorithms, which require different techniques for different
problems. A hybrid genetic algorithms (HGA) has been built so that selected control
parameters may be dynamically adjusted during the course of evolving a problem
solution. In our paper, we use the basic concept of Yun and Gen [16] to adaptively
regulate GA operators using fuzzy logic control (FLC). The main scheme of this
concept is to use two FLCs: the crossover FLC and mutation FLC as shown in Fig. 3
and it is based on the coordinated strategy between the FLC and GA combined the
change of the average fitness at each generation. These two FLCs are implemented
independently to adaptively regulate the rates of crossover and mutation operators
during genetic search process. For example, in minimization problem, we can set the
change of the average fitness at generation t , ∇ favg(t) as follows:

Δ favg = 1

popsize

popsize∑

k=1

fk(t) − 1

offsize

offsize∑

k=1

fk(t), (17)

where parSize and offSize are the parent size and offspring size, respectively. For
the defuzzification table simplified for determining the action of the crossover FLC
and mutation FLC with the input and output results of discrimination, it can refer in
Yun and Gen [16].

Yun and Gen [16] proposed auto-tuning routine for the parameter crossover and
mutation rates based on FLC and the change of the average fitness for enhancing the
evolutionary process of the GA as shown in Fig. 4. Lin and Gen [21] also proposed
another enhanced auto-tuning strategy for GA for keeping a balance between explo-
ration and exploitation during the evolutionary process. The practical design scheme
for HGA combined with FLC routine is introduced in Sect. 2 of the concatenated
paper Part II [2].

GA

Crossover
FLC

Mutation
FLC

)1;(2 tVeval

);(2 tVeval

)( tc

)( tm

)2;( tVeval

)1;( tVeval

)1;( tVeval

);( tVeval

+

+

-

-

−

− −

−

Δ

ΔΔΔ

Δ Δ

Δ

Δ

Σ

Σ

Fig. 3 Coordinated strategy between the FLC and GA
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Fig. 4 Auto-tuning routine for the parameter crossover and mutation rates based on FLC

4 Multiobjective Hybrid Genetic Algorithms

hemultiobjective optimization problems (MOP)have been receiving growing interest
from researchers with various backgrounds since early 1960 [40]. There are a number
of scholars who have made significant contributions to the problem. Among them,
Pareto is perhaps one of themost recognized pioneers in the field. Recently, GAs have
been received considerable attention as a novel approach toMOPs, resulting in a fresh
body of research and applications known as evolutionarymultiobjective optimization
(EMO). The basic feature of GAs is the multiple directional and global searches by
maintaining a population of potential solutions of potential solutions from generation
to generation. The population-to-population approach is hopeful to explore all Pareto
solutions. GAs are essentially a kind of metastrategy methods. When applying the
GAs to solve a given problem, it is necessary to refine upon each of the major
components of GAs, such as encoding methods, recombination operators, fitness
assignment, selection operators, constraints handling, and so on, in order to obtain
a best solution to the given problem. Because the MOPs are the natural extensions
of constrained and combinatorial optimization problems, so many useful methods
based on EAs developed during the past two decades. One of special issues in the
MOPs is fitness assignment mechanism. Since the 1980s, several fitness assignment
mechanisms have been proposed and applied in MOPs [44]. Although most fitness
assignment mechanisms are just different approach and suitable to different cases of
MOPs, in order to understanding the development of multiobjective GAs (MoGAs),
we classify algorithms according to proposed years of different approaches.

MOPs arise in the design, modeling, and planning of many real complex sys-
tems in the areas of industrial production, urban transportation, capital budgeting,
forest management, reservoir management, layout and landscaping of new cities,
energy distribution, etc. [1]. Since the 1990s, EAs have been received considerable
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attention as a novel approach to MOPs, resulting in a fresh body of research and
applications known as EMO. Without loss of generality, a MOP with q objective
functions conflicting each other and m constraints can be formally represented as
follows:

max
{
z1 = f1(x), z2 = f2(x), . . . , zq = fq(x)

}

s. t. gi (x) ≤ 0, i = 1, 2, . . . , m
x ∈ Rn .

(18)

We sometimes graph theMOP problem in both decision space and criterion space.
S is used to denote the feasible region in the decision space and Z is used to denote
the feasible region in the criterion space respectively as follows:

S = {
x ∈ Rn |gi (x) ≤ 0, i = 1, 2, . . . , m

}
, (19)

Z = {
z ∈ Rq

∣
∣z1 = f1(x), z2 = f2(x), . . . , zq = fq(x), x ∈ S

}
, (20)

where x ∈ Rn is a vector of values of q objective functions. In the other words, Z is
the set of images of all points in S. Although S is confined to the nonnegative region
of Rn and Z is not necessarily confined to the nonnegative region of Rq . There
usually exists a set of solutions for the multiple objective cases which cannot be
simply compared with each other. Such kind of solutions are called nondominated
solutions or Pareto optimal solutions, for which no improvement in any objective
function is possible without sacrificing on at least one of other objectives.

Definition 1 For a given point zo ∈ Z , it is nondominated if and only if there does
not exist another point z ∈ Z such that for the maximization case,

zk > z0k , for some k ∈ {1, 2, . . . , q},
zl ≥ z0l , for some l �= k,

where z0 is a dominated point in the criterion space Z with q objective functions.

When applying the GAs to solve a given MOP problem, it is necessary to refine
upon each of the major components of GAs, such as encoding methods, recombina-
tion operators, fitness assignment, selection operators, and constraints handling, and
so on, in order to obtain a best solution to the given problem. One of special issues in
themultiobjective optimization problems is fitness assignmentmechanism.Although
most fitness assignment mechanisms are just different approach and suitable to dif-
ferent cases of multiobjective optimization problems, in order to understanding the
development of multiobjective EAs (MOEAs), we classify algorithms according to
proposed years of different approaches:

Nondominated Sorting Genetic Algorithm II [54]: Srinivas and Deb developed a
Pareto ranking-based fitness assignment and it called NSGA. In each method, the
nondominated solutions constituting a nondominated front are assigned the same
dummy fitness value. These solutions are shared with their dummy fitness values
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(phenotypic sharing on the decision vectors) and ignored in the further classification
process. Finally, the dummy fitness is set to a value less than the smallest shared
fitness value in the current nondominated front. Then the next front is extracted.
The procedure of NSGA II is repeated until all individuals in the population are
classified [54].

Random-weight Genetic Algorithm [55]: Ishibuchi et al. proposed a weighted-
sum based fitness assignment method. Weighted-sum approach can be viewed as
an extension of methods used in the multiobjective optimizations to GAs. It assigns
weights to each objective function and combines theweighted objectives into a single
objective function. To search for multiple solutions in parallel, the weights are not
fixed and able to uniformly the sample area towards to the whole frontier.

Adaptive Weight Genetic Algorithm [13]: Gen and Cheng utilized some useful
information from the current population to readjust weights to obtain a search pres-
sure toward a positive ideal point. For the examined solutions at each generation,
we define two extreme points for the kth objective (maximum: z+, minimum: z−) as
follows:

zmax
k = max{ fk(x)| x ∈ P}, k = 1, 2, . . . , q, (21)

zmin
k = min{ fk(x)| x ∈ P}, k = 1, 2, . . . , q. (22)

The weighted-sum objective function for a given chromosome x is given by the
following equation:

eval(x) =
q∑

k=1

wk(zk − zmin
k ) =

q∑

k=1

zk − zmin
k

zmax
k − zmin

k

=
q∑

k=1

fk(x) − zmin
k

zmax
k − zmin

k

,

(23)

where wk is adaptive weight for the kth objective function as shown in the following
equation:

wk = 1

zmax
k − zmin

k

, k = 1, 2, . . . , q. (24)

The Eq. (7) driven above is a hyperplane defined by the following extreme points
in current solutions:

StrengthParetoEvolutionaryAlgorithm [56]: Zitzler andThiele proposed strength
Pareto Evolutionary Algorithm [57] and an extended version SPEA2 [56] that com-
bines several features of previousMOGA in a uniquemanner. The fitness assignment
procedure is a two-stage process. The individuals in the external nondominated set
P ′ are ranked.

Interactive Adaptive-weight Genetic Algorithm [21]: Lin and Gen proposed
an interactive AWGA, which is an improved adaptive-weight fitness assignment
approach with the consideration of the disadvantages of weighted-sum approach
and Pareto ranking-based approach. They combined a penalty term to the fitness
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value for all of dominated solutions. Firstly, we calculate the adaptive weight
wi = 1/(Zmax

i − Zmin
i ) for each objective by using AWGA. Afterwards, we calculate

the penalty term p(vk) = 0, if vk is nondominated solution in the nondominated set
P . Otherwise p(v′

k) = 1 for dominated solution v′
k . Lastly, we calculate the fitness

value of each chromosome by combining the i-AWGA method:

eval(vk) =
q∑

i=1

wi (z
k
i − zmin

i ) + p(vk), ∀k ∈ popSize. (25)

Hybrid Sampling Strategy-based EA: Zhang et al. [58] proposed a hybrid sam-
pling strategy-based evolutionary algorithm (HSS-EA). A Pareto dominating and
dominated relationship-based fitness function (PDDR-FF) is proposed to evaluate
the individuals. The PDDR-FF of an individual Si is calculated by the following
function:

eval(Si ) = q(Si ) + 1

p(Si + 1)
, i = 1, 2, . . . , popSize, (26)

where p() is the number of individuals which can be dominated by the individual S.
q() is the number of individuals which can dominate the individual S. The PDDR-
FF can set the obvious difference values between the nondominated and dominated
individuals. The general structure in the pseudo code ofmultiobjective hybrid genetic
algorithm (Mo-HGA) is described as shown in Fig. 5.

Fig. 5 Procedure in the pseudo code of multiobjective hybrid genetic algorithm
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5 Conclusion

In real world manufacturing systems there are many combinatorial optimization
problems (COP) imposing on more complex issues, such as complex structure, non-
linear constraints, andmultiple objectives to be handled simultaneously.Manufactur-
ing scheduling is one of the important and complex COPmodels, where it can have a
major impact on the productivity of a production process. Moreover, the COP mod-
els make the problem intractable to the traditional optimization techniques because
most of scheduling problems fall into the class of NP-hard combinatorial problems.
Recently, many manufacturing companies are faced with global market demands for
a variety of low cost products with a high quality. For responding rapidly to demand
fluctuations and reducing costs related to manufacturing scheduling and logistics
networks and also for developing effective and efficient solution algorithms that are
in a sense good, i.e., whose computational time is small as within 3 minutes, or at
least reasonable for NP-hard combinatorial problems met in practice, hybrid genetic
algorithm (HGA) and multiobjective HGA (Mo-HGA) have received considerable
attention regarding their potential for solving various complex manufacturing and
logistics problems.

In this paper, as the typical models in manufacturing scheduling systems we
introduced parallel machines scheduling (PMS), flexible job-shop scheduling prob-
lem (FJSP) and assembly line balancing (ALB) problem. Secondly to solve NP-hard
COP models, we introduced the design scheme of HGA combined with fuzzy logic
controller (FLC) to tune GA parameters and multiobjective HGA (Mo-HGA) with
local search such as the variable neighborhood descent (VND) routines and several
fitness assignment mechanisms for multiobjective optimization problems (MOP).
For demonstrating computational experiments by HGA andMo-HGA, the effective-
ness and efficiency of the HGA for the HDD (hard disc device) and Mo-HGA for
TFT-LCD (thin-film transistor-liquid crystal display) module assembly problems as
a practical manufacturing model, respectively is demonstrated in the concatenated
paper Part II [2].
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Abstract Manufacturing scheduling is one of the most important and complex
combinatorial optimization problems, where it can have a major impact on the pro-
ductivity of a production process.Moreover, most ofmanufacturing scheduling prob-
lems fall into the class ofNP-hard combinatorial problems. In this paper,we introduce
how to design hybrid genetic algorithms (HGA) and multiobjective hybrid genetic
algorithms (Mo-HGA) for solving practical manufacturing scheduling problems for
the hard disc device (HDD) and the thin-film transistor-liquid crystal display (TFT-
LCD) manufacturing systems, respectively. In particularly, evolutionary representa-
tions and the fitness assignment mechanism as well as the hybrid genetic operations
are introduced. Through a variety of computational experiments, the effectiveness
of these HGA algorithm for HDD and Mo-HGA algorithm for TFT-LCD module
assembly as the practical manufacturing scheduling problems are demonstrated. This
paper introduces how to design Mo-HGAs for solving the practical multiobjective
manufacturing scheduling problems expanded by a multiobjective flexible job-shop
scheduling problem (Mo-FJSP; operation sequencing and resources assignment).
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1 Introduction

The semiconductor industry has grown rapidly and subsequently production planning
problems have raised many important research issues. Because of short product life
cycles, it is crucial to rapidly respond to various customer needs and deliver products
on time in high-tech semiconductor manufacturing industries such as the various
semiconductor devices including IC chips, LSI chips and microprocessors, thin-film
transistor-liquid crystal display (TFT-LCD) and hard disc device (HDD). Schedul-
ing problems for semiconductor manufacturing have the features of scheduling with
auxiliary resources, batching processes, multiple orders per job, internal and external
scheduling of cluster tools, a large number of processing steps, random equipment
failures, waiting time constraints [5, 18], job-shop scheduling problems with reen-
trance, sequence-dependent setup time (SDST), and sequence-dependent processing
time (SDPT) [11]. Flexible manufacturing systems (FMS) allow the dynamic con-
figuration of resources to process distinct products. It is possible to assign each of
these products to more than one type of unrelated resource with various efficiencies.
Multipurpose resources can perform a wide range of tasks, which allows schedulers
to concentrate the workloads among these resources to improve the utilization and
reduce resource requirements. A possible negative effect is the reduction of produc-
tion effectiveness because of the time wasted when a machine performs changeover
and configuration to accommodate for the next job. Thus, it is vital to arrange a
production schedule that simultaneously considers the values of multiple resources
to respond to production requirements rapidly and effectively [11, 19].

The HDD and TFT-LCDmanufacturing is capital and technology intensive indus-
try. Facing the fierce competitive pressures, it is important to enhance productivity
and operational efficiency.Manufacturing scheduling of TFT-LCDmodule assembly
system is a key issue to enhance manufacture efficiency that could satisfy customer
demand on time [6].

By focusing on realistic settings, a module assembly process was formulated for
use in the HDD and TFT-LCD industries as a generalization of the flexible job-shop
scheduling problem (FJSP), respectively. On a flexible job-shop floor, workstations
employ non-identical parallel machines scheduling (PMS)model and reentrant flow-
shop scheduling (RFS)model that exhibit distinct production velocities.Anoperation
can be processed using an available machine from a given workstation. For example,
the TFT-LCD module assembly scheduling problem can be divided into two sub-
problems: the routing (i.e., assigning each operation to machines) and scheduling
problems (i.e., determining the start time of each operation to machines). The fol-
lowing factory-specific factors complicate the TFT-LCD module assembly schedul-
ing problem. Bidotet [2] reported detail definitions to avoid ambiguity of terms
commonly used by different communities: complete schedule, flexible schedule,
conditional schedule, predictive schedule, executable schedule, adaptive scheduling
system, robust predictive schedule and table predictive schedule. However, to find the
optimal solutions of manufacturing scheduling gives rise to complex combinatorial
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optimization, unfortunately,most of them fall into the class ofNP-hard combinatorial
problems.

The rest of this paper is organized as follows: Sect. 2 introduces hybrid reen-
trant flow-shop scheduling (RFS) model in HDD manufacturing. The case study
of hybrid RFS problem withtime window constraints for HDD module assembly
system byhybrid genetic algorithm (HGA) with left-shift routine for improving and
fuzzy logic controller (FLC) for tuning parameters introduces and the effectiveness of
computational results demonstrates in Sect. 3. After introducing another case study
of manufacturing model in TFT-LCD module assembly manufacturing system in
Sect. 4, multiobjectivehybrid GA (Mo-HGA) algorithm with TOPSIS (technique for
order preference by similarity to ideal solution) introduces how to design a chromo-
some, treat precedence relationship and fitness assignment mechanism, and clarifies
effectiveness and efficiency in the best compromised solution as a quality of solution
with reasonable interactive computational time. Finally, the conclusion of the paper
and future research are drawn in Sect. 6.

2 Hybrid Reentrant Model in HDD Manufacturing

The semiconductor industry has grown rapidly, and subsequently production plan-
ning problems have raised many important research issues. The reentrant flow-shop
scheduling (RFS) problemwith timewindows constraint for hard disk devices (HDD)
manufacturing is one such problem of the expanded semiconductor industry. The
RFS scheduling problem with the objective of minimizing the makes pan of jobs is
considered. This research addresses the HGA with auto-tuning parameters for the
deterministic Fm |fmls, rcrc, temp|Cmax problem.

A HDD (hard disk device) manufacturing system is one of the most complicated
systems depending on several constraints, such as various product families with
different processing time and processing flow, high flexibility machines, and one
or more time operations on a workstation in the reentry flow of a job. Moreover,
controlling processing time constraints is an important issue for an industry which
requires high quality production especially in a hard-disk manufacturing system.
HDD manufacturing consists of four Main processes as shown in Fig. 1.

SF (slider fabrication)
HGA (head gimbals assembly)
HSA (head stack assembly)
HDD (hard disk drive assembly)

HDD process is consisting of the following two serial one.
Assembly Lines and Backend Process, Backend Process consists of the following

eight production stages [16]:
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Fig. 1 Main processes of
HDD manufacturing

SF HGA HSA HDD 

HDD 
Assembly 

Lines

Backend 
Process

1. Charge 2. Filler 3. Discharge 4. BE Test 

5. LP6. Pack 17. FQA8. Pack 2

(1) Charge (Helium Charge);
(2) Filler Test;
(3) Discharge (Helium Discharge);
(4) BE test (Backend test);
(5) LP (Label Printing);
(6) Pack 1;
(7) FQA (Sampling constraint);
(8) Pack 2.

In this section, we consider assembly line process for HDD (hard disk drive)
manufacturing system as shown in Fig. 2. This is the hybrid flow-shop in a real hard-
disk manufacturing system, there are 9 processes with 17 workstations such as a
complex parallel machine scheduling (PMS) model introduced in Sect. 2. Each of
them has a different number ofmachines which also have different efficiencies. Some
machines might be limited by production constraints, such as machine eligibility
restriction and sequence dependent setup time. Moreover, the system still consists
of several sub-systems for example, reentrant shop, common machine shop, and
permutation shop. Unfortunately, these were located in the single system; it was
very difficult to solve all by the optimization techniques.

Nevertheless, planning and scheduling in the above system might be reduced by
a simplification. Decomposition of the problem and decrement of the problem size
were usually included by many researchers. This should be done to understand and
clarify a complicated system [3, 4].

Without any generality of HDD manufacturing system, we can consider a small
scale of there entrant flow-shop scheduling (RFS) problem for producing 4 different
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Fig. 2 Real model of HDD
manuf. system

Fig. 3 Processing flow of a
simple RFS problem
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Fig. 4 Precedence relationship graph of simple RFS problem

HDD products under 7 workstations as shown in Fig. 3. Considering the processing
flow of a simplified RFS scheduling problem as shown in Fig. 4, there are 4 products
(J1, J2, J3, and J4) with no consideration of lot sizes of jobs. This means all jobs
have the same lot sizes. Also, this manufacturing system has 7 workstations with
the reentrant workstations (Table1). Moreover, in this example, there is the time
windows constraint (tw = 30min/lot) for controlling production starting fromWS-6
to WS-7.

From the data set, the precedence relationship can be defined by the successors
and operation sequence as shown in Table1. Within these workstations, the jobs will
be produced depending on their operation sequences. The graph is then drawn for
preparing a chromosome for initial generation, and repairing the chromosome after
genetic operators as shown in Fig. 4.

Indeed, the system complexity comes from three important restrictions. First,
all products can be produced depending on reentrant flow; they have to produce
two family product groups at some workstations. Lastly, they have to produce all
products with the completion time of each under the time windows. The objective is
to minimize makes pan and reduce loss.

3 Hybrid Genetic Algorithm with Left-Shift Routine
and Computational Results

Genetic Representation: Gen et al. [9] proposed an implementation of GA for solv-
ing the job-shop scheduling problem. The operation-based representation encoded
a schedule as a sequence of operations and each gene standing for one operation
was proposed by them [10]. Furthermore, we can apply it to the RFS scheduling
problem. After creating the chromosome by the encoding routine, the schedule can
be generated. When generating it, an operation can be started whenever its pre-
decessor has been finished and the machine to process it is available. The gener-
ated schedule of the example chromosome in Fig. 5 is shown as follows: Schedule
S = (oi j , Mm, si j − ci j ); oi j denotes operation j in job i ; Mm is machine m; si j

means starting operation j in job i and is completing operation j in job i .
S = {(o1,1, M1, 0–6), (o2,1, M1, 6–12), (o3,1, M1, 12–18), (o4,1, M1, 18–24),

(o1,2a, M2, 6–13), (o1,3, M3, 13–18), (o2,2a, M2, 13–20), (o2,3, M3, 20–25),(o3,2a,

M2, 20–27), (o3,3, M3, 27–32), (o4,2a, M2, 27–34), (o4,3, M3, 34–39), (o1,2b, M2,
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Fig. 5 The illustration of a chromosome with operation-based representations

32–41), (o2,2b, M2, 41–48), (o3,2b, M2, 48–55), (o4,2b, M2, 55–62), (o1,4, M4, 41–
95), (o1,5, M5, 95–103), (o1,6A, M6, 103–110), (o1,7a, M7, 110–121), (o2,4, M4,

95–149), (o2,5, M5, 149–157), (o2,6A, M6, 157–164), (o2,7b, M7, 164–174), (o3,4,
M4, 149–203), (o3,2c, M2, 203–210), (o3,6B, M6, 210–218), (o3,7a, M7, 218–229),
(o4,4, M4, 203–257), (o4,2c, M2, 257–264), (o4,6B, M6, 264–272), (o4,7c, M7, 272–
284)}.

The corresponding Gantt chart of this schedule can be drawn as shown in Fig. 6.
From the Gantt chart, it is clear that the operation based method can be used for
generating the suitable candidate chromosome as shown in Fig. 6. So, this sequence
solution has made a 284-min makespan and no loss because there are no jobs exceed-
ing the time windows (30min between WS-6 and WS-7).

Genetic Operations: For creating offspring by genetic operations we used two-
cut point crossover, swap-mutation and insert-mutation operations. For the detailed
calculated results by genetic operations, we can get them in [3].

Fitness Function: In the RFS scheduling problem, the objective is to minimize
the makespan (zi), so it is directly related with maximizing the system throughput.
RFS scheduling in the hard-disk manufacturing system as in this paper, also has to
consider the lost lot which exceeded the critical processing time. Equation (1) shown
the fitness function of GA where vi is a chromosome vector i; the population is
popSize.

eval(vi ) = 1/zi , i = 1, 2, . . . , popSize. (1)

Fig. 6 A Gantt chart of the generated chromosome
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Fig. 7 Overall procedure in the pseudo-code of hybrid GA for solving RFS problem

In addition, RFS scheduling in a hard-disk manufacturing system as in this paper,
also has to consider the number of losses as jobs which exceeded the critical process-
ing time. It also is an indication of the effective system even if the loss cannot be
reworked.

The overall procedure in the pseudo-code of Hybrid GA for solving the reen-
trant flow-shop scheduling (RFS) problem for HDD manufacturing system, can be
designed in Fig. 7. Regular genetic operations might construct illegal offspring in the
next generation. In particular crossover and mutation operations, which are explo-
ration and exploitation for the search space, might not produce a feasible solution.
Then, checking and repairing offspring with system constraints should be done care-
fully.

Checking Precedence Constraint: This paper introduces checking and repairing
precedence constraint for all offspringC(t). The steps of the check and repair routine
for the precedence constraint are given as follows:

Step 1. Transform all offspring C(t) by the decoding routine.
Step 2. Compare each offspring C(t) with operation sequences for each job.
Step 3. If there is an illegal offspring C(t), repair it by the operation sequences based
on the job.

Checking Time Window Constraint: In the same situation, the time window con-
straints for all chromosomes/offspring are checked and repaired. The steps for the
checking and repairing routine for the time window constraint are as follows:

Step 1. Transform all offspring C(t) by decoding routine.
Step 2. Calculate a time difference between first and last operations in time window
zone for each job in C(t).
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Step 3. Compare a time difference in each job with the time window constraint to
find an illegal job.
Step 4. If there is an illegal job, the first operation shifts to right before the last
operation on the same machine.

Local Search (Left-shift Algorithm): After drawing the Gantt chart of a chromo-
some or an offspring, a local search can be conducted to improve C(t) in order to
reduce the idle time. Left-shift algorithm by Abe and Ida [1] is suitable to apply the
RFS scheduling problem in this paper. The left-shift procedure is shown by the steps
as follows:

To improve the decoded schedule after drawing the Gantt chart, a heuristic of
local search, namely the Left-shift algorithm [7] could be used for solving the RFS
problem too. It will help to better minimize themakespan than the old Gantt chart [4].

Two types of data problems were generated for all data. They were derived by
standardization of industrial case, such as the standardized problem for 17 worksta-
tions, and the simple problem for 7 workstations by covered selection (Table2). In
Table2, all of the processing times on each machine by operations is detailed for the
standardized problem data set. Another data set is the simple problem as listed in
Table2. Both of the tables also include the time window details.

Step 1. Transform all offspring C(t) by decoding routine.
Step 2. Calculate all idle times on each machine.
Step 3. Check all idle times tomove left side for an operation in each partial sequence
by comparing the precedence relationship on the same machine.
Step 4. Repeat steps 2-3 until there are no more left-shift operations.

When considering lot sizes, data is shown in Table3 for the standardized problem
and for the simple problem. So, 11 jobs with 220 lots per period is the problem size
for the standardized problem; 4 jobs with 61 lots per period is the simple problem.
Additionally, this table shows the different product types with “A” being the first type
and “B” being the last type. Also, all of them can be divided into three sub-types.

In Table3, all of the processing times on each machine by operations is detailed
for the standardized problem data set. Another data set is the simple problem as listed
in Table3. This table also includes the time window details. When considering lot
sizes, data is shown in Table4 for the standardized problem and the simple problem.
So, 11 jobs with 220 lots per period is the problem size for the standardized problem;
4 jobs with 61 lots per period is the simple problem. Additionally, this table shows
the different product types with “A” being the first type and “B” being the last type.
Also, all of them can be divided into three sub-types.

The more detailed computational results by the proposed hybrid GA with local
search and fuzzy logic controller demonstrated the effectiveness and efficiency by
solving a real case of an HDD manufacturing system. The parameters pC and
pM were variously changed to automatically regulate a suitable balance between
exploitation and exploration during the evolutionary process of the hybrid genetic
algorithm with fuzzy logic controller (HGA.FLC). Recently Sangsawang et al. [16]
proposed metaheuristics optimization approaches for solving the two-stage reen-
trant FFS (RFFS) problem with blocking constraint (FFS|2-stage,rcrc,block|Cmax)
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Table 2 Data set of processing time and time window of the standardized and simple problems

Machines Operations ProcTime (m)

Real data (xi ) Standardized data
(10(yi + 1))

WS-1 o1 6.5 6

o2a 10 7

o2b 10 7

WS-2 o2c 10 7

o2d 10 7

WS-3 o3 16 9

WS-4 o4 2 5

WS-5 o5 0.3 5

WS-6 o6 0.3 5

WS-7 o7 210 54

WS-8 o8 10 7

WS-9 o9 15 8

WS-10 o10 8 7

WS-11 o11A 20 10

o11B 20 10

WS-12 o12A 8 7

o12B 8 7

WS-13 o13A 10.2 7

o13B 11.5 8

WS-14 o14A 4.8 6

o14B 5.6 6

WS-15 o15A 1.5 5

o15B 1.5 5

WS-16 o16 35 13

o17a 26.5 11

WS-17 o17b 23 10

o17c 32 12

WS-1 o1 6

o2a 7

WS-2 o2b 7

o2c 7

WS-3 o3 5

WS-4 o4 54

WS-5 o5 8

WS-6 o6A 7

o6B 8

WS-14 to WS-17: time windows = 300min/lot, WS-6 to WS-7: time windows = 30min/lot



38 M. Gen et al.

Table 3 Data set of product types and number of lots of the standardized and simple problems

No. of lots

Product types Products Real data(xi ) Standardized data
(10(yi + 2))

A1 P-1 100 9

A1 P-2 175 11

A2 P-3 1,243 32

A1 P-4 866 25

A2 P-5 1,137 30

A3 P-6 228 12

B1 P-7 228 12

B2 P-8 510 17

B3 P-9 841 24

B2 P-10 1533 38

B3 P-11 139 10

A1 P-1 9

A2 P-2 30

B1 P-3 12

B3 P-4 10

in which they applied a hybrid GA and a hybrid particle swarm optimization (HPSO)
with Cauchy distribution.

4 Manufacturing Model in TFT-LCD Module Assembly

Because of short product lifecycles, it is crucial to rapidly respond to various cus-
tomer needs and deliver products on time in high-tech industries such as the thin-
film transistor-liquid crystal display (TFT-LCD) and semiconductor manufacturing
industries. The TFT-LCDmanufacturing is capital and technology intensive industry.
Facing the fierce competitive pressures, it is important to enhance productivity and
operational efficiency. Manufacturing scheduling of TFT-LCD Module Assembly
system is a key issue to enhance manufacture efficiency that could satisfy customer
demand on time [6]. By focusing on realistic settings, amodule assembly processwas
formulated for use in the TFT-LCD industry as a generalization of the flexible job-
shop scheduling problem (FJSP). On a flexible job-shop floor, workstations employ
non-identical parallel machines scheduling (PMS) that exhibit distinct production
velocities. An operation can be processed using an available machine from a given
workstation. The TFT-LCD module assembly scheduling problem can be divided
into two subproblems: the routing (i.e., assigning each operation to machines) and
scheduling problems (i.e., determining the start time of each operation to machines).
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The following factory-specific factors complicate the TFT-LCD module assembly
scheduling problem.

The TFT-LCD module assembly production is one of FJSP models that is critical
to satisfy the customer demands on time. On the module assembly shop floor, each
workstation has identical and non-identical parallel machines that access the jobs at
various processing velocities dependingon the product families. To satisfy the various
jobs, the machines need to be set up as the numerous tools to conduct consecutive
products. This study aims to propose a novel approach to address the TFT-LCD
module assembly scheduling problem by simultaneously considering the following
multiple and often conflicting objectives such as the makespan, the weighted number
of tardy jobs, and the total machine setup time, subject to the constraints of product
families, non-identical parallel machines, and sequence-dependent setup times [6].

The TFT-LCDmanufacturing process is divided into three main stages: Array/CF
(color filter) process, Cell process, and Module process (Fig. 8). The Array/CF
process is similar to semiconductor wafer fabrication except that transistors are built
up on the glass substrate instead of siliconwafer, and the processes are also re-entrant
flow. The Cell process attaches the Array substrate and CF substrate together, and
fills the liquid crystal between two substrates. The Module process, the final stage, is
to assemble all customized components as the finished goods. The Module process
stage involves six workstations that assemble customized components (e.g., inte-
grated circuit, printed circuit board, driver board, backlight, and chassis) onto the
panels to complete the final TFT-LCD production:

(1) The IC (integrated circuit) bonding.
(2) The PCB (printed circuit board) bonding.
(3) The components assembly.
(4) The burn-in test.
(5) The inspection.
(6) The packing and shipping.

Cell Process

TFT Input PI Rubbing Sealant Printing LC Filling

Polarizer
Attaching Cutting CF InputODF Assembly

Module Process

Packing & Shipping Inspection Burn-In Test

Components
   Assembly

PCB BondingCell Input IC Bonding

Array & CF Process

Array Process

Glass Substrate

Patterning

Glass Substrate

CF Process
PS ITO Photo B

Photo BM Photo R

Deposition PR Coating

Stripping Etching Developing

Exposuring

Photo G

Mask

(a) (b)

(c)

Fig. 8 Three main stages of the TFT-LCDmanufacturing process: a Array process, b Cell process,
and c Module process
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The module assembly process is the final stage of TFT-LCD manufacturing
process, and the finished goods are directly shipping to customers. Therefore, it
is very important to deliver product on time. In order to keep efficiency and commit
customer’s due date, the Module assembly scheduling problem should be consid-
ered the following multiple and conflicting objectives simultaneously: minimizing
makespan, minimizing total workload, and maximizing confirmed line item per-
formance (CLIP) rate. The CLIP is a measure of customer satisfaction reliability,
meaning the percentage of order requests that was delivered as promised (i.e., com-
mit customer’s due date). The CLIP has been used as the major key performance
indicator in high-tech industry [14]. However, if the scheduling in order to com-
mit the customer’s due date, its lead to a larger makespan and workload [17]. It’s
dilemma to minimize makespan, total workload and maximize CLIP rate at the same
time in the shop-floor manufacturing environment. The minimizing makespan and
minimizing total work load are the effective objectives, and the maximizing CLIP
rate is the objective that directly related to customer service by keeping manufacture
efficiency and committing customer’s due date. Therefore, this paper considers the
conflicting objectives simultaneously to find a suitable compromised schedule.

On the module assembly shop floor, the manufacturing process consisting of five
workstations with 10 machines (WS-1: JI with 3 m/c, WS-2: 3D VAS with 1 m/c,
WS-3: Packer with 1 m/c, WS-4:MA with 2 m/c and WS-5:3D Cal. with 1 m/c)
depend on the product family. Figure9 shows the jobs with different product fami-
lies and access to different routes. For instance, for Job 4 in Fig. 9, one of the products
is a 3D-type panel, which requires laminating the 3D glass substrate onto the panel
after the cell process. It must then pass through the IC and PCB bonding, components
assembly, and the test workstations. Before shipping, 3D products must pass through
the 3D calibration workstation to calibrate the 3D product picture settings. In addi-
tion, two types of shipments exist depending on customer demand: semi-finished
and finished goods. Semi-finished goods do not require assembling the customized
electric components onto the panel.

Fig. 9 Processing flow in module assembly for the TFT-LCD manufacturing
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Jobs can be assigned to non-identical machines and a high speed processing
velocity is chosen to improve production efficiency. Choosing the fast processing
time, the job could be finished quickly with earlier completion time. However, if
all jobs are assigned to the fast processing time machine, the job must queue and
also delay the completion time. Furthermore, jobs in varying product families require
machine setup tools, increasing the total setup time andprolonging the job completion
time.

Various product families can be produced using the varying process on a non-
identical machine shop floor. The module assembly scheduling system requires
selecting which job operation passes through which machine and determining the
start time of each operation in each machine. Therefore, this study was conducted
to solve the complex scheduling problem that considers incompatible product fam-
ilies, non-identical parallel machines, and sequence-dependent setup time (SDST)
constraints in a real production system. There are several product types based on
its specification (panel size, display type, shipping type, etc.) and Table5 is product
family case in Module Assembly for the TFT-LCD manufacturing.

Themodule process stage involves fiveworkstations in which customized compo-
nents (i.e., integrated circuit (IC), printed circuit board (PCB), driver board, backlight,
and chassis) are assembled onto the panel.

(1) IC and PCB bonding (Workstation 1): Bonding the IC and PCB components
onto the panel.

(2) The 3D substrate lamination (Workstation 2): Laminating the 3D substrate on
the cell panel if the product is a 3D type.

(3) Semi-finished goods packing (Workstation 3): Semi-finished goods are packed
to ship to the customer.

(4) Component assembly and testing (Workstation 4): Assembling customized elec-
tric components onto the panel.

(5) The 3D calibration (Workstation 5): Calibrating 3D product picture setting.

Table 5 Product family cases in module assembly for the TFT-LCD manufacturing

Job Lot size Due date Display type Operation sequence Product type

i qi di (k s) oik

1 250 45 2D o11, o12 Small Size_SKD

2 500 65 2D o21, o22 Large Size_Module

3 400 60 3D_OGS o31, o32, o33, o34 Large Size_Module

4 200 60 3D_GPR o41, o42, o43 Small Size_SKD

5 500 95 3D_GPR o51, o52, o53 Large Size_Module

6 600 32 2D o61, o62 Small Size_SK

7 400 75 2D o71, o72 Large Size_Module

8 600 95 3D_OGS o81, o82, o83, o84 Large Size_Module
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Fig. 10 Precedence relationship graph in module assembly for the TFT-LCD manufacturing

Based on the precedence relationship of the processing flow in TFT-LCDmodule
assembly, the following five different types of routes created as shown in Fig. 10.

The module process is the final stage of TFT-LCDmanufacturing system, and the
finished products are directly shipping to customers. The module assembly schedul-
ing problem consider the multiple conflicting objectives simultaneously:

(1) Minimizing makespan.
(2) Minimizing total workload.
(3) Maximizing CLIP (confirmed line item performance).

Constraints:

(1) Incompatible product families: The jobs requiring the same recipe can be
regarded as a product family and have the same processing time in one machine.
Incompatible product families cannot be processed together in one machine.

(2) Parallel machines.
(3) Sequence dependent setup time (SDST): With variety customers and product

families, a machine setup time is required if two consecutive jobs of different
product families in the same machine.

The TFT-LCD module assembly scheduling problem is formulated as a multi-
objective mixed-integer linear programming (Mo-MILP) model as shown in Chou
et al. [6].

5 Multiobjective Hybrid GA with TOPSIS
and Computational Result

Genetic Representation: A common representation of the FJSP problem is designed
using a two-vector chromosome that names all the operations of a job by using the
same symbol, and interprets themaccording to the order of occurrence in the sequence
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Fig. 11 Scheme of operation sequence vector v1 and machine assignment vector v2

of a given chromosome [10]. The TFT-LCDmodule assembly scheduling problem is
a combination of operation scheduling andmachine assignment decisions. Therefore,
in this study, the chromosome was designed as two parts: an operation sequence
vector (v1) and a machine assignment vector (v2). The evaluated TFT-LCD module
assembly scheduling problem comprised eight jobs and eight machines, where each
job required several operations. The operation sequence vector v1 shows that each
job i appears nitimes, indicating niordered operations. An example of the operation
sequence vector is shown in Fig. 11. The machine assignment vector v2(r) shows
that the machine selected for the operation is indicated at position r , and shown in
Fig. 11. For example, the position 1 in v1(1) indicates o61 (i.e., the first operation of
Job 6), and Position 1 in v2(1) denotes that machine 1 is assigned to o11. The main
advantage of a two-vector representation is that each possible chromosome always
depicts a feasible candidate.

Population Initialization (Encoding Routine): To guarantee the quality and diver-
sity of an initial population, a mixed strategy is used to generate chromosomes that
include an operation sequence vector and a machine assignment vector. First, a ran-
dom rule strategy is applied to randomly initialize the operations in a sequence vector.
Second, minimal processing time and random rule strategies are applied to generate
the machine assignment vector, as follows:

(1) The minimal processing time strategy [13, 15] is used to locate the machine
that exhibits a minimal processing time for the permuted operation, and then adds
its processing time to every subsequent entry.

(2) The random rule strategy randomly assigns a machine to each operation.
In this study, the random rule strategy was used to initialize the operation

sequences, in which 50% of the machine assignment vectors were generated using
the minimal processing time strategy, and the remaining 50% were generated using
the random rule strategy.

Left-shift Based Decoding: This study used left-shift based decoding, where each
operation was shifted left until it was as compact as possible to reduce the machine
idle time. This strategy is used to search for the earliest available time interval [t E

i , t L
i ]

to allocate the permuted operation to a machine based on the operation sequence
vector. If the time span is sufficient from the beginning to ending, is allocated in the
time interval; otherwise, is allocated at the end ofmachine. The following relationship
formulated in Eq.2):
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{
max

{
t E

j + shgik j , tC
i,k−1

}
+ pik j � t L

j , if k � 2

t E
j + pik j � t L

j , if k = 1.
(2)

Left-shift based decoding sequentially allocates each operation to an assigned
machine in the order represented in the operation sequence vector. The detailed
example of the process by the left-shift based decoding is shown in Chow et al. [6].

Genetic Operations: In the two-vector representation, each gene of the operation
sequence vector does not indicate a specific job’s operation but refer to its context-
dependent. This reason causes the crossover procedure cannot inherit their parental
characteristics at the form of two-vector representation. We used the order crossover
in this study for the operation sequence vector and the procedure is as follows.

Step 1. Randomly select a subsection of the operation from one parent.
Step 2. Conduct an offspring by copying the subsection of the parent, including the
operation sequence and machine assignment in the corresponding position.
Step 3. Delete the operations that are already in the offspring from the second parent.
Step 4. Allocate the operations and assigned machines to the unfixed positions of
the offspring from left to right, according to the sequence in the second parent.

The conventional mutation operator is used to randomly generate offspring [13].
In this study, the objective functions of makespan and total machine setup time
are used to minimize the production time. An artificial mutation was developed,
combining the minimal processing time concept and mutation operator, reallocating
the machine that exhibits the minimal processingtime to the operation [15]. In the
operation sequence vector, a gene of certain probability is selected and the operations
are randomly exchanged with the machine that was assigned to the operation. In the
machine assignment vector, the job that exhibits the longest total processingtime is
selected and the machine that exhibits the maximal processing time is reallocated to
the minimal processingtime to the corresponding operation. The offspring generated
by artificial mutation may exhibit a superior makespan compared with the makespan
before the convergence was accelerated. In addition, immigration strategy was used
to randomly generate new chromosomes and prohibit rapid convergence.

Local Search (Variable Neighborhood Descent): Local search can be used to
improve the convergence speed, yielding superior solutions. The variable neighbor-
hood descent (VND) approach is considered a local search algorithm that produces
a new solution from the current population by making a slight change before it is
inserted into the population [8]. The VND approach is employed to sequentially
identify and exchange critical operations and find a new schedule that exhibits a
small makespan in the multiobjective module assembly scheduling problem. The
makespan of a scheduling solution is defined by the length of its critical path; that
is, the makespan cannot be reduced while adjusting the current critical paths. Any
operationon the critical path is called a critical operation.

This study employed the VND approach to determine a schedule that yielded
a small makespan. To reduce computational loading, only one critical operation is
moved at a time and inserted into an available idle time interval. Therefore, the single
moving operation of the VND procedure is as follows:
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(1) Deleting a critical operation;
(2) Finding an assignable idle time interval;
(3) Allocating the deleted into the found time interval.

TOPSIS: The technique for order preference by similarity to the ideal solution
(TOPSIS) is to derive the best compromised solution among Pareto optimal solu-
tions. TOPSIS evaluation mechanism quickly conduct a best compromised sched-
ule into the manufacturing system and TOPSIS is considering the best alternative
should have the shortest distance from the ideal solution (A+) [12]. To prioritize the
Pareto non-dominated solutions based on objective functions that decision maker
concerned. TOPSIS evaluation mechanism ranks the best compromised scheduling
from all alterative solutions and the detailed procedure is shown in Chou et al. [6].
Decision makers design the preference of objective functions:

Normalized weight vector; w1 + w2 + w3 = 1;
Minimize makespan: weight w1;
Minimize total workload: weight w2;
Maximize CLIP weight: w3

Overall Procedure of Mo-HGA: This study combined the auto-tuning strategy
[20] to dynamically regulate the parameters for the multiobjective hybrid genetic
algorithm (Mo-HGA) by employing a fuzzy logic controller (FLC). Two FLCs, the
crossover and mutation FLCs, were implemented to adaptively regulate the rates of
crossover and mutation operators during the genetic search process as introduced in
[20] FLC for tuning parameters. This enabled the automatic tuning of the parameters
of the Mo-HGA depending on the convergence situation of the current generation.

Fig. 12 Overall procedure ofMo-HGAfor solvingTFT-LCDmodule assembly scheduling problem
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The overall procedure in the pseudo-code of Mo-HGA for solving designed for
solving TFT-LCD module assembly scheduling problem as shown in Fig. 12.

A small-scale case was used to demonstrate the applicability of the proposed Mo-
HGA. In this case, eight jobs involving 22 operationswere arranged to eightmachines
on the shop floor, and the job quantity, product family, and operation sequences are
listed in Table5. The operation processing time of this small-scale case is shown
in Table6. The processing time of these 22 operations were designed on the basis
of empirical setting that depends on the job quantity and production velocity of the
machine. The sequence-dependent setup time between the product families is shown
in Table7.

Schedule S = {(oi j , Mm, si j − ci j )}; oi j denotes operation j in job i ; Mm is
machine m; si j means starting operation j in job i and ci j is completing operation j
in job i . Here is one of Pareto optimal solutions with three objective function values
and Gantt chart (Fig. 13) by Mo-HGA as follows:

Table 6 Processing time of the small-scale case

Processing
time (s)

M1 M2 M3 M4 M5 M6 M7 M8

o11 – 5,750 – – – – – – –

o12 – – – – – 6,250 – – –

o21 – – 25,000 17,500 – – – – –

o22 – – – – – – 25,000 15,000 –

o31 – 20,000 14,000 – – – – –

o32 – – – 6,000 – – – –

o33 – – – – – 20,000 12,000 –

o34 – – – – – – – 24,000

o41 – – – 3,000 – – – –

o42 4,600 – – – – – – –

o43 – – – – – – 5,000 –

o51 – – – 7,500 – – – –

o52 – 25,000 17,500 – – – – –

o53 – – – – – 25,000 15,000 –

o61 13,800 – – – – – – –

o62 – – – – 15,000 – – –

o71 – 20,000 14,000 – – – – –

o72 – – – – – 20,000 12,000 –

o81 – 30,000 21,000 – – – – –

o82 – – – – 9,000 – – – –

o83 – – – – – – 30,000 18,000 –

o84 – – – – – – – 36,000
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M1 o61 o 42 o 11

M 2 o 81

M 3 o31 o21 o 71 o 52

M 4 o 41 o32 o 82 o 51

M 5 o 62 o 12

M 6 o22

M7 o33 o 43 o 83 o 72 o 53

M 8 o34 o 84

3.0 13.8 20.0 21.0 25.6 28.8 32.8 38.5 38.7 44.8 53.7 56.0 59.9 63.7 77.4 92.4 93.0

Fig. 13 Gantt chart of Pareto optimal solution

Schedule: S = o61, o81, o31, o41, o32, o62, o33, o42, o21, o11, o82, o43, o34, o12,
o71, o22, o83, o51, o52, o84, o72, o53 = (o61, M1, 0–13.8), (o81, M2, 0–30.0),
(o31, M3, 0–14.0), (o41, M4, 0–3.0), (o32, M4, 14.0–20.0), (o62, M5, 13.8–28.8),
(o33, M7, 20.0–32.0), (o42, M7, 21.0–25.6), (o21, M3, 21.2–38.7), (o11, M1,

32.8–38.55), (o82, M4, 30.0–39.0), (o43, M7, 32.0–37.0), (o34, M8, 23.0–56.0),
(o12, M5, 38.55–44.8), (o71, M3, 38.7–52.7), (o22, M6, 38.7–63.7), (o83, M7, 39.0–
57.0), (o51, M4, 46.2–53.7),(o52, M3, 59.9–77.4),(o72, M7, 60.6–72.6), (o53, M7,

77.4–92.4), (o84, M8, 57.0–93.0)
Three objectives:Makespan: 93 (K s), Total workload: 310.9 (K s), CLIP: 100 (%).
Tables8 and 9 is shown objective function values by Mo-GA, Mo-HGA.VND

andMo-HGA.VND.FLC for 8-Job/8-Machine and 40-Job/22-Machine respectively.
Comparing the Mo-GA, Mo-HGA with VND, Mo-HGA with VND & FLC exper-
iment results using TOPSIS, the Mo-HGA with VND & FLC could get the best
compromised schedule.

The each objective function value byMo-HGA.VND.FLC for 40-Job/22-Machine
in Table10 is shown three cases of the different computational time such as 60, 180 (s)
and more than 22 generations.

To solve the multiobjective scheduling problem for the TFT-LCD module assem-
bly system by using LINGO for comparing with the Mo-HGA proposed, Chou et al.
[6] also formulated a fuzzy multiobjective mixed-integer linear programming (FMo-
MILP) model to obtain the compromised solution as a benchmark by using fuzzy
multiobjective programming, a fuzzy goal, and fuzzy constraints [21] A quality cri-
terion, the optimality gap, was defined to show the percentage of deviation of the
values of the multiobjective programming approaches (i.e., the FMo-MILP and the
Mo-HGA) from the values of LINGO, according to the following equation [17]:

Optimality Gap = (Approach - LINGO)/LINGO× 100 (%). (3)

The optimality gaps of the small-scale test problems, compared to the compro-
mised solution of multiobjective programming approaches with an aspiration level,
are shown in Tables11 and 12. The results show that the FMO-MILP and the MO-
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Table 10 Objective function values by Mo-HGA.VND.FLC for 40-Job/22Mc

40 Jobs with 22
Machines

MO-HGA with VND & FLC

Terminating Condition Cm (k s) Wt (k s) CLIP (%)

Computational
time>60s

278.8 1429.5 91.8

Computational
time>180s

259.0 1377.0 94.4

Same result over 20
generations

258.0 1372.5 97.7

Table 11 Experimental result of FMo-MILP and Mo-HGA

Test
Problem

MO-MILP (LINGO) FMO-MILP
(LINGO)

MO-HGA Aspiration Level

Cmax WN T ST (Cmax, WN T , ST ) (Cmax, WN T , ST )

P1 50.0 0.37 0 (69.7, 0.37, 7.2) (69.7, 0.37, 7.2) (50.0, 0.37, 0)

P2 60.5 0.34 10.8 (72.5, 0.34, 10.8) (72.5, 0.34, 10.8) (60.5, 0.34, 10.8)

P3 76.2 0.16 10.8 (78.6, 0.18, 14.4) (78.6, 0.18, 14.4) (76.2, 0.16, 10.8)

Table 12 Optimality gaps of small-scale test problems

Test
problem

FMO-MILP MO-HGA

Cmax (%) WN T (%) ST (%) Cmax (%) WN T (%) ST (%)

P1 39.4 0 39.4 0

P2 19.8 0 0 19.8 0 0

P3 3.1 12.5 25.0 3.1 11.1 25.0

HGA yield the same optimality gaps for each test problem.These two approaches
have the values close to the aspiration level. Detailed computational results refer
Chou et al. [6].

As introduced computational results for the various scale of multiobjective
scheduling problems for the TFT-LCD module assembly system by using LINGO
for comparing with the Mo-HGA, it clearly demonstrated that multiobjective hybrid
genetic algorithm with VND and FLC routines (Mo-HGA.VND.FLC) proposed is
effectiveness and efficiency in the best compromised solution as a quality of solution
with reasonable interactive computational time for NP-hardmultiobjective optimiza-
tion problem in practice.
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6 Conclusions

Manufacturing scheduling is one of the important and complex combinatorial opti-
mization problems, where it can have a major impact on the productivity of a pro-
duction process. Moreover, most of scheduling problems fall into the class of NP-
hard combinatorial problems. Recently, many manufacturing companies are faced
with global market demands for a variety of low cost products with a high quality.
For responding rapidly to demand fluctuations and reducing costs related to man-
ufacturing scheduling and logistics networks, hybrid genetic algorithm (HGA) and
multiobjective HGA (Mo-HGA)have received considerable attention regarding their
potential for solving various complex manufacturing and logistics problems.

In this paper, we introduced how to design Hybrid GA and Mo-HGA with para-
meter tuning by the fuzzy logic controller (FLC) and local search such as the left-ship
routine and variable neighborhood descent (VND) routines to solve manufacturing
scheduling problems for hard disc device (HDD) and thin-film transistor-liquid crys-
tal display (TFT-LCD), respectively. In particularly, the FLC for tuning crossover
and mutation rates, the fitness assignment mechanism for multiobjective optimiza-
tion problems (MOP) and genetic representations as well as the hybrid evolutionary
operations are combined. Through a variety of numerical experiments, the effective-
ness and efficiency of the HGA for HDD and Mo-HGA.VND.FLC for TFT-LCD
module assembly as the practical applications of manufacturing scheduling prob-
lems are demonstrated. This paper also introduced how to design Mo-HGAs for
applying a multiobjective flexible job-shop scheduling problem (Mo-FJSP; opera-
tion sequencing and resources assignment) to the practical manufacturing scheduling
problems.

As future researches in multiobjective scheduling problems, it is to apply hybrid
sampling strategy-based evolutionary algorithms [9] to real case study. Another top-
ics is to enhance the evolutionary process by combining hybrid genetic algorithm
with another metaheuristics such as PSO, DE or EDA.
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Stock Price Forecasting Based
on Multi-Input Hamacher
T-Norm and ANFIS

Fengyi Zhang and Zhigao Liao

Abstract This study proposed the expression and some feathers of multi-input
Hamacher T-norm first, then constructed the multi-input Hamacher T-norm based
ANFIS, finally forecasted the stock price of Pingan Bank (000001) from Jan. 4,
2014 to AUG. 28, 2014, by constructing a model based on Multi-input Hamacher
T-norm and ANFIS (Adaptive Neuro-Fuzzy Inference System). 5-cross fold valida-
tion has been used in this study to recognize the its best performance in MSE (Mean
Square Error), MAE (Mean Absolute Error) and MAPE (Mean Absolute Percentage
Error) belongs to high prediction accuracy, while it’s also superior to regular ANIFS.
Therefore, Multi-input Hamacher T-norm could improve the performance of ANFIS
in stock price forecasting.

Keywords Stock price forecasting · ANFIS · Multi-input hamacher T-norm

1 Introduction

Stock price is tightly related to domestic economy, however, it usually fluctuates
severely and nonlinearly, so it is of great value to predict stock price. Stock price
shows chaotic feather in short time, while the tendency of price changing emerges
throughout historical data. Generally, historical data implicates the rule which stock
price fluctuation abide by [1]. However, traditional forecasting methods which base
on linear analysis technology can’t dig out the intrinsic rule of stock price fluctua-
tion well.

Employing artificial intelligence technology to forecast stock price has already
yielded many great achievements: Kazema et al. [1] combined chaos-fire algorithm
and SVM (Support Vector Machine) to forecast several stock in NASDAQ, and
achieved fine results; Oliveira et al. [2] applied ANN (Artificial Neural Network) to
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study the rise-fall situation of a certain stock in Brazil Stock price and the prediction
accuracy reached 93.62%. Aghabozorgi and Teh [3] employed 3-Stage Clustering
Method to forecast stock price, and they finally verified that this method is effective.
Zuo and Kita [4] used Bayes ANN to predict NIKKEI225 index and stock price of
Toyota, and testified that Bayes ANN is superior to traditional time-series algorithm
in the aspect of covariance and MSE (Mean Square Error).

ANFIS (Adaptive Neuro-Fuzzy Inference System), which belongs to typical T-S
models, combines Fuzzy Inference System with ANN greatly and has been widely
applied in many fields [5–8]. Fuzzy Inference System is an effective model which
can be used to handle unknown or difficult-to-construct system. The design of Fuzzy
Inference System do not depend on the object’s model, however, it much lies on the
experience of experts. While employing Fuzzy Inference System, it’s not wise to
expect to achieve satisfying results, in case of lacking of expertise or the method to
transform these expertise into “IF THEN” form correctly. For ANN, it gains advan-
tages in self-organizing and self-learning, but it usually can’t deal with structural
knowledge: besides a great many of training data and the process of self-learning,
it still needs Parallel distributed structure to estimate the relation between input and
output.

In order to improve the online access speed of ANFIS T-S rules for complex
system, various clustering algorithms have been used to construct a new multidi-
mensional structure of ANFIS, which combined mechanism of T-S fuzzy inference
and clustering algorithm from the perspective of knowledge discover. In this paper,
we select Hamacher T-norm to tackle the intersection operation for two reasons:

(1) Algebraic product T-norm is used widely in ANFIS, and when equals to 1, the
Hamacher T-norm is actually an algebraic product T-norm, which means it is
not conflicting with the regular ANFIS.

(2) Hamacher product T-norm, a clustering of fuzzy product T-norms, differs
depending on λ. So, to select the most suitable fuzzy T-norm by changing the
numerical parameter λ is advisable.

The purpose of this study is to validate the practicality of Multi-input Hamacher
T-norm applied in ANFIS to predict stock price in Chinese Stock market. The rest
of the study is organized as follows. Section2 provides some necessary background
information and details of the proposed model, the Sect. 3 depicts the methods that
have been used to transform original data and to validate results. Then the simulation
process and results are discussed in Sect. 4. Finally, Sect. 5 presents the summary of
this study.

2 Background

In this section, the basic theory of ANFIS model and Hamacher T-norm has been
used in this experiment will be introduced.
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2.1 Adaptive Network Based Fuzzy Inference System (ANFIS)

Both artificial neural network and fuzzy logic are used in ANFIS architecture [9].
ANFIS consists of if-then rules and couples of input-output. For ANFIS training,
learning algorithms of neural network are also used. To simplify the explanations,
the fuzzy inference system under consideration is assumed to have two inputs (x and
y) and one output ( f ). For a regular ANFIS model, a typical rule set with basic fuzzy
if-then rules can be expressed as if x is A1 and y is A2, then f1 = p1x + q1y + r1,
where p is linear output parameters. The ANFIS architecture with two inputs and
one output are as shown in Fig. 1.

This architecture is formed by five layers and nine if-then rules:
Layer-1: Every node i in this layer is a square node with a node function.

O1,i = μAi (x), O1,3+ j = μB j (y) i, j = 1, 2, (1)

where x and y are inputs to node i , and Ai and Bi are linguistic labels for inputs.
In other words, O1,i is the membership function of Ai and Bi . Usually μAi (x) and
μBi (y) are chosen to be bell-shaped with maximum equaling to 1 and minimum
equaling to 0, such as

μAi (x) = exp(−((x − ai )/(ci ))
2), (2)

Fig. 1 The structure of regular ANFIS
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where ai , ci is the parameter set. These parameters in this layer are referred to as
premise parameters.

Layer-2: Every node in this layer multiplies the incoming signals and sends the
product out. For instance,

O2,2(i−1)+ j = μAi (x) ∗ μB j (y), i, j = 1, 2. (3)

Each node output represents the firing strength of a rule.
Layer-3: Every node in this layer calculates the ratio of the rule’s firing strength

to the sum of all rule’s firing strengths:

O3,i = w̃i = wi/(w1 + w2 + · · · + w9), i = 1, 2, . . . , 4. (4)

Layer-4: Every node i in this layer is a square node with a node function

O4,i = w̃i ∗ fi = w̃i (pi,1x1 + pi,2x2), i = 1, 2, . . . , 4, (5)

where wi is the output of layer 3 and pi,1, pi,2, pi,3 is the parameter set parameters
in this layer will be referred to as consequent parameters.

Layer-5: The single node in this layer computes the overall output as the summa-
tion of all incoming signals:

O5,i =
∑

w̃i ∗ fi =
∑

wi ∗ fi∑
wi

. (6)

2.2 Hamacher T-Norm

Hamacher T-norm as a kind of T-normswith parameter, satisfies boundary conditions
,commutativity, associativity and monotonicity. The parameter of Hamacher T-norm
is also monotonous, and its expression is given below:

Tλ(x, y) = xy

λ + (1 − λ)(x + y − xy)
, (7)

where λ > 0. Especially, when λ = 1, Hamacher T-norm equals to algebraic product
T-norm.

It is easy to recognize that algebraic product T-norm is an special Hamacher
T-norm which has a constant parameter λ. However, employing a constant parame-
ter λ is not always appropriate. For any rule, there must be a corresponding parameter
λ suited for it. It is wise to use back-propagation algorithm to determine the corre-
sponding λ.
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3 Proposed System

Theoutput of layer-2 O2,2(i−1)+ j refers to the result of intersection operation between
μAi (x) and μB j (y), which means the membership degree that x1 belongs to Ai and
x2 belongs to B j . It is common to use algebraic product T-norm “∗” to deal with
the membership degree in intersection operation, but as is well-known that algebraic
product T-norm is not proper in any situation. What (7) shows is that, algebraic
product T-norm is a special Hamacher T-norm whose parameter is constant to 1. So
modifying the parameter to suit to the data pairs is a meaningful way to overcome the
dilemma. It is not easy to determine the value of λ that should be served in Hamacher
T-norm to handle intersection operation. Iliadis et al. have tried to use other constant
λ to obtain better performance but not all always resulted in good situation [1]. It is a
good solution to make ANFIS to adaptively select its own λ for each rule. If ANFIS
could select λ for each rule respectively, according to the training data pairs, it is more
likely to fit to the performance curve and close to the inherent law. Back-propagation
Algorithm could be adopted in the process of determining the parameter of each
rule, but this method needs to obtain ∂Tλ(x,y)

∂x and ∂Tλ(x,y)
∂λ

which is the gradient of
Tλ(x, y).

3.1 Multi-Input Hamacher T-Norm

Calculating ∂Tλ(x,y)
∂x and ∂Tλ(x,y)

∂λ
is easy, ANFIS may have more than two inputs

and how to calculate their gradients is a real problem. More attention should be paid
on how to calculate their gradient with more than 2 inputs. Now the definition of
multi-input Hamacher T-norm is given below.

Tλ(An) ismulti-inputHamacher T-normon An which has n elements, where An =
{a1, a2, . . . , an} and ∀i ∈ N+, 2 ≤ n, 0 ≤ ai ≤ 1. Tλ(An) = Tλ(Tλ(An−1), an).

Especially, when n = 2, Tλ(A2) = Tλ(a1, a2).
The definition given above is recursive definition, in other word the meaning of

upper layer is corresponding to the lower one and the lowest is clarified. To express it
clearly, a useful tool χ j (An) has been used. The definition and features of it are given
below: χ j (An) = ∑

c1,...,c j ∈{1,...,n},c1 �=···�=c j
ac1ac2ac3 · · · ac j , where n ∈ N+, n ≥ 2

and j ∈ N , j ≤ n. Especially,χ j (An) = ∑
c1,...,c j ∈{1,...,n},c1 �=···�=c j

ac1ac2ac3 · · · ac j .

For example, χ2(A4) = a1a2 + a1a3 + a1a4 + a2a3 + a2a4 + a3a4.

Corollary 1 When j �= n, χ j (An) = χ j (An−1) + anχ j−1(An−1).

The proof is given in Appendix A.

Corollary 2 When j
.= n, χn(An) = anχn−1(An−1).

The proof is given in Appendix A.
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Corollary 3 ∂χ j (An)
∂ak

= χ j−1(An\ak),where j, k ∈ N and j, k �= n.
An\ak = {a1, a2, . . . , ak−1, ak+1, . . . , an}.
The proof is given in Appendix A.

One evident feature of multi-input Hamacher T-norm is the monotonicity with
respect to λ. After concise proof, the feature and the expression of Tλ(An) are con-
firmed below:

Proposition 1 Tλ(An) is decreasing with respect to λ. Especially, when ∀i ∈ [1, n+
1]Tλ(An) and ai �= 0, Tλ(An) is strictly decreasing with respect to λ.

The proof is given in Appendix B.

Proposition 2 Tλ(An) = χn(An)

λn−1+
n−1∑

j=1
λn− j−1(1−λ) j χ j (An)−

n−1∑

i=1
(1−λ)i χn(An)

.

The proof is given in Appendix B.

Proposition 3 ∂Tλ(An)
∂λ

= −χn(An)Rn
Q2

n
, where Qn = λn−1 +

n−1∑

i=1
λn−i−1(1 − λ)iχ i

(An) −
n−1∑

i=1
(1 − λ)iχn(An) and Rn = (n − 1)λn−2 +

n−1∑

i=1
λn−i−2(1 − λ)i−1

[(n − 1) − (n − 1)λ − i]χ i (An) +
n−1∑

i=1
i(1 − λ)i−1χn(An).

The proof is given in Appendix B.

3.2 Multi-Input Hamacher T-Norm Based ANFIS

The proposed model differs from regular ANFIS in that, it makes Hamacher para-
meter variable and adaptive by adopting back-propagation algorithm, and needs to
calculate the gradient with respect to each parameter and input.

As is given above, the gradient of Hamacher T-norm’s parameter and inputs have
been achieved by Proposition 3. Different from the regular ANFIS, the output of
layer-2 for a proposed model which has 3 inputs is given below:

O2,32(i−1)+3( j−1)+k = Tλ(A3), (8)

where A3 = {μAi (x), μB j (y), μCk (z)}.
Each rule has sameposition in regularANFIS, because theirλhave beenuniformly

set to 1, which hammers the system to find the most significant rule adaptively. How-
ever, proposed model’s each rule with different λ in the end can lay the foundation
for measuring the importance of itself. Both the IF part and the THEN part correlate
to the λ and the principle of updating is to minimize the error, which guarantees that
updated λ is harmonious to the system. wi is the weight of i th rule and decreasing
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with respect to λ according to Proposition 1 and Eq. (8). It means that the less λ leads
to bigger wi , then bigger w̃i , so the i th rule plays a more important role in proposed
model.

In addition, this model involves the field that the others have never touched upon.
This field is attached to the improvement in fuzzy reasoning, and it could be com-
bined with the improvement both in fuzzy reasoning and in other process, because
it provides a new methodology for handling intersection operation.

With the variable and adaptive parameter, the prediction ability of proposedmodel
may be improved; the parameter is modified according to the gradient and so as to
fit to the inherent law. Empirical study will be given in next section, which proves
that the proposed one overweighs the regular ANFIS.

4 Simulation

This section presents the source and processing method of original data, provides
simulation procedure, evaluating index and corresponding evaluating method.
1. Data Processing

Every input of each dimension should be transformed into the interval [0, 1]
by employing Eq. (9), as the final input; Every output should be transformed by
employing Eq. (10), which could restore the output.

Nyi = yi − min(y)

max(y) − min(y)
, (9)

yi = min(y) + Nyi (max(y) − min(y)). (10)

2. Model Validation
5-fold cross validation has been used in this study, E1, E2, E3, E4 and E5 was

used tomark the 5 experiments. Let the real stockprice of s-th group, the average stock
price of test data and the simulation results be marked as ys, ys and ŷs respectively.
Two relative index (MAE and MSE) and one absolute index have been employed to
validate the simulation performance, in the consideration of relativity and absolution
of error. The confine of all error index are given below:

MAE = 1

n

n∑

s=1

∣
∣ys − ŷs

∣
∣, (11)

MAPE = 1

n

n∑

s=1

∣
∣
∣
∣

ys − ŷs

ys

∣
∣
∣
∣, (12)

MSE = 1

n

n∑

s=1

(ys − ŷs)
2
. (13)
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Among them, MSE played the dominant role and others offered additional deci-
sion support.
3. Simulation Results and Analysis

The historical data of Pingan Bank (000001) from 2014-1-4 to 2014-8-29 was
downloaded from Shenzheng Stock Exchange, consisted of 155 data pairs. Opening
price, close price, maximum price, minimum price and volume of transactions are
input while the close price of the next day is output. To begin with, all data has
been processed in the way mentioned above, each value has been projected into the
interval [0, 1]; furthermore, 5 kinds of experiment data combination consists of train
set, validation set and test set were given, and train set were used to train the model
while validation set were used to be the stop-criterion; finally, the trained model has
been used to predict the output of test set, then the validation index.

Table 1 MSE of proposed ANFIS with different number of clustering centers

Value E1 E2 E3 E4 E5 Average

MSE 2.0777 2.2004 2.2656 2.1467 0.3439 1.8069

MAE 1.3423 1.4321 1.5323 1.4014 0.9782 1.3372

MAPE 0.2412 0.2873 0.3012 0.2671 0.1702 0.2534

Table 2 Validation index between proposed ANFIS and regular ANFIS

Value MSE MAE MAPE

Proposed ANFIS 1.8069 1.3372 0.2534

Regular ANFIS 2.3729 1.7263 0.4012

Fig. 2 Comparison between proposed ANFIS results and actual results
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Table1 offers each MSE, MAE and MAPE between simulation result and real
price in 5 different experiments, and the average MSE, MAE and MAPE are 1.8069,
1.3372 and 0.2534. Table2 provides every 3 validation index of proposed ANFIS and
regular ANFIS in average, which evidently shows that proposedANFIS is superior to
regular ANFIS. Figure2 depicts the details between predicted results and real price,
which indicates proposed model has an amazing prediction ability.

5 Conclusion

Hamacher T-norm is a wildly used T-norm to handle intersect in fuzzy religion;
However, the Hamacher T-norm with multi-input is still unknown. This study gave
the expression and some feathers of multi-input Hamacher T-norm first, then con-
structed the multi-input Hamacher T-norm based ANFIS to learn the intrinsic rela-
tion between Pingan Bank close price and its 7 factors, from the train set; finally,
comparison between proposed ANFIS and regular ANFIS has been made, while ver-
ified the superiority of proposed ANFIS. In all 3 aspects, MSE, MAE and MAPE,
the performance of proposed ANFIS overcomes regular ANFIS. In Conclusion, the
combination of Multi-input Hamacher T-norm and ANFIS promotes the prediction
ability of stock price and other advantages would be found in the future.

Acknowledgments The authors would like to thank for the support by innovation project of
Guangxi Graduate Education (No. YCSZ2014203).

Appendix A

Proof When 0 ≤ j < n1 ≤ i ≤ n,
χ j (An) = ∑

c1,...,c j ∈{1,...,i−1,i+1,...,n},c1 �=···�=c j

(ac1ac2ac3 · · · ac j )

= ∑

c1,...,c j ∈{1,...,i−1,i+1,...,n},c1 �=···�=c j

(ac1ac2ac3 · · · ac j )

+ ai
∑

c1,...,c j −1∈{1,...,i−1,i+1,...,n},c1 �=···�=c j−1

(ac1ac2ac3 · · · ac j−1)

= χ j (An\ai ) + aiχ
j−1(An\ai ).

Which completes the proof.

Proof When j �= n,

χn(An) = a1a2a3 · · · an = an(a1a2a3 · · · an) = anχn(An).

Which completes the proof.
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Proof When 0 ≤ j < n, 1 ≤ i ≤ n,

∂χ j (An)

∂ai
= ∂χ j (An\ai )

∂ai
+ ∂(aiχ

j−1(An\ai ))

∂ai
= χ j−1(An\ai ).

Which completes the proof.

Appendix B

Proof λ1, λ2 ∈ [0,+∞] and λ1 < λ2, when n = 1, Tλ1(A2) = Tλ1(a1, a2) ≥
Tλ2(a1, a2) ≥ Tλ2(A2). Especially, when a1, a2 �= 1 and a1, a2 �= 0, Tλ(An) is
strictly decreasing with respect to λ. The proposition is confirmed.

Assumewhenn = t−1,the proposition is right too, thenwhenn = t, Tλ1(At+1) =
Tλ1(Tλ1(At ), at+1) ≥ Tλ1(Tλ2(At ), at+1) ≥ Tλ2(Tλ2(At ), at+1) = Tλ2(At+1).
Especially, when ∀i ∈ [0, n + 1], ai �= 1 and ai �= 0, Tλ(An) is strictly decreasing
with respect to λ.

Proof The proof is given below: Let

Qn = λn−1 +
n−1∑

j=1

, λn− j−1(1 − λ) jχ j (An) −
n−1∑

i=1

(1 − λ)iχn(An),

so Tλ(An) = χn(An)
Qn

. When n = 2,

Tλ(A2) = a1a2
λ + (1 − λ)(a1 + a2 − a1a2)

= a1a2
λ + (1 − λ)(a1 + a2) + (λ − 1)a1a2

= χ2(A2)

λ2−1 +
2−1∑

j=1
λ1− j (1 − λ) jχ j (A2) −

2−1∑

i=1
(λ − 1)iχ2(A2)

= χ2(A2)

Q2

The proposition is right.
Assume when n = t , proposition is right too. So, Tλ(At ) = χ t (At )

Qt
,

Tλ(At+1) =
χ t (At )

Qt
at+1

λ + (1 − λ)(
χ t (At )

Qt
+ at+1) − (1 − λ)at+1

χ t (At )
Qt
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= χ t+1(At+1)

λQt + (1 − λ)χ t (At ) − (1 − λ)χ t+1(At+1) + (1 − λ)at+1Qt
,

λQt = λ
t−1∑

j=0
λt− j−1(1 − λ) jχ j (At ) + λ

(1−λ)t −(1−λ)
λ

χ t (At )

=
t−1∑

j=0
λt− j (1 − λ) jχ j (At ) + [(1 − λ)t − (1 − λ)]χ t (At ),

(1−λ)at+1Qt =
t−1∑

j=0
λt− j−1(1 − λ) j+1at+1χ

j+1−1(At )+ [(1−λ)t+1−(1−λ)2]
λ at+1χ

t (At )

=
t∑

j=1
λt− j (1 − λ) j at+1χ

j−1(At ) + [(1−λ)t+1−(1−λ)2]
λ

χ t+1(At+1)

λQt + (1 − λ)χ t (At ) − (1 − λ)χ t+1(At+1) + (1 − λ)at+1Qt

= λt +
t−1∑

j=1
λt− j (1 − λ) jχ j (At ) +

t∑

j=1
λt− j (1 − λ) j at+1χ

j−1(At )

+[(1 − λ)t − (1 − λ)]χ t (At ) + [(1−λ)t+1−(1−λ)2]
λ

at+1χ
t+1(At+1)

+ (1 − λ)χ t (At ) − (1 − λ)χ t+1(At+1))

= λt +
t−1∑

j=1
λt− j (1 − λ) j (χ j (At )+an+1χ

j−1(At ) +(1 − λ)t f (at+1)χ
t−1
t−1, f (·)(At )+

(1 − λ)tχ t (At ) − (1 − λ)χ t+1(At+1)

+[(1−λ)t+1−(1−λ)2]
λ

χ t+1(At+1)

= λt+
t−1∑

j=1
λt− j (1 − λ) jχ j (At+1)+(1 − λ)t (χ t (At+1)−χ t (At )+(1 − λ)tχ t (At )+

(1−λ)t+1−(1−λ)2−λ+λ2

λ
χ t+1(At+1)

= λt+
t−1∑

j=1
λt− j (1 − λ) jχ j (At+1)+(1 − λ)t (χ t (At+1)−χ t (At )+(1 − λ)tχ t (At )+

(1−λ)t+1−(1−λ)2−λ+λ2

λ
χ t+1(At+1)

= λt +
t∑

j=1
λt− j (1 − λ) jχ j (At+1) + (1−λ)t+1−(1−λ)

λ
χ t+1(At+1)

= λt +
t∑

j=1
λt− j (1 − λ) jχ j (At+1) −

t∑

i=1
(1 − λ)iχ t+1(At+1)

= Qt+1.

So, Tλ(At+1) = χ t+1

Qt+1
.

In conclusion,whenn ∈ N+, Tλ(An) = χn(An)

λn−1+
n−1∑

j=1
λn− j−1(1−λ) j χ j (An)−

n−1∑

i=1
(1−λ)i χn(An)

.

Which completes the proof.
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Proof ∂ Qn
∂λ

= (n−1)λn−2+
n−1∑

i=1
(n−i−1)λn−i−2(1 − λ)iχ i (An)−λn−i−1(1 − λ)i−1

χ i An +
n−1∑

i=1
i(1 − λ)i−1χn(An)

= (n − 1)λn−2 +
n−1∑

i=1
(n − i − 1)λn−i−2(1 − λ)iχ i (An)−λn−i−1(1 − λ)i−1χ i An +

n−1∑

i=1
i(1 − λ)i−1χn(An) + +

n−1∑

i=1
i(1 − λ)i−1χn(An)

(n−1)λn−2+
n−1∑

i=1
λn−i−2(1 − λ)i−1((n−1)−(n−1)λ−i)χ i (An)+

n−1∑

i=1
i(1 − λ)i−1

χn(An) = Rn .

∂Tn(An)

∂λ
= ∂

χn(An)
Qn

∂λ
= −χn(An)Rn

Q2
n

.

Which completes the proof.
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Projection Pursuit Combinatorial Model
and Its Application to Discharged
Patients Forecasting

Xinli Zhang, Ting Zhu, Le Luo and Li Luo

Abstract Projection Pursuit is a statistical method to handle high-dimensional data.
The key of this method is to find the best projection direction. With the development
of computing technology, the genetic algorithm is introduced to improve the opti-
mization of projection direction. Based on the projection pursuit method and the
flexible structure of neural network, we propose a projection pursuit combinatorial
model (PPCM). The combination strategy is characterized and the process of para-
meters optimization is offered as well. The PPCM is applied to forecast the numbers
of daily discharged patients through 3years’ time series data. Comparing with the
forecasting results fromARIMAmodel, the newmodel produces a better forecasting
performance.

Keywords Projection pursuit · Combined model · Discharged patients forecasting

1 Introduction

Projection Pursuit (PP) is a statistical method to handle high-dimensions data [1],
which includes some branches, such as Projection pursuit clustering, principle recog-
nition, projection pursuit regression, projection Pursuit time series, projection pursuit
density estimation [2–5]. The key of these PP methods is to find the best projection
directions [6].With the development of computing technology, the genetic algorithm
(GA) is introduced to optimizing the projection direction parameters [7, 8]. Compar-
ing with the traditional optimization algorithm, GA presents the better applicability
in practice. In the time of big data, some new methods depending on the com-
puter power have been put forward for PP regression and prediction as well [9–11].
To learn the favorable structure of artificial neural network, Hwang [12] proposed
projection pursuit learning network (PPLN) for multiple regression analysis, which
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shows good performance for nonlinear simulation. In Hwang’s PP model, the least
square method was used to optimize model’s parameters. For keeping the PPLN’s
merit for nonlinear simulation and meanwhile avoiding the optimization demerits of
the least squaremethodwhich requires function to be continuity, this paper constructs
a projection pursuit combinatorial model (PPCM) with the structure of multi-inputs
to one-output, and introduces Genetic Algorithm to optimize the projection direc-
tion, another way, uses the least square method to optimize the other parameters on
regression. The overall optimization and realization process of the PPCM is offered
as well. As an application example, a multi-factors model has been built for the daily
discharged patients forecasting with PPCM. The forecasting performance of this
model is then evaluated against a benchmark that is consistent with the assumptions
of commonly-used ARIMA model.

The paper is organized as follows. Section2 introduces some important con-
cepts of Projection Pursuit Regression and Artificial Neural Networks in the paper.
Section3 describes projection pursuit learning network. Section4 proposes projec-
tion pursuit combinatorial model. Section5 presents the application to forecasting
discharged patients, including data, results and corresponding evaluation. Finally,
our conclusions are presented in Sect. 6.

2 Projection Pursuit Regression and Artificial
Neural Network

Projection Pursuit Regression (PPR) is a special regression method which can treat
high-dimension data especially. The basic idea of PPR is to regress after projection,
which can decrease the dimensions efficiently. The projection idea can be absorbed
in multivariate analysis. Meanwhile, for the nonlinear problem of real data, Artifi-
cial Neural Network (ANN) with flexible structure can give better performance in
forecasting. So in the new combined model, we introduce PPR to get the projection
idea and ANN to form the flexible structure respectively.

2.1 Projection Pursuit Regression

Based on the idea of projection pursuit, Friedman and Stutzel [3] put forward the
projection pursuit regression (PPR) method firstly, its main purpose is to estimate
smooth functions in high dimensional space, and to approximate the regression func-
tion weighted with the numbers of ridge functions. The mathematical expression of
PPR is:

Y = Ȳ +
M∑

m=1

βm gm

( p∑

j=1

αT
mj X

)
, (m = 1, 2, . . . , M; j = 1, 2, . . . , p), (1)
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where, X is m-dimensional independent variable, Y is the response variable, Ȳ is the
mean of the response variable Y , m is the number of approximation function, βm is
the weight value, which means the contribution value of the mth ridge function to
the response variable. gm represents the mth smooth ridge function. αmj is the j th
component projection direction of themth smooth ridge function. p is the dimensions
of the input space. Requirements for Eq. (1) are

∑p
j=1 α2

j = 1, E(g) = 0, E(g2) = 1.

2.2 The Artificial Neural Network

In artificial neural network, X is the input variables vector, Y is the output variables
vector, the mapping relationship between X and Y may be Y = f (X), which is
often complex and unknown in theory. For describing this input-output relationship,
the artificial neural network is to imitate the biological nervous system to find the
relationship from X to Y . While using a neuron function to describe the input-output
relationship, then BP neural network model with p inputs, single-output and three
hidden layers has the form as follows:

y =
m∑

i=1

wiϕi

( p∑

j=1

w ji x j − θi

)
, (2)

where, m is the number of hidden layer nodes, p is the number of input-layer nodes,
i.e. the number of input variables, wi is the weight for the i th hidden layer node to
the output node, the i th hidden layer neurons function is ϕi , such as S type function,
ϕ(x) = 1/(1+ e−x ), w ji is the weight for the j th input node to the i th hidden layer
node, θi is the threshold for the i th neuron.

3 Projection Pursuit Learning Network

In order to improve the nonlinear approximation ability of simulation, we construct
the flexible structure taking advantages of neural network, and approach the dimen-
sionality reduction idea from PP to create a new projection pursuit combinatorial
model (PPCM) to improve the fitting efficiency for nonlinear problem.

The neural network with three hidden-layers has been proved that can approx-
imate any nonlinear function efficiently, so the PPCM structure discussed in this
article comes fromHwang’s research [12] called Projection pursuit learning network
(PPLN), which hasmultiple-inputs, single-output, and one hidden layer. Another key
part of PPLN structure is the form of neurons function, it is Hermite function. The
orthogonal Hermite polynomial fitting the one-dimensional ridge function is Eq. (3).

hr (z) = (r !)− 1
2 π

1
4 2− r−1

2 Hr (z)ϕ(z), − ∞ < z < ∞, (3)
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where r ! represents r factorial; z = αT X ; the formula of the standard Gaussian

equationϕ isϕ(z) = 1√
2π

e− z2
2 ; Hr (z) is theHermit polynomial extended as H0(z) =

1, H1(z) = 2z, . . . , Hr (z) = 2(zHr−1(z) − (r − 1)Hr−2(z)).
The function of projection pursuit learning network is described as Eq. (4).

f (X) =
M∑

i=1

r∑

j=1

ci j hi j (α
T
i X), (4)

where, r is the order of Hermite polynomial, c is the polynomial coefficient, h
represents orthogonal Hermite polynomial. According to Eq. (3), the numerical cal-
culation shape of Hermite polynomial (r = 3) shows in Fig. 1. The curve has some
good properties such as continuous and smooth and nonlinear, which are benefit for
the calculation of the function parameters.

If polynomial orders r was determined, c can be obtained by least squares method
[12], let Y = ( f (z1), f (z2), . . . , f (zn))

T , h = (h1(z1), h2(z1), . . . , hr (z1))T (l =
1, 2, . . . , n), then

H =

⎛

⎜
⎜
⎜
⎝

hT
1

hT
2
...

hT
r

⎞

⎟
⎟
⎟
⎠

.

Set C = (c1, c2, . . . , cr )
T , to make

min
C

‖ Y − HC ‖2 . (5)

The coefficient c can be derivative as:

C = (H T H)−1H T Y. (6)

Fig. 1 The curve of Hermit
Polynomial (r = 3)

-6 -4 -2 0 2 4 6
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

h 
(z

)

z



Projection Pursuit Combinatorial Model and Its Application … 71

In practice, it has been proved that the interpolation and extension performance of
the Hermite Polynomial interpolation is better than the piecewise linear regression
curve in the projection pursuit regression.

Sometimes in order to speed up the convergence, introducing bias terms θ , then
the function is changed to:

f (X) =
M∑

i=1

r∑

j=1

ci j hi j (α
T
i X − θi ), (7)

The symbolic names in the above equation are same as the former of Eq. (4).
Comparing Eqs. (7) and (2), if Hermit polynomial represents neurons function,

then polynomial coefficients c means weights w, we can find that the form of Eq. (7)
are same as ones of Eq. (2), so the optimization strategy for BP is helpful for PPLN
as well.

4 Projection Pursuit Combinatorial Model

4.1 The Basic Idea

The BP neural networkmodel and projection pursuit regressionmodel need the more
efficient algorithms in the optimization of parameters in order to improve model
convergence performance.

Traditional projection pursuit model often uses the Gauss-Newton method to
optimize the projection direction. The method to optimize the parameters in this
way, often need to solve a matrix equation, which must be continuous derivative,
and the derivative matrix must be non-singular matrix. Due to the complexity of
real data, it is difficult to fully ensure such requirements and restrictions, so the
usages of projection pursuit model to solve some complex problems are affected
in practice. This paper introduces the genetic algorithm for PPLN and also finds
strategies for optimizing the parameters in Eq. (4). From the view of Eq. (4), two
groups of parameters need to be optimizing, which are the projection direction and
the polynomial coefficients c.

In this paper, based on the projection pursuit method, added with the flexible
structure of neural network and convergence strategy, we propose a new model
called projection pursuit combinatorial model (PPCM). In new model, the genetic
algorithm is used for the optimization of projection direction a. Anotherway, because
the polynomial is smooth and integrable, so according to the Eq. (6), polynomial
coefficient c is calculated using the least squares method, the polynomial order r
can be finalized based on experience presupposing. Following that, we introduce the
modeling process and discuss the feats of the new model as follows.
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4.2 The Modeling Process

The process of parameters optimization using genetic algorithm method and least
squares method are developed as follows,

(1) Select the m initial directions, given real number encoding, then calculate the
value of one-dimensional projection zi = aT Xi (i = 1, 2, . . . , n), n is the total
number of samples;

(2) For the scattered points zi , yi , use the orthogonal Hermite Polynomial to
approach the sample scatters. The optimizing of coefficients c of the polyno-
mial is completed by the least squares method, and then used to calculate ŷi

according to Eq. (4). The optimization objective is maximizing the fitness value
1

Q2 , Q is from Eq. (8):

Q = 1

n

n∑

i=1

(yi − ŷi ). (8)

(3) According to the fitness value, finish the genetic algorithm operation process
including hybridization, mutation and selection. Through above GA process,
select the 3m groups of optimum directions at last.

(4) In accordance with the first step 1, re-calculate the objective function (8) again.
(5) Corresponding to the smaller fitness value, select m new generation directions

from 3m target directions.
(6) Back to the first step to the next cycle optimization, until finish a certain number

of cycles.
(7) Corresponding to the minimum value of the objective functions, elect the projec-

tion direction and fitting polynomial coefficients c, and then calculate the fitting
residual: Ri = yi − ∑r

j=1 c j h j (aT Xi ). If meet the requirements of the output
model index, then go to finish, otherwise.

(8) Use Ri instead of yi back to the first step of function optimization, until you
meet certain requirements, then stop increasing the number of function to output
the final results.

The key note in the entire modeling process is the calculation of the objective
function. The main purpose of genetic algorithm optimization is to find the best
direction of projection. At the same time of optimizing projection direction a, we
take into account the optimization of c as well, so that the objective function should
be calculated twice in a loop. In model (7) with an error term θ , the optimization
algorithm is basically same. θ can be optimized at the same loop of the optimization
of the projection direction a.

A large circle of the optimization process is still using the residuals fitting strategy.
The learning effect of previous neurons will affect the next neuron in optimization
loop.On the other hand, the optimization process for parameter a and c is independent
comparatively, every group parameter has its own optimization method.
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4.3 The Three Key Issues About PPCM

(1) The model includes three types of parameters which are a, θ , c, the projection
direction of optimization is the key work, and good optimization algorithm can
improve the quality of the realization of the whole model. The projection direction
a is the linear projection matrix of the variables, and can be obtained by derivation
of the error in theory. However, the total error cannot be calculated directly, we need
a step-by-step iterative optimization method. Threshold θ can be worked as same
manner as the optimization of projection direction. Neuron functions based on some
parameters are given in the form of such Hermite polynomials. Through realizing
the minimum total error of the target values, the coefficients can be directed through
the derivative of the form given in Eq. (6). Therefore, the last difficulty in optimizing
parameters, is that the optimization of the projection direction a.
(2) There are a wide range of options for the fitting function of PPCM. The selecting
principle is to achieve the least residual error between sample values and estimating
values. Here thinking about nonlinear regression analysis, we use the polynomial
to achieve approximation function. For reducing residual error, there are different
units’ functions in different projection directions.
(3) In order to avoid the phenomenon of over fitting, in the optimization process of
neuron function, the adding strategy can be used to determine the number of neuron
functions. The strategy is to increase only one unit function in every time, themodel’s
neuron number starts from zero, then increases one by one, and then through the back
fitting, from small to large, to finalize the adding of neuron functions. In every adding
step, we must insure that the former has got the best fitting.

5 The Application to Forecasting Discharged Patients

The statistical method and artificial neural network has been used to do the research
on healthcare. Murante [13] introduced a multilevel approach to looking for the
influence of hospitalization experience and institutional, characteristics on inpatient
satisfaction. Xu [14] used artificial neural network modeling daily patient arrivals
at Emergency Department and quantifying the relative importance of contributing
variables. For forecasting time series in health care, Mohammadi [15] offered a
new hybrid evolutionary based RBF networks method to forecast emergency supply
demand. This paper offers a new model to forecast the amount of a patient flow.
1. Data Selection

As the application of PPCM, a case study on discharge patients forecasting at a
typical Chinese teaching hospital is presented. Data used in this case comes from the
Healthcare Information System (HIS) of this hospital. The sample data consists of
daily discharge amount from year 2011 to year 2013. The data points in three years
are more than 1000. We draw time series curve of year 2011 showed in Fig. 2.
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Fig. 2 Daily discharge patients in 2011

In Fig. 2, we can figure out that the sequence is a significant non-stationary,
seasonal and cyclical fluctuation. Moreover, the random variable (daily discharge
amount) in the sequence shows significant features in a year: (1) the first trough
occurs in the first two weeks of February; (2) the second trough occurs in the first
week of October. The two troughs respectively take place during the Spring Festi-
val and National Day. In addition, it has significant weekly cyclical feature in the
sequence. The cycle time of discharged patients’ series is 7days. That means the
variable value of different points in the same week differs a lot. The huge differ-
ence between different points in the same week results from the difference of patient
amount of outpatient, surgery, preoperative and admission in each day.
2. Input and Output Variables

According above data characteristics, we can conclude that there is a relationship
existed in the same date in the different weeks, as to say, the patients time series
have weekly autocorrelation. So we could use the discharged patients of last week to
forecast the number of thisweek and produce forecasts for aweekly time series. In our
forecastingmodel, oneoutput variable is the number of dischargepatients onMonday,
and three input variables include the number of discharge patients on lastMonday, last
Saturday and last Sunday. The short-range and long-range dependence of discharged
patients’ series have been considered. Every time series has 155 samples, which can
be seen in Fig. 3.

Fig. 3 Time series of input and output variables
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3. Forecasting Results
We use above data in Fig. 3 to building PPCM. Through several optimization

iterations, the model’s parameters are achieved. Tow results calculated with PPCM
model show in Figs. 4 and 5. Figure4 shows the comparing results between actual
values and simulation values. Figure5 shows the percentage of residual error.

From the two figures, we can calculate some performance indexes in Table1.

Fig. 4 Real values and simulated values

Fig. 5 The residual error (%) of PPCM

Table 1 The fitting performance of PPCM

The percentage of relative
error

The Samples size The percentage of all samples

More than 20% 12 8%
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The results from Table1 indicate that PPCM can get good fitting performance for
92% samples. Furthermore, most of relative errors are less than 10%, which means
the mean numbers of absolute error for every day is less than 70 inpatients. PPCM
for simulation discharged patients achieves a certain performance.

Once a step, for evaluating forecastingperformanceof thismodel,wegive a bench-
mark that is consistent with the assumptions of commonly-used ARIMA model.

We build an auto-correlated time series models of daily discharged patients with
ARIMA,which is a fractional ARIMA (F-ARIMA)model describing the short-range
autocorrelation. The final ARIMA model is formed as Eq. (9), which is a seventh-
order differential equation below.

ARIMA(1, 0, 1)(1, 0, 1)7 : (1 − B7)X (k) = 1 − 0.75467B7

1 − 0.32432B
ε(k). (9)

The relative errors of fitting results of the ARIMA model are figured in Fig. 6.
According to Fig. 6, the fitting performance indexes are presented in Table2.
Comparing the results of Fig. 5 with Fig. 6, themaximum relative error of ARIMA

is 900%, which is larger than 500% achieved by PPCM. Comparing the percentage
of relative error more than 20%, the number 12% of ARIMA model in Table2 is
higher than the number 8% of PPCM in Table1. According to the above two indexes,
the PPCM get the better performance than ARIMA.

Fig. 6 The residual error (%) of ARIMA

Table 2 The fitting performance of ARIMA

The percentage of relative
error

The samples size The percentage of all samples

More than 20% 45 12%
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6 Conclusions

On the one hand, a lot of pre-researches indicate that Projection pursuit method
(PPM) is good method to dimension reduction of high dimensional small sample
data sets; on the other hand, neural network has high nonlinear skills and strong
self-learning function. In this paper, using the structure of neural network and com-
bining GA optimization techniques, we compose a newmodel for multi-dimensional
regression named PPCM. The new model is the extended application of projection
pursuit theory combinedwith algorithm, learning strategy and structure. The PPCM’s
approximating function composed with Hermite spline is more flexible than the “S”
shape function of BP neural network. The learning strategy of PPCM is different
from projection pursuit regression totally as well. The residuals and additive strate-
gies are used in the building process, which make the fitting performance of PPCM
to be improved step by step. For two optimization methods, such as the least square
procedure and genetic algorithm are used in the same model, PPCM would have
much more adaptability to real data.

According to data’s characters of discharged outpatients, the PPCM forecasting
model of patients’ numbers on Monday is proposed, which offers a new multiple
forecast method to discharged outpatients flow. The forecasting results demonstrate
that the new coupled model with projection pursuit regression and artificial neural
network can be used to the simulation of real data. Another, the forecasting perfor-
mance of some special samples such as maximum or minimum value is not good, so
the prediction accuracy of PPCM still need to be improved in application.
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Impact of Faculty Demographic
Characteristics on Educational
Interaction via Social Media

Komal Mushtaq and Rana Rashid Rehman

Abstract In this hi-tech era, use of social media provides additional avenues and is
a major contributor in all walks of life, hence it is effectually applicable in education
sector. This study particularly addresses the use of social media for educational inter-
action. It explores the influence of demographic characteristics on the use of social
media in faculty members. 354 members employed in federal chartered universi-
ties of Pakistan are selected on the basis of convenience sampling. Questionnaire
was used for this data collection. In order to check the possible differences in the
means of different demographic groups, this study applied Mann-Whitney Test and
Kruskal-Wallis Test. The findings of the study are significant since they provide a
better insight to the impact of demographic characteristics of faculty when it comes
to use of social media. This study can find many utilities as it serve as a guideline for
Higher Education Commission of Pakistan striving to establish digital universities.
Results are helpful for Higher Education Institutions administration to modify the
curriculum and study policies to improve quality and engagement of both faculty
members and students in and outside universities.

Keywords Demographic characteristics · Educational interaction · Social media

1 Introduction

Higher education institutions (HEIs) play the role of leadership in development
and sustainability of a nation. In developing countries these institutes are putting
effort to move away from the academic notion of instruction to the training of high-
level manpower for national development. Today 155 universities and degree award-
ing institutes are recognized by HEC in Pakistan (HEC, 2014). There are total 16
recognized public and private sector federal chartered HEIs. 4378 permanent faculty
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members are serving in these HEIs (HEC, 2008). Focal point of HEC is high learning
of education, research, and development by e-universities in Pakistan. One possible
reason for this focus can be the quantum leap in the development and exploitation
of information technology by social media is changing the role of higher education
institutes in the globalized world [29]. Likewise, sociability is natural in humans [8],
therefore, the educational interaction between faculty and students is certain. For this
purpose, social media by all means is the fastest medium of interaction. In addition,
the rapid transition of industrial societies to information societies has led the individ-
uals with diverse demographic characteristics in HEIs to utilize social media. This
study is about the use of social media for educational interaction under the influence
of demographic characteristics among the faculty members of HEIs located in twin
cities of Pakistan.

Concept of social media evolved in 1971 with the introduction of E-mail [24]
and has been researched from different perspectives [1, 7, 10, 13, 19, 21–23, 26].
However, little attention has been given to educational interaction by social media
from the perspective of demographic characteristics [6]. No matter what is the utility
objective behind educational interaction on social media, the demographic character-
istics of faculty cannot be ignored. This study, therefore, aims at identifying impact
of demographic characteristics in use of social media for educational interaction.

2 Literature Review

Using social media is among the most common activity and pedagogical strategy
of today [9]. As social media begins to draw attention of academicians, researchers
have begun to explore the characteristics of social media users. Yet, most studies
have been focusing on specific social networking site and target mainly young users
[2, 3, 11, 25, 28]. Not only young students but faculty have created social networking
sites profiles to connect with their students in a more personable, informal and virtual
space [20, 27]. Literature suggests, that gender [14–18], age [11, 14, 28, 31], job
position [4, 14] and sector of employment [5, 12, 30] impact faculty social media
usage.

Ul Haq and Jackson [15, 17] found that there is no significant difference in use of
social media based on gender, whereas Barker et al. [3, 16, 18, 25] reported dissim-
ilarity in use of social media. Hampton [14] reported that nearly twice as many men
(63%) as women (37%) use LinkedIn, but all the other social networking platforms
have significantly more female users than male users. Literature has consensus that
teenagers or younger use social media the most. Social media loses its edge among
adults [23]. As faculty members moves to higher job position their reluctance and
disbelief in the use of technology increases [4]. Hampton [14] points out prominent
generational differences in how faculty experience the effect of digital technologies
in their professional lives. Fyfe et al. [5, 12, 30] reported public sector as a major
producer and user of technological innovations.
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Table 1 Hypotheses for study

Hypotheses for study

Hypothesis 1 (H1) There is significant differences in use of social media in faculty
members based on gender

Hypothesis 2 (H2) There is significant differences in use of social media in faculty
members based on age

Hypothesis 3 (H3) There is significant differences in use of social media in faculty
members based on job position

Hypothesis 4 (H4) There is significant differences in use of social media in faculty
members based on sector of employment

In a nut shell, it is difficult to generalize the impact of demographic characteristics
on use of social media by faculty members. Previous studies focus mainly on lone
demographic characteristic and their findings are inconsistent. Moreover, these stud-
ies are mostly conducted in western countries. Developing countries have cultural,
social, economic and other differences, making generalization of results difficult.
This study, therefore, aims to fill the gap by considering impact of gender, age,
designation and sector of employment of faculty members on use of social media
in a developing country, Pakistan. For this purpose; this study attempts to formulate
hypothetical link Table1 for social media usage by consolidating all the demographic
variables, identified as important in the discussed literature, to assess their impact on
educational interaction.

3 Methodology

The purpose of conducting this study was to measure the impact of demographic
characteristics, on the educational interaction via social media. Therefore, this study
was conducted in higher education sector of Pakistan. 354 respondents are selected
based on convenience basis. Data was collected using a questionnaire. The respon-
dents of this studywere limited to faculty members employed in the federal chartered
universities of Pakistan. These federally chartered universities are 16 (13 public, 3
private) in number and are located in the twin cities (Rawalpindi and Islamabad)
of Pakistan. The greater Islamabad-Rawalpindi metropolitan was selected as it has
engrossed people from all over the country. Percentages and the frequencies of each
characteristic is given in Table2.

Above table suggests that sixty-five (65.3%) percent of the respondents are male
whereas 34.7%are the female facultymembers. Reason for smaller number of female
as compared to male is that the female participation in work-force of Pakistan is very
low.According to Pakistan Bureau of Statistics (2011) percentage ofworkingwomen
in Pakistan is only 24.4%. World Development Report (2012) reveals a percentage
of 28.
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Table 2 Demographic characteristics of the respondents

Characteristics Frequency Percentage

Gender Male 231 65.3

Female 123 34.7

Total 354 100.0

Age 20–30 years 74 20.9

31–40 years 145 40

41–50 years 95 26.8

51–above 40 11.3

Total 354 100.0

Sector Public 288 81.4

Private 66 18.6

Total 354 100.0

Designation Lecturer 181 51.1

Assistant Professor 104 29.4

Associate Professor 44 12.4

Professor 25 7.1

Total 354 100.0

Sample size = 354

Respondent’s data further identify that 20.9% are in age bracket of 20–30 years,
40% in bracket of 31–40 years, 26.8% in bracket of 41–50 years whereas 11.3%
are 51 years old or above. In Pakistan HEIs employ fresh graduates, therefore fine
percentage of faculty members lie in age bracket of 20–30 years. One possible reason
for more number of faculty members in age bracket of 31–40 is a good position in
higher education sector demands the individual to be highly educated and having
some professional experience. 31–40 years is a practical age to get a higher degree
along with some experience. Likewise, fair number of respondents lie in age bracket
of 41–50.However, the number of respondents decreaseswith increase in age because
in Pakistan retirement age is 60 years.

Data on the sector of employment suggest that 81.4% of faculty members are
serving in public and 18.6% are associated with private HEIs. This huge difference
is due to the fact that among 16 federal chartered HEIs 13 are public making larger
part of sample, and only 3 are private therefore contribution in sample is smaller.

Furthermore, Table2 shows that among respondents 51.1%are serving as lectures,
29.4% as assistant professor, 12.4% as associate professors and 7.1% as professors.
Immense percentage of lecturers is possibly due to more number of available posts,
which require individual with masters’ degree having a few years or no experi-
ence. Competition and less number of posts that demand experienced higher degree
holders are contributors to the fact that higher the designation lesser the employed
individuals are.

To run the needed statistical tests, there is need to check the normality of data to
spot the suitable statistical tools. Therefore, Shapiro-Wilk test is utilized to investigate
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Table 3 Shapiro-Wilk test of normality based on dimensions of study variables

Variable Shapiro-Wilk test

N P

Educational interaction via social media 354 0.000

Sample size = 354

Table 4 Mann-Whitney test of social media usage based on gender differences

Variable Gender N Mean P

Educational interaction via social media Male 231 182.36 0.220

Female 123 168.37

Significance level is at 0.05, sample size = 354

the normality of data as it is more suitable normality test for the sample size less
than 2000. Results of the analysis show that at 95% confidence interval the data is
not normally distributed, as p < 0.05 (Table3), therefore, to analyze the impact of
gender and sector of employment on educational interaction by social media Mann-
Whitney Test and to analyze the impact of age and job position Kurskull-Wallis Test
is employed.

The demographic characteristic gender was tested for its impact on educational
interaction via social by Mann-Whitney Test. Results of the analysis (p > 0.05)
signify that there is no difference between male and female faculty members based
on social media usage (Table4). Therefore, it can be concluded that the propensity to
interact on socialmedia between both the categories of gender is approximately same.
On the basis of the above statistics, the hypothesis 1: there is significant differences
in use of social media in faculty members based on gender, has been rejected.

Potential differences in social media usage based on age group of faculty mem-
bers Kruskal-Wallis test is used as shown in Table5. Analysis shows that there are
differences among different age group of faculty members (p < 0.05). Use of social
media decreases with increase in age. Faculty members falling in age group 20–30
years use social media the most (M = 238.92, p = 0.036). On the basis of the above
statistics, the hypothesis 2: there is significant differences in use of social media in
faculty members based on age, has not been rejected.

Likewise, to analyze the potential differences based on job position of faculty
members are calculated through Kruskal-Wallis test as shown in Table6. Analysis

Table 5 Kruskal-Wallis test of social media usage based on age group

Variable Age N Mean P

Educational interaction via social media 20–30 74 238.92 0.036

31–40 145 187.29

41–50 95 179.09

51–above 40 164.34

Significance level is at 0.05, sample size = 354
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Table 6 Kruskal-Wallis test of social media usage based on job position

Variable Designation N Mean P

Educational interaction via social media Lecturer 181 218.91 0.021

Assistant
Professor

104 190.76

Associate
Professor

44 167.89

Professor 25 157.76

Significance level is at 0.05, sample size = 354

Table 7 Mann-Whitney test of social media usage based on university sector

Variable University sector N Mean P

Educational interaction via social media Public 288 179.24 0.504

Private 66 169.92

Significance level is at 0.05, sample size = 354

shows that exist differences (p < 0.05) among different designations of faculty
members based on social media usage. Faculty members working as lecturer use
social media the most. Hence, the hypothesis 3: there is significant differences in use
of social media in faculty members based on job position, has not been rejected.

At last, the potential differences based on sector of employment is analyzed
through Mann-Whitney test as shown in Table7. Statistical figures of the analy-
sis denote social media usage is statistically insignificant (p > 0.05) between public
and private sector faculty members. On the basis of the statistics, the hypothesis 4:
there is significant differences in use of social media in faculty members based on
sector of employment, has been rejected.

Following Table8 shows the summary of the results obtained by the hypotheses
testing for the study.

Table 8 Summary of results obtained

Summary of results obtained

Hypothesis 1 (H1) There is significant differences in use of social media in
faculty members based on gender

Rejected

Hypothesis 2 (H2) There is significant differences in use of social media in
faculty members based on age

Not rejected

Hypothesis 3 (H3) There is significant differences in use of social media in
faculty members based on job position

Not rejected

Hypothesis 4 (H4) There is significant differences in use of social media in
faculty members based on sector of employment

Rejected
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4 Discussion and Conclusion

This study basically aimed at checking the demographic predictors of the educational
interaction via social media. The predictor variables of this study (age, gender, job
position and sector of employment) were analyzed to check their impact on social
media usage of faculty. The results of this study signify that age and job position
of faculty members has an impact on educational interaction via social media. The
other demographic factors could not find an impact in predicting social media usage
of faculty.

The results regarding gender are in line with previous studies [15]; Jackson [17]
who report no significant difference in use of social media for educational interaction
based on gender of an individual. This is most possibly because prevalence of gender
inequality has been minimized in today’s global world. Boys and girls, women and
menare equally involved in the access anduseof technology. Similarly, findings about
age are consistent with the literature [14, 23] that display significant impact of age on
educational interaction via social media. The reason being social media is the perfect
tool for attracting the early adopters of technology.With the increase in age onemoves
to higher job level. Therefore, findings of Bennett [4], Hampton [14] are aligned with
the results regarding job position as they indicated generational differences in use of
social media. Social media as a teaching tool has a collaborative element. At lower
level mostly young teachers are employed who are more interested in socialization,
therefore they are more flexible and are frequent users of social media. Moreover,
at lower levels faculty members are usually less experienced, therefore they need
to interact more with students to settle all academic content not only in university
but at home. This increases the need of more educational interaction for which
social media is really a striking medium. However, results are not consistent with
the literature [5, 12, 30]; who considered public sector as a major producer and user
of technological innovations. One possible reason is limited literature highlighting
difference between use of social media in public and private sector. Higher education
sector is highly influenced by technology today and every institution either public or
private is striving for digitalization, therefore, there exist no difference.

It is concluded that regardless of gender and sector of employment, faculty mem-
bers falling in age bracket of 20–40 years, mostly serving at post of lecturer and
assistant professor frequently make educational interactions with their students via
socialmedia. Educational interaction via socialmedia is an efficient and business-like
way for university campaigns, event updates, real-world way out to teachers’ need
to keep in close contact with students, overall quality of engagement, social support
networks for once students arrive on campus, individualization of learning, com-
fort of exhibiting the content, virtual laboratories, increase in learners’ technology
proficiency and social skills.
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5 Implications

Findings of the study will serve as a guideline for HEC Pakistan striving to establish
e-universities by introduction of technology and popularizing the usage of digital
gadgets. Moreover, for HEIs administration this study is helpful in modifying the
curriculum and study policies. Developing countries are striving for improving the
quality of education, an added advantage of this study, will be engagement of both
faculty members and students not only within universities but wherever there is a
need for educational interaction.

6 Limitations and Future Directions

This study has a few limitations; therefore, the findings need to be interpreted in view
of that. Firstly, the data was collected only from the faculty members. Educational
interaction, however, is a two way process including both faculty members and
students therefore, studies focusing on characteristics of students influencing usage of
social media can be conducted. Secondly, this study is limited to the Pakistani culture
and considered most influencing demographic characteristics, therefore, the results
cannot be generalized globally. Studies in other countries, may include moderating
and mediating impact of characteristics, and can help get more wide-ranging and
generalized impact.
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A Coupled Method of Meshfree Poly-Cell
Galerkin and Finite Element
for Elasticity Problems

Jie Ma and Kaiming He

Abstract This paper developed a new method named as MPG/FEM method which
is constructed by coupling the meshfree poly-cell Galerkin method (MPG) with the
finite element method (FEM) for the analysis of elasticity problems. The present
MPG/FEM method synthesizes the advantages of both FEM and MPG. MPG/FEM
method not only simplifies the implementation of essential boundary conditions like
FEM, but also inherits good accuracy from MPG. The numerical tests in the present
work demonstrate that the results obtained by MPG/FEMmethod show an excellent
agreement with the theoretical results. The coupled method is very accurate and has
a promising potential for the analyses of more complicated elasticity problems.

Keywords Coupled technology ·Meshfree ·Poly-cell local support ·Finite element
method · Elasticity problems

1 Introduction

The finite element method (FEM) has been widely applied to solve various types of
problems in science and engineering in the past several decades [1]. However, due
to its strong reliance on element mesh, it is always difficult (or even impossible) to
simulate some problems such as large deformation problems with severe element
distortions, crack growth problems with arbitrary and complex paths which do not
coincide with original element interfaces, and the problems of breakage of material
with large number of fragments [2]. In order to eliminate these shortcomings, the
meshfree methods (MMs) have been developed and achieved remarkable progress in
the recent years. They include the smoothed particle hydrodynamic method (SPH)
[3, 4], the element-free Galerkin method (EFG) [5], the reproducing kernel par-
ticle method (RKPM) [6], the meshless local Petrov-Galerkin method (MLPG)
[7, 8], etc.
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As elements are necessary inFEM, the integration cells based onbackgroundmesh
are also required in EFG regardless of the actual geometrics. Compared with FEM,
MMs have more difficulties in accurate integration, for the boundaries of integration
domains do not align with shape function supports [9]. Then, MLPG is developed
to waive the background cells [7], however, it resulted in an unsymmetrical stiffness
matrix and obviously led to additional difficulties and extra expenses for analysis.
The stabilized conforming nodal integration method is presented thereafter, but the
nodal volume is not easy to evaluate [10], especially for 3D problems with complex
geometries. To evaluate the volume of nodal support, the Voronoi diagram [11, 12]
and other meshfree methods based on it [3, 13, 14] are adopted, nevertheless, the
generation of Voronoi diagram is much more time-consuming and expensive than
Delaunay triangulation which is widely used in standard FEM [15, 16].

The meshfree poly-cell Galerkin method (MPG) [17] employed the ploy-cell
which is the local support domain surrounding the node and it can make sure of the
alignment of integration domains with shape functions supports. Moreover, unlike
the standard moving least-square approximation (MLS) applied in EFG and MLPG,
an improved MLS is introduced in MPG which can avoid the frequent matrix inver-
sion and improve the computation efficiency. However, like other MMs, the shape
functions of MPG do not satisfy the Kronecker delta property, and the treatment of
essential boundary conditions is not as straightforward as that inmeshbasedmethods.

In order to tackle these problems, a coupled method has developed. The present
work introduces a new simulation method called MPG/FEM method, it couples
MPG with FEM to synthesize their advantages and overcome their shortcomings. In
MPG/FEM method, the research domain is divided into two types of sub-domains:
the first type of sub-domain which needs to impose essential boundary conditions is
simulated by FEM, the other type of sub-domain is simulated by MPG, and these
two parts are connected by transition domain which is the subdomain of the second
sub-domain. The transition domain of MPG and FEM are discretized by interface
elements, and a hybrid displacement approximation is defined to make sure that the
shape functions of these interface elements can satisfy the delta Kronecker property.

This paper is organized as follows. Section2 gives a brief description of MPG
including the construction of poly-cell local support domain, MLS approximation
and discrete equations for elasticity problems. Section3 presents the coupled method
of MPG and FEM and briefs the coupling technique. Section4 gives two typical
numerical examples of the present MPG/FEM method. Finally, some conclusions
are drawn in Sect. 5.

2 Improved Poly-Cell Galerkin Method

In the construction of MPG trail function, the influenced domain is confirmed by
poly-cell, and the moving least-squares approximation (MLS)method is widely used
to construct shape functions.



A Coupled Method of Meshfree Poly-Cell Galerkin and Finite Element … 91

2.1 Poly-Cell Support Construction

In the construction of MPG trial function, the influenced domain possessed by an
interested node should be confirmed firstly. Unlike the traditional MMs, whose influ-
enced domain is usually a circular domain centered by the interested node, the influ-
enced domain of MPG is confirmed by poly-cell, as shown in Fig. 1. In the poly-cell
local domain, a background mesh is firstly generated that may cover the whole
research domain. The background mesh can be either Voronoi diagram or regular
mesh [15], and the regular mesh is preferred in this paper. For an arbitrary node, its
host cell needs to be found firstly, and then the local support domain can be obtained
by extending the size of its host cell in four directions (x+, x−, y+, y−) [17]. The
extending distance in direction x+ of the given node can be expressed as: dx+

eI = necx ,

where cx is the size of host cell in the x direction, ne is a constant integer (ne = 1
in this work). The extending distances in other directions are obtained in the similar
way.

After obtaining the local support, the weight function requires to be defined based
on this poly-cell local domain. Suppose a node I has a local support shown in Fig. 2,
then the weight function of node I is defined by wI (x, y) = f (x)g(y), in which

f (x) =
⎧
⎨

⎩
e
−β

[
x−xI

0.5(xmax
I −xmin

I )

]2

, if xmin
I ≤ x ≤ xmax

I
0, else,

(1)

g(y) =
⎧
⎨

⎩
e
−β

[
y−yI

0.5(ymax
I −ymin

I )

]2

, if ymin
I ≤ y ≤ ymax

I
0, else,

(2)

where β is a constant parameter, which will be studied in Sect. 4.

Fig. 1 Schematic of constructing poly-cell local support based on regular background mesh
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Fig. 2 A sampling local
support of interested node I .
Note This node may not be at
the center of the support
domain

2.2 Moving Least-Squares Approximation

Lancaster andSalkauskas [18] presentedmoving least-squares approximation (MLS),
which is widely applied to form trial functions inMMs. Consider a field u(x) defined
in the 2D domain Ω with boundary Γ , which can be approximated in the following
form:

uh(x) =
m∑

i=1

pi (x)ai (x) = pT (x)a(x), (3)

p(x) = [
p1(x), p2(x), . . . , pm(x)

]T
, (4)

a(x) = [
a1(x), a2(x), . . . , am(x)

]T
, (5)

where p(x) is the vector of basis functions pi (x) built by the Pascal’s triangles, a(x)

is the vector of unknown nodal parameter of the field u(x), x is the space coordinates,
and m is the number of basis functions.

Todeterminea(x), a quadratic function J (x) is constructed by the value of approx-
imation function uh(x) and field function u(x) at arbitrary node i :

J (x) =
n∑

i=1

wi (x)
[
uh(xi ) − u(xi )

]2 (6)

=
n∑

i=1

wi (x)

[ n∑

i=1

p j (xi )a j (xi ) − ui

]2
,

where n is the number of nodes inside and on the boundary line of the local support,
and wi (x) is the value of the weight function. The partial derivative of J (x) with
respect to a(x) leads to the following equation:

A(x)a(x) = B(x)u, (7)
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where the moment matrix A and basic matrix B are expressed by

A(x) =
n∑

i=1

wi (x)p(xi )pT (xi ), (8)

B(x) = [
w1(x)p(x1), w2(x)p(x2), . . . , wn(x)p(xn)

]
, (9)

u = (u1, u2, . . . , un)T . (10)

Solving Eq. (7) yields:

a(x) = A−1(x)B(x)u. (11)

Substituting Eq. (11) back into Eq. (3) leads to:

uh(x) = pT (x)A−1(x)B(x)u = N (x)u, (12)

N (x) = pT (x)A−1(x)B(x), (13)

where N (x) is the vector of MLS shape functions.
In the improved MLS approximation, the Schmidt orthogonalizing formulas is

imported to orthogonalize the vector of basis functions r(x). Substituting r(x) as
p(x) into equations of the standardMLS.A similar formof equationswill be obtained
as follows:

A(x) =
n∑

i=1

wi (x)r(xi )r
T (xi ), (14)

B(x) = [
w1(x)r(x1), w2(x)r(x2), . . . , wn(x)r(xn)

]
. (15)

Since the vector r is an orthonormalized vector, matrix A will be an identical
matrix, and then the modified shape functions simplified as:

N (x) = r T (x)B(x). (16)

The advantage of using orthogonalized basis functions is that it not only reduces
the computational cost, but also improves the accuracy of interpolation [19].

2.3 Discrete Equations

Consider a solid problem defined in domain Ω bounded by Γ (Γ = Γt + Γu), the
governing equations of the problems can be expressed as follows:

∇σ + b = 0 (in Ω), (17)
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σ × n = t̄ (on Γt ), (18)

u = ū (on Γu), (19)

where ∇ is the divergence operator, σ = [σx , σy, σxy]T is the stress vector, u =
[u, v]T is the displacement field, b = [bx , by]T is the body force vector, t̄ is the
prescribed traction on natural boundary, ū is the prescribed displacement on essential
boundary, andn is the vector of unit outwardnormal at a point on the natural boundary.

Liu [20] presented the unconstrained Galerkin weak form for elasticity problems
as Eq. (20).

∫

Ω

(Lδu)T DLudΩ −
∫

Ω

δuT bdΩ −
∫

Γ t
δuT tdΓ = 0, (20)

where L is the differential operator.
In linear elasticity, the material matrix D for plane stress problem and plane strain

problem are expressed respectively as Eqs. (21) and (22):

D = E

1 − v2

⎡

⎣
1 v 0
v 1 0
0 0 1−v

2

⎤

⎦ , (21)

D = E(1 − v)

(1 + v)(1 − 2v)

⎡

⎣
1 v

1−v 0
v

1−v 1 0
0 0 1−2v

2(1−v)

⎤

⎦ , (22)

where E is Young’s modules and v is possion’s ratio.
Like FEM,MPG uses the similar global weak form given in Eq. (20). Substituting

the approximation equations into Galerkin weak form leads to K u = f, where

Ki j =
∫

Ω

BT
i DB j dΩ, (23)

fi =
∫

Γt

N T
i t̄dΓ +

∫

Ω

N T
i bdΩ, (24)

Bi =
[

∂ Ni
∂x 0 ∂ Ni

∂y

0 ∂ Ni
∂y

∂ Ni
∂x

]

. (25)

3 Coupling of MPG and FEM

In order to coupleMPG and FEM, the displacement compatibility and the force equi-
librium conditions on interface boundary should be satisfied. The hybrid displace-
ment approximation and hybrid shape functions are proposed in MPG/FEMmethod.
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1. Transition Condition
Consider a 2D solid problemwhose problem domain can be divided into two parts

Ω1 and Ω2, and these two sub-domains are connected by the interface boundary ΓI .
FEM is used in Ω1 and MPG is used in Ω2 as shown in Fig. 3. In the coupling of
MPG and FEM, the displacement compatibility and the force equilibrium conditions
on ΓI should be satisfied.

Thus, the nodal displacements U (1)
I and U (2)

I of node I on ΓI for Ω1 and Ω2
should be equal.

U (1)
I = U (2)

I = UI . (26)

And the summation of the nodal forces F (1)
I and F (2)

I of node I on ΓI for Ω1 and
Ω2 should be zero.

F (1)
I + F (2)

I = 0. (27)

In the coupled methods, it is ideal to satisfy the both two requirements. The
displacement compatibility is more important and must be satisfied precisely, while
the force equilibrium condition could be satisfied approximately by using themethod
of weighted residuals in some coupled methods [21].
2. Coupling Technique

Due to the shape functions of MPG lacking delta Kronecker property, it is impos-
sible to couple MPG and FEM directly. So, the transition domain is introduced in
MPG domain [21], in which the interface elements are discretized and the MLS
shape functions are constructed near the interface boundary ΓI . In these interface
elements, a hybrid displacement approximation is defined to make sure that the
MLS shape functions in the MPG domain along ΓI can satisfy the delta Kronecker
property. Figure3 shows the transition domain ΩI which is a layer of sub-domain

Fig. 3 Interface elements
used in MPG/FEM method
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along the interface boundary ΓI within MPG domain Ω2. The new displacement
approximation in MPG domain Ω2 can be rewritten as

uh(x) =
n∑

i=1

Ñi (x)ui , (28)

where the hybrid shape functions of the interface elements are defined as

Ñi (x) =
{[

1 − R(x)
]
Ni (x) + R(x)ϕ(x), x ∈ ΩI

Ni (x), x ∈ Ω2 − ΩI ,
(29)

where ϕ(x) is the FEM shape functions of an interface element, R(x) is a ramp
function and it is performed as

R(x) =
k∑

j=1

ϕ(x), x ∈ ΓI , (30)

where k is the number of nodes located on the interface boundary ΓI for an interface
element. According to the property of FEM shape functions, R(x)will be unity along
ΓI and vanish outside of the interface domain:

R(x) =
{
1, x ∈ ΓI

0, Ω2 − ΩI .
(31)

Therefore, the modified interface shape functions can satisfy both FEM interpo-
lation and MPG approximation, and it means that the coupling of MPG and FEM
can satisfy displacement consistency and interpolate a linear field precisely.

4 Numerical Examples

Two cases of 2D Elasticity problems have been studied in order to examine the
properties of the presented MPG/FEM. The variable units used in this paper are
based on international standard unit system unless specially denoted.

4.1 Cantilever Beam

A 2D cantilever beam with length L , height D and unit thickness is studied as
a benchmark problem here. The beam is fixed at the left end and subjected to a
parabolic traction P at the free end as shown in Fig. 4. Timoshenko and Goodier [22]
calculated the theoretical solutions in stress for the plain strain case as follows.
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Fig. 4 A 2D cantilever
beam subjected to parabolic
traction on the right end

⎧
⎨

⎩

σxx = − P
I (L − x)(y − D

2 )

σyy = 0
σxy = − Py

2I (y − D),

(32)

where I is the moment of inertia of D3/12.
The parameters in the computation are taken as: L = 8, D = 1, P = −1,

v = 0.25, E = 3.0 × 107, and the plane strain condition is assumed.
As shown in Fig. 5, the beam is divided into two parts. FEM using the four-

node quadrilateral elements is used in the left part where the essential boundary
condition is included, and MPG is used in the right part where the traction boundary
condition is included. These two parts are connected by the transition region which is
a sub-domain of MPG domain and discretized by 10 regularly distributed transition
particles. Figure6 illustrates the error of stress in x direction at the cross-section of
x = L/2 with different value of β between calculated value and theoretical value.
The figure shows the error is smaller with a larger value of β , and β is selected to
be 0.8 as the optimal parameter.

Fig. 5 Discretized model of the cantilever beam

Fig. 6 Comparison for error
of stress in x direction at the
cross-section of x = L/2
with different value of β
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4.2 Hollow Cylinder Under Internal Pressure

A hollow cylinder with an internal radius a, an external radius b and unit thickness
is considered as another typical problems to validate the MPG/FEM. As shown in
Fig. 7, the uniform pressure p is applied to the inner surface (r = a), while the outer
surface (r = b) is free of traction. Due to the symmetry of the problem, only one-
quarter of the cylinder ismodeled. Also, Young andBudynas [23] gave the theoretical
solution.

⎧
⎪⎨

⎪⎩

σr = a2 p
b2−a2

(1 − b2

r2
)

σθ = a2 p
b2−a2

(1 + b2

r2
)

σrθ = 0.

(33)

In the numerical computations, the following parameters are chosen: a = 1,
b = 5, p = 1, and the plane stress conditions are assumed. The material used is
linear elastic with Young’s modules E = 1 × 103 and v = 0.25 unless specially
denoted.

As shown in Fig. 8, the hollow cylinder is also divided into several sub-domains.
FEM is used in the sub-domain where the essential boundary condition is included,
MPG is used in anther sub-domain, and these two sub-domains are connected by
transition domain. Figure9 contrasts the solution for stress in radial direction and
circumferential direction between theoretical and calculated value by the coupled
method with β equals 0.8, and they both show an excellent alignment between the
theoretical results and numerical results.

Fig. 7 A hollow cylinder subjected to internal pressure p and its quarter model
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Fig. 8 Discretized model of the hollow cylinder
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Fig. 9 Comparison of solutions for stress
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4.3 Results and Analysis

Numerical examples have shown an excellent consistency between the theoretical
and numerical results, and the following can be seen clearly:

(1) The improved poly-cell local support domain guarantees the alignment of inte-
gration domain and support of the shape functions, which can significantly
improve the accuracy of numerical integration.

(2) Comparing with FEM, the MPG/FEM method is more flexible in dealing with
the geometrical boundary, only the essential boundary which is limited in the
studied boundary is simulated with the same way to FEM.

(3) Comparing withMPG, the shape functions of MPG/FEMmethod can satisfy the
Kronecker delta property, so it is easier to impose essential boundary conditions.

(4) An excellent agreement has presented by comparing the solutions for stress
between the theoretical and numerical results, and it shows the MPG/FEM
method has a high precision in dealing with elasticity problems.

5 Conclusions

Formulations of a coupled method named asMPG/FEMmethod are presented in this
paper. Numerical examples such as hollow cylinder under internal pressure, shows an
excellent agreement between the theoretical and numerical results. The advantages
of MPG/FEM are as follows:

(1) The poly-cell local support domain guarantees the alignment of integration
domain and support of the shape functions, which can significantly improve
the accuracy of numerical integration.

(2) Comparing with FEM, the MPG/FEM method is more flexible in dealing with
the geometrical boundary, only the essential boundary which is limited in the
studied boundary is simulated with the same way to FEM.

(3) Comparing withMPG, the shape functions of MPG/FEMmethod can satisfy the
Kronecker delta property, so it is easier to impose essential boundary conditions.

(4) An excellent agreement has presented by comparing the solutions for stress
between the theoretical and numerical results, and it shows the MPG/FEM
method has a high precision in dealing with elasticity problems.
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The Concept and Typology of Ineffective
Work Behavior: A Qualitative Analysis

Hao Zhou and Qian Ma

Abstract To understand work behavior from a wholly different perspective, this
article referred to the concept of ineffective work behavior according to the outcome.
Data was collected by interview, and analyzed by consensual qualitative research.
We divided ineffective work behavior into five types: faulty work behavior, repetitive
work behavior, perfunctory work behavior, acting work behavior and failed innova-
tion behavior. Finally, we discussed the remedies for the ineffective work behavior,
and proposed several future research orientations.

Keywords Ineffective work behavior ·Work result · Qualitative research

1 Introduction

With the globalization of competition and the continuous change, instability of
organizational environment, complexity of human relationships and differences of
organizational individuals are increasingly apparent [6]. Katz proposed three kinds
of behaviors that were vital for the organization, including behaviors employees
must perform to join the organization and maintain membership in the organization,
behaviors employees must act to fulfill the requirements of specific role and spon-
taneous behaviors outside the role [9]. Naturally, scholars had begun to explore the
in-role behavior and extra-role behavior. And the division of these two behaviors is
based on the role specification [8]. However, performing the in-role behavior con-
scientiously or taking the extra-role behavior actively is not a sufficient condition for
the growth of organizational performance [1, 11]. So it is necessary to propose the
concept of ineffective work behavior from the perspective of behavioral outcomes.

This study presented idle work as a trigger for ineffective work behavior. On
the basis of summarizing relevant research on ineffective work behavior, we em-
ployed the method of consensual qualitative research [7]. Following the procedure
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of “domain-core idea-category”, we conducted case analysis and cross case analy-
sis to put forward the concept of ineffective work behavior. We also formed and
explained the various categories of ineffective work behavior, and put forward the
managerial strategies specifically. Our study makes two significant contributions to
the literature. First, we analyzed the concepts and categories of ineffective work be-
havior to enrich the theories of employees’ work behavior. Secondly, we provided
remedies for managers to cope with employees’ ineffective work behavior.

2 Literature Review

Previous research on ineffective work behavior can be divided into two categories.
The first category focused on analyzing some variables that were related to the effec-
tiveness of work behavior, and aimed to improve the effectiveness of work behavior
by intervening. For example, Zhang et al. [16] integrated research on the relation-
ships between work motivation and effective work behavior, and found that complex
work behavior was more effective under autonomous motivation and mechanical
work behavior was more effective under controlled motivation.

The second category focused on analyzing certain conditions under which work
behavior became ineffective work behavior. For example, organizational citizenship
behavior was believed to be beneficial for improving organizational effectiveness
[2, 15]. Recently, more and more scholars had begun to question the effectiveness of
organizational citizenship behavior. Impressionmanagementmotive [10, 12], and the
escalation of organizational citizenship behavior made employees no longer good
soldiers but good actors [4]. In this situation, organizational citizenship behavior
became ineffective work behavior.

In conclusion, the current studies on ineffective work behavior were scattered in
different areas.What is ineffectivework behavior?What factors constitute ineffective
work behavior? How to avoid or reduce the ineffective work behavior for improving
task performance? These are the questions this study hopes to answer.

3 Concept of Ineffective Work Behavior

The “ineffective” is interpreted as “invalid and no effect”. Reflecting the effective-
ness of resource allocation, efficiency was regarded as the ratio of input and output
[5]. This interpretation provides an important criterion for judging the ineffective-
outcomes. Work behavior referred to a series of stable behavioral responses, which
employees used to adapt to the changing work environment and meet the needs of
survival and development [14]. By completing tasks or realizing the accumulation
of knowledge, ability and experience, these behavioral responses fulfill the needs
of employees. Thus, the final state that work behavior should reach (or behavioral
outcomes) includes two levels. The first level is to complete the tasks in the short
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term, in which “time” and “quality” are the measure standards. The second level is
to realize the accumulation of knowledge, ability and experience in the long term.

Based on the short-term and long-term criteria, ineffective work behavior also can
be divided into two types. One is unable to finish the tasks in short term, and without
a long-term accumulation of knowledge, ability and experience, which can be named
completely ineffective work behavior. The other is unable to finish the tasks in short
term, but with the accumulation of knowledge, ability and experience, which can be
named temporary ineffective work behavior.

There are three reasons for adopting the concept of ineffective work behavior
rather than the concept of “sabotage” or “loaf”. First, employees’ sabotage or loaf
is driven by subjective intention, while ineffective work behavior can be either in-
tentional or unintentional [13]. Secondly, employees’ sabotage or loaf is deviant
behaviors in the work process that violate the organizational norms, but ineffective
work behavior does not directly reject to the organizational norms [3]. Third, while
sabotage or loaf is always negative for the organization, ineffective work behavior
has a positive effect in some cases.

4 Methodology

1.Participants
Participants were all from different companies located in a central province of

China. The specific personnel distribution was shown in the following Table1.
2. Interviews

First, the interviewer encouraged participants to talk about their job contents and
other work-related situations. By cultivating a relaxed atmosphere, the interviewer
released the tension of participants and helped them to recall the usual work, which
would be useful for answering subsequent questions. Then, the interviews were
carried out around the themes like “list ineffective work behaviors in your work”,

Table 1 Personnel distribution of participants

Types of
organization

Junior staffs Middle
managers

Senior
managers

Total Percentage
(%)

State-owned
enterprises

5 7 1 13 35.14

Private
enterprises

4 2 3 9 24.32

Government 6 2 / 8 21.62

Schools 2 1 / 3 8.11

Hospitals 2 2 / 4 10.81

Total 19 14 4 37 100

Percentage 51.35% 37.84% 10.81% 100%
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“list the reasons why ineffective work behaviors occurred in your work” and “list the
standards you used to judge ineffective work behaviors”. The interviewer interrupted
the participants only when the participants’ descriptions were not clear and definite.
The interviews lasted 20–60min unequally.
3. Transcription

After interviews, we transcribed interview recordings into texts. When having
questions, we confirmed the information through telephone or return visit. The texts
contained about 60,000 words in which personal information was removed.
4. Data Analysis

Consensual qualitative research was used for data analysis, and the detailed pro-
cedures were as follows. First, we divided all the information related to ineffective
work behaviors into three domains: behavioral manifestations, behavioral causes and
judgment criteria. Secondly, all the information in each case was classified into three
domains we mentioned above and was analyzed to construct core ideas on the basis
of remaining the main meaning. As a result, each case was divided into three parts.
Then, we gathered and coded the core ideas of the same domain in the different cases.
We analyzed and classified the core ideas in “behavioral manifestations”, eventually
forming the categories of ineffective work behavior. We analyzed and classified the
core ideas in “judgment criteria”, eventually forming the definition of ineffective
work behavior. Finally, we conducted the stability analysis. Specifically, we ana-
lyzed 35 cases following the preceding steps and obtained the results. Next, we used
another 2 cases to test the generalization of the results. According to the unchanged
original results, data analysis of this study turned out to be stable.

5 Results

Our study collected 130 specific ineffective work behaviors through the interviews.
We constructed core ideas of each work behavior on the basis of remaining the main
meaning, and coded them into the domain “behavioral manifestations”. Then, we
classified these behaviors into different categories according to the meaning of each
behavior. In this process, the discrepancy about classification was discussed with the
team and a point of consensus was reached. Ultimately, five categories appeared.
We named each category, including faulty work behavior, repetitive work behavior,
perfunctory work behavior, actingwork behavior and failed innovation behavior. The
results were shown in Table2.

Faulty work behavior refers to employees’ work behavior that cannot finish the
work tasks in terms of quality and time for the lack of attention and ability. In the
work context, employees have to exhibit kinds of work behaviors to achieve the
work targets. There is no doubt that employees must make physical and psycholog-
ical efforts in this process. When they complete tasks successfully, the efforts and
resources invested can be seemed to be effective and so as the employees’ work be-
haviors. Otherwise, employees’work is ineffective. According to our data, therewere
some following reasons for this kind of behavior. Employees didn’t forecast the work



The Concept and Typology of Ineffective Work Behavior: A Qualitative Analysis 107

Table 2 Five categories of ineffective work behavior

Category Definition Number of
behaviors

Percentage
(%)

Faulty work
behavior

Employees’ work behavior that cannot
finish the work tasks in terms of quality
and time for the lack of attention and
ability

42 32.31

Repetitive
work behav-
ior

Employees’ work behavior that is
repetitive and unnecessary during the
work process

29 22.31

Perfunctory
work behav-
ior

Employees’ work behavior that is only a
“form” and cannot maintain the quality of
work for the reason of supervisory
unscientific decisions and employees’
limited resources

32 24.61

Acting work
behavior

Employees’ cheating work behavior that
is used to make their compensation and
bonus reasonable

14 10.77

Failed innova-
tion behavior

Employees’ innovative behavior that is
unable to bring about actual effects for
the organization because of individual
and contextual factors

13 10.00

Total 130 100

conditions before performing a task, and the work conditions suddenly changed dur-
ing the work. Employees didn’t understand the work targets and requirements before
performing a task. Employees didn’t prepare a complete work plan to guide the work
process. Employees lacked adequate knowledge, technology, motivation, energy and
sense of responsibility, making errors and mistakes in the work. What’s more, from
the perspective of the team, once an employee made a mistake in the team work, this
situation not only leaded to the employee’s ineffective work behaviors, but also the
team members’ ineffective work behaviors. “In our gear processing workshop, if a
worker made a mistake on the production line, the work others did before were all
waste”. Certainly, some participants focused that “I didn’t think the mistakes I made
in the work were detrimental, because I could draw lessons and avoid these kinds of
mistakes next time at least”. This means that when we summarize and analyze the
main reasons of failures, we should also consider that errors in the work might be
beneficial to the accumulation of experience, knowledge and ability.

Repetitive work behavior refers to employees’ work behavior that is repetitive and
unnecessary during the work process. In the work context, once an employee’s work
content is the same with other employees’, or an employee have to repeat behaviors
that are unnecessary for completing the work tasks, this employee may naturally
define his or herwork behaviors as ineffectivework behaviors. “In our company, there
was a production director and also a safety director. In fact, the work contents during
these two jobs were highly overlapped. As a result, employees in these two positions
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might perform too many work behaviors that are repetitive”. Actually, because of the
repeated set of institutions and positions, repeated commands of multiple leaders,
traditional work style and conservative work mentality, employees are more likely to
repeat the same behaviors during the work process. However, this kind of repetition
is needless for the increase of workers’ knowledge and technology. “Since there was
a large area of water at the gate of company, our leader ordered us to draw water.
However, we finished this work the first day and there came the water the following
day. As a result, we had to draw water day after day. If one of us had tried to find the
source of water, we might not do so many repetitive work behaviors”.

Perfunctory work behavior refers to employees’ work behavior that is only a
“form” and cannot maintain the quality of work for the reason of supervisory unsci-
entific decisions and employees’ limited resources. In the work context, one of the
most important principles for employees is to obey the supervisors’ orders. Accord-
ing to our data, when employees couldn’t understand and even doubted supervisors’
orders, or they lacked adequate resources to obey the orders, they were still willing
to be compliant with other than rejected to the supervisors. As a result, their work
behaviors became perfunctory and the work quality greatly reduced. “For some ex-
perienced teachers in our school, they already had detailed teaching plans. They just
needed to modify the pre-existing teaching plans slightly to adapt to the new stu-
dents. But in practice, these teachers had to prepare new teaching plans again and
again to cope with the supervisors’ inspection”. In the interviews, most participants
considered that this kind of work behavior “not only didn’t bring about any benefits,
but also disrupted the normal tasks”. There weremany reasons for employees to obey
the supervisors’ orders. For example, employees wanted to gain the respect of the
supervisors through obeying the supervisors’ orders. And some employees believed
that being compliant with the supervisors was useful for their promotion. Under
such a circumstance, employees’ self-doubt gradually decreased and self-anesthesia
emerged. This kind of behavior is greatly related to Confucianism-based Chinese
culture. High power distance of Chinese employees urges themselves to be obedi-
ent to their supervisors unconditionally. And as a result, perfunctory work behavior
generated.

Acting work behavior refers to employees’ cheating work behavior that is used to
make their compensation and bonus reasonable. This is a kind of impression man-
agement behavior, which employees use to impress others in the work context. Em-
ployees may get the rewards, respect and self-satisfaction to meet their own needs by
exhibiting somework behaviors andmaking a good impression to others. However, if
these behaviors are useless for the task accomplishment and ability development, they
are ineffective. “Some employees didn’t want to work. However, they were forced
by supervisors’ assessments and accompanying compensation. On balance, they just
acted work behaviors without any substantive investment”. This was a negative af-
fective state for employees to work. On the contrary, some employees acted work
behaviors to win supervisors’ and co-workers’ attention and recognition. Although
these behaviors were also ineffective, employees’ affective states were positive. In
such a situation, employees were stimulated by positive impression management
motives. For this reason, they are easier to be guided by the organizations to a high
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task performance direction. Furthermore, based on our data, acting work behaviors
were inclined to become habitual behaviors. Once acting successfully, employees
would devote themselves to keeping a good impression.

Failed innovation behavior refers to employees’ innovative behavior that is unable
to bring about actual effects for the organization because of individual and contextual
factors. Employees have to take risks for putting forward and implementing new ideas
about product, work technology, work procedures and so on. One of the most prob-
able risks is that employees cannot obtain achievements after investing energy and
resources. Considering that failed innovation behaviors cannot complete work tasks,
they are treated as ineffective work behaviors. In face of innovation failures, employ-
ees will take two kinds of opposite actions to respond. One is a positive response
and the other is a negative response. From the perspective of negative responses,
part of employees may avoid innovative behaviors immediately, and the failed in-
novation behaviors they exhibited before become totally ineffective work behaviors.
Conversely, other employees are more pleased to treat innovation failures as the ac-
cumulation of experience and knowledge, and the failed innovation behaviors they
performed before are just temporary. Surprisingly, all the participants in our research
tended to hold positive attitudes in terms of innovation failures and treat failures as
a necessary phrase. Unlike four kinds of ineffective work behavior we mentioned
above, failed innovation behavior is temporary ineffective work behavior. “Our com-
pany needed employees to provide more innovative services for the customers. For
example, in addition to drugs, we could also provide drug management information
systems for hospitals. However, we often encountered such a situation in which the
drug management information system we created for a hospital didn’t meet the hos-
pital’s demands. Although innovations during this process couldn’t make a profit,
we still regarded them as useful attempts”. It is the existence of temporary failed
innovation behaviors that makes the exploration of reasons leading to innovation
failures more significant.

Table3 summarize and distinguish five kinds of ineffective work behavior we
analyzed above.

Table 3 Characters of five kinds of ineffective work behavior

Category Whether work tasks were completed Whether knowledge,
ability and experience
were accumulated

In terms of quality In terms of time

Faulty work behavior No No Uncertain

Repetitive work
behavior

Yes No No

Perfunctory work
behavior

No Yes No

Acting work behavior No No No

Failed innovation
behavior

No No Yes
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6 Discussion

1. Remedies for Ineffective Work Behavior
The findings of this study also suggest a number of remedies for managers to cope

with ineffective work behavior.
To reduce faulty work behavior, managers should strengthen the construction of

responsibility systems and make sure that each work has been specially assigned. By
guaranteeing that every employee in the workplace is responsible for the different
aspects of work and implementing related regulation measures, managers can mobi-
lize the enthusiasms of employees, urge them to make plans and help them to reduce
work mistakes.

To reduce repetitive work behavior, managers should simplify the workflow and
clear the division of responsibility among employees. On the one hand, by removing
some unnecessary work links to simplify the workflow, managers can protect em-
ployees from repetitive but unnecessary work behaviors. On the other hand, definite
division of responsibility can help employees to perform their own duties.

To reduce perfunctory work behavior, managers can improve the traditional ways
of task assignment and allocate tasks combining with the actual situations of em-
ployees. When allocating tasks, managers need to evaluate whether these tasks are
related, feasible and definite to the focal employee or department. By realizing the fit
between tasks and employees, managers can prevent the perfunctory work behaviors
effectively.

To reduce acting work behavior, manages can enhance the performance appraisal
systems and compensation systems. Focused on task performance and regular per-
formance assessments, managers can constrain employees’ acting work behaviors,
which are used to acquire compensation and rewards.

Managers should envisage the failed innovation behavior in the workplace. It
means that managers should not blame or punish employees when facing innovation
failures. By assessing employees’ work objectively, creating a relaxed atmosphere
and offering opportunities to employees, managers can promote the employees’ ac-
cumulation of knowledge and experience.

2. Limitations and Future Directions
It should be noted that there were some limitations in this study. For example, par-

ticipants in the interviews were all from the same region and most participants were
working in the state-owned enterprises. These limitationsweaken the generalizability
of the results found in this study.

In the future research, the theory of ineffective work behavior should be further
inspected and discussed. For example, ineffective work behavior may have both
positive and negative effects, so the dynamic transformation from ineffective work
behavior to effective work behavior should be valued.

Finally, ineffective work behavior of Chinese employees should be unique for the
Chinese traditional culture and rapid economy development. Future research should
examine ineffective work behavior in different cultural and organizational contexts.
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Research on Quality Evaluation of College
Entrepreneurship Education Based
on Extension Matter-Element Model

Xiaofeng Li and Suying Xiang

Abstract In order to cultivate students’ innovative spirit and practical ability, more
and more colleges and universities carry out innovation and entrepreneurship educa-
tion. How to evaluate entrepreneurship education quality has long been plagued by
colleges and universities education sector. Based on matter-element and extension
set theories, this article established the multidimensional extension element model
for evaluation of the quality of entrepreneurship education, and put forward the eval-
uation method of entrepreneurship education quality. The method not only describes
the various factors that affect the quality of entrepreneurship education from the
aspect of form, but also give s an accurate assessment of the entrepreneurship educa-
tion quality from the essence. The theoretical analysis and practical results show the
feasibility and effectiveness of the model, and provide a new approach for evaluation
of the quality of College Students’ entrepreneurship education.

Keywords Matter element model · Extension set · Entrepreneurship education ·
Quality assessment

1 Introduction

The innovation and entrepreneurship education in colleges and universities can not
only deepen educational reform, but also cultivate students’ innovative spirit and
practical ability; to carry out entrepreneurship education has become a new trend of
modern education and a major historic mission of Chinese colleges and universities
in the 21st century [1]. At present, entrepreneurship education in universities of
China is still in its infancy. Theory and practice of entrepreneurship education is still
quite weak too [2]. How to establish a quality evaluate and control system combined
with China’s national conditions to ensure the orderly and healthy development of
entrepreneurship education has a very important theoretical and practical value.
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Currently the researchers have paid more attention to entrepreneurship education
in colleges and universities and little attention is given to the quality evaluation of
entrepreneurship education. How tomeasure the teaching quality of entrepreneurship
education in colleges still does not have an industry generally accepted evaluation
method [3, 4]. The extenics is an emerging discipline founded in 1980 by Chinese
scholars Cai [5, 6], by the use of formal tools, from the perspective of qualitative and
quantitative research to solve a number of factors under the regularity; it provides
a new methodology system for people to understand and analysis of complex, real-
world contradictions.

Based on matter-element and extension set theories, this article established the
multidimensional extension element model for evaluation of the quality of entrepre-
neurship education, and the entrepreneurship education quality evaluation method.
This method can not only from formally described the influence on college students’
entrepreneurship education quality state of various factors, but also can essentially
to the entrepreneurship teaching quality to give accurate qualitative and quantitative
evaluation, which fully reflects the pros and cons of the college entrepreneurship edu-
cation. In the end, an example is used to demonstrate the feasibility and effectiveness
of the model, which has a strong practical value.

2 Matter-Element Model for Quality Evaluation
of College Entrepreneurship Education

There are many factors that affect the quality of college entrepreneurship education,
we can grasp the main characteristics—the factors index which accurately reflect the
quality of entrepreneurship education, establish matter-element matrix of college
entrepreneurship education quality, and thus to evaluate the quality of college entre-
preneurship education. Below, first build college entrepreneurship education qual-
ity related factors index, then establish college entrepreneurship education quality
assessment of classical domain matter-element model and the joint domain matter-
element model.

2.1 Build the Evaluation Index System

College entrepreneurship education can train college students’ entrepreneurial aware-
ness, entrepreneurial thinking, entrepreneurial skills, and other entrepreneurial over-
all quality, and ultimately help students have a certain entrepreneurial ability. There
are many factors that affect the quality of College Students’ Entrepreneurship Educa-
tion, including entrepreneurship education organization and leadership system, class-
room teaching system, practice platform systemand social support systems and so on.

Firstly, we divide the factors on the quality of College entrepreneurship edu-
cation into three categories: innovative education, entrepreneurial practice and
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entrepreneurial environment, as the first-class indexes of quality evaluation of college
entrepreneurship education. Then, according to comprehensive principle, concise
scientific principle, coherent principle, workable principle, and with reference to
relevant literature [7–9], combined with expert opinions to construct factor index
of innovative education, entrepreneurial practice and entrepreneurial environment.
The first-class index of innovative education includes 3 second-class indexes: entre-
preneurship course (x1), entrepreneurship teachers’ level (x2) and teaching method
(x3). The first-class index of entrepreneurial practice includes 2 second-class indexes:
campus practice platform x4, off-campus practice platform (x5). The first-class index
of entrepreneurial environment includes 3 second-class indexes: organizational lead-
ership (x6), financial support (x7) and social collaboration (x8). That is to say that the
constructed College Entrepreneurship Education evaluation index system includes 3
first-class indexes, 8 second-class indexes.

2.2 Establish the Extension Matter-Element Model

Assume that there are m factors to constitute the college entrepreneurship education
quality indicators, namely x1, x2, . . . , xm (in this paper, m = 8). Based on these
indexes, and with the expert or clustering analysis, the college entrepreneurship
education quality is divided into f levels, described as qualitative and quantitative
evaluation of the matter-element model (Called “classical domain matter-element
matrix”).

Rp =

⎡

⎢
⎢
⎢
⎣

Np x1 Voj1
x2 Voj2
...

...

xm Vojm

⎤

⎥
⎥
⎥
⎦

=

⎡

⎢
⎢
⎢
⎢
⎢
⎣

Np x1
〈
aoj1, boj1

〉

x2
〈
aoj2, boj2

〉

...
...

xm
〈
aojm, bojm

〉

⎤

⎥
⎥
⎥
⎥
⎥
⎦
, (1)

where Noj represents college entrepreneurship education quality of the j th level; Roj

represents the matter-element model that college entrepreneurship education quality
is at Level j , Vojk = 〈aojk, bojk〉 represents the range of values of xk at level j ;
j = 1, 2, . . . , n; k = 1, 2, . . . ,m.

The range of index xk values form the following matter-element model (Called
“joint domain material matrix”):

Rp =

⎡

⎢
⎢
⎢
⎣

Np x1 Vp1
x2 Vp2
...

...

xm Vpm

⎤

⎥
⎥
⎥
⎦

=

⎡

⎢
⎢
⎢
⎣

Np x1
〈
ap1, bp1

〉

x2
〈
ap2, bp2

〉

...
...

xm
〈
apm, bpm

〉

⎤

⎥
⎥
⎥
⎦
, (2)
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where Rp represents the college entrepreneurship education quality evaluation
section of the domain of matter-element model; Np represents the college entre-
preneurship education quality of all grades; Vpk=< apk, bpk > shows factor index
xk value of allowed range, Vojk ⊂ Vpk, j = 1, 2, . . . , n; k = 1, 2, . . . ,m.

2.3 Establish Matter-Element Matrix of the College
Being Evaluated

According to the college entrepreneurship education quality evaluation indexes to
evaluate the college, the data from the evaluation results form the following matter-
element matrix:

R =

⎡

⎢
⎢
⎢
⎣

N x1 V1
x2 V2
...

...

xm Vm

⎤

⎥
⎥
⎥
⎦
. (3)

The N represents the assessment of entrepreneurship education quality of the
college, indicates the assessed value of the kth factor to be evaluated college entre-
preneurship education quality indicator xk (k = 1, 2, . . . ,m).

3 Extension Evaluation Method of Entrepreneurship
Education Quality

After the matter-element model of entrepreneurship education quality evaluation
is established, how to evaluate the level of entrepreneurship education quality of
the college being evaluated? For this, we need to calculate the “approach degree”
of matter element matrix of the college entrepreneurship education quality being
evaluated and the classical domain matter-element matrix. In practice, based on the
characteristics of the indexes, “approach degree” should be calculated by different
calculationmethods. In this paper, we use elementary dependent function of Extenics
to calculate approach degree [10]. Let:

p(vk,Vojk)=
∣
∣vk − aojk+bojk

2

∣
∣ − 1

2 (bojk − aojk) (k = 1, 2, . . . ,m; j = 1, 2, . . . , n),

p(vk,Vpk) = ∣
∣vk − apk+bpk

2

∣
∣ − 1

2 (bpk − apk) (k = 1, 2, . . . ,m; j = 1, 2, . . . , n),

denote the points vk and range Voik , Vpk “approach degree”. For example, p(vk, Vpk)

≥ 0, that vk is not in the range Vpk , p(vk, Vpk) ≥ 0, that vk is within the range
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vpk and the different negative value indicates vk within the interval Vpk different
positions. Let:

K j (vk) = p(vk, Vojk)

p(vk, Vpk) − p(vk, Vojk)
, j = 1, 2, . . . , n; k = 1, 2, . . . ,m,

denotes the evaluation index xk of the teacher’s classroom teaching quality being
evaluated about the correlation of level j . Ki (vk) ≥ 0 indicates vk belongs to Vojk ,
Ki (vk) greater, the more properties of vk with Vojk ; Ki (vk) ≤ 0 indicates vk does
not belong to Vojk , Ki (vk) smaller, the vk is farther away from the range Vojk .

According to the above formula, the correlation matrix between these evaluation
indexes of the college entrepreneurship education quality being evaluated and the
entrepreneurship education quality levels can be calculated, as K = ⌊

K j (vk)m×n
⌋
.

Through the aforementioned correlation matrix to calculate:

max
1≤ j≤n

K j (vk) = Kio(vk) = K ∗(vk), k = 1, 2, . . . ,m. (4)

Then Ki0(vk) describes the evaluation index xk of the college entrepreneurship
education quality being evaluated is at level io, by Ki0(vk) can evaluate the grade of
college entrepreneurship education quality.

If wk(
∑m

k=1 wk = 1) is the weight coefficient of factor index xk , the correlation
between the college entrepreneurship education quality being evaluated and the j th
level entrepreneurship education quality is:

K j (R) =
m∑

k=1
wk K j (vk). (5)

The above formula comprehensively considered these factor indexes have differ-
ent effects on college entrepreneurship education quality. Therefore, it has the strong
scientific, pertinence and feasibility. Calculate:

K j0(R) = max
1≤ j≤n

K j (R). (6)

Then the college entrepreneurship education quality being evaluated is at level j0.

4 Empirical Study

We selected 3 colleges from western China. The 3 colleges are represented by T1,
T2, and T3, and use the model above to evaluate the three colleges’ entrepreneurship
education quality respectively.

The quality of entrepreneurship education is divided into five levels = {one, two,
three, four, five} ≡ {excellent, good, medium, qualified, unqualified}. When the
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entrepreneurship education quality factor indicator xk (Sect. 3) is at level one, level
two, level three, level four, level five, its assessed value is respectively v1, v2, v3, v4,
v5, where v1 ∈ (9, 10], v2 ∈ (8, 9], v3 ∈ (7, 8], v4 ∈ (6, 7], v5 ∈ [0, 6]. Below, we
first evaluate the quality of entrepreneurship education of college T1.

4.1 Determine the Matter-Element Matrix

According to the range of values of college entrepreneurship education quality factors
xk (k = 1, 2, . . . , 8), we can get the classical domain matter-element matrix of
college entrepreneurship education quality as follows:

R01 =

⎡

⎢
⎢
⎢
⎣

N01 x1 〈9, 10〉
x2 〈9, 10〉
...

...

x9 〈9, 10〉

⎤

⎥
⎥
⎥
⎦
, R02 =

⎡

⎢
⎢
⎢
⎣

N02 x1 〈8, 10〉
x2 〈8, 10〉
...

...

x9 〈8, 10〉

⎤

⎥
⎥
⎥
⎦
, R03 =

⎡

⎢
⎢
⎢
⎣

N03 x1 〈7, 8〉
x2 〈7, 8〉
...

...

x9 〈7, 8〉

⎤

⎥
⎥
⎥
⎦
,

R04 =

⎡

⎢
⎢
⎢
⎣

N04 x1 〈6, 7〉
x2 〈6, 7〉
...

...

x9 〈6, 7〉

⎤

⎥
⎥
⎥
⎦
, R05 =

⎡

⎢
⎢
⎢
⎣

N05 x1 〈0, 6〉
x2 〈0, 6〉
...

...

x9 〈0, 6〉

⎤

⎥
⎥
⎥
⎦
. (7)

Comprehensive the allowed value range of college entrepreneurship education
quality of the factors index, form the joint domain matter-element matrix as follows:

Rp =

⎡

⎢
⎢
⎢
⎣

Np x1 〈0, 10〉
x2 〈0, 10〉
...

...

x9 〈0, 10〉

⎤

⎥
⎥
⎥
⎦
. (8)

4.2 Determine Matter-Element Matrix of the College
Being Evaluated

The assessed values of indexes of the college T1 entrepreneurship education qual-
ity are determined by the following methods: first, determine the evaluators of
entrepreneurship education quality. The evaluators are composed of 7 entrepre-
neurship education experts. Then, the evaluators assess the factor index xk(k =
1, 2, . . . , 8) by following this process.

If one evaluator think the factor index xk as “unqualified”, the index value is
u1(u1 ∈ [0, 6]); if the factor index xk is the “qualified”, the index value is u2(u2 ∈
(6, 7]); by the analogy, if think factor index xk for “excellent”, the index value is
u5(u5 ∈ (9, 10]).
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According to the above method, these factor index xk(k = 1, 2, . . . , 8) are
assessed by all the evaluators. And then compute the mean of every index. Thus
the material element matrix of the college entrepreneurship education quality being
evaluated is achieved as following.

R =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

N x1 8.92
x2 8.37
x3 8.25
x4 9.12
x5 8.53
x6 9.15
x7 7.89
x8 8.01

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

. (9)

4.3 Evaluate the College Entrepreneurship Education Quality

In order to evaluate the entrepreneurship education quality of the college T1, we
should first find the correlation matrix between these evaluation indexes of college
entrepreneurship education and the different levels of entrepreneurship education
quality; then by the correlation matrix to calculate the correlation degree; at last
determine the quality grade of entrepreneurship education of college T1 by the cor-
relation degree.
1. Calculating correlation matrix

Calculate the correlation matrix K = [
K j (vk)11×5

]
between these indexes of

entrepreneurship education quality of college T1 and the levels of entrepreneurship
education quality, the results are as follows:

K = [
K j (vk)8×5

] =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

−0.0690 0.0800 −0.4600 −0.6400 −0.7300
−0.2788 0.2937 −0.1850 −0.4567 −0.5925
−0.3000 0.1677 −0.1250 −0.4167 −0.5625
0.1579 −0.1200 −0.5600 −0.7067 −0.7800
−0.2423 0.4700 −0.2650 −0.5100 −0.6325
0.2143 −0.1500 −0.5750 −0.7167 −0.7875
−0.3447 −0.0495 0.0550 −0.2967 −0.4725
−0.3322 0.0051 −0.0050 −0.3367 −0.5025

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

. (10)

2. Calculating teaching quality correlation calculation
According to the expert research and AHP method [11], we can determine the

weight coefficient wk(k = 1, 2, . . . , 8) of the various factors of the entrepreneurship
education quality indicators xk as follows:

W = (w1,w2, . . . ,w8) = (0.223,0.112,0.075,0.093,0.105,0.224,0.097,0.071).
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Then, the correlation between the entrepreneurship education quality of college
T1 and the j th level entrepreneurship education quality is:

K j (R) =
11∑

k=1

wk K j (vk), ( j = 1, 2, 3, 4, 5). (11)

Putting college entrepreneurship education quality factor index weights coeffi-
cient and the correlation matrix of the data into the above equation, we can get the
following results:

K j (R) =
8∑

k=1

wk K j (vk) = (−0.0889, 0.0634,−0.3364, − 0.5576, − 0.6682).

That is: K1(R) = −0.0889, K2(R) = 0.0634, K3(R) = −0.3364, K4(R) =
−0.5576, K5(R) = −0.6682. Then: K j0(R) = max1≤ j≤5 K j (R) = K4(R) =
0.0634.

Therefore, the quality of entrepreneurship education of college T1 is level two.
That is, the entrepreneurship education quality of college T1 is good.

Similarly, we use the above method to evaluate the quality of entrepreneurship
education of college T2 and college T3 (Due to space limitations, the calculation
process is omitted), get the entrepreneurship education quality of college T2 and col-
lege T3, which are medium and unqualified, namely the entrepreneurship education
quality of college T2 is medium, the entrepreneurship education quality of college
T3 is unqualified.

These are consistent with the actual situation of the three colleges’ entrepre-
neurship education quality. The college T1 focuses on students’ entrepreneurship
education and innovates in the ways of colleges’ entrepreneurship education so that
creates a good atmosphere for college students. Even though the college T2 focuses
on students’ entrepreneurship education too, but it only opens some related entrepre-
neurship courses, does not build a corresponding entrepreneurship platform for the
college students, so that the students have low enthusiasm in entrepreneurship. The
college T3 does not pay much attention to entrepreneurship education and the entre-
preneurship education system is imperfect, so that the entrepreneurship environment
is poor.

5 Conclusion

In this paper, based onmatter-element and extension set theory, themultidimensional
extension matter-element model and extension evaluation method are established.
The research shows that the method not only can describe the states of the various
factors of college entrepreneurship education but also can evaluate entrepreneurship
education quality in Colleges and universities accurately. Therefore, the model is
scientific and effective, it has considerable practical value.
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Design and Implementation
of Multidimensional Earthquake
Marking System

Jinjiang Yan, Haoliang Jiang, Yongzhong Cheng and Deshan Liu

Abstract Marking key target areas of damage to minimize casualties and property
losses is an important part of the relief work after an earthquake. This paper analyses
the design and implementation of a targeting system that compiles a multidimen-
sional geographic scene using ArcGIS and OpenGL technology. The system can not
only display the damage situation by the rapid assessment of the multidimensional
geographic scene, but also accurately mark target areas in accordance with the three-
level marking principles concerning importance and potential danger to civilians.
In addition, this system can effectively plan and provide instruction for the proper
rescue procedure regarding a specific target area.

Keywords Earthquake · Marking system · Multidimensional scene · ArcGIS ·
OpenGL

1 Introduction

Qing [5] considered earthquakes a threat to civilian life aswell as social and economic
stability. As one part of the earthquake relief work system, marking key target areas
aims to rapidly obtain the spatial distribution of the damage situation and identify
key targets for rescue.

Fei [3] identified the Geographic Information System (GIS) as an effective tool to
manage spatial information and accurately query, retrieve, and calculate statistically
significant details regarding geographic data. The development of 3D scene render-
ing technology provides a new method of marking key areas for disaster relief in an
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earthquake site. In a 3D scene, Over et al. [4] considered that marking earthquake
information can more intuitively reflect the site condition and more effectively pro-
vide help for the earthquake rescue command. After years of development, ArcGIS,
the development platform of GIS, is now outstanding in the 2D GIS field, but Zhang
[10] thought that this high-performing platform should gain prominence in the 3D
GIS field. Xiao et al. [9] said that OpenGL can provide a variety of API and more
free space for application developers in the rendering and flight simulation of the 3D
scene.

This paper designs and implements a targeting system that compiles a multidi-
mensional geographic scene based on both ArcGIS and OpenGL technology, by first
developing the system in a 2D geographic scene with ArcGIS Engine 9.2 and C#
before displaying the earthquake site in a 3D geographic scene using OpenGL and
Visual C++. This system is intuitive in responding to site conditions and effective
in providing ancillary support for emergency rescue work by recording earthquake
information under the 3D geographic scene.

2 Development Platform

1. ArcGIS Engine 9.2
Devasto et al. [2] said that the ArcGIS Engine, developed by ESRI, is a complete

and embeddable GIS component library for custom applications. Using ArcGIS
Engine, developers can not only integrate function of ArcGIS to some application
software, but also provide customized GIS applications for users. Arnab et al. [1]
stated that ArcGIS Engine 9.2, based on the core component library of ArcOb-
jects, has more than 3000 objects, which can be invoked by developers to manage
layers, render maps, interact with spatial database interfaces, output graphics, and
display marks of GIS application. By combining with many popular development
tools, ArcGIS can be embedded into a development environment including C++, the
programming language supporting COM (such as Delphi), NET, Java etc.
2. OpenGL

Richard et al. [7] introduced Open Graphics Library (OpenGL) as a widely used
2D/3D graphic-rendering API that crosses programming language and platform. It
has spawned thousands of excellent applications, on various computer platforms and
devices, including hundreds of different functions which programmers can call to set
objects and operations tomake interactive 3D applications. In the fields of CAD, con-
tent creation, entertainment, manufacturing, virtual reality and so on, Reina et al. [6]
said that OpenGL helps programmers realize the development of graphics process-
ing software with high performance and visual expression in PC, workstations, super
computers, and other hardware devices.
3. Microsoft Visual Studio 2005

Skibo et al. [8] identified Microsoft Visual Studio 2005 (VS 2005) as a Microsoft
development kit featuring many tools needed for software design such as UML
tools, code management tools, integrated development environment (IDE) etc. The
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code written with this program can apply to all platforms supported by Microsoft
including Microsoft Windows, Windows Mobile, Windows CE, NET Framework,
NET Compact Framework, and Microsoft Silverlight.

3 Analysis of Importance and Danger Level of Seismic
Target

Using information from the Earthquake Emergency Database, this paper further
analyses the levels of importance and danger concerning a seismic key target.

3.1 Hospital

The importance of hospitals is mainly determined by the hospital’s rating (R) the
number of personnel within the hospital (N ), the number of beds (B), the number
of emergency vehicles (P), and the volume of plasma inventory (A), among other
aspects. These factors are combined in the following equation to determine a hospi-
tal’s importance.

μ = R∗λR + N∗λN + B∗λA + P∗λP. (1)

In the above equation, λ represents the weighted influence of each factor, and μ

is the importance index of the hospital ranging from 0 to 1. 0 ≤ μ < 0.45 means
“general”, 0.45 ≤ μ < 0.80 means “important”, and 0.80 ≤ μ ≤ 1.0 means “very
important”.

3.2 Reservoir

The classification of the danger posed by reservoir damsmainly considers the damage
state (D), the terrain (T ), the reservoir capacity (C), the earthquake magnitude (M),
the season (S) and other aspects.

R = D∗δd + T ∗δa + M∗δm + S∗δm. (2)

In the equation, R is the danger index of dams, and δ is the weight of each
influential factor. The influential factors and weights are shown in Tables1, 2, 3, 4
and 5. R ranges from 0 to 1, 0 ≤ μ < 0.25 means “no danger”, 0.25 ≤ μ < 0.5,
means “danger” and 0.5 ≤ μ ≤ 1.0 means “high danger”.
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Table 1 Influential factors
and weight of the damage
state of dam

Damage state or
mean damage
index

Factor Weight

Slight damage 0.1

Moderate damage 0.5 0.5

Serious damage 1

Table 2 Influential factors
and weight of the terrain

Slope of terrain Factor Weight

<10◦ 0.3

10–30◦ 0.5 0.2

>30◦ 0.9

Table 3 Influential factors
and weight of the capacity

Capacity Factor Weight

<0.01 billion m3 0.1 0.2

0.01–0.1 billion
m3

0.3

0.11 billion m3 0.5

>1 billion m3 0.9

Table 4 Influential factors
and weight of the earthquake
magnitude

Earthquake
magnitude

Factor Weight

<7.4 0 0.1

>7.5 1

Table 5 Influential factors
and weight of the season

Season Factor Weight

Not rainy season 0 0.1

Rainy season 1

3.3 School

Schools are where people are heavily concentrated. Using state of damage as basic
data, Table6 shows the classification of the levels of danger posed by school buildings
at different levels of damage.
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Table 6 Level of the danger
of schools

Damage state (Mean
damage index)

Level

Slight damage [0, 0.3) Not dangerous

Moderate damage [0.30,
0.5)

Dangerous

Serious damage [0.50, 1) Very dangerous

3.4 Power Facilities

In this paper, the classification of the importance of power facilities is specific to
power dispatch centers and substations. Factors to consider include the rank of power
facility (R), the invalid index of earthquake damage (I ), and the facility’s sphere of
jurisdiction (S).

ϕ = R∗λR + I ∗λI + S∗λS. (3)

In the equation, ϕ is the importance index of power facilities ranging from 0 to
1, and λ is the weighted importance of each factor. 0 ≤ ϕ < 0.5 means “general”,
0.5 ≤ ϕ < 0.8 means “important”, and 0.8 ≤ ϕ ≤ 1 means “very important”. The
importance of power facilities, in relation to the power levels of their substations and
capacity of their power plants, are shown in Table7.

In Eq. (3), the invalid index of earthquake damage uses the method of expert
advice to research the seismic fragility of facilities and functions of power systems.
The relationship between the loss rate of power system facilities and the intensity of
the earthquake, obtained by a logistic function, is shown in Table8.

The method evaluating the importance of the above key targets is obtained, for the
most part, on AHP scores. For example, the annual average power generation, the
capacity of power plants, the level of voltage and other elements of power facilities
can be used as the main evaluation index. However, when referring to the hydraulic
engineering, power engineering, medical health, and other important determinants, it
is necessary to consult experts in these fields to confirm the factors and their weights.

Table 7 Level of power
facilities

Level of power
facilities

Level of power
substations

Capacity of
power plants

General <110 KV <12 MW

Important 110–220 KV 12–300 MW

Very important >330 KV >300 MW
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Table 8 Relationship between the loss rate of facilities and functions of power system and the
intensity of earthquake

Intensity VI VII VIII IX X XI XII

Facilities
main

4.56 9.06 18.56 35.67 52.85 72.09 85.22

Loss rate
part

2.52 7.71 18.24 37.54 54.37 78.52 90.55

P (%)
serve

3.12 8.95 19.68 35.52 53.17 75.55 88.22

Functions
main

4.92 9.92 19.72 37.94 62.00 78.08 89.40

Loss rate
part

3.30 7.61 17.02 37.00 61.60 80.15 91.39

P (%)
serve

3.32 10.62 22.39 41.69 60.62 81.60 91.90

4 System Design

4.1 Design of Function Module

The 2DGIS geographic scene function is based on a desktop application and includes
the ability to file operations, display views, mark important targets, demonstrate
emergency rescue plans, export 3D files in the function implementation, and operate
on a human-computer interaction design.

The 3D GIS geographic scene function includes basic terrain generation, DEM
data consolidation, 3D visualization of the sky and bodies of water, pinpointing of
the sun or other lighting, 3D scene map operations, 3D model library management
and addition of 3D objects, flight and roaming, the ability to save a 3D geographic
scene, and the function of setting effects on a 3D geographic scene.

The multidimensional geographic scene-switching module mainly includes the
functions of loading a 2D or 3D geographic scene and the ability for users to freely
switch between them.

4.2 Style Design of Symbols

This paper uses a combination of shape and color to express the design of key target
marks and GIS symbols: shape represents the target’s level of damage and color
represents its importance or danger. Regarding shapes, the square frame represents
the level of damage and the circular frame represents importance designated for the
dams of reservoirs and the schools. “W”, “C” and other special letters represent
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Table 9 Level of danger Level Symbol Color

Not dangerous green

Dangerous yellow

Very dangerous red

Table 10 Level of danger Level Symbol Color

Not dangerous Green

Dangerous Yellow

Very dangerous Red

uses of the buildings and the color of the borders represents the level of danger. For
example, “W” with green square frame represents a dam which is not dangerous.
The detailed classification of danger is shown in Table9.

The classification of importance is suitable for hospitals, power facilities and com-
munication facilities. “M”, “E”, “I” and other letters represent uses of the buildings,
and the color of the borders represents their levels of importance. For example, “M”
with green borders means the importance of this particular hospital is general. The
detailed classification of importance is shown in Table10.

4.3 Spatial Data

1. Main element
The geographical information of this system is classified into basic geographic

data, common data, and professional data. The basic geographic data is based on the
geographic information data of 1:250,000, including: control points, residential area,
industrial facilities, frontier, traffic, water, topography, vegetation, cities, and other
basic information. The common data is the geographic data which is associated with
social activities and the national economy other than the basic geographic data, such
as hospitals, schools, water plants, sewage disposal works, and gas pipelines. The
professional data is that which is related to the objects of earthquake, including, but
not limited to, geological structure, active area of earthquake,and networks of moni-
toring station. The emphasis of this research ismarking key targets in the disaster area
under the multidimensional geographical scene where basic data and the operational
data are separated. The system can be applied to all earthquake emergency rescue
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units and the spatial element information can be used to display the geographical
background of the disaster area. There is no limitation to the scale of the data, and
all related user data can be configured in practice. The data of the city or town units
can be configured according to the actual situation.
2. Graphic symbol

The symbols of geographic information in this system are designed according
to current national standards and those belonging to the same class should maintain
consistency in the visual effect according to the principles of intuition, aesthetics, and
convenience. After creating a map, users can judge whether these graphic symbols
are consistent with these principles and belong in the same class.

5 Realization of the System Functions

5.1 2D Geographic Scene Map

The interface of the 2D geographic scene usesmultiple document interfaces (MDI) to
gather various operations into different view panels according to different functions.
Users can present the functions which need high-frequency operations on a human-
computer interface through interactive operations. The benefit of this design is the
convenience afforded by displaying important functions and hiding the rest when the
displaying space is too small. In addition, all windows have the “DOCK” function,
allowing them to dock at the edge of the main interface. The 2D geographic scene
interface is shown in Fig. 1.

5.2 Function of the 3D Scene

1. Basic Landform Formation
The software adopts LOD algorithm and creates the basic terrain from the DEM

file according to the terrain and implementation ofDEMdatamodeling. The 3D scene
texture on surface topography can post the map details, choose a texture image, and
perform map operations. Using remote sensing images to create surface texture,
terrain generation and texture processing is a quick and interactive process.
2. The 3D Visualization of the Sky

The sky texture configuration achieved through 3D effects using the CSkyBox
class is shown in Fig. 2.
3. The Position of Sun/light and Sea/river

The sun/light effect is created by setting position of the light source and by using
lens flare effect of two parts. Glare effect is realized by the CLens class.

Optional marine texture can also be provided. According to the definition and
3D connectivity, the system can realize the ocean’s distributed generation. Elevation
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Fig. 1 Geographic scene map

Fig. 2 The sky box set

settings can be configured through interactive settings or configuration files. In addi-
tion, the position of the sun can be defined, showing the effect of light and shadow
in a 3D scene.
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5.3 Marking Key Targets

On the map, users can add interactive marks on key targets and draw planar trend
arrows, among othermarking functions, by the operations of themouse.When adding
marks to the map, it is necessary to coordinate with a specific point diagram panel,
text mark panel, and planar mark panel to select specific symbols to add. Marking is
executed in the MouseDown event of the map.
1. Marks of 2D animation

The capability to display text annotations can be activated by opening the text
mark library Dock window display. Click on the “labels” submenu, and select the
text annotation panel. The “display surface icon note style library” function can
display the planar dimension style library through the Dock window. The “surface
labeled” sub menu and planar dimension style library panel are shown in Fig. 3 and
Fig. 4 respectively.
2. Marking Key Targets

Marking key targets can be realized by the bulletin board technology in a 3D
geographic scene. This is accomplished by keeping the model in a vertical state, per-
pendicular to the ground, and facing the observer, while the terrain is being changed
and rotated. The key targets of this system include dams, schools, electric facilities,
hospitals, and other locations. For a large scene, there are so many targets that this

Fig. 3 Marks of 2D animation



Design and Implementation of Multidimensional Earthquake Marking System 133

Fig. 4 Text mark font panel

system imports them in large quantities from files. Users can choose appropriate
symbols to add into a 3D scene according to symbol type, spatial location, level of
danger posed, importance, etc. Marking Key Targets is shown in Fig. 5.

5.4 The Animation Deduction of Emergency Rescue Program

1. Emergency Rescue Plan of Action Choreography
The system can carry out many layout designs of emergency rescue plans in

response various relief forces, evacuation needs, procession route and speed, while
expediting the intermediate tasks that require processing content. The specific imple-
mentation steps are as follows:
Step 1. Add a point target representing all types of disaster relief efforts to map with
a symbol.
Step 2. Select “set travel speed”and set the dialog team speed.
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Fig. 5 Marking key targets

Step 3. Click “select target and route”, click on the map panel and select target. Then
use the mouse to draw target route with a line.
Step 4. After a target route has been set, a midway point can be set for an additional
course of action. Click “select the midway point”, and then click on the route to set
the midway point and input text to mark the half-way point. To avoid mistaking the
midway point as a separate route, set the midway point only to the last target.
2. Animation Deduction of Emergency Rescue Program

The animation deduction of an emergency rescue plan can be done after complet-
ing the arrangement scheme. The animation can be altered in various ways, including
moving the course of action according to the setting speed, extending the target along
the line, and extending the target route. The animation deduction effect is shown in
Fig. 6.
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Fig. 6 The animation deduction of emergency rescue program

6 Conclusions

Through design and implementation of a multidimensional earthquake marking sys-
tem by combining the GIS development platform and the 3D display software, pre-
liminary studies may be carried out concerning the effects of applying geographic
marks with 3D display technology to direct earthquake emergency rescue. This sys-
tem achieves more stable2D symbol markings by making full use of support from
ArcGIS for the secondary development, taking advantage large-scale outdoor ren-
dering of the 3D geographic scene by the OpenGL technology, and in order to reach
relatively quicker display performance within a range of hardware conditions com-
parable to what is of current use.

This study promotes the development of earthquake emergency command and
use ofmultidimensional display technology in earthquake disasters, further increases
the visibility of earthquake emergency command system, and provides an intuitive
command platform for the earthquake emergency rescue work. Adding the concepts
of themapmark andposture of the operational command to the earthquake emergency
commanding system strengthens its usefulness and improves the effectiveness of
earthquake prevention and disaster reduction.
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Collaborations Within and Across
Regions in Technology Commercialization
in China

Xiaoping Li and Qi Zhang

Abstract This study is motivated by the observation of asymmetry in studies on
collaboration, as little attention has been given to downstream joint commercial-
ization activities, such as licensing activities for both the licensee and licensor. To
address this imbalance, this paper investigates such collaboration from a regional per-
spective by identifying two types of collaboration, i.e., within and across provinces, in
technological commercialization. China’s licensing data was employed in the analy-
ses. Our results indicate that China has witnessed a dramatic growth in both types
of collaboration, particularly since 2007, and that the geographical variations among
the provinces of China engaged in these two types of collaboration has declined
in recent years. China has also experienced a dramatic structural reconstruction in
within- and cross-province collaboration. Meanwhile, it must be noted that Chinese
provinces illustrate different strengths in fostering boundary-bounded collaboration
and cross-province collaboration. Further empirical work confirmed this observa-
tion and found that provincial populations, according to their per capita GDP and the
length of the relationship, have a positive effect on these two types of collaboration.
FDI and R&D investment exert positive influences on cross-province collaboration
and within-province collaboration, respectively.

Keywords Commercialization-oriented collaboration ·Cross-border collaboration ·
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1 Introduction

There is wide recognition that technological commercialization, rather than techno-
logical generation, is the driving force for regional and national economic develop-
ment albeit technological production is the prerequisite for later commercialization
[6, 33, 41]. Technologies, which include millions of registered patents in patent
offices across the globe, are not directly linked to regional and national economic
growth or to enhancing international competency [4]. Thus, the question of how to
find, acquire, and monetize external technology has become an increasingly promi-
nent and important issue for firms, regions, and countries. Currently, we are wit-
nessing an innovation paradigm shift from closed to external collaborations in an
increasingly well-distributed knowledge landscape both within and outside a county
[17]. As Chesbrough noted, the key problem regarding innovation today is not to
store more patents on a shelf but to identify an appropriate way to commercialize the
existing technology. This author cites, for example, that in the United States, only
7% of patents were successfully commercialized.

However, in bibliometric and innovation literature, studies regarding collabora-
tions in technology commercialization are rare, though bibliometric scholars have
paid sufficient attention to the collaborations in knowledge production, which are
generally measured as co-inventions or as coauthored in publications [1, 7, 23, 29,
32, 35, 36, 43, 48]. We do not deny the important role of knowledge/technological
production, but we do emphasize in this study the collaboration involved in the
technology commercialization stage. Herein, the term commercialization-oriented
collaboration means that the technology producer and the potential technology user
collaborate to create and produce new products or advanced services [6]. Extant
innovation literature has suggested various collaborative schemes in this context,
such as technology licensing, technology buying as well as joint ventures that target
the commercialization of a particular technology [5, 27, 44, 45].

In this study, we provide information on collaboration during the technological
commercialization phase at the regional level by considering patent licensing as the
collaborative channel. Patent licensing means that the patent holder allows another
entity to make use of the patent holder’s patents under certain conditions, such as the
payment of money to compensate the patent holder for research and development
(R&D) investments needed to generate the patent [3, 34]. Patent licensing has become
an important and visible way to collaboratively commercialize external technology
[9, 15, 18, 31].

Collaboration in innovation and technology have been widely recognized as a
geographically bounded phenomenon [12, 14, 20, 24, 40]. That is, geographical
proximity enables collaborations, and the geographical distance affects the degree
of success of the collaboration. In essence, geographical distance itself neither fos-
ters nor discourages collaboration, particularly with the rapid development of trans-
portation and communication technology, but the institutional difference behind the
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geographical distance may discourage the collaboration [11]. Consistent with this
discourse, we set the research at the regional level as many scholars believe that
the region is an appropriate unit of analysis for innovation-oriented collaborations
[28, 37].

To be specific, this study uses certain provinces in China as the analysis unit to
examine the collaborative patterns and dynamic changes in technology commercial-
ization within and across provinces. Furthermore, we investigate determinants of
the likelihood of within- and cross-province collaboration. In the next section, we
introduce the methodology used in this study. In Sect. 3, we examine the patterns
and dynamics of within- and cross-province technology commercialization-oriented
collaborations. The measures and empirical models used for our analysis of the
likelihood for such collaborations in China are presented in Sect. 4. Finally, a brief
discussion of the findings drawn from this study is presented in Sect. 5.

2 Methodology

This study uses aChinese licensing dataset, a unique and valuable dataset, to illustrate
the patterns and dynamics ofwithin- and across-region collaboration in technological
commercialization and to identify the precise location of collaboration. In previous
studies, similar datasets have been employed in bibliometric and innovation man-
agement and in international business research [25, 42, 46]. The Chinese licensing
dataset is published by the Chinese authority, the State Intellectual Property Office
(SIPO), which includes all patent licensing activities in China since 2000. A record
in this dataset contains the specific identity of the licensor, licensee, licensed patents,
contracting date, and contract type (e.g., general licensing, exclusive licensing). To
the best of our knowledge, this is the most complete dataset pertaining to technol-
ogy licensing in the world. In Western countries, technology licensing is a private
business activity, and as such, it is generally not available for public access (a few
exceptional studies use data from some consulting companies [26, 27]). In China,
however, licensors are required by law to register their patent licensing activities in
the SIPO or its branches located in provinces and large cities within three months
after the signing of the licensing contracting.

Through the names of the licensors and licensees, we are further able to iden-
tify the locations of the licensing activities. In the current study, because we are
interested in the domestic collaborations in technology commercialization, licens-
ing activities involving foreign partners are excluded. We assign all relevant licens-
ing activities to their respective Chinese provinces according to the locations of
the licensor and licensee. In this way, we know the number of licensed patents that
occurredwithin (licensor and licensee co-locate in oneprovince) and across provinces
(licensor and licensee locate in different provinces) at the aggregate level. In total,
there were 72,177 patents that were licensed during the period 2000–2012. Among
those, 44,321 were licensed within the provinces, and 27,856 were licensed across
provinces, including inward and outward licensing.
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3 The Patterns of within- and Cross-region
Collaborations in China

The uniqueness of the Chinese licensing dataset provides information about the loca-
tions of each of the partners, thus allowing us to determine if the collaboration was
within or across provinces. As a result, we investigated the geographical distribu-
tions of the collaboration and the evolving process of within- and cross-province
collaborations in technology commercialization.

An overview of the distribution of licensed patents, both within- province and
cross-province, between 2000 and 2012 is presented in Table1. From Table1, it can
be noted that during the past 13years, there was a huge surge of collaborations in
technological commercialization, from the lowest in 2005 with 24 licensed patents to
the summit in 2011with 24,650.That translates to 1027 timesmore licensedpatents in
2011 than in 2005. During these six years, the annual growth rate averaged 56.55%.
However, we found that, since 2006, collaborations began to increase rapidly. In
2006, there were only 56 licensed patents, 1.19 times that of 2000. The number
jumped to 15,941 in 2012.

Whether the collaborations occurred within or across provinces is shown in
Table1, and it is also clear, based on the results depicted in the table, that both
types of collaborations experienced rapid growth, with average annual growth rates
of 52.84 and 65.06%, respectively. During the period 2007–2012, the growth was
much more evident than it was in the first 7years (2000–2007). However, from a
structural perspective, the collaborations within province have dominated the col-
laborations in the past 13years, see Fig. 1.With a few exceptions (2002, 2006, 2007),
collaborations within province exceeded those for across provinces. In recent years,

Table 1 An overview of the
distribution of licensed
patents, 2000–2012

Year Total Within Across

2000 47 37 10

2001 62 44 18

2002 93 35 58

2003 29 19 10

2004 153 125 28

2005 24 16 8

2006 56 10 46

2007 227 99 128

2008 1910 1096 814

2009 19,174 11,460 7714

2010 9811 6124 3687

2011 24,650 16,064 8586

2012 15,941 9192 6749
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Fig. 1 The structural changes of within- and cross-province collaborations

the structure has remained stable as collaborations within province have accounted
for approximately 60% of all collaborations.

Table2 exhibits the geographical variations of collaborations in terms of within-
and across provinces. It further shows that there are huge variations among provinces
regardless of whether the collaborations are within or across provinces. For instance,
in 2004, the mean for licensed patents within province was 4.17, while the standard
deviation was extremely high at 22.26, and the relevant coefficient of variation was

Table 2 Geographical variations of collaborations

Year Within Across

Mean Standard
deviation

Coefficient
of variation

Mean Standard
deviation

Coefficient
of variation

2000 1.23 3.73 3.03 0.33 0.80 2.43

2001 1.47 6.37 4.33 0.60 1.25 2.08

2002 1.17 3.00 2.56 1.93 3.30 1.71

2003 0.63 2.58 4.10 0.33 0.61 1.84

2004 4.17 22.26 5.34 0.93 1.60 1.72

2005 0.53 2.92 5.51 0.27 0.91 3.36

2006 0.33 1.16 3.50 1.53 5.45 3.56

2007 3.3 10.42 3.16 4.27 9.43 2.21

2008 36.53 90.04 2.46 27.13 42.42 1.56

2009 382 679.50 1.78 257.13 264.06 1.03

2010 204.13 441.27 2.16 122.90 132.54 1.08

2011 535.47 990.24 1.85 286.20 272.64 0.95

2012 306.40 413.84 1.35 224.97 202.39 0.90
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5.34. Similarly, in 2006, for cross-province collaborations, the mean was only 1.53,
but the standard deviation reached 5.45, and the coefficient of variation was 3.56.
However, the research indicates the variations became smaller beginning in 2006, a
decreasing trend that was continued for both types of collaborations. That suggests
that more provinces became actively involved in collaborations in technology com-
mercialization, on one hand, while on the other hand, there was a rapid growth in
collaborations among the inactive provinces in the prior period. The latter points to a
structural dynamic change for active provinces in the past 13years, more specifically,
in the past 7years.

To further illustrate the structural dynamic change we list the top five most active
provinces in the years 2000, 2003, 2006 and 2012, see Table3. As shown in Table3,
in 2000, the most active top five most active provinces regarding within province
collaborations were Shandong, Zhejiang, Beijing, Guangdong, and Hebei, while in
2006, Guangdong, Zhejiang, and Shanghai were the most active. Moving forward
to 2012, however, we find that Heilongjiang recorded the most within-province col-
laborations. Similarly, with respect to cross-province collaborations in technology
commercialization, we also observe a dynamic change in the top five most active
provinces. For example, in 2000, Beijing and Heilongjiang were the top two most
active provinces in cross-province collaborations, while in 2003, they were not even
among the top five. In 2012, Guangdong, Jiangsu, Beijing, Shanghai, and Zhejiang
rank as the top five most active provinces with respect to cross-province collabora-
tions.

Meanwhile, the cumulative proportions in Table3 show the extent of the changes
corresponding to the dynamic entity change in the collaborations. Except for 2003
and 2006, in general, both types of collaborations are relatively well-distributed. For
example, in 2000, the five top most active provinces accounted for 97 and 90% of the
within and cross-province collaborations, respectively, and they declined to 60 and
40%, respectively, in 2012. In addition, there is not always an overlap between the
top five most active provinces for the within- and cross-province collaborations. For
example, in 2012, the top most active provinces in collaborations within province
were Heilongjiang, Guangdong, Zhejiang, Jiangsu, and Hebei; however, the most
active provinces in cross-province collaborations, were Guangdong, Jiangsu, Bei-
jing, Shanghai, and Zhejiang. This suggests that a province may be good at internal
collaborations but not necessarily as strong when negotiating collaborations with
other provinces. Thus, understanding the various mechanisms that stimulate collab-
orations within and across provinces deserves more attention, a topic that will be
addressed later in the paper.
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4 Determinants of Within- and Cross-province
Collaborations

According to the findings discussed in the previous section, Chinese provinces
demonstrate various capabilities in fostering boundary-bounded collaborations and
cross-province collaborations in technological commercialization. In this section, we
conduct an investigation of the determinants of within- and cross-province collab-
orations with an aim to determining potential factors or mechanisms that influence
the possibility of collaboration occurring within and across provinces. We predict
that there are different factors that explain the likelihood of collaboration within
a province and across provinces, though we are unable to find prior studies that
conducted thorough and holistic research to guide us in identifying potential deter-
minants. Therefore, based on a careful synthesis of prior studies on regional innova-
tion systems, bibliometrics, and innovation management literature, we propose the
following factors:
1. Population in province

Previous studies have suggested that population is associated with the demand for
innovation [13]. Accordingly, population may enable or encourage the demands for
diverse technology, new products and/or updated services, thus stimulating collabo-
rations for technology commercialization within and across provinces.
2. Provincial investments in R&D

R&D investment is the most popular indicator for inquiries in innovation in extant
literature [19]. With respect to this study, strong R&D investment in a province may
indicate that a province is actively involved in innovation activities. With regard to
cross-region collaborations, a strong R&D investment may indicate a strong absorp-
tive capacity for technology from other provinces [10].
3. Per capita GDP

This is a widely used indicator to reflect the knowledge stock in a region or
country, and as a result, it has a positive influence on innovative activities including
technology generation and application [16]. Thus we propose that per capita GDP
has an effect on both within- and cross-province collaboration for technological
commercialization.
4. Foreign direct investment (FDI)

FDI has been widely used in literature to measure the openness of a region toward
participating in the global economy [38, 47]. In this study, we use FDI as an indicator
to show a province’s openness to technological collaborations. Thus, we propose that
FDI has a positive effect on cross-province collaborations in technology commer-
cialization.
5. Domestic trade

Similar to FDI, this indicator is used to measure a province’s external connections
with other provinces. A province that engages in active domestic trade may also
be willing to engage in collaboration within- and across provinces. In this study,
domestic trade is measured by the total amount of inward and outward flows of
domestic trade.
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6. Industrial output
This variable is used to measure a province’s industrial structure. A province that

has a high industrial output may have a higher demand for technology from both
within and from outside the province than provinces with lower industrial output
values.
7. Index year variables

Since 2006, the Chinese government has highlighted the strategic importance of
“indigenous innovation” (zizhuchuangxin), which puts a premium on developing a
self-sustaining innovation system by using domestic technology, indicating a new
era for innovation and technological collaboration.

Thus, we use an Index year to measure the change in external institutional devel-
opment. Before 2007 it was coded as 0, otherwise 1. Finally, due to the disparity
among Chinese provinces in economic and technological development [39], we also
controlled regional differences by using three separate indexes, one for the eastern
region, one for the middle region and one for the western region. The east region
was omitted as the reference group.

All of thesemeasures are drawn from the China Statistical Database (2000–2012),
and all the measured indicators are transferred to the value measured by 1999 prices
based on the retail price index published by the China Statistics Bureau. The FDI
is measured in US dollars. Although the transformation may not be accurate, we
believe that the data after transformation should be better than the original values
based on individual year prices. In addition, to alleviate the potential endogeneity
problem, we follow the traditional means to lag all explanatories by one year [2]. It
is noted that we do not use other methods such as SSLS, 3SLS or GMM due to the
constraint that we are not able to find an appropriate instrumental variable in this
study. In the end, to lessen the non-linear effect, all explanatory variables (except
dummies) are taken in the logarithmic form.

5 Results

The descriptive statistics and correlations between the variables are presented in
Table3. As shown in Table3, the selected explanatories have a higher correlation
with our dependent variables, indicating they might be appropriate for explaining the
variations among provinces with regard to collaborations in technology commercial-
ization. Meanwhile, we also observed that some variables are highly correlated, such
as domestic trade and FDI. The correlation is high enough to suspect that there could
be a multicollinearity problem. However, robustness tests indicate that the results are
consistent and unaffected by the correlations among the variables as the maximum
estimated variance inflation factor is 4.37, which is below the recommended level of
10 [8].

Given that both dependent variables take a count value (i.e., number of licensed
patents within and across provinces) and the data structure is strongly balanced, we
employ the generalized estimating equations (GEE) regression model, which is well
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Table 4 Descriptive statistics

Variable Mean S.D. Min Max 1 2 3 4 5 6 7

1. Within
province

113.6 407.9 0 4814

2. Across
province

71.43 163.3 0 1033 0.80

3. Population 8.13 0.77 6.23 9.26 0.19 0.19

4. FDI 6.95 1.80 1.52 10.38 0.35 0.46 0.46

5. R D 12.92 1.55 9.02 16.18 0.40 0.54 0.54 0.83

6. Domestic
trade

26.56 3.45 18.22 35.46 0.42 0.53 0.42 0.87 0.86

7. Industrial
output

7.69 1.15 4.55 10.18 0.39 0.50 0.70 0.83 0.91 0.85

8. Per capita
GDP

9.58 0.75 7.81 11.35 0.38 0.56 −0.04 0.72 0.74 0.79 0.67

Note dummy variables were not shown in this table

known in extant literature [22]. This method accounts for autocorrelation owing to
repeated yearly measurements of the same province by estimating the correlation
structure of the error terms [30]. Additionally, to account for any over dispersion in
the data, we report all results with standard errors. Table4 presents the regression
results based on the GEE method.

As we predicted, population, per capita GDP and the sample year have posi-
tive effects on within- and cross-province collaboration with respect to technology
commercialization. That is, both within- and cross-province collaborations between
innovators are more likely to occur in highly populated provinces. Likewise, the
higher the per capita GDP of a province, the greater the propensity for within- and
cross-province collaboration in joint technological commercialization. In addition,
according to the results it seems that from the beginning of 2006 Chinese provinces
started to increase their interest in increasing their collaborative efforts in technol-
ogy both within and across provinces. The collaboration is the result of a Chinese
indigenous innovation strategy supported by a web of policies including those that
promote technological collaboration among science, industry and province [21]. No
differences among China’s eastern, middle or western regions were found pertaining
to technological collaboration in our empirical studies. This finding is similar to the
regions’ domestic trade and industrial outputs.

Interestingly, it has been determined that there are different mechanisms for nur-
turing technological collaboration within and across provinces. In Table3, we can
see that FDI has a positive effect at the 1% level of significance on cross-province
collaboration rather than on within-province collaboration. That is, a province that
has more connections with foreign investors will have more collaboration with other
provinces in China. It can be concluded that the greater the economic openness for
foreigner partners is, the higher is the technology openness for domestic partners
will be. However, this effect does not account for technological collaboration within
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Table 5 Analysis results

(1) (2)

Variables Within province Across province

Constant −35.92∗∗∗(7.570) −29.74∗∗∗ (7.253)

Population 1.514∗∗(0.677) 1.464∗∗ (0.644)

FDI 0.0083 (0.151) 0.350∗∗∗ (0.110)

R&D 0.453∗ (0.261) −0.091 (0.169)

Domestic trade 0.134 (0.091) −0.104 (0.134)

Industrial output −0.112 (0.535) −0.715 (0.547)

Per capita GDP 1.515∗ (0.782) 2.583∗∗∗ (0.575)

Year dummy 3.242∗∗∗ (0.266) 3.431∗∗∗ (0.212)

West 0.181 (0.498) 0.509 (0.441)

Middle 0.112 (0.512) 0.097 (0.423)

Observations 390 390

deviance 670.6 526.7

Df 9 9

Note Standard errors in parentheses; ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1

a provinces boundary. Rather, provincial R&D investments exert a positive effect on
provincially bounded technological collaboration but not for cross-province collabo-
ration. This is in contrast to our prediction that strong R&D investment would foster
both internal and external collaboration due to the discourse of absorptive capacity
(Table5).

6 Conclusion and Discussions

Complementing the extant bibliometrics literature as well as innovationmanagement
literature, which is informed on collaboration in knowledge production activities that
are generally measured by co-patenting and/or co-authoring, this study investigated
the downstream collaboration in technological commercialization activities. Based
on a regional perspective and using a valuable dataset with information on Chinese
patent licensing activities where the licensor and the licensee collaborate to com-
mercialize existing technology, this paper specifically examined the patterns and
dynamics of collaboration within and across provinces. The results indicate that
both types of collaboration in technological commercialization have experienced
dramatic growth in the past 13 years, more particularly since 2006. Concerning the
relationship between collaboration within and across boundaries, except for a few
years, boundary-bounded collaborations dominated collaborative activities in China
as they accounted for approximately 60% of all collaborations; these statistics have
remained stable.
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Furthermore, it has been found that there are huge variations among the provinces
regarding both within- and cross-province collaborations. However, this geograph-
ical variation has significantly decreased recently due to the dramatic restructuring
of provinces that are active in this type of commercialization of technological col-
laborative activities whether they be within a province or across provinces. More
importantly, we observed that provinces are not always active in both types of col-
laboration, but rather that for most Chinese provinces, they are either active in col-
laboration within a province’s boundaries or across a province’s boundaries. Few
provinces could demonstrate strength in both internal and external collaborations
with respect to technological commercialization. This forced us to further investi-
gate factors fostering or prohibiting collaboration within and across provinces.

Based on a panel dataset of 30 provinces with over 13years of data and on the
results of the GEE regression method, we find that provincial population, per capita
GDP in the focal province, and short duration (only since 2007) has a positive effect
for within- and cross-province collaborations. While FDI and R&D investments
play different roles in promoting collaboration, the former appears to be effective
for across provinces collaborations, while the latter influences internal collabora-
tions within a province’s boundaries. Taken together, while it appears that there are
factors that effectively nurture both types of collaboration, simultaneously there are
also factors that have varying effects on fostering different types of collaboration.
Accordingly, we conclude that there are different mechanisms for promoting dif-
ferent types of collaborations when a province is seeking to commercialize existing
technology.

Our findings may suggest that the Chinese indigenous strategy appears to have
achieved great influence. For example, we observed there was a significantly large
increase before and after 2006 in terms of the absolute number of collaborations and
with respect to a declining variation of collaboration among provinces. Furthermore,
empirical results prove that these findings are significant at the 1% level. In 2006,
China issued its Long-Term Planning and Formulation of Science and Technology
proposal. The goal of this plan is for China to become an innovative country by
2020. China’s government, including all central sectors and local governments, pro-
mulgated a considerable number of policies to support this ambitious strategy. The
key issue in these policies is to shift China’s economic track from being resource
intensive and energy based to being domestic-generated and innovation based. Thus,
policies and institutions promote internal and external collaboration and technologi-
cal exchanges among sectors and provinces [21]. To link our results strictly toChina’s
indigenous innovation strategy is beyond the scope of this study, but we believe it
remains an important topic for future studies.
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Construction and Validation
of the Integration Model
of Planned Behavior Theory
and Health Belief Model

Xinyan Guo

Abstract Used the Method of questionnaire survey, mathematic statistic and
structural equation model, establish the integration model of planned behavior the-
ory and health belief model based on the 343 samples data at baseline surveys on
community-based intervention trial in Urban Resident, and validated this model
on follow-up surveys. Then, the intervention method was provided based on the
explanatory of the integrationmodel. The research results show below: (a) the influ-
ence factors of urban residents’ exercisingbehavior aremultidimensional, including9
factors: behavioral attitude, subjective norm, perceived behavioral control, perceived
susceptibility, perceived severity, perceived benefits, perceived barriers, behavioral
cues and behavioral intention. (b) An integrated model is constructed to best explain
functions of urban individuals’ physical activity and correlation factors. (c) Individ-
uals at different stages show different psychological cognitive state and behavior
intention level who confront different problems and barriers. Comparison and analy-
sis on behavior characteristics of different exercising stages at intervention group
and control group show that stage-matched intervention is economical and efficient.

Keywords Exercise behaviour ·Attitude · Belief · Cognition ·Health intervention

1 Introduction

With the development of society, people pay much more attention to living envi-
ronment, living styles and the consequent changes of morbidity and mortality rates.
Researches on health management and promotion show a close relationship between
residents’ living style and physical health. General public are aware of the hazards
that not enough or too less exercises bring about to the individual physical health.
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It is easy to take exercises but hard to persist. In Japan, less than 30% of Japanese
do frequent (usually one year or more) and regular (30min per time, twice a week)
physical exercises. A survey in Australia showed that 53% of the adults didn’t take
regular exercises with their sitting time being 4.7hours per day or more [1]. High
income countries like U.S. and U.K. showed the same results. According to the sur-
vey, in U.K., only 39% male and 29% female adults were doing exercises regularly,
moreover, the participation rate declined with the change of age, work and family
[2–4]. Domestic researches show that a lot of residents are aware of the profits of
exercises, but many of them haven’t built clear exercise consciousness and volun-
tary exercise habits, which have certain influences on the promotion of their health
quality. In fact, studies and discussions on how to encourage regular physical exer-
cises to the utmost extent has lasted dozens of years. Public medical institutions and
the world health organization have already launched public health campaigns and
taken intervention measures to deal with the problem of lacking physical exercises.
In other words, the key value that physical exercise behavior holds to the national
and public health, society and the country as well, is under estimated. Launching
campaigns only to promote the benefits of exercises to the public is not enough to
change people’s behavior in doing exercises. Therefore, challenging the public health
problem of physical exercise deficiency, designing and framing workable behavior
intervention methods are key issues to be resolved.

In order to improve the limitations of the study of existing behavior theory, many
researchers begin to find the better way, for example to explore the possibilities of
various combination of theory and the integration of various theories to construct
the more comprehensive theory system, such as scholar Poss [5] had proposed a
comprehensive application of the health belief model and the theory of reasoned
action interpretation of tuberculosis screening behavior, and this kind of practice in
the research of physical exercise behavior is also began to try [6, 7].

Theory of Planned Behavior is generated in Ajzen [8] was revised based on the
Theory of Reasoned Action. Based on the internal mechanism of this theory, the
behavior attitude, subjective norm, and behavioral control has the function of pre-
dicting the behavior intention,while at the same time, behavior intention and behavior
control and the occurrence directly affect the behavior. The health belief model was
born in twentieth Century 50 times, is first used in a theoretical model to explain and
predict individual health behavior, the model proposed by Rosenstock and by Becker
andMaiman [9] to be revised. This theory interprets and explains the health behavior
change from the angle of psychology, emphasizes the use of individual beliefs and
attitudes to explain and predict various health behavior, the core part includes four
closely related beliefs and behavior change: disease perceived susceptibility, disease
perceived severity, perceived benefits and perceived barriers, in addition to besides,
the model also takes into account the lead up to the final impetus to change the
behavior of the individual, namely “behavioral cues”. Because perceived benefits in
health belief theory and the behavior faith in theory of planned behavior have simi-
larity, and the concept of self-efficacy and sense of control is the cross concept, two
theoretical models have cross on theory, so two kinds of models are combined used,
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from the comprehensive discussion of individualmotivation and social psychological
perspective of individual sports fitness behavior.

A few researchers conducted a preliminary integration of the two kinds of theory,
but there is no related research to study the behavior of physical exercise, especially
in the exercise behavior of follow-up survey. Therefore, in this study, the theory of
planned behavior and health belief theory were integrated, and to verify and modify
the integrated model on the basis of survey data.

2 Methods

1. Participants
Participants were four hundred and fifty urban residents who were randomly

selected from the north and south in China. Participants who did not complete data
were excluded, so there are 343 samples at baseline, the people completed a self-
administered questionnaire during specially arranged times in groups of 20–50 as
part of a research participation requirement. The samples were randomly divided into
two groups: the intervention group and the control group, the intervention group 165,
178 in the control group (two subject’s differences in exercise behavior results and
behavior characteristic variables were not statistically significant, P < 0.05). Adults
aged 18 or older, and the mean age of the sample was 42.5 years (SD = 3.2), 52.9%
were female. Their occupations are full-timeworkers 51.2%, part-timeworker 9.7%,
retired persons 10.1%, housewives 13.8%, students 4.7%, and others 10.5%.
2. Instruments

Relative documentations on current physical exercise and behavior intervention
are summarized and reviewed to find defects and flaws in the previous studies.
Research scales are designed to define conceptual model and theoretical hypoth-
esis. The baseline test was in progress in 2014 March, after six months of behavior
intervention, the tracking test was constructed in 2014 September, and all tests were
completed to 2014 October.

A self-designed questionnaire was formed on the combination of the theory of
planned behavior and health belief model, the questionnaire contain 4 items of per-
sonal basic information (including gender, age, occupation, education etc.), perceived
susceptibility, perceived severity, perceived barriers, perceived benefits, behavioral
cues, behavioral attitude, subjective norm, perceived behavioral control, behavioral
intention and behavior, a total of 33 items. Scale by Li Kete five point scale scor-
ing methods: among them, perceived barriers project assigned the remaining items
reverse, positive score, namely “strongly disagree” for 1 points, “disagree” for 2
points, “not sure” for 3 points, “agreed” for 4 points, “strongly agree” for 5 points.
3. Development and Test of Scale

First of all, amount the sum score of the subjects according to the sequence from
low to high, before scoring 27% as high achievers, after scoring 27% for the low
group, differences in each item on the two group analysis by independent sample
t test, and adjust and modify the scale based on the t test results which did not reach
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Table 1 Each item discrimination test table of the exercise behavior integration scale

Item T P Item T P Item T P

q1 −11.058 0.000∗∗ q12 −7.021 0.000∗∗ q23 −4.256 0.000∗∗

q2 −7.802 0.000∗∗ q13 −4.974 0.000∗∗ q24 −8.260 0.000∗∗

q3 −6.151 0.000∗∗ q14 −4.455 0.000∗∗ q25 −11.352 0.000∗∗

q4 −6.668 0.000∗∗ q15 −9.477 0.000∗∗ q26 −8.613 0.000∗∗

q5 −5.598 0.000∗∗ q16 −4.151 0.000∗∗ q27 −6.101 0.000∗∗

q6 −4.460 0.000∗∗ q17 −4.375 0.000∗∗ q28 −9.921 0.000∗∗

q7 −4.705 0.000∗∗ q18 −5.761 0.000∗∗ q29 −3.099 0.002∗∗

q8 −9.695 0.000∗∗ q19 −7.635 0.000∗∗ q30 −5.133 0.000∗∗

q9 −11.933 0.000∗∗ q20 −7.738 0.000∗∗ q31 −5.210 0.000∗∗

q10 −3.331 0.002∗∗ q21 −9.124 0.000∗∗ q32 −3.310 0.002∗∗

q11 −5.480 0.000∗∗ q22 −3.333 0.002∗∗ q33 −9.125 0.000∗∗
∗the difference is significant at 0.05 level. ∗∗ the difference is significant at 0.01 level

the significant level (P > 0.05) [10], to modify the scale two times based on the
results of analysis, and the terms of measurement tools with good discrimination can
identify different behavior characteristics of sports fitness’ (as shown by Table1).

At the same time, use the factor analysis method to test the structure validity
of the scale, and to test internal reliability using Cronbach alpha coefficient. The
results showed in Table2. Part of the investigation object in Chengdu City Com-
munity (36 residents) was re-test, to verify the external reliability of research scale,
time interval of 4 weeks, using the same scale to test. The result show that Pearson
correlation coefficient of the scale was 0.89 (P < 0.01). The research results show
that, the scale has good validity and reliability.
4. Data Analysis

First of all, using baseline data to construct integrated model then explore the
relationship between each variable using the tracking data after the intervention.

Table 2 Analysis results of reliability and validity of the scale

Component Number of items Cronbach alpha Cumulative of
variance (%)

Behavioral attitude (BA) 3 0.859 13.970

Behavioral cues (BC) 8 0.811 11.991

Perceived benefits (PBE) 5 0.883 9.159

Perceived severity (PSE) 3 0.782 6.407

Perceived barriers (PBA) 4 0.890 6.125

Subjective norm (SN) 2 0.761 5.348

Perceived susceptibility (PSU) 2 0.762 5.123

Perceived behavioral control (PBC) 2 0.795 4.912

Behavioral intention (BI) 2 0.816 4.774

Behavior 2 0.830 3.940

Total 33 0.865 71.749
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The Epi-Data software to establish database, and application of Check module for
detecting logic error, at the same time, using the regression analysis method to elim-
inate the influence of gender, age, education level, occupation and other individual
factors on the variable, use AMOS 7.0 software to build a structure model of path
analysis, and the model was tested and modified.

3 Model Construction

3.1 Establishment of Initial Model

The basic model was constructed based on the baseline data, among them, per-
ceived susceptibility, perceived severity have the impact on behavioral benefits and
behavioral attitude; perceived susceptibility, perceived severity, perceived benefits

Fig. 1 The integrated theory hypothesis model of behaviour of urban residents ai (i = 1, 2, . . . ,33)
for the observed variables for each latent variable in the graph, ei (i = 1, 2, . . . , 33) as the residuals
of the observed variables
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Table 3 Each path coefficient estimation results of the integrated model

Nun standardized path
coefficient estimation

P Standardized path
coefficient estimation

PBE<—PSU 0.196 *** 0.189

PBE<—PSE 0.179 *** 0.162

BA<—PSU 0.187 *** 0.171

BA<—-PSE 0.180 *** 0.165

BA<—PBE 0.259 *** 0.245

BA<—PBA 0.206 *** 0.183

BI<—BA 0.264 *** 0.260

BI<—SN 0.179 *** 0.162

BI<—PBC 0.333 *** 0.301

Behaviour<—BC 0.207 *** 0.184

Behaviour<—PBA 0.192 *** 0.180

Behaviour<—PBE 0.230 *** 0.196

Behaviour<—BI 0.346 *** 0.317

Behaviour<—PBC 0.262 *** 0.223

and perceived barriers have the impact on behavioral attitude; behavioral attitude,
subjective norm and perceived behavioral control have the impact on behavioral
intention; behavioral intention, perceived benefits, perceived barriers and behavioral
cues have the impact on behavior. The initial model was showed in Fig. 1.

The model fitting effect display that the results of significance test parameters
significantly (specific data as shown in Table3), but χ2/d f = 3.256, GFI = 0.865,
RMR = 0.05, NFI = 0.91, It said that it is the general effect about basic model
fitting, we should give further verification and correction.

3.2 The Verification of the Model

Two models were constructed in the intervention group and control group using
tracking data, and based on the model test index feedback adjustment and test of the
model (Fig. 2), the results showed a good fitting effect. The total effect of external
variable impacted on inner variable in Table4.

The model considers the direct effect of external variable on inner variables and
the total effect, perceived subjective control and behavior intention are important
factors to influence behavior, perceived benefits on action role to behavior is mainly
manifested in the direct effect in the intervention group. On the contrary, there is
indirect effect through perceived barriers in the control group.
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Fig. 2 The adjusted model of behaviour of urban residents ai (i = 1, 2, . . . , 33) for the observed
variables for each latent variable in the graph, ei (i = 1, 2, . . . , 33) as the residuals of the observed
variables

Table 4 The total effect between model variables (tracking data)

PBE PBA BA BI Behaviour

Control
group

PSU 0.180 0.047 0.214 0.055 0.021

PSE 0.173 0.045 0.217 0.055 0.021

PBE – 0.260 0.058 0.015 0.050

PBA – – 0.222 0.056 0.192

BA – – – 0.255 0.056

PBC – – – 0.301 0.598

SN – – – 0.162 0.035

BI – – – – 0.219

BC – – – – 0.079

(continued)
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Table 4 (continued)

PBE BA PBC BI Behaviour

Intervention
group

PSU 0.188 0.224 0.153 0.098 0.112

PSE 0.169 0.187 0.127 0.082 0.099

PBE – 0.264 0.180 0.116 0.269

BA – – 0.681 0.439 0.383

PBC – – – 0.244 0.468

SN – – – 0.158 0.024

BI – – – – 0.151

BC – – – – 0.076

PBA – – – – 0.063

4 Conclusion

The influence factors of urban residents’ exercising behavior are multidimensional,
including 9 factors: behavioral attitude, subjective norm, perceived behavioral con-
trol, perceived susceptibility, perceived severity, perceived benefits, perceived barri-
ers, behavioral cues and behavioral intention. Perceived susceptibility and perceived
severity of physical exercise have effects on perceived benefits and behavior attitude:
perceived susceptibility, perceived severity, behavior barriers and perceived benefits
have a positive impact on behavior attitude; perceived benefits have a negative role
in behavior barriers but positive in behavior attitude; behavior attitude, subjective
norm and perceived behavioral control function positively to behavior intention and
behavior attitude does positive role to perceived behavioral control at the same time;
behavior intention, perceived behavioral control, perceived benefits, barriers and cues
exerts positive effects on behavior itself.

Based on the survey results, in the baseline data, the majority of urban residents
are aware of the benefits from physical exercise, but they are not necessarily involved
in the fitness. In other words, the promoting effect which perceived benefits impacted
on behavior intention is still to be strengthened. For there are more worried about,
such as ways of physical exercises and strength, physical training environment, time
cost, etc. In addition, although the residents hold a positive attitude for physical
exercise benefits, but due to the limited understanding of their own physical condition
and the relevant authority on argument, there is no clear subjective feeling for the
contrast effect not to participate in fitness activities, and actively participate in fitness
activities. But the intervention group was improved in these aspects.

Previous similar research, such as a few researchers began to try to combine two
or three kinds of theory to construct a comprehensive theory of exercise behavior,
and carry out some preliminary empirical. Jackson and Aike [7] and Courneya and
Bobick [6] in the study of exercise behavior change, assuming that form 10 cognitive
process exercise behavior of college students will have an impact on the behavior of
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change, in this process, the components in the theory of planned behavior (behavior
attitude, subjective norm, perceived subjective control and behavior intention) will
play the role of regulating the intermediary. But more and more researchers have
realized that the limitation of existing theories in exercise behavior today, to explore
the possibility ofmultiple theories combinedwith the integration of core components
and various theoretical construct more comprehensive theory system has gradually
become the new trend of the future development of theories of exercise behavior.
The research on the construction of the theory of planned behavior and health belief
model integration model also has some attempts in other behavioral studies, but the
differences between the different behaviors greatly, influence factors of the intensity
of the effects are not the same.

The validation study was constructed by baseline data and tracing data, integrated
model can explain the individual to participate in exercise behavior and the effect
of the related factors. The integrated model points out the importance of health
intervention for residents’ exercise behavior. From innovation diffusion perspective,
exercise behavior belongs to preventive innovation, perceived benefits are important
factors to help overcome perceived barriers and promote behavior occurrence, in the
previous related research, also verify the correlation both [11]. Therefore, should
give publicity and introduce the lack of sports and physical exercise and the hidden
trouble of “subhealth” relationship to the residents, appropriate fitness guidance at the
same time, in order to eliminate the concerns of residents physical exercise behavior,
improve the subjective sense of control and promote exercise behavior. In addition,
except by increasing the degree of understanding of exercise behavior knowledge,
also can be increased through behavioral cues to enhance the behavior identity so as
to promote the behavior, such as, the doctor’s advice, friends or family experience.
At the same time, behavioral cues itself also has a positive role in promoting the
behavior.
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Study on Owner’s Incentives to Supervisor
Under a Ternary Structure

Lei Zhao and Sheng Zhong

Abstract In order to resolve owner’s insufficient incentives to supervisor arising out
of information asymmetry, this paper adopts principal-agent theory and constructs a
ternary structure consisting of owner, contractor, and supervisor. On the condition of
information verifiability and partial information verifiability, two owner-supervisor
moral hazard models under the influence of contractor are constructed respectively
to facilitate quantitative study on project management. Results show in the bill of
quotation mode, partial verifiable information can make the owner grant more incen-
tives to the supervisor and that the working capability of the contractor can exert
positive influences on these incentives while the capability of the supervisor would
negatively affect incentives.

Keywords Ternary structure · Owner · Supervisor · Moral hazard · Incentives

1 Introduction

As the pillar industry of the national economy, construction industry has become
increasingly prominent in terms of status and function [17]. The soaring growth of
China’s urbanization indicates that a broader market for the construction industry is
about to come. Considering its prominence in national economy, the sound devel-
opment of the construction industry is of great significance. However, currently it is
still troubled by problems, such as disordered management system, payment default,
low profit for contracting companies, weak corporate competitiveness, and poor con-
struction quality.
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In order to prevent the occurrence of the previous mentioned vicious incidents and
ensure the sound development of the construction industry, China has been trying
to learn from western countries and has formulated a set of policies and measures
accordingly. Since the adoption of the supervision system in 1988, the construc-
tion industry has made continuous improvements in law, regulation, and structure.
Now four basic systems have taken shape in China’s project management industry:
project legal person system, bidding system, project supervision system, and contract
management system. Correspondingly, the construction market has converted from
the previous dual structure to a ternary structure: owner, contractor,and supervisor
[15]. It has been proven that these systems are playing vital roles in ensuring project
quality and schedule as well as in improving construction performance.

However, engineering project management still faces many challenges in China.
For example, information asymmetry in project construction between owner and
contractor could lead to typical moral hazards as it is a prevalent act for contractors
to conceal their effort information. In practice, contractor can not only conceal its
effort information but also can hold back the project quality as private information
due to owner’s non-professional background (here project quality can be broadly
defined as the final outcome of project construction, such as project quality, project
deadline, project cost, and project safety). In order to effectively obtain information
about project quality, an owner needs to engage a supervisor in project construction,
who can get relevant information in a more effective way in virtue of its professional
background. As contractor differs from supervisor in nature, an owner would adopt
different incentive approaches for them.

Studies on owner’s incentives to contractors are plentiful, with some from the
empirical perspective [3, 14] and others from the perspective of risk [2, 8]. Inmethod-
ology, most studies are carried out under the framework of one principal and one
agent while major theories used include game theory [11, 16] and incentive theory
[5, 19]. In these researches, comparative studies are made under the framework of
one-to-one gaming in both complete information situation and asymmetrical infor-
mation situation. In addition, a few studies considered owner, contractor, and super-
visor at the same time and set up a ternary structure [7]. But these studies only
adopted a simple matrix gaming model, ignoring information asymmetry.

On the other hand, the uncertainty of project construction would bring an incon-
clusive result to project quality even if the contractor makes great efforts. Similarly,
it would also be dubious for the owner to get correct information of project quality,
however hard the owner tries. These uncertainties make project quality into par-
tially verifiable information. In this instance, what changes would occur in owner’s
incentives to contractors and supervisor?

Partially verifiable information was firstly proposed by Grossman [6]. He thinks
chances are that true quality might not be revealed when a product is being exam-
ined. Information like product quality which possibly can be verified is then termed
as partially verifiable information. Green & Laffont [10] holds that in a traditional
principal-agent model with adverse selection, the agent always makes choices in
accordancewith the contract designedby the principal andnever lies.However, some-
times agents lie and the literature presents the Stackelberg model for the situation
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where the agent possibly lies to some extent and the principal conducts auditing
based on probability. In that literature, partially verifiable information denotes agent
information that the principal tries to verify based on probability. Most scholars
[1, 4, 9] adhere to the definition of partially verifiable information by Green & Laf-
font, and some studies [12, 18] also try to discuss partially verifiable information in
moral hazard model.

On the condition of partial verifiability, literatures [13] mainly discussed owner’s
incentive to contractor in the ternary structure of owner-contractor-supervisor. This
paper, in contrast, is mainly concerned with owner’s incentive to supervisor in such
a ternary structure. First of all, a moral hazard model on the condition of verifiable
information is established as the basis, and then a more practical moral hazard model
on the condition of partial verifiability is set up. After calculation and comparison
between these two conditions, this paper presents the changes to the optimal payment
in these two scenarios and analyzes how different conditions could influence the
optimal payment.

2 Assumptions

On the premise that the contract amount for a bid has been decided [13], this paper
considers a principal-agent model composed by an owner and a supervisor who can
choose his effort level. In this model, the owner serves as the principal while the
supervisor serves as the agent.

Gaming sequences for owner and supervisor is as follows:

(1) The owner provides the contract;
(2) The supervisor dejects or accepts the contract;
(3) The supervisor decides to make efforts or not;
(4) The supervisor starts to work;
(5) The supervisor sends reports to the owner;
(6) The contract is implemented.

Assumption 1: As a principle the owner’s risks are neutral, while as the agent the
contractor needs to avoid risks. The meaningful effort of the agent has two possible
values, which can be standardized into zero effort level and positive effort level.

Assumption 2: Contractor’s construction process entails random factors, and the
effort levelwould influence project quality.Only two options are available for random
quality level: high quality and low quality. If the contractor makes efforts, there is
probability that high quality may be achieved, that is pr(q = q|e1 = 1) ≥ 1/2.
Such a probability in effect reflects the working capability of the contractor. If the
contractor doesn’t make any efforts, it is definitely sure that the project would be of
low quality, that is pr(q = q|e1 = 0) = 0, pr(q = q|e1 = 0) = 1.

Assumption 3: Randomness also exists in supervisor’s monitoring process, and
his effort level would affect the accuracy of the report. In the report project quality is
either high or low. If the project is of low quality and the supervisor makes strenuous
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efforts, the low quality would be observed at a certain probability. Correspondingly,
low project quality would be reflected in the report, that is pr(s = s|e1 = 1, q =
q) ≥ 1/2. Such a probability can also be viewed as a reflection of the supervisor’s
working capability. To facilitate the study,we simplify the variables.When the project
is of high quality, a hard-working supervisor is not able to find any quality problems,
so he would definitely submit a report to demonstrate the high quality of the project,
that is pr(s = s|e2 = 1, q = q) = 1. In contrast, when the supervisor doesn’t make
any effort, he would submit a report of high project quality for the sake of liability
exemption regardless of the project’s real quality, then pr(s = s|e2 = 0, q = q) =
pr(s = s|e2 = 0, q = q) = 1.

Assumption 4: An owner would make payment to his contractor in terms of the
contract and the report submitted by the supervisor. Specially, if the report from the
supervisor shows that the project is of high quality, then the contractor would get
the high transfer payment as stated in the contract; otherwise, the contractor would
be properly punished and get the low transfer payment as set in the contract. The
contractor can choose to appeal after knowing the report result submitted to the owner
by the contractor. At that time, we suppose that the owner could bring in an external
indifferent institution to fully justify the properness of the supervisor’s report. If the
supervisor submits a false report, then it would be fined to prevent the occurrence of
situations where the supervisor maliciously submits reports stating the project’s low
quality in order to get incentives.

3 Model

Discussions will be carried out in two different sections. The first scenario, which is
based on the condition of verifiable information, is a standard moral hazard model;
while the second includes analysis on the condition of partial verifiable information.
In comparison with the first model, here the influence of contractor’s capability on
the revenue and utility of the owner and the supervisor is taken into consideration.

3.1 The Model with Verifiable Project Quality

As incentives make it an inevitable choice for the supervisor to make efforts in his
work, the owner’s revenue would be discussed in two scenarios below.

(1) If the contractor completes the project at high quality, then the supervisor would
surely observe the real state of the project quality and submit a report s̄. In this
case, the owner’s revenue is Q̄ and the payment to the supervisor is t̄ .

(2) If the contractor doesn’t complete the project at high quality, then the supervisor
would surely observe the real state of the project quality and submit a report s.
In this case, the owner’s revenue is Q and the payment to the supervisor is t .
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Probabilities for each scenario are π1 and 1 − π1 respectively.
Therefore, the final revenue of the owner is: V = π1(Q̄ − t) + (1 − π1)(−t̄).
Similarly, supervisor’s revenue would also be discussed in two scenarios, and the

final revenue when the supervisor makes efforts is: U = π1t + (1 − π1)t̄ − ϕ2.

The following plan is established:

max
{(t̄,t)}

π1(Q̄ − t) + (1 − π1)(Q − t̄)

s.t. π1 + (1 − π1)t̄ − ϕ2 ≥ 0, (1)

π1t + (1 − π1)t̄ − ϕ2 ≥ t, (2)

t ≥ ϕ2. (3)

Equation (1) is participation constraint, and it is possible for the supervisor to
accept the owner’s contract only when the supervisor’s expected revenue is larger
than 0 after his efforts; Eq. (2) is incentive constraint, and the fact that more efforts
would result in more effectiveness would elicit more efforts out of the supervisor.
Equation (3) is limited liability constraint.

It is easy to see that due to Eq. (3), when Eq. (2) is satisfied, Eq. (1) must be
satisfied. So the participation constraint doesn’t work.

Let λ1 and λ2 be the Lagrangian multipliers in Eq. (2) and Eq. (3) respectively.
After t̄ and t are optimized, we can get the following first order condition:

−(1 − π1) + λ2(1 − π1) = 0, (4)

−π1 − λ1(1 − π1) + λ2 = 0. (5)

It can be get: λ1 = λ2 = 1.
Therefore, the corresponding constraint Eq. (2) and Eq. (3) are both compact. We

can calculate the values of t̄1 and t1 through the compactness of these tow formulas:

t1 = ϕ2

1 − π1
+ ϕ2, t1 = ϕ2. (6)

The superscript 1 indicates the optimal result in plan P3.1 and the same below.
At this time, the owner’s expected utility is:

V 1 = π1 Q̄ + (1 − π1)Q − 2ϕ2. (7)

3.2 The Model with Partially Verifiable Project Quality

In this case, the owner cannot get a global picture of the project quality by the
observation of the supervisor, and the supervisor can only observe some quality
information at certain probability.
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In this case, neither the supervisor’s efforts can be directly observed by the owner
and the supervisor, nor can the supervisor be forced to make efforts. Nevertheless,
the owner could make the supervisor contribute his efforts by offering incentives. As
the incentives make it an inevitable choice for the supervisor to make efforts in his
work, the owner’s revenue would be discussed in three scenarios. Probabilities for
each scenario are π1, (1 − π1)π2 and (1 − π1)(1 − π2) respectively.

Therefore, the final revenue of the owner is: V = π1(Q̄ − t) + (1 − π1)π2(Q −
t̄) + (1 − π1)(1 − π2)(Q − t).

Similarly, the supervisor’s revenue would also be discussed in three scenarios, and
the final revenue when the supervisor makes efforts is: U1 = π1t + (1 − π1)π2 t̄ +
(1 − π1)(1 − π2) − ϕ2.

The following plan is established:

max
{(t̄,t)}

π1(Q̄ − t) + (1 − π1)π2(Q − t̄) + (1 − π1)(1 − π2)(Q − t)

s.t. π1t + (1 − π1)π2 t̄ + (1 − π1)(1 − π2)t − ϕ2 ≥ t, (8)

π1t + (1 − π1)π2 t̄ + (1 − π1)(1 − π2)t − ϕ2 ≥ 0, (9)

t ≥ ϕ2. (10)

Equation (9) is participation constraint, and it is possible for the supervisor to
accept the owner’s contract only when the supervisor’s expected revenue is larger
than 0 after his efforts; Eq. (8) is incentive constraint, and the fact that more efforts
would result in more effectiveness would elicit more efforts out of the supervisor.
Equation (10) is limited liability constraint.

It is easy to see that due to Eq. (10), when Eq. (8) is satisfied, Eq. (9) must be
satisfied. So the participation constraint doesn’t work.

Let μ1 and μ2 be the Lagrangian multipliers in Eqs. (8) and (10) respectively.
After t and t are optimized, we can get the following first order condition:

− (1 − π1)π2 + μ1(1 − π1)π2 = 0, (11)

− [1 − (1 − π1)π2] − μ1(1 − π1)π2 + μ2 = 0. (12)

It can be get: μ1 = μ2 = 1.
Therefore, the corresponding constraint Eqs. (8) and (1) are both compact. We

can calculate the values of t̄2 and t2 through the compactness of these tow formulas:

t̄2 = ϕ2

(1 − π1)π2
+ ϕ2, t2 = ϕ2. (13)

The superscript 2 indicates the optimal result in plan P3.2 and the same below. At
this time, the owner’s utility is: V 2 = π1 Q̄ + (1 − π1) − 2ϕ2.
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4 Model Analysis and Comparison

Firstly, it can be observed from the model of verifiable information that the owner
will make his transfer payment decisions according to the project quality report
submitted by the supervisor as the effort level of the supervisor is invisible to the
owner. At this time, the constraint of limited liability would exclude the possibility
for the owner to punish the supervisor. Hence the only solution to simulate the
supervisor is to improve incentives. Observation into Eq. (7) reveals that compared
with the complete information scenario, supervisor would rake in more profits in
cases of informational asymmetry. As a result, the owner would lower his revenue
expectation and the information rent paid by the owner to the supervisor to remedy
the informational asymmetry is ϕ2.

Proposition 1 On the condition of verifiable information, the supervisor will not
obtain the complete security that he would usually get when complete information is
available. As the owner can’t punish the supervisor, in order to motivate him more
incentives would be granted when the supervisor reports low project quality. The
incentives would be ϕ2

1−π1
. The owner lowers his revenue expectation because of

these incentives.

By comparing the models on verifiable conditions and partially verifiable condi-
tions, we can find that the supervisor would get the same basic transfer payments
(low transfer payments)łthe supervisor’s effort costłon these two conditions due to
the protection of limited liability. It can be sensed from Eqs. (6) and (13) that par-
tially verifiable information would render it less likely for the supervisor to find low
project quality and thus report it to the owner. To keep the incentive level intact, the
supervisor would get more incentives on this condition. From Eqs. (7) and (6) it can
be found that the final revenue expectations for the owner and the supervisor are the
same as the expectations when information is verifiable, that is V 1 = V 2.

Proposition 2 On both verifiable and partially verifiable conditions, when the
supervisor reports high project quality, the owner would grant him the same transfer
payment ϕ2; however, when he reports low project quality, he would be granted more
incentives from the owner on partially verifiable conditions with the incentive value
at ϕ2

(1−π1)π2
. As the supervisor is risk-neutral, revenue expectations for the supervisor

and the owner won’t change on these two conditions.

On the condition of partial verifiability, it is evident from Eq. (13) that larger π1
value would incur greater incentives for supervisor’s reporting low project quality;
and largerπ2 valuemeans less incentives for the supervisor. In fact, partially verifiable
conditions in this model would turn into verifiable conditions when π1 = 1.

Proposition 3 Incentives for the supervisor for reporting low project quality are
negatively correlated to the supervisor’s working capability and positively correlated
to the contractor’s working capability.
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This conclusion also conforms to the truth. The lower the supervisor’s working
capability or the higher the contractor’s working capability, the less likely it is for the
supervisor to detect low project quality. To stimulate the supervisor to work harder,
the owner needs to increase its incentives. However, as the supervisor is risk-neutral,
the increased incentives wouldn’t lift the owner’s costs.

5 Conclusion

In this paper, a principal-agent relation between owner and supervisor is discussed,
in which the contractor’s influence is considered. Through the construction of rel-
evant moral hazard models, an analysis regarding the choice of optimal incentive
strategy for the supervisor is presented on the conditions of verifiable information
and partially verifiable information respectively, and then comparative studies on the
optimal results on these two conditions are carried out. The emergence of supervisor
may make a project’s quality information no longer totally verifiable. Randomness
increases in the supervisor’s correct acquisition of project quality information would
make it a necessity to grant more incentives to the supervisor. In addition, the respec-
tive working capability of the contractor and the supervisor can exert positive and
negative influences on these incentives. Unlike what has been mentioned in literature
[13], the growth in incentives will not affect the revenue expectations of the owner
and the supervisor due to the supervisor’s risk-neutral nature. Such results can serve
as theoretical guide to studies on owner’s incentives to the supervisor.
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An Optimal Control Model for Biogas
Investment Problem Under Fuzzy
Environment

Yanfei Deng

Abstract To improve the biogas energy development structure, this paper studies
themulti objective dynamic programming in its investment system. Limited resource
has bandaged the ideal of investors. Variety of stages in the systems and in object
function us state diversion, stage decision and overall decision constitute optimiza-
tion problem. This paper applied multi-objects fuzzy optimization dynamic-state
scheme model to establish the math-model of having disagreement of amount, and
the resource allocation problem not only having quantum object but also having qual-
itative object. The decision makers need to make a decision assigning the different
area condition and resource to invest different scales of biogas projects under explor-
ing constraint. Due to the lack of historical data, some coefficients are considered as
fuzzy numbers according to experts advices. Therefore, a multi-objective dynamic
optimization model with possibilities constraints under the fuzzy environment is
developed to control the pollution and realize the economic growth. Finally, a prac-
tical case is proposed to show the efficiency of the proposed model and algorithm.
A bi-level biogas investment planning multiple objective multistage programming
model is constructed.

Keywords Fuzzyoptimization ·Dynamic programming ·Uncertain programming ·
Biogas investment

1 Background

The use of biogas for energy production has progressively increased in recent years,
due to an increasing interest both in agricultural and energy policies ofmany industri-
alized countries [5]. The energy project planning problem has long been recognized
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as a critical optimization problem. In this study, a optimal programming model with
fuzzy random variables is developed for tackling a regional biogas project invest-
ment problem to achieve energy efficiency gains and improve the quality of the
environment worldwide.

In energy, as in other economic fields in China, this is one of the controversies
between the local and central governments, which makes it difficult to implement
economic reforms [3, 4, 8]. Thus, a bi-level optimal control model to biogas invest-
ment problem has been built in this paper.

The bi-level programming model takes the optimal total benefit of the society and
the optimal economic benefit of each subarea as the upper and lower targets, respec-
tively [7]. In contrast to previous studies, the balance of the satisfactory degree
between the upper and lower decision makers is considered in the bi-level optimiza-
tion for ensuring the equity of the biogas project investment allocation [1, 2, 6].

2 Assumptions and Notations

Before developing the optimization model, some assumptions should be introduced.
Full benefits represent the economic benefits of new projects and renovation projects.
Non-full benefits represent the economic benefits of the old projects without reno-
vation.

The national funding amount is different for full benefits project and non-full ben-
efits project; Since the government endows the different subsidies to biogas projects,
we assume that every project has its own tax rate and the tax is in proportion to
the turnover of all the products; The raw materials described in this paper are also
assumed to be co-digested in order to obtain the pre-set biogas yield or to fulfill the
conditions set by the design of the system.

The following symbols are used in the paper.
Indices

i : Index of biogas project type, where i = 1, 2, . . . , N ;
j : Index of region, where j = 1, 2, . . . , M ;
k : Index of stages for the biogas investment planning and Management, where j

= 1, 2, . . . , T ;

Certain parameters

M(t) : The investments from the central government in stage t ;
Ei j (t) : The input-output ratio of i biogas project at j region in stage t ;
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Imin
j (t), Imax

j (t) : Minimal andmaximal satisfaction limitations of the investments

of region j in stage t ;
A0, AT +1 : Initial and terminal available investment of biogas project for

the central government at the beginning and at the end of the
decision making stages;

s0i j , sT +1
i j : Initial and terminal the capacity scale of i biogas project in

region j at the beginning and end of the decisionmaking stages;
Ci j : The cost of each unit biogas project capacity of i biogas project

at j region;
Ni j (t) : Capacity of each unit investment of i biogas project at j region

in stage t ;

Wi j (t) : The scrapped project of ip biogas project at j region in stage t ;
δ : The discount rate of investments for biogas project;
ϕi : The ideal proportion of the biogas project structural for i biogas project

Decision and State variables

y j (t) : The total investment of biogas project at j region in stage t , determined
by the upper level decision maker;

xi j (t) : The regional investment of i biogas project at j region in stage t , determined
by the lower level decision maker;

A(t) : Available investment of biogas project for the central government in stage t ;
Si j (t) : The capacity scale of i biogas project at j region in t period

2.1 Model Formulation

The entire model is composed of the lower and upper level objectives, constraints,
and state transit equations.
1. Decision Making Level for the Regional Manager of the Subarea.

When the mathematical description for the lower level is obtained, it is easier to
determine the mathematical description for the upper level [7].

Regional economic benefit: Biogas from AD will not only improve the energy
balance of a country but also make an important contribution to the preservation of
the natural resources and to environmental protection. The production and utilization
of biogas fromAD has the potential to comply with all three targets at the same time.
The ultimate goal of the government is to maximize the total economic benefit of the
three projects in a whole period. The total economic benefit is calculated as the sum
of full benefits and non-full benefits. Full benefits represent the economic benefits
of new projects and renovation projects. Non-full benefits represent the economic
benefits of the old projects without renovation. The farmers get also a new and
important social function as energy providers and waste treatment operators. Thus
the regional economic utility function can be expressed as:
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RE(xi j (t)) =
N∑

i=1

T∑

t=1

[Ei j (t) × xi j (t) × (1 − δ)t − Si j (t) × Ci j ]. (1)

The regional manager also wants to maximize each subarea’s economic utility as
shown below:

max
x

{RE(xi j (t))}. (2)

State transit of capacity scale: Based on the above statement, the origin and
distribution of constructive capital are the motivation for the state transition of biogas
system for different scales projects.

The origin of constructive capital consists of two parts: capital of state support
and the income of projects in k −1 year. While treating agricultural waste, produced
biogas can be used for household cooking, heating and warming, food and fruit
preservation for small rural biogas digesters. The distribution of constructive capital
including two parts: construction cost of the new biogas project and maintenance
cost of the renovation biogas project. Each state can transfer to the neighboring state
through the occurrence of arrival event or service event. The above state transition
has two characteristics: (1) the one is that each state may be transferred to the rest
either state; (2) the other is the number of all possible states is finite. So then the state
transit equation for the lower level is:

Si j (t + 1) = Si j (t) + Ni j (t) × xi j (t) × (1 − δ)t − Wi j (t). (3)

Initial and terminal conditions of capacity scale: The initial and terminal condi-
tions describe the capacity scale level at the beginning and at the end of the whole
decision making procedure:

Si j (1) = s0i j and Si j (T + 1) � sT +1
i j . (4)

Constraints on aggregate investment: The sum of the volume of the regional
investments of i biogas project cannot exceed the allocation investment of the central
government:

N∑

i=1

xi j (t) ≤ y j (t). (5)

Constraints on fund of investment to region: There are also nonnegative constraints
on the decision variable xi j (t) because the investment of i biogas project in subarea
j in stage t cannot be nonnegative:

xi j (t) ≥ 0. (6)

2. Decision Making Level for the Central Government
After giving the mathematical description for the lower-level, the objective func-

tion and constraints for the upper level can then be determined. To fulfill the
key investment of biogas allocation principles (i.e., satisfaction, efficiency, and
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economic benefit), the objective functions consider each subarea’s satisfaction
degree, the degree of development of biogas project and the balance development of
type biogas project.

Investment satisfaction degree: The upper objective functions define the social
satisfaction degree of the biogas project for the investment allocation, so the central
government needs to create a plan to effectively allocate the investment to the sub-
areas to maximize the minimal social satisfaction degree in each subarea. The social
satisfaction degree for each subarea is defined by the function:

g jt (y j (t)) =

⎧
⎪⎪⎨

⎪⎪⎩

0, y j (t) ≤ Imin
j (t)

y j (t)−Imin
j (t)

Imax
j (t)−Imin

j (t)
, Imin

j (t) < y j (t) < Imax
j (t)

1, y j (t) ≥ Imax
j (t).

(7)

The function of investment satisfaction degree assumes that for each subarea there
is a basic (minimal) volume of investment fund allocated andmaximal fund utilizing.
That is, if the investment allocation volume is less than Imin

j (t), the satisfaction degree
for that subarea is reduced to zero (0). However, if the water allocation volume
increases to be more than Imax

j (t), the satisfaction degree of that subarea cannot
increase to more than one (1). As a result, the objective function for the satisfaction
degree is to maximize the minimal satisfaction degree:

max
y

min
j,k

{g jt (yi j (t))}. (8)

Development degree of biogas project: To guarantee investment of biogas project
allocation efficiency in the upper level, the central government wants to maximize
the development level of the each biogas project for the whole districts:

max
x

{DD(xi j (t))}, (9)

where the development level of biogas project is defined as:

DD(xi j (t)) =
N∑

i=1

M∑

j=1

T∑

k=1

Ei j (t) × xi j (t). (10)

Sustainable development of biogas project: The vitality of the development of
biogas project compatible with nature requires the sustainable development that
protects and enhances natural resource quantities through improvements in manage-
ment practices, efficiency and changes in development structure of biogas project.
The development scale of the biogas project is consisted of the output amount of
every subarea. That means there usually exists a proportional relation between the
amount of investment for the different type of biogas project. Therefore, the total
amount of investment of biogas project can obtained according to the allocated funds
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to every industry in the subarea. To achieve the development of biogas vitality, the
central government usually expects to approximate the ideal proportion of the invest-
ment structure of the biogas project. Thus, the following objective function can be
obtained,

SD(xi j (t)) =
N∑

i=1

⎛

⎜
⎜
⎜
⎝

M∑

j=1

T∑

t=1
xi j (t) × (1 − δ)t

N∑

i=1

M∑

j=1

T∑

t=1
xi j (t) × (1 − δ)t

− ϕi

⎞

⎟
⎟
⎟
⎠

2

. (11)

This objective also means that central government expects the minimal deviation
from the realistic fund allocation structure of the biogas project to the ideal one under
the subareas’ responses to the allocated fund, namely:

min
x

{SD(xi j (t))}. (12)

State transit of total investment: For the upper level decision maker, the total
available fund is considered a state variable. Multistage decision making is actually
a discrete dynamic process. The fund is the allocated to the subareas to develop
biogas project, so the state transit equation for the upper level is as below:

A(t + 1) = A(t) −
M∑

j=1

y j (t) + M(t). (13)

Initial and terminal conditions for total investment: The initial and terminal condi-
tion describe the investment at the beginning and at the end of the complete decision
making process as shown below:

A(1) = A0 and A(T + 1) � AT +1. (14)

Constraints on fund of investment to biogas project: There are also nonnegative
constraints on the decision variable y j (t) because the investment at subarea j in
stage t cannot be nonnegative:

y j (t) ≥ 0. (15)

2.2 Biogas Project Investment Equilibrium Model

The central government has to allocate the funds to n subareas. Tomeet the three type
biogas project demands, the n regional authority seek adequate investment planning
to maximize their economic benefit in accordance with the central government funds
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allocation decisions. As an upper level decision maker, the central government also
considers equity, sustainability and efficiency in the n subareas when making the
fund allocation decisions to develop biogas project. Therefore, there is an interactive
relationship between the central and regional government. This relationship can be
described as amulti-objective Stackelberg-Nash problem.The objective functions for
the two level decision makers, as shown in Eqs. (8), (9) and (12), reflect the multiple
goals and decision conflicts between the central and regional government. Therefore,
by integrating the constraints and objective functions, the investment equilibrium
model for optimizing the bi-level multiple objective investment of biogas project can
be formulated as below:

max
y

min
j,k

{g jt (y j (t))}
max

x
{DD(xi j (t))}

min
x

{SD(xi j (t))}
⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

A(t + 1) = A(t) − ∑M
j=1 y j (t) + M(t)

A(1) = A0
A(T + 1) � AT +1
y j (t) ≥ 0⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

max
x

{RE(xi j (t))}

s.t.

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

Si j (t + 1) = Si j (t) + Ni j (t) × xi j (t) × (1 − δ)t − Wi j (t)
Si j (1) = s0i j

Si j (T + 1) � sT +1
i j∑N

i=1 xi j (t) ≤ y j (t)
xi j (t) ≥ 0.

(16)

3 Conclusion

This paper applied optimal control model to biogas investment problem under fuzzy
environment to establish the math-model of having disagreement of amount, and the
resource allocation problem not only having quantum object but also having qualita-
tive object. The decision makers need to make a decision assigning the different area
condition and resource to invest different scales of biogas projects under exploring
constraint. Thus, it is essential to ensure that financing tomitigate and adapt to climate
change responds to national needs and priorities and that national and international
activities are linked and do not contradict each other.
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Analysis of the Operation Mechanism
of Local Governments’ Information Publicity
Based on System Dynamics

Xiaoyan Li and Xiangling Guan

Abstract The publicity of local government information is an important aspect of
the government livelihood construction. Using the principle of system dynamics, we
have determined the system boundary, the main elements, dynamic and obstructive
elements, and we divided the process into three subsystems. Therefore we analyzed
the causality between the main elements and the force which exists in the mechanism
of publicity of local government information. The information disclosuremechanism
of local government can achieve a normal operation by the linkages between these
three subsystems, mutual promotion and mutual restraint.

Keywords Information disclosure · Operation mechanism · System dynamics

1 Introduction

The information government agencies published involves the vital interests of citi-
zens, legal persons or other organizations. Promoting the information disclosure of
government is not only oneof the content of the constructionof the people’s livelihood
which government focused on but also the key to create a service-oriented govern-
ment. The information publicity of Chinese local government has been running for
many years, but there are still some issues such as information interoperability is
not strong, means backward and so on. “2013 Chinese provincial fiscal transparency
report” shows that the fiscal transparency of 31 provinces were average 23.14 points,
25.33 points and 31.4 points from 2011 to 2013. The degree of Chinese fiscal infor-
mation disclosure is significantly lower, and there is a big gap from the expectations
of the population [12]. The operation of government’s information disclosure is a
complex system, the running status of the disclosure of government information is
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the key to influence the process, so the study of its dynamic mechanism is a good
entry point to study the publicity of government information [11].

2 The Research Review and Theoretical Basis

2.1 The Research Review

The study of local government information publicity systemmainly includes the fol-
lowing several aspects: (1) Study on the subject of a system. Zhuge [14] analyzed the
different attitude of government, media and citizens’ attitude towards information
disclosure in the public crisis, and he thought that transferway,models of information
disclosure depends on the game of the three parties. Similarly, Niu [6] concerned the
self-interest of managers and put forward that it is necessary for government depart-
ments who had specific information resources to improve the service efficiency of
information institutions of government and further improve the management of gov-
ernment information resources. Form the angle of journalism, Chen [1] treated the
broadcast of government news as a regular way to report the condition, how work
processes, to the people, so that it’s qualified with the function to deal with public
relations. Yi [10] held that the government agencies should give a “prior notice”
to the third person concerned with some information, and considered the scope of
information disclosure from the prospective of information disclosure system. (2)
Study on the operation process of information disclosure. Zhu [13] has studied the
government information disclosure platform, including the traditional way to dis-
close and online media. Shao [7] has introduced, according to customer relationship
management, personal service for information disclosure, technical support based
on the application of information, new service system for the government informa-
tion disclosure. Jiang [3] has analyzed the main factors, from the point of the Game
between the power and resistance for disclosing information, restricting and pro-
moting the government information disclosure, and then gotten the conclusion the
power and the resistance comes from different subjects. Li [4] analyzed the dynamic
mechanism of governments’ information disclosure in public crisis and she thought
that the driving force consisted of gravity, pressure and thrust. (3) Study on the value
orientation or the target elements of information disclosure. It means the value target
and code of conduct which government would choose and flow in the information
disclosure. Chen [2] has constructed multilayer value orientation model for the infor-
mation disclosure of food and drug safety, and discussed the principles or values of
particular industry government disclosure information.

The research shows that: (1) The information disclosure of governments involves
many subject-government, citizen,medias and the gameof the three parties; (2) There
is force between mechanisms such as gravity, pressure and thrust that may restrict or
promote the operation of information disclosure; (3) There is a correlation between
subjects’ behavior and force in themechanism of information disclosure. In addition,
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there are some factors such as economy, culture and others also affect the operation
of the information disclosure mechanism. The above study viewed those different
elements of information disclosure mechanism as study objects, and they didn’t
completely research the running status of the information disclosure mechanism and
causal relationship exists between the various links under the condition of different
subject and force balanced each other from a systematic angel.

2.2 Theoretical Basis

The codes and means of information disclosure are dynamic complex and nonlin-
ear due to the influence of different factors [8]. Because of the different roles and
responsibilities of different participators in the information disclosure process, thus
creating a different feedback paths and subsystems, with interdependence between
the various constituent elements of the subsystem. We can’t fully understand the
process of operation if we analyze the mechanism and mechanisms of local gov-
ernments’ information disclosure just relying on our intuition and experience due
to the non-synchronization between transmission way and the results in information
disclosure.

SystemDynamics gradually explored the shape-changed causality by researching
the closing interdependencies between system behavior and the internal mechanism.
We used SD to analyze the operation of local governments’ information publicity
because of these flowing reasons: (1) Local governments’ information disclosure is a
complex information system that involves many participants. There may be different
results according to different codes ormeanswhen subjects participate in information
disclosure. (2) The results of information disclosure have a causal feedback relation-
ship and paths. Their structures are complex because of the interlocking relationship.
(3) The information disclosure and subjects’ responses are lagging and the jet lag
was depended on breadth, depth and ways of information disclosure. (4) We could
explain why the subjects’ behaviors and ideology generated such as whether the pub-
lic are satisfactory by understanding the structural reasons behind the mechanisms
and modes of information disclosure.

System dynamics can fully considered the process of local governments’ infor-
mation disclosure and the hidden reasons behind the behavior. It is able to describe
the dynamic changing reasons and results so that it can provide reliable reference
and basis for operation mechanisms of.
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3 System Dynamics Analysis Process of Local Governments’
Information Disclosure

First, we should ensure the system boundaries and analyze the target elements, sub-
jects’ elements and influence factors when we use system boundaries to study the
operation and development mechanism of local governments’ information disclo-
sure. Next, we should analyze the causal relationship of elements between the sub-
systems which conducted in the information process. Finally, we should put forward
an operation system of information disclosure and operation model of each subsys-
tem.

3.1 Determine of System Boundaries

A complete local government’s information disclosure system is a complex social
system which includes not only the construction of basic system and information
dissemination process systems, process system of citizens’ receiving information,
and including social monitoring and information feedback system. Citizens’ right to
know the information and formulating systems of related information disclosure are
not included within the boundaries of the system.

3.2 Element Analysis of Multiple Subjects

Theprocess of the governments’ informationpublicity is the process of gamebetween
multiple interest subjects, interests being redistributed between different subjects
again and ultimately achieving a balance. This balance would be constantly redis-
tributed and reach a new balance again with the change of social politics, economic
environment and the growth- decline between the subjects’ force. Subjects of local
governments’ information disclosure include subject of right and obligation. The
essence of information disclosure is the sharing and transfer of interests between
both parties [9].

Right subject of governments’ information disclosure refers to the person or orga-
nization which has the right to obtain or apply for obtaining the governments’ infor-
mation. Personal refers to the residents. The organization refers to a public organiza-
tion. The tissue-type public of governments’ information disclosure mainly includes
corporate and government itself.

The obligation subject of local governments’ information disclosure refers to the
people who have the obligation to disclose governments’ information. It contains
administrative authorities. Some scholars believe that some enterprises, institutions,
social organizations also hold some public information, so the research subject is
defined as a broad government. The news media is not only the right subject but also
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the obligation subject. The media as an addresser of governments’ information was
supervised by government and the public.

3.3 Influence Factors

According to the points of system, information disclosure of local government is a
manifestation of a newmodel of governance. The honest and transparent government
ismotive power. The process of information disclosurewas affected bymany external
forces due to the game about interest between right subject and obligation subject in
information disclosure. There are not only driving force from the government and
the external environment but also resistance from IT or the distribution of benefits
of different groups.
(1) Propulsion of local governments’ information disclosure

The information disclosure of local government was affected by different subjects
and external environment. Internal factors from the rights and obligations of subjects
are the following:
a. Requirement of transforming government’s functions

New public management requires that government provides public services with a
newmodel and public goods and services were evaluated by public. Government has
to provide more sharing public services and change the inherent resources to social
public resources. Information disclosure of government was reflected through mak-
ing the internal resource shared and socialized. All these are the original propulsion
of information disclosure.
b. Requirement of public authority and political democratization

Public authority requested the government to safeguard the fundamental interests
of citizens and reflect its fundamental will when implementing affairs. It is the fun-
damental motion which can push the information disclosure of government. Political
democratization is requirement of transition from control to participation and it is
the intrinsic motivation of information disclosure.

The complexity of the external economic environment and the social environment
as exogenous variables of system has strong driving effect on the operation of the
whole system. These factors are the following:
• IT is the basic guarantee

E-government established online bridges for government to communicate with
other subjects, improved the improve the transparency of government information
dissemination exchange and eliminated the channels blocked of communication
between government and the public, the media thus avoiding public rights being
private and other issues and promoting information disclosure.
• Economic development is an indirect driver of information disclosure

Market mechanisms require transparent information of different subjects when
providing product. Government Information plays a leading role on the different
economic behavior. Product provided by the government related to some decision
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information. Requests the government information transparent and improve infor-
mation availability is conducive to economic development. The development of eco-
nomic globalization requires the means of intervention of economic supervision
subject transparent and the government information disclosure is conducive to lower
transaction costs.
(2) Obstacle of local governments’ information disclosure

Internal and external dual power can promote information disclosure of increas-
ingly sophisticated, but the information disclosure will touch the interests of all
parties. The shift in power of interests of both sides is bound to hinder the realization
of the breadth and depth of information disclosure when they are in the game.
a. Scale and management of information disclosure are not normal.

The content and scope of information disclosure formulated the exception prin-
ciple. Government always tends to the principle of confidentiality, fearing the large
-scale disclosure will also increase supervision of public so that reduced the discre-
tionary power of government. The resistance was largely from government itself in
addition to the legislative resistance. In addition, lack of strict management standards
makes the efforts and depth of information disclosure has a lot of randomness. Since
the government holds more than 80% of the information, basic arrangement and
collection of information is not critical and is not shared, resulting in information
disclosure is not enough.
b. Hypothesis of economic man and powers of rent-seeking.

Government is a special interest group and it would expand powers constantly
for the pursuit of maximizing the Department and personal interests. The assump-
tion that a government is economic person will lead to the expansion of government
self-interest, thus forming a government of asymmetric information and public infor-
mation barriers. On the one hand, the government kept a secret in order to avoid-
ing blame, which affects the efforts of information disclosure; on the other hand,
the government’s management made asymmetric information barriers for increasing
management rent, resulting in the power of rent-seeking behavior and had an effect
on the breadth and depth of information disclosure.

4 SD Model for Operation and Development of Local
Government Information Disclosure

Government, to achieve the information disclosure and construct the government
information platform, information preparation and other aspects of activities, through
certain means of communication, form a local government-centric information sys-
tem platform for building and dissemination subsystem; government information
disclosure is for service public, then depending on the degree of satisfaction and
response to public as standard, open government information to build up the subsys-
tem; Information disclosure is to service the public, and then quality and legality of
services subject to the oversight of higher levels of government and the news media,



Analysis of the Operation Mechanism of Local Governments’ Information Publicity … 185

the formation of supervisory control systems information disclosure. In addition to
the main part of monitoring mechanism, news media is also charged with a num-
ber of information endorsements, refinement and complementary role. Specific three
system operation and development SD model as follows:

The transfer process of SD model for local government information disclosure
includes the construction of information system infrastructure, the establishment of
information preparation systems and the system of transfer information, at the core
and important position in the government information disclosure. In the subsystem
that the infrastructure of government information being built and delivered, increase
in government’s investment on constructing information → increase the complete-
ness of repository construction→ strengthen the capacity of transferring government
information→ increase the breadth and depth of information→ increase public sat-
isfaction → increase government performance → the government increased invest-
ment in infrastructure of information disclosure.

On the other hand, the complete government’s preparation system → strength-
ening the construction of the network organization → online forums frequency
increased, the increase in the exchange of information → strengthen in the breadth
and depth of information; the completeness → providing training → improving
public awareness of information disclosure → enhance the acknowledge of related
disclosure and privacy protection, improve of government staff’s ability to disclose
information → improve of public satisfaction. In such a system, the information
disclosure completes the collection, sorting and delivery process. From this system,
the government is a body of information collection and transmission, the government
increasing investment in related information, making repository complete, holding
related training activities and creating networking organizations and the clearing
house, which will help to improve the transmission of information disclosure, infor-
mation depth, strengthen communication, channels increased, improving delivery
time and quality of information.

In the public feedback subsystem of information disclosure, making the scope,
content and channels of the public receiving information a starting point, the more
breadth, depth, and channel → the more economic benefits deriving from the infor-
mation public have access to → public satisfaction increase → improve the public
participation’ strengthen the government’s ability to interact with public → increase
the benefit of government investment → increase the government’s performance →
improve the investment. In this subsystem, it, with the exception of large-scale gov-
ernment information disclosure→ the public received informationwith little breadth
and depth → lower public satisfaction. This is a negative feedback system. It is in
this system, the realization of the public can effectively receive government informa-
tion, and realize the information interaction between government and citizens and
feedback.

Local governments’ information disclosure must be supervised by various sub-
jects such as superior or subordinate government, news media and the public. Dif-
ferent subjects would concern and supervise different content of information disclo-
sure. It contains three feedback subsystems. First, the systemof public feedback about
supervision on information: public question after receiving information→ collecting
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related information/appealing for data → government relief → the credibility of the
government to reduce → the public satisfaction to reduce → the supervision of the
superior or subordinate governments to increase → the related document published
to increase → the enhancement of supervision. Second, superior or subordinate
government collects related information /data → the supervision of the superior
or subordinate governments to increase → the quality of governments’ information
disclosure enhanced→ increase in the credibility of the government→ the enhance-
ment of public satisfaction. Third, the increase of public appeal → increase in the
News media’s attention to information disclosure → collecting related information
or data → increase of the press conference → the credibility of the government to
improve → the public satisfaction to increase. The supervision system composed of
the three causal feedback systems.

In the above three subsystems, the construction of information system infrastruc-
ture, the establishment of information preparation systems and the system of transfer
information are the center and connection of this system. These three systems are
the relationship of mutual coordination, balance and restriction. The more complete
the systems of basic structure and transferring process is, the better quality, quan-
tity, accesses of public acceptance of information, thus the operation of supervision
mechanism would lower the time and cost. Similarly, running in a good condition
of supervision subsystems could play a security role in the process of information
disclosure and the mechanism of public acceptance of information (Fig. 1).

Public appeal for
public

government
relief information

Collect
information and

Information
construction

Information database
construction ompleteness

Public access
to

Breadth and depth
of

Information
accepted

Access to
government

Suppling
information ability

Attention to enhance the
government information

government's

Publicsatisfacti
on

Media attention
to information

supervision of
the government

Returns the
public

Interactive ability
of the government
and the public

Government

Local economic
development

demand for
government

Information provided
by the government's

Government
information
supply

Fig. 1 The operation of the local government information disclosure mechanism
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5 Conclusion

By using theories of system dynamics, this article analyzed operation mechanisms of
information disclosure from two aspects: target elements and interaction of different
subjects. Mechanism models of information disclosure were constituted by propul-
sion, hindrance and the game between every subject. They include three interrelated
subsystems: constructing the infrastructure of information system, establishing the
system of information preparation and the process of information transmission sys-
tem; subsystem of the public’s feedback about information disclosure; subsystem
of subjects’ supervision on local governments’ information disclosure. There is a
dynamic relationship of checks and balances between the three systems. By using
the analysis results of local governments’ information disclosure, we can solve fol-
lowing problem:

(1) Treat the information disclosure of government dynamically. System Dynam-
ics can handle the complex identifying system which is nonlinear and of multiple
feedback. It chooses a comprehensive perspective and considers various parallel
elements in the information disclosure of government. It analyzed those complex
problems of process when achieving the information disclosure by illustration. These
three subsystems are interrelated andmutually conditioned. In the long run,we should
dynamically analyze the mechanisms of governments’ information disclosure when
researching the problem of information disclosure.

(2) Be able to simulate the running operation of local governments’ information
disclosure under the condition of the related data collection is not complete. There are
qualitative indicators and variables in the simulation system, so we may encounter
some problems such as insufficient data or data are difficult to quantify in modeling.
Although it is difficult to estimate the parameter because of the lack of data, we can
still calculate and analyze under the help of causal relationship between the elements
in the system dynamics, limited data and specific structure if the parameter falls
within the tolerances so that solving the tendency of operation or behavior model in
information disclosure.

(3) Provide theoretical reference for researching the operation mechanisms of
local governments’ information disclosure. With the help of the theory of system
dynamics, we analyzed the target elements and the relationship between different
subjects, the factors of propulsion and resistance, revealed the casual feedback rela-
tionship between factors and providing theoretical guide for promoting the operation
of whole information disclosure. System dynamics finally solved the problem about
the dynamic simulation of information disclosure of operation mechanisms, so we
can make the assumption about the system minimized. At the same time, it provided
a kind of “policy laboratory” for local governments’ information disclosure and we
can test the current status of operation mechanism, decision and results of policy by
simulating. It can make the current system improving and perfect by the redesign of
system [5].
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An Empirical Study of Relationship Between
Executive Compensation and Performances
of Chinese Listed Company—Based on
Simultaneous Equations Model

Lixia Yu, Lu Wang and Min Shang

Abstract As a potentially important internal incentive, the executive compensation
has gradually become a research focus. Based on simultaneous equations model
and principal component analysis, this paper studies the relationship between exec-
utive compensation and corporate performance. Using comprehensive financial and
accounting data on China’s manufacturing listed companies from 2009 to 2012, we
find that the improved corporate performance can advance executive compensation.
At the same time, we also find executive compensation has positive feedback effect
to company performance. The paper also sees that the company’s equity incentive
has the potency to improve the effectiveness of the performance. This result offers
insights to shareholders focused on enhancing the design of internal corporate gov-
ernance mechanism.

Keywords Simultaneous equations model · Principal component analysis ·
Executive compensation · Corporate performance

1 Introduction

According to the modern agency theory, with the separation of ownership and execu-
tive, the objective conflict between corporate executive and shareholders intensifies.
To reduce such conflict, shareholders through the remuneration incentive mechanism
allow the executive to have some residual claim, so that makes their goals consistent.
Meanwhile, in the condition of trust-agent theory, due to the information asymmetry,
the managers have the motivation to pursuing their own interests. To reduce agency
cost and maximize wealth, the shareholders tend to through the company perfor-
mance to determine the executives pay, trying to motivate managers to act in the best
interest of shareholders.
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However, a survey shows that under the influence of the 2008 international finan-
cial crisis, the overall profits of China’s quoted companies generally decline, while
the payment of the executives continues to rise. It had aroused strong opposition
among the investors. By comparing the 431 quoted companies in 2007 and 2008,
the data shows that the profits of quoted companies decrease by 26.2 billion Yuan
in total, while the executives pay increase by 200millionYuan [1] . This is aroused the
public question the relationship between the executive compensation and company
performance. What is the interaction between the two things? The paper will discuss
this question by establishing simultaneous equations and get some new discoveries.

We will test the interaction between the executives compensation and company
performance by establishing simultaneous equations. To avoid the limitation of single
variables, we will get the overall performance index through the analysis of the prin-
cipal components of the four variables. However, there are still some limitations in
the paper, mainly reflected in the following aspects: (1) The analysis of the incentive
theory for executive compensation is not thorough. Besides the low level of domes-
tic executives pay and the different pay in each period also caused diverse results.
(2) The data is limited to the industrial quoted companies from 2009 to 2012,
and the influence of industries and some non-financial factors are not considered.
(3) Because the performance indicators are toomuch to listed, the paper only use four
indicators to reflect the company performance, so it may not completely represent
the true performance of the company.

2 Literature Review

2.1 The Incentive Effects of Executive Compensation

As for the study of executive incentive and compensation, the overseas scholars
involve in the field earlier. With the change of the external environment, the conclu-
sion also changes. Taussings andBaker [2] are the earliest scholars to study enterprise
salary, finding little correlation of executive compensation with performances. By
analyzing external determinants of enterprise CEO compensation, Finkelstein and
Hambrick [3] found that different remuneration packages have different effects on
CEO’s behavior, and ultimately affect the company’s overall performance. Jensen and
Murphy [4] found that if the CEO compensation increase or decrease by every $3.25,
then the shareholder’s wealth will increase or decrease by every $1000. Accord-
ingly, compensation and shareholder’s wealth are positively correlated. Mehran [5]
found that executive compensation incentive became a driving force for improv-
ing corporate performances. With the development of theories and methods, studies
from abroad tend to believe that executive compensation has a significant effect on
corporate performance. By analyzing the relationship between compensation quan-
tity and corporate performance in three incentive schemes, Li et al. [6] found that
the increasing in executive compensation can significantly improve the corporate
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performance. Generally speaking, with time goes on, an increasing number of schol-
ars believe that the incentive for executive compensation works indeed.

2.2 The Impact of Corporate Performance on Executive
Compensation

Theoretically, attaching executive compensation to corporate performance can reduce
the probability of Agency’s conflict, and positive relationship exists. Many scholars
attempted to use various analytical methods to test this theory, but conclusion varied.
By using Black-Scholes model to analyze the relationship between the CEO’s com-
pensation and the share value in stock market of 478 large U.S companies, Hall [7]
found that the value of the company increased by every 10%, management salaries
and bonuses would increase by 2.4%. Lai [8] who concentrated on the impact of
incentive mechanism and governance structure on company’s compensation, found
that the executive compensation was positively related to accounting performance
significantly but irrelevant to market performance, thus he believed that quoted com-
panies inclined to regard accounting performance as incentive assessment indicator.
Mao andZhang [9] tested the relation betweenExecutive compensation and corporate
performance in domestic quoted companies through ownership structure indicators,
finding that the positive relationship between executive compensation and corporate
performance existed, and the executives increased their salaries through the improve-
ment of corporate performance. In turn, the increase in salaries impels them to work
harder to improve corporate performance.

3 Theoretical Analysis and Hypotheses

The aim of incentivemechanism is tomake executives act in the best interest of share-
holders and to improve efficiency, which is also the cornerstone of incentive mech-
anism. In order to improve their income and appreciate the compensation given by
principal, managers work harder. Meanwhile,they consider more for the sharehold-
ers when they behave, which will undisputedly reduce the agency cost and improve
corporate performance. According to the above, we can propose hypothesis.
Hypothesis 1. (H1) Executive compensation incentive indeed has a positive effect on
corporate performance in the domestic quoted companies, that is, with the increase
in salary, the corporate performance gradually increases.

According to principal-agent theory, the separation of ownership andmanagement
forces companies to hire more external managers. Due to there is a serious informa-
tion asymmetry between the principal (shareholders) and their proxies (managers),
and that managers have a practical “control” and lack the necessary binding mech-
anism. Then, these make the managers tend to have the on-the-job consumption
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motives or do not work hard to shirk their responsibilities. In order to reduce the
agent cost of information asymmetry and the risk of moral hazard, stockholders will
sign the contract for pay-performance with the managers before their entry. Under
the contract, corporate performance is directly related to the interests of executive
by linking executive compensation and corporate performance. Thus, in order to
maximize their individual interests, the managers must work hard to improve the
performance of the company. It can be concluded from the above theory that it exist
significant positive relationship between executive compensation and corporate per-
formance. Therefore, we propose the following hypothesis.
Hypothesis 2. (H2) Executive compensation is affected by the performance of the
company, that is, the executive compensation increase with the increase of the per-
formance of the company.

However, in reality, the relationship between management compensation and per-
formance of quoted companies in China seems generally weak. According to the
survey, because of the effection of the global financial crisis in 2008, profits of
quoted companies in China generally declined, but executives’ payment did not fall
but rise. Comparing the data in the year of 2007 and 2008 of 431 quoted companies,
we found that total profits of quoted companies had fallen by 26.2 billion Yuan, while
the executive pay had increased by 200 million Yuan [1]. Based on this, we propose
the alternative hypothesis.
Hypothesis 3. (H3) Executive compensation and corporate performance are not
related.

4 Study Design

4.1 Sample Selection and Data Sources

All samples are derived from CSMAR database system and the data analysis is com-
pleted by SPSS17.0 and EXCEL.According to the research, we collected annual data
of Manufacturing quoted Companies in Shen & Hu A-share Stock Market between
2009 and 2012 as sample. In order to ensure the effectiveness of research sample,
we sifted:

(1) Rejected a Stock quoted companies which issue B stock or H stock simultane-
ously;

(2) Rejected ST or ∗ST quoted companies which have poor performance;
(3) Rejected the quoted companieswhich don’t disclose detailed data or have incom-

plete data;
(4) Rejected the quoted companies which executive couldn’t be paid;
(5) Rejected the quoted companies which Tobin’s Q value is more than 2.

Based on the above principles, we get the effective samples: 1144 samples of
2012, 895 samples of 2011, 430 samples of 2010, and 487 samples of 2009.
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4.2 Selection of Variable

1. Compensation index
This paper selects the cash compensation that the executive got to measure their

incentive compensation index, and choose the average figure of the top three com-
pensation of executive as the executive compensation index. In order to eliminate the
influence of scale, we choose Natural Logarithm, denoted by AP.
2. Corporate performance index

Agency theory put emphasis on using multiple indicators to exclude the devia-
tion from Single indicator, to reduce the agency’s opportunity cost and to eliminate
conflicts. In order to work better, this paper select ROANPMROTA and Tobin’s Q
(market performance indicator). Meanwhile, after the analysis of factors, we select
the common factor to reflect corporate performance and use it to comprehensively
evaluate and analysis samples’ performance.
3. Control variables

In order to reflect the relation between executive compensation and corporate
performance better, and avoid the phenomenon of spurious regression, the paper
adds corporate size, GRO, LEV and MSR in Empirical model.

As is shown by Table1.

Table 1 Variable name, symbol and definition

Variable name Symbol Variable definition

Performance variable

Corporate performance ROTA ROTA = (total profit + financial costs)/total assets at the
year end

NPM NPM = net profit/operate income

ROA ROA = net profit /balance of total assets

TQ Tobin’s Q = (circulating shares market value +
non-circulation Shares market value + book value of
liabilities)/total assets at the year end, net assets replaced by
non-circulation shares market value to calculate

Compensation variable
Executive compensation

AP LN (the top three compensation of director, supervisor and
executive sum/3)

Control variables

Corporate size SIZE LN(total assets at the year end)

Corporate growth GRO (Main business income at the end of the year − Main
business income at the end of last year)/Main business
income at the end of last year

Financial leverage LEV Liabilities/Total assets

Managerial ownership MSR The sum of percentage of shareholdings in the top three of
all senior executive(director, supervisor and senior
executive)
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4.3 Factor Analysis to Obtain Comprehensive Performance
Indicators

1. Test Factor Analysis
According to Table2, there are relationships between the four indicators. It’s

suitable for Principal Component Analysis to extract common factor. Specifically,
return on total assets and total assets net margin correlation coefficient reached 0.967,
ROE and total assets Net profit margin of the correlation coefficient is 0.305. It shows
that single indicator can’t comprehensive reflect corporate performance. Therefore,
we need to use factor analysis to conclude comprehensive performance indicators.
In addition, according to Table3, KMO value is 0.542, and the more the figures are
closer to 1, the better for the analysis results. Bartlett test can indicates that each
index isn’t identity Matrix and passes 1% significance level by factor analysis.
2. Factor analysis

We commonly use Kaiser Test in factor analysis, and extract the main ingredient
which eigenvalues are greater than 1. Table4 shows that former 2 factor eigenvalues
are greater than1.After factor rotation, cumulative variance has little change anddon’t
affect the results of original variables. Therefore, we selected the first factor and the
second factor to represent the information that contained in the four performance
indicators. And Table5 shows that the first principal component has a larger load
coefficient to ROTA, ROA and ROE, noted as F1 and the second component has a
lager load coefficient to Tobin’s Q, noted as F2.

Table 2 Performance indicator correlation matrix

Return on total
assets ratio

Tobin’s Q ROA ROE

Return on total
assets ratio

1

Tobin’s Q 0.103 1

ROA 0.967 0.09 1

ROE 0.293 −0.073 0.305 1

Table 3 KMO and Bartlett’s test

Kaiser-Meyer-Olkin measure of sampling adequacy 0.542

Bartlett’s test of sphericity Approximate chi-square 9722.79

Df 6

Sig. 0
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Table 5 Rotated factor loading matrix and ingredients score coefficient matrixa

Variables Rotated factor loading matrix Ingredients score coefficient matrix

1 2 1 2

Tobin’s Q 0.129 0.970 −0.056 0.970

ROTA 0.963 0.015 0.445 0.069

ROA 0.964 −0.015 0.449 0.039

ROE 0.516 −0.244 0.269 −0.213
aExtract method: principal component analysis

Table5 shows:

F1 = −0.056TQ + 0.445ROTA + 0.449RO A + 0.269ROE,

F2 = 0.970TQ + 0.069ROTA + 0.039RO A − 0.213ROE.

According to the models above, F = (53.109F1 + 25.421F2)/78.529.

4.4 Model Construction

1. Simultaneous equation

F = α0 + α1AP + α2M S R + α3SIZE + α4G RO + α5L EV + ε1, (1)

AP = β0 + β1F + β2M S R + β3SIZE + β4G RO + β5L EV + ε2. (2)

Model (1) is used to verify the effectiveness of executive incentive compensation.
Model (2) is to judgewhether the executive compensation is decided by performance.
2. Simultaneous equations test

This paper use Hausman test method to examine the relation between corporate
performance and executive compensation. The model is as follows:

APi = a0 + a1F + a2M S R + a3SIZE + a4G RO + a5L EV + ε3, (3)

F = b0 + b1ε + b2APi . (4)

Table6 shows, the coefficient of ε is−2.507, the T-value is−3.994. Both of them
pass significant test of 1% leverage. Therefore, there is a simultaneous equation
between executive compensation and corporate performance.
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Table 6 Simultaneous equations test

Variables Parameter coefficient T-value P

C −32.713∗∗∗ −4.544 0

APi 2.507∗∗∗ 4.459 0

E −2.507∗∗∗ −3.994 0.001

Adj-R2 0.046

F 9.945
∗∗∗The corresponding variable parameters significantly correlated on level 1%

5 Empirical Results

5.1 Descriptive Statistics

Table7 provides the variables’ descriptive statistics of sample companies. It shows
that the sample companies’ performance (F) is 0.504, median is 0.506 and indicates
that the sample’s overall profitability is good. Executive compensation (AP) mini-
mum is 9.338, maximum is 15.865, standard deviation is 0.924, indicating that there
is a big difference between the executive compensation. The maximum of execu-
tive shareholding ratio (MSR) is 97.3%, the minimum value is 0, the median is
1%, average is 16.7%. It shows that the executives which hold no stock or lower
stock ownership in sample company exists wildly, and it has a limited equity incen-
tive. At the same time, sample company’s executives also have large differences in
shareholding.

Other control variables-company size (SIZE), growth (GRO) and financial lever-
age (LEV)- differ largely, indicating that the company size, growth and the degree
of financial risk are different, and it helps to control the impact on each variables of
the sample companies.

Table 7 Descriptive statistics of variables

F AP MSR SIZE GRO LEV

Average 0.504 12.791 0.167 21.657 0.655 0.419

Median 0.506 12.824 0.001 21.512 0.108 0.417

Standard
deviation

0.166 0.924 0.25 1.204 14.294 0.235

Minimum −1.679 9.338 0 18.76 −0.967 0

Maxima 3.226 15.865 0.973 26.487 665.54 2.373
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5.2 Regression Analysis

According to the regression results of simultaneous equations in Table8, we know
that the correlation coefficient between executive compensation (AP) and firm per-
formance (F) is 0.012 and there are 10% passed the test about level of significance.
It shows that the executive compensation of sample companies produce incentives
to improve the company performance. Thus, the hypothesis 1 is verified. Mean-
while, we also find that the relationship is not particularly significant. It proves that
the company performance is not the only factor to determine the executive com-
pensation. With the increase in executives’ power; compensation may not meet the
growing “appetite”. The correlation coefficient between the performance of the com-
pany (F) and executive compensation (AP) is 0.356, significantly correlated at the
1% level, and salary increases with the improvement of the performance of the com-
pany. This conclusion confirms the hypothesis 2. The empirical results show that
the pay-performance under the contract, executive compensation is indeed linked to
the corporate performance in sample companies’. In order to maximize their own
interests, executives must strive to improve business performance and to achieve the
final goal through this way.

In addition, in the incentive compensation equation, we can find that there is
a significant positive correlation between executive shareholding ratio (MSR) and
company performance (F). This suggests that when the company executive enjoys
the right of residual claim, they will tend to be consistent with the interests of share-
holders. The more the executive hold shares, the larger the correlation is. They will
regard enterprise as a community of interests, and strive to improve the company’s
operating performance. And in the compensation criterion equation, executive share-
holding ratio (MSR) and executive compensation (AP) were positively related, but
not significantly, probably in Chinese enterprises, executive stock ownership is not

Table 8 Simultaneous equations of regression analysis

Incentive compensation equation Compensation criterion equation

Variable Parameter T-values VIF Variable Parameter T-values VIF

estimation estimation

Constant 1.054∗∗∗ 16.073 Constant 7.146 20.165

AP 0.012∗ 1.502 1.1 AP 0.356∗∗∗ 3.502 1.048

MSR 0.120∗∗∗ 7.89 1.284 MSR 0.133 1.563 1.31

SIZE 0.031∗∗∗ 10.378 1.392 SIZE 0.267∗∗∗ 16.777 1.317

GRO 0 −1.105 1.005 GRO −0.003∗∗ −2.404 1.003

LEV −0.014 −0.94 1.43 LEV −0.786∗∗∗ −9.669 1.386

Adj-R2 0.05 Adj-R2 0.309

F 30.942 F 61.447
∗ The corresponding variable parameters significantly correlated on level 10%
∗∗ The corresponding variable parameters significantly correlated on level 5%
∗∗∗ The corresponding variable parameters significantly correlated on level 1%
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widespread. In addition, when executives hold stocks, it might exclude executive
who owned equity in order to avoid suspicion at the pay-setting.

Meanwhile, when the variance inflation factor is greater than 10, we usually think
that a serious multicollinearity exists between variables. However, the simultaneous
equation model of multiple linear diagnosis result shows that the maximum value of
the equation inflation factor (VIF) is 1.43, which is far less than 10, so there is no
multicollinearity between the model variables.

6 Conclusions

According to a empirical study about relationship between Executive Compensation
and Performances, the present paper can draw third important contributions: First, in
China, the “pay-performance incentive” mechanism has been established, but com-
pensation incentive and restriction mechanism is not perfect. This paper argues that
Incentive compensation cannot make the senior executive interest be achieved. The
incentive compensation can’t control moral hazard and adverse selection problems
that caused by Incentive invalid. These situations moved in a vicious cycle. Second,
the improved performance of the company can advance executive compensation. At
the same time, we find Executive compensation has positive feedback effect to com-
pany performance.Third, the company’s equity incentive has the potency to improve
the effectiveness of the performance.

The empirical results show that the companies need to establish the evaluation
standards that can truly reflect the overall performance. Through the combined
accounting performance indicator and corporate market performance indicator, the
pay-performance incentive mechanism will play an effectively role to solve incen-
tive incompatibility problems which caused by agency problems. Simultaneously,
because of a lower proportion of managerial ownership it can’t effectively solve the
problem of moral hazard and adverse selection between executive and shareholders.
If companies can moderately increase the proportion of managerial ownership and
elaborate the influence of Equity incentive effectively, then the company can com-
plementarily be promoted from cash compensation incentive and Equity incentive.
These will change the structure of the unitary executive compensation, so potential
effectiveness exits.

Overall, according to endogenous perspective, analyze the relationship between
executive compensation and corporate performance is a beneficial supplement based
on existing research. The study results suggest that there is not a completely symmet-
rical affection between executive compensation and corporate performance. How-
ever, China and the west has a completely different institutional background. There-
fore, to better understand the causes and consequences of symmetrical affection
between executive compensation and corporate performance, future studies should
focus on the unique China’s characteristics of the institutional environment, such as
equity structure.
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Analyzing and Forecasting Crude Oil Price
Based on Stochastic Process Model

Jiancheng Hu

Abstract The dynamic behavior of crude oil prices has become a hot issue in recent
years because the increased oil prices worldwide are having a great impact on all
economic activities. This paper aims to select the continuous- time stochastic model
to describe and forecast the world crude oil price. The Maximum Likelihood Esti-
mation method is implemented to fit the parameters of continuous-time stochastic
processes. The result of unit root test shows that time series of the crude oil price
is a stationary series. And the simulation of continuous-time stochastic processes
and the mean error between the simulated prices and the market ones shows that the
Geometric Brownian Motion is a very effective model for the world crude oil price.

Keywords Stochastic process · Crude oil price · MLE · Euler-maruyama method

1 Introduction

Oil is one of the most important energy resources in the world and is indispensable
foundation for economic and social development. To some extent, energy has signif-
icant effects on global economic activities. Over the past few years, the oil market is
not steady, and is known for wide price swings. The rise or the decline of crude oil
prices has a direct influence on the economies of various states and on the more gen-
eral international economy. Long term high oil prices on developing countries, such
as China and India, the impact is more obvious than in developed countries, not only
increased the economic operation cost, but also increases the burden on foreign oil
imports. Low oil prices may result in economic recession and political instability in
oil-exporting countries. Recent research has provided evidence that crude oil prices
were supported by positive economic data from the United States and China [7, 11].
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Oil is one of the largest commodity markets in the world and it has evolved
from trading the crude oil into a sophisticated financial market. There have been
extensive studies on analysis and forecasting of crude oil price. The early real options
literature assumed that there is a single source of uncertainty related to the prices of
commodities [1, 5]. Most of the models try to analysis the price volatility assumes
that the price follows a stochastic processes that evolve over time [2, 12, 14].

A stochastic volatility model in continuous times was first introduced by Hull and
White [10]. Gibson and Schwartz [8] accepted the nonstationarity hypothesis for
the crude oil price and used the Geometric Brownian Motion to evaluate oil-linked
assets. The GBM approach to oil price modeling is based on an analogy with the
behavior of prices of stocks in the capital markets. The price process assumes that
expected prices grow exponentially at a constant rate over time and the variance of the
prices grows with proportion to time. Pindyck [16] presented that a mean-reverting
stochastic process can be applied for the oil price model. The unit root tests are
applied by Postali and Pichetti [17] to the oil price series reject the unit root for long
samples. In recent years, much of the literature assumes the market price of crude oil
follows a continuous stochastic process that assumes smooth changes, such as two
factor models [3, 4, 19], stochastic time effective modes [13, 18], etc.

2 Unit Root Tests

The daily data of West Texas Intermediate (WTI) crude oil spot price (in US dol-
lars per barrel), which is treated as the benchmark crude oil price for international
oil markets, are used in our analysis. The data on Fig. 1 consist of daily closing
prices over the period from January 02, 1986 to December 11, 2013 and contains
7054 observations for WTI crude oil markets. They are obtained from U.S. energy
information administration.

We examine the mean reversion of the crude oil price. Econometric analysis is
performed by using unit-root tests: Augmented Dickey, Fuller test (hereafter, ADF),

Fig. 1 Crude oil daily spot
prices over the period from
Jan 02, 1986 to Dec 11, 2013
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Table 1 Results of ADF and PP test for the crude oil price series

Test type Bandwidth The test
statistic

Critical
value at risk
level 1%

Critical
value at risk
level 5%

Critical
value at risk
level 10%

P value

ADF with
intercept

5 −0.8911 −3.4311 −2.8618 −2.5669 0.7917

ADF with
intercept
and trend

5 −2.9018 −3.9593 −3.4104 −3.127 0.1619

PP with
intercept

17 −0.9378 −3.431 −2.8618 −2.5669 0.7767

PP with
intercept
and trend

15 −2.9492 −3.9593 −3.4104 −3.127 0.147

Phillips and Perron test (hereafter, PP) whose null hypotheses are non-stationary [6,
15]. The results of unit root tests without breaks are shown in Table1.

As can be seen in above table, for the crude oil price series, the ADF test statistic
with intercept and without the time trend is greater than the critical values at the 1, 5
and 10% risk levels, so we accept the unit root null hypothesis. For different given
bandwidth, the PP test also accepts the non-stationary hypothesis at the 1, 5 and 10%
risk levels.

3 Crude Oil Stochastic Price Models

The Weiner process is a continuous-time stochastic process and satisfies

E(W (t) = 0, E(W (t)2)) = t, ∀t ≥ 0, (1)

E(W (s)W (t)) = t ∧ s = min{s, t} = t, t ≥ 0, s ≥ 0, (2)

for s, t > 0, the Wiener increments W (t) − W (s) is independent Gaussian process
with mean 0 and variance |t − s| for any 0 ≤ s ≤ t . Brownian motion is the most
common example of a Wiener process. Let X (t) be the price of oil at time t and let
d X (t) be the infinitesimal change in X (t) over the infinitesimal interval of time dt .
The changes in price of oil X (t) involve a deterministic factor which is a function of
time and a stochastic factor which depends upon a random variable.

Geometric BrownianMotion is the simplest and probably most popular specifica-
tion in financial models. The venerable Black-Scholes option-pricingmodel assumes
the underlying state variable follows GBM. By virtue of Ito Lemma, Geometric
Brownian Motion (GBM) real process for price of crude oil has the form:

d X (t) = μX (t)dt + σ X (t)dW (t), (3)
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where μ is the expected price appreciation (also μ is called the drift coefficient), σ
is the implied volatility (also σ is called the diffusion coefficient) and dW (t) is a
Wiener increment.

Under GBM the time- exchange rate evolves according to:

X (t) = X (0)exp

((
μ − 1

2
σ 2

)
τ + σ W (t)

)
. (4)

Let τ > 0 denote the interval between observations. Then the τ period logarithmic
return:

ln

(
X (t + τ)

X (t)

)
≡ R(τ ) = (

μ − 1

2
σ 2)τ + σ(W (t + τ) − W (t)). (5)

4 Estimation of the Crude Oil Price Process

TheMaximum likelihood estimating (MLE)method relies onmaximizing the density
function. The density functions of the GBM is respectively:

p(x) = 1

σ x
√
2πΔt

exp

[
− log(x/x0) − (μ − σ 2/2)Δt]2

2σ 2Δt

]
. (6)

Observed at discrete equally interval times t0, t1, . . . , tN , then

ln Xi = ln Xi−1 +
(

μ − 1

2

)
σ t + σ

√
Δtεi , (7)

where Δt = ti − ti−1 and εi are independently and identically distribution from
the standard normal distribution. Then the likelihood function of return data Ri =
ln(Xi/Xi−1), i = 1, 2, . . . , N is:

l(μ, σ ) = 1√
2πΔt

N∏

i=1

1

σ
exp

(
−[log(x/x0) − (μ − σ 2/2)Δt]2

2σ 2Δt

)
. (8)

Maximizing log-likelihood function with respect to and gives the following MLEs:

σ̂ 2 = 1

NΔt

N∑

i=1

(Ri − R̄)2, μ̂ = 1

Δt
R̄ + 1

2
σ̂ 2, (9)

where R̄ = 1
N

N∑

i=1
Ri .
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Table 2 Parameter estimates of price models

Models GBM

Parameters μ σ

Values 0.020124 0.070257

Maximum log-likelihood 1.87

We estimate the parameters by maximizing the log-likelihood function. The esti-
mation results are illustrated in Table2.

5 Numerical Simulation of Crude Oil Price

Given a discretion of the time interval [0, T ], let Δt = T/N for a given positive
integer N , tn = nΔt , Xn = X (tn) and Wn = W (tn). The independent increment
ΔWn = Wn+1 − Wn ∼ N (0,Δt). In this paper we will discuss the Euler-Maruyama
(EM) [9] method for Eq. (3). The Euler-Maruyama methods take the form:

Xn+1 = Xn + μXnΔt + σ Xn(Wn+1 − Wn), n = 1, 2, . . . , N − 1. (10)

The sample path simulated by the Geometric Brownian Motion follows the his-
torical crude oil price curve, shown by Fig. 2.

In order to compare the stochastic processes in this study among themselves, we
also define the mean error (ME) between the simulated prices and the market ones:

ME =

N∑

i=1
|ps

i − pi |
N

, (11)

Fig. 2 Crude oil price
simulation of GBM
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where ps
i are the simulated prices, pi are the market prices and N is the number

of observations. To reach a high level of accuracy, a large number of simulations
following the Monte-Carlo procedure along 1000 discretized Brownian paths are
carried out. We find that ME = 42.4219.

6 Conclusions

The purpose of this paper is to determine the continuous-time stochastic processes
for the crude oil price. The daily crude oil prices are used over the period from Jan-
uary 02, 1986 to December 11, 2013, which obtained from U.S. energy information
administration. Firstly, unit root tests are carried out. Secondly, theGeometricBrown-
ian Motion model is presented to simulate the continuous-time stochastic crude oil
price, and the parameter estimation of Geometric Brownian motion is implemented
through the MLE procedures. Finally, the mean error between the simulation price
and the market ones is calculated.

Crude oil price in the long term is generally determined by the trend, which
changes continuously and stays around the long term mean. The sharp downs or
ups in crude oil prices are detonated by unpredictable and significant events, the
impact of which may endure for several years. Otherwise, the small fluctuations in
the short term are mainly driven by market activities or some small events which
do not have a serious influence on oil markets. Predicting daily data of WTI crude
oil spot price based on its market characteristics, GBM model is considered. The
numerical simulation shows that the Geometric Brownian Motion is a very effective
stochastic process to model the world crude oil price.
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A Bi-Level Waste Load Allocation Model
Based on Water Function Zoning
for Sichuan-Neijiang

Shuhua Hou, Xiaoling Song and Liming Yao

Abstract Water pollution is becoming very serious currently, and has been a major
bottleneck in China’s economic and social sustainable development. Because rivers
has no clear division of functions and protection requirements early, there has been
no clear goals of water conservation, which has affected the overall water resources
management and protection work carried out. So it is urgent for local basin manage-
ment committee to reasonably allocate waste based on the water function zoning. In
this paper, we focus on water function zoning waste load allocations, and develops
equilibrium strategies to balance the needs of both the first level and the second level
water function zoning. In order to solve the problem between the two level func-
tion zoning, a bi-level optimization model is proposed to minimize water pollution.
Finally, a practical case fromNeijiang segment of Tuojiang, a typical developing city
with typical water function zoning, is given to demonstrate the effectiveness of the
proposed model. Some operational policies are developed to assist decision-makers
cope with pollution limitation for water function zoning.

Keywords Waste load allocation · Water function zoning · Bi-level model

1 Introduction

With the rapidly population growth and economic development, the associated
activities often disturb the water system equilibrium through the discharge of a
great deal of wastewater into the river basin. So rivers have become the main
recipients and conduits of wastewater and river pollution has become one of the
most serious water pollution problems of the present day all over the world [1].
Water quality in most Chinese rivers and groundwater sources is poor and declin-
ing, owing to industrial and municipal wastewater discharges [2]. Water pollution
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allocation with rapid socio-economic development in the Tuojiang river Basin, has
been attracted increasing attention from both the public and the regional government.
Previously, a number of optimization techniques have been developed to deal with
deteriorating water systems in the economic-environmental management of sustain-
able development. With the conception and growth in popularity of a number of
optimization techniques, the problem of optimal waste load allocation (WLA) has
been formulated and solved using a variety of mathematical techniques [3]. Since
pollutant total amount control was introduced in China in the 1980s, many researches
have focused on water environmental capacity, the allocation of pollutant load, and
the pollution discharge right trading, of which the allocation of water pollution load
is the core as well as difficult point in total amount control system of water pol-
lutants discharge [4]. There are a series of objects for water waste load allocation,
includingwater basin, the water function zoning, administrative units, sewage outlets
and pollutant discharging points. However, few of optimization models established
from different water function zoning. In this research, we focus on the waste load
allocation for water function zoning.

In Neiajiang there are one first level water functional areas and four second level
water function zoning. This situation may be modeled as a bi-level decision-making
optimization problem, which is based on a static Stackelberg game with leader-
follower strategy [5]. The upper-level decision-maker (leader) is Neijiang develop-
ment and utilization zone committee and the lower-level decision-makers (followers)
is the authority of subareas.

The remainder of this paper is organized as follows. Section2 mainly describes
the problem of Neijiang segment, Tuojiang river. The mathematical formulation for
the bi-level waste load allocation model is presented in Sect. 3. Finally, conclusions
are given in Sect. 4.

2 Problem Description

Tuojiangwith 629km long is one of the four tributaries of theYangtzeRiver located in
eastern Sichuan Province, flows through the cities of Neijiang. Located in the down-
stream of Tuojiang River Basin, the segment of Neijiang longs 303km and accounts
for 60.4% of Tuojiang river trunk stream, most of it belongs to the middle stream of
Tuojiang river. In recent years, Water pollution problems in the Neijiang have gen-
erally become worse as a result of rapid population growth, industrial development
and urbanization. Water quality in rivers has deteriorated due to direct discharges of
untreated domestic and industrial wastewater. Not only the serious water pollution,
as well as the water quality deterioration hasmade the water problemsworse and hin-
dered the social and economic development in this area. Increasing pollution loads
necessitates the incorporation of water quality issues in water waste load allocation.

Since the ability of river to clean itself due to its assimilative capacity makes nec-
essary determination of waste water treatment levels for the management committee
and each subarea.As shown in Fig. 1, the first levelwater functional areas forNeijiang
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Fig. 1 The distribution of the four two level water function zoning

segment is the Neijiang water development and utilization zone. Based on the
development and utilization of district, we have 4 second level water function areas.

Among them, the North ferry drinking-industrial water area and Shizhogqu
landscape-industrial water area are concentrated industrial water district. The main
source of pollution is factory wastewater discharge, and water pollution seriously
restricting the economic development of the region. In the case of emissions strictly
controlled, how to pursue maximum economic benefit is that we need to solve. How-
ever, Pimu emissions control area is relatively the concentrated sewage outfall area
of life wastewater. Sewage and waste it accepted has no significant impact on the
water environment and the local economic development. Chenjiaba transition zone is
designated to allow the smooth transition for different quality requirements between
the adjacent area. There is no economic target for the two area, the regional authority
of Pimu emissions control area and the Chenjiaba transition zone just need control
sewage discharge that is to pursuit the greatest environmental benefits. According
to the country water function area standard requirements, the local government
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determine the river basin’s decomposition goal of water function zone to amount
to mark targets, determine the total water pollutant emission limits in 2015.

Since water is an essential resource for all life on the planet, water scarcity means
that water resource allocation is a global concern. In order to improve the water qual-
ity and ecological environment, the total pollutant load must be controlled. Based
on the response relationship between the pollutant load and water quality, the total
maximum allowable pollutant load was calculated and allocated to the each sub-
area. Further, as the distribution of water resources is spatially uneven, there is often
a trade-off in a river basin between the regional authority and the subarea water
managers. A Stackelberg-Nash equilibrium exists between the basin management
committee and the subarea water manager for the wastewater load allocation with
different contaminant carrying capacity levels. The waste load equilibrium alloca-
tion model is considered suitable for tackling the waste load allocation problem in
Neijiang segment of Tuojiang river basin. Total distribution of pollutants is the core
of the total pollutant control and the basis for the implementation of emissions trad-
ing. This waste load allocation has a two-level structure; the management committee
is the decision maker for the initial allocation level, and the regional authority of
each second level water function area is the decision maker for the secondary allo-
cation level. Considering the above, the problem should be regarded as a bi-level
optimization model.

China’s current total allocation is mainly implemented proportional allocation
way, the total allocation does not reflect a fair, efficient and viable distribution. The
problem of designing a based emission factor can be viewed as a hierarchical process
where the management committee of Neijiang determines the total pollutant emis-
sion and the subarea authorities decides on the volume of waste load to be withdrawn
tominimize pollutant emission. The regional basinmanagement committee allocates
the water rights to the subareas, and after obtaining these initial rights, each subarea
makes waste load allocation decisions based on waste use volume allocation with
the aim of promoting equitable cooperation in the Neijiang segment of Tuojiang
river basin. The basin management committee of Neijiang must project waste gen-
eration and plan for adequate treatment and disposal capacity in their region. More
specially, once the regional basin management committee determines the waste allo-
cation schedule, it sends this information down to the lower levels. The lower levels
then process the waste allocation structure and pass results back up to the basin
management committee as optimal treatment levels.

As shown in Fig. 2, the basin management committee of Neijiang has minimum
environment Gini coefficient as its most important goal. On the lower level, under the
conditions of total amount constraint, maximizing enterprises’ economic efficiency.
The North ferry drinking-industrial water area and Shizhongqu landscape-industrial
water area consider economic profit as their goal and consider minimizing emissions
to maximizing enterprises economic efficiency. The Pimu emissions control area and
the Chenjiaba transition zone aim to achieve water quality standard to minimizing
emissions.
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Fig. 2 The bi-level model for the wastewater allocation in Neijiang Tuojiang river

3 Mathematical Model

3.1 Assumptions and Notations

Assumptions:
In reference to the SurfaceWater Environmental Quality Standard of the Peoples’

Republic of China (GB 3838-2002) and the embodiments of key watersheds water
pollution prevention plan (2011–2015) for Neijiang City.

• Since the two pollutants chemical oxygen demand (COD) and ammoniacal nitro-
gen (N H3−N ) react the same degree of water pollution, we just consider chemical
oxygen demand (COD) in the bi-level single objective based on waste load allo-
cation.

• All subareas are located in the same river basin, and all industrial pollution emis-
sions flow into this river basin.

• There are certain limitations of the environment capability.
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Notations:
The following symbols are used in this paper.

Gk : the indicator’s Gini coefficient, which are the GDP, population and waste
water discharged quantities,

Yik : Cumulative percentage of the kth evaluation index for Gini coefficient in the
i th subarea,

Xi : accumulative percentage of waste COD for Gini coefficient in the i th subarea,
Ei : the amount of economic scale in the i th second level water function zone,
Gi : the amount of GDP in the i th second level water function zone,
Pi : the amount of total household population in the i th second level water function

zone,
Wi : the amount of waste water discharged in the i th second water function zone,

W−limit: the total amount of allowable waste water discharge in the Neijiang seg-
ment,

W i−limit: the amount of allowable waste water discharge in the i th two level water
function,

R: the COD reduction rate of the designed target along the Neijiang segment,
G0(k): the Gini coefficient for the kth index with status value,
Fi : the volume of economic scale in the i th two level water function,
D0: the total amount of COD emission in the Neijiang segment now,
D0i : the amount of actual COD emission in the i th second level water function

zone,
ri0: the lower bound of the COD reduction rate in the i th second level water

function zone,
ri1: the upper bound of the COD reduction rate in the i th second level water

function zone,
α j : Average economic benefit coefficients per unit the discharge of COD of j th

water user,
β j : Average COD discharge coefficients per unit the waste water of j th water

user.

Decision variable:

Di : the amount of COD allocation in the i th second level water function zone,
di j : the amount of COD allocation to j th water user in the i th second level water

function zone.

3.2 In the Upper Level, the Environment Gini
Coefficient (EGC) Method

In the upper level for the Neijiang water development and utilization zone, the
environmental Gini coefficient (EGC) [6] analysis method is applied to set up an
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appropriate optimal allocation model. The objective function is to minimize the sum
of every control indicator of Gini coefficient. The decision variable is the amount
of COD distribution in every subarea. Multi-constrained single-objective linear pro-
gramming method can be used to strike the optimal solution.

The upper level’s goal is to minimize the environment Gini coefficient

min EGC =
3∑

k=1

Gk(Di ), (1)

where

Gk = 1 −
4∑

i=1

(Yik − Yi−1,k) × (Xi + Xi−1), Yi1 = Yi−1,1 + Ei

4∑

i=1
Ei

, Y01 = 0,

where the volume of the economic scale is equivalent to Ei = ∑i+1
j=i α j × di j , for

i = 1, 2, and E3 = G3, E4 = G4.

Yi2 = Yi−1,1 + Pi

4∑

i=1
Pi

, Y02 = 0, Yi3 = Yi−1,1 + Di

4∑

i=1
Di

, Y03 = 0,

where the total amount of the waste water discharged in i th subarea is equivalent to
Wi = ∑i+1

j=i β j × di j , for i = 1, 2, and when i = 3, 4, the amount of waste water
discharged is equal to the actual quantity:

Xi = Xi−1 + Di

4∑

i=1
Di

, X0 = 0.

The total amount of waste (COD) sewage cannot exceed the reduction target of
the region:

4∑

i=1

Di ≤ (1 − R) × D0. (2)

The environment Gini coefficient of every control indicates equal or less to status
value:

Gk ≤ G0(k). (3)
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The total amount of waste water discharged in the Neijiang segment of Tuojiang
river cannot exceed the carrying capacity of the river basin.

2∑

j=1

β j × d1 j +
3∑

j=2

β j × d2 j + W3 + W4 ≤ W−limit. (4)

The constraints about the Pimu emissions control area and Chenjiaba transition
zone:

Unlike the first two area, we regard the emissions target of the Pimu emissions
control area and Chenjiaba transition zone as the constraints of the upper level.

The constraint of reduction rate upper and lower limit for waste (COD) emission.

ri0 ≤ D0i − Di

D0i
≤ ri1. (5)

For drinking-industrial water function and industrial-landscape water, there are
different need of reduced rate.

D0i − Di

D0i
≥ ri0, i = 1, 2. (6)

3.3 In the Lower-Level

In the lower level, we chooses maximum profit as the objective function and tries to
use minimal environmental costs to get maximize economic development. And the
decision variables are the amount of COD allocation. The main sources of pollutants
in the region for landscape and industrial water discharge, so we optimize the amount
of each users’ allocation with these constraints such as total amount of COD target,
the total amount of wastewater.

The objective functions to be optimized consider both the economic and environ-
mental factors. The lower level aim to maximize economic profits.

max Fi =
i+1∑

j=i

α j × di j . (7)

The amount of waste (COD) into the river equal or less to the total designed target
of the water function.

2∑

j=1

di j ≤ Di . (8)
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The amount of waste water sewage equal or less to the total designed target of the
water function.

i+1∑

j=i

β j × di j ≤ W i−limit. (9)

In short, the total optimization model for Neijiang segment, Tuojiang river waste
allocation is summarized as follows.

min EGC =
3∑

k=1

Gk(Di )

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

4∑

i=1
Di ≤ (1 − R) × D0

G K ≤ G0(k)

ri0 ≤ D0i −Di
D0i

≤ ri1, i = 3, 4
D0i −Di

D0i
≥ ri0, i = 1, 2⎧

⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

max F1 =
i+1∑

j=i
α j × di j

s.t.

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

i+1∑

j=i
di j ≤ Di

i+1∑

j=i
β j × di j ≤ W i−limit.

(10)

4 Case Study

4.1 Basic Condition

The Neijiang segment of Tuojiang river is divided into 4 two level water function
areas to which the total waste control permit is distributed. This research demon-
strates how the discharge permits of 2010 are distributed to each district using the
EGC method in the upper level. In 2010, the COD discharged with wastewater was
4732.5 tons in Neijiang water development and utilization zone. According to the
“Focus on water pollution prevention plan” of the Twelfth five-year plan. By 2015,
all the city’s major water pollutant emissions of chemical oxygen (COD) demand
control of 5.1544 million tons, reducing 11% (including industrial and domestic
chemical oxygen demand reduction of 11.64%) than in 2010; The data for COD
discharge and environmental capacity come from Neijiang government while the
date for GDP, population and wastewater discharged into river come from National
Bureau of Statistics of Sichuan (2011).
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In the lower level, Tuojiang flows through the Shizhongqu and Dongxing District
ofNeijiangCity,which shijiazhen section is located at the Shizhongqu, the three other
section are located in Dongxing district of Neijiang City. So we taking the geography
division and representatives of river length, roughly estimated GDP and population
of each subarea. Besides, according to the Statistics of Sichuan in nearly three years,
we estimates the average economic benefit coefficients per unit the discharge of COD
based on the total amount of the gross industrial production and COD discharge of
industrial in 2010 of Neijiang.

4.2 The Results

First, calculate EGC based on COD discharges of the districts in 2010, The result is
shown in Table1.

Second, optimize the EGC for each criterion with constrains. Given that the total
reduction rate of waste discharge is r = 11.0%, after the discussion with local
EPBs from each district, the upper limit and lower limit of waste discharge reduc-
tion rate for Pimu emissions control area and Chenjiaba transition zone is 0 and
20%. Besides, for the North ferry drinking-industrial water area and the Shizhongqu
landscape-industrial water area, there is just lower limit of 13.98 and 13.15% for
each other. The optimization result and finial waste discharge permit allocation are
shown, respectively, in Table2.

Table 1 Calculation of water COD discharge Gini coefficient based on GDP

Water func-
tion areas

GDP
(million
RMB)

Population
(thousand)

Wastewater
(thousandm3)

COD
(t/year)

Cumulativea

GDP CODb

North ferry
drinking
industrial
water district

12684.50 531 4328 615.5 49.90% 13.01%

Shizhongqu
landscape
industrial
water area

9169.567 635.76 22740 4007 85.97% 97.68%

Pimu railway
bridge emis-
sion control
area

764.13 52.98 420 60 88.98% 98.94%

Chenjiaba
transition
zone

2801.812 194.26 72 50 100.00% 100.00%

Total 25420.01 1414.1 27560
aCumulative percentage
bCOD discharge
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Table 2 Environment Gini coefficient

Criteria GDP Population Wastewater Total

Before
optimization

0.257 0.106 0.031 0.394

After
optimization

0.134 0 0 0.134

Difference 0.123 0.106 0.031 0.26

We can see the environment Gini coefficient before optimization and after, the
result show that the Gini coefficient for every indicator shrink obviously. After opti-
mization, we get that D1 = 120.8, D2 = 0, D3 = 48, D4 = 49 for the upper level,
and d11 = 0, d12 = 120.8, d22 = 0, d23 = 0 for the lower level. We can see the
history and current optimal condition, the value of the optimal objective function of
environment Gini coefficient is 0.134, lower than before by 0.26.

5 Conclusion and Proposal

The situation of water quality and pollution in Neijiang is not optimistic now. In
this study, a wastewater load allocation (WLA) model was developed for regional
wastewater load allocation planning design among different water function zone in
the same river basin. The wastewater load allocation is determined by the river basin
management committee and the management committee allocates the waste load
rights to the subareas. And it is necessary to establish restrict pollutant system for
water function zone and take measures from the following aspects.

• Taking strictly management for water functional areas: Governments at all levels
should take the limitation of the amount of sewage as an important basis for the
work of pollution prevention and pollution reduction and strictly control the total
amount of sewage into the river. Finally, carrying water function zones compli-
ance assessment, and implementing the limit control targets of total amount of
emissions.

• Strengthening the sewage outfall into the river management: It is most need to
get the administrative department’ agreement to set a new outfall. For emissions
exceed the total amount of water function zones where approval of new water
intake and emission outfall is strictly limited.

• Ensuring the industrial enterprises discharge standards: The local government
should take actions to adjust the industrial structure, establish reasonable industrial
layout and implement emissions trading system to Control the industrial pollution.

• Installing pollution automatic monitoring system in the key industrial pollution
watershed and implementing environmental supervisor system.

• Strengthening the protection of water resources: Implementing water protection
projects and building water resources protection project with the river basin as a
unit so that achieve clean water into rivers.
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• Actively promoting clean production and recycling economy: The local committee
should effectively combine the functional services and functional areas of water
management constraints to achieve controllable social cycle of water, thus con-
tributing to the development and protection of the coordination equilibrium.
Besides, strengthen water conservation work in the whole society, and actively
carry water resource utilization, improve water reuse and utilization.
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Supply Chain Coordination with Group
Buying Through Buyback Contract

Yanni Ping, Wenjing Shen and Benjamin Lev

Abstract Under group buying strategy, a retailer offers buyers price discount based
on buyers’ aggregate purchase quantity. This paper studies the supply chain coordi-
nation issue with a supplier and a retailer that uses group buying mechanism when
selling to customers. We demonstrate that a buyback contract can coordinate the
supply chain under group buying, and how its contract terms critically depend on the
quantity threshold above which group buying deal is activated.

Keywords Group buying · Buyback contract · Supply chain coordination

1 Introduction

Group buying (GB) is a distinctive selling strategy where quantity discount are
offered based on buyers’ aggregated purchasing quantity. As the price decreases
with the total quantity, buyers enjoy positive externality that allows them to obtain
lower prices than they otherwise would be able to obtain individually [1].

Group buying is widely used for both business-to-business (B2B) and business-
toconsumer (B2C) transactions. In a B2B context, co-operatives of independent gro-
cers, convenience stores, or retail hardware stores have long existed in the United
States as well as in Europe [1]. Most of the research work on B2B group buying is
focused on the benefit buyers receive in reduced acquisition cost or enhanced bar-
gaining power. B2C group buying first emerged as a new selling strategy in the late
1990s, which is also known as “social discounting” or “collective buying”. Sellers
usually offer group buying through third-party platform firms. Most of the repre-
sentative groupbuying websites that became popular in the late 1990s, including
Mercata, Mobshop, and Letsbuyit, either ceased operating or changed their business
models a few years later [2]. Interestingly, despite the failure of these pioneering
group-buying sites, a decade later another generation of social buying websites like
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Groupon.com and LivingSocial.com emerged. Led by the market leader, Groupon,
these newcomers typically offer ‘a deal a day’ tailored to each local market. The
market enthusiasm for online group buying peaked when Groupon declined a $6
billion offer from Google [3].

Many different forms of group buying exist. For instance, group-buying auction
(GBA) allows the price of the deal to change dynamically. With GBA, the seller
announces the price scheme and a closing date before the sale begins. The sale’s
status–the current number of bidders and the imputed prices–is updated dynamically
and displayed on the Web. Based on the number of participating customers at the
end of the selling period, all winning customers receive the same closing price, no
matter what price they originally signed up for. Another relatively new form of group
buying, prepaid discount vouchers, was first offered in 2008 by Groupon. It gives
consumers large discounts when they prepay for the participating firms’ goods and
services. It soon expanded the diversity of group buying products to restaurants,
skydiving and museum visits. Although new selling forms continue to emerge, the
most common form of group buying strategy remains to be fixed pricing mechanism
(FPM), where group-buying customers receive products at a fixed discount price only
if the pre-specified deal threshold is reached. We adopt FPM as the group buying
mechanism in this paper.

The majority of the group-buying research restricts attention to the interaction
between retailer and customers. To the best our knowledge, there has been little
research that takes the supply chain perspective and studies the coordination between
supplier and retailer. In view of this gap in the literature, this paper studies the supply
chain performance with group buying through a buyback contract. Our model builds
on the classic newsvendor formulation. In our setup, the retailer faces a random
aggregate demand and makes decision of the stocking quantity, assuming price is an
exogenous parameter. The retailer adopts group buying strategy by pre-specifying a
threshold. If the number of customers reaches this threshold, then all of the buyers
receive a fixed price discount. Otherwise the product is sold at regular price. We
demonstrate that a buyback contract coordinates a supply chain with group buying
and it is dependent on the value of exogenous parameters includingprices anddemand
distribution.

The remainder of this paper is organized as follows: Sect. 2 provides a review
of the existing literature on B2C group buying mechanism along with a review of
buyback contract. Section3 outlines our model and discuss the supply chain optimal
decisions. Section4 studies how buyback contract coordinates the supply chain with
group buying. The last section provides some potential research extensions on group
buying through buyback contact and a conclusion of this paper.

2 Studies on B2C Group Buying Mechanism

Most existing research on B2C group buying focused on the increased purchasing
power of buying groups. For example, Che and Gale [4] examine how an organized
“buyer alliance” can use its power to influence the design of health insurance plans
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offered to its members. Chen and Li [5] explore whether buying groups, such as
buying clubs for goods or utilities, should commit to exclusive purchase in the pres-
ence of competing sellers and how such commitment influences competition.

There has been a growing number of theoretical literature on group buying as a
selling strategy in recent years.Most of the studies examine the effectiveness of group
buying auction in comparison with traditional fixed pricing mechanism. Anand and
Aron [6] is believed to be thefirst analyticalmodel of groupbuying. Theydemonstrate
that under demand uncertainty, group buying mechanism outperforms posted pricing
under demand heterogeneity and production postponement in combinationwith scale
economies.Based on theirmodel,Chen andChen [7] studied the groupbuying auction
considering the risk seeking seller and different demand regimes. They analyze the
sellers’ optimal price curve of the GBA in the uniform unit cost case and in some
supply chain coordination contracts. They found that the best discount rate is zero,
which implies that the optimal group-buying auction is equivalent to the optimal fixed
pricingmechanism. They also compared the GBAwith the FPM in two special cases,
the economies of scale and risk-seeking seller, and found that (1) when economies
of scale are considered, the GBA outperforms the FPM; (2) when the seller is risk-
seeking, the GBA also outperforms the FPM. As voucher discount emerged as a
new form of group buying, Edelman and Jaffe [8] formulated a model to explore
how offer details interact with characteristics of the consumer population to shape
the profitability of voucher discounts. Their results illustrate that offering vouchers
tends to be more profitable for firms which are patient or relatively unknown, and
for firms with low marginal costs.

Besides the study on the profitability and effectiveness of group buying, in recent
years, many researchers put more focus on the study of consumer behavior and
other interesting effects appeared in the group buying processes. Their findings bring
more insights to better understand customer behavior and better design group buying
mechanisms. For example,Wu et al. [9] empirically identified two types of threshold-
induced effects in online group-buying diffusion: a surge of new sign-ups around the
time when the thresholds of group-buying deals are reached, and a stronger positive
relation between the number of new sign-ups and the cumulative number of sign-ups
before the thresholds are reached than afterwards. They found that the first type of
threshold effects is significant in all product categories and in all markets, while
the second type of threshold effects varies across product categories and markets.
Their research offers useful insights to the threshold-induced behavior in the online
group buying context, at the same time calls for extended research to enrich the
understanding of this issue. In another study, Hu and Shi [3] studied the design of
group-buyingmechanisms in a two-period game. A firm can adopt either a sequential
mechanismwhere the firm discloses to second-period arrivals the number of sign-ups
accumulated in the first period, or a simultaneous mechanism where the firm does
not post the number of first-period sign-ups and hence each cohort of consumers
faces uncertainty about another cohort’s size and valuations when making sign-up
decisions. Their analysis shows that the deal’s success rate is always higher under
the sequential mechanism, since sequential mechanism eliminates the uncertainty
and increases the ex ante expected sign-up rates of the second cohort of consumers.
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This results also offer a potential explanation for why firms such as Groupon display
the updated number of sign-ups along with the minimum number required to unlock
the deals.

A growing number of literature integrates consumer social interactions into
designing the group buying mechanism. Jing and Xie [10] argued that Group buy-
ing allows a seller to gain from facilitating consumer social interaction, i.e., group
discount can motivate the more informed customers to acquire those less informed
customers through sharing his knowledge and experiences about the product. They
formulated a static model for such an information-sharing effect and compared group
buying with other selling strategies. Following this study, Liang and Ma [11] incor-
porated the information and demand dynamics into their model to study information
sharing in group buying in a dynamic framework.

The aforementioned group buying literature has been focused on understanding
consumer behavior and analyzing a retailer’s best strategy. There has been little work
that investigates the supply chain coordination issue when a retailer adopts group
buyingmechanism. Supply chain coordination without group buying has been exten-
sively studied in the operations literature. Pasternack [12] was the first to identify
that buyback contracts coordinate the fixed-price newsvendor. With that contract,
the supplier charges a wholesale price ωb per unit and pays the retailer b per unit
for unsold products. Cachon [13] provided an extensive survey on other contracts
for supply chain coordination. An important implicit assumption of implementing
buy back contract is that the supplier is able to verify the number of unsold units
and the cost of such monitoring does not negate the benefits created by the contract.
Our study contributes to the literature by unifying group buying and supply chain
coordination issue into a single framework.

3 Model and Supply Chain Optimal Decisions

Consider a supply chain with two entities, a supplier and a retailer. The supplier’s
production cost is c per unit; the retailer has a per unit salvage value s and loss of
goodwill l. All of the three parameters are exogenously specified. The product is
regularly sold at price p1. The retailer sells to the customers through a group buying
mechanism. With a pre-specified quantity threshold q, the retailer is committed to
offer a lower price p2 < p1 to all customers if demand exceeds q.

Customer demand is random. Typically demand randomness can be modeled in
either an additive or a multiplicative fashion. In this paper we choose to model
the demand in additive form, as it is easy to analyze and is commonly used in the
literature, although the analysis can be easily carried over for multiplicative demand.
Assume at the regular price p1 consumer demand D1(p1, ε) = a − bp1 + ε. If the
lower price p2 is charged consumer demand becomes D2(p2, ε) = a′ − bp2 + ε.
Notice that a′ can be equal to, larger or smaller than a. If a′ < a, it indicates that only
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a fraction of customers have access to group buying offer. If a′ > a, it indicates on
the other hand that group buying can increase the market base through advertising.
Under group buying mechanism, if the group buying demand D2 does not exceed
the threshold q, then the group buying deal is not activated. Price p1 will be charged
and demand is D1. Otherwise price is p2 and demand is D2. Note that the prices p1
and p2 and the group buying threshold q are all exogenously specified. ε is a random
variable defined on (−∞,+∞) with expectation E[ε] = 0. We let F(·) and f (·)
represent the cumulative distribution function and probability density function of ε.
Denote the expected demand D̄1 = a − bp1, D̄2 = a′ − bp2. So D1 and D2 can be
expressed as D1 = D̄1 + ε and D2 = D̄2 + ε. We also assume D̄1 < D̄2, capturing
the fact that group buying increases total expected demand.

The expected profit of the centralized supply chain is:

Eπc(Q) = E(πc(Q)|D2 < q) + E(πc(Q)|D2 > q),

where

E(πc(Q)|D2 < q)

= ED2

[
p1E min(D1, Q) + s E(Q − D1)

+ − l E(D1 − Q)+ − cQ
]

=
∫ q

0

[
p1Q − (p1 − s)E(Q − D1)

+ − l E(D1 − Q)+ − cQ
]
d F(D2)

=
∫ q

0

[
(p1 + l)Q − l D̄1 − (p1 − s + l)E(Q − D1)

+ − cQ
]
d F(D2) (1)

=
∫ q−D̄2

−∞
[
(p1 + l)Q − l D̄1 − (p1 − s + l)E(Q − D̄1 − ε)+ − cQ

]
d F(ε).

Therefore:

Eπc(Q) =
∫ q−D̄2

−∞
[
(p1 + l)Q − l D̄1 − (p1 − s + l)E(Q − D̄1 − ε)+

]
d F(ε)

+
∫ ∞

q−D̄2

[
(p2 + l)Q − l D̄2 − (p2 − s + l)E(Q − D̄2 − ε)+

]
d F(ε)

− cQ. (2)
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Taking the first derivative with respect to Q:

∂ Eπc(Q)

∂ Q

=

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

if Q < q − D̄2 + D̄1 : (p1 + l)F(q − D̄2) + (p2 + l)F̄(q − D̄2)

−(p1 − s + l)F(Q − D̄1) − c
if q − D̄2 + D̄1 < Q < q : (p1 + l)F(q − D̄2) + (p2 + l)F̄(q − D̄2)

−(p1 − s + l)F(q − D̄2) − c
if q < Q : (p1 + l)F(q − D̄2) + (p2 + l)F̄(q − D̄2)

−(p1 − s + l)F(q − D̄2)

−(p2 − s + l)
[
F(Q − D̄2) − (q − D̄2)

] − c.
(3)

Since ∂ Eπc(Q)
∂ Q is nonincreasing and continuous in Q, we can conclude that

Eπc(Q) is concave in Q. Noticing that ∂ Eπc(Q)
∂ Q is constant if q − D̄2 + D̄1 <

Q < q since all the parameters appear in that expression are pre-specified, we let
u = (p1 + l)F(q − D̄2) + (p2 + l)F̄(q − D̄2) − (p1 − s + l)F(q − D̄2) − c =
(p2 + l − c) − (p2 + l − s)F(q − D2). Denote q̄C = D̄2 + F−1(

p2+l−c
p2+l−s ), then

u > 0 is equivalent to q < q̄C . In the theorem below we derive the expression for
the supply chain optimal quantity Q∗

0 based on the value of u.

Theorem 1 The supply chain optimal order quantity under group buying is:

Q∗
0 =

⎧
⎪⎨

⎪⎩

any value ∈ [
q − D̄2 + D̄1, q

]
, if q = q̄C

q̄C , if q < q̄C

D̄1 + F−1
[

p2+l−c−(p2−p1)F(q−D̄2)
p1+l−s

]
, if q > q̄C .

(4)

All the proofs are provided in the Appendix.

Theorem 1 indicates that there are three possible scenarios for the supply chain
optimal quantity decision, depending on the group buying threshold q. Note that
q̄C is in fact the newsvendor quantity if demand is always D2. Intuitively, when the
group buying threshold is small enough (q < q̄C ), group buying deal is expected to
be activated with almost certainty, therefore it is optimal to ignore the possibility of
doing regular sale and simply order the newsvendor quantity q̄C . On the other hand,
if the group buying threshold is large enough (q > q̄C ), then it is likely that group
buying demand cannot exceed the threshold, in which case the retailer should order
the expected regular demand (D̄1) plus some safety inventory:

(
F−1

[
p2 + l − c − (p2 − p1)F(q − D̄2)

p1 + l − s

] )
.

Interestingly, he should order a little more than the newsvendor quantity when
demand is always D1, due to the possibility of activating group buying deal and
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thus facing a larger demand. If q is exactly equal to q̄C then a variety of order
quantities can be optimal.

4 Supply Chain Coordination

When the supplier and retailer are two separate entities, they make decisions on their
own interests. In this section we explore whether there exists a buyback contract such
that the retailer continues to make the supply chain optimal decision even though she
maximizes her own profit. With the buyback contract, supplier charges a wholesale
price ωb, and buys back any unsold inventory at a price b. The retailer still adopts
group buying strategy, where price p2 is offered if demand D2 exceeds the threshold
q, and p1 is offered otherwise.

Analogous to the centralized supply chain, with the supplier offering a buyback
contract, the first order condition for the retailer’s profit can be easily obtained by
substituting the production cost c and salvage price s in Eq. (3) with the wholesale
priceωb and buyback price b respectively. Thus in the decentralized systemwith buy-
back contract, the first order condtion with respect to the retailers optimal purchase
quantity becomes:

∂ EπR(Q, b, ωb)

∂ Q
=

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

if Q < q − D̄2 + D̄1 : (p1 + l)F(q − D̄2)

+(p2 + l)F̄(q − D̄2)

−(p1 − b + l)F(Q − D̄1) − ωb

if q − D̄2 + D̄1 < Q < q : (p1 + l)F(q − D̄2)

+(p2 + l)F̄(q − D̄2)

−(p1 − b + l)F(q − D̄2) − ωb

if q < Q : (p1 + l)F(q − D̄2)+
(p2 + l)F̄(q − D̄2)

−(p1 − b + l)F(q − D̄2)

−(p2 − b + l)
[
F(Q − D̄2)

−F(q − D̄2)
] − ωb.

(5)

It is natural to assume that b ≥ s since otherwise the retailer will not return
the unsold products to the supplier. In order to derive the supplier’s optimal order
quantity Q∗

R in the decentralized supply chain, we let v = (p1 + l)F(q − D̄2) +
(p2+ l)F̄(q − D̄2)− (p1−b+ l)F(q − D̄2)−ωb, which is the second expression in
Eq. (5). Also denote q̄ R = D̄2 + F−1(

p2+l−ωb
p2+l−b ), then v > 0 is equivalent to q < q̄ R .
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Note that q̄ R depends on the contract terms ωb and b. The optimal order quantity
under the buyback contract is:

Q∗
R =

⎧
⎪⎨

⎪⎩

any value ∈ [
q − D̄2 + D̄1, q

]
, if q = q̄ R

q̄ R, if q < q̄ R

D̄1 + F−1
[

p2+l−ωb−(p2−p1)F(q−D̄2)
p1+l−b

]
, if q > q̄ R .

(6)

We now identify the coordinating buyback contract b,ωb based on different values
of q.

Theorem 2 If q = q̄C , any buyback contract b, ωb that satisfies

ωb = (b − s)F(q − D̄2) + c, (7)

coordinates the supply chain.

Theorem 3 If q < q̄C , the following buyback contract coordinates the supply chain:

ωb = p2 + l −
(

p2 + l − c

p2 + l − s

)
(p2 + l − b), (8)

with Q∗
R = Q∗

0 = q̄C .

Theorem 4 If q > q̄C , the following buyback contract coordinates the supply chain:

ωb =
[

p1 + l − p1 + l − b

p1 + l − s
(p1 + l − c)

]
− b − s

p1 + l − s
(p1 − p2)F̄(q − D̄2),

(9)

and Q∗
R = Q∗

0 = D̄1 + F−1
[

p2+l−c−(p1−p2)F(q−D̄2)
p1+l−s

]
is optimal for the retailer.

Theorem 2, 3 and 4 suggest that the supply chain coordination contracts take
different forms when the group buying threshold falls into different ranges. When
the threshold q is exactly equal to the critical threshold q̄C , the contract has a very
simple form, and it is particularly interesting to observe that (ωb = c, b = 0) is also
one possible contract. In other words, a simple wholesale-only contract is already
sufficient to induce the retailer to order the supply chain optimal quantity. When
the group buying threshold is small enough, the retailer expects to sell to group
buying demand D2, therefore the coordination contract takes the form as in the
classic coordination literature [13]. If the group buying threshold is large enough,
the contract has a complicated form depending on demand distribution, however,
it can be observed that the first term in Eq. (9) is the coordinating wholesale price
if demand is always D1. Group buying, therefore, forces the supplier to lower his
wholesale price in order to coordinate the supply chain, and he needs to lower more
if the group buying discount is large, or if the group buying threshold is small.
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5 Conclusions

Group buying mechanism has been widely studied in both business-to-business B2B
and B2C contexts. While there has been little research studying its effect to the
performance of supply chain under a contract, our study attempts to fill this gap
by formulating a fixed-price newsvendor type model incorporating group buying
selling and buyback contract.We identified the buyback contract {b, ωb} under group
buying setting that coordinates the supply chain and it is dependent on the value of
exogenous parameters including the normal selling price p1, group buying price p2,
group buying quantity threshold q, as well as the random demand distribution.

Our work can be extended in several dimensions. We model demand randomness
in an additive fashion, so a potential future extension is to examine the coordination
contracts using multiplicative form. Additionally, we assume implicitly that the ran-
domness in D1 and D2 are identical. While in reality it may be highly correlated but
not necessarily identical. Therefore this research can also be extended to identify the
coordinating contract assuming different distributions for regular and group buying
demand. We believe these extensions would lead to more insights in supply chain
management under a new selling strategy of group buying.

Appendix

Proof of Theorem 1:

1. If u = 0: Since ∂ Eπc(Q)
∂ Q is contineous and nonincreasing in Q, Q∗

0 can be any

value within
[
q − D̄2 + D̄1, q

]
.

2. If u > 0: Q∗
O will be achieved within (q,+∞). Go back to Eq. (3), the optimal

Q satisfies (p1 + l)F(q − D̄2)+ (p2 + l)F̄(q − D̄2)− (p1 − s + l)F(q − D̄2)−
(p2 − s + l)

[
F(Q − D̄2) − F(q − D̄2)

]− c = 0. So Q∗
0 = D̄2 + F−1

( p2+l−c
p2+l−s

)
.

Since ∂ Eπc(Q)
∂ Q is contineous and nonincreasing in Q, u > 0 ensures Q∗

O in this
case belongs to (q,+∞).

3. If u < 0: then Q∗
O will be achieved within (0, q − D̄2+ D̄1). According to Eq. (3),

the optimal Q satisfies (p1 + l)F(q − D̄2) + (p2 + l)F̄(q − D̄2) − (p1 − s +
l)F(Q − D̄1) − c = 0. So

Q∗
0 = D̄1 + F−1

[
p2 + l − c − (p2 − p1)F(q − D̄2)

p1 + l − s

]
.

Proof of Theorem 2:

u = 0 implies that Q∗
0 ∈ [

q − D̄2 + D̄1, q
]
. To enable Q∗

R = Q∗
0 and thus achieve

supply chain coordination, v must also be zero. So (p1 + l − s)F(q − D̄2) + c =
(p1 + l − b)F(q − D̄2) + ωb. Then we derive the expression of ωb with respect to
b as ωb = (b − s)F(q − D̄2) + c.
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Proof of Theorem 3:

u > 0 implies that

Q∗
0 = D̄2 + F−1

(
p2 + l − c

p2 + l − s

)
.

To enable Q∗
R = Q∗

0 and thus find a coordinating buyback contract {b, ωb}, we must
ensure v > 0 at the same time. Then

Q∗
R = D̄2 + F−1

(
p2 + l − ωb

p2 + l − b

)
.

Let Q∗
R = Q∗

0 and it gives the result shown in Eq. (8). Substitute ωb into the expres-

sion for v. Since v > 0, it implies (p2 + l − b)
[

p2+l−c
p2+l−s − F(q − D̄2)

]
> 0. Given

the buyback price b must be less than the retailer’s selling price p2, the second term[
p2+l−c
p2+l−s − F(q − D̄2)

]
> 0 should be positive.

Proof of Theorem 4:

u < 0 implies that

Q∗
0 = D̄1 + F−1

[
p2 + l − c − (p2 − p1)F(q − D̄2)

p1 + l − s

]
.

Similarly, to find a coordinating buyback contract {b, ωb}, we must ensure v also to
be negative. Then

Q∗
R = D̄1 + F−1

[
p2 + l − ωb − (p2 − p1)F(q − D̄2)

p1 + l − b

]
.

Equalizing the expression for Q∗
0 and Q∗

R gives the coordinating buyback contract:

ωb = p2 + l−(p2 − p1)F(q − D̄2)

− p1 + l − b

p1 + l − s

[
p2 + l−c−(p2 − p1)F(q − D̄2)

]

=
[

p1 + l − p1 + l − b

p1 + l − s
(p1 + l − c)

]
− b − s

p1 + l − c
(p1 − p2)F̄(q − D̄2).

(10)

Substitute ωb into the expression for v as before. Since v < 0, it implies (p1 +
l − b)

[
p2 + l − c − (p2 − p1)F(q − D̄2)

]
< 0. Given the buyback price b must

be less than the retailer’s selling price p1, the second term [p2 + l − c − (p2 − p1)
F(q − D̄2)

]
must be negative.
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Economic Viability Study for Offshore
Wind Turbines Maintenance
Management

E. Segura Asensio, J.M. Pinar Pérez and F.P. García Márquez

Abstract Nowadays, there is a growing interest in the development of offshore
wind farms due to the increasing size and capacity of wind turbines, improvement of
wind resources, social acceptance, noise reduction, depletion of onshore locations
with great wind resources, etc. However, the operation and maintenance (O&M)
costs are too high to make offshore wind turbines economically viable. The use
of condition monitoring systems (CMS) appears as a solution to minimize O&M
costs and increase the reliability of offshore wind farms. The quantification of the
economic benefits of CMS is a non-trivial problem. In this work is presented a novel
maintenance management research based of an economic study of the Life Cycle
Cost (LCC) of CMS for offshore wind turbines. The model includes the costs of
investment and O&M of the CMS and costs for reduction of O&M and energy losses
of the wind turbine generates by the implementation of CMS. These costs are related
with a reliability analysis of a real case study. The application of the economic model
on a real case study assuming different scenarios enables the analysis of the economic
benefits to use CMS in offshore wind turbines.

Keywords Life cycle costs · Condition monitoring systems · Wind energy ·
Offshore wind turbines

1 Introduction

Owing to climate change is a reality, the European Union target for 2020 is to reach
that the 20% of the total energy consumption will be generated by renewable ener-
gies [3]. Wind energy represents an essential technology of the electricity production
sector and has enjoyed a growing interest in recent years [4]. Offshore wind projects
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have been part of this expansion due to the increase in size and capacity of wind
turbines, better wind resources than onshore, depletion of ground locations with
great wind resources, higher social acceptance and noise reduction. However, the
operational and maintenance costs are too high to make offshore wind turbines eco-
nomically viable [16]. The energy researchCentre of theNetherlands (ECN) revealed
an estimation of these costs for offshore wind farms is in the order of 30–35% of the
cost of electricity (distributed in 25–30% in preventive maintenance and 65–75% in
corrective maintenance) [14].

The use of CMS is needed to improve the availability, reliability, safety and
maintenance costs of offshore wind farms. The main reasons for the implementation
of CMS are the following [5, 8]:

• Higher power installed and, therefore, higher wind turbine investments. Higher
wind turbines fail more frequently.

• Reduction of corrective maintenance costs.
• Increasing reliability, decreasing downtime.
• Offshore installations with difficult access to carry out maintenance tasks.
• Requirements from insurance companies in the EU countries to regularly realize
replacement and repair operations in offshore wind farms.

• High interest of specialized companies which supply advanced CMS.

In the scientific literature can be found different techniques used in wind turbines
such as acoustic emission [15], ultrasonic systems [6], oil analysis [17] or strain mea-
surements [12], among others. However, the quantification of the economic benefits
of CMS is a problem non-trivial. In [13] is studied the cost benefits on a CMS for
onshore wind turbines and a relationship between gearbox maintenance costs and
CMS efficiency is found. In [9] is provided an economic justification of CMS regard-
ing to operational parameters for a wind farm showing that the accurate diagnosis of
CMS in the interval 60–80% makes them cost-effective. In [1] is demonstrated the
effectiveness of the online monitoring system for wind turbines using an economic
model. In [10] is developed and analysis with different strategies where the use of
CMS improves maintenance planning in offshore and onshore wind farms.

In this research is presented a novel maintenance management research based
of an economic study of the Life Cycle Cost (LCC) of CMS for offshore wind
turbines. The model includes, on the one hand, the costs of investment and O&M
of the CMS and on the other hand, costs for reduction of O&M and energy losses
of the wind turbine generates by the implementation of CMS. These last costs are
related with the failure rate and downtime, respectively, from a reliability analysis
of a real case study. The net present value (NPV) is used in the economic model
including different NPV factors in the interval between 1 and 10%. The application
of the economic model on a real offshore wind farm is developed, assuming different
scenarios including different percentages of energy losses and different percentages
of preventive and corrective maintenance tasks. In addition, the problem is raised
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in two different approaches: initial investment provided by the company and initial
investment supported by a bank loan with an interest rate of 6%. This study will give
us a map of the different solutions varying the variables considered.

The work is structured as follows: Sect. 2 explains the theoretical foundations
of the maintenance management research based of the LCC of CMS for offshore
wind turbines presented in this work. In Sect. 3 is presented the application of the
maintenance management model on the real data reported fromEgmon aan Zee wind
farm in the Netherlands. Finally, Sect. 4 illustrates conclusions of the work.

2 Model Definition

The research presented in this work studies the feasibility of CMS for offshore wind
turbines through a Life Cycle Cost (LCC) using different annual rates of return. The
main objective of the study is to illustrate that the use of CMS are highly profitable
in offshore wind turbines. The LCC model proposed for the CMS of offshore wind
turbines presents a similar structure than the model used in [7], applied to railway
industry. The definition of the LCC takes into consideration the following assump-
tions: (a) Property tax, value added tax, etc., and general inflation are constant and
included within the annual discount rate (defined as k); and (b) Cash required for
investment is provided by the company (rather than being borrowed) so the equity
rate is 1. Then, the LCC is based on the following expression:

Y =
n∑

i=1

yi = λ

n∑

i=1

ai · cT
i ,

whereY is the total cost,Y=[Y1, ···, Yt , ···, YT ],Yt denotes the cumulative cost in year
t , the subscript T is the total number of years, Yt indicates the cost of breakdown
in category i , and λ expresses the net present value factor vector defined by the
following expression:

λ =
T∑

t=1

1

(1+ k)t−1 = 1+ 1

k
[1− (1+ k)1−T ],

being T the total number of years of the study (10 years) and k the factor of the NPV.
In the case study considered in thiswork, it is selected n = 5 (CMS investment: i = 1;
CMS operation: i = 2; CMS maintenance: i = 3 and; maintenance reductions by
CMS: i = 4 and; energy production and energy losses by CMS i = 5). Now, if
the term ai j indicates the number of times that the unit cost ci j is incurred, the
matrix A and C can be described as A = [a1, . . . , a5], and C = [c1, . . . , c5],
where ai and ci are one dimensional arrays of length 4, i.e., ai = [ai1, . . . , ai4] and
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ci = [ci1, . . . , ci4]. The base year has been set 0. Therefore, the values that compose
the matrices A and C are the following:

A =

⎡

⎢
⎢
⎢
⎢
⎣

a11 a12 a13 a14
a21 a22 a23 a24
a31 a32 a33 a34
a41 a42 a43 a44
a51 a52 a53 a54

⎤

⎥
⎥
⎥
⎥
⎦

, C =

⎡

⎢
⎢
⎢
⎢
⎣

c11 c12 c13 c14
c21 c22 c23 c24
c31 c32 c33 c34
c41 c42 c43 c44
c51 c52 c53 c54

⎤

⎥
⎥
⎥
⎥
⎦

.

The detailed description of the different costs that compose the matrixes A and C
are developed next.
(1) CMS Investment Costs

The CMS investment cost c1 is related to the costs of capital. These costs are
represented by the general investment costs of CMS, and the costs of the different
parts of the CMS installed in the wind turbine (tower, nacelle and blades). The
elements of c1 are therefore described in Table1.

On the other hand, the number of times incurred in these costs are: a11 = a12 =
a13 = a14 = 1.

Table 1 CMS investment costs

Definition This term includes the cost of

c11 General CMS
investment costs

Capital, installation (operator, technical and diver salaries),
regulatory Approval, initial testing, software, power,
communications and the transport costs (boat)

c12 Tower CMS
investment costs

Data acquisition system (hardware, data transmission and
software), Installation costs (operator, technical and diver
salaries), the acquisition of the different sensors necessary to
monitor the tower of the wind turbine, the initial testing and the
transport costs (boat)

c13 Nacelle CMS
investment costs

Data acquisition system (hardware, data transmission and
software), Installation costs (operator, technical and diver
salaries), the acquisition of the different sensors necessary to
monitor the nacelle of the wind turbine, the initial testing and the
transport costs (boat)

c14 Blades CMS
investment costs

Data acquisition system (hardware, data transmission and
software), Installation costs (operator, technical and diver
salaries), the acquisition of the different sensors necessary to
monitor the blades of the wind turbine, the initial testing and the
transport costs (boat)

Table 2 CMS operation costs

Definition This term includes the cost of:

c21 General CMS
Operation costs

Data acquisition and transmission, software, testing, power consume
and human resources (operator and technical salaries)
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(2) CMS Operation Costs
The CMS operation cost c2 is the cost incurred by the technical operation process

in a period of time. The most significant costs incurred in this term are in Table2.
Operation costs are performed monthly, therefore, a21 = a22 = a23 = a24 = 12.

Finally, c22 = c23 = c24 = 0.
(3) CMS Maintenance Costs

The CMS maintenance costs c3 are the cost for CMS maintenance management
processes. The most significant costs incurred in this term are in Table3.

Maintenance costs are carried out once a year, therefore, a31 = 1. Finally, c32 =
c33 = c34 = 0 and a32 = a33 = a34 = 1.
(4) Maintenance Reduction Costs by CMS

This costs represents the difference between total maintenance costs with and
withoutCMS.The computation of these costs includes the assumption that preventive
and inspection costs are reduced in 75%with CMS and corrective maintenance costs
are reduced in 40% using CMS. The failure rates of the different components of the
wind turbine from the case study have been used to calculate these costs. The elements
of c4 are therefore described in Table4.

The number of times that these cost are incurred are: a41 = a42 = a43 = a44 = 1.
(5) Energy Production and Energy Losses by CMS

The cost due to energy production losses is represented by the cost difference of
production losses with and without CMS. The downtime of the different components

Table 3 CMS maintenance costs

Definition This term includes

c31 General CMS maintenance costs Corrective and preventive CMS
maintenance costs

Table 4 Maintenance reduction costs by CMS

Definition This term includes:

c41 General maintenance
reduction costs

Preventive costs (helicopter rand barge costs, operator,
technical and diver salaries, cleaning costs, etc.) and
corrective costs (other failures, see failures rates in Fig. 1)

c42 Tower maintenance
reduction costs

Preventive costs (base inspection, tower inspection and
alignment of the turbine costs, technical and operator salaries
and cleaning costs, etc.) and corrective costs (base repair
without dismantling, base replacement, base transport (boat),
base repair, technical installer and technical operator salaries,
etc.)

c43 Nacelle maintenance
reduction costs

This term is included the preventive and corrective
maintenance costs of the elements that compose the nacelle
of the wind turbine

c44 Blades maintenance
reduction costs

Preventive and corrective maintenance reduction costs of the
blades



240 E. Segura Asensio et al.

Table 5 Assumptions for the LCC calculation

Assumptions

Assumptions hours by year 8760

Wind turbine eficiency (%) 0.6

Electricity price (e/kWh) 0.083

Failures reduction by CMS (%) 0.4

of the wind turbine from the case study have been used to calculate these costs. The
main assumptions used in the computation of the energy production and energy losses
employing CMS are resumed in Table5.

The values of c5 are defined as the electricity price (0.083 e/kWh) [2] and the
elements of a5 are defined as the difference of power loss (kWh) between the different
elements with and without CMS.

3 Case Study

The data used for the evaluation of the proposed maintenance management approach
are the annual operations reports from Egmond aan Zee wind farm in Netherlands
[11]. It was the first large offshore wind farm installed in the Dutch coast (in the
North Sea). It comprises 36 Vestas V90-3 MW turbines producing 108 MW and is
located 10–18km from the coast covering around 27km2. The data is available for
2007–2009 and illustrates the failures and the hours lost related with the different
components of the wind turbines installed. This data information is depicted in Fig. 1.

0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6

Blades

Pitch system

Rotor brake

Mechanical brake

Gearbox

Generator

Yaw system

Wind measurement

Control system

Sensors

Electrical system

Others

Failure rate (failures per
turbine per year

Downtime (hours loss per
turbine per year)

Fig. 1 Failure rates and downtime associated for 2007–2009 in Egmond aan Zee wind farm
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In the application of the LCC described in the previous section to the case study
the values that compose the matrices are the following:

A=

⎡

⎢
⎢
⎢
⎢
⎣

1 1 1 1
12 12 12 12
1 1 1 1
1 1 1 1
132.2 0 1048 160

⎤

⎥
⎥
⎥
⎥
⎦

, C =

⎡

⎢
⎢
⎢
⎢
⎣

−19133.3 −100970.6 −74434.2 −83285.3
−4877.8 0 0 0
−8333.3 0 0 0
37250 19500 83140.7 4672.2
0.083 0.083 0.083 0.083

⎤

⎥
⎥
⎥
⎥
⎦

.
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Fig. 2 NPV results for different values of rate of return and for different years of operation in
Vestas V90

Figure2 displays the NPV values for ten years operation considering 40% of
reduction of failures by using CMS. This figure illustrates different curves depending
on the annual rate of return k. It is observed that the initial CMScosts are recovered for
all the values of k in the 3rd year of operation. There are energy production benefits
from the 4th year of operation making the use of CMS profitable. Additionally, it is
shown that the lower is the rate of return k greater is the benefit obtained.

An extension of the LCC proposed above is the assumption that the investment
costs for CMS are supported by a bank loan with an interest rate of 6% and 10 years.
The study includes the NPV results for values of rate of return between 1 and 10%.
Figure3 shows that the benefits caused by the use of CMS start appearing between
the 3rd and the 4th year of operation for all the values of rate of return. Similarly than
in the previous study, the lower is the rate of return k greater is the benefit obtained.

Finally, a study of the NPV results has been carried out under the assumption of
variations on the electricity price. Figure4 shows the NPV results in the 10th year of
operation for values of rate of return between 1 and 10%. The graph shows that CMS
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Fig. 3 Investment costs supported by a bank loan—NPV results for different values of rate of return
and for different years of operation in Vestas V90
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Fig. 4 NPV results for different values of rate of return and for different years of operation in
Vestas V90 assuming changes in the electricity price

are profitable in most cases. Additionally, benefits are always obtained for values of
rate of return between 1 and 4%. For high values of k and small values of electricity
price gives the use of CMS not profitable.
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4 Conclusions

A CMS for offshore wind turbines is proposed in this work to reduce operation and
maintenance costs. The use of CMS has been demonstrated to be an effective solution
to avoid large failures and/or downtimes. The economic study of the LCC of CMS
for offshore wind turbines reveals the effectiveness of the CMS itself, economic
benefits of CMS and the sensitivity to O&M costs under different scenarios: (a)
initial investment provided by the company; (b) initial investment supported by a
bank loan with an interest rate of 6%; and (c) variations in the electricity price.
The following conclusions were achieved: (1) the results for case (a) shows that the
return of the initial CMS investment cost is in the 3rd year and small values of rate of
return caused higher CMS benefits; (2) similar results are obtained when the initial
investment of CMS is supported by a bank loan (case (b)); and (3) The electricity
price highly influences in the benefits obtained using CMS.
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A Multi-Objective Optimization Model
for the Purchasing and Inventory
in a Three-Echelon Construction
Supply Chain

Qiurui Liu and Zhexiong Tao

Abstract Material purchasing and supply is a great insurance to the continuity of the
construction process. In this paper, a multi-objective purchasing model is presented
for the purchasing and inventory in the perspective of each construction partner in a
construction supply chain. The model aims to reduce the purchasing and supply cost
as well as the lead time in a construction supply chain. Purchasing quantity and lead
time are both considered as controllable decision variables in this model.

Keywords Decision making model · Purchasing · Multi-objective optimization ·
Construction supply chain

1 Introduction

An appropriate procurement system are fundamental to the success of a construction
project. Many procurement research for the construction project have been devel-
oped to reach more efficient purchasing decisions, such as supplier selection [8, 18],
e-procurement [10], fuzzy inference system [3] and so on. Nowadays, there is a
trend to analysis the construction procurement with project logistics. Caron et al.
[2] integrated the procurement with construction processes. Said and El-Rayes [19]
presented an optimization planning model for materials procurement and storage of
the construction logistics. Moreover, there are also critical principles for the decision
making of procurement in construction project [10]. Except for the practical procure-
mentmethod used in the construction industry [21], adequate consideration of unique
characteristics and conditions of a project [7, 11] is needed. Usually, the material
supply process involves complex factors, such as inventory level, time uncertainty,
price uncertainty, etc.
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Lead time is an important element in any inventory management system [17].
Service level and business competitiveness can be shown to possibly be influenced
directly or indirectly via lead-time and/or ordering cost control [4]. In a practical
construction supply chain, lead time is a random variable due to the uncertain of the
order preparation, order transit, supplier lead time, delivery time, and setup time.
Some research has discussed the variable lead time in the general inventory model
[1, 12–14]. Pan and Yang [17] investigated an integrated inventory model with con-
trollable lead time for the implementation of just-in-time (JIT) production. Ouyang
et al. [15] presented a single-vendor single-buyer integrated production inventory
models assuming that lead time demand is stochastic. A JIT was extended with qual-
ity improvement and lead time reduction [16]. By shortening the lead time, we can
lower the safety stock, improve customer service level, and increase the competi-
tion ability [12]. However, there has few work concerning the lead time reduction
in the integration of the procurement and construction supply chain. Therefore, this
paper tried to build the gap between the general inventory model and the construction
supply chain optimization considering the lead time uncertainty.

The reminder of this paper is organized as follows. Section2 shows the modeling
of a three-echelon construction supply chain; The last part is an example and a suitable
outcomes that truly reflects construction practice. Readers can refer the following
content to learn more details.

2 Modelling

Nowadays, large volume of building material inventory system is usually subpack-
aged to a third-party inventory contractor by the construction owner. In this case,
there is an inventory contractor between the supplier and the general contractor in
a construction supply chain. The owner pay for the inventory management for the
inventory contractor. And there do not exists the transfer price of thematerial between
the owner and the inventory contractor. Thus, a construction supply chain can not
be treated and represented by a generalized supply chain. The biggest issue for the
material purchasing and inventory of a construction supply chain is how to use opti-
mization model to reduce each cost and ensure the whole supply efficiency. One
way to increase the supply efficiency is to control the lead time. Therefore, we tried
to determine the optimal lead time and purchasing quality in a construction supply
chain in this paper.
1. Assumption

(1) Information is shared on the construction supply chain;
(2) No shortage is allowed;
(3) Inventory level decreases linearly;
(4) The construction progress rate is definite;
(5) Materials are delivered to the inventory contractor in compliance with the con-

struction sequence;
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(6) Duration of the construction process T is divided into planning periods with
duration τ .

2. Notation
The following notations are used in the formulation of the model.

Sets and Subscripts
i : index of a component of lead time L , i = 0, 1, 2, · · · , n;
j : index of a component of lead time L , j = 0, 1, 2, · · · , n

Decision Variable
Q : order quantity;
L : lead-time, L0 is the safety lead time;
r : re-order point;
Certain Parameters
T : duration period;
A : fixed preparation cost for supplier;
B : fixed set-up cost for each procurement;
D : demand in duration T ;
X : extra costs incurred by the supplier when shortened lead time is requested;
Y : inventory contract fee given by construction owner to inventory contractor;
p : purchasing price in the contract;
S : safety stock;
h : unit holding cost;
m : production profit margin rate;
n : number of independent components of lead time L;
β : construction progress rate;
ci : the unit crashing cost;
ai : minimum duration of i th component of lead time L;
bi : maximum duration of i th component of lead time L;
τ : length of a planning period.

2.1 Objectives

1. Supplier cost
Lead time can be decomposed into independent components that have a differ-

ent crashing cost for reduced lead time [9]. The lead time crashing cost can be
expressed as:

ci

( n∑

i=1

bi −
i−1∑

j=1

(b j − a j ) − L

)
+

i−1∑

j=1

c j (b j − a j ), (1)

where
∑n

i=1 ai < L <
∑n

i=1 bi , n is the number of independent components of lead
time L , ci is the unit crashing cost. The components of lead time are crashed one at
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a time starting from the first component because it has the minimum unit crashing
cost, and then the second component, and so on.

The number of order is D
Q . The cost for the supplier contractor includes preparation

cost (i.e. A), production cost (i.e. (1 − m)pQ) and lead time cost.

min f1 = D

Q
(A + (1 − m)pQ) + D

Q

[( n∑

j=1

b j −
i−1∑

j=1

(b j −a j )− L

)
ci +

i−1∑

j=1

(b j − a j )c j

]
.

(2)

2. Inventory contractor cost
The inventory contractor focus on how tominimize the holding cost. It is assumed

that the inventory is at the safety level S at the beginning. The demand for thematerial
is constant. Then, the inventory level at the end of a period is S + Q − D

T respectively.
Aswe assumed that the inventory level decreases linearly, the average inventory level
can be explained as S + Q

2 − D
2T . Then, the holding cost can be expressed as:

min f2 =
(

S + Q

2
− D

2T

)
D

Q
h. (3)

3. Owner cost
In a construction supply chain, the construction owner needs to pay for the pur-

chasing cost, lead time reward to the supplier and inventory contract fee (i.e. Y ). The
extra costs (i.e. X ) incurred by the supplier will be fully transferred to the owner if
shortened lead time is requested. The purchasing cost includes fixed order cost (i.e.
B) and variable cost (i.e. Qp). Thus, the construction owner cost can be expressed
as following:

min f3 = (B + Qp)
D

Q
+ X + Y. (4)

The average demand per unit time on the owner is D
T . Then, the expected demand

during the lead time can be explained as D
T L . The safety stock is S. Then, the reorder

point r can be stated as following equation:

r = D

T
L + S. (5)

2.2 Constraints

1. Safety lead time
If the construction progress rate is a regular trend, there exists an approximate rela-

tionship between the safety lead time and safety stock [2]. Each delivery of materials
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to the site was translated into an equivalent amount of man hours of construction.
The value of these man hours earned during a τ is β. As safety stock is S and p is
the price (i.e. p can be treated as unit value of material), so pS determines the value
of the materials safety stock. Then, the approximate relationship for safety lead time
L0 can be developed as following:

L0 = pS

β
τ, (6)

where τ is the length of the planning period.
Though the decision maker need to reduce the lead time, there is still an limitation

for the lead time L which should be above the safety lead time. So,

L0 ≥ L . (7)

Besides, as ai and bi is the minimum and maximum duration of i th component
respectively, the duration of L must in a range of:

n∑

i=1

ai < L <

n∑

i=1

bi . (8)

2. Purchasing quantity limitation
Usually, there is a minimum order quantity, which can be stated as follows,

Qmin ≤ Q. (9)

2.3 Formulation Model

In order to increase the efficiency of the construction supply chain, objectives func-
tion of supplier, inventory contractor and construction owner were established by
considering economic cost (i.e. the objective Eqs. (2), (3) and (4)). To ensure contin-
uous construction process, safety lead time was fulfilled in Eq. (7). In reality, there
also exist other resource constraints, such as purchasing quantity limitation (i.e.
Eq. (9)). From the above statement, we can then formulate the optimization decision
model.
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min f1 = D
Q (A + (1 − m)pQ)

+ D
Q

[(
n∑

j=1
b j −

i−1∑

j=1
(b j − a j ) − L

)
ci +

i−1∑

j=1
(b j − a j )c j

]

min f2 = (S + Q
2 − D

2T ) D
Q h

min f3 = (B + Qp) D
Q + X + Y

s.t.

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

pS
β

τ ≥ L
n∑

i=1
ai < L <

n∑

i=1
bi

Qmin ≤ Q
r = D

T L + S.

where i = 1, 2, . . . , n, j = 1, 2, . . . , i − 1.
PSO (Particle Swarm Optimization) is a population-based evolutionary compu-

tation technique which has found applications in a lot of areas. It have been utilized
to solve multi-objective optimization problems using efficiently PSO [20]. The PSO
algorithm has few parameters to adjust and is simple in concept, easy to implement
and computational efficient. In this paper, PSO algorithm is used to find the optimal
order quantity, reorder point and lead time simultaneously.

3 Numerical Example

In order to illustrate the proposed model, we used the data of a construction supply
chain as a numerical example. The data of this numerical example is shown in Table1.
The lead time has three components with data shown in Table2 [14, 16, 17].

Under the same set of parameters, the results of 10 runs of the PSO algorithm
were shown in Table3. From Table3, we can see the optimal solution Q is around
40 t and the lead time is in a range of 21∼23days. The optimal solution purchasing
quantity Q is 39.8842 t. The optimal lead time L is 21days. The reorder point is
58.3261 t. The cost of the supplier f1 is $27980. The holding cost of the inventory
contractor f2 is $5930.2. The purchasing cost of the owner f3 is $34327. At this
solution, the minimized total cost is $68237.

Table 1 Parameters in the numerical example

Parameters Value Parameters Value

A ($) 100 m $/t 8%

B ($) 200 n 3

Y ($) 5000 T (month) 12

S (t) 30 τ (month) 1

h ($/t/month) 10 β (day) 60

D (t) 480 p ($/t) 54
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Table 2 Lead time data

Parameters i = 1 i = 2 i = 3

ci ($/day) 0.1 1.2 5

ai (day) 6 6 9

bi (day) 20 20 16

Table 3 Results

Replication Q L r f1 f2 f3 Total cost

1 39.6591 21.0253 58.0338 27986 5950.3 34341 68277.3

2 39.8164 22.3068 59.7424 28067 5936.2 34331 68335

3 39.446 21.5215 58.6953 28047 5969.4 34354 68370

4 39.8109 22.7746 60.3661 28103 5936.7 34331 68372

5 39.3957 21.3191 58.4255 28037 5974 34357 68367

6 39.9129 23.2185 60.9581 28126 5927.7 34325 68379

7 39.8842 21.2446 58.3261 27980 5930.2 34327 68237

8 39.4648 21.0795 58.106 28011 5967.7 34353 68331

9 39.6895 21.3655 58.4873 28009 5947.5 34339 68295

10 39.4837 21.1159 58.1546 28012 5966 34351 68329

To see the agent fee reduction and extra cost effect, we also checked the results
of the numerical example when agent fee (i.e. Y ) changes. Obviously, extra cost X
and agent fee Y has liner cumulative relationship in the cost function of the owner.
Then, we found out that for any given agent fee Y or extra cost paid by the owner to
the supplier X , the optimal purchasing amount Q keeps the same. And the cost of
the supplier and the inventory contractor changes very slightly. So, the agent fee and
the extra cost has little effect on the purchasing plan.

In the proposed construction supply chain, the supplier and the owner cooperate
with each other. So, the same purchasing quantity Q, the reorder point r and lead
time are taken as decision variables simultaneously. To check the effect of the lead
time reduction, the model was solved under the same purchasing quantity (Q =
39.6895 t). Comparing the results shown in Table4, we see that the savings of cost
of the supplier and the total cost of the CSC are achieved from the efforts of leat
time reduction. Therefore, this kind of cooperation can improve the supply efficiency
significantly.
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Table 4 Lead time effect

Replication 1 2 3 4 5

L 21.0376 21.0709 21.4176 21.451 21.831

f1 27984 27987 28013 28016 28045

CSC total cost 68270 68273 68299 68302 68331

Replication 6 7 8 9 10

L 22.2372 23.0171 23.0814 23.9694 24.2802

f1 28076 28135 28140 28208 28231

CSC total cost 68362 68421 68426 68494 68518

4 Conclusion

The objective is to minimise the total cost of each construction parter. The models
are developed with production cost, ordering cost, holding, agent cost and lead time
crashing costs. The results reveal that the cost of the supplier, the inventory contractor
and the owner were reduced in this case. Moreover, we examine the performance of
agent fee of the inventory contractor against the total purchasing cost. While, it turns
out the agent fee and the extra cost transferred to the owner because of shortened lead
time has no significant effect on the purchasing plan. Investigation of the dynamic
and uncertainties in the CSC is one aspect of the future research. For example, there
are some kind of distribution of price and demand. There also exists stock out and
backorder. Each of these areas is the future research topic and is worthy of attention.
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Integrated Distribution-Transportation
Planning for the Raw Material Supply Chain
Management

Siwei Zhao and Zongmin Li

Abstract In this paper, we study an integrated distribution-transportation problem
for raw material in supply chain management. A bi-level model is proposed for
dealing with this distribution-transportation planning problem. In this hierarchical
system, the leader is the retailer who wants to maximize total profit and decides
the selection for supply location. The follower is the distributor, who responses to
these information and will decide the quantities of the raw material. Then, a bi-
level decision procedure based genetic algorithm is employed to handle the bi-level
model. A case will be presented to prove the effectiveness of the proposed model
and algorithm.

Keywords Supply chain management ·Distribution-transportation · Bi-level mod-
eling · Genetic algorithm

1 Introduction

A supply chain (SC), is an integrated manufacturing process, beginning with raw
materials collected by the distributors, and ending up with the sale of productions to
customers. Traditionally, planning, production, transportation, distribution and mar-
ket along the SC are independently operated. However, each participant has his own
benefit and objective which may interact with others’. Therefore, there is a need for a
system that these organizations can be integrated together. Supply chainmanagement
(SCM), involving planning, production, transportation and distribution, provided a
method through which such integration can be reached and a way to enhance indus-
trial chain [8]. For years, tremendous papers have studied many aspects of the SCM
problems, such as home electronic, mechanical engineering and automobile industry
[6, 12, 14].
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Some SCM problems consist of complicated structure and system, which is
made up by different organizes [1, 3, 5]. Fernandes [3] considered a multi-entity,
multi-product, multi-echelon and multi-transport downstream petroleum SCM with
resource quantities, supply sources and demand requirements. Ang et al. [1] proposed
a game model of multi-leader and one-follower in SCM where n suppliers compete
to provide the single products for the one manufacturer. In this paper, we study an
integrated distribution-transportation (DT) planning for the raw material SC coor-
dination. A bi-model with multiple decision-makers for an integrated DT planning
is developed to describe the relationship between the decision-maker of upper level
(the retailer) and the decision-maker of lower level (the distributor), both of whom
can optimize their objectives by taking each other’s actions into consideration.

The bi-levelmodel increases difficulties and complication to solve it. Lot of studies
have proved that genetic algorithm (GA) is superior to other algorithms for solving bi-
level problems, including a population-wide search, a continuous balance between
convergence and diversity, and the principle of building-block combination [13].
The advantage of GA is that there is no need for more specific information about
the problem space [9]. GA has been used to solve the SCM problems [2, 4, 11].
In addition, to handle the bi-level model, we apply the bi-level decision procedure.
Therefore, a bi-level decision procedure based genetic algorithm (bpGA) is proposed
to deal with the bi-level model.

The paper is organized as follows. In Sect. 2, we make a detailed key problem
statement about theDPproblem considering the characters and relationships between
participants in the system. In Sect. 3, the global model is given, which is made up by
the retailer sub-model and the distributor sub-model. In Sect. 4, to solve the bi-level
DP planning, we put forward a bpGA to improve the performance of the basic GA.
In Sect. 5, a case study is presented. The results and discussion is presented in Sect. 6.
Finally, some concludes are outlined in Sect. 7.

2 Key Problem Statement

The SCM problem in this paper involves two participants, the retailer and the dis-
tributor, covering rawmaterials market. Complicated relationships exist between the
retailer and the distributor that they are interacting with each other. For the practical
operation in SCM, the retailer’s main work is to purchase raw materials from the
distributor and sell them to consumers. To satisfy demand of consumers and own
interests, he must make an effective decision about choosing the supply locations
and offering raw material quantitative constraint for the distributor. Apparently, his
decisions will influence the global SCM. Then, in accordance with information con-
veyed from the retailer, the distributor would confirm his objective and take action
under restriction of the retailer. His plan is to provide enough raw materials to the
retailer and minimize his total cost. In response, the distributor presents his solution
to the retailer and they would update and improve their targets to reach a satisfactory
solution ceaselessly. A bi-level model is established for a problem which consists
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Fig. 1 The abstract structure of the bi-level model

of two or more decision makers, who independently optimize their own goals, but
are affected by the decision made by the other under a hierarchical structure [10].
Therefore, based on description above, the two decision makers can be seen to have a
bi-level relationship, while the retailer is the leader and the distributor is the follower.
The bi-level model is shown in Fig. 1.

3 Model

In this section, a bi-level model is constructed. The mathematical description of the
model, is given as follows.
1. Assumptions:

(1) All the possible locations for different materials can be identified.
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(2) The marginal revenue and transportation costs of the same materials at differ-
ent locations are different.

(3) All the resource demands for each kind of materials during can be satisfied.
2. Notations:
Indices:
i : raw materials index, i ∈ {1, 2, · · · , N }
j : supply location index, j ∈ {1, 2, · · · , M}

Decision variables:
x j : 0-1 matrix variable, 1denotes that supply location j is selected by the retailer,

otherwise takes 0
yi j : the quantity of rawmaterial i offeredby the distributor at the supply location j
Objective function:
P(x j , yi j ) : the total profit function for the retailer
C(x j , yi j ) : the total cost function for the distributor
Certain parameters:
Ri j : the marginal revenue unit of raw material i from location j
C j : the inventory cost at the supply location j
Co

j : the operating cost at supply location j
Ct

i j : the transportation cost unit of material i from the supply location j
Amin

i : the lower bound for the amount yi j of purchased material i
Amax

i : the upper bound for the amount yi j of purchased material i
Vi : the volume unit for material i
Vmax : the maximum storage capacity limitation for the storehouse of the retailer
Cb : the budget cap for operating cost

3. Optimization Model for the Retailer
According to requirement of consumers, the retailer must deal with n kinds of raw
materials. He concerns about total profits, which mainly come from the sale of raw
materials

∑n
i=1 Ri j yi j . The retailer purchases raw materials from the distributor

who collects them from m supply locations and transports them from the supply
locations to the retailer’s market. As the leader, the retailer has the right to choose
the supply location for purchase raw materials because he determines the inventory
cost C j x j [7]. If he intends to purchase the raw material from location j , then x j

takes 1, otherwise takes 0. There is an agreement between two decision makers that
transportation costs are paid by the distributor and the inventory costs are usually
paid the retailer. In general, inventory costs denote

∑m
j=1 C j x j . Therefore, total

profit objective function is as follow

max P(x j , yi j ) =
n∑

i=1

m∑

j=1

Ri j yi j −
m∑

j=1

C j x j , (1)

where Ri j is the marginal revenue unit of raw material i , C j is the inventory cost at
the supply location j .
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Next, some constraints are required. First, for the retailer storehouse, there exists
the maximum storage capacity limitation Vmax. The volume unit for material i is
defined as Vi . The total volume of material should be less than or equal to maximum
storehouse space. Thus, the storage constraint for storage is:

n∑

i=1

n∑

j=1

Vi yi j ≤ Vmax. (2)

Then, it is the logic constraint, which ensures that the distributor can only collect the
raw materials from the supply location selected by the retailer, yi j ≤ Mx j , where
M is a very large number.

Themodeling can thus be formulated as the followingmathematical programming
problem:

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

max P(x j , yi j ) =
n∑

i=1

m∑

j=1
Ri j yi j −

m∑

j=1
C j x j

s.t.

⎧
⎪⎪⎨

⎪⎪⎩

n∑

i=1

n∑

j=1
Vi yi j ≤ Vmax

yi j ≤ Mx j

x j ∈ {0, 1}.

(3)

4. Optimization Model for the distributor
As is depicted above, the retailer purchases rawmaterials from the distributor. In this
model, the distributor’s goal is to minimize the total cost, which consists of operating
costs at supply locations and transportation costs. The operating costs are

∑m
j=1 Co

j .
The transportation costs are

∑n
i=1

∑m
j=1 Ct

i j yi j . Therefore, the total cost function
is:

minC(x j , yi j ) =
m∑

j=1

Co
j x j +

n∑

i=1

m∑

j=1

Ct
i j yi j , (4)

where Ct
i j is the transportation cost unit of material i from the supply location j .

For the amount
∑m

j=1 yi j of offered material i , there is an interval constraint
offered by the retailer. Namely, taking into account the volume of inventories, the∑m

j=1 yi j has a lower bound Amin
i and a upper bound Amax

i , respectively. The amount
constraint is expressed as:

Amin
i ≤

m∑

j=1

yi j ≤ Amax
i . (5)
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Moreover, there is a constraint on financial resources of the distributor for operating
costs at the supply locations, and it is expressed as:

m∑

j=1

Co
j x j ≤ Cb, (6)

where Cb is the budget cap for operating cost.
Operation of the distributor can thus be formulated as the following mathematical

programming problem:

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

minC(x j , yi j ) =
m∑

j=1
Co

j x j +
n∑

i=1

m∑

j=1
Ct

i j yi j

s.t.

⎧
⎪⎪⎨

⎪⎪⎩

Amin
i ≤

m∑

j=1
yi j ≤ Amax

i

m∑

j=1
Co

j x j ≤ Cb.

(7)

5. The Global Modeling
In this model, two decision makers are under constraints while seeking to achieve
their objectives, the retailer is under constraints of storage volume and logic. The
distributor must meet the constraint for raw material amount and financial budget.
In summary, the global modeling is as follows:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

max P(x j , yi j ) =
n∑

i=1

m∑

j=1
Ri j yi j −

m∑

j=1
C j x j

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

n∑

i=1

m∑

j=1
Vi yi j ≤ Vmax

yi j ≤ Mx j

x j ∈ {0, 1}
minC(x j , yi j ) =

m∑

j=1
Co

j x j +
n∑

i=1

m∑

j=1
Ct

i j yi j

s.t.

⎧
⎪⎪⎨

⎪⎪⎩

Amin
i ≤

m∑

j=1
yi j ≤ Amax

i

m∑

j=1
Co

j x j ≤ Cb.

(8)
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4 Bi-Level Decision Procedure Based Genetic Algorithm

In this section, we proposed the bpGA to deal with the bi-level model.

1. Bi-level Decision Procedure
Based on the structure of the bi-level modeling, we apply bi-level decision proce-
dure (BP) to cope with it. The elementary theory of BP is that the leader pursues
his objective, who needs the follower to give him an optimal solution in isolation.
Then follower’s decisions are changed yielding to global benefits. The processing
is repeated until a satisfactory solution is obtained. In this paper, the leader is the
retailer and the follower is the distributor.

2. Hybrid Particle Representation
In this paper a hybrid particle representation which is combined by ordinal encoding
in the lower level and 0-1 representation is used in upper level programming. In ordi-
nal encoding, for example, x1 ∈ {15, 16, 17, . . . , 35}, x2 ∈ {100, 105, 110, . . . , 200},
x3 ∈ {200, 210, 220, . . . , 450}, x4 ∈ {3, 4, 5, . . . , 20}, then population size of x1,
x2, x3, x4 is 21, 21, 26, 18. If we define {x1, x2, x3, x4} = {15, 110, 220, 9}. Thus,
the corresponding chromosome is {1, 3, 4, 7}.
3. Partially Mapped Crossover
The theory of partially mapped crossover (PMX) [9] is that two crossover sites are
stochastically produced while the offspring directly inherits the element between
two locations of one parent. An element in one parent holds the position which is
arranged to map the element between the two points in the other parent. Then the
remainders are inherited from the other parent. As the transfer of elements from one
parent in the sequence crossover 1 to offspring maintains sequence, adjacency and
locations for the segment.

4. Reversal Sequence Mutation
The reversal sequence mutation is applied in this GA as a mutation operator. In
this processing, the whole order is conversed. For example, through the operation, a
chromosome (3, 4, 5, 6, 7) will become (7, 6, 5, 4, 3).

5. Roulette Wheel Selection
Wheel selection as a selection approach is employed in this paper. It is one of pro-
portional selection approaches. The basic theory on it is to determine selection or
survival probability for each chromosome proportional to the fitness value. Then a
model of roulette wheel can be made showing these probabilities.

6. Overall Procedure of the bpGA
To deal with the bi-level model, the bpGA is applied to look for the solution to the
upper level. At the beginning of the algorithm, some feasible solutions (particles:
x j ) for the upper level decision variables satisfying the constraints of upper level
modeling are generated. Then the solutions are set into the lower-level model. The
bpGA is used to find the optimal solution (yi j ) to the lower-level model. Both the
solutions to the upper level and the lower level make up of the final feasible solutions
({x j , yi j }) of the global model. Then the new solutions are generated through an
update of the particles. The overall procedure of the algorithm is presented in Fig. 2.
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Fig. 2 The overall procedure of the bpGA

5 Case Study

Above model and algorithm are applied to a case to test its feasibility in this section.
We assume that the retailer requires to buy 5 raw materials and they are allocated on
4 different supply locations. The marginal revenue unit Ri j of raw material i from
location j are shown in Table1, the inventory cost C j at the supply location j and
the operating cost Co

j at supply location j are presented in Table2. Table3 gives the



Integrated Distribution-Transportation Planning … 263

Table 1 The marginal revenue unit Ri j (unit: CNY/kg)

Raw material

Supply location 1 2 3 4 5

1 103 102 95 117 97

2 86 96 113 84 99

3 98 106 121 95 87

4 99 110 94 108 103

Table 2 The inventory cost and the operating cost (unit: 100 CNY)

Supply location 1 2 3 4

The inventory
costs

2385 1964 2014 1876

The operating
costs

1874 2281 1989 2041

Table 3 The transportation cost unit Ct
i j (unit: CNY/kg)

Raw material

Supply location 1 2 3 4 5

1 23 18 25 17 19

2 26 16 21 19 22

3 18 23 15 14 31

4 27 30 17 13 22

Table 4 The lower, upper bound for material purchase amount (unit: kg) and the volume unit (unit:
cm3/kg)

Raw material

Purchase
amount

1 2 3 4 5

The lower
bound

5000 6000 5600 4500 3900

The upper
bound

2200 3600 3400 2100 1800

The volume
unit for
material

5000 3200 5000 4000 2400

transportation cost unit of material i from the supply location j . The lower, upper
bound for material i purchase amount and the volume unit for material i are given in
Table4. The storage constraint is 95 m3, the financial constraintCb is 6.3×105CNY.
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Table 5 The feasible solution

x j yi j

1 2000 1500 1800 2000 1000

0 – – – – –

1 1000 1500 2000 1200 800

1 1500 2500 1500 1000 1500

6 Results and Discussion

By using the MATLAB to run proposed algorithm, we get a feasible solution for this
case study. After running 200 generations, the feasible solution is shown in Table5.
The the total profit for the retailer is 23.0×106 CNY, the total cost for the distributor
is 1.07 × 106 CNY. Then we compare the PMX and the sublist crossover. Both of
two crossover methods in this case have obtained satisfactory solutions. However,
the PMX runs convergent faster, and gets the satisfactory solution more quickly and
runs more stable.

7 Conclusion

In this paper, a bi-level model is developed for dealing with integrated DT planning
for SCM. The bi-level model aims to obtain the satisfactory purchase plan for the
retailer and the satisfactory sale plan for the distributor. In our model, the retailer
is the leader trying to maximize the total profits by deciding supply locations and
purchase quantity constraints while the distributor as the follower aims at the total
cost minimization by determining the operating costs for selected supply locations
and the transportation cost. Then we propose the bi-level decision procedure based
genetic algorithm (bpGA) to handle this problem. Compared with the plain GA, the
bpGA offers a designed method to convert the complicated bi-level structure into
simple structure. At last, we apply the proposed model and method to a case study.
In this case study, we test our method and acquire a satisfactory solution, which
proves the advisability and efficiency of the optimization method. In addition, we
compare the partially mapped crossover (PMX) and the sublist crossover, showing
the advantages of using PMX.
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The Vehicle Routing Optimization
with Uncertain Demands
and Traveling Time

Fang Yan, Manjing Xu and Haiyan Yu

Abstract This paper studies the vehicle routingoptimization problemwith uncertain
demands and traveling time. Here two objectives are considered: (1) minimize the
total cost of all vehicles, and (2) maximize the average service level for all customers.
Based on the assumptions, a mathematical model is set up and then a particle swarm
optimization algorithm is proposed to solve the model.

Keywords Vehicle routing optimization · Uncertain demands and traveling time ·
Particle swarm optimization

1 Introduction

Vehicle routing problem (VRP) is a combinatorial optimization seeking to service a
number of customerswith a fleet of vehicles. SinceVRPwas proposed byDantzig [1],
it has attracted more attentions of the scholars and was widely researched.

According to the different requirements of the customers, VRP could be different
types. For example, if there are more than one vehicle type providing service, then
the problem could be multi-type vehicle routing problem. Beside, if the customers
have requirements for the service time, then the problem could be the vehicle routing
problemwith service timewindows. Further more, if the service timewindow cannot
(can) be violated, then the problem could be the vehicle routing problem with hard
(soft) time windows. This paper studies the vehicle routing problems with soft time
windows (VRPSTW).
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In fact, some uncertain informationwhich could affect the decisions forVRPSTW.
There are many research have noticed this problem and studied it from different
views.Bertsima [2] surveyed those developments, including the uncertain natural sto-
chastic and dynamic variations of VRP, with an emphasis on the insights gained and
on the algorithms proposed. In previous research, customer demands and traveling
time usuallywere treated as the uncertain information. The research adopted different
approaches to describe these uncertain information, including stochastic theory and
fuzzy theory. Sungur [3] introduced a robust optimization approach to solve the VRP
with stochastic demand, Laporte [4] proposed an integer L-shaped algorithm for the
capacitated vehicle routing problem with stochastic demands, Novoa [5] established
a approximate dynamic programming for the VRPwith random demands. There also
exist much research which studying the VRPwith stochastic demands, such as [6–9].
There research believed that the demands in VRP should be considered as random
variables. While, some other research believed that the uncertain demands should
be considered as fuzzy variables, such as [10–13]. All of these research treated the
demands as an interval and adopted the fuzzy theory to handle them. Based on the
pervious research, recently some research proposed that the demands could be the
complex uncertain information which has stochastic and fuzzy traits at the same
time. For instance, both Xu [14] and Dey [15] handled the demands as fuzzy random
variables because they believed that the demands could be involved with subjective
and objective uncertainties simultaneously. Another important uncertain informa-
tion existing in VRP is the time variable. Li [16] considered the traveling time and
service time in VRP as stochastic, and Nahum [17] proposed a model for stochastic
time-dependent vehicle-routing problem. Other research, including [18, 19], also
proposed the variable of time (i.e., traveling time, service time) as random variables.
While, there were some research handling the time as fuzzy variables, for example,
Zheng [13] treated traveling time as fuzzy numbers and some researched the VRP
with the fuzzy time windows [20]. So it can be found that the time could involve
stochastic and fuzzy traits as the same time.

VRP is a classical NP-hard problem [21]. Recently, various approaches were
proposed to deal with it, including the heuristic methods [22–24], evolutionary algo-
rithm [25–27], tuba search algorithm [28, 29] and so on. This paprewill adopt particle
swarm optimization (PSO) to deal with the target problem.

The rest of this paper will be organized as following structure. In Sect. 2, a presen-
tation of the target problemwill be given, and in Sect. 3, the model will be established
based on the assumptions. Then, the approach method will be proposed in order to
solve the problem in Sect. 4 and at last a conclusion will be given.

2 Problem Statement

As mentioned in Sect. 1, the customer demands and traveling time are usually
uncertain in VRP. In fact, these uncertain information are complex, which have
the stochastic and fuzzy features at the same time. Usually the stochastic theory
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could describe the objective uncertainties, and the fuzzy theory could describe the
subjective uncertainties.Most of the previous research focused on either or stochastic
feature or fuzzy feature, but it is believed that these uncertain information should
be considered in the fuzzy random environment, which could properly handle with
the complex uncertainties. For example, the traveling time could be affected by the
weather, traffic conditions and so on, which are stochastic events. On the other hand,
it may be different from various drivers on the same path, which reflects its subjective
feature. So suppose the traveling time on a certain path could be described as “if it
is rainy (the probability is 0.3), then the traveling time may be about 10h, but if it
is sunny (the probability is 0.7), then it may takes about 8h”. Now this uncertain
information could be translated as a fuzzy random variable, i.e.,

˜̄ξ =
{
[9 10 11] , with probability 0.3
[7 8 9] , with probability 0.7.

(1)

Similar cases appear in customer demands. So we will adopt the fuzzy random
variables to describe the customer demands and traveling time in VRP.

Besides, the soft time window is considered in our research. There is a close
relationship between the delivery time (arriving time) and the customer satisfaction
level. Hence, we use the fuzzy number to describe this relationship between them.
For example, if the customer hopes the service could start at [12 : 00 12 : 30], and
no earlier than 11 : 00 and no latter than 13 : 00, then the customer satisfaction level
could be described by a fuzzy number with the following membership function:

μ(t) =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

0 t < 11
L(t − 11) 11 ≤ t < 12
1 12 ≤ t < 12.5

R
(

t−12.5
0.5

)
12.5 ≤ t < 13

0 t ≥ 13,

(2)

which is, if the service starts between 12 : 00 and 12 : 30, then the customer could
be satisfied and the satisfaction level is 1; if the service starts between 11 : 00 and
12 : 00 or between 12 : 30 and 13 : 00, then the customer may be not satisfied and
the satisfaction level could be less than 1 and more than 0; But if the service starts
earlier than 11 : 00 or latter than 13 : 00, then the customer could be angry and the
satisfaction level is 0.

2.1 Modelling

Based on above problem presentation, the mathematical model will be established
in this section. Firstly, let us give the basic assumptions for the modelling.
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(1) There is only one vehicle type and the capacity of each vehicle are known.
(2) The route of each vehicle starts and finishes at the supplier or the distribution

center.
(3) Each customer is served by a single vehicle.
(4) The traveling time and customer demands are fuzzy random variables.

Then the model will be given as following based on above assumptions.
⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
∑

k∈K

∑

i∈N+(0)

∑

j∈N+(n+1)
ci j xi jk

max 1
n

∑

i∈N
Li (ti )

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∑

j∈N
x0 jk = 1,

∑

i∈N
xi,n+1,k = 1, ∀k ∈ K

∑

i∈N+(0)−( j)
xi jk − ∑

i∈N+(n+1)−( j)
x jik = 0, ∀ j ∈ N , ∀k ∈ K

∑

k∈K

∑

j∈N+(n+1)−( j)
xi jk = 1, ∀i ∈ N

∑

i∈N

˜̄di
∑

j∈N+(n+1)−( j)
xi jk ≤ Ck, ∀k ∈ K

t j ≥ max{E ETj , (ti + si + ˜̄ti j )xi jk}, ∀ j ∈ N , i ∈ N + (0),∀k ∈ K
t j ≤ E LTj , ∀ j ∈ N
xi jk ∈ {0, 1},

(3)

where ci j denotes the cost of traveling from nodes i to j , xi jk denotes whether
vehicle k travel from customer i to customer j : if xi jk = 1, then vehicle k travel
from customer i to customer j ; else, xi jk = 0. K and N are the vehicles set and
customers set, respectively. The node 0 is the start node and the node n + 1 is the
end node. Li (ti ) denotes the satisfactory level of customer i , n is the total number

of customers. ˜̄di denotes the demand of customer i , which is fuzzy random variable,
and Ck denotes the capacity of vehicle k. E ET and E LT are the earliest and latest
service time that a customer can endure. ti denotes the time of a vehicle starts service
for customer i , si denotes the service duration time of customer i , and ˜̄ti j denotes the
travel time from customer i to customer j , which are fuzzy random variables. The
model (3) tries to find out the satisfactory solution which could minimize the total
cost andmeanwhilemaximize the average service level for customers. The constrains
ensure all vehicle could not overload and the service time could be accepted by each
customer. Besides, the route continuity is considered by the constrains too.

Actually, when the model involves in uncertain variables it is hard to get the
accurate solutions. So we have to chose the proper approach to deal with these
uncertain variables in order to find out the satisfactory solutions for the decision
makers. Usually, if the decision makers want to get the expected solutions, then
the expected operators will be adopted. Besides, if the decision maker want to get
satisfactory solutions with a certain chance, then the CCP will be chosen. Here, we
suppose the decision maker tries to get satisfactory solutions with a certain chance
so that use CCP to deal with above model as following.
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⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
∑

k∈K

∑

i∈N+(0)

∑

j∈N+(n+1)
ci j xi jk

max 1
n

∑

i∈N
Li (ti )

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∑

j∈N
x0 jk = 1,

∑

i∈N
xi,n+1,k = 1, ∀k ∈ K ,

∑

i∈N+(0)−( j)
xi jk − ∑

i∈N+(n+1)−( j)
x jik = 0, ∀ j ∈ N , ∀k ∈ K

∑

k∈K

∑

j∈N+(n+1)−( j)
xi jk = 1, ∀i ∈ N

Ch

{
∑

i∈N

˜̄di
∑

j∈N+(n+1)−( j)
xi jk ≤ Ck

}

≥ γ1, ∀k ∈ K

t j ≥ E ETj ∀ j ∈ N , i ∈ N + (0),∀k ∈ K

Ch
{

t j ≥ (ti + si + ˜̄ti j )xi jk

}
≥ γ2, ∀ j ∈ N , i ∈ N + (0),∀k ∈ K

t j ≤ E LTj , ∀ j ∈ N
xi jk ∈ {0, 1},

(4)

where Ch{·} means the chance of the fuzzy random event. So the model 4 means the
to find out the satisfactory solutions when the uncertain constrains are satisfied with
a chance which is no lower than the required level (i.e., γ1 and γ2). Now the model
could be solved according to Liu [30].

3 Solution Approach

Particle swarm optimization (PSO) as an evolutionary algorithm was first proposed
in [31], which imitates the animal social behavior of birds, and it has become one of
the most useful and efficient techniques. While, one problem in using PSO to solve
the VRP is that the particles in a swarm tend to cluster quickly toward the global
best particle and the swarm is frequently trapped in a local optimum and no longer
moves. Many studies have concentrated on solving such problems and proposed
some methods, such as generating the new particle randomly, or crossovering the
particles between different swarms, or updating the velocity and position to move
away from the worst particle.

This paper will adopt GLNPSO to solve the Model (4) in order to reduce the
possibility of swarm trapping in local optimum. GLNPSO which was first proposed
by [32], the component for social learning behavior includes not only the global best
but also the local best and near neighbor best. The local best particle is the best one
among several adjacent particles. The near neighbor best is a social learning behavior
concept proposed by [33], which is determined by fitness-distance-ratio (FDR).

FDR = Fitness(Pl) − Fitness(Po)

|pld − pod | , (5)
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where Pl and Po are the vector positions of the lth particle and oth (o = 1, · · · , L
and o �= l) particle.

The procedure of the GLNPSO can be stated as follows.

Step 1. Initialize the particle swarm;
Step 2. Update the particles positions and velocities
Step 2.1. For l = 1, · · · , L (L is the population size), decode each particle to a
vehicle route. Calculate the fitness value for each particle and set the position of the
lth particle as its personal best. Choose the best one of these personal best positions
as global best position;
Step 2.2. Update pbest: for l = 1, · · · , L , if Fitness(Pl) < Fitness(Ppbset

l ), Ppbest
l =

Pl , where Ppbest
l is the vector personal best position of the lth particle;

Step 2.3. Update gbest: for l = 1, · · · , L , if Fitness(Pl) < Fitness(Pgbset), Pgbest =
Pl , where Pgbest is the vector global best position;
Step 2.4. Update lbest: for l = 1, · · · , L , among all pbest from M neighbors of the
lth particle, set the personal best which obtains the least fitness value to be P lbest

l ,
where P lbest

l is the vector local best position of the lth particle;
Step 2.5. Generate nbest: for l = 1, · · · , L , o = 1, · · · , L and d = 1, · · · , D (D is
the size of dimension), find the pod which has the maximum FDR, and set pod as
pnbestld ;
Step 2.6. Update the velocity and the position of each lth particle:

w(τ ) = w(T ) + τ − T

1 − T
[w(1) − w(T )],

vld(τ + 1) = w(τ )vld(τ ) + cpr1[pbestld (τ ) − pld(τ )] + cgr2[pbestgd (τ ) − pld(τ )]
+ clr3[plbestld (τ ) − pld(τ )] + cnr4[pnbestld (τ ) − pld(τ )],

pld(τ + 1) = pld(τ ) + vld(τ + 1), (6)

where T is the total iteration number, cl and cn are the global and near neighbor
best position acceleration constant, respectively. plbestld (τ ) and pnbestld (τ ) are the local
and near neighbor best position of the lth particle at the dth dimension in the τ th
iteration, respectively. r3 and r4 are uniform random numbers in the interval [0, 1].
Step 2.7. Check the position value of each particle. If pld > Pmax, then pld = Pmax;
else if pld < Pmin, then pld = Pmin, where Pmax and Pmin are the maximum and
minimum position value respectively.
Step 3. Based on vehicle vector, group the ranking vector and number that in one
group, the smallest one is numbered 1, the second smallest one is numbered 2 and
so on. Replace the ranking vector by using these new numbers.
Step 4. If the stopping criterion is met, stop; otherwise, τ = τ + 1 and return to
Step 2.
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4 Conclusion

This paper studied the vehicle routing optimization problem with uncertain demands
and traveling time. The problem is a N-P hard problem and an improved particle
swarm optimization was proposed to solve it. This paper considered the demands
and traveling time as fuzzy random variables, which could be more closer to the
reality of applications. Hence, this model as well as the algorithm could be useful
both for the shipper and the carriers.
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Study on Supplier Selection
of Manufacturing in Lean Closed-Loop
Supply Chain

Yueyu Li and Shujie Dong

Abstract In lean closed-loop supply chain, suppliers are required to make a rapid
response for the changing market, at the same time, the capability of resource recy-
cling is also important. So supplier selection is critical for manufacturing enterprises
based on lean closed-loop supply chain. This paper builds a manufacturing supplier
evaluation model in lean closed-loop supply chain. Weight is given to indicator by
entropy-weighing method, and it makes the comprehensive evaluation and sorting
for supplier using the gray relational analysis method, and a new decision program
is presented. Finally an example was shown and validation was proved in selection
of suppliers. According to the variation of individual indicators, calculate the criteria
weighting coefficients by quoting from the information entropy to reflect the utility
value of the data itself. It can avoid the formation of redistribution deviation which
is affected easily by personal subjective factor.

Keywords Lean closed-loop supply chain · Supplier selection · Gray relational
analysis method · Entropy method

1 Introduction

With the development of economic globalization, the competition among enterprises
is increasing, and personalized demands are more and more popular. On one hand,
enterprises take the low volume-high variety way to satisfy the demand of the chang-
ing market [11]. On the other hand, they control the suppliers cost not only for
the supply chain management, but also maximizing profit. While the process of
industrialization accelerates gradually, the demand of diversified and individualized
consumer makes the life cycle of product get shorter, as a result, a lot of products
are wasting. Based on these two aspects of background, this paper combines lean
logistics and closed-loop supply chain, then, proposes a model-lean closed-loop sup-
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ply chain. Lean supply chain is to eliminate waste and reduce costs. The purpose of
closed-loop supply chain (CLSC) is to close the flow of materials processing, reduce
wasting and pollution, and turn them into reusing resources [11]. Lean closed-loop
supply chain is to combine the core idea of lean logistics and closed-loop supply
chain. It is required that not only be low cost and high efficiency, but also be green.
So there will be a lot of factors can affect companies’ ability to choose the right
supplier [3].

Supplier selection is the process of finding the suitable suppliers who can pro-
vide the buyer with the right quality products and services at the right price, in the
right quantities and at the right time [8]. A lot of researches have been carried out
on the evaluation of manufacturing suppliers in the domestic and foreign. Existing
researches in the field of supplier selection can be divided into two major cate-
gories: those focusing on the evaluation criteria of different supply chain and second
those aiming to select the better supplier by different model and method. Abdol-
lahi [1] presented a framework for supplier selection based on product-related and
organization-related characteristics of the suppliers to be more competitive in the
market and flexible to overcome probable changes in demands, supplies etc. Lin [7]
proposed a multiple comparisons with the best method based on the yield index to
compare the quality of suppliers. Pokharel and Mutha [9] focused on all aspects of
reverse logistics from networking and inventory analysis, collection of used prod-
ucts, determining the pricing, use, resale, and remanufacturing. Amin [2] presented
supplier selection is a multi-criteria decision making problem which consists of both
qualitative and quantitative factors.

In the supplier selection arena, there are numerous researches that use different
method to solve the problem. Rezaei [10] investigated supplier selection in the airline
retail industry, and a fuzzy analytic hierarchy process (AHP) is used, in which sup-
pliers are evaluated against the main criteria and sub-criteria. Juniora [5] presented
a comparative analysis between fuzzy AHP and fuzzy TOPSIS methods in the con-
text of supplier selection decision making. Tadic [6] proposed a novel hybrid fuzzy
MCDM model for solving complex problems which combines DEMATEL, ANP
and VIKOR. Golmohammadi and Mellat-Parast [4] took the two stage method with
the combination of fuzzy matching and grey correlation degree analysis to select the
supplier and analyses the example of automotive industry with the method.

Evaluating and selecting suppliers are essential tasks in managing supply chains.
Althoughnumerous criteria are being used for the selection of suitable supplier in lean
logic and CLSC, selection of the critical factors in conformance to the specification
of the lean closed-loop supply chain is less investigated. This paper is an attempt to
provide a model to help manufacturer choose the best supplier in lean closed-loop
supply chain.

The rest of this paper is organized as follows. Section2 describes the system of
supplier evaluation criteria and the figure of the relationship of the criteria is given.
The supplier evaluation model with gray relational analysis method and entropy
method are presented in Sect. 3. After that our case study will be proposed in Sect. 4
and the result of the evaluation will be discussed as well. Some concluding remarks
are provided in Sect. 5.
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Fig. 1 The system of supplier evaluation criteria

2 The System of Supplier Evaluation Criteria

On one hand, in lean closed-loop supply chain, the evaluation criteria of supplier
should meet the requirement of the lean supply chain to cut down the cost and
enhance the benefit: On the other hand, it needs waste recycling links to make the
process not do harm to the environment. Manufacturing companies can accurately
choose the best supplier through supplier evaluation system which should follow the
design principles of applicability, rationality, mutual independence, comparability
and meet the characteristics of lean closed-loop supply chain.

Based on the existing research of criteria system in the literature and combined
with requirements of lean closed-loop supply chain to suppliers, the paper builds
a three-level criteria system which evaluates the indicators of suppliers from the
viewpoint of organizational factors, product factors, service factors, environmental
factors. The system is shown in Fig. 1.

3 The Supplier Evaluation Model

This paper builds the suppliers evaluation model by using gray relational analysis
method and entropy method. The biggest advantage of entropy method is that it is
based on the size of criteria information to determine the weights, which can avoid
the influence of subjective factors and draw the objective weight value. The main
calculation method and steps are as follows.
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Step 1. Normalize the criteria coefficient
Assuming that the criteria of each supplier composing the matrix is D = (ai j )m×n .
Product cost, transport cost and inventory cost are cost type criteria, the formula is:

xi j = max ai j − ai j

max ai j − min ai j
(i = 1, 2 . . . , m, j = 1, 2, . . . n).

The others are effective type, the formula is

xi j = ai j − min ai j

max ai j − min ai j
(i = 1, 2, . . . , m, j = 1, 2, . . . , n).

Step 2. Calculate the gray correlation coefficient of criteria
Assuming that the optimal solution of criteria value is x∗

j = max(xi j ) ( j =
1, 2, . . . , n), find the optimal solution which composes the reference sequence
x0 j = {x∗

j | j = 1, 2, . . . , n}. Take the criteria value of the i th supplier as a com-
parison sequence xi j = {x∗

j |i = 1, 2, . . . , m}. The correlation coefficient of x0 and
xi under j th criteria is δi ( j).

δi ( j) =
min

i
min

j
|x0( j) − xi ( j)| + ρ max

i
max

j
|x0( j) − xi ( j)|

|x0( j) − xi ( j)| + ρ max
i

max
j

|x0( j) − xi ( j)|
(i = 1, 2, . . . , m, j = 1, 2, . . . , n). (1)

In these formulas, mini min j |x0( j) − xi ( j)| and maxi max j |x0( j) − xi ( j)| rep-
resents the maximum and minimum of absolute difference of comparison sequence
as respectively. |x0( j) − xi ( j)| presents the absolute difference of comparison
sequence. ρ is Resolution Coefficient and ρ takes 0.5 normally.
Step 3. Determine criteria weight using entropy method

(1) Assuming that Pi j is the contribution value of the j th criteria under the i th
supplier among the criteria of each supplier composing the matrix D.

Pi j = ai j
m∑

i=1
ai j

(i = 1, 2, . . . , m, j = 1, 2, . . . , n). (2)

(2) E j represents the total value of all suppliers contribution to the j th criteria.

E j = − 1

lnm

/ m∑

j=1

Pi j ln Pi j ( j = 1, 2, . . . , m). (3)
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(3) Define the difference coefficient of criteria g j = 1 − E j , ( j = 1, 2, . . . , m),
(0 < g j < 1), is a positive criteria. The bigger g j is, the more information
that criteria j provides to the suppliers comprehensive evaluation, and then the
bigger weight of criteria j is.

(4) Normalize the difference coefficient of criteria g j , then, calculate using the fol-
lowing formula to get the weight of the criteria.

w j = g j

/ n∑

j=1

g j . (4)

Step 4. Calculate the comprehensive values
Calculate the comprehensive values using the following formula.

Di =
n∑

j=1

w jδi ( j) (i = 1, 2, . . . , m, i = 1, 2, . . . , n). (5)

The positive value of Di shows the proximity between i th supplier and the best
supplier. Therefore, the suppliers are ranked by the value of Di to choose the best
supplier.

4 Application Analysis

The case is based on seven material suppliers of a manufacturing enterprise. In order
to keep a longtime relationship, these suppliers will be evaluated and sorted by using
the method of this paper. The criteria data of each supplier is shown in Table1.

(1) Normalize the criteria and the result is shown in Table2.
(2) Calculate the gray correlation coefficient of the criteria,

min
i

min
j

|x0( j) − xi ( j)| = 0,min
i

max
j

|x0( j) − xi ( j)| = 1.

The results are shown in Table3.
(3) Determine the weight using entropy method W j = (0.0284, 0.0632, 0.0683,

0.0916, 0.0280, 0.0199, 0.0133, 0.0818, 0.0599, 0.0891, 0.0112, 0.0420, 0.0211,
0.1228, 0.0667, 0.1927).

(4) Calculate the comprehensive evaluation value Di = (0.4943, 0.4161, 0.5333,
0.3671, 0.4630, 0.4683, 0.3656).

The order of supplier quality can be get according to the results of the comprehen-
sive evaluation value and the result is M3 > M1 > M6 > M5 > M2 > M4 > M7.
In the result, we can see that supplier 3 is the best supplier with the highest scor-
ing; Although supplier 7 get the worst ranking, it does best in efficiency of order
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Table 1 The criteria data of a manufacturing supplier

Criteria M1 M2 M3 M4 M5 M6 M7

Product cost 81 85 76 83 84 79 86

Transportation cost 40 48 45 42 46 43 47

Inventory cost 32 30 34 33 31 29 35

Capability of transportation and distribution 90 84 96 78 87 77 88

Accuracy of delivery 90 87 94 84 92 95 89

Efficiency of order processing 89 94 87 90 90 91 97

Qualified rate of delivery 90 85 87 91 89 92 86

Production flexibility 89 84 78 82 96 94 88

Scale of production 82 85 74 72 75 73 78

Capability of R&D 76 72 83 68 84 80 74

Cooperative relationship 80 78 76 77 81 79 82

Credibility 93 87 90 80 82 84 88

Management level 92 96 94 86 90 88 91

Utilization of renewable energy 56 48 62 52 53 50 49

Capability of waste disposal 78 80 72 83 71 79 70

Fit of green concept 69 73 60 82 61 66 63

Note: the unit of cost criteria is million, the unit of others is percentage

Table 2 The result of the criteria normalized

Criteria M1 M2 M3 M4 M5 M6 M7

Product cost 0.5 0.1 1 0.3 0.2 0.7 0

Transport cost 1 0 0.375 0.75 0.25 0.625 0.125

Inventory cost 0.5 0.833 0.167 0.333 0.667 1 0

Capability of transportation and distribution 0.684 0.368 1 0.053 0.526 0 0.579

Accuracy of delivery 0.545 0.273 0.909 0 0.727 1 0.455

Efficiency of order processing 0.2 0.7 0 0.3 0.3 0.4 1

Qualified rate of delivery 0.714 0 0.286 0.857 0.571 1 0.143

Production flexibility 0.611 0.333 0 0.222 1 0.889 0.556

Scale of production 0.769 1 0.154 0 0.231 0.077 0.462

Capability of R&D 0.5 0.25 0.938 0 1 0.75 0.375

Cooperative relationship 0.667 0.333 0 0.167 0.833 0.5 1

Credibility 1 0.538 0.769 0 0.154 0.308 0.615

Management level 0.6 1 0.8 0 0.4 0.2 0.5

Utilization of renewable energy 0.571 0 1 0.286 0.357 0.143 0.071

Capability of waste disposal 0.615 0.769 0.154 1 0.077 0.692 0

Fit of green concept 0.409 0.591 0 1 0.045 0.273 0.136
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Table 3 The gray correlation coefficient of criteria

Criteria M1 M2 M3 M4 M5 M6 M7

Product cost 0.5 0.357 1 0.417 0.385 0.625 0.333

Transport cost 1 0.333 0.444 0.667 0.4 0.571 0.364

Inventory cost 0.5 0.75 0.375 0.429 0.6 1 0.333

Capability of transportation and distribution 0.613 0.442 1 0.345 0.514 0.333 0.543

Accuracy of delivery 0.524 0.407 0.846 0.333 0.647 1 0.478

Efficiency of order processing 0.385 0.625 0.333 0.417 0.417 0.455 1

Qualified rate of delivery 0.636 0.333 0.412 0.778 0.538 1 0.368

Production flexibility 0.563 0.429 0.333 0.391 1 0.818 0.529

Scale of production 0.684 1 0.371 0.333 0.394 0.351 0.481

Capability of R&D 0.5 0.4 0.889 0.333 1 0.667 0.444

Cooperative relationship 0.6 0.429 0.333 0.375 0.75 0.5 1

Credibility 1 0.52 0.684 0.333 0.371 0.419 0.565

Management level 0.556 1 0.714 0.333 0.455 0.385 0.5

Utilization of renewable energy 0.538 0.333 1 0.412 0.438 0.368 0.35

Capability of waste disposal 0.565 0.684 0.371 1 0.351 0.619 0.333

Fit of green concept 0.458 0.55 0.333 1 0.344 0.407 0.367

processing and cooperation relations; supplier 4 has an advantage inFit ofGreenCon-
cept which is the best weight among the seven suppliers. When the companies make
the final decisions, they can refer to the comprehensive evaluation results of sequenc-
ing, and combined with their own actual situation to choose suitable suppliers.

5 Conclusion

This paper mainly concerns on the combination of lean logistics and closed-loop
supply chain to put forward the thoughts of lean closed-loop supply chain. Then, this
article discusses the question of evaluation and selection of manufacturing enter-
prise supplier in lean closed-loop supply chain. Based on the literature review, this
paper makes a deep analysis of the characteristics of lean logistics and closed-loop
supply chain to construct a supplier evaluation criteria system. As to overall evalu-
ating method, the paper constructs the selection and evaluation model of manufac-
turing enterprise supplier with the combination of gray relational analysis method
and entropy weight method. As the model uses entropy method to determine the
weights according to the number of the information contained in the original data,
it is relatively objective and effectively avoids the influence of subjective factors
when scoring. So it provides a simple and effective method for the manufacturing
enterprise on the question of evaluating and selecting. Finally, the example analyses
illustrate the model being with the maneuverability and applicability.
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A Study on Running Mechanism of Regional
Innovation System Based on Knowledge Flow

Yijun Ye, Xin Gu, Hui Li and Yijun Chen

Abstract Regional innovation system (hereinafter referred to as the “RIS”) is a
system of regional organizations that are geographic division and associated with
each other. It supports and accelerates collaborative innovation activities between
the subjective elements (innovative institutes and organizations), and promotes dis-
tribution, transfer and recombination of non-subjective elements (innovativematerial
conditions required) between the various subjects, up to the efficient allocation and
recombination of resources, and to enhance creativities and vitalities throughout the
region. In the course of collaborative innovation, resources allocation and recombi-
nation, the knowledge continues to achieve “knowledge spiral”. The essence of RIS
is displayed—process of knowledge flow and conversion. Three of the most dynamic
innovative activities can reflect the running mechanism of RIS. These are collabora-
tive innovation of Industry-University-Research institute, organization with supply
chain relationships, and organization with industrial clusters or spatial agglomera-
tion. This paper respectively establishes a structured process model of knowledge
flow based on three innovative activities to analyze the process and the features of
knowledge flow, which are the path, the scale and frequency, the depth and breadth,
to reveal the running mechanism of regional innovation system.
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1 Introduction

Geographical diversification and rapid technological progress are creating new
challenges for innovation capacities of a region that seeks for international com-
petitive advantages. To meet these challenges, the region is required to expand its
knowledge resources, to improve knowledge flow and share between innovative sub-
jects. However, cross-border collaborative innovation between the subjects is risky
and difficult, and less than half of such alliances achieve their goals [3]. Thus, it has
become a key issue that how to promote, maintain and enhance regional innovation
abilities.

In this paper, we want to advance our understanding of the processes in which
knowledge flow is more likely to take place in the collaborative innovation actions,
and their impact on the performance of the collaborative innovation subjects. More
specifically, we focus on the impact of heterogeneous knowledge as a critical
antecedent of knowledge flows and a removal object of their performance impli-
cations.

Our study makes two key contributions to the literature on regional innovation
system (hereinafter referred to as the “RIS”). First, from the perspective of knowl-
edge flows, we study that the internalization and externalization of knowledge flows
drive the recombination and distribution of innovative elements between innovative
subjects, and the improvement of collaborative innovation abilities. Second, we study
the process of the knowledge flow of the subjects with different relationships. Specif-
ically, we respectively develop a structured process model of knowledge flow based
on three innovative activities to analyze the process and the features of knowledge
flow, which are the path, the scale and frequency, the depth and breadth.

In sum, our study explores heterogeneous knowledge as an important collabo-
rative antecedent for understanding when and why knowledge is more likely to be
transferred between the innovative subjects, and their relative effects on the recombi-
nation and distribution for innovative elements. These ideas about the different role
and relevance of knowledge flows are likely to be of interest not only for researchers
in regional economy, but also for governments and managers in collaborative inno-
vation.

Our paper is structured as follows. In the next section, we present a brief lit-
erature review of research on RIS. Later, from three stages (knowledge share, cre-
ation, and advantage), we elaborate the process of knowledge flow between Industry-
University-Research institute. In the following two sections, we describe the knowl-
edge flow of supply chain organization with different dominant relationships, and of
industrial cluster or spatial agglomeration.
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2 Review of Theoretical Studies on RIS

From the national level to talk about innovation system, the researches of RIS are
known as the national innovation system, first proposed by Trevor [16] in1988 and
first introduced to China by Chen [4] in 1994. The researches on the national innova-
tion system naturally have extended to internal administrative regions in a State. In
1992, Professor Cooke [5] first proposed the “cross-borders” concept of RIS, which
also made cross-border RIS another hot spot.

Nelson [10] argued that RIS, in order to lead to innovation, is a system consists of
the regional regulations, rules and practice. The geographic boundaries of the system
are not necessarily limited within a country, may also be formed by the transnational
regions of geographical proximity. In this system, there is an organization system
made up of organizations of the geographical division and the culture associated with
each other, which supports and promotes innovation. The system covers subjective
elements (creative agencies and organizations) and non-subjective elements (mater-
ial conditions needed for innovation). Specifically, the so-called subjective elements
is as following: enterprises, intermediary agencies and the governments and “knowl-
edge organizations” [7], such as universities and research institutes. According to
views of Autio [2], the subjective elements consist of two subsystems. Those are
“knowledge application and development subsystem” and “knowledge production
and diffusion subsystem”. The center of the former are enterprises, around are cus-
tomers, suppliers, collaborators and competitors. The enterprises, the customers and
the suppliers constitute a longitudinal network. The enterprise, the collaborators and
the competitors constitute a horizontal network. The latter consists of institutes of
public research and education, and intermediary institutes of technology or labor
or others. Both of them exists flow and interaction of knowledge, resources and
human capital. Non-subjective elements contain four systems of the regional poli-
tics, regional education and research, industry, and regional innovation environments
(including regional institutional environment, regional infrastructure and demand).
The interrelation and interaction of the four parts [9] promote upgrading of the indus-
trial structure and gaining the regional competitive advantages.

Gu [8] thought three aspects could describe the running process of RIS. These
are knowledge flow, industrial cluster and spatial agglomeration. The combination
of learning each other, knowledge production, spatial proximity, and social embed-
dedness [6] is along with technology transfer and acquisition in the region [13].
Regardless of market or non-market deals, its essence is a process of knowledge
flow or knowledge diffusion or knowledge spillover. Based on the case studies of
three regions of Norway, Asheim and Isaksen [1] thought knowledge flow and inter-
active learning have a major role to enhance innovative abilities of enterprises [14].
Peng [12] argued that internal knowledge transfer in RIS would have an important
impact on the quality and efficiency of the system.

Nearly 30years, many scholars have had in-depth studies on RIS from different
perspectives. The studies of RIS in China have tended to add “Cross-administration”
and stressed the leading position of governments at all levels, especially in the
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construction of RIS [19]. In the research literatures, there are two aspects. One
is mechanism researches on RIS, which are the definition, structure of constitute,
running laws and mechanism. Another is empirical researches of it. These are the
capacities and effects, policies and environment, and how to build RIS. Either the
direction or angle, the scholars are trying to figure out the contents and meanings
of the “architecture” and “elements” in the RIS, as well as their relationships with
creativity and innovation.

A growing number of scholars agree that effective operation of RIS is based on
knowledge flowing [15, 17, 18], the process of which is the “knowledge spiral” of the
SECImodel [11]. Knowledge flow is carried by the mobility, the distribution, and the
combination of regional innovation elements. At the same time, the knowledge flow
conversely promotes the mobility, the distribution, and the combinations of them in
the region to achieve innovative collaboration between regional innovation subjects.

The running of RIS embodies in themost dynamic innovation activities. These are
collaborative innovation of Industry-University-Research institute, organizationwith
supply chain relationships, and with industrial cluster or spatial agglomeration [20].
Different relationships between innovative subjects display different knowledge flow.
And the different knowledge flow (knowledge flow of scale and frequency, depth and
breadth) not only reflects a close degree, also reveals forms of flow and combination
each other, and shows different running features of the RIS.

3 Knowledge Flow Between Industry, University,
and Research Institute

The knowledge flow of Industry-University-Research institute is evidenced by coop-
eration between enterprises, universities and research institutes. Each of them shares
and absorbs existing knowledge through learning each other. One hand, innovative
subjects can create more knowledge. On the other hand, the knowledge internalizes
and externalizes into sharing knowledge stock to gain a knowledge advantage (see
Fig. 1).
(1) Knowledge Share Stage

At the beginning of collaborative innovation of Industry-University-Research
institute, the knowledge exchange, resource sharing and matching between the inno-
vative subjects have its obstacles. And then knowledge flow contributes to diffus-
ing and combining heterogeneous knowledge of subjects effectively. Universities or
research institutes transfer professional and technical knowledge to enterprises. At
the same time, market and technology knowledge are transferred to the Universities
or research institutes by the enterprises. Continuous knowledge transferring and col-
laborative learning between the subjects help to adjust the distribution of resources,
to remove the obstacle factors of knowledge flow. So that, knowledge flows from
disorder to order, explicit and tacit knowledge are shared to the fullest extent.
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Fig. 1 Process of knowledge flow between the institutes of Industry-University-Research

With the increase of knowledge sharing, knowledge flow and stock continue
to expand. And the repetitive knowledge or outdated knowledge also accumulate,
which, to some extent, restrict the efficiency of knowledge flow. The subjects inte-
grate various knowledge flow and stock to a sharing knowledge base that remove
invalid and redundancy of knowledge, to facilitate the flowing and sharing of knowl-
edge on a computer platform or other. External organizations share the part of the
knowledge by transfer or spillover.
(2) Knowledge Creation Stage

Internalization and externalizationof knowledge is the core of knowledge creation.
Driven by innovative values, firstly, the subjects internalize and externalize the new
explicit and tacit knowledge shared, to achieve internal “knowledge spiral” and forma
new incremental knowledge. Secondly, when heterogeneous knowledge frequently
transfer between the subjects in the process of cross-organizational collaboration
innovation, a cross-organizational “knowledge spiral” also is achieved.
(3) Knowledge Advantage Stage

The knowledge advantage is also shaped by the process of knowledge creation.
In the knowledge creation stage, heterogeneous knowledge constantly promotes
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the creation of new knowledge through knowledge aggregation, recombination and
activation. The new knowledge undoubtedly increases the stock of knowledge, and
optimizes the structure of existing knowledge, and forms knowledge advantage
through knowledge spillover and spread.

4 Knowledge Flow Between Supply-Chain Organizations

The knowledge flow between supply-chain organizations refers to knowledge diffu-
sion and transfer in the process of innovative activities between supply-chain enter-
prises. Different properties lead to different innovative relationships, and form the
different patterns of knowledge flow.

4.1 Knowledge Flow of the Mode of Supplier-Manufacturer-
Distributor

The model of supplier-manufacturer-distributor is the most basic form of supply-
chain relationships. According to the supply-chain thought, the supplier, the man-
ufacturer, the distributor is an integral part of the whole industrial chain to meet
consumer demand by collaborative innovation. Knowledge flow displays a chain
mode: customer-distributor-manufacturer-supplier. In this chain structure, differ-
ent subjects have different knowledge properties. Customer has itself of potential
or dominant demand, also grasps many of product cost, and technological perfor-
mance, quality and brand knowledge. Through customer of inquiry or purchased, or
survey questionnaire, distributor masters many of market demands and product com-
petition information. Manufacturer possesses production technology and capacity,
process technology, cost and quality, and production operation management and so
on. Supplier holds raw materials of cost, quality, production technology, and process
technology and so on. From a marketing point of view, firstly, knowledge flow of
supplier-manufacturer-distributor mode transfers between customer and seller. Sec-
ondly, distributor and manufacturer, manufacturer and supplier are followed. See
Fig. 2. In the three transfer process, the subjects internalize and externalize the infor-
mation or knowledge gained by exchange, transfer them to the next link of the chain.
And then, the innovative resources of the whole chain have been reallocated and
adjusted to meet consumer demands.

With the different role of heterogeneous knowledge in collaborative innovation,
the innovative subject with most scarce knowledge dominates knowledge flowing,
and determines the type, size, frequency of knowledge flow across the whole supply
chain. Either of them would seek to acquire stock knowledge of other innovators, to
stimulate stock knowledge transfer and creation, and to strengthen the relationships
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Fig. 2 The process of knowledge flow of Supplier-Manufacture-Distributor model

between collaborative innovations. It also builds a sharing knowledge base to promote
knowledge sharing and creating again.

4.2 Knowledge Flow Under the Guidance of Designer
and Marketing Enterprises

The supply-chain relationship under the guidance of designer and marketing enter-
prises is currently a common form in consumer market. See Fig. 3. Designer and
marketing enterprise can accurately analyze customer demands, has a strong design
team and brand, and can effectively affect market demands as well as the entire
production and supply system. The enterprise can rapidly turn customer demands
into a product entity, involving the cost of materials, techniques, processes and so
on. It transfers them to manufacturers and suppliers to improve the skills and abil-
ities of production, and to complete manufacturing process. It also can lead and
control the distributor by virtue of his advantages. In this model, knowledge flow
of the traditional supplier-manufacturer-distributor chain is relatively small between
the subjects; heterogeneous knowledge is more apparent, and more complemen-
tary. Stock and increase of the knowledge come largely from directional flow of the
designer and marketing enterprise, little from reverse flow. That leads to a strong
attachment. In order to improve the efficiency of the directional flow of knowledge,
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Fig. 3 Process of knowledge flow under the guidance of designer and marketing enterprise

it builds a comprehensive knowledge-sharing platform to consolidate its knowledge
advantage.

5 Knowledge Flow of Industrial Cluster or Spatial
Agglomeration

Industrial cluster are collection of a type of companies and institutes interconnected,
geographically concentrated in a specific area. The formation of industry cluster
begins with innovative centers, polarization and diffusion of which improve innov-
ative activities in lower area.

Innovation centers tend to be the organizations with collaborative innovation abil-
ities or intent. These are supply-chain organization, or Industry-University-Research
institute. See Fig. 4. Due to polarization and diffusion effect, some potential innov-
ative centers attract more subjects to participate in collaborative innovation, such as
governments, universities, research institutes, intermediaries and so on. That leads to
themore resources (technologies, capitals, and labors and so on) gathering. Extension
of the core center helps to greater levels of aggregation.
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Fig. 4 Process of knowledge flow of industrial clusters or spatial agglomeration

6 Conclusion

RIS promotes regional synergy and innovative abilities. Regional collaborative inno-
vation stems from the existence of complementary heterogeneous knowledge, which
results in the supply and the demand of knowledge and improves the flow of
knowledge between the subjects. This paper analyzes the knowledge evolution rules
between Industry-University-Research institutes, supply-chain organizations of two
modes, industrial cluster or spatial agglomeration, and explains the mechanism of
the innovative elements agglomeration, combination, and assignment in the process
of knowledge flow. So, we think that knowledge flow not only promotes to restruc-
ture the innovative elements and to allocate them efficiently within an organization,
but also helps to accumulate and distribute the innovative elements, greatly improve
the collaborative innovation abilities between organizations, and perfect the entire
organizational structure.
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Regional Economic Difference Analysis
and Path Selection from the Perspective
of Spatial Structure

Qian Fang and Yi Sheng

Abstract By using of variation coefficient, Theil coefficient and clustering analysis
method, this paper makes deep analysis on the regional economic differences in
Sichuan from the perspective of spatial structure. The results show that: the 21 cities
and districts show obvious difference in the aspects of economic aggregate, industrial
structure, technology and employment, etc.; the regional economic differences are
mainly caused by the differences between the five economic zones. The 21 cities and
districts are divided into 8 classes of areas, distributed on the “two axes” and “two
circles”. The main axis includes the 1–5 classes of areas, which is the significant
support of Sichuan’s economy with big economic volume. The 6th class of areas
includes 5 cities and districts, distributed on the subordinate axis which crosses over
the main axis in X-shape. Many new growth poles are distributed in this class of
areas. The 7th and 8th Classes of areas are distributed in two circles. Based on the
above analysis and learning experiences from developed countries like the United
States, France, Japan and Germany on the spatial strategy to narrow the regional
difference, this paper puts forward path selection for implementation of multipoint
and multipolar strategies.

Keywords Perspective of spatial structure · Multipoint and multipolar support ·
Selection

1 Introduction

Regional economic difference is a commonproblemexisting in regional development
[3], and also is the inner motive power of development. It reflects the change of
economic interests distribution pattern among various regions and the requirement
for competition and balance of economic interests [3]. Cultivation of new growth
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poles centered on narrowing the regional economy difference is an important means
to promote the spatial economy move towards equilibrium, and further to enhance
the overall regional strength. In 2013, in the face of weakening of global economy,
downturn of domestic economic and the increasing pressure of industrial structure
adjustment, Sichuan’s development strategy ofmultipoint andmultipolar supportwas
aimed to realize optimization of regional spatial structure and form a new pattern of
vigorous development of the whole province, through “improving the primate city,
focusing on breakthrough of secondary cities, and consolidating the base economy”.

2 Quantitative Analysis of the Regional Economic
Difference in Sichuan

The following analysis of Sichuan’s region economic difference is carried out from
three aspects-discrete degree, difference decomposition and territorial classification,
providing theoretical support for the selection of the province’s growth poles and
support points.
1. Degree of Regional Economy Difference

Considering the base differences on various indicators, in order to eliminate
the base interference, this paper uses coefficient of variation to measure the dif-
ference degree of the key economic indicators of the 21 cities (21 cities includ-
ing Chengdu, Mianyang, Neijiang, in Nanchong city, Leshan, Zigong and Luzhou,
Deyang, Guangyuan, Suining, Meishan, Guang AnMenWai, Florida, Ya’an, China,
Ziyang, Panzhihua, Liangshan Prefecture, Ganzi, ABA). The bigger the coefficient
of variation is, the greater the regional difference is. The smaller the coefficient of
variation is, the less the regional difference is. The calculation formula of variation
coefficient is as follows:

Cv = σ

X
=

√√
√
√

n∑

i=1

(xi − x)/n

/(
n∑

i=1

xi/n

)

.

Therein, Cv represents the coefficient of variation; σ represents the sample stan-
dard deviation; xi represents the i th sample; X represents the sample average.

The variation coefficients of key economic indicators in 21 cities of Sichuan are
shown in Table1. In the 12 key indicators, the top three variation coefficient include
R&D personnel convert into full-time personnel (2.11), the third industry (2.03) and
regional GDP (1.34). Scientific research ability, the third industry and economic
scale are the main performance of regional differences. The variation coefficient of
“regional GDP” and “per capita GDP” is respectively 1.34 and 0.42. The discrete
degree of economic aggregate indicator is three times that of per capita indicator,
so it is visible that regional differences are more embodied on the economic scale.
From the angle of the three industries, the variation coefficients of the added value
of the first, second and third industries in the 21 cities and districts are respectively
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Table 1 Variation coefficients of key indicators in Sichuan

Indicators Regional
GDP

Per capita
GDP

Winter
resident
population

Population
density

Urbanization rate The first
industry

Variation
coefficient

1.34 0.42 0.7 0.72 0.24 0.53

Indicators The second
industry

The third
industry

Per capita
income of
rural
residents

Per capita
disposable
income of
urban
residents

Number of
employed person

R&D
personnel
convert
into
full-time
personnel

Variation
coefficient

1.15 2.03 0.19 0.11 1.23 2.11

Note Calculated according to the 2012 statistical data of Sichuan

0.53, 1.15 and 2.03. In Sichuan which is at the mid-term stage of industrialization,
the agriculture is no longer the leading role of economic growth. On the contrary, the
second and the third industries have become the important source of regional differ-
ences. In addition, the variation coefficients of “the number of employed person”,
“R&D personnel convert into full-time personnel” indicators are relatively larger,
which means the human resources and scientific and technological innovation are
the important variables for regional differences.
2. Regional Economic Difference Decomposition

In order to grasp the regional economic difference of Sichuan, Theil IndexDecom-
position method is also used in this paper, decomposing the economic difference
between the five zones into economic zone intra-difference (intra-group difference)
and economic zone inter-difference (inter-group difference).

Theil Index Decomposition formula is as follows:

G = Gw + Gb,

G0 = (1/Ng) ×
∑

ln(y/yi ),

G =
∑

g

ugG0g +
∑

g

Mgln(ug/Yg).

Therein, G, Gw, Gb represent overall regional difference, intra-group difference
and inter-group difference respectively. The total sample is divided into G group(s)
(g = 1, 2, · · · , 5); Ng represents the sample number of the g group; ug represents
the proportion of the population of the g group to the total population; yi represents
the per capita income of the i sample; Mg represents the proportion of the income of
the g group to the total revenue; Yg represents the proportion of the income of the g
group to the total revenue. y is the mean value of yi . Through calculation, the G0g of
the five economic zones is 0.046, 0.006, 0.089, 0.021, 0.016 respectively, and further
get the intra-group difference and the inter-group difference:
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Intra-group difference: Gw = ∑
ugG0g = 0.0329,

Inter-group difference: Gb = ∑
Mgln(ug/Yg) = −0.0542,

Theil index: G = |Gw + Gb| = | − 0.0542+ 0.0329| = 0.0213.
The inter-group contribution to regional economic difference of Sichuan is

−5.42%, and the intra-group contribution is 3.29%, the inter-group contribution
portion is more than the intra-group contribution. This shows that the regional eco-
nomic difference is mainly caused by the differences between the five economic
zones. By comparing the Theil index of 2012 and 2003 [5], the Theil index of 2012
is smaller than that of 2003 (0.09); the intra-group and inter-group coefficient of
2012 are also smaller than that of 2003 [5]. This shows that Sichuan’s regional econ-
omy difference is narrowed in the recent decade, and the main root for the narrowed
difference is the narrowing of inter-group difference.
3. Cities and Districts Difference of Economic Development

Cluster analysis is also used in this paper for classifying the 21 cities and districts.
Set 9 classification variables, namely, the regional GDP, winter resident population,
urbanization rate, the added value of the first industry, the added value of the second
industry, the added value of the third industry, industrial added value, population
density and “R&Dpersonnel convert into full-time personnel”. The distance between
the samples is calculated usingEuclideanDistance. Calculation formula is as follows:

SEUCLID =
k∑

i=1

(xi − yi )
2.

Therein, k = 1, 2, 3, · · · , 9, representing nine variables for every sample; xi

represents the value of sample x at the variable i . yi represents the value of sample
y at the variable i . Cluster analysis is made for the 21 cities and districts by using of
SPSS.17, as shown in the tree diagram in Fig. 1.

Fig. 1 Tree diagram of
cluster analysis of 21 cities
and districts
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Table 2 Variation coefficients of key indicators in Sichuan

Spatial Classification Characteristics

location and area

Main axis Class 1
(Chengdu)

Big economic size; Large population (14 million),
high population density (1181); high urbanization
rate (68%);The third industry development is better
than that of the second industry

Class 2
(Panzhihua)

General economic size; small population (1.2
million), low population density (176); high
urbanization rate (63%); The added value of the
second industry accounts for 76%, and the third
industry accounts for 21%. Industries account for
95% of the second industry, a typical industrial city

Class 3
(Mianyang)

Relatively big economic size; relatively large
population (4.64 million), low population density
(232); general urbanization rate (43%); The added
value of the first industry accounts for 16%, the
second industry accounts for 52%, and the third
industry accounts for 31%

Class 4 (Deyang) Relatively big economic size; relatively large
population (3.5 million), relatively high population
density (589); general urbanization rate (45%); The
added value of the first industry accounts for 15%,
the second industry accounts for 60%, and the third
industry accounts for 25%. Industries account for
93% of the second industry, a typical industrial city

Class 5 (Yibin) Relatively big economic size; relatively large
population (4.4 million), general population density
(343); medium urbanization rate (41%); The added
value of the first industry accounts for 15%, the
second industry accounts for 62%, and the third
industry accounts for 23%

Subordinate axis Class 6
(Neijiang,
Guangan,
Dazhou, Ziyang,
Liangshan)

General economic size; relatively large population
(4 million), relatively high population density (430);
low urbanization rate (35%); The added value of the
first industry accounts for about 20%, the second
industry accounts for more than 55%, and the third
industry accounts for about 25%

Small circle Class 7 (Zigong,
Luzhou, Leshan,
Nanchong,
Meishan)

General economic size; relatively large population
(3.9 million), relatively high population density
(446); general urbanization rate (41%); The added
value of the first industry accounts for about 15%,
the second industry accounts for about 60%, and the
third industry accounts for about 25%

(continued)
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Table 2 (continued)

Spatial Classification Characteristics

location and area

Large circle Class 8
(Guangyuan,
Suining, Yaan,
Bazhong, Aba,
Ganzi)

Small economic size; small population (2 million),
low population density (210); low urbanization rate
(35%); The added value of the first industry
accounts for about 20%, the second industry
accounts for below 50%, and the third industry
accounts for about 30%

21 cities and districts are divided into 8 classes, and their characteristics are shown
in Table2.

Spatial distribution of different classes of regions is as shown in Fig. 2. The 1–5
classes of areas are on the line of main axis, which is the important economic corridor
of Sichuan. Except from Panzhihua, the other four cities’ economic size all rank the
top four in Sichuan. The five cities and districts on the axis all have their own charac-
teristics. Chengdu is the provincial capital, the primate city, and the core growth pole.
Deyang is China’s major equipment manufacturing base, and an important indus-
trial city of Sichuan. Yibin is developed in wine industry and comprehensive energy
industry; Mianyang has strong strength in electronic information, new materials,

Fig. 2 Spatial distribution of different classes of areas in Sichuan
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metallurgical machinery and food processing industry; Panzhihua mainly focuses on
development of steel, vanadium and titanium, energy and chemical industry.

Five cities and districts of the 6th class are located on the subordinate axis, crossing
with the main axis in X-type. Except Liangshan District, the other four cities all have
high population density. Guang’an, Luzhou and Liangshan are the key new growth
poles of Sichuan.

Obviously, the two axes are the major strategic areas of the central government
and the provincial government. For example in 2013, the National Development and
Reform Commission approved to set up “Panxi strategic resources innovation devel-
opment experimental zone”; Sichuan government introduced “the policy measures
for supporting the construction of Mianyang Science and Technology City”, “imple-
mentation opinions on supporting the construction of the Sichuan and Chongqing
cooperation demonstration zone (Guang’an area)”, “opinions on promotingLuzhou’s
sustainable development of resource-dependent city”, etc. Many cities on the two
axes are becoming new economic growth poles and support points.

The 7th Class of areas is mainly distributed in south of Sichuan (Nanchong is
in the northeast), as shown in Fig. 2 in the small dotted circle area. This region’s
agricultural economy still occupies a certain proportion, and there is good foundation
for development of the third industry.

The 8th class of areas ismainly scattered in the northeast and northwest of Sichuan,
as shown in Fig. 2 in the big dotted circle area. This region has small population, small
density, and low urbanization rate. The industrial development focuses on ecological
agriculture, energy and chemical industry, etc.

3 Space Strategies for Narrowing the Regional Difference
in Developed Countries

To narrow the regional difference, developed countries including the United States,
France, Germany and Japan all havemade a lot of work on the space structure, aiming
to promote space equilibrium, expand regional cooperation, strengthen the spatial
linkage, and narrow the difference of regional economy by reducing the transaction
cost and migration cost.
1. Cultivate Growth Poles and Points to Promote Spatial Equilibrium

From the progression pattern of urbanization of the developed countries, we can
learn their thought in narrowing the difference of regional development. Britain’s
urbanization takes light industry as the forerunner, takes the transportation as the
ligament, spontaneously forms and goes on under the driving of industrialization. In
France, the central cities drive the development of small and medium-sized cities.
In Germany, the whole country develops in balance, sets the principle of urban and
rural equivalence [11].

The first key point for developed countries to foster growth poles lies in “multi”
strategy, so as to fight against all sorts of problems brought by “single” strategy. At
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the regional level, “multi” strategy is to avoid problems such as unbalanced regional
development, serious polarization in the core area, and insufficient diffusion ability.
At the city level, “multi” strategy is a good way to alleviate the urban diseases. Most
of the developed countries narrowed the difference of regional development through
“multipolar” strategy, realizing balanced development and common development.
American metropolitan statistical area, French balanced metropolis, German multi-
center urban structure, as well as the “circle in New York metropolitan circle”, and
the “pole in pole of German metropolitan circle”, are all perfect example of this.
2. Support Pole and Point Development of Space Planning

Seen from Europe and the United States and Asian developed countries, most of
these countries have carried out space planning and multipole cultivation, such as
Japan’s “national comprehensive development planning”, Germany’s “space order
development planning”, France’s “territorial control planning”, Britain’s “national
planning policies”, Netherlands’ “spatial development planning”, and so on. These
spatial regulation and control functions are manifested on space constraints and
space stress. Through “space encourage”, “space admission”, “spatial limitation”
and some other measures, coordinate the relationships between central and local,
inter-regional, urban and rural, resource development and environmental protection
[4]. In addition, in the formulation of planning, the developed countries all stressed
the relationship between human and environment, emphasized on the fairness and
the intergenerational relations. As prescribed in article 106 of the German Federal
Constitution, Germany should pursue regional balanced development and common
prosperity. On regional planning policy, there are two things needing to adhere: one
is “to form equal living environment across the country and reduce the regional
differences”; the other is “to pursue sustainable development and leave opportunity
for the offspring survival and development” [7].
3. Implement Larger Scope of Regional Cooperation

Wide-area cooperation not only conforms to the trend of regional economic inte-
gration, but also accords with the large zone development view. It is an important
path to narrow the difference of regional development. In order to solve a series of
problems due to population growth, the American Regional Planning Association
launched “America 2050” project, specifying the major 10 metropolitan circle clus-
ters of the USA. The project’s long-term goal is to narrow the population and wealth
gap between the rapid developed coastal regions and the inland rural areas and indus-
trial declined cities, inspire the potential to make every member have the ability to
realize the American dream. In general, to 2050, American regional balanced devel-
opment will be carried out in metropolitan clusters and form new development poles
with high competitiveness, which will participate in the global competition as new
geographic units.
4. Build Multi-Level Urban System

In order to narrow the difference of regional development and promote regional
balanced development, the United States adopted a balanced development mode
for building multi-level urban system, namely, taking the “metropolitan circle” and
“urban belt” as the core, the medium and small towns as the pivot. On the one
hand, build international metropolis which have high concentration degree and core
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competitiveness relying on the metropolitan circle, urban belt and big cities; attract
the world attention with the of the, with the “huge pole” and “super pole”, laying
the foundation of regional core competitiveness. On the other hand, pay attention to
development of small and medium-sized towns, diverte the population of big cities.
In 1960s, the United States implemented test plan of “demonstration city”, carrying
out redevelopment for the central area of big cities. This plan diverted population of
big cities and promoted small towns development. According to the data of United
States Census Bureau, “in the United States, there are 131 cities with a population of
100000 to 200000, 878 cities with a population of 30000 to 100000, and more than
34000 small cities (towns) with a population of few thousands to 30000. Small cities
(towns) of less than 100000 people accounts for about 99% of the total number of
cities in the United States” [6].

As an imitator of the United States, Japan also established multi-level urban
system, namely the metropolitan circle system. The urban system is divided into
the capital circle (i.e., Tokyo circle) and local circle. And the local circle is divided
into four classes: the first class includes Osaka and Nagoya circle; the second class
includes Fukuoka, Hiroshima, Sendai, Sapporo and some other wide-area center
cities; the third class includes all medium-sized cities, including local industrial
cities and cities with population of about 100000 people; the fourth class includes all
small cities, including the local cities with population of below 100000 people [8].
5. Form Intensive Rail Transit System

Traffic system is the foundation for strengthening the regional connection, pro-
moting factor flow, and expanding the opening degree to the outside world. In all
previous national comprehensive plans, Japan has formulated corresponding regional
transportation planning, emphasizing on public transport priority and focusing on rail
transit construction. At present, the Tokyo metropolitan circle has formed a regional
rail transit network constituted of Shinkansen, light rails and subways. Among the
people of Tokyo metropolitan circle who go to work or school every day, 86% of
them choose rail transit, and the proportion is as high as 91% at peak time, ranking
the first in the world. At the same time, perfect rail transportation has very impor-
tant effect to optimize the spatial structure. The light rail along the Tokyo center
linked the city heart and 7 subordinate hearts, and radiated to the suburbs and adja-
cent small and medium-sized cities with these subordinate hearts as starting points.
For example, the Shinkansen line extends from Tokyo station to other cities of the
metropolitan circle and even larger area, effectively relieving the dense population
pressure in Tokyo and improving the urban construction, speeding up the high-end
resources of Tokyo spread to surrounding areas, and promoting the optimization of
spatial structure of Tokyo metropolitan circle [2].
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4 Path Selection for Implementation of Multipoint
and Multipolar Strategy in Sichuan

In order to optimize the spatial structure and promote the development of Sichuan’s
economy to a higher level, in terms of cultivating new growth poles and support
points, we can consider from the following aspects:
1. Build Multi-Level and Multi-Function Urban System

Within the economic zone, we should take the central city as the core, form a
well-proportioned and well-spaced urban system where the large, medium and small
cities (towns) are in harmonious development, especially take the lead in promoting
economic development of the axis cities that have close economic relation, so as to
promote the formation of urban clusters. In terms of promoting the development of
regional central cities, we should pay attention to both the existing advantages of the
five cities on themain axis, and the cultivationof newgrowthpoints on the subordinate
axis (see Fig. 2), so as to formurban clusterswith complementary functions. For areas
with less population and small density, we may refer to the principle of “small is
beautiful” as followed by Germany [10], guide the industry incline to small and
medium-sized cities and small towns, so as to promote construction of infrastructure
facilities and perfect the functions. Of course, in addition to promoting the regional
balanced development from the aspect of industrial angle, we also need to make
efforts from the perspectives of employment and science and technology, so as to
reduce the regional differences.
2. Promote Wide-Area Cooperation with Space Development Planning

Wide-area cooperation is a development trend, also is an important path for form-
ing growth pole in the new geographical space. From the point of space structure,
areas which are closely linked to the development of Sichuan include: Chengdu-
chongqingEconomicZone, TianfuNewDistrict, Silk EconomicBelt and theYangtze
River EconomicBelt and so on. These areas are important opportunities for Sichuan’s
economic development. Wide-area cooperation needs to cooperate with top design,
needs assurance of long-term plan. Sichuan has to timely formulate a space develop-
ment plan which is harmonious with development of these areas and conforms to the
territory plan, economic plan, and industrial park planning. This space development
plan should follow three principles: first is to promote space equilibrium from indus-
try, city and regional perspectives; second is to improve people’s life quality and
promote the improvement of the public service and ecological environment; third is
to improve the utilization of urban land and open space. At the same time, strength-
ening the spatial development planning is also an important method to avoid risks of
“excessive suburbanization” and “excessive urbanization”. In the process of space
development in developed countries, the relevant laws and regulations have played
important role in guiding the standard space development, such as London’s Act on
GreenBeltDevelopmentLimitation.Therefore,we should introduce relevant policies
cooperating with the “spatial development planning”, so as to strengthen the execu-
tive power with system construction, and enhance the cohesion between regions.
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3. Explore Cross-Regional Cooperation Mechanism
For encouraging cross-regional cooperation, we need to establish an effec-

tive organization to secure the feasibility and fairness of the cooperation. As a
model of cross-regional cooperation of local government, the only official inter-
state regional planning cooperation organization in Germany, “Berlin-Brandenburg
United regional Planning Department” is such a precious case. Berlin-Brandenburg
United regional Planning Department is composed by “Berlin urban development
department” and “Brandenburg infrastructure and regional planning department”.
The “state planning meeting” attended by the state (city) governors of both parties is
the supreme council of the organization, which decides the basic frame and principle
of united regional planning. In order to fully guarantee the impartiality of the plan-
ning and decision-making, the “partners principle” stipulates that, the head of each
office and other staff need to come from different states [1]. Sichuan should encour-
age those cities and districts which have formed cooperation relationship to establish
effective organization. Such organization is not used for merging on administrative
system, but it can promote the regional integration process through formulation and
implementation of mutual benefiting regional development strategy and space plan-
ning framework.We can learn the “partners principle” of Berlin-Brandenburg United
regional PlanningDepartment, letting the different regions express their demands and
seek interests sharing under the win-win cooperation mechanism.
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Multi-agent Based Intelligent Supply
Chain Management

Ye Wang and Denial Wang

Abstract For supply chain management, the information will help to quantify
the value of the implementation of strategic coordination and information sharing
between supply chain members. For this reason, we discussed the use of model-
ing through Agents, the Agent structure, Agent interaction, and decision-making
and operational process between Agent-based supply chain system, etc. Based on
all above research, we simulate and analyze the intelligent coordination algorithm
processes and its influence to the whole supply chain values.

Keywords Multi-agent · Supply chain management

1 Introduction

There are increasing research interests in using data mining techniques in intelligent
supply chain management. In recent years, agent technology has become a hot topic
of computer simulation of logistics system. Distributed smart structures research in
logistics simulation through using Agent has the ability to reason, to achieve the
purpose of selected behavior and interactions with other Agent. Every customer’s
problems can be decomposed into large-scale multi-agent Modeling, calculation
task control, information sharing between the customer, and problem solving steps.
UsingAgent technology, exploring a transparent, scalable, distributed architecture of
supply chain simulation to the user, using MAS technology in various supply chain
structures, which has proved its influence and importance in the future research of
intelligent supply chain management.
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Virtual market is another type of typical supplier and seller based business relation
operating model, which is an advanced form of e-commerce development, is cur-
rently themost successful global commerce applicationmodel, which also represents
a significant development direction for the future of e-commerce. The virtual market
can be achieved virtually through using computer simulation and virtual reality tech-
nology on functions group co-operation, marketing research, marketing opportunity
analysis, marketing segmentation, targetmarketing selection and positioning, and the
nature of the process carried out in all levels of management and business processes
of enterprises, in order to enhance decision-making and control of enterprises at all
levels.

In this paper, we designed a new virtual architecture through using MAS and data
mining technology with the purpose of improving enterprise production efficiency
and services level. We applied detailed supply chain analysis intelligently based on
agent technology,whichwins the support ofmany companies; discovers newpatterns
through data mining techniques, and explores new methods of analysis, association
rules, classification and clustering rules, provides a new perspective for the human
analysis of intelligent supply chain management. Research on the relations between
intelligent agents and data mining technologies, and this association research led
agent job doing faster and better.

2 Background

1. Data Mining
Data mining is the process of generating various data models as per basic business

processes, analyzing and discovering data rules based on various algorithms. The
overall process of finding and interpreting patterns and models from data involv-
ing repeated steps of data collection, cleaning, transformation, rules mining, data
prediction, prediction evaluation, knowledge discovery [1].
2. Agent Concept

Agent is a computer program that exists in some environment and is capable of
performing an autonomous activity in order to gain its desired objectives; Intelligent
agent is an agent capable of learning, capable of mining and storing knowledge about
the environment it is situated in; Multi-agent system contains agents and intelligent
agents capable of interaction through an information exchange [2].
3. Data Mining Agent

Every task will have at least one agent; and the data mining goal is to find the
path analysis, association rules, sequential patterns, and clustering and classification
rules, re-interpret the data, communication between data mining agents and other
agents, providing high-quality data, etc. Typical data mining agent needs process
large amounts of information, and which must be able to provide useful knowledge
for another agent [3, 4].
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4. Data Mining Algorithm
Typically, data mining algorithm uses one or more objective functions, using sev-

eral search methods (e.g. heuristic algorithm, a gradient descent method, maximum
and minimummethod, network deduction method, etc.), to find out the data inherent
relations inside the data body. Data mining algorithms can be divided according to
the way instructive mining type and non-instructive type, also known as supervised
learning and unsupervised learning. In supervised learning, instructors give a signal
first, providing category labeling and classification costs for every input sample of
the training set, and looking into the direction of reducing overall cost. In unsuper-
vised learning algorithm, which does not have explicit instructors, the system will
automatically form clusters on the input samples [5].

Although data mining does not need real-time processing for most of the time,
which can use static off-line data, but it does require real-time or fast data mining
algorithms, which will use dynamic online data. Agent-based modeling of data min-
ing is automated (e.g. relying onmachine learning), or semi-automated (for example,
using data mining algorithms repeatedly), to explore the objective laws of the trans-
action. There are quite some typical datamining algorithms as shown at below figure,
combination of which specific data mining algorithms can be applied on the specific
circumstances and applications [6] (Fig. 1).

Fig. 1 Architecture of data
mining algorithms Data Mining Algorithm
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5. Agent Oriented Programming and Multi-agent System
There are features of hierarchical, dynamic, autonomous, local interaction and

global emergence for multi-agent system with complex open environment normally,
whose development can be simplified through different views of analyzing the scale
and complexity of systems based on the software engineering principles of decom-
position, modularity and separation of concerns. Agent oriented programming needs
four layers of programmability, i.e. individual agent layer, interactive agent layer,
environment layer, and multi-agent organization layer, so as to provide program-
ming support to achieve the MAS autonomy, social agents interaction, environment
residence and global MAS organization. (1) Individual agent layer runs as the basic
unit of the target software system, whose autonomy is unique from other program-
ming design patterns. How to describe and implement agent autonomy is the main
contents of individual agent layer; (2) Interactive agent layer, each agent insideMAS
is not isolated and closed, each of them has limited resources, information, knowl-
edge and capabilities, which needs interaction to achieve global design targets of
MAS; (3) environment layer, agent either individual or MAS, which resides in a
particular environment and needs bi-directional interaction with the environment;
(4) Multi-agent organization layer, agent inside MAS has behavior autonomy, which
needs MAS to run in a coordinated and consistent way and balance the local auton-
omy and global constraints of software agent behavior [7, 8]. There are quite some
open source MAS platform, e.g. JADE. JADE is a Java based agent development
environment, which can achieve multi-agent system through middleware and com-
ply with the specification of FIPA (Foundation of Intelligent Physical Agents); JADE
is a cross-platform tool and provide debugging GUI tools, etc. [9].

3 MAS Based Supply Chain Management

3.1 Data Collection and Pre-processing

TheDataManagement Agent is an agent that handles several datamanagement tasks,
including raw data backup, data cleaning, normalization, and generating datasets as
per pre-defined logic, which may be updated automatically based on periodic or final
testing results. User interface agent is used for querying concerned configuration
information from environment, and which provide an interactive GUI interface for
sending and receiving concerned information with end users. Data pre-processing
agent is used for querying production or testing data from production environment,
data cleaning and transformation as per business analysis training purposes (Fig. 2).
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Fig. 2 Architecture of data management agent

3.2 Data Mining and Rules Generating

Normally there are two main methods for data mining and rules generating of supply
chain management, i.e. one for theory analysis, e.g. expert system, which can judge
based on experts’ experiences, etc. the second one is the real data based analysis,
which includes math statistics, logic analysis, intelligent algorithms, etc. Detailed
mining procedure includes two models, frequent item sets mining and association
rules mining.

Basic steps include: (1) Objectives and Tasks analysis and prediction; (2) Business
data preparation and pre-processing; (3) Business data mining; (4) results analysis
and rules generating; (5) Application of testing results. Key factors analysis include:
(1) finance (costing, etc.) analysis; (2) transportation (route, costing, performance,
efficiency, etc.) analysis; (3) sales (association, products, etc.) analysis; (4) inventory
(costing, missing parts, etc.) analysis; (5) supply (delivery, prices, performance, etc.)
analysis.

For this research, we use typical association rules mining, clustering analysis,
Apriori algorithm, genetic algorithm, neural algorithm, rough sets analysis, etc. for
extracting the associations among major supply chain elements (Figs. 3, 4 and 5).

3.3 Data Predicting and Evaluating

This sectionmainly covers (1) Integration agent, which collects and optimizes source
or intermediate prediction data through integration of concerned expert system, his-
tory data, etc.; (2) Management agent, which stores the detailed information of all
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agents, e.g. their name, address, type, functions, etc.; (3) communication model,
which covers a group of communication agents and responsible for various com-
munication tasks; (4) Message processing model, which is responsible for receiving
and distributing messages/feedbacks; (5) Prediction model, which adopts the com-
bination of data mining algorithms as per pre-defined knowledge or rules inside the
system, generate concerned predication rules first, give prediction based on above
rules generated, measure and analyze the prediction, feedback and refresh the system
knowledge database, etc.

4 Achievements and Conclusions

MAS based negotiation model in this paper, use the concept of “negotiation—
negotiation process—negotiation thread” to describe multi-agent multi-issue nego-
tiation, which supports various negotiations based on a flexible negotiation protocol
support. The model supports study inside the agent negotiation process. We applied
and tested this negotiation model in the intelligent supply chains, simulate the buy-
ing/selling behaviors of the simulation agents. During the test process, agent can play
a proposer role to start the negotiation, or play a participator to join a negotiation
started by other agents. Negotiation between any agents can construct a negotia-
tion thread; any agent started negotiation can make a process, and which can covers
multiple threads; the entire system is the set of all negotiation issues in the negoti-
ation process within te he system. Agent learning tasks in the negotiation process



312 Y. Wang and D. Wang

includes guessing costs of opponent agents based on its initial input, mining the
relations between the initial inputs of opponents and the estimated costs through
using the incentive mechanism of machine learning; Agent will refresh its estimated
costs every time which receives the new input from opponent agent based on above
knowledge. The test indicates that the model can achieve the key role of negotia-
tion issue inside the intelligent supply chain; the agent negotiation performance and
efficiency can be improved through the combination of intelligent data mining algo-
rithms. In the future, we will continue to study the impact of key study mechanisms
on the efficiency of MAS based intelligent supply chain.
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Prognostics for State of Health Estimation
of Battery System Under Uncertainty Based
on Adaptive Learning Technique

Fan Li, Yusheng Wang and Duzhi Wu

Abstract This paper addresses the State of health (SOH) estimation for system in
the prognostics and health management (PHM) of the electronics systems. Due to
complicated operation conditions, it is necessary to derive and implement the prog-
nostics with uncertain situations. In this paper, a Bayesian filtering approach based on
the adaptive learning for the Gaussian process regression (GPR) model is presented
for the SOH estimation of system under uncertain conditions. Instead of assuming
the certain state space model for the degradation trend directly, the distribution of
the degradation process is investigated to learn from the inputs based on available
measurements. In order to capture the time-varying degradation behavior, the pro-
posed method represents the statistical property of the degradation process through
distribution learning with the GPRmodel. By exploiting the distribution information
of degradation process, the particle filter can be implemented to predict the SOH
of system. Experiments and comparison analysis are provided to demonstrate the
efficiency of the proposed approach.

Keywords Prognostics · State of health · State estimation · Adaptive learning ·
Uncertainty

1 Introduction

With the development of the manufacturing assemblies and new materials, the bat-
teries driven system has been widely used in military electronics, aerospace avionics,
portable devices and other automotive vehicles [1]. However, battery deteriorates and
failures during usage have common occurred in practice, which can lead directly to
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systems performance reduce and many costs for catastrophic failure [2]. For this
challenge, the prognostics and health management for electronics devices has
received great attentions, which determine the advent of systems failure and mitigate
system risk through evaluating the system reliability in terms of its current life-cycle
conditions [3]. The estimation of system future health state and the remaining useful
life (RUL) prediction are core components for the PHMof electronics devices, which
mainly focus on predicting the health state and estimating its RUL, then maintenance
decisions can be made based on the actual conditions of system and the risk factors
can be mitigated in time. With the increasing demand for reducing the life-cycle cost
of battery driven equipments and in order to provide the useful prognostic information
in reliability monitoring for battery systems health management, the SOH estimation
can be exploited to predict the health situations in terms of available measurements
with the degradation cycles [4–6].

Due to complicated uncertainties for system operations, the parameters for
describing degradation model may have difference between various conditions, but
modeling effectively for degradation process under uncertainty has gained less atten-
tion. Recently, with the modeling flexibility and the ability to provide uncertainty
representation, the Gaussian process regression (GPR) has been investigated for
lithium-ion batteries prognostics [7], where the degradation trend are learned from
training data set with combination Gaussian process functions. As an alternative to
learn the degradation trend directly, learning for representing the parameters distri-
bution of degradation process has not been studied yet.

In this paper, consider the uncertainties in batteries prognostics, the novelty
approach for SOH estimation of the batteries is presented through integrating the
adaptive learning for GPR into the particle filtering. The proposed method consists
of two phases, in the first phase, the GPR can be used for learning to construct the
probability density function (pdf) of degradation model parameter process with the
training data sets from uncertain batteries conditions. Secondly, based on the distrib-
ution information of the parameters for the degradation process, the particle filtering
can be utilized to obtain the SOH estimation of the battery. In order to avoid full
data storage and excessive computational complexity, the adaptive and recursively
learning algorithms are investigated. Finally, the experiments are provided based on
the NASA batteries data sets to demonstrate the performance of the new prognostic
method.

The rest of this paper is organized as follows. In Sect. 2, themotivation of this study
is described. In Sect. 3, an overview of Bayesian estimation and GPR are provided
firstly, and then the adaptive learning and SOH prognostics method are developed.
Then, the experiments and analysis are given in Sect. 4 to show the performance of
proposed prognostic algorithm. Finally, conclusions are drawn in Sect. 5.
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2 Motivation

Due to the complicated factors such as operation environment of batteries, assemblies
technology and material properties, initial conditions and so on, the actual capacity
degradation process are different between batteries in each operations [8]. Thus, the
prognostics for batteries is necessarily affected by large uncertainties. Most popular
methods used to dealwith battery systemprognostics under uncertainties are based on
the data-driven methods and model-based methods [9, 10]. The data-driven methods
attempt to learn the trend of batteries degradation from the obtained measurement
data directly. But the monitoring data from batteries in complex conditions are hard
to be fully exploited and some regressors may easily been affected by extreme data
which usually appear near the cycles which the self-recharge happen during the
batteries capacity fading. Meanwhile, with some offline learning which need to use
the full data from historical monitor, the prognostic algorithm always need to load
heavily computational burden [11].

On the other hand, by assumption the certain degradation parameters model,
the classical filter methods can be exploited to predict the SOH of batteries, but it
can show good performance if the used degradation model can represent the actual
system’s behavior accurately. However, a host of practical settings in batteries usage
involve the uncertainties. Hence, it’s hard to obtain the accuracy state process model
or parameter description in practice. In addition, since the uncertain environment
and measurement noises, the degradation model parameters which characterize the
batteries conditions will be random and usually with non-linear transition, so the
dynamical degradationprocess is difficult tomodel by somecertain space statemodel,
even there is no universally accepted best model for the degradation parameters [12].
Hence, to make the effective representation for the degradation process is the key
for batteries prognostics. Although some hybrid approaches which incorporate the
pattern or model identify into the stochastic filter can make some improvement, but
the complicated and non-linear transition of the degradation parameter process under
uncertainties which are very common in practice are lack of consideration.

3 Methods

3.1 Bayesian Filtering Framework

There are many valuable prognostics method existed for SOH estimation and RUL
prediction of electronics products such as fuzzy logic, neural networks and some arti-
ficial intelligentmethods. Besides, the stochastic filtering approaches such asKalman
filtering [13], extendedKalman filtering [14], Unscented filtering andBayesian filter-
ing [15] are another classical method which is booming used for the SOH estimation
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of electronics products in literatures. In these methods, the problem of SOH
prognostics is converted to the state estimation with the following state space model:

xk = fk−1(xk−1, wk−1), (1)

zk = hk(xk, vk), (2)

where the vector xk is the unobservable state, f (·) is the state transition func-
tion, zk is the measurement with the measurement function h(·), wk and vk are
the process and measurement noises respectively. The functions f (·) and h(·) are
possibly time-varying and nonlinear. The goal is to estimate the unobservable state
xk or approximate its posterior pdf condition on the sequence of noisy measurements
[z1, z2, . . . , zk] denoted as Zk .

Suppose that the density p(xk−1|Zk−1) is available at previous time, then in
the light of the states follow the first order Markov process, the prediction of the
conditional pdf p(xk |Zk−1) which means the pdf of xk given all measurements up to
time k − 1 can be given by:

p(xk |Zk−1) =
∫

p(xk |xk−1)p(xk−1|Zk−1)dxk−1. (3)

When the new measurement becomes available, from the Bayes theorem, the
updating of the posteriori pdf of xk can be obtained as:

p(xk |Zk) = p(zk |xk)p(xk |Zk−1)

p(zk |Zk−1)
, (4)

where the pdf p(zk |Zk−1) can be determined by:

p(zk |Zk−1) =
∫

p(zk |xk)p(xk |Zk−1)dxk . (5)

If f (·) and h(·) are linear, and wk and vk are additive, independent, and Gaussian,
then the solution of Bayesian filter is the Kalman filter. But in practice, the dynamical
system is usually nonlinear. Thus, by using the sequential Monte Carlo method, the
particle filter was invented to recursively implement the Bayesian estimator through
representing the required posterior density function by a set of random samples with
associated weights and to compute the estimates based on these samples andweights.
Actually, the true posterior can be approximated by exploiting the discrete weighted
samples, i.e.,

p(xk |Zk) ≈
N∑

i=1

ωi
kδ(xk − xi

k), (6)
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where xi
k , i = 1, . . . , N be the samples that are generated from the posterior density

p(xi
k |Zk), and ωi

k is the associated weight of the i th particle.
However, since the true posterior is usually unknown in practice, as the alternative,

a so-called importance density q(xi
k |Zk)which is easily obtained can be used to draw

the samples. By assuming that the current state independent of the measurement at
previous time and the state process follow the first order Markov process, then the
weights associated with particle xi

k can update recursively as

ωi
k ∝ ωi

k−1

p(zk |xi
k)p(xi

k |xi
k−1)

q(xi
k |xi

k−1, zk)
. (7)

It can be shown that as N → ∞, the approximation of Eq. (6) approaches the
true posterior density p(xk |Zk). A common chosen of the importance density is
taking q(xi

k |xi
k−1, zk) = p(xi

k |xi
k−1), since the bootstrap probability density can be

obtained easily. Then, the weight updating becomes: ωi
k = ωi

k−1 p(zk |xi
k), and the

normalized weight are given by:

ω̂i
k = ωi

k/

N∑

i=1

ωi
k . (8)

To avoid the degeneracy of the particles, the re-sampling need to conducted.
However, it can be seen that a limitation associated with these classical Bayesian

filter is the dynamical system model or parametric descriptions for state and obser-
vation need to be exploited for the sampling and weights calculation. Usually, in
the prognostics for electronics system, it may be difficulty to describe state transi-
tion of the degradation process accurately during the degradation period, therefore,
the importance sampling are hard to be implement, especially in complicated situ-
ation with uncertainty. Nevertheless, this limitation associated with the traditional
Bayesian filter-based prognostics can be properly alleviated through the learning
technique by fully using the data available.

3.2 Gaussian Process Regression

In fact, many parameter vectors which capture the time-varying situations in degra-
dation cycles of the electronics devices need to be treated as a dynamical process. In
order to represent the system degradation behavior, The Gaussian process is consid-
ered. A stochastic process {g(x) : x ∈ X }, indexed by elements from some setX ,
is a Gaussian process with mean function m(x) and covariance function k(x, x ′), if
for any finite set of elements x1, . . . , xm ∈ X , the associated finite set of random
variables g(x1), . . . , g(xm) have a multivariate Gaussian distribution.
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It can be denote by g(x) ∼ G P(m(x), k(x, x ′)). Actually, the mean function and
covariance function are defined as:

m(x) = E[g(x)], k(x, x ′) = E[(g(x) − m(x))(g(x ′) − m(x ′))],

for any x, x ′ ∈ X .
Gaussian process represents distributions over functions. It provides a method

for modeling probability distribution under multiple corruptions in complicated or
uncertainty situations. When the accurately describe for the dynamical parameter
process is hard to be obtained in advance, the Gaussian process regression (GPR)
can be exploited to supply the approximation distribution of the parameter process
through learning from the training data available [16].

Consider a set of training data S = {xi , yi }N
i=1, the relationship between input xi

and output yi can be modeled by yi = g(xi ) + εi , where εi is zero mean, Gaussian
white noise with variance σ 2

n . From the GPR, if the prior distribution over g(xi )

be assumed as Gaussian process, the posterior distribution over outputs conditioned
on sample set S and the test input x∗ is also a Gaussian process, and the mean and
variance can be given by:

ḡ∗ = E[g∗|x∗, S] = kT∗ K −1y, (9)

cov(g∗) = k(x∗, x∗) − kT∗ K −1k∗, (10)

where K is the covariance matrix whose entries is determined by the kernel function
i.e., Ki j = k(xi , x j ). In order to capture the uncertainty of state process and the
influence of noise, the kernel function can be expressed as k(xi , x j ) = kg(xi , x j ) +
kn(xi , x j ), and the squared exponential kernel and constant kernel function are chosen
as the covariance function of Gaussian process:

kg(xi , x j ) = σ 2
g exp

[
− (xi − x j )

2

2l2

]
, (11)

kn(xi , x j ) = σ 2
n δi j . (12)

The parameters Θ = [σh, σn, l] are so-called hyper-parameters of the Gaussian
process, which are actually the parameters of the covariance function. The hyper-
parameters can be determined by using the optimization strategy which is to maxi-
mize the log-likelihood function given by:

logp(y|X,Θ) = −1

2
yT (K + σ 2

n I )−1y − 1

2
log(|K + σ 2

n I |) − n

2
log(2π).

Therefore, the learning process with GPR need to select the mean function and
covariance firstly, then the hyper-parameters can be determined with the training
data. After that, the prediction of the distribution parameter can be yielded with the
new inputs.
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3.3 Adaptive Learning-Based Prognostics

When the new inputs become, from the Eqs. (9)–(10), it can be seen that the mean
and variance function of Gaussian process need to learn from the whole training set,
which make each update in the training phase requires to compute the inverse of the
N × N covariance matrix. In order to reduce the computation and memory demand,
instead of using the off-line learning directly, the adaptive technique can be exploited
to make the learning procedure recursively implement. To do this, denote the inverse
of the covariance matrix of the Gaussian process as QN , i.e.,

Q−1
N =

[
KN−1 kN

kT
N kN

]
,

where, the vector kN has the elements kN (i) = k(xi , xN ), i = 1, . . . , N −1, and the
scalar kN = k(xN , xN ). It can be seen that the updating of the inverse of the growing
matrix can be expressed as:

QN = b−1
N

[
QN−1bN + rN rT

N − rN

−rT
N 1

]
,

where, rN = QN−1kN , and bN = kN − rT
NkN .

Denote dN = QNyN , where yN = [y1, . . . , yN ]T is the all output of the training
data up to current time, we have:

dN =
[
dN−1 − b−1

N rN eN

b−1
N eN

]
,

where eN = yN −kT
NdN−1, and this term can be viewed as the bias of the prediction

since the kT
NdN−1 is the prediction when the input at time N arrives.

Then, the mean and the covariance in the next time can be updated by:

ḡN+1 = kT
N+1dN , cov(gN+1) = k(xN+1, xN+1) − kT

N+1QNkN+1,

where kN+1 is the N dimension vector with the element kN+1(i) = k(xN+1, xi ),
i = 1, . . . , N . The whole procedure can be described as follows.
(1) Initialization

Q1 = (k(x1, x1))
−1, d1 = Q1y1. (13)

(2) Iterate FOR i = 1, . . . , N

ki = [k(xi , x1), . . . , k(xi , xi−1)]T , (14)

ri = Qi−1ki , (15)
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bi = k(xi , xi ) − rT
i ki , (16)

Qi = b−1
i

[
Qi−1bi + ri rT

i − ri
−rT

i 1

]
, (17)

eN = yi − kT
i di−1, (18)

di =
[
di−1 − b−1

i ei ri
b−1

i ei

]
. (19)

END FOR
(3) Calculate the mean and covariance with sample in next time:

kN+1 = [k(xN+1, x1), . . . , k(xN+1, xN )]T , (20)

ḡN+1 = kT
N+1dN , (21)

cov(gN+1) = k(xN+1, xN+1) − kT
N+1QNkN+1. (22)

When the degradation model or parameters description are unknown under uncer-
tain environment, the GPR model can be utilized for learning the distribution infor-
mation, then the particle filter can be exploited for the SOH prediction. Therefore, the
proposed method comprises two phases. In the training phase, the adaptive learning
process based on GPR models is conducted for learning the appropriate distribu-
tion to represent the transition of state process from the training data, in which the
nonlinear and time-varying state process can be treat as the Gaussian process with
associated mean and covariance. In the prediction phase, with the statistical proper-
ties of the degradation process, the state samples and associated important weights
can be yielded based on the importance sampling. The steps of our proposed method
are summarized as follows.
Step 1. Initialization: Given the trained data set SL = {(xi , zi )}L

i=1 and DL = {(xi ,

yi )}L
i=1, where the yi = Δxi = xi+1 − xi . Then, determine the hyper-parameters

and set the initial values.
Step 2. Using Eqs. (13)–(22), the updating of distribution parameters can be com-
puted through the adaptive learning for GPR.
Step 3. Denote G Pμ(Δx [i]

l−1; DL) as the mean of Gaussian process and N (zl; G Pμ

(x [i]
l , SL), G PΣ(x [i]

l , SL)) represents the Gaussian pdf with the mean G Pμ(x [i]
l , SL)

and the Covariance G PΣ(x [i]
l , SL), then the importance sampling can be imple-

mented:
(a) FOR i = 1, . . . , N

sample x [i]
l ∼ x [i]

l−1 + G Pμ(Δx [i]
l−1; DL),

ω
[i]
l ∝ ω

[i]
l−1N (zl; G Pμ(x [i]

l , SL), G PΣ(x [i]
l , SL)),

END FOR
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(b) Calculate the normalization weights ω̂
[i]
l and effective sample size Neff

(c) IF Neff < Nth

[{x̃ [i]
l , ω̃

[i]
l }N

i=1] = re-sampling[{x [i]
l , ω̂

[i]
l }N

i=1].

(d) IF l < L , let l = l + 1, turn to a);
Step 4. The state and its covariance can be calculated by:

x̂k =
N∑

i=1

ω̃
[i]
k x̃ [i]

k , Pk =
N∑

i=1

ω̃
[i]
l [x̂k − x̃ [i]

k ][x̂k − x̃ [i]
k ]T .

4 Experiments

4.1 Data from Lithium-Ion Battery

In this study, the SOH estimation was conducted with the lithium-ion batteries data
obtained from the data repository of the NASA Ames’ Prognostics Center of Excel-
lence (PCoE) [17]. In the SOH prognostics of batteries, the main measurements
which can be used for representing SOH of batteries are the battery capacity. In this
experiment, these capacity data sets had been measured from a battery prognostics
test bed when the lithium-ion batteries were run through different operation profiles
include charge, discharge and impedance at room temperature. With the accelerated
aging of the batteries for the repeated charge and discharge cycles, the end-of-life
criterion of the batteries is a 30% fade in rated capacity, then the tests were stopped.
The battery capacity at cycles which percentage to the initial capacity was adopted
to measure the SOH.

For tracking the batteries capacity fading, the exponentialmodel (21) is commonly
used to represent the capacity degradation trends in many cases.

Q = a × exp(b × l) + c × exp(d × l), (23)

where Q is the capacity of the battery and l is the cycle number. The degradation
model parameters are a, b, c and d, where a and c capture the internal impedance,
b and d are related to the aging rate. Unfortunately, the capacity degradation model
is just a empirical approximation of the actual dynamical degradation in which the
parameters process is hard to be modeled in advance and the modeling error always
exists. Hence, to make the effective representation for the degradation process needs
to make full use of the data available under the uncertainty. In this study, the data
from battery No. 7 was used to validate the proposed method, where the discharge
was carried out with 2A constant current level until the battery voltage fell to 2.2V.
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4.2 SOH Prediction

From the proposed approach, the training phase contained two aspects. Firstly, in
the GPR learning, the GPR models could be chosen with the linear mean func-
tion m(x) = ax + b and the kernel function expressed by Eqs. (11)–(12), thus the
hyper-parameters Θ = [a, b, σn, σg, l] were optimized with the maximization of
the log-likelihood function. Then, using adaptive learning with the training sets, the
mean and covariance functions of Gaussian process were estimated. After that, the
obtained distribution from data were treated as the importance density to produce
the particles and associated weights, the resampling procedure is implemented as
the standard particle filter algorithm. In this case, the parameters of the degradation
process were viewed as the state vectors. Similar to the particle filtering updating,
when the weighted samples x̃ [i]

l = (a[i]
l , b[i]

l , c[i]
l , d[i]

l ) were obtained, the battery

capacity prediction Q[i]
l+p at p step after current cycle l can be computed by exploit-

ing the degradation parameter samples x̃ [i]
l for the i th trajectory. Finally, the p-step

prediction at cycle l can be estimated.
Consider that the prediction began at cycle 100 for the current battery No. 7, and

then the prediction results are shown in Fig. 1.
From the Fig. 1, it can be seen that the prediction results can capture the SOH

of the degradation process at most cycles especially the cycles near the beginning
cycle of prediction. Therefore, from these results, the proposed method shows the
effective prediction under the uncertain description of degradation model.

Moreover, in order to further evaluate the proposed prognostic method, compare
our method which is based on the adaptive learning for GPR and particle filtering
(GPR-PF) with the method presented in [7], which the GPRmodel was used directly
for prediction. The prediction was set at cycle100 in both two methods, and then the
prediction results are shown in Fig. 2.

Fig. 1 The SOH prediction
for battery No. 7 at cycle 100
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Fig. 2 Prediction results
based on two methods for
battery No. 7
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From the Fig. 2, it can be seen that for the battery No. 7, the prognostics based
on adaptive learning and particle filtering match the SOH of battery degradation
batter than the method only take the GPR model into account. The reasons may lie
in that the learning phase in the later depend too much on the assumption about the
initial distribution parameters such as the mean functions and so on, and the new
measurements may not be fully used for each updating.

5 Conclusions

The degradation for systems under complicated conditions or working environment
is more and more common in practice, and different conditions may have differ-
ence. Thus, the prognostics for SOH estimation under uncertain conditions meet
many challenges such as the accurate dynamical process model for the degradation
behavior can not be obtained in advance. Therefore, make the representation of the
degradation process effectively from the available measurements is the key for the
SOH prediction. In this paper, we presented a health state estimation approach based
on adaptive learning for GPR and the particle filtering algorithm. In order to rep-
resent the density of the degradation model parameters under uncertain condition,
the adaptive learning for GPR is used to learn the distribution parameters from the
obtained measurements. Based on the distribution information of the degradation
process, the importance sampling for particle filtering can be implemented.

Acknowledgments The work is supported by China Postdoctoral Science Foundation (Grant No.
2013M542284) and the Postdoctoral Science Foundation funded project of Sichuan University.



324 F. Li et al.

References

1. Nishi Y (2001) Lithium ion secondary batteries; Past 10 years and the future. J Power Sources
100:101–106

2. Wakihara M (2001) Recent developments in Lithium ion batteries. Mater Sci Eng Rep 33:109–
134

3. Vichare NM, Pecht MG (2006) Prognostics and health management of electronics. IEEE Trans
Compon Packag Technol 29:222–229

4. SahaB,GoebelK, Christophersen J (2009)Comparison of prognostic algorithms for estimating
remaining useful life of batteries. Trans Inst Meas Control 31:293–308

5. Saha B, Goebel K et al (2009) Prognostics methods for battery health monitoring using a
Bayesian framework. IEEE Trans Instrum Meas 58:291–296

6. Zhang J, Lee J (2011) A review on prognostics and health monitoring of Li-ion battery. J Power
Sources 196:6007–6014

7. Liu D, Pang J et al (2013) Prognostics for state of health estimation of Lithium-ion batteries
based on combination Gaussian process functional regression. Microelectron Reliab 53:832–
839

8. Saha B, Goebel K (2008) Uncertainty management for diagnostics and prognostics of batteries
using Bayesian techniques. In: 2008 IEEE aerospace conference. IEEE, pp 1–8

9. Chen C, Pecht M (2012) Prognostics of Lithium-ion batteries using model-based and data-
driven methods. In: 2012 IEEE conference on prognostics and system health management
(PHM). IEEE, pp 1–6

10. Williard N, He W, Pecht M (2012) Model based battery management system for condition
based maintenance. In: MFPT, (2012) Proceedings: the prognostics and health management
solutions conference. Dayton, OH

11. He W, Williard N et al (2012) State of charge estimation for electric vehicle batteries under
an adaptive filtering framework. In: 2012 IEEE conference on prognostics and system health
management (PHM), IEEE, pp 1–5

12. Liao L, Kottig F (2014) Review of hybrid prognostics approaches for remaining useful life
prediction of engineered systems, and an application to battery life prediction. IEEE Trans
Reliab 63:191–207

13. Burgess WL (2009) Valve regulated lead acid battery float service life estimation using a
Kalman filter. J Power Sources 191:16–21

14. Hu C, Youn BD, Chung J (2012) A multiscale framework with extended Kalman filter for
lithium-ion battery SOC and capacity estimation. Appl Energy 92:694–704

15. Saha B, Goebel K et al (2009) Prognostics methods for battery health monitoring using a
Bayesian framework. IEEE Trans Instrum Meas 58:291–296

16. Ko J, Fox D (2009) GP-BayesFilters: Bayesian filtering using Gaussian process prediction and
observation models. Auton Robots 27:75–90

17. Saha B, Goebel K (2007) Battery data set. NASA AMES prognostics data repository



Benefit Distribution of the Agricultural
Products Green Supply Chain Based
on Modified Shapley Value

Yanling Xu, Chen Peng, Caoyu Wang, Jin Xie and Zhi Li

Abstract In this paper, on the basis of the Shapley value benefit distribution
strategy, taking into account comprehensively the factors influencing the stability
of the agricultural products green supply chain systems, we modify the Shapley
value by using analytic hierarchy process (AHP) method and build the modified ben-
efit distribution model of the agricultural products green supply chain systems. At
the end, the feasibility of the strategy is illustrated by a set of experiments.

Keywords Green supply chain · Shapley value · Contribution rate · AHP

1 Introduction

Green supply chain of agricultural products, which integrates the supplier of agri-
cultural production, agricultural producers, processors, retailers and logistics service
providers as one, provides customer-oriented agricultural products. It helps to achieve
the goal of saving transaction costs, to improve the efficiency of resource utilization,
and tomaximize the value of entire supply chain. Thus the overall competitive advan-
tages of supply chain will be improved [1]. For a long time, the regional nature of
agricultural production and the universal consumption of agricultural products, the
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limitations of agricultural production and the global consumption of agricultural
products, and the dispersion of agricultural production along with the diversity of
agricultural products demand, all cause the temporal and spatial conflicts between
agricultural production and consumption of agricultural products. However, the key
to solve this problem is to establish a green supply chain of agricultural products
to ensure effective flow of logistics, information flow and capital flow [2]. In agri-
cultural green supply chain, each link point contributes to their core competence in
such aspects of production, acquisition, distribution, and links up with each other
to achieve product circulation and the distribution of benefits. Once the product is
consumed, owing to the independence of each link point, agricultural supply chains
can be disintegrated, and then all link points will combine into a new supply chain
according to the market situation and new factors. However, any of the link point
to participate in the supply chain, whose fundamental purpose is to maximize the
economic benefits, and whether the income distribution is reasonable or not will
directly affect the efficiency and stability of the supply chain. Therefore, to establish
the reasonable mechanism of income distribution is one of the key issues that must
be discussed in supply chain collaboration.

W. Sterm points out that agricultural supply chain is a super organization, a non-
linear system through “farm to table” process and with obvious characteristics of
“dual drive mode of producer and consumer”. Stability of supply chain partnership
is a dynamic equilibrium relationship, that is to say in the supply chain with multiple
members participating in, eachmember would choose amutual cooperation behavior
which is the best to the entire supply chain development and establish a dynamic
balance with friendly and cooperative relations [3]. There aremany factors that affect
the stability of the supply chain, in which how to measure each point’s contribution
rate to stability frommultiple dimensions is the key to the overall stability of structure
in supply chain. For instance, at the beginning of 2015 Xinjiang Guannong Fruit &
Antler Group Co. Ltd and S.F. Express jointly build characteristics of agricultural
supply chain by the O2O mode [4]. However how to stabilize this product supply
chain and achieve a reasonable distribution of benefits is an urgent problem.

This paper analyzed the Shapley value model of partner benefit distribution pro-
posed by Shapley [5], and applied this model to solve problems about the distribution
of benefits in the agricultural green supply chain. However, Shapley value does not
consider the overall stability of the supply chain. Therefore, in this paper we con-
sidered the various factors affecting stability and determined the contribution factor
of each link point by analytic hierarchy process (AHP), then adjusted the weights
on the benefit distribution. And finally, a modified benefit distribution model of the
agricultural products green supply chain systems is built.
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2 Methodology and Model

2.1 The Model of Shapley Value

Shapley value is a mathematical method given by Shapley. Using an axioma-tic
approach, Shapley constructed a solution remarkable not only for its charismatic and
insightful definition, but also for its unique characterization by a set of reasonable
axioms. In the Shapley value, the profit for each player is the sum of the products of
their marginal contributions in a given coalition and the probability of that coalition
occurring over all permutations [6]. When there are n players engaging in an eco-
nomic activity, each form of cooperation combined by a number of players will get
certain benefits. And when the interest’s activities between players are nonconfron-
tational, the increasing of player in cooperation does not cause reduction in benefits
which will bring about the greatest benefits. Shapley value is a kind of scheme to
assign the maximum benefit.

Shapleymodel considered cooperative games in characteristic function form (now
sometimes also called “coalitional form”) defined by a finite set I = {1, 2, . . . , n}
of players, and a real-valued “characteristic function”, defined on all subsets of I .

v(Φ) = 0, (1)

v(s1 ∪ x2) ≥ v(s1) + v(s2), s1 ∩ s2 = Φ. (2)

The interpretation of v is that for any subset s of I the number v(s) is the worth of
the coalition. If s1 and s2 are two disjoint subsets of I , then the worth of the coalition
s1 ∪ x2 in Eq. (2) is equal to at least the worth of its parts acting separately.

We assume xi represents the sharingwhich the player i in I got from themaximum
benefit function v(I ). On the basis of cooperation, the sharing of cooperative games
is denoted by x = (x1, x2, . . . , xn). Clearly, a successful cooperation must satisfy
the following conditions:

n∑

i=1

xi = v(I ), i = 1, 2, . . . , n, (3)

xi ≥ v(i), i = 1, 2, . . . , n. (4)

φi (v) denotes the sharing of player i under the cooperation I . The Shapley value
of every player in cooperation is:

Φ(v) = (φ1(v), φ2(v), . . . , φn(v)),

φi (v) =
∑

s⊂Si

(|s|) [v(s) − v(s\i)], i = 1, 2, . . . , n, (5)

w(|s|) = (n − |s|)!(|s| − 1)!
n! , (6)
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where si represents all subsets containing the member i in set I , |s| denotes the
number of elements in the subset s, w(|s|) denotes a weighting factor, v(s) represents
benefit of the subset s, and v(s\i) denotes the benefit gaining by the subset s in
removal of the player i . Based on the model above, it is easily to obtain answers of
the benefit distribution.

2.2 The Modified Shapley Value in Agricultural
Products Green Supply Chain

In the above benefit distribution of the agricultural products supply chain, it only con-
siders the common benefit contribution rate of manufacturers, suppliers, distributors
and does not take the stability into consideration. Shapley value assumes that the
members of the supply chain have a equal contribution rate for the overall stability in
the model. That is, for members’ set I = {1, 2, . . . , n} of the agricultural products’
supply chain, the contribution rate of each member for stabilizing the supply chain
are: R̄ = 1

n . Obviously, this is an ideal situation. Benefit distributed in this way,
members in supply chain will only consider their own benefit in cooperation.

However, there are also improvement of the interest allocation with the Shapley
value. For example, Shapley value does not consider the stable problem of the entire
agricultural supply chain. Cooperative coordination among members in the supply
chain, market competition, co-intimacy and other factors will have impacts on the
healthy and stable development of the supply chain. Therefore, it is necessary to
study the stability of the supply chain of agricultural products.

In this paper we mainly studied the benefit distribution of green supply chain.
The green supply chain is a stable and sustainable supply chain in which the impact
of each member on the stability of the entire supply chain is different. So, we need
to make certain correction of Shapley value in line with the requirements of green
supply chain.

In order to ensure the sustainable development of the agricultural products supply
chain, we introduce the contribution rate of stability to correct benefit distribution of
partners. The contribution rate of stability is a concept which was introduced into the
supply chain to represent everyone’s contribution rate for the stability in n-person
games. Considering the contribution rate while allocating the benefit of eachmember
which will promote members’ effort to maintain the stability of the supply chain.

2.3 AHP

It can be found easily that there are many factors which can affect the stability of
cooperation from different angel. Each factor has different influence degree. Those
factors can be roughly divided into several dimensions, and each dimension can
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be evaluated by several elements. We calculated the members’ contribution rate of
stability by simple and effective Analytic Hierarchy Process (AHP). AHP provides
a methodology to calibrate the numeric scale for the measurement of quantitative as
well as qualitative performances [7]. Based on the results of the contribution rate,
we can adjust the benefit distribution weights got by the Shapley value.

Basic steps involved in this AHP are as follows:
Step 1. Structure the problem in a hierarchy of different levels constituting goal,
criteria, sub-criteria and alternatives.
Step 2. Compare each element in the corresponding level, then determine the matrix
of pairwise comparisons. ui , u j (i, j = 1, 2, 3, . . . , m) represent the m factors,
denotes the relative importance of ui on u j . The matrix of pairwise comparisons
P (judgement matrix) is determined by ui j :

P =

⎡

⎢
⎢
⎢
⎣

u11 u12 · · · u1m

u21 u22 · · · u2m
...

...
. . .

...

um1 um2 · · · umm

⎤

⎥
⎥
⎥
⎦

.

Step 3. Perform calculations to find the maximum eigen value λmax of the judgement
matrix, and then calculate the eigenvector w corresponding to eigen value λmax.
Step 4. Measure the consistency of the judgments and normalize values for each
criteria/alternative. Whether the distribution of weight is reasonable still should be
measured by C R = C I/

RI . Where C R denotes the consistency ratio of the judge-
ment matrix, RI represents the random consistency index of the judgement matrix,
C I denotes the consistency index of the judgement matrix, and C I = λmax−m

m−1 .
When the C R is less than 0.1, we can think that P owns the consistency with

satisfaction.
Step 5. If the maximum Eigen value, C I , and C R are satisfactory then decision is
taken based on the normalized values; else the procedure is repeated till these values
lie in a desired range.

After getting the normalized values, the weight of all factors on the contribution
to stability is obtained. Let k j be the weight of the j th factor to the stability and
xi j be the score of the i th member on j th factor, the contribution rate of stability of
player i names wi . In that way, the contribution rate of stability is:

wi =
m∑

j=1

k j xi j (i = 1, 2, . . . , n j = 1, 2, . . . , m).
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3 Application

3.1 An Example of Shapley Value in Agricultural
Supply Chain

In the agricultural supply chain, in order tomaximize economic benefits, independent
manufacturers, suppliers and distributors integrate their core competence. Therefore,
the agricultural supply chain can be regarded as the benefit distribution problem of
multi-person cooperative, which can be solved by Shapley value.

According to the news reported by Tianshan net, Xinjiang Guannong Fruit &
Antler Group Co. Ltd and S.F. Express jointly build special agricultural supply chain
by the O2O mode. We assume the farmers as manufacturers, Guannong Fruit &
Antler Group Co. Ltd as suppliers, and distributors is S.F. Express. It makes a green
supply chain of characteristic agricultural products, and constitutes a “three points
on one line” supply pattern. Suppose manufacturers, suppliers, distributors as three
members A, B, C, if they worked on one’s alone, each member can get a profit of
100,000 yuan. If A, B combined, they can get 700,000 yuan. If A, C jointed, a profit
of 50 million can be got. If B, C cooperated, then 400,000 yuan can be created. If A,
B, C jointed, they can gain one million yuan.

If divided equally, each member shares 333,000 yuan, this sharing scheme can
not promote the circulation of agricultural supply chain. Because A, B considered
the total benefit 666,000 yuan was less than the benefit of A, B combined, and then
they less inclined to join the supply chain. So, how to allocate the one million yuan
reasonable? Consider the Shapley value to solve this problem.

We denote the cooperation of three members A, B, C as I= 1, 2, 3, the individual
benefit is 100,000 yuan, find all forms of cooperation that A participating in: S1 =
{1, 1∪2, 1∪3, 1∪2∪3}. According to the above conditions,Φ(v) can be evaluated in
the light of Shapley value. The benefit distributionΦ1(v) ofmember A in agricultural
supply chain is shown in Table1.

From the last line of Table1,Φ1(v) = 400,000 yuan. Similarly,Φ2(v) = 350,000
yuan, and Φ3(v) = 250,000 yuan. It is easy to verify that Φ1(v) + Φ2(v) + Φ3(v) =

Table 1 The benefit distribution Φ1(v) of member A in agricultural supply-chain

S1 1 1 ∪ 2 1 ∪ 3 1 ∪2 ∪ 3

vs 100,000 700,000 500,000 100,000

v(s/1) 0 100,000 100,000 400,000

vs -v(s/1) 100,000 600,000 400,000 600,000

|s| 1 2 2 3

w(|s|) 1/3 1/6 1/6 1/3

w(|s|)[v(s) −
v(s/1)]

100,000/3 100,000 200,000/3 200,000
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1,000,000yuan, andΦ1(v),Φ2(v),Φ3(v) > 100,000yuan,Φ1(v)+Φ2(v) > 700,000
yuan,Φ1(v)+Φ3(v) > 500,000 yuan andΦ2(v)+Φ3(v) > 400,000 yuan. Therefore,
while the threemembers cooperatewith eachother to construct the agricultural supply
chain, the profits they got are greater than the separate manufacture produced, and
are also greater than the pairwise cooperation benefits.

3.2 Result Analysis

It can be seen from the above example, B combining with C get 400,000 yuan profit,
B and A get profit of 700,000 yuan, from which we can learn A is stronger than C in
bring benefit to B. Clearly, the income distribution of A should be larger than others
from the one million yuan profit cooperation, which matches the result of Shapley
value that 400,000 yuan is for A, then B, C corresponding to 350000, 250000 yuan.
It reflected the importance of A for obtaining benefit in agricultural supply chain.

As can be seen, the benefit distribution of agricultural supply chain with Shapley
value avoids unfair distribution model. Besides, it can improve the utilization of
resources and achieve to maximize the entire value of agricultural supply chain.

3.3 Application of the Modified Shapley Value
Based on the Contribution Rate

Assume the influence on the stability in the supply chain of agricultural products are
mainly quantified from three dimensions with 9 different factors. The scheme for the
correction process of Shapley value was given out in Fig. 1

These factors are denoted by x1, x2, . . . , x9 and the judgment matrix of related 9
factors is:

P =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

1 2 2 3 4 5 5 1/3 6
1/2 1 2 2 3 3 4 1/3 4
1/2 1/2 1 1 2 2 4 1/4 4
1/3 1/2 1 1 3 2 2 1/4 3
1/4 1/3 1/2 1/3 1 2 3 1/5 3
1/5 1/3 1/2 1/2 1/2 1 3 1/5 3
1/5 1/4 1/4 1/2 1/3 1/3 1 1/6 2
2 3 4 4 5 5 6 1 5
1/6 1/4 1/4 1/4 1/3 1/3 1/2 1/5 1

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

.

Applying the hierarchy analysis, we got the weights of nine factors. The results
are shown in Table2.
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Fig. 1 The correction process of Shapley value

Table 2 Three dimensions, nine factors and their weights

Dimension Factor Weight

Competitiveness Cooperative profit 365/1777

Costs 579/4198

Specific asset investment 121/1259

Coordination Extent of information sharing 402/4517

Resource dependency 597/9596

Trust and reputation assurance
capability

218/4059

Intimacy Cooperative time 202/5953

Default probability 665/2258

Discount factor of participants 53/1948

Through expert evaluating method we determined three members’ scores in nine
factors in the supply chain. The scores are shown in Table3.

Finally, We use the above results to calculate the contribution rate of stability wi .
After calculating the weight sum, we obtain the following results:

wA =
9∑

j=1

k j xAj = 124

401
, wB =

9∑

j=1

k j xB j = 133

428
, wC =

9∑

j=1

k j xC j = 293

771
.
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Table 3 The scores of A, B, C

Factors A B C

Cooperative profit 0.3641 0.3307 0.3052

Costs 0.3198 0.2185 0.4617

Specific asset
investment

0.2186 0.571 0.2104

Extent of information
sharing

0.519 0.2353 0.2457

Resource dependency 0.283 0.106 0.611

Trust and reputation
assurance capability

0.3113 0.223 0.4657

Cooperative time 0.2262 0.454 0.3198

Default probability 0.2526 0.324 0.4234

Discount factor of
participants

0.2477 0.2745 0.4778

According to the analysis above, the overall benefit of cooperation is v(I ). v(i)
denotes the benefit of the ith member, the difference between Wi and the average
contribution rate is �wi = wi − 1

n . Thus, the modified benefit value by �wi is
�vi = v(I ) × �wi .

Finally, the actual distribution value of benefit is v(i)′ = v(i) + �v(i).
The specific correction process is as follows:
When �wi ≥ 0, it indicates the member owns a higher contribution rate than the

average value for the overall stability of the supply chain. So, more benefit should be
given to the member so as to encourage members to continue maintaining the whole
supply chain’s stability. At this time, the added benefit value is �vi = v(I ) × �wi

and the actual value of the benefit sharing is v(i)′ = v(i) + �v(i).
When �wi ≤ 0, it indicates that the contribution rate of the member done for

the supply chain’s stability is less than the average. This means that the members
have not done enough contribution to the cooperation’s green development. In this
situation, penalty should be given when benefit was allocated. The reduced interest
is �v(i) = v(I ) × |�wi |. And the actual value of the benefits sharing is v(i)′ =
v(i) + �v(i).

Obviously, there has:

n∑

i=1

v(i)′ =
n∑

i=1

[v(i) + v(I ) × �wi ] =
n∑

i=1

[

v(i) + v(I ) ×
n∑

i=1

�wi

]

=
n∑

i=1

v(i) = v(I ).
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Table 4 The final and initial distribution of benefit

Manufacturer A Supplier B Distributor C

The initial distribution
of benefit

40 35 25

The final distribution
of benefit

4345/112 3929/116 7107/260

In the example above, when the data is taken into the process of amendment, the
final distribution of benefits can be obtained (with the initial distribution of benefits)
in Table4.

By this modification method, profit allocation of supply chain members will be
closely related to their contribution to the stability of the supply chain. In this way,
we can encourage members of the agricultural products supply chain to maintain
the stability and sustainable development by active and effective cooperation. Also
it can make Chinese agricultural products supply chain toward the direction of the
green supply chain, and ensure stable and rich living of Chinese residents.

4 Conclusions

Benefits distribution of agricultural supply-chain is a complex issue, this paper has
a research on benefits distribution of the supply chain based on the existing data. In
other words, we have already known the profit among members of various combina-
tions, by these specific data to learn the status of each member in the supply chain,
accordingly determined the distribution weights of benefits. In the improved model,
if there are some difficulties in getting data in real life, it can consider to compare
various factor indicators influencing the members’ status by the method of fuzzy
mathematics, neural networks and AHP, and then get the required data of Shapley
value for the benefits distribution. After obtaining the results of benefits distribution,
each member’s contribution rate for stability can be analyzed by the AHP method.
Next, the benefits distribution can be modified based on the contribution rate, and
eventually a more stable and effective agricultural products green supply chain are
constructed.

Agricultural products green supply chain is the key to solve space-time contra-
diction between agricultural production and agricultural products consumption. In
order to achieve stable cooperation of supply chain members and efficient allocation
of interest, it is necessary to have a research on the stability of agricultural supply
chain. In modern society, this benefit distribution modification method based on the
stability of supply chain is not only suitable for the circulation of agricultural prod-
ucts, and effective circulation in the logistics, information flow, many supply chain
flow of funds should have the stability guarantee.
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Multi-Mode Discrete
Time-Cost-Environment Trade-Off
Problem of Construction Systems
for Large-Scale Hydroelectric Projects

Huan Zheng

Abstract This paper presents amulti-modediscrete time-cost-environment trade-off
problem of construction systems for large scale hydroelectric projects. The objective
functions are to minimize the total project cost, project duration, crashing cost, and
environmental impact. Furthermore, an adaptive-hybrid genetic algorithm is devel-
oped for finding feasible solutions. The one-point crossover and repairing strategy for
mutation are designed to avoid infeasible solutions. Finally, the Jinping-II Hydro-
electric Project is used as a practical example to demonstrate the practicality and
efficiency of the model. Results and sensitivity analysis are presented to highlight
the performances of the optimization method, which is very effective and efficient
as compared to other algorithms.

Keywords Time-cost-environment · Trade-off · Construction project · Genetic
algorithm

1 Introduction

This paper focuses on themulti-mode discrete time-cost-environment trade-off prob-
lem (M-DTCETP) in Jinping-IIHydroelectric Project forminimizing the total project
cost, project duration, crashing cost, and environmental impact. The discrete time-
cost trade-off problem (DTCTP), which was introduced by Harvey and Patterson [1]
and Hindelang andMuth [2], is an important subject in the project scheduling theory
and applications. Every activity can be executed in the crashing way in which the
project direct costs are used to shorten the activity duration. The crashing duration of
activitieswas introduced toDTCTP [3],where the duration/cost of an activity is deter-
mined by the mode selection and the duration reduction (crashing) applied within the
selected mode. This leads to a multi-mode DTCTP. Recently, construction has been
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accused of causing environmental problems ranging from excessive consumption of
global resources both in terms of construction and operation to the pollution of the
surrounding environment [4]. In particular, hydroelectric project is regarded as one
of the most critical factors contributing to changes of river environment [5], in which
eco-environmental impact may arise during all project phases [6]. In this paper, it is
suggested that the environment of a construction project may be affected by mode
selection. As such, in expedition of a hydroelectric project, its environmental impact
should be taken into consideration along with the time and cost trade-offs.

Therefore, this paper considers that construction managers need to develop a
project management decision for directing and controlling the total project duration,
project costs, and environmental impact in a construction projects in order to achieve
management objectives. This leads to a multi-mode discrete time-cost-environment
trade-off problem (M-DTCETP), which is an extension of DTCTP. In this paper,
the four objectives of the M-DTCETP are considered: (1) minimization of the total
project cost; (2) minimization of the total project duration; (3) minimization of the
total crashing cost; (4) minimization of the environmental impact.

This paper will effectively solve the M-DTCETP. The remainder of this paper
is organized as follows: In Sect. 2, a multi-objective M-DTCETP is described, and
assumptions and notation are also presented for this problem. A multi-objective
optimization model is then proposed for the M-DTCETP. In Sect. 3, we propose an
a-hGA for solving the problem in construction projects. Sect. 4 involves a case study
regarding the works of construction systems for large-scale hydroelectric projects.
Finally, concluding remarks and future research are outlined.

2 Problem Description and Mathematical Formulation
Model

2.1 Problem Description

This paper considers the problem in large construction projects, especially for large
scale hydroelectric projects. Assume that the interrelated activities must be executed
in a certain order before the entire task can be completed. This study focuses on
developing an a-hGA technique to optimize the starting time and crashing time of
each activity in the project with fixed costs, variable costs and the constraints of
total budget. The multi-objective optimization model designed in this study aims
to simultaneously minimize total project costs, project duration, crashing costs, and
environmental impact.
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2.2 Assumptions

Tomodel the time-cost-environment trade-off of construction systems for large-scale
hydroelectric projects in this paper, assumptions are as follows:

(1) A single project consists of a number of activities, and the minimum crashed
duration is known [7, 8].

(2) The fixed cost, unit variable cost, and the unit crashing cost of each activity are
known.

(3) Capital used by all activities does not exceed limited quantities in any time
period, and the total project budget is within deterministic limit.

(4) The starting time of each activity is dependent upon the completion of its pre-
decessor.

(5) Alterable costs increase linearly with the duration of each activity which is
reduced from its normal duration to its crashed duration.

(6) The total project cost can be divided into fixed cost and variable cost and crashing
cost. The unit variable cost keeps the same value during the whole activity
duration.

(7) When an activity is beginning, it cannot be interrupted.
(8) Managerial objectives are to minimize the total project cost, project duration,

crashing cost, and environmental impact.
(9) The decision maker takes a compromise attitude to risk.

Based upon the assumptions above, we propose a model of multiple objective
M-DTCETP for construction systems.

2.3 Model Formulation

The problem is represented on an activity-on-node (AON) networkwith a single start-
ing and a single ending node both corresponding to dummy activities. The following
notation is used.
Index:

i : index of activity in a project, where i = 1, 2, . . . , I ,
j : index of mode for crashing time, where j = 1, 2, . . . , mi ,
p: index of Score for environmental impact of each activity,
t : index of time period in a project, where t = 1, 2, . . . , ceil(TI ).

Certain Parameters:

B: available total budget,
Cai : unit variable cost of Activity i ,
ceil(·): take · up to the nearest the integer,
C fi : fixed cost of Activity i ,
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dmin
i : minimum crashed duration of Activity i ,

ki : incremental crashing cost of Activity i ,
l: maximum capital used by all activities in any time period,

mi : number of possible modes of Activity i ,
Pre(i): set of the immediate predecessors of Activity i ,
Q j

i,p: score p of environmental impact inActivity i using the j th crashingmode,
wi : weight of Activity i compared to other activities in the project,
w j

i,p: weight of Score p of environmental impact in Activity i using the j th
crashing mode,

Di : normal duration of Activity i ,
di : crashed duration of Activity i ,
Ti : earliest starting time of Activity i ,
T1 : project starting time,
TI+1: project completion time,
T(I+1)c: project completion time under normal conditions,
T : specified project completion time.

Decision variables:

Yi : crashing time of Activity i .

xi j t =
{
1, if Activity i in mode j scheduled in time t
0, otherwise.

The decision variable Yi is to confirm the finishing time of the current activity
with the certain crashing time. The decision variable xi j t decides whether current
activity scheduled in this certain time or not.

Functions:

z1: total project cost,
z2: total project duration,
z3: total crashing cost,
z4: total environmental impact.

2.4 Multi-Objective Model

Based on the requirement of the manager’s objectives for the project, an optimization
model is proposed to solve it. The following subsections in this paper explain the
multi-objective model in details with objectives and constraints separately in order
to illustrate the model more clearly.

(1) Objective Functions
The presented optimization model is formulated in order to provide the capability
of minimizing project time and cost, while minimizing its environmental impact.
To this end, the model incorporates four major objective functions as shown in the
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following four equations to enable the evaluation of the performance in project time,
cost, and environment, respectively.

Usually total project cost changes along with many factors, such as fixed cost,
duration, and crashing time decision of each activity. Therefore, the decision makers
aim at achieving the best option of executing the process for which the total project
cost is minimal. The total project cost is calculated by the sum of fixed cost, variable
cost, and crashing cost of each activity. It is denoted that the total of fixed cost of
Activity i + unit variable cost of Activity i × duration of Activity i in a certain
executed crashing mode as shown in the Eq. (1). The first objective is to minimize
the expected total project cost, which is the minimization the sum of the completion
cost for all activities.

min z1 =
∑

i

C fi + di Cai +
∑

i

ki Yi . (1)

The second objective seeks to minimize the total project duration, which is the
makespan between the project starting time and project completion time. It is also
the minimization the sum of the duration for all activities.

min z2 = TI+1 − T1. (2)

The third objective is to minimize total crashing cost as follows. It indicates that
we should minimize the crashing cost for each activity as much as possible. As
is generally known, decision makers confirm an expected duration of each activity
beforehand to coordinate many factors. In practical implementation, if the activity
finishes too short, it would cause additional costs, unexpected change to environment
or leading to punish cost. Thus, crashing cost should beminimize individual although
the existence of the first objective [5].

min z3 =
∑

i

ki Yi . (3)

The fourth objective minimize environmental impact that is measured and quan-
tified. It enables the aggregation of the estimated environmental impact for all the
considered activities to provide an overall environmental impact at the project level
using a simple weighted approach.

min z4 =
∑

i

wi

∑

p

w j
i,p × Q j

i,p. (4)

(2) Constraints
Precedence constraint: In project, precedence is an important basic term ensuring
the rationality of the arrangement. Under this term, successive activities must be and
can only be started with a certain crashing time option when all the predecessors
have already been completed. Therefore, it is used for Activity i considering its
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immediate Predecessor e, one by one, here, the index e ∈ Pre(i), where Pre(i)
is the set of the immediate predecessors of Activity i . And the relationship among
the starting time and duration of Predecessor e and the starting time of Activity
i should be the starting time of Predecessor e+ the duration of Predecessor e−
the starting time of Activity i ≤ 0.

All of the predecessors ofActivity i in the precedence constraint should be ensured
that none of the precedence constraints are violated as shown in Eq. (5).

Te + de − Ti ≤ 0, ∀e ∈ Pre(i), (5)

where i = 1, 2, . . . , I .
Crashing time constraint: The crashed duration is equal to the normal duration

of Activity i minus its crashing time. That is shown in Eq. (6).

di = Di − Yi . (6)

On the other hand, it is that the crashing time cannot exceed the difference between
normal duration and minimum crashed duration of Activity i .

Yi ≤ Di − dmin
i . (7)

Total budget constraint: It is also basic and important for project to limit the total
capital within deterministic limit (i.e., B) used by the project. The range of total
project cost is between its normal cost and its crashed total cost during the project
execution. The following equations can be used to describe the sum of the capital of
the project which are in certain crashing time options in Eq. (8).

z1 ≤ B. (8)

Logical constraints: In order to describe some non-negative variables and 0–1
variables in the model for practical situation, the constraints in Eqs. (9) and (10) are
presented.

Di , di , Yi , Ti , T ≥ 0, (9)

xi j t = 0 or 1, (10)

where i = 1, 2, . . . , I , j = 1, 2, . . . , mi , t = 1, 2, . . . , ceil(TI ).
Cash flow constraint: The sum of total fixed cost, variable cost, and crashing cost

of the activities that are scheduled in time period t cannot exceed the capital limit per
time period. The sum of the capital of the activities which are scheduled in a certain
time period during the whole project duration, as well as in a certain crashing time
option is shown in Eq. (11).

∑

i

(C fi + di Cai + ki Yi )

di
xi j t < l, t = 1, 2 . . . , ceil(TI ), j = 1, 2, . . . , mi . (11)
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Duration constraint: As is generally known, the decision makers should confirm
the project duration beforehand to coordinate the parallel projects or other resources.
Certainly, the duration are determined by the decision makers based on their accu-
mulated work experience regarding to the appropriate finishing time of activities. So
it can not exceed the project completion time which is shown in Eq. (12).

TI+1 ≤ T . (12)

Based on the above discussion, by integrating Eqs. (1)–(12), the mathematical
model of M-DTCETP of construction systems for large-scale hydroelectric projects
could be stated as follows:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min z1 = ∑

i
(C fi + di Cai ) + ∑

i
ki Yi

min z2 = TI+1 − T1
min z3 = ∑

i
ki Yi

min z4 = ∑

i
wi

∑

p
w j

i,p × Q j
i,p

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Te + de − Ti ≤ 0,∀i
di = Di − Yi ,∀i
Yi ≤ Di − dmin

i ,∀i
z1 ≤ B,∀i
Di , di , Yi , Ti , T ≥ 0,∀i
xi j t = 0 or 1, i = 1, 2, . . . , I, j = 1, 2, . . . , mi , t = 1, 2, . . . , ceil(TI )

TI+1 ≤ T
∑

i

(C fi +di Cai +ki Yi )

di
xi j t < l, t = 1, 2 . . . , TI .

(13)

3 Multi-Mode Discrete Time-Cost-Environment Trade-Off
Problem Via Adaptive Hybrid Genetic Algorithm

For the multi-objective model we formulated above, it is possible to find several
Pareto optimal solutions for the problem. However, in construction project practice,
only exact one optimized solution could conduct the decision-making in pressing
situation. Thus, the weighting method is applied to transform the multi-objective
model into a single-objective one.

The proposed method in this paper is an originality being from the combination
of those methods referred above.

In themethod of this paper, firstly, theweight-sumprocedure is used to concentrate
multiple objectives in management practice so as to reflect the importance of each
objective in the construction manager’s mind. Secondly, priority-based encoding is
introduced for activity priority, and multistage-based encoding for activity crashed
time forGAencoding,with correspondingGAdecoding andGAevaluation proposed
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by Gen. Aiming at the above GA, the one-point crossover operator for activity and a
repairing strategy for mutation operator for activity crashed time is adopted. Finally
the iterative hill climbing routine and adaptive regulation mechanism are introduced
to carry out searches around a convergence solution in the GA loop and to get the
faster algorithm convergence. In this study, the objectives of this approach is to
minimize the makespan and cost and minimize the environmental impact while the
precedence constrained are satisfied.

4 Case Study: The Time-Cost-Environment Trade-Off for
Jinping-II Hydroelectric Project

This section is the practical application to a working procedure at a large-scale
hydroelectric construction project. The procedure contains eleven activities and two
dummy activities (start and end activity). Each activity has certain maximal crashing
time limit.

(1) Presentation of the Case Problem
We introduced the above data obtained from Jinping-II hydroelectric project of Ertan
hydropower development company into the proposed model, and got the project
scheduling model for this project. Project scheduling is one of the basic tasks in
managing most of their construction projects. For important strategy meaning of a
large-scale hydroelectric construction project, more effective and viable methods of
project management are required. It is current and the information can also be used
widely in similar projects (Fig. 1).

To optimize all aspects of the project, we want to pursue management objectives
through a better arrangement of activity sequences and crashing time. The proposed
model and method is used to help the project manager optimally schedule the con-
struction. The project has 10 activities from preliminary work to clearing up and fin-
ishing work. Each of these has certain predecessors, successors, and normal finishing

2
Preliminary work

3
Concrete mix

4
Power capacity of

stream

5
River diversion

6
Earth-rock
excavation

7
Dam found

lock cut

8
Asphait concrete

wateright diaphragm

9
Dam filled

10
Concreting

11
Clearing up

and finishing work
121

Activiry

Fig. 1 Configuration of the construction project
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time according to the construction managers. Here, the company traditionally uses
the month as a time unit (i.e. 1 month per unit). Two dummy activities were set up to
help for the convenience of the model.

Based on the representation of the case problem, the proposed methods can be
used to model it in Eq. (13) and obtain the project scheduling model for our project.

Other relevant data are as follows: total budget is 534, maximum amount of
capital is 25 unite for each period, project completion duration under normal con-
dition 87months and decision maker expected project completion duration below
92months. The duration of each activity is as follows: D1 = 0, D2 = 13, D3 = 6,
D4 = 9, D5 = 18, D6 = 13, D7 = 10, D8 = 8, D9 = 7, D10 = 6, D11 = 8,
D12 = 0.

(2) Result of the Case Problem
The parameters of the computation for the problem was set as follows:

Based on the above model, we uses the proposed (f)a-hGA using Visual C++
language and run on Pentium 4, 2.40 GHz clock pulse with 1024 MB memory, and
tested the performance of this method with the actual data obtained from the above
project.

The evolutionary parameters for the problem was set as follows: pop_size was
20, the rate of crossover and mutation is 0.6 and 0.1 respectively, max _generation
was 200, the optimistic-pessimistic parameter is λ = 0.5, and the expected value of
specified project completion time is 40.

The results are shown in Table1, which are obtained based on the following
parameter values, i.e., η1 = 0.2, η2 = 0.4, η3 = 0.1, η4 = 0.3. It should be noted
that the results are obtained based on the following optimistic-pessimistic index, i.e.,
λ = 0.5. Using the chromosome illustrated above, we obtain Table2.

The detailed results are shown in Table1, with the dummy activities not included.
When theweight-sumprocedures are used to dealwithmultiple objectives, equivalent
treatment is proposed to obtain the fitness of each chromosome.

The above strategy is offered for the project, that is: arrange the activities in the
order proposed in Table2, and choose the corresponding crashing time in accordance
with the required certain processing time and given budget which results in the
decision-maker satisfied.

Table 1 Optimal solution for λ = 0.5, η1 = 0.2, η2 = 0.4, η3 = 0.1, η4 = 0.3

z1 = 525 Y2 = 5, Y3 = 0, Y4 = 0, Y5 = 0, Y6 = 2

z2 = 76 Y7 = 0, Y8 = 0, Y9 = 0, Y10 = 0, Y11 = 0

z3 = 9.2 t2 = 18, t3 = 4, t4 = 7, t5 = 17, t6 = 24

z4 = 190 t7 = 10, t8 = 8, t9 = 6, t10 = 6, t11 = 7

Table 2 Schedule for the M-DTCETP in Jinping-II Hydroelectric Project

a1(0) : 0–0 a2(8) : 0–17 a3(0) : 17–23 a4(0) : 17–26 a6(2) : 22–47 a5(0) : 26–44
a7(0) : 46–57 a9(0) : 5–62 a10(0) : 62–68 a8(0) : 62–71 a11(0) : 68–76 a12(0) : 76–76
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Considering a given budget, with regard to the number of activities and the
corresponding crashing time within a certain process time and the project duration,
total crashing cost and environmental impact are often conflicting. The best way to
handle multi-objective optimization is to keep dependent on the decision-maker’s
objective. Generally, the solution to this problem is a balance of multiple objectives.

5 Conclusion

In this paper, the proposed time-cost-environment trade-off model attempts to min-
imize total project costs, total completion time, total crashing costs and the envi-
ronmental impact with reference to fix costs, variable costs, crashing costs, duration
of activities, the constraint of capital limit per unit time and total budget. The main
advantage of the proposed method is that it provides a systematic workable method
for the problem that facilitates the decision-making process. We have applied the
model to construction systems for large-scale hydroelectric projects (Jinping-II) in
the southwest region of China.
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Airline Planning Modelling-Based Carbon
Taxes Setting Problem Under Changing
Transportation Environment

Rui Qiu, Xiaoling Song and Lin Zhong

Abstract This paper discusses a carbon tax setting problem from an airline’s
perspective under a fuzzy environment, which is a multi-objective optimization
process. Uncertain parameters are depicted as fuzzy variables and fuzzy expected
value notions are introduced to cope with the uncertainty. A fuzzy logic controlled
genetic algorithm with entropy-Bolitzmann selection is designed as a combined solu-
tion method to solve the above problem. Finally, the results of a illustrative example
for the carbon tax setting problem are proposed to show the practicality and efficiency
of the optimization method.

Keywords Carbon tax · Multi-objective optimization · FLC-GA with EBS · Fuzzy
environment

1 Introduction

Aviation alters the combinations of the atmosphere worldwidely and then makes cli-
mate change and ozone depletion. The Intergovernmental Panel on Climate Change
(IPCC) made the last major international assessment of these influences in 1999.
Lee et al. [1] provided a comprehensive updated assessment of aviation. Since the
1999 assessment, scientific advances have sharpened the quantitative evaluation,
reducing key uncertainties, yet the basic conclusions maintain the same. Sufficient
attentions are given to remain both in the field of the science and policy (mainly
because of the historically staggering aviation growth rate and the truth that the
Kyoto Protocol did not include the international aviation) over the potential impor-
tance of future aviation carbon emissions and their contribution to climate variation.
Therefore, a further state-of-the-art assessment updating that was considered essen-
tial since many important literatures have been published.
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The European Commission suggested airline companies in emissions trading
scheme as a measure to fight global warming by reducing CO2 emissions in a 2006
proposal [2]. In addition, Alonso et al. [3] indicated that world aviation activities
held approximately 3.5 % of anthropogenic global warming. Starting off with intra-
European flights in 2011, airline companies are requested to maintain allowances for
their CO2 emissions. Non-European airline companies will be involved with their
flights that run within and outside the European Union. In the proposal, the amount
of allowances for the aviation industry is designed to stabilize emissions at 2005
levels. Airlines will get an initial quantity of allowances free of charge. However,
they have to acquire extra allowances (most likely from other industries), in case
they need more allowances. Simulations state that aircraft emissions in lack of any
constraint will become one of the main CO2 emissions wrapped by the European
Union Emissions Trading Scheme [4].

This paper is structured as follows. Following the introduction, in Sect. 2, the key
problem for the airline is described and the uncertain environment is defined. A multi-
objective programming model for the carbon tax setting problem with uncertainty
and the formulation of its equivalent crisp model for solving the problem is the
scope of Sect. 3. In Sect. 4, we design a fuzzy logic controlled genetic algorithm
with entropy-Bolitzmann selection is to solve the equivalent crisp model. The results
and comparisons analysis of a numerical example are presented to demonstrate the
practicality and efficiency of the optimization method in Sect. 5. In the final section,
the conclusions and directions for future research are presented.

2 Key Problem Statement

The growth of global demand for aviation potentially conflicts with national and inter-
national emissions goals, unless cutbacks in aviation carbon emissions per passenger
kilometer could be achieved [5, 6]. In the low-carbon air transportation system, the
international organization makes the price of carbon tax for the airline firstly, and
after knowing the price, the airline makes air fare and air route selecting decision
under the low-carbon environment. The carbon tax price which international organi-
zation sets effects the decision of the airline. In the meantime, the total actual carbon
emission of all flights must reach the carbon intensity target. Therefore, this is a
process of interaction and can be summarized as a bi-level programming problem
where the upper level being the international organization, and the lower level being
the airline.

The need to address uncertainty in carbon tax setting problem is widely awaked,
as uncertainties exist in all kinds of system components. For example, the passenger
number of every flight is not fixed because of the influences of many uncertain
elements. In the global aviation industry, where accurate statistical data are often
effected by weather, temperature and location, it is proper for using fuzzy variables
to model the statistical data and pilots’ experience. In this study, because it is very
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Fig. 1 Flow chart of uncertain approach to transportation cost

difficult to estimate the precise value of passenger number of every flight, with pilots
giving a range, i.e., viz (a, b), as shown in Fig. 1.

3 Modelling

First, the assumptions are given, and then the relationship composed of the interna-
tional organization and airline objectives and limits are formulated.
1. Problem Assumptions
The mathematical model represented has the following assumptions:

(1) The total flow of aviation aircrafts on each route cannot exceed its maximal
passing capacity. All air routes are certain in the network.

(2) Neglecting congestion and assuming that demand is fixed, passengers are allotted
to shortest paths from their departure to arrival nodes.
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(3) The international organization which is mainly discussed sets the carbon tax,
and others don’t set it.

(4) Considering the transportation cost and carbon emissions of each flight as fuzzy
variables, with attributes decided using statistical data and pilots’ experience.

2. Notation
Index

i : index of node, where i ∈ Γ = {1, 2, . . . , I };
k: index of flight, where k ∈ Θ = {1, 2, . . . , K };
a: index of arcs, A1 is set of carbon tax arcs, A2 is set of no carbon tax arcs;

a∈A=A1∪A2 ={1, 2, . . . , m1}∪{m1+1, m1+2, . . . , m1+m2}={1, 2,. . . , m},
i−: {( j, i) ∈ A : j ∈ I };
i+: {(i, j) ∈ A : j ∈ I };
Parameters

I : number of nodes;
K : number of flights;
m: number of total arcs;
m1: number of carbon tax arcs;
m2: number of no carbon tax arcs;
ha : regular tariff per unit of a ∈ A1;
fa : regular tariff per unit of a ∈ A2;
c: carbon tax of per unit length;
xa : maximal flow on arc a ∈ A1;
ya : maximal flow on arc a ∈ A2;

la : length of arc a ∈ A ;

N k
min: basic passenger number of flight k;

N k
max: maximal passenger capacity of flight k;

nk : passenger number of flight k

g̃k
a : cost per unit of a ∈ A1 for flight k;

d̃k
a : cost per unit of a ∈ A2 for flight k;

q̃k : carbon emission of per unit length of flight k;

Decision Variables

xk
a : binary variables used to determine whether select arc a ∈ A1 for flight k;

yk
a : binary variables used to determine whether select arc a ∈ A2 for flight k;

pk : average price of flight k;

3. ARS Model
The low-carbon air transportation planning problem in the world aviation industry
is on account of air route selection by the airline. The emphasis is focused on by
the airline manager is how to assign air routes and set airfares. The airline considers
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maximizing the total aviation benefit. To measure airline economic performance, the
total aviation benefit function is employed. The total aviation benefit is composed of
two sectors: income sector and cost sector. Based on the analysis above, the following
global model for the multi-objective optimization model with fuzzy variables can be
formulated as:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
x,y

AImpact = ∑

k∈Θ

q̃k

⎛

⎝ ∑

a∈A1

la xk
a +

∑

a∈A2

la yk
a

2

⎞

⎠

max
p,x,y

WBenefit = ∑

k∈Θ

pknk − ∑

k∈Θ

∑

a∈A
((ha + g̃k

a + c)xk
a + (d̃k

a + fa)yk
a )la

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

nk = [N k
max − σ

∑

a∈A
la(xk

a + yk
a ) − κpk], k ∈ Θ

N k
min ≤ nk ≤ N k

max , k ∈ Θ∑

k∈Θ

xk
a ≤ xa, a ∈ A

∑

k∈Θ

yk
a ≤ ya, a ∈ A

xk
a = 0 or 1, a ∈ A , k ∈ Θ

yk
a = 0 or 1, a ∈ A , k ∈ Θ.

4. Techniques for Handling Fuzzy Objectives
As discussed above, a multi-objective model with fuzzy objectives is constructed.
Since uncertain quantities cannot be minimized or maximized, the fuzzy objective is
also unable to be maximized or minimized. Therefore, certain techniques need to be
employed. In this paper, the expected value is employed to deal with the objective
functions.

The expected value is widely adopted in many areas to measure the mean. In the
fuzzy programming, it can also be used. Here, the expected value is employed to deal
with the objective function. There are many relevant definitions about the expected
value in fuzzy theory, such as Pos, Nec and Cr. The measure Pos means an absolutely
optimistic attitude while Nec means an absolutely pessimistic attitude. The measure
Cr means a composite attitude which as a combination of half optimistic and half
pessimistic. In a realistic decision problem, the attitudes of the different decision
makers are different. Thus, the expected value based on Me is adopted. Then the
multi-objective model is transformed as:
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⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
x,y

AImpact = ∑

k∈Θ

(1−λ)qk1+qk2+λqk3

2

⎛

⎝ ∑

a∈A1

la xk
a +

∑

a∈A2

la yk
a

2

⎞

⎠

max
p,x,y

WBenefit = ∑

k∈Θ

pknk − ∑

k∈Θ

∑

a∈A

( (
ha + (1−λ)gk1

a +gk2
a +λgk3

a
2 + c

)
xk

a

+
(

(1−λ)dk1
a +dk2

a +λdk3
a

2 + fa

)
yk

a

)
la

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

nk = [N k
max − σ

∑

a∈A
la(xk

a + yk
a ) − κpk], k ∈ Θ

N k
min ≤ nk ≤ N k

max, k ∈ Θ∑

k∈Θ

xk
a ≤ xa, a ∈ A

∑

k∈Θ

yk
a ≤ ya, a ∈ A

xk
a = 0 or 1, a ∈ A , k ∈ Θ

yk
a = 0 or 1, a ∈ A , k ∈ Θ.

4 Procedure Based on FLC-GA with EBS

The proposed model offers the low-carbon aircraft industry with an effective tool
to treat with the air route selection optimization. However, the inherently complex
environment, with a changing climate, and fluctuant aviation transportation demand,
usually needs the proposed model to dynamically satisfy various scenarios. There-
fore, a procedure for international organization-airline formulation based on FLC-GA
with EBS is planned to simulate the first-rank strategies for the air route selection
optimization and further accelerates the airline to evolve effective strategies.

In the method of this paper, firstly, a weighted-sum procedure is employed to cope
with the multiple objectives in the international organization decisions [7]. Secondly,
entropy-Bolitzmann selection method and fuzzy logic controllers are introduced to
escape from the local optimum and adaptively adjust the rates of crossover and
mutation operators [8]. In this study, the objectives of this approach is to maximize
the aviation benefit and minimize the environmental impact while the precedence
constrained are satisfied.

5 Practical Application

In this section, an airline is used as a practical application case to demonstrate the
practicality of proposed optimization method. Through the numerical example on
the data set is employed from a case study, the proposed method is recognized.
Data about transportation cost and tariff, flight type, air route network, and other
respects involved in the numerical example are based on the statistical data from
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international aviation industry. This numerical example is introduced to show the
potential realistic applications of the proposed method. Hence, due to the macro
scale, aviation transportation is a hard problem for the airline. Moreover, the realistic
conditions of the air route network in the global aviation industry also awkward
increase the transportation management difficulty.

All data are from the historical data of an airline in 2013. Two types of flights
in the air transportation system are considered, which pilots work along different
paths linking the departure nodes and arrival nodes, with the arrival nodes having the
realistic demand of timeliness. The necessary information for every kind of carriers
and the particulars of arcs in the whole air route network are shown in Table 1. The
air route network in the project is composed of 6 nodes and 7 arcs, the first three
arcs are carbon tax arcs while the others are no carbon tax arcs. An abstracted air
route network is illustrated in Fig. 2. We let the parameters of passenger number
function are σ = 0.001, κ = 0.002. For each arc in the air route network, there is a
fuzzy transportation cost. For the flights, the maximal passenger capacity, the basic
passenger number and per unit length carbon emission are considered, and the last
one parameter is a fuzzy parameter. The corresponding data of which are stated in
Tables 2, 3 and 4. It should be noticed that the fuzzy parameters in Tables 2, 3 and 4 are
got by the following steps: (1) investigations and surveys. For each type of flights, 10
pilots are requested to conduct the investigation for many periods. Each pilot provides

Table 1 Data information of regular tariff per unit, maximal flow and length of a ∈ A

Variable Arc index

a = 1 a = 2 a = 3 a = 4 a = 5 a = 6 a = 7

ha (RMB/km) 12 11 16 0 0 0 0

fa (RMB/km) 0 0 0 12 15 14 15

xa 3 7 6 0 0 0 0

ya 0 0 0 8 9 5 5

la (km) 13 14 13 14 13 12 11

Fig. 2 The transportation
route in the data simulation
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Table 2 Data information of cost per unit of arc a ∈ A1

Variable Flight index Arc index

a = 1 a = 2 a = 3

g̃k
a (RMB/km) k = 1 (4.3, 4.5, 4.8) (4.3, 4.5, 4.8) (4.3, 4.7, 4.9)

k = 2 (4.3, 4.5, 4.8) (4.3, 4.5, 4.8) (4.3, 4.7, 4.9)

Table 3 Data information of cost per unit of arc a ∈ A2

Variable Flight index Arc index

a = 4 a = 5 a = 6 a = 7

d̃k
a (RMB/km) k = 1 (4.7, 5.0, 5.2) (4.5, 4.8, 5.1) (4.3, 4.5, 4.8) (4.5, 4.8, 5.1)

k = 2 (4.7, 5.0, 5.2) (4.5, 4.8, 5.1) (4.3, 4.5, 4.8) (4.5, 4.8, 5.1)

Table 4 Data information of basic passenger number, maximal passenger capacity and carbon
emission of per unit length of different flights

Variable Flight index

k = 1 k = 2

N k
min 80 97

N k
max 220 233

q̃k (4.3, 4.5, 4.8) (4.3, 4.5, 4.8)

us with the ranges of the transportation cost relying on their experiences; (2) making
the minimum and maximum value of all groups as the lower and upper bound of the
fuzzy number; (3) supposing that the most possible value to approximately follow
normal distributions for every period, and using the maximum likelihood estimation
method to estimate the two parameters (i.e., expected value and variance) for the
normal distributions; (4) using goodness-of-fit testing to justify the appropriateness
of the normal distribution in modeling the observed data; and (5) finally, the fuzzy
number is obtained. The optimistic-pessimistic parameter is given by the decision
maker is λ = 0.5.

In order to demonstrate the practicality and efficiency of the proposed method
for the carbon tax setting problem which is presented in this paper, the fuzzy
logic controlled genetic algorithm with entropy-Bolitzmann selection was devel-
oped and ran on MATLAB (the population size Npop-size = 60, the probabil-
ity of crossover pc(0) = 0.4, the probability of mutation pm(0) = 0.4, and
the parameters of entropy-Bolitzmann selection N = 100, β = 0.15, ε =
0.002). And we let c = 56, after running 500 generations, the final solution
is (x1

1 , x1
2 , x1

3 , y1
4 , y1

5 , y1
6 , y1

7 , x2
1 , x2

2 , x2
3 , y2

4 , y2
5 , y2

6 , y2
7 , p1, p2) = (1, 0, 1, 0, 0, 0,

1, 1, 1, 0, 1, 0, 1, 1, 2300.2, 3265.7). In addition, the objective function values are
(AImpact, WBenefit) = (127.3, 82627.2).
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6 Conclusions and Future Research

This paper studied a carbon tax setting problem from an airline’s perspective. For the
airline, there are two objectives, so this model is also a multi-objective model. Since
the environment of the carbon tax setting problem is fuzzy, the relevant objectives
of the model are considered with fuzzy numbers. Then an ARS model with fuzzy
numbers is proposed. To cope with fuzzy numbers, the expected value based on the
fuzzy measure Me is adopted, which allows the pessimistic-optimistic parameters to
be adjusted by the decision maker and thus is more appropriate for use in the real
world situations. From this method, a crisp model for the ARS model is built. To solve
the crisp model, a FLC-GA with EBS is designed with an interactive evolutionary
mechanism. Finally, we give a numerical example to show the feasibility of the
proposed method.

In the future, our research plans to focus on different uncertain environment (e.g.
rough), carbon tax setting problem and air route selection problem in multiple stages.
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An Integrated Inventory Control
and Transportation Model
Under Carbon Emission Trade

Zhimiao Tao and Ziyan Tang

Abstract As one cost-effective instrument to reduce carbon emissions, carbon
emission trade is implemented more and more widely. In this paper, we develop
a deterministic inventory model under carbon emission trade. This inventory model
is assumed that backorder is allowed and the lead time is not zero. We also dis-
cuss derive the impacts of the carbon emission trade on optimal inventory policy
and actual carbon emission. The numerical examples and analytic results provide
interesting managerial insights.

Keywords Integrated inventory model · Carbon mission trade · Economic order
quantity (EOQ)

1 Introduction

The fifth assessment report of International Panel on Climate Change (IPCC) says
that human influence on the climate system is clear, and recent anthropogenic emis-
sions of greenhouse gases are the highest in history. Recent climate changes have
had widespread impacts on human and natural systems [5]. Carbon dioxide (CO2)
is a kind of main greenhouse gases. The carbon emissions are the results of human’s
activities such as fossil fuel consumption, deforestation. The growing concern for
global warming caused by the increased atmospheric concentration of CO2 has a sig-
nificant effect on environmental and energy policies and economic activities [4, 12].
Many countries and organization use legislations or design mechanism to reduce the
total amount of carbon emission. Among them, carbon emission trading is generally
regarded as one of the most cost-effective market-based mechanisms. Many emis-
sion trading schemes have been developed, including the European Union Emissions
Trading System (EU ETS), the Regional Greenhouse Gas Initiative (RGGI), New
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Zealand Emissions Trading Scheme, Tokyo metropolitan trading scheme and the
New South Wales Greenhouse Gas Abatement Scheme. The global carbon market
is expected to reach US $2 trillion by 2025 [7].

Under the strict regulations on carbon emissions, firms have to reduce emission
during operations. Some of them focus on physical processes, e.g., replacing energy
inefficient equipment and facilities, redesigning products and packaging, deployment
and use of less polluting sources of energy [3]. Meanwhile, they can also optimize
their operations decisions in production, transportation, and inventory to reduce car-
bon emissions. This approach may reduce more carbon emissions with less or no
cost than adopting low-energy-consumption technologies [2].

Inventory control, an important part of supply chain management, consumes sig-
nificant amounts of energy in the process processes of delivering and storing products,
resulting in the creation of large amounts of carbon emissions from the transporta-
tion and warehouse operations [9, 11]. So considering carbon emission actives in the
inventory strategies is meaningful under the mechanism of emission trade. The stud-
ies on operations decisions under carbon emission regulations are not rich enough.
Hua et al. [7] review less than 10 papers on this topic, such as [6, 10]. Apart from
these, Chen et al. [3] provide a condition under which it is possible to reduce emis-
sions by modifying order quantities by using economic order quantity (EOQ) model.
Arıkan and Jammernegg [1] consider the single period inventory model with product
carbon footprint constraint. Konur [8] analyzes an integrated inventory control and
transportation problem with environmental considerations.

This paper focuses on a inventory model with nonzero lead time and finite recon-
signment rate under the carbon emission trading. The emissions are caused by the
transportation and holding activities and measured in tonnes (or kg) of CO2 equiv-
alent. The mechanism adopted here is the so-called cap-and-trade (also called as
cap-and-price), i.e., penalizing emissions that exceed the specified cap and encour-
aging emissions that are lower than the cap by rewarding firms that emit less than
their cap. We develop the mathematical model for the integrated inventory control
and transportation problem and derive the optimal order policy and analyze the the
impacts of emission cap and carbon price on the optimal order quantities, total cost
and total emission.

Section2 develops the mathematical model for the integrated inventory control
and transportation problem and derive the optimal order policy. Section3 analyzes
the the impacts of emission cap and carbon price on the optimal order quantities, total
cost and total emission. In Sect. 4, we present several numerical examples to illustrate
practical insights from the analytical results. Concluding remarks and suggest topics
for feature research are outlined in Sect. 5.

2 Mathematical Model

There are existing several emission regulation mechanisms in practice. Carbon tax is
the mechanism to impose a financial penalty, a tax, per unit of carbon emitted. Cap-
and-offset is to tax only emissions that exceed a certain threshold. For cap-and-trade
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mechanism, a firm is allocated a limit or cap on carbon emissions. If its amount of
carbon emissions exceeds the carbon cap, it can buy the right to emit extra carbon
from the carbon trading market. Otherwise, it can sell its surplus carbon credit [7].
Obviously, the cap-and-trade mechanism is the most general one among the existing
mechanisms. In other words, carbon tax and cap-and-off set can be regarded as
specific versions of cap-and-trade. In fact, if the cap is zero, then cap-and-trade
degenerates into carbon tax. If the purchase price is sale price is zero if the firm
has surplus carbon credit, then cap-and-trade degenerates into cap-and-offset. The
cap-and-trade makes a tradeoff by using market.

2.1 Assumptions

To formulate the mathematical model for the inventory model under cap-and-trade
mechanism, following assumption are considered:

(1) Backorder is allowed and there exists shortage cost.
(2) The leadtime is not zero.
(3) Demand is continuous and uniform.
(4) The ordering cost or set up cost, holding cost per unit per unit time are fixed.
(5) The stages of transportation and inventory generates carbon emissions.
(6) The carbon emissions from logistics per order is linear in the order quantity and

the carbon emissions from warehouse is linear in the inventory.
(7) The carbon unit selling and purchasing prices are constants, only affected by the

carbon cap of regulatory authorities.

2.2 Notations

We introduce the notations used in the paper as follows:
Parameters:

D: demand rate,
P: Production and replenishment rate,
A: ordering or setup cost once,
H : holding cost per unit per time,
B: shortage cost per unit per unit time,
C : carbon price per unit (ton),
α: carbon emission quotas per unit time,
e: carbon emissions associated per order initiated,
g: carbon emissions associated per unit held in inventory per unit time,

TC: total cost.
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Decision variable:

Q: optimal ordering size,
X : trading quantities of carbon emission.

Remark 1 If the firm sells its emission quota, then X is negative. Otherwise, it is
nonnegative.

2.3 Modeling

Without considering the emission condition, the the process of the problem is shown
in Fig. 1, where T-axis and S-axis represents time and inventory level, respectively.

Figure1 indicates a circle of the inventory problem. The length of circle is t unit
time; t − t3 is time of shortage; t1 + t2 is the time of replenishment. It follows the
assumptions that:

⎧
⎨

⎩

Q = Dt
Pt1 = Dt3
D(t − t3) = Pt2,

(1)

The optimal ordering size and corresponding total cost are:

min TC(Q) = √
2HAD

√
B

B + H

√
P − D

P
, (2)

0

3t
2t

T
0t

S

1t

t

Fig. 1 Inventory process
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and

Q0 =
√

2AD

H

√
B

B + H

√
P

P − D
, (3)

respectively. As the cap-and-trade is involved, the total cost is:

T̃C = 1

2Pt
HD(P − D)t23 + 1

2Pt
BD(P − D)(t − t3)

2 + A

t
− CX. (4)

Meanwhile, the carbon emission constraint is formulated as:

CE + X = α, (5)

where CE denotes the total emission in the processes of logistics and inventory,
that is:

CE = e

t
+ 1

2Pt
gD(P − D)t23 . (6)

When t3 = 0 and t → +∞ i.e. Q → +∞, CE = 0. This case indicates the decision
maker can make use of the shortage to avoid the carbon emission because there is
no emission in the shortage stage. In fact, the extreme case is unlikely to happen in
real-world. However, it implies that the total emission decreases as the ordering size
increases and the time of shortage increases.

Substituting (5) and (6) into (4), we get

T̃C = (P − D)D

2Pt
[(H + Cg)t23 + B(t − t3)

2] + A + Ce

t
− Cα. (7)

Let the both of the partial derivatives of T̃C on t and t3 are zeros, i.e.,

∂T̃C

∂t
= − (P − D)D

2Pt2
[(H + Cg)t23 + B(t − t3)

2] + (P − D)D

Pt
B(t − t3)

− A + Ce

t2
= 0, (8)

and

∂T̃C

∂t3
= (P − D)D

Pt
[(H + Cg)t3 − B(t − t3)] = 0, (9)

It follows from (9) that

t3 = Bt

H + Cg + B
. (10)
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Substituting (10) into (8), we have

t∗ =
√

2(A + Ce)

(H + Cg)D

√
H + Cg + B

B

√
P

P − D
. (11)

Then

Q∗ = Dt∗ =
√
2(A + Ce)D

H + Cg

√
H + Cg + B

B

√
P

P − D
, (12)

and

T̃C
∗ = √

2(H + Cg)(A + Ce)D

√
B

H + Cg + B

√
P − D

P
− Cα. (13)

From (12), if C = 0, then

Q∗ =
√

2AD

H

√
H + B

B

√
P

P − D
,

and

T̃C
∗ = √

2AHD

√
B

H + B

√
P − D

P
,

which implies that the decision maker does not care about carbon emissions and will
adopt the optimal order policy for the classical EOQmodel when the carbon credit is
free. When C → ∞, then Q∗ → ∞ and T̃C

∗ = 0 which indicates that when carbon
credit is very expensive, there decision maker should minimize carbon emissions.

3 Sensitivity Analysis

In what follows, ,we will study the impacts of carbon price,and carbon cap on order
decisions, carbon emissions, and total cost. The following theorem states the impact
of carbon trade on the order quantity.

Theorem 1 If e
g ≥ A

H , Q∗ > Q0.

Proof By comparing Q0 and Q∗, the conclusion is trivial.

Remark 2 If e
g < A

H , the relationship between of Q0 and Q∗ is not deterministic.
For example, let P = 1000, D = 200, A = 100, H = 10, e = 5, g = 1, B = 20,
then e

g = 5 < 10 = A
H . From (3), Q0 = 40

√
15. If C = 10, q∗ = 40

√
2 = Q0; If

C = 20, Q∗ = 200
√
6

3 > Q0; If C = 5,∗ = 100
√
21

3 < Q0.
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In [7], if e
g < A

H , then Q∗ < Q0. However, this conclusion doesn’t hold any more
as the shortage is allowed. The relationship is affected not only by the order of e

g and
A
H , but also the value of shortage cost B and carbon emission price C .

Theorem 2 Compared with the EOQ model, if the following condition is satisfied:

H

A
≤ e

g
≤ A

H + B
, (14)

the cap-and-trade mechanism induces there tailer to reduce carbon emissions.

Proof For the EOQ model, the emission, denoted by CE0 is

CE0 =
√

HD

2A

√
B

H + B

√
P − D

D

(
e + g

AB

H + B

)
, (15)

The emission under cap-and-trade mechanism, denoted by C E∗,

CE0 =
√

HD

2A

√
B

H + B

√
P − D

D

(
e + g

AB

H + B

)
, (16)

To compare CE∗ and CE0, the quotient of CE∗ divided by CE0 is

CE∗

CE0 =
√

(H + Cg)A

H(A + Ce)

√
H + B

H + Cg + B

e + g (A+Ce)B
H+Cg+B

e + g AB
H+B

,

Since H
A ≤ e

g , then √
(H + Cg)A

H(A + Ce)
≥ 1,

It follows from e
g ≤ A

H+B that

e + g (A+Ce)B
H+Cg+B

e + g AB
H+B

≥ 1,

And the factor
√

H+B
H+Cg+B must less than 1 strictly if g andC are not zeros. Therefore,

CE∗

CE0 =
√

(H + Cg)A

H(A + Ce)

√
H + B

H + Cg + B

e + g (A+Ce)B
H+Cg+B

e + g AB
H+B

< 1,

i.e., CE∗ < CE0.
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Remark 3 If shortage is not allowed and replenishment time is zero, cap-and-trade
mechanism must induce reduction of carbon emissions. However, in the case con-
sidered in this paper, reduction of carbon emissions occurs only if condition (14)
holds.

Theorem 3 For fixed A, H, D, P, g, e, changes of total costs under cap-trade-trade
mechanism depend on the relationship of the carbon C and cap α, as follows:

TC∗ > (=, <)TC0 ⇔ α < (=,>)

√
2B D(P − D)√

CP

√
He(H + Cg + B) + Bg(A + Be)√

(H + Cg + B)(H + B)
,

(17)

Proof The difference between of T C∗ and T C0

ΔTC = TC∗ − TC0

= √
2(H + Cg)(A + Ce)D

√
B

H + Cg + B

√
P − D

P
− Cα

− √
2AHD

√
B

H + B

√
P − D

P

=
√

2DB(P − D)

P

[√
(H + Cg)(A + Ce)

H + Cg + B
−

√
AH

H + B

]

− Cα

=
√

2DB(P − D)

P

√
C(H2e + HCge + BHe + BAg + B2ge)

(H + Cg + B)(H + B)
− Cα > (=,<)0

⇒ α < (=,>)

√
2BD(P − D)√

CP

√
He(H + Cg + B) + Bg(A + Be)√

(H + Cg + B)(H + B)
,

Form Theorems1 and 2, when conditions (14) and (17) are satisfied that the retailer
can reduce carbon footprint and total cost simultaneously.

Corollary 1 There exists a threshold α0:

(1) If α < α0, then the retailer should buy α0 − α units of carbon credit.
(2) If α > α0, then the retailer should sell α − α0 units of carbon credit.
(3) If α = α0, then the retailer should neither sell nor buy carbon credit.

Here,

α0 =
√

2BD(P − D)√
CP

√
He(H + Cg + B) + Bg(A + Be)√

(H + Cg + B)(H + B)
.

Proof we can derive the above results easily from Theorem3.

Corollary1 shows that whether the retailer should sell or buy carbon credit depends
on the carbon cap. When the cap is lower than a threshold, he should sell carbon
credit; when the cap is higher than the threshold, he should buy carbon credit; and the
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Table 1 Parameters and results

A H A e g Q0 Q∗ α0 X TC ΔCE ΔTC

150 0.5 0.6 500 1 8243 8243 8243 −412 2356 0 95

200 0.6 0.7 400 1 7223 7223 7223 212 3215 0 −34

250 0.4 0.5 600 1.5 12223 9222 10237 −2789 5215 192 613

transfer quantity is the difference between the cap and the threshold. Otherwise,he
should neither sell nor buy carbon credit. It is noted that the first term of the threshold
is the amount of carbon emissions from logistics while the second term is that from
warehouse.

4 Numerical Examples

In this section we present a series of numerical examples to illustrate the above
analytical results and provide some interesting observations. Let D = 60,000, C =
0.2, α = 8000, and the rest of the parameters and the results are summarized in
Table1.

Table1 also indicates that whether the retailer should buy carbon credit depends
on the carbon cap as follows: if it is less than a threshold, he should buy carbon credit.
The last but one column in Table1 shows that the cap-and-trade mechanism induces
the retailer to reduce carbon emissions; otherwise, it cannot induce the retailer to
reduce carbon emissions. It is noted from the last column of Table1 that the retailer’s
cost may decrease, i.e., the cap-and-trade mechanism does not necessarily result in
a higher cost for the retailer.

5 Conclusion

By involving the factor of carbon emissions,we studied the a inventory problemunder
cap-and-trade. In the inventory problem, shortage is allowed and the replenishment
time is not zero. By comparing the results of the proposed model and the classical
EOQ model, we found the relationships of optimal policy and parameters are more
complex. The result “the cap induces emission reduction” holds only if there are
some special condition. The optimal order size, total emission and total cost are not
only effected by the cap and carbon price but also other parameters.

Several extensions of the proposed approach are worthwhile further investigating.
Future research may consider the stochastic demand inventory, multi-item inven-
tory problem. Also, the different transportation modes may result in interesting
conclusions.
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The Supply Chain Network Equilibrium
Model with Fuzzy Demand Price

Zezhong Wu

Abstract A single-commodity equilibrium model of a competitive supply chain
network in the case of fuzzy demands associated with the demand markets is devel-
oped. The network structure of the supply chain is identified and equilibrium con-
ditions are derived. A finite-dimensional variational inequality formulation is estab-
lished. Two numerical examples is given.

Keywords Equilibrium model · Variational inequalities · Fuzzy demand price

1 Introduction

The topic of supply chain analysis is interdisciplinary by nature since it involves
manufacturing, transportation and logistics, as well as retailing/marketing. It has
been the subject of a growing body of literature [23] with the associated research
being both conceptual in nature [20, 21], due to the complexity of the problem and
the numerous agents such as manufacturers, retailers, and consumers involved in the
transactions, as well as analytical [5, 6, 8, 22].

Lee and Billington [10] expressed the need for decentralized models that allow for
a generalized network structure and simplicity in the study of supply chains. Anupindi
and Bassok [1], in turn, addressed the challenges of formulating systems consisting
of decentralized retailers with information sharing. Lederer and Li [9], on the other
hand, studied competition among firms that produce goods or services for customers
who are sensitive to delay time. Corbett and Karmarkar [3] were concerned with
the equilibrium number of firms in oligopolistic competition in a supply chain. In
order to allow for the closed form determination of the equilibrium number of firms
they assumed that the firms in the same tier were characterized by identical linear
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production cost functions. Equilibrium models have a long tradition in transportation
modeling as well as in economics [2, 11].

Many researchers [12–17], in addition to, practitioners, have described the vari-
ous networks that underlie supply chain analysis and management. The equilibrium
model is drawn from economics and, in particular, from network economics [11].
Manufacturers are assumed to be involved in the production of a homogeneous prod-
uct which is then shipped to the retailers. Manufacturers obtain a price for the product
(which is endogenous) and seek to determine their optimal production and shipment
quantities, given the production costs as well as the transaction costs associated with
conducting business with the different retailers. Retailers, in turn, must agree with the
manufacturers as to the volume of shipments since they are faced with the handling
cost associated with having the product in their retail outlet. In addition, they seek
to maximize their profits with the price that the consumers are willing to pay for the
product being endogenous. Consumers determine their optimal consumption levels
from the various retailers subject both to the prices charged for the product as well
as the cost of conducting the transaction (which, of course, may include the cost of
transportation associated with obtaining the product from the retailer). In this paper,
we mainly consider a single-commodity equilibrium model of a competitive supply
chain network with fuzzy demand prices associated with the demand markets. The
network structure of the supply chain is identified and equilibrium conditions are
derived by means of variational inequality. We solve the equilibrium model by a
revised Quasi-Newton Method, and give two numerical examples.

The paper is organized as follows. In Sect. 3, we present the competitive supply
chain network model with fuzzy demand price, derive optimality conditions for its
decision-makers, and then present the governing equilibrium conditions. We also
derive the finite-dimensional variational inequality formulation of the problem. In
Sect. 4, we give the transformation form of equilibrium model in order to solve
model. In Sect. 5, we give two numerical examples to determine the equilibrium
product flows and prices and also provide a discussion of the model and results. We
conclude the paper with Sect. 6.

2 Preliminaries

A fuzzy set of Rn is a mapping μ : Rn → [0, 1]. For each such fuzzy set μ, we
denote by [μ]α = {x ∈ Rn : μ(x) ≥ α} for any α ∈ (0, 1], its α−cut set. By supp μ

we denote the support of μ, i.e., {x ∈ Rn |μ(x) > 0}. By [μ]0 we define the closure
of supp μ.

Definition 1 [24] A fuzzy number μ is a fuzzy set with the following properties:

1. μ is normal, i.e., there exists an x0 ∈ Rn such that μ(x0) = 1;
2. μ is convex fuzzy set, i.e., μ(λx +(1−λ)y) ≥ min(μ(x), μ(y)), x, y ∈ Rn, λ ∈

[0, 1];
3. [μ]0 is compact.
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Let E denote the family of fuzzy numbers. Obviously, [μ]α is a nonempty compact
convex subset of R (denoted [μ∗(α), μ∗(α)]) for any μ ∈ E and α ∈ [0, 1]. A fuzzy
number is a generalized interval.

A precise number a is a special case of fuzzy number encoded as

ã(t) =
{

1, if t = a
0, if t �= a.

However, a precise number will be denoted as usual, in particular number 0.
For fuzzy numbers μ, ν ∈ E represented by (μ∗(α), μ∗(α)) and (ν∗(α), ν∗(α))

respectively and for each number λ, we define the addition μ +̃ ν and scalar multi-
plication λμ as follows:

(μ +̃ ν)(x) = sup
y+z=x

min[μ(y), v(z)],

(λμ)(x) =
{

μ(λ−1x), if λ �= 0
0, if λ = 0

for μ, v ∈ E, λ ∈ R.

It is well known that for any μ, ν ∈ E and λμ ∈ E and [μ +̃ ν]α = [μ]α +̃ [ν]α ,
and [λμ]α = λ[μ]α , i.e.,

(μ +̃ ν)∗(α) = μ∗(α) + v∗(α), (μ +̃ ν)∗(α) = μ∗(α) + v∗(α),

(λμ)∗(α) =
{

λμ∗(α), if λ ≥ 0
λμ∗(α), if λ < 0

and

(λμ)∗(α) =
{

λμ∗(α), if λ ≥ 0
λμ∗(α), if λ < 0

for every α ∈ [0, 1].

Remark 1 It is obvious from above that for each fuzzy number μ parameterized
by [μ∗(α), μ∗(α)], for α ∈ [0, 1] and each real number r, [μ+̃r ]α = [μ∗(α) +
r, μ∗(α) + r ].

For x = (x1, x2, . . . , xn), y = (y1, y2, . . . , yn) ∈ Rn , we define x ≤ y iff
xi ≤ yi (i = 1, 2, . . . , n), and x < y iff x ≤ y and x �= y.

Definition 2 A triangular fuzzy number Ã can be defined by a triplet (a1, a2, a3).
Its conceptual schema and mathematical form are shown as follows:

μ Ã(x) =

⎧
⎪⎪⎨

⎪⎪⎩

0, x ≤ a1
x−a1
a2−a1

, a1 < x ≤ a2
a3−x
a3−a2

, a2 < x ≤ a3

0, x > a3.

A triangular fuzzy number has been shown in Fig. 1.
Its interval formulation is: [a1 + (a2 − a1)α, a3 − (a3 − a2)α],∀α ∈ [0, 1].



370 Z. Wu

o x
1a 2a

)(xAµ

1

3a 4ao x
1a 2a 3a

)(xAµ

1

A triangular fuzzy number A trapezoidal fuzzy number

Fig. 1 A triangular fuzzy number

Definition 3 A trapezoidal fuzzy number Ã can be defined by a quadruplet (a1, a2,

a3, a4). Its conceptual schema and mathematical form are shown as follows:

μ Ã(x) =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

0, x ≤ a1
x−a1
a2−a1

, a1 < x ≤ a2

1, a2 < x ≤ a3
a4−x
a4−a3

, a3 < x ≤ a4

0, x > a4.

A trapezoidal fuzzy number has been shown in Fig. 1.
Its interval formulation is: [a1 + (a2 − a1)α, a4 − (a4 − a3)α],∀α ∈ [0, 1].

3 The Supply Chain Network Equilibrium Model

In this section, we develop the supply chain network model with manufacturers,
retailers, consumers. The supply chain network structure with direct marketing at
equilibrium, which we establish in this section is as depicted in Fig. 2a.

Specifically, we consider m manufacturers who are involved in the production of a
product, which can be purchased by n retailers, also can be purchased by consumers
of o demand markets. They make the product available to consumers located at o
demand markets by k. We denote a typical manufacturer by i , a typical retailer by j ,
a typical demand market by k.

We first focus on the manufacturers. We then turn to the retailers and, subsequently,
to the consumers. The complete equilibrium model is then constructed along with
the variational inequality formulation of the governing equilibrium conditions.
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Fig. 2 The network structure of the supply chain at equilibrium

3.1 The Behavior of the Manufacturers and Their Optimality
Conditions

Let qi j denotes that the manufacturer i ships the product to the retailer j . We group all
qi j into the column vector Q11 = (q11, q12, . . . , q1n, . . . , qm1, . . . , qmn)T ∈ Rmn+ .

We assume that each manufacturer i is faced with a production cost function fi ,
in general, on the entire vector of production outputs, that is, fi = fi (Q11), i =
1, 2, . . . , m.

We associate with each manufacturer and retailer pair (i, j) a transaction cost of
the product denoted by ci j . We consider the situation in which the transaction cost of
the product between a manufacturer and retailer pair is given by ci j = ci j (qi j ), i =
1, 2, . . . , m; j = 1, 2, . . . , n.

To help fix ideas (cf. Fig. 2b), and in order to facilitate the ultimate construction of
the supply chain networks in equilibrium, we depict the manufacturer and retailers
as nodes and the transactions between a manufacturer i and the retailers j, j =
1, 2, . . . , n, as links. We also depict the manufacturer and demand markets as nodes
and the transactions between a manufacturer i and the demand markets k, k =
1, 2, . . . , o, as links.

The total costs incurred by a manufacturer i for the product, thus, are equal to
the sum of his production cost for the product plus the total transaction costs. His
revenue, in turn, is equal to the price that the manufacturer charges for the product
(and the retailers are willing to pay) times the total quantity obtained/purchased of the
product from the manufacturer by all the retail outlets and all the demand markets.
If we let ρ1i j denote the price charged for the product by manufacturer i to retailer
j (i.e., the supply price), and ρ1ik denote the direct marketing price charged for the
product by manufacturer i to demand market k, we have:

⎧
⎨

⎩
max

n∑

j=1
ρ1i j qi j − fi (Q11) −

n∑

j=1
ci j (qi j )

s.t. qi j ≥ 0, i = 1, 2, . . . , m; j = 1, 2, . . . , n.

(1)

Assuming that the production cost functions and the transaction cost functions for
each manufacturer are continuous differentiable and convex. The optimal conditions
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of Eq. (1) are equivalent to the form of the variational inequality as follows,

n∑

j=1

(
∂ fi (Q11∗)

∂qi j
+ ∂c∗

i j

∂qi j
− ρ∗

1i j

)
× (qi j − q∗

i j ) ≥ 0, ∀Q11 ∈ Rmn+ . (2)

The optimality conditions are expressed by Eq. (2) have a nice economic interpre-
tation. Equation (2) represents that a manufacturer will ship a positive amount of the
product to a retailer (and the flow on the corresponding link will be positive) if the
price that the retailer is willing to pay for the product is equal to the manufacturer’s
sum of marginal production and transaction costs; if sum exceed what the retailer is
willing to pay for the product, then the flow on the link will be zero.

We assume that the manufacturers compete in noncooperative fashion. Given that
the governing optimization/equilibrium concept underlying noncooperative behavior
is that of [4, 18, 19], which states that each manufacturer will determine his optimal
production quantity and shipments, given the optimal ones of the competitors, the
optimality conditions for all manufacturers simultaneously can be expressed as the
following variational inequality: Determine Q11 ∈ Rmn+ satisfying:

m∑

i=1

n∑

j=1

[
∂ fi (Q11∗)

∂qi j
+ ∂c∗

i j

∂qi j
− ρ∗

1i j

]
× (ql

i j − ql∗
i j ) ≥ 0. (3)

3.2 The Behavior of the Retailers and Their Optimality
Conditions

The retailers, in turn, are involved in transactions both manufacturers since they wish
to obtain the product for their retail outlets, as well as with the consumers, who are
the ultimate purchasers of the product. Hence, the network structure of retailer j ′s
transactions is as depicted in Fig. 2c. Thus, a retailer conducts transactions both with
the manufacturers as well as with the consumers at the demand markets. Note the
Fig. 2c as did Fig. 2b, only depicts the network structure of the transactions involved.
Later, we will also associate flows with the links as well as prices with the nodes.

A retailer j is faced with what we term a fuzzy handling cost, which may include,
for example, the display and storage cost with the product. We denote this cost for
the product by c j and, in the simplest case, we would have that c j is a function of∑m

i qi j , that is, the handing cost of a retailer is a function of how much of the product
he has obtained from the various manufacturers. However, for the sale of generality,
and to enhance the modeling of competition, we allow the function to, in general,
depend also on the amounts of the product hold by other retailers and, therefor, we
may write c̃ j = c̃ j (Q11), ∀ j .

The retailers associate a price with the product at their retail outlet, which is
denoted by ρ jk , for retailer j . This price, as we will show, will also be endogenously
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determined in the model. Assuming, as mentioned in Sect. 1, that the retailers are
also profit-maximizers, the optimization problem of a retailer j is given by:

max
o∑

k=1

ρ jkq jk − c j (Q11) −
m∑

i=1

s∑

k=1

ρ1i j qi j (4)

s.t.

⎧
⎨

⎩

o∑

k=1
q jk ≤

m∑

i=1
qi j

qi j ≥ 0, q jk ≥ 0, ∀i, j.
(5)

Objective function (4) expresses that the difference between the revenues minus
the handling cost and the pay out to the manufacturers should be maximized. Con-
straint condition (5) simply expresses that consumers cannot purchase more from a
retailer than is held in stock.

We denote the Lagrangian multiplier as: γ j , ( j = 1, 2, . . . , m), then the
Lagrangian function is:

L j (γ j ) =
o∑

k=1

ρ jkq jk − c j (Q11) −
m∑

i=1

ρ1i j (qi j ) + γ j

( m∑

i=1

qi j −
o∑

k=1

q jk

)
. (6)

Assuming that the handling cost for each retailer is continuous differentiable and
convex. Then the optimal conditions of (6) are equivalent to the form of the variational
inequality as follows,

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(
∂c j (Q11∗)

∂qi j
+ ρ∗

1i j − γ ∗
j

)
× (qi j − q∗

i j ) ≥ 0

(γ ∗
j − ρ∗

jk) × (q jk − q∗
jk) ≥ 0(

m∑

i=1
q∗

i j −
s∑

k=1
q∗

jk

)
× (γ j − γ ∗

j ) ≥ 0.

The optimality conditions for all the retailers coincide with the solution of the
variational inequality: Determine (Q11∗, Q2∗, γ ∗) ∈ Rmn+no+n+ satisfying:

m∑

i=1

n∑

j=1

[
∂c j (Q11∗)

∂qi j
+ ρ∗

1i j − γ ∗
j

]
× [qi j − q∗

i j ] +
n∑

j=1

o∑

k=1

[−ρ∗
jk + γ ∗

j ]

×[q jk − q∗
jk] +

n∑

j=1

[ m∑

i=1

q∗
i j −

o∑

k=1

q∗
jk

]
× [γ j − γ ∗

j ] ≥ 0. (7)

We now highlight the economic interpretation of the retailers’ optimality condi-
tions. From the second term in inequality (7), we have that, if consumers at demand
market k purchase the product from a particular retailer j , that is, if the q∗

jk is positive,
then the price charged by retailer j , ρ∗

jk , is equal to γ ∗
j , which, from the third term in
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the inequality, serves as the price to clear the market from retailer j . Also, note that,
from the second term, we see that if no product is sold by a particular retailer, then
the price associated with holding the product can the price charged to the consumers.
Furthermore, from the first term in inequality (7), we can infer that, if a manufacturer
transacts with a retailer resulting in a positive flow of the product between the two,
then the price γ ∗

j is equal to the retailer j ′s payment to the manufacturer, ρ∗
1i j , plus

its marginal cost of handling the product from the retailer.

3.3 The Equilibrium Conditions of Demand Markets

In this section, we discuss the fuzzy equilibrium conditions for demand markets, and
then discuss the defuzzification equilibrium conditions.
1. The Fuzzy Equilibrium Conditions of Demand Markets

We now describe the consumers located at the demand markets. The consumers
take into account in making their consumption decisions not only the price charged
for the product by the retailers but also the transaction cost to obtain the product. We
let c̃ jk denote the fuzzy transaction cost associated with obtaining the product by
consumers at demand market k from retailer j and recall that q̄ jk denotes the amount
of the product purchased (or flowing) between retailer j and consumers at demand
market k. We assume that the fuzzy transaction cost is continuous, positive, and of
the general form c̃ jk = c̃ jk(Q2), ∀ j, k, where recall that Q2 is the no−dimensional
column vector of product flows between the retailers and the demand markets.

In Fig. 2d, the network of transactions between the retailers and the consumers at
demand market k is depicted. Each demand market is represented by a node and the
transactions, as previously, by links.

Let ρ̃3k denote the fuzzy price of the product at demand market k. Further, denote
the demand for the product at demand market k by dk and assume, as given, the
continuous demand functions: ρ̃3k = ρ̃3k(D), ∀k, where D = (d1, d2, . . . , do)

T is
the o−dimensional column vector of demand. Hence, the fuzzy price for consumers
for the product at a demand market depends, in general, not only on the demand for
consumers for the product at a demand market but also on the demands of the product
at the other demand markets. Thus, consumers at a demand market, in a sense, also
compete with consumers at other demand markets.

The consumers take the fuzzy price charged by the retailers for the product,
whose, recall was denoted by ρ̃2 j for retailer j , plus the transaction cost associated
with obtaining the product, in making their consumption decisions.

The fuzzy equilibrium conditions for consumers at demand market k, hence, take
the form: for all retailers j, j = 1, 2, . . . , n,

ρ̃2 j + c̃ jk(Q2)

{= ρ̃3k, if q̄ jk > 0

 ρ̃3k, if q̄ jk = 0,

(8)
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and for all consumers k, k = 1, 2, . . . , o,

ρ̃3k(D)

⎧
⎪⎪⎨

⎪⎪⎩


 0, dk =
n∑

j=1
q̄ jk

= 0, dk ≤
n∑

j=1
q̄ jk .

(9)

We set v = ∑n
j=1 q̄ jk − dk , then (8) can be written as:

ρ̃3k(D)

{
 0, v = 0
= 0, v ≥ 0.

(10)

Conditions (8) state that, in equilibrium, if the consumers at demand marker k
purchase the product from retailer j , then the fuzzy price charged by the retailer
for the product plus the fuzzy transaction cost does not exceed the fuzzy price that
consumers are willing to pay for the product. Conditions (10) state, in turn, that if the
quantities purchased of the product from the retailers will be equal to the demand for
the product at the demand market, then the fuzzy equilibrium price the consumers
are willing to pay for the product at the demand market is positive. For conditions
(8) and (10), we have the following property.

Property 1 In equilibrium, conditions (8) and (10) will have to hold for all demand
markets k, and can also be expressed as a fuzzy variational inequality problem, and
given by: Determine (Q2, D) ∈ Rno+o+ such that:

n∑

j=1

o∑

k=1

[ρ jk + c̃ jk(Q2)]× [q̄ jk − q̄∗
jk ]−

o∑

k=1

ρ̃∗
3k(D)×[dk − d∗

k ] 
 0,∀(Q2, D) ∈ Rno+o+ .

(11)

2. The Defuzzification Equilibrium Conditions
In order to transform uncertainty (11) for the deterministic problem, we have to

defuzzify the fuzzy function and need to consider some distance measures as in [25].
The signed distance between the real numbers a and 0, denoted by d0(a, 0) is given
by d0(a, 0) = a. Hence the signed distance of AL(α) and AR(α) measured from 0
are d0(AL(α), 0) = AL(α) and d0(AR(α), 0) = AR(α) respectively.

The signed distance of the interval [AL(α), AR(α)] measured from the origin
0 by d0([AL(α), AR(α)], 0) = 1

2 [d0(AL(α), 0) + d0(AR(α), 0)] = 1
2 (AL(α) +

AR(α)]), where AL(α), AR(α) exist and are integrable for α ∈ [0, 1].
For each α ∈ [0, 1], the crisp interval [AL(α), AR(α)] and the level α fuzzy

interval [[AL(α), AR(α)];α] are in one to one correspondence. The signed distance
from [[AL(α), AR(α)];α] to 0̃ (where 0̃ is the 1 level fuzzy point which maps to
the origin) is d0([[AL(α), AR(α)];α], 0̃) = d0([AL(α), AR(α)], 0) = 1

2 (AL(α) +
AR(α)]).
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The signed distance of fuzzy number Ã measured from 0̃ defined as d( Ã, 0̃) =
1
2

∫ 1
0 (AL(α) + AR(α))dα. We mainly discuss the signed distance of the triangular

fuzzy number and the trapezoidal fuzzy number.
For the triangular fuzzy number, we have:

d( Ã, 0̃) = 1

2

∫ 1

0
[a1 + (a2 − a1)α + a3 − (a3 − a2)α]dα = a1 + 2a2 + a3

4
.

Similarly, for the trapezoidal fuzzy number, we have:

d( Ã, 0̃) = 1

2

∫ 1

0
[a1 + (a2 − a1)α + a4 − (a4 − a3)α]dα = a1 + a2 + a3 + a4

4
.

Therefore, by the signed distance method, we can transform the fuzzy equilibrium
conditions (11) into the equilibrium conditions.

(1) If c̃ jk(Q2), ρ̃3k(D) is a triangular fuzzy number, let c̃ jk(Q2) = (c jk1, c jk2, c jk3),
ρ̃3k(D)=(ρ3k1, ρ3k2, ρ3k3) then Eq. (11) can be transform into the form as fol-
lows,

n∑

j=1

o∑

k=1

[
ρ jk + c jk1 + 2c jk2 + c jk3

4

]
×[q jk − q∗

jk] −
o∑

k=1

ρ3k1 + 2ρ3k2 + ρ3k3

4

× [dk − d∗
k ] 
 0,∀(Q2, D) ∈ Rno+o+ . (12)

(2) If c̃ jk(Q2), ρ̃3k(D) is a trapezoidal fuzzy number, let c̃ jk(Q2)=(c jk1, c jk2, c jk3,

c jk4), ρ̃3k(D) = (ρ3k1, ρ3k2, ρ3k3, ρ3k4) then Eq. (11) can be transform into the
form as follows, ∀(Q2, D) ∈ Rno+o+

n∑

j=1

o∑

k=1

[
ρ jk + c jk1 + 2c jk2 + c jk3 + c jk4

4

]
× [q jk − q∗

jk]

−
o∑

k=1

ρ3k1 + ρ3k2 + ρ3k3 + ρ3k4

4
× [dk − d∗

k ] 
 0. (13)

3.4 The Equilibrium Conditions of the Whole Supply Chain

In equilibrium, we must have that the sum of the optimality conditions for all man-
ufacturers, as expressed by inequality (3), the optimality conditions for all retailers,
as expressed by inequality (7) and the optimality conditions for all demand markets,
as expressed by inequality (12) (or (13)) must be satisfied. We state this explicitly in
the following definition:
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Definition 4 (The supply chain network equilibrium). The equilibrium state of the
supply chain with fuzzy demand price is one where the product flows between the
distinct tiers of the decision-makers coincide and the product flows and prices satisfy
the sum of the variational inequalities (3), (7) and (12).

We now establish the equivalent form of supply chain network equilibrium as
follows.

Theorem 1 (The variational inequality formulation) The equilibrium conditions
governing the supply chain model with competition are equivalent to the solution
of the variational inequality problem given by: Determine (Q11∗, Q2∗, ρ̃∗) ∈ �
satisfying

m∑

i=1

n∑

j=1

[
∂ fi (Q11∗)

∂qi j
+

∂c∗
i j

∂qi j
+∂c j (Q11∗)

∂qi j

]
×[qi j −q∗

i j ]+
n∑

j=1

o∑

k=1

[
∂

c jk1+2c jk2+c jk3
4 (Q2∗)

∂q jk

]

× [q jk − q∗
jk ] −

o∑

k=1

ρ3k1 + 2ρ3k2 + ρ3k3

4
× [dk − d∗

k ] ≥ 0, (14)

where � ≡ {(Q11∗, Q2∗, ρ̃∗) ∈ Rno+mn+o+ }. Similarly, we can get

m∑

i=1

n∑

j=1

[
∂ fi (Q11∗)

∂qi j
+

∂c∗
i j

∂qi j
+ ∂c j (Q11∗)

∂qi j

]
×[qi j −q∗

i j ]+
n∑

j=1

o∑

k=1

[
∂

c jk1+c jk2+c jk3+c jk4
4

∂q jk

]

× [q jk − q∗
jk ] −

o∑

k=1

ρ3k1 + ρ3k2 + ρ3k3 + ρ3k4

4
× [dk − d∗

k ] ≥ 0. (15)

4 Model Transformation

In order to solve the variational inequality (14) (or 15), we have to simplify model.
Let
X = (Q11, Q2, γ, ρ̃)T , F(X) = (F1(X), F2(X), F3(X), F4(X))T ,

F1(X) = (. . . , F1
i j (X), . . .)T ,

F2(X) = (. . . , F2
jk(X), . . .)T ,

F3(X) = (. . . , F3
j (X), . . .)T , F4(X) = (. . . , F4

k (X), . . .)T .
The four vector functions can be defined as follows,

F1
i j (X) = ∂ fi (Q11∗, Q12∗)

∂qi j
+ ∂c∗

i j

∂qi j
+ ∂c j (Q11∗)

∂qi j
− γ ∗

j ,

F2
jk(X) = γ ∗

j + ∂
c jk1+c jk2+c jk3+c jk4

4 (Q2∗)
∂q jk

− ρ3k1 + 2ρ3k2 + ρ3k3

4
,
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F3
j (X) =

m∑

i=1

q∗
i j −

o∑

k=1

q∗
jk,

F4
k (X) = ρ3k1 + 2ρ3k2 + ρ3k3

4
.

Thus, the variational inequality (14) can be written as:

F(X∗)T (X − X∗) ≥ 0,∀X ∈ �+. (16)

The nonlinear complementary problem (NCP) of (16) is: find X∗ ∈ R+, such
that:

F(X∗)T X∗ = 0, F(X∗) 
 0. (17)

By means of a merit function invented by [7], φ(a, b) = [√a2 + b2 − (a + b)2] :
R2 → R+, the relevant NCP formulation (16) can be equivalently transformed into
an unconstrained continuously differentiable minimization formulation:

min
X̄∈�mn+no+n+o

Φ(X̄), (18)

where Φ(X̄) = ∑m
i=1

∑n
j=1 Φ(qi j , F̄1

i j (X̄)) + ∑m
i=1

∑o
k=1 Φ(qik , F̄2

jk(X̄)) +
∑n

j=1 Φ(γ j , F̄3
j (X̄)) + ∑o

k=1 Φ(ρ3k , F̄4
k (X̄)).

5 Numerical Examples

In this section, we apply the modified quasi-Newton method to a numerical example.

Example 1 The numerical example 1, depicted in Fig. 3a, consisted of two manu-
facturers, three retailers, two demand markets.

The production cost functions for the manufacturers for the product were given
by f1(q) = 2.5(q1)

2 + q1q2 + 2q1, f2(q) = 2.5(q2)
2 + q1q2 + 12q2, where,

q1 = q11 + q12 + q13 + q̂11 + q̂12, q2 = q21 + q22 + q23 + q̂21 + q̂22.
The transaction cost functions faced by the manufacturers and associated with

transacting with the retailers for the product were given by:

c11(q11) = q2
11 + 3.5q11, c12(q12) = q2

12 + 3.5q12,

c13(q13) = 0.5(q13)
2 + 5q13, c21(q21) = 0.5(q21)

2 + 3.5q21,

c22(q22) = 0.5(q22)
2 + 3.5q22, c23(q23) = 0.5(q23)

2 + 5q23.
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Fig. 3 Two examples

The handling costs of the retailers for the product, in turn, were given by:
c1(Q11) = 0.5(q11+q21)

2, c2(Q11) = 0.5(q12+q22)
2, c3(Q11) = 0.5(q13+q23)

2.
The fuzzy transaction costs between the retailers and the consumers for the product

at the demand markets were given by:

c̃11(Q2) = (0.5, 1, 1.5)q̄11 + (4, 5, 6), c̃12(Q2) = (0.5, 1, 1.5)q̄12 + (4, 5, 6),

c̃21(Q2) = (0.5, 1, 1.5)q̄21 + (4, 5, 6), c̃22(Q2) = (0.5, 1, 1.5)q̄22 + (4, 5, 6),

c̃31(Q2) = (0.5, 1, 1.5)q̄31 + (4, 5, 6), c̃32(Q2) = (0.5, 1, 1.5)q̄32 + (4, 5, 6).

The fuzzy price function of demand markets:

p1(D) =
(

5

7
,

6

7
, 1

)
d2 −

(
1,

8

7
,

9

7

)
d1 +

(
1500

7
,

2000

7
,

2500

7

)
,

p2(D) =
(

5

7
,

6

7
, 1

)
d1 −

(
1,

8

7
,

9

7

)
d2 +

(
1500

7
,

2000

7
,

2500

7

)
.

We set the initial point x0 = (x0
1 , . . . , x0

j , . . . , x0
17)

T , x0
j = 10, j = 1, 2, · · · , 17.

The calculation was implemented in MATLAB 7.1. The accuracy is taken as 10−8.
We can obtain the following results as Table 1, 2 and 3. The fuzzy price of the
consumer market:

ρ̃1 = (204.2947, 275.7232, 347.1518), ρ̃2 = (204.2947, 275.7232, 347.1518).
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Table 1 Manufacturer’s production

Production qi

Manufacturer 1 35.364661

Manufacturer 2 34.573210

Table 2 The production flow from manufacturer to the retailer

qi j Retailer 1 Retailer 2 Manufacturer 3

Manufacturer 1 9.859068 9.859068 15.645985

Manufacturer 2 12.881787 12.881786 8.809636

Table 3 The output flow from retailer to the demand market

q̄i j Demand marker 1 Demand market 2

Retailer 1 11.370427 11.370427

Retailer 2 11.370427 11.370427

Retailer 3 12.227811 12.227811

Demand 34.968665 34.968665

Example 2 The numerical example 2, depicted in Fig. 3b, consisted of three manu-
facturers, two retailers, three demand markets. Manufacturer’s production cost func-
tion is:

f1(q) = 2.5q2
1 + q1q2 + 2q1, f2(q) = 2.5q2

2 + q1q2 + 2q2,

f3(q) = 0.5q2
3 + 0.5q1q3 + 2q3.

The transaction costs function of manufacturers and related Retailers:

c11(q11) = q2
11 + 3.5q11, c12(q12) = q2

12 + 3.5q12,

c21(q21) = 0.5q2
21 + 3.5q21, c22(q22) = 0.5q2

22 + 3.5q22,

c31(q13) = 0.5q2
31 + 5q31, c32(q23) = 0.5q2

32 + 5q32.

Accordingly, the management costs of retailers: c1(Q1) = 0.5(q11 +q21 +q31)
2,

c2(Q1) = 0.5(q12 + q22 + q32)
2.

The fuzzy price function of demand markets:

p1(D) =
(

5

7
,

6

7
,

6

7
, 1

)
d2 −

(
1,

8

7
,

8

7
,

9

7

)
d1 +

(
1500

7
,

2000

7
,

2000

7
,

2500

7

)
,

p2(D) =
(

5

7
,

6

7
,

6

7
, 1

)
d1 −

(
1,

8

7
,

8

7
,

9

7

)
d2 +

(
1500

7
,

2000

7
,

2000

7
,

2500

7

)
,
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Table 4 Manufacturer’s production

Production qi

Manufacturer 1 22.724080

Manufacturer 2 25.248978

Manufacturer 3 101.154278

p3(D) =
(

5

7
,

6

7
,

6

7
, 1

)
d1 −

(
6

14
,

9

14
,

9

14
,

12

14

)
d2 −

(
5

14
,

7

14
,

9

14

)
d3

+
(

1500

7
,

2000

7
,

2000

7
,

2500

7

)
.

Retailers and consumers in the demand market for transaction costs:

c̃11(Q2) = (0.5, 1, 1, 1.5)q̄11 + (4, 5, 5, 6), c̃12(Q2) = (0.5, 1, 1, 1.5)q̄12 + (4, 5, 5, 6),

c̃13(Q2) = (0.5, 1, 1, 1.5)q̄13 + (4, 5, 5, 6), c̃21(Q2) = (0.5, 1, 1, 1.5)q̄21 + (4, 5, 5, 6),

c̃22(Q2) = (0.5, 1, 1, 1.5)q̄22 + (4, 5, 5, 6), c̃23(Q2) = (0.5, 1, 1, 1.5)q̄23 + (4, 5, 5, 6).

Take the initial point: X0 = (x0
1 . . . x0

j x0
17)

T , x0
j = 10, j = 1, 2, . . . , 17. With

the revised quasi-Newton method for solving nonlinear complementarity problem,
We can obtain the following results as Table 4, 5 and 6. By the signed distance method,
the fuzzy demand price can be by means of defuzzification: ρ̄1 = 271.5117, ρ̄2 =
271.5117, ρ̄3 = 271.5117.

Table 5 The production flow from manufacturer to the retailer

qi j Retailer 1 Retailer 2

Manufacturer 1 11.362040 11.362040

Manufacturer 2 12.624489 12.624489

Manufacturer 3 50.577139 50.577139

Table 6 The output flow from retailer to the demand market

q̄i j Demand market 1 Demand market 2 Demand market 3

Retailer 1 24.854556 24.854556 24.854556

Retailer 2 24.854556 24.854556 24.854556

Demand 49.709112 49.709112 49.709112
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6 Conclusion

In this paper, we have proposed a theoretically rigorous framework for the modeling
and computation of solutions to supply chain network problems within an equilibrium
context in the case of fuzzy demand prices associated with the demand markets. The
equilibrium conditions were established, the modified Quasi-Newton Method was
proposed for the computation of the equilibrium prices and product shipments. Two
illustrative supply chain network examples were considered in the computations.
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Dynamic Optimal Allocation of Irrigation
Water Resources for Multi-crop in Multiple
Agricultural Subareas with Fuzzy Random
Seasonal Inflow and Rainfall

Xinxin Xu, Ziqiang Zeng and Edward Minchin

Abstract This paper studies the dynamic optimal allocation of irrigation water
resources for multi-crop in multiple agricultural subareas. A multistage irrigation
scheduling decision making model is developed which takes into account the deci-
sion variable, state variable, state transition equation, initial and terminal conditions,
constraints, crop-water production function, and evaporated and leached water. In
order to deal with the uncertainty of seasonal inflow and rainfall, the fuzzy ran-
dom simulation is employed. Results analysis for a case problem is presented to
demonstrate the performance of the optimization method, which is proved to be very
effective and efficient compared to the actual irrigation scheduling situation.

Keywords Agriculture · Irrigation · Water resources · Fuzzy · Dynamic systems

1 Introduction

Agriculture is a main user of the world’s water resources [1]. The irrigation water
allocation is a key problem in agricultural water management. An important issue in
sustainable agriculture is to optimize productivitywith respect to resource inputs such
as water [2]. Traditionally, agricultural research is focused primarily on maximizing
the yield per unit area by allocating water to different crops according to their water
requirements [3–8]. In the recent years, focus is also shifting to increase productivity
within the constraints of available limited water resources. Vedula et al. [9] proposed
a linear programming model for optimal use of ground and surface water to max-
imize the annual relative yields of the crops. Gorantiwar and Smout [4] developed
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a resource allocation, area and water allocation model with limited water supply
through a variable depth irrigation approach. These studies have made significant
improvements in the area of agricultural water management.

The literature review indicated that most of the optimization models used an
economic criterion to find out the optimal cropping pattern or irrigation schedule
to maximize the benefits for the optimal allocation of land and water resources. In
fact, the irrigation scheduling is a multistage decision making process [10] which is
influenced by uncertain factors including seasonal inflow and rainfall. The irrigation
water management are mostly not dynamic in the above mentioned optimization
models. Therefore these optimization models may optimize for a relative optimized
level and may not give an overall optimal solution under a dynamic decision making
viewpoint.

The present study aims to develop a dynamic optimization model for irrigation
water resources allocation formulti-crop inmultiple agricultural subareas. The uncer-
tain events in this environment including seasonal inflow and rainfall are character-
ized by both fuzzy uncertainty and randomness, the so-called twofold uncertainty.
In this case, fuzzy random variables, introduced by Kwakernaak [11, 12] and Kruse
and Meyer [13] in modeling and analyzing “imprecise values” associated with the
sample space of a random experiment through the use of fuzzy-set functions can
be employed. The mathematical optimization technology proposed in this paper is
actually a soft water path [14] which seeks to improve the overall productivity of
water use and deliver water services matched to the needs of end users.

2 Key Problem Statement

Agricultural irrigation systems are often composed of various interconnected com-
ponents that exhibit more complexities than its individual parts, yielding much com-
plicated information that can hardly be neglected [15]. Taking Dujiangyan Irrigation
District in China as an example, the main source of water comes from the seasonal
inflow of Min River and the rainfall in this area which may change during differ-
ent periods in a year. Most of the water will be stored in the reservoir in this area
except the evaporated water into air and the leached water into ground. The water
stored in the reservoir will be dynamically allocated for agricultural water use and
non-agricultural water use, such as industrial water use, municipal water use, and
environmental water use. The water allocated for agricultural water use will be dis-
tributed in multiple periods for irrigating multiple crops in different subareas (see
Fig. 1). The goal of the water manager is to maximize the net benefit to the local
agricultural economy. However, if the anticipated water is not delivered, the user
will have to either curtail their irrigation plans or obtain water from more expensive
ways such as withdrawing groundwater.
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Fig. 1 Irrigation water resources allocation problem in Dujiangyan Irrigation District

3 Dynamic Modelling Approach

The optimization of irrigation water resources allocation for multi-crops in multiple
agricultural subareas with fuzzy random seasonal inflow and rainfall is done based on
the benefit function. The decision variable, state variable, state transition equation,
and constraints of the model are also defined as below.

1. Benefit Function
The benefit function is regarded as the objective function of the model. It indicates
the annual net irrigation benefit of the local agricultural economy for all subareas,
which is expressed as below,

B = max{G − C}, (1)

where B (103 RMB) is the maximized total net benefit of local agricultural economy
from irrigation scheduling for all subareas during a year; G (103 RMB) and C (103

RMB) are the annual gross income and total cost from irrigation scheduling for
all subareas, respectively. Here it is assumed that all the crops in each subarea are
bringing in one harvest a year. The expressions of G and C are listed as follows.

Gross Income:

G =
N∑

i=1

Ki∑

k=1

pk
i U k

i Ak
i , (2)

where i is the index of subarea (i = 1, 2, . . . , N ); k is the type of crop (k =
1, 2, . . . , Ki ); pk

i (RMB/kg) is the unit price of crop k in subarea i ; U k
i (kg/ha) is the

yield per unit area of crop k in subarea i ; Ak
i (ha) is the cultivated area of crop k in

subarea i .
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Total Cost:

C =
N∑

i=1

Ki∑

k=1

(Bk
i + Y k

i U k
i + W k

i Qk
i )Ak

i , (3)

where Bk
i (RMB/ha) is the basic cost (fixed cost which is independent of the yield)

per unit area of crop k in subarea i ; Y k
i (RMB/kg) is the variable cost per unit yield

of crop k in subarea i ; W k
i (RMB/m3) is the irrigation price of crop k in subarea i ;

Qk
i (m

3/ha) is the irrigation water amount per unit area.

2. Decision and State Variables for Dynamic Irrigation Scheduling
The decision variables of this model are defined as Ak

i (ha), i.e., the cultivated area
of crop k in subarea i , and xk

i (m3), i.e., the allocated irrigation water for crop k in
subarea i in period t . It is not hard to know that,

Qk
i Ak

i =
T∑

t=1

xk
i (t), ∀i,∀k, (4)

where t is the planning period associated with crop growth stage (t = 1, 2, . . . , T ).
The state variable of this model is defined as S(t), i.e., the total available water stored
in the reservoir at the end of period t .

3. State Transition Equation for Irrigation Water Resources Allocation
As described in the key problem statement, the irrigation water resources allocation
problem discussed here is actually amultistage decisionmaking process, and follows
a state transition equation as shown below,

S(t) = S(t − 1) + ˜̄f (t) + ˜̄r(t) − e(t) − g(t) − n(t) −
N∑

i=1

Ki∑

k=1

xk
i (t), (5)

where ˜̄f (t) (m3) is the seasonal inflow in period t ; ˜̄r(t) (m3) is the rainfall in period
t ; e(t) (m3) is the evaporated water in period t ; g(t) (m3) is the leached water into
ground in period t ; n(t) (m3) is the non-agricultural water use in period t ; xk

i (m3)
is the irrigation water allocated to crop k in subarea i in period t . The dynamic
relationships between these variables are shown in Fig. 2, in which the available
water stored in reservoir in each period will be lost through evaporation and leaching
into ground, and replenished through seasonal inflow and rainfall. It will be used for
non-agricultural water use and agricultural water use for irrigating crops in multiple
subareas.

4. Initial and Terminal Conditions
The state variable S(t) should follows the following initial and terminal conditions,
S(0) = S0, S(T ) ≥ ST , where S0 (m3) is the initial stored water in the reservoir at
the beginning of the first period, and ST (m3) is the minimal stored water level limit
at the end of the final period.
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Fig. 2 Dynamic relationships between decision and state variables and relevant parameters

5. Constraints
The decision variables are constrained by three kinds of restrictions, i.e., non-negative
constraints, total cultivated area limitation, and agricultural policy restraint, which
are described in details as follows.

Non-negative constraints:

xk
i (t) ≥ 0, Ak

i ≥ 0, ∀i,∀k. (6)

Total cultivated area limitation:

N∑

i=1

Ki∑

k=1

Ak
i ≤ A0, (7)

where A0 (ha) is the total available cultivated area.
Agricultural policy restraint:
The local government requests that the cultivated area of food crop must come

to a certain ratio (F %) for achieving food self-supporting ability. The constraint is
expressed as below,

N∑

i=1

Ki∑

k=1

AFk
i /

N∑

i=1

Ki∑

k=1

Ak
i ≥ F %, (8)

where AFk
i (ha) is the cultivated area of food crop k in subarea i ; F % is the lowest

rate limitation that the cultivated area of food should achieve.
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6. Crop-Water Production Function
The crop-water production function expresses the relationship between Qk

i (m
3/ha)

and U k
i (kg/ha). In this paper, the quadratic relationship is considered,

U k
i = ak

i + bk
i Qk

i + ck
i (Qk

i )
2 (9)

where ak
i , bk

i , and ck
i are empirical coefficients.

7. Evaporated and Leached Water
The evaporated and leached water in each period are considered to be linearly related
to the total available water stored in the reservoir at the end of the last period, i.e.,

e(t) = θ(t)S(t − 1), and g(t) = φ(t)S(t − 1), (10)

where θ(T ) and φ(T ) are the evaporation and leaching coefficients of the stored
water in each period.

8. Global Model
By integrating the benefit function, state transition equation, initial and terminal
conditions, constraints, and crop-water production function, a multistage irrigation
scheduling decision making model for multi-crop in multiple agricultural subareas
is built as shown below,

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

max{∑N
i=1

∑Ki
k=1 pk

i U k
i Ak

i − ∑N
i=1

∑Ki
k=1(Bk

i + Y k
i U k

i + W k
i Qk

i )Ak
i }

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

S(t)=S(t − 1)+ ˜̄f (t) + ˜̄r(t) − e(t) − g(t) − n(t) − ∑N
i=1

∑Ki
k=1 xk

i (t), ∀t
S(0) = S0, S(T ) ≥ ST

xk
i (t) ≥ 0, Ak

i ≥ 0, ∀i,∀k
Qk

i Ak
i = ∑T

t=1 xk
i (t), ∀i,∀k

∑N
i=1

∑Ki
k=1 Ak

i ≤ A0∑N
i=1

∑Ki
k=1 AFk

i /
∑N

i=1
∑Ki

k=1 Ak
i ≥ F %

U k
i = ak

i + bk
i Qk

i + ck
i (Qk

i )
2, ∀i,∀k

e(t) = θ(t)S(t − 1), ∀t
g(t) = φ(t)S(t − 1), ∀t.

(11)

4 Fuzzy Random Simulation of Seasonal Inflow and Rainfall

In order to deal with the uncertainty of the seasonal inflow and rainfall, the fuzzy
random simulation is employed here. The historical data of local seasonal inflow
and rainfall show that they are seasonal changed under different probabilities within
different value ranges. The value ranges of seasonal inflow and rainfall in each
period could be divided into different interval numbers, such as low, medium, and
high. The probability of occurrence of the seasonal inflow and rainfall in each period
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Seasonal inflow
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Fig. 3 Fuzzy random numbers for seasonal inflow and rainfall

falls into an interval could be estimated based on historical data. Figure3 shows an
example of fuzzy random numbers for seasonal inflow and rainfall.

The simulation steps for generating the values of seasonal inflow and rainfall for
each period are listed as follows.
Step 1. Define the membership functions of seasonal inflow and rainfall as below,

Seasonal inflow:

˜̄f (t)(ω) =
⎧
⎨

⎩

(α1, αl , α2), p = p1, ω = low
(α2, αm, α3), p = p2, ω = medium
(α3, αh, α4), p = p3, ω = high.

Rainfall:

˜̄r(t)(ω) =
⎧
⎨

⎩

(β1, βl , β2), p = ρ1, ω = low
(β2, βm, β3), p = ρ2, ω = medium
(β3, βh, β4), p = ρ3, ω = high.

Step 2. Generating random numbers x that follow uniform distribution within the
range [0, 1].
Step 3. If x ∈ [0, p1], select seasonal inflow fuzzymembership function (α1, α2, α3)

(i.e., ω = low), and generate the seasonal inflow value according to the membership
of the triangular fuzzy number (α1, α2, α3); if x ∈ [p1, p1 + p2], select seasonal
inflow fuzzy membership function (α2, αm, α3) (i.e.,ω = medium), and generate the
seasonal inflow value according to the membership of the triangular fuzzy number
(α2, αm, α3); otherwise, if x ∈ [p1 + p2, 1], select seasonal inflow fuzzy member-
ship function (α3, αh, α4) (i.e., ω = high), and generate the seasonal inflow value
according to the membership of the triangular fuzzy number (α3, αh, α4).
Step 4. If y ∈ [0, ρ1], select rainfall fuzzy membership function (β1, β2, β3) (i.e.,
ω = low), and generate the seasonal inflow value according to the membership of
the triangular fuzzy number (β1, β2, β3); if y ∈ [ρ1, ρ1 + ρ2], select rainfall fuzzy
membership function (β2, βm, β3) (i.e., ω = medium), and generate the rainfall
value according to the membership of the triangular fuzzy number (β2, βm, β3);
otherwise, if y ∈ [ρ1+ρ2, 1], select rainfall fuzzy membership function (β3, βh, β4)

(i.e., ω = high), and generate the rainfall value according to the membership of the
triangular fuzzy number (β3, βh, β4).
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5 Application Example

In order to demonstrate the effectiveness of the proposed model, an application
example is employed here. The case description, solutionmethod, and results analysis
are presented as below.

1. Case Description
The irrigation district considered in this paper has three subareas, i.e., Dongjiageng
County (i = 1), Xinmin County (i = 2), and Sancha County (i = 3). Each subarea
can plant three kinds of crops, i.e., rice (k = 1), oilseed rape (k = 2), and cotton
(k = 3). The total available cultivated area A0 = 945ha; the initial stored water in
the reservoir at the beginning of the first period S0 = 1.25 × 107 m3; the minimal
storedwater level limit at the end of the final period ST = 1.0×107 m3; the empirical
coefficients of crop-water production function, the unit price of crop k in subarea
i , the basic cost (fixed cost which is independent of the yield) per unit area of crop
k in subarea i , the variable cost per unit yield of crop k in subarea i , the irrigation
price of crop k in subarea i , are estimated as shown in Table1. The seasonal inflow in
period t , the rainfall in period t , the evaporation and leaching coefficients are shown
in Table2. The total planning periods associated with crop growth stage T is 4. The
ratio for achieving food self-supporting ability is F % = 40%.

2. Results Analysis
To show the practicality and efficiency of the optimization method for the above
problem, the fuzzy random simulation-based particle swarm optimization is imple-
mented to solve model (11), and the results are compared with actual allocation
plan as listed in Table3. As shown, the solution of the case problem is expressed by
Ak

i and xk
i (t). By comparing the annual net irrigation benefit of the case problem

with the actual situation in Table3, the findings indicate that there exist differences
between solutions generated by the optimization method and the actual annual net
irrigation benefit. The net increase of the annual net irrigation benefit is 2,800,000
RMB, and the rate of increase is 17.9%. This improvement can bring considerable
economic benefit. This means the current irrigation plan is not optimal in terms of
theory. In fact, in current practice, the decision makers usually make their decisions
depending only on experience. Therefore, the optimization results can be used to
provide decision makers with a theoretical optimal dynamic allocation of irrigation
water for guiding current practice.
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Table 1 Data information of case problem-I

Parameters Index of subarea Type of crop

Rice (k = 1) Oilseed rape
(k = 2)

Cotton (k = 3)

pk
i (RMB/kg) Dongjiageng County

(i = 1)
1.5 15.5 11.5

Xinmin County
(i = 2)

1.6 14.5 12.0

Sancha County
(i = 3)

1.5 15.0 12.5

Bk
i (RMB/ha) Dongjiageng County

(i = 1)
3120 4720 4120

Xinmin County
(i = 2)

3230 4680 4210

Sancha County
(i = 3)

3180 4750 4160

Y k
i (RMB/kg) Dongjiageng County

(i = 1)
0.80 6.50 4.50

Xinmin County
(i = 2)

0.85 6.00 4.00

Sancha County
(i = 3)

0.80 7.00 4.50

W k
i (RMB/m3) Dongjiageng County

(i = 1)
0.23 0.25 0.30

Xinmin County
(i = 2)

0.22 0.27 0.31

Sancha County
(i = 3)

0.25 0.28 0.34

ak
i Dongjiageng County

(i = 1)
3305 1400 1020

Xinmin County
(i = 2)

3280 1460 1100

Sancha County
(i = 3)

3340 1420 1080

bk
i Dongjiageng County

(i = 1)
3.1 1.4 2.8

Xinmin County
(i = 2)

3.3 1.3 2.7

Sancha County
(i = 3)

3.2 1.2 2.9

ck
i Dongjiageng County

(i = 1)
5.82 × 10−4 5.98 × 10−4 8.12 × 10−4

Xinmin County
(i = 2)

6.13 × 10−4 6.38 × 10−4 7.96 × 10−4

Sancha County
(i = 3)

5.95 × 10−4 5.76 × 10−4 8.24 × 10−4
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Table 2 Data information of case problem-II

Parameters Index of stage

t = 1 t = 2 t = 3 t = 4
˜̄f (t) (106 m3) (1.73, 1.86, 1.93) (7.24, 8.43, 9.56) (12.45, 14.32, 15.89) (5.48, 6.32, 7.12)
˜̄r(t) (106 m3) (0.65, 0.79, 0.87) (0.91, 1.12, 1.28) (0.74, 0.83, 0.94) (0.42, 0.56, 0.68)

n(t) (103 m3) 3368.4 3898.1 3567.4 3735.5

θ(t) 5.6% 12.9% 7.5% 2.6%

φ(t) 3.8% 4.6% 3.7% 4.1%

Table 3 Results of case problem

Parameters Index of subarea Type of crop

Rice (k = 1) oilseed rape
(k = 2)

cotton
(k = 3)

Ak
i (ha) Dongjiageng County (i = 1) 123 101 82

Xinmin County (i = 2) 134 96 75

Sancha County (i = 3) 141 105 88

xk
i (1) (104 m3) Dongjiageng County (i = 1) 6.85 2.46 2.35

Xinmin County (i = 2) 7.33 2.61 2.25

Sancha County (i = 3) 7.82 2.72 2.94

xk
i (2) (104 m3) Dongjiageng County (i = 1) 6.12 2.81 2.43

Xinmin County (i = 2) 7.37 2.32 2.31

Sancha County (i = 3) 7.55 2.13 2.37

xk
i (3) (104 m3) Dongjiageng County (i = 1) 5.61 2.98 2.49

Xinmin County (i = 2) 6.95 2.51 2.45

Sancha County (i = 3) 7.57 2.61 2.12

xk
i (4) (104 m3) Dongjiageng County (i = 1) 6.12 2.91 2.27

Xinmin County (i = 2) 6.45 2.13 2.17

Sancha County (i = 3) 7.28 2.75 2.36

Annual net
irrigation benefit

Optimized (107 RMB) Actual
(107 RMB)

Net increase
(107 RMB)

Rate of
increase (%)

B 1.84 1.56 0.28 17.9

6 Conclusion

In this article, the dynamic optimal allocation of irrigation water resources for
multi-crop in multiple agricultural subareas with fuzzy random seasonal inflow and
rainfall is studied. Amultistage irrigation scheduling decisionmakingmodel is estab-
lished which takes into account the decision variable, state variable, state transition
equation, initial and terminal conditions, constraints, crop-water production func-
tion, and evaporated and leached water. The fuzzy random simulation is employed to
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deal with the uncertainty of seasonal inflow and rainfall. A case problem is presented
which is solved by implementing the fuzzy random simulation-based particle swarm
optimization. The performance of the optimization method proposed in this paper
is demonstrated to be very effective and efficient compared to the actual irrigation
scheduling based on the results analysis.
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Optimal Choice of Parameters for Unknown
Function in Big Data Analysis Problems

Asaf Hajiyev and Abdullayeva Narmina

Abstract New form of regression models with increasing number of unknown
parameters and unknown and different values of errors variance are considered.
It is supposed that a number of unknown parameters can increase when number of
observations becomes large. At the each point there is only one observation, which
does not allow to estimate variances. The new method for estimating of unknown
parameters, choice of an optimal number of unknown parameters and construction
a confident band for unknown function in these models is suggested. Numerical
examples, demonstrating these results are given.

Keywords Regression models · Increasing number of parameters · Least square
estimators · Confidence band · Eigen-value

1 Introduction

Each process is described by behaviour of some function, which theoretically depends
on various parameters, but in fact on empirical observations. Such function can be
called regression or relationship. There are a lot of books and papers with regression
models [2, 5, 6] but in spite of this investigation of regression models with increasing
number of unknown parameters still remains as an important for applications and
there are a lot of scholars who active works in this field.

One of the important problems in statistical data analysis is deriving of such rela-
tionship, which based on empirical observations. Although some relationship is pos-
tulated on theoretical grounds, sometimes the theories were originally obtained from
empirical observations. Moreover, sometimes relationship needs to be empirically
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tested. In statistical data analysis an increasing of number of observations (Big data)
allows to derive more exact relationship. Other side, statistical analysis of big data
leads to complicated technical and as well mathematical problems and needs to
develop the new methods and approaches from various branches of mathematics.

Some relationship can be discovered or verify easy, if we can neglect a random
part (error of observations) of observations. But if a random part of observations
plays essential role then it leads to complicated situation and needs a creation of
theory of big data analysis, where specific role plays the conditions for errors of
observations.

In the problems of big data analysis when we do not have enough information
about process, for finding relationship (estimating of unknown function) sometimes
it is necessary to introduce new parameters, whose number can growing up, if number
of observations becomes large (big data). Some models with increasing number of
unknown parameters were investigated in [3, 4].

Significant problem here is an optimal choice of unknown parameters, which leads
to other problems such as, construction and convergence of parameter estimators,
their properties, unbiased, consistent and others. For construction of some estimators
we need information about errors of observations. The typical problem for applica-
tions is a situation, when errors of observations are different and unknown. In the
literature there are not so many papers, linked with such models. Some models with
unknown and different errors variance have been considered in [1, 7].

In this paper we consider the models, where one or more parameters (we call
them independent parameters) affect other variables (called dependent variables or
response variables, also can be called observations). Such models are called regres-
sion models and we concentrate our attention on such models. Although there are
a lot papers published in the field of regression models, but models with increasing
numbers of unknown parameters investigated not deep. In this paper we investigate
regression models with increasing number of unknown parameters.

2 Construction of the Models

Let us assume that as a matter of experience it is observed (response) variable yi ,
i = 1, 2, . . . , N , where

yi = f (xi ) + εi , i = 1, 2, . . . , N . (1)

The variables yi , i = 1, 2, . . . , N depend on many (dependent) parameters θ =
(θ1, θ2, . . . , θm, . . .)T , whose number m(N ) depend on N and m(N ) moreover can
increase, when N → ∞.

Consider the regression model:

yi = f (xi , θ) + εi , i = 1, 2, . . . , N , (2)
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where xi is the point of observation, yi an observable value, εi a random error at
the point xi and θ = (θ1, θ2, . . . , θm, . . .)T is the vector of unknown parameters.
Let’s suppose that the number of unknown parameters m(N ) depends on the number
of observations N and m(N ) may increase, when N becomes larger. Such regres-
sions are typical for application, because big number of parameters allows better to
approximate relationship and called, regression models with increasing number of
unknown parameters.

The variances of observation error εi , i = 1, 2, . . . , N are unknown and may
be different. We also assume that at each point xi there is only one observable
value yi that does not allow estimation of the variance. Such models are typical
for applications because at the practice we do not have information about variances
and more over they are different at each point of observation. Some approaches for
investigation of such models have been proposed in [1, 7]. Regression models with an
increasing number of unknown parameters and with unknown and different variances
of observation error are of interest in important applications. The reason for this is
that, with an increased number of unknown parameters, the unknown function can
be approximated more accurately in experiments.

Moreover, in some applications, repeated tests at a single point are costly (finan-
cially and technically), which hampers the estimation of the unknown error vari-
ance, which is different at different observation points. Regression models have been
widely addressed in numerous publications [2, 5, 6], but models with an increasing
number of unknown parameters have received little attention, which motivates our
interest in this subject. The main aim of our investigations is:

(1) Estimating of unknown parameters in regression (linear and nonlinear) models;
(2) Direct estimating (without estimating of a variance) the elements of the covari-

ance matrix of the vector, where is the least square estimator (l.s.e.);
(3) Construction of a confidence band for the unknown function.

3 Linear Regression Models

f (x, θ) = θ1φ1(x) + θ2φ2(x) + · · · + θm(N )φm(N )(x), where φ1(x), φ2(x), . . . ,

φm(N )(x) is a system of linearly independent and bounded functions. Equation (1)
can be rewritten in a vector form as Y = Xθ + ε, where Y is the vector of observ-
able values, X is the design matrix, defined as X =‖ xi j ‖, xi j = φi (x j ), i =
1, 2, . . . , m; j = 1, 2, . . . , n; with θ = (θ1, θ2, . . . , θm(N )) being the vector of
unknown parameters and ε = (ε1, ε2, . . . , εN ) denoting the error-vector. The num-
ber of unknown parameters m(N ) depends on the number of observations N and
moreover m(N )/N → ∞, as N → ∞.

The sequence ε1, ε2, . . . , εN is assumed to have uniformly bounded and indepen-
dent random variables with: Eεi = 0, Eεi

2 = σi
2, being unknown, different and

0 < (σ∗)2 ≤ σi
2 ≤ σ ∗2 < ∞.

Let θ∗ = (X T − X)−1 X T Y Y be the l.s.e and tr A = ∑n
i=1 aii be the trace of the

matrix A with elements ai j .



402 A. Hajiyev and A. Narmina

Definition 1 The vector θ = (θ1, θ2, . . . , θm(N ))
T with random elements and

increasing dimension converges to zero in probability

θ
P−→ 0, if

m(N )∑

i=1

θi
2 P−→ 0 as N → ∞,

where
P−→ 0 means convergence in probability.

Denote 0 < λ1(N ) ≤ λ2(N ) ≤ · · · λm(N ) eigen-values of the matrix (X T X)/N .
Let us take any δ > 0 and consider:

P
{
/θ∗ − θ/ ≥ δ

} ≤ P
{
/(X T X)−1 X T (Xθ + ε) − θ/ ≥ δ

}

= P
{
/(X T X)−1 X T ε/ ≥ δ

}
.

Using Chebyshev inequality we have

P
{
/θ∗ − θ/ ≥ δ

} ≤ E
{
(X T X)−1 X T εεT X (X T X)−1} = (1/N )tr(X T X)−1.

As tr(X T X/N )−1 =
m∑

i=1
λi , where λi is an eigen-value of the matrix (X T X/N )−1,

then we are getting (X T X/N )−1, then we are getting

P{/θ∗ − θ/ ≥ δ} ≤ E(1/N )tr(X T X)−1 ≤ mλ1/N ,

thus if mλ1/N → 0 as N → ∞ then we have P{/θ ∗ −θ/ ≥ δ} → 0 i.e.

/θ∗ − θ/
P−→ 0, i.e. θ∗ is a consistent estimator of θ. (3)

Remark 1 Condition mλ1/N → 0 as N → 0 is not only sufficient but also necessary
condition for consistency of estimator θ∗.

Definition 2 The vector θ P = (θ P
1 , θ P

2 , . . . , θ P
m(N ), 0, . . . , 0)T is called m-finite

and p-consistent estimator of the vector θ P = (θ1, θ2, . . . , θm(N ), θm(N )+1, . . .)
T , if

∀δ > 0 P{∑m(N )
i=1 (θ P

i −θi ) ≤ δ} ≥ p holds true, as N → ∞.

4 Estimating of the Elements of Covariance Matrix

Consider the covariance matrix:

CN = E(θ∗ − θ)(θ∗ − θ)T = (1/N )(X T X/N )−1[X T (EεεT )x/N ](X T X/N )−1,

where the matrix [X T (EεεT )x/N ] is unknown.
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As the random variables ε1, ε1, . . . , εN are independent with Eεi = 0, Eεi2 = σ 2
i

then X T (EεεT )x/N = X T I (σ 2)X , where I (σ 2) =‖ ai j ‖, i, j = 1, 2, . . . m; ai j

= σiσ jδi j , δi j(i, j = 1, 2, . . . , N ) is Kronecker symbol.
Denote

DN = X T I (σ 2)X/N , DN =‖ dkl ‖, k, l = 1, 2, . . . , m;
y∗ = Xθ∗, Ikl(x) =‖ akl

i j ‖, i, j = 1, 2, . . . , m;
‖ akl

i j ‖ = φk(x j )φl(x j )δi j , d∗
kl = (1/N )(y∗ − y)T Ikl(x)(y∗ − y),

D∗
N =‖ d∗

kl ‖, k/ l = 1, 2, . . . , m;

where I (σ 2) =‖ zi j ‖ is unknown matrix, ‖ zi j ‖= σiσ jδi j . The following theorem
is true.

Theorem 1 Let Eεi
4 < ∞ and (m

√
m)/(Nλ1(N )) → 0, as N → ∞, then (d∗

i j −
di j )

P−→ 0, E(d∗
i j − di j ) → 0 as N → ∞.

Remark 2 In Theorem 1 we do not need the existence of the limit dkl
∗ and dkl . Matter

is that the difference between them converges to zero, in probability.

Theorem 2 has the same proof line as Theorem 2 in [6].

Theorem 2 If (m
√

m)/(Nλ1(N )) will be bounded, then
√

N (θ∗ −θ) ⇒ N (0, CN )

as N → ∞, where ⇒ N (0, CN ) means a convergence in probability to the normal
distribution with the covariance matrix CN .

Proof For proving of Theorem 2 it is necessary to show that under the conditions
of the Theorem 2 the vector (θ∗ − θ)T has asymptotically normal distribution and
further use criterion on normality [3].

Remark 3 According to the Theorem 1 the elements of the matrix D∗
N is a consistent

and asymptotically unbiased estimator of the elements of the matrix DN, then for
applications instead of the matrix we can use the matrix C∗

N = (1/N )(X T X/N )−1 D∗
(X T X/N )−1. Different approaches for estimating the elements of covariance matrix
CN were suggested in [1, 4, 7].

5 Nonlinear Regression Models

Let’s assume that f (x, θ) in Eq. (2) is a nonlinear function and f (x, θ), ∂ f (x, θ)/∂θ,

∂2 f (x, θ)/∂θi∂θ j , (i, j = 1, 2, . . . , m) are bounded and continuous functions of
(x, θ), θ ∈ 	 is a compact set. Denote f i j = ∂ f (x j , θ)/∂θi , FN (θ)-the matrix
with elements fi jθ , 0 < μN

1 (θ) ≤ · · · ≤ μN
m (θ)-eigen-values of the matrix

[FT
N (θ)FN (θ)/N ] and B(r) be the sphere of the radius r > 0 centred at the point
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θ∗. Least squares estimator of θ is constructed by the iterative process:

θN (s + 1) = θN (s) + [FT
N (θN (s))FN (θN (s))]−1 FT

N (θN (s))(y − f (x, θN (s))).
(4)

The question arises as to whether iterative process Eq. (4) converges or not. Relation
(4) can be represented as: θN (s + 1) = u(θN (s)) = θN (s) + AN (θN (s))δN (θN (s)),
where

AN (θN (s) = [FT
N (θN (s))FN (θN (s))/N ]−1 FT

N (θN (s)),

δN (θN (s)) = y − f (x, θN (s)),

δ∗
N (θN (s)) = y − f (x, θ∗).

Define

ζ
p
N ,r (θ) = m(∂ AN (θ)/∂θp)ε, p = 1, 2, . . . , m; θ ∈ B(r),

L p = ∂uN (θ)/∂θp,

τN (r) = max
p=1,2,...,m

sup
θ∈	

‖ L p ‖ .

Below, by convergence of random variables is understood as convergence in proba-
bility.

Theorem 3 If there exists such N, that m(N )5/[N (λN
1 (θ))4] → 0, r → 0, then

m(N )τN (r) → 0 and for any p, ζ
p
N ,r (θ) → 0, r → 0.

Introduce ρN (θ) = uN (θ) − θ, ρ∗ = ρ(θ∗).

Theorem 4 Let θ(0) ∈ B(r) and τN (r)+(‖ ρ∗ ‖)/r < 1. Then under the conditions
of Theorem 3, there exists a random variable such that

√
N (θN −θ∗) ⇒ N [0,

∑
(θ∗)

as N → ∞, where

∑
(θ∗)=[FT

N (θ∗)FN (θ∗)/N ]−1[FT
N (θ∗)I (σ 2)FN (θ∗)/N ][FT

N (θ∗)FN (θ∗)/N ]−1,

i.e. θN is a
√

N consistent estimator and θN can be used as l.s.e. on N observations.
Using the approach suggested in [7], (similarly as for linear models) the elements
of a covariance matrix can be estimated.

Remark 4 Theorems 3 and 4 show that convergence of the iterative process (4)
depends on zero step (θ(0)) of iteration. If for iterative process (4) we can get zero
iteration near of the true value of θ (i.e. in the sphere B(r), θ(0) ∈ B(r)) then
iterative process will be converged.
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6 Construction of the Asymptotic Confident Bands

Consider the quadratic form:

(θ∗ − θ)T (DN )−1(θ∗ − θ) ≤ χ2
γ (m)/N . (5)

According to Theorem 4 the left side of Eq. (5) has asymptotically chi-square dis-
tribution random with degrees of freedom m. In Eq. (5) instead of DN

−1 (according
to the Theorem 2) can be used estimates [7] the matrix DN

−1 elements. For the
constructing of a confidence band for f (x, θ) it is necessary to find in f f (x, θ) and
sup f (x, θ), θ ∈ εr (θ), which are lower and upper boundaries of a confidence band
and εγ (θ) = [θ : (θ∗ −θ)T (D−1

N )(θ∗ −θ) ≤ χ2
γ (m)/N ] is the confidence ellipsoid,

χ2
r (m) is the r > 0 level quantile of the chi-square distribution with m degrees of

freedom.

7 Optimal Choice of a Number of Unknown Parameters.
Linear Model

Consider

f (x, θ) =
m(N )∑

i=1

θiφi < ∞, /φi (x)/ ≤ 1,

m(N )∑

i=1

θ2
i < ∞.

The problem is ∀δ > 0 and given 0 < p < 1, N > 0 to find such m(p, N , δ), for
which

P

⎧
⎨

⎩

m(N )∑

i=1

(θi
∗ − θ i)2 < δ

⎫
⎬

⎭
≥ p

holds true, where θi∗ is the l.s.e. on N observations. For simplicity we assume
Eεi = 0, Eε2

i ≤ 1.

Consider yi = ∑m(N )
i=1 θiφi (x) + δi , whereas N → ∞. Assuming that for large

values of

N P

{ ∞∑

i=1

(θ∗
i − θi )

2 < δ

}

≈ P

⎧
⎨

⎩

m(N )∑

i=1

(θ∗
i − θi )

2 < δ

⎫
⎬

⎭
.

If the conditions of the Theorem 1 hold true, then we get P{∑m(N )
i=1 (θ∗

i − θi )
2 < δ} ≥

1 − (m + 1)/(Nλ1(N )δ) from Chebyshev inequality.
Taking p = 1 − (m + 1)/(Nλ1(N )δ) we get m = (1 − p)(Nλ1(N )δ) − 1. Now

in the capacity of a consistent estimator of the vector θ = (θ1, θ2, . . . , θN )T we can
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take the vector θ P = (θ P
1 , θ P

2 , . . . , θ P
m(N ), 0, . . . , 0)T , where m was found, above.

According to the Theorem 1 the vector θ∗ is a consistent estimator of θ .

Example 1 Let us assume that for approximation of the function f (x) we will use
Chebyshev polynomials of the first order p1(x), p2(x), . . . , pn(x) with weight func-
tion h(x). The question is: how many parameters we have to take for unbiased and
consistent estimating of unknown parameters and the elements of covariance matrix
as well.

Chebyshev polynomials of the first order has the following form

pn+1(x) = 2xpn(x) − pn−1(x), p0(x) = 1, p1(x) = x, x ∈ [−1, 1],

with the weight function, h(x) = 1/(
√

1 − x2 x ∈ (−1, 1).
Simple calculations yield that for elements of the matrix (X T X/N ) we have

xi j = (1/N )

N∑

i=1

pi (xk)p j (xk)h(xk).

Let us take observations at the points xi = −1 + 2(i − 1)/N , i = 2, 3, . . . , N .
Then for N → ∞ we have

xi j →
1∫

−1

pi (x)p j (x)h(x)dx =
⎧
⎨

⎩

0, if i = j
π/2, if i = j > 0
π, if i = j = 0.

Thus, for N → ∞ limit matrix (X T X/N ) has the following form

0 π/2 0 · · · · · · 0
0 0 π/2 0 · · · 0
...

...
...

...
...

...
...

...
...

...
...

...

0 0 0 · · · π/2 0
0 0 0 · · · 0 π/2

The eigen-values of this matrix are defined as λ1 = π/2, λ2 = π/2, . . . , λm−1 =
π/2, λm = π . Let us consider 1.000 observations (i.e. N = 1000). If we take 10
parameters (i.e. m = 10), then we have m = N 1/3, mλ1/N → 0 and mλ1

√
m/N →

0, hence above received results can be applied and we are coming to the following
conclusion.

It means that if we have 1000 observations, then it is enough to take num-
ber of unknown parameters m = 10 and we can construct consistent estimator
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θ∗ = (θ∗
1 , θ∗

2 , . . . , θ∗
10, 0, . . . , 0)T , which converges to the unknown parameter

θ = (θ1, θ2, . . . , θ10, θ11, . . .)
T ,

with rate of convergence less than mλ1/N = N 1/3π/2/N = π/200 ≈ 0, 15 and
with the rate of convergence for the elements of covariance matrix less than

mλ1
√

m/N = N 1/3(π/2)N 1/6/N ≈ 0, 27.

8 Application

Consider two elevators, which serve customer at the building with 15 floors. We are
interested in behaviour of a customer average waiting time before serve; denote w
(see Fig. 1).

We approximate behaviour of this characteristic by Chebyshev polynomials of
the first type, i.e.

w(t) = f (t) + εt , t = t1, t2, . . . , tN , . . . ,

where f (t) is Chebyshev polynomial. We do not have information about variances of
errors (εt ). First approach is to supposed that they are the same at the each point, try to
estimate them and afterward construct a confident band for unknown function using
standard approach (lower and upper borders of a confident band have red colour,
Fig. 2). Second approach to use above mentioned results (blue colour, Fig. 2). This
approach for some case can give narrow confident band. Below there is giving process

Fig. 1 Figure for
application result

0 . .  . . . .

W



408 A. Hajiyev and A. Narmina

Fig. 2 Figure for
application result

.  

.          .   . .

W

0

of constructing a confident band by standard approach and by method suggested in
the paper. We use the result of modelling some queues.

9 Conclusion

The results of this paper allow to analyse big data, where number of unknown parame-
ters can increase, variance of the errors are unknown and moreover at the each point
there is only one observation. Such problems are typical for applications because
sometimes an experiment takes a lot of efforts (financial and other expenses) and to
repeat or get additional observations not possible. From other hand there are not pos-
sibility to measure or estimate variance and use standard approach. In this situation
our approach effectively can be used.
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The Stroke Manager App—Individual
and Mobile Support for Stroke Patients
and Their Caregivers

Roland A. Görlitz

Abstract Today, there is a smartphone app for almost everything. Even though
“apps” for mobile health (mHealth) seem to be a promising approach to address
individual needs of patients and caregivers that are affected by a chronic medical
condition, they are still scarce and their benefits have not been studied. Since stroke is
the archetype of a chronic disease, this paper proposes an mHealth concept for stroke
patients and their caregivers that combines individual information with mobile IT and
serious games to support the rehabilitation, therapy adherence, and secondary stroke
prevention. Based on literature and initial expert interviews, current shortcomings
of German outpatient settings have been identified. They are addressed through the
mHealth-based Stroke Manager App (SMA). Its concept has been evaluated by an
online survey and the prototype will be evaluated in a field study. In this paper the
SMA, survey results and the field study’s evaluation framework is presented.

Keywords mHealth · Healthcare · Stroke · Mobile IT · Patient-centered

1 Introduction

With the advent of smartphones, mHealth has changed tremendously. Instead of
supplying dedicated, additional devices to the users, it is now feasible to support
patients with applications on their smartphones that they can inte-grate easily into
their everyday-lives. Generally, smartphones are always turned on, constantly online,
and close to their user allowing easy integration of regular but individual services.
Furthermore, smartphones possess several built-in sensors and can easily integrate
external devices, e.g. for measuring blood pressure, blood glucose level etc. These
characteristics are very useful for supporting patients with chronic medical conditions
[2, 5, 24].
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Stroke is an archetype of a chronic disease that leaves the major burden on
outpatient treatment and the leading cause of adult disability that results in long-
term, post-acute therapy and rehabilitation [19]. In Germany, for example, the annual
costs related to stroke incidents in 2008 were 8.1 Billion Euros and the prospected
costs until 2025 are expected to accumulate to 108 Billion Euros [15]. The patients’
therapy adherence has a significant impact on the healthcare costs [1, 10]. Unfortu-
nately, stroke is a very striking incident and patients indicate in surveys that they do
not have enough information and support to effectively cope with their individual
situation and home reha-bilitation, respectively [27]. Nevertheless, an effective sec-
ondary stroke prevention and improved stroke rehabilitation would decrease stroke
reoccurrences and societal healthcare costs induced by stroke incidents [23].

Since stroke patients and their caregivers are frequently overexerted by the sudden
complexity of their everyday lives, they need individual and constant support along
the complete care pathway, which cannot be fully provided by professional health-
care service provider (e.g. physicians, therapists, home-care nurses etc.). Therefore,
mobile smartphone apps have the potential to support them individually in their post-
clinical phase. In this paper, an mHealth concept and its prototypical implementation
as Stroke Manager App (SMA) is presented. The concept and its underlying assump-
tions were evaluated by an online survey. The prototype was evaluated in a workshop
and a field study.

2 Methodology

First, the problems and needs of stroke patients and their relatives have been analyzed
in a thorough literature analysis and expert interviews with members of a stroke
support group. Furthermore, current mHealth literature regarding concepts and ideas
to address the stroke patient’s major problems were examined. The mHealth concept
was developed based on the findings. The concept’s main assumptions and functions
have been evaluated by an online survey that was conducted with German stroke
patients and caregivers June through July 2012. The participants were recruited in
German online stroke communities and motivated by announcing a lottery of Amazon
coupons. As depicted in Fig. 1, the survey included five parts to confirm the main
assumptions of the SMA concept (e.g. stroke patients have one major caregiver, they

(1)
Stroke

(four separate 
questions for
patient and
caregiver)

(2) 
Smartphone: characteristics and usage

(six questions) (4)
Stroke Manager App 

(seven questions) 

(5)
Demographics

and lottery
(five questions)(3)

Smartphone: opinion and willingness to buy
(six questions)

Fig. 1 Online survey structure
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use smartphones mostly running Android, currently there is no useful stroke app,
and the proposed functions are useful):

Part (1) consisted of general questions concerning the stroke incident to identify
patients, caregivers, and their relationship;

In part (2) the respondents that have a smartphone, were asked questions about
their smartphone’s characteristics (operating system etc.) and usage (overall and
explicitly for post-clinical stroke management);

In part (3) the respondent that did not use a smartphone, were asked questions
about their willingness to buy a smartphone soon;

Part (4) included questions for each participant to rate smartphone app functions
addressing stroke patients’ major problems (information deficit, rehabilitation sup-
port, adherence support) on a 5-item Likert scale. Each of the function was described
and screenshots of the prototype were shown;

Part (5) consisted of demographic questions and questions related to the lottery.
The SMA prototype was created using an evolutionary prototyping approach [29]

including constant tests and refinements. Initial expert interviews and the online
survey results mainly contributed to the development. Additionally, a final workshop
and a field study were prepared. In the workshop, the usability and suitability of the
SMA prototype were evaluated by stroke patients and their caregivers in an artificial
environment. In the field study, stroke patients used the SMA prototype for several
weeks in their everyday environment. The study was designed to evaluate the SMA’s
impact on information provision, home-based rehabilitation and therapy adherence
even though a baseline of stroke patients without using the SMA cannot be recorded.

3 Related Work

There is an ever-growing variety of mHealth apps, but there are few evaluated apps
for supporting stroke patients individually. Smartphone apps that support physicians
are being increasingly used and evaluated, for example apps for an improved sharing
of patient related information between physicians [28], for visualizing 2D and 3D
diagnosis results [22], for remote diagnosis [6, 13, 25] or for supporting the stroke
diagnosis [8].

Unfortunately, to the knowledge of the author there is no peer-reviewed litera-
ture about stroke-specific and patient-centered smartphone apps that support stroke
patients or caregivers individually in their everyday lives. Albeit their missing peer-
reviewed evaluation, there are patient-centered apps aiming at supporting stroke
patients that are available in the app markets. Apps like FAST Test or StopMyStroke
provide assistance in diagnosing an acute stroke, but their impact is unclear because
a stroke usually appears without forewarning and it is unlikely that people download
the app before they even know that they are dealing with a very time critical stroke.
Nevertheless, a very important feature of those apps is informing about risk factors
of stroke. My Heart & Stroke Health provides the user with functions to calculate
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their individual stroke risk, creation of a blood pressure action plan and recipes for
a healthier diet.

Stroke patients looking for apps supporting their post-clinical care are likely to be
more successful to find appropriate apps if they know exactly what the app should
do. There are apps supporting patients suffering aphasia like SprechBegleiter (engl:
speech advisor), Wort Domino (engl: word domino), EasySpell or mobile112. There
is a wide range of apps that help monitoring blood pressure or blood glucose, provide
exercises for patients, use serious games to improve concentration and attention of
patients, and aim at improving medication adherence.

However, there is neither an app available that specifically supports the post-
clinical, everyday stroke manage-ment nor an app that involves the caregiver or
relatives of the stroke patient. Furthermore, patients need to perform a cumbersome
search to find the appropriate apps, which is particularly difficult for non-English
stroke patients because most apps only support the English language. Furthermore
the provided information about post-clinical stroke management might be country
specific and lead to wrong decisions if applied to the wrong country. This might be
an issue for adherence and rehabilitation assistance as well.

On the one hand, a comprehensive approach is promising to provide the most
important functions for patients and their caregivers from a single source that is
easy to find. On the other hand, apps that support the post-clinical management of
stroke patients and their caregivers have not been evaluated in terms of feasibility,
usability, and improved patient outcome. For other chronic diseases there are similar
apps that have been evaluated. For example, apps to support patients in pulmonary
rehabilitation [20], high risk cardiac [16] or diabetes mellitus [12]. For example,
Marshal et al. [20] have evaluated a smartphone app that provides exercises with
real time feedback, records heart rates and blood oxygen level, and transfers the
measured data to a local laptop or network PC. Another example is an app that uses
smartphones to provide telemonitoring of patients in their home environment [17].
Thus, state-of-the-art literature proves that mHealth concepts using smartphone apps
can effectively support patients with chronic medical conditions in the post-clinical
phase, but no comprehensive concept has been provided for the case of stroke.

4 The mHealth Concept and Stroke Manager App (SMA)

The mHealth SMA concept should provide individual and patient-centered support
of stroke patients in inpatient and outpatient settings. Using information technology
rather “young” stroke patients (<65 years old) are supported along the complete care
pathway (see Fig. 2) while focusing on the post-clinical phase in which many health-
care service provider (physicians, therapists etc.) are involved partly. Thus, mainly
aiming at supporting the individual issues of the post-clinical stroke management:
information provision, home-based rehabilitation support, and therapy adherence
[3, 14, 26, 30].
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Fig. 2 Illustration of stroke patients’ general care pathway

An mHealth approach using a smartphone app is promising because stroke patients
do not need any additional devices if they already use a smartphone. This greatly
facilitates the distribution and acceptance of the mHealth tool because patients can
simply download the app from an app market and it is easily integrated into the
everyday usage of the smartphone.

As depicted in Fig. 3, the concept addresses the three domains stroke information,
rehabilitation support and ad-herence support. The SMA provides information for
stroke patients and their caregivers. There is a set of general information about the
stroke itself, the different treatment phases, effective secondary prevention, and tips
on how to cope with the repercussions of the stroke. Up-to-date information might
be access from health websites. Further-more, the app could be used as a gateway
to online support groups or domain experts providing individual feedback. Easy
access to an online community might foster social support that helps patients with
chronic medical conditions to deal with their situation [18]. An online community
also establishes the opportunity for patient and caregiver to interact with other people
in a similar situation. The stroke information functions of the SMA can be used by
patient as well as caregiver if both possess a smartphone.

The other two functions, rehabilitation and adherence support, are only designed
for the stroke patients them-selves. For the mobile rehabilitation support at home,
a serious games approach is used allowing stroke patients to exercise their possibly
impaired cognitive and motor skills. As in most chronic diseases, adherence is also

Stroke Manager App

patient

caregiver

everyday
care

occasional use

everyday use

SMS 
and email

Adherence
Support

Rehabilitation 
Support

Stroke
Information

Fig. 3 Illustration of the mHealth SMA concept supporting stroke patients and their caregivers
individually
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a major problem in stroke after-care [9]. Since it decreases over time, it is important
to keep stroke patients adherent on a long-term basis. Therefore, a calendar with a
history and reporting function is part of the SMA. It allows patients to track and
evaluate their appointments, therapy sessions, medication, and home exercises while
being reminded. Tracking the history allows the integration of feedback mechanisms
to motivate the stroke patients for a better adherence. Recording the adherence also
creates data about therapy adherence that is currently not available when evaluating
effects of post-clinical therapies. Additionally, a report function is integrated that
optionally sends an email or SMS to the caregiver.

The mHealth prototype SMA was implemented as an Android native app because
Android phones currently have the highest market share in Germany, which is also
supposed to increase in the near future. Furthermore, Android based phones are
among the cheapest phones available and use the open source operation system
Android, which makes it more reasonable to buy for patients that are already finan-
cially stressed due to their chronic medical condition and allows easy integration of
additional devices, respectively. Android also provides several amenities for devel-
opers because there is a free IDE, Java is supported, databases functions are already
included in native Android (SQLite), there are open source graphic packages as well
as games, and there are small restrictions for the market [7].

Stroke Information. Since stroke patients generally have high information deficits
concerning their stroke-related situation [27], the information provision is very
important. Therefore, general stroke-specific information were included in the SMA
prototype. The included information categories encompass topics ranging from infor-
mation about stroke in general and the care pathway of patients to information about
how to participate again in everyday life activities. Furthermore it provides patients
and caregivers with explanations on typical technical terms and help-ful contacts.
Figure 4 shows screenshots of single information articles. The content has been com-
piled and evaluated as described by Cavel et al. [4] in several expert workshops with
physicians, therapists, stroke patients and caregiving relatives. In the SMA prototype
the information is organized in single HTML-articles which are easy to update. The
layout is defined by a CSS file and the hierarchy of the articles is saved in a separate
XML file.

A connection to an online stroke community as proposed by the SMA concept is
not realized in the SMA prototype because there are several German online stroke
communities which are all infrequently used. If in the future one community or
website emerges as the leading stroke-related health portal, it can easily be integrated.

Rehabilitation Support. The main idea of home-based rehabilitation support is
to use serious games and to use the smartphone itself as a rehabilitation supporting
device. The goal for the SMA prototype is to create a functional area where patients
can choose between different exercises that support their cognitive and motor reha-
bilitation on an individual level. The prototype demonstrates how such a support can
be achieved. Two games were integrated in order to show how a smartphone can be
used to support stroke rehabilitation. The games have different levels to allow patients
to raise the difficulty according to their ability. Additionally, their achievements are
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Fig. 4 Screenshots of the SMA prototype’s provided information (left overview of the information
categories, middle overview of the available information in one category, right example information
page)

tracked and pre-sented to them in form of a high score table to include motivational
aspects.

The first exemplary cognitive-skill exercise is a simple memory game which is
open source (see left screenshot in Fig. 5). It aims at providing a cognitive exercise
to the patients because they have to recognize certain objects and remember their
position to solve the game. From that database a high score table is generated that

Fig. 5 Screenshots of the SMA prototype’s functions supporting rehabilitation (left memory game,
middle high score table of memory game, right TiltMazes game)
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enables the pa-tients to see their achieved points over time and to compare them
against each other (see middle screenshot in Fig. 5).

The motor-skill exercise is realized as a simple maze game TiltMazes which is also
open source (see right screenshot in Fig. 5). It combines a cognitive task (get the ball
to the square) with a motor activity (move the ball by tilting the smartphone) using the
motion sensors of the smartphone. The game provides several difficulty levels and
tracks the steps a player needs to complete a level. For physically impaired patients
it is possible to deactivate the sensor-driven control and to move the ball by touch
via screen. Two games have been integrated into the SMA prototype and adapted to
meet the requirements in terms of layout, handling and achievement tracking.

Adherence Support. The SMA prototype aims at supporting the patient in achiev-
ing a high level of therapy adherence. The basic principle to realize that goal is to
provide a calendar and reminders for the patients. While doing so the SMA collects
information to measure therapy adherence and based on that it provides analysis to
the patient and involves the caregiver with a report on a daily basis.

All appointments are stored in an SQLite database on the Smartphone and are
represented to the patient as a calendar (see left screenshot in Fig. 6). To remind
patients of their appointments a notification is used that also causes the Smartphone to
vibrate (see middle screenshot in Fig. 6). For motivational reasons for every upcoming
appointment the current adherence is shown and apart from the general appointment
information, the patient should mark an appointment as attended or not. If the patient
is reminded to use one of the games, an option is provided to switch to the game
immediately. In case the patient choses to skip the appointment, the patient should
also chose the reason for doing so.

Fig. 6 Screenshots of the SMA prototype’s functions supporting adherence (left calendar showing
daily appointments, middle appointment notification, right adherence analysis)
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Based on all the appointments’ status, an adherence analysis is created for the
patient (see right screenshot in Fig. 6). The SMA prototype provides the function to
calculate the rate of appointments attended relative to the number of all appointments
for a certain period of time. The open source library Achartengine was used to
represent the adherence as bar charts. Because the display of a smartphone provides
a limited area to draw bar charts, a scrollable list is also provided.

At a predefined time of the day a report is generated from the database data. The
report consists of all appointments of the recent day with their current status. The
patient can choose for every appointment if being included into the daily report. The
report is then delivered by email or SMS to a caregiver. Currently, the report is only
send via email because when using SMS costs are incurred to patient or caregiver.
While email allows the report to include graphics and long text, SMS is restricted to
text and costs depending on the text length. The caregiver receiving the report gets
the opportunity to have a daily overview about the appointments of the patient and,
in case of arising problems, the caregiver can double check with the patient.

5 Evaluation

The evaluation was performed two-staged. First, the mHealth concept was evaluated
using an online survey. Then, the SMA prototype was evaluated in a final workshop
and a subsequent field study. In the following sections, the results are presented.

Evaluation of the mHealth concept was achieved through a survey that was con-
ducted from June through July 2012 and posted online in German stroke commu-
nities. Overall, 85 complete surveys were available, but four of them were neither
stroke patients nor caregiver, thus there were a total of n = 81 (41 patients and
40 caregivers) responses that have been used to evaluate the mHealth concept. The
average age of the participants was 45+ /− 11 (patients 47+ /− 10 and caregivers
44 + / − 11). Thus, the participants’ age average is more than 25 years below the
average age of a stroke patient [11]. But since the SMA concept targets rather young
and technophile stroke patients, it is a deliberate bias rooted in the average age of
online community members. The gender distribution is nearly equal, which matches
findings of Heuschmann et al. [11] about general characteristics of stroke patients
in Europe. The caregivers were almost all female (90 %), whereas usually 65 % of
them are female [21].

In the first parts of the survey, the general assumptions for the SMA concept
were confirmed. 74.07 % of the respondents stated that there is one major caregiver
and all of the participating caregivers have at least a mobile phone. Therefore, the
mHealth concept engaging one caregiver through reports sent by email or SMS makes
sense. Furthermore, a smartphone app can be used by the majority of the respondents
because 58.01 % (60.98 % only patients) possess a smartphone and another 20.59 %
(18.75 % only patients) plan to buy one in the next 12 months. Additionally, 59.26 %
of the respondents that neither possess a smartphone nor plan on buying one, state
the high costs as leading cause preventing them from buying one. This will change
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in the future because the price of technically sufficient smartphones will continue to
decrease. However, even though most of the responding stroke patients have smart-
phones, they do not use apps to support their post-clinical stroke management or
therapy. Only two participants stated using information and calendar functions, even
though 70.37 % would expect a stroke-related app to be useful. In contrast to the
current statistics, the used operating systems Android and iOS are almost equally
represented with 38.64 and 36.36 %, respectively. Unfortunately, a quarter of the
participants stating that they have a smartphone did not know their operating system.

As depicted in Table 1 and 2, the survey’s fourth part showed that a majority of the
participants rates the functions conceived in the SMA concept as useful. As expected,
the highest general consent was on the information functionality (75.31 %). Thus, this
part of the concept should be fully implemented. Curiously, calendar functions like
appointments and reminders are also rated as very useful, although almost none of
the respondents use existing apps for their stroke management. Contrary to the posed
hypothesis, the stroke patients and their caregivers are divided about the usefulness
of games as rehabilitation support. Most of the patients do not think they are useful
whereas most of the caregivers stated the opposite. On the other hand, reports to
the caregiver are perceived as useful from patients and caregivers alike. Overall, the
adherence analysis’ usefulness has the least approval, but this is probably due to a
missing motivational character or overall understanding of this concept because one
third rates it as neither important nor unimportant.

Table 1 Survey results of part 4 for patients (n = 41) in percent: rating of specific SMA functions

Question 1 2 3 4 5

Information 39.02 34.15 9.76 7.32 9.76

Reminder 31.71 34.15 14.63 7.32 12.2

Calendar 26.83 43.9 9.76 9.76 9.76

Games 17.07 24.39 21.95 24.39 12.2

Report 17.07 31.71 24.39 14.63 12.2

Analysis 9.76 31.71 36.59 4.88 17.07

(1: important, 2 slightly important, 3 neither, 4 slightly unimportant, 5 unimportant)

Table 2 Survey results of part 4 for caregivers (n = 40) in percent: rating of specific SMA functions

Question 1 2 3 4 5

Information 47.5 30 12.5 10 0

Reminder 32.5 32.5 22.5 7.5 5

Calendar 2 45 20 10 5

Games 25 35 30 5 5

Report 12.5 37.5 30 15 5

Analysis 17.5 22.5 40 10 10

(1: important, 2 slightly important, 3 neither, 4 slightly unimportant, 5 unimportant)
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SMA-prototype

Since the SMA prototype is developed in an agile and evolutionary approach
(see Tate [29]), patients and their caregivers from a local stroke support group were
constantly involved in developing the three main functionalities of the SMA concept
(stroke information, rehabilitation support, and adherence support). Thus, the user
interface and the implemented functions have been constantly evaluated and refined.
However, according to Zelkovitz et al. [31] a software prototype should be evaluated
according to its applicability to solve a problem. Therefore, the SMA prototype will
be tested in a field study and its influence on the post-clinical stroke management
regarding information provision, home-based rehabilitation, and therapy adherence
is recorded.

Before the beginning of the field study, a workshop will be organized to evaluate
the SMA’s usability and suitability in an artificial environment. Several stroke patients
that are currently in postclinical phase will participate. They will be confronted with
special tasks about the three functional areas of the SMA. The patients will be
observed while completing the tasks and asked questions afterwards.

The goal of the field study is to support stroke patients and their caregivers in
the post-clinical stroke management. Therefore, the addressed issues, i.e. informa-
tion, rehabilitation, and adherence, have to be operationalized through other than
the common clinical measures. The information provision can be measured through
questionnaires about the patients’ knowledge of stroke, secondary prevention and
local support opportunities. The answers are then compared to a reference group that
did not use the SMA [14, 23, 26, 27]. However, the impact of the rehabilitation and
the adherence support is difficult to measure because a comparison to a reference
group and acquiring a base line of the patients’ general adherence and rehabilitation
is not possible. Therefore, the data from the patients using the SMA in the field study
will be compared to generally available data [3, 14, 26] to evaluate the effect of the
SMA.

6 Conclusions

In this paper an mHealth concept and its prototypical implementation for patients
and caregivers afflicted by the chronic medical condition stroke were introduced.
Literature and initial expert interviews with stroke patients con-firmed that they are
in a unique situation in which they need individual support in their everyday lives that
cannot be fully provided by professionals (physicians, therapists, home care nurses
etc.) that act on singular points. A more holistic and patient-centered view along the
complete care pathway view is needed. Information technologies, especially smart-
phone apps have the potential to address the individual situation because patients
use them regularly, they are mobile and they provide the functionality to support the
everyday life of a chronic patient. However, currently there is no application that
comprehensively addresses stroke-specific needs.
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The SMA fills this gap by providing an individual app that addresses the stroke
patients’ information deficits and supports adherence as well as home-based rehabil-
itation. To evaluate the SMA concept’s assumptions, we used an online survey. The
results confirmed that stroke patients have one specific caregiver and both want more
information and would appreciate support in their appointment management. Sur-
prisingly, stroke patients did not favor the idea of individual and mobile rehabilitation
support through serious games whereas most of the caregivers did. Furthermore, the
survey results might also be useful for other researchers because they showed that
more than 50 % of technophile stroke patients use smartphones and another 19 %
want to buy one soon. The major operating systems are Android and iOS. The SMA
prototype has been developed as an Android app according to the functions of the
SMA concept. In contrast to other apps that are generally evaluated isolated, this
paper describes the evaluation of the SMA prototype in a field study.

The SMA prototype can then serve as a base technology for further research in
the field of patient-centered, long-term IT support for patients with chronic medical
conditions. On the one hand, the mHealth concept, prototype and its evaluation
framework can be adapted to create a more holistic approach to supporting patients
along the complete care pathway suffering from other chronic diseases (e.g. COPD,
CHF etc.). On the other hand, it fosters further IS research because the SMA can
easily integrate different telemedicine devices to support home-based measurements
vital parameters or can serve as a gateway for the online community access.

The online survey showed that there is still a lot of potential for improving the
appointment analysis and the serious games. In corporation with therapists and physi-
cians, stroke-specific games can be integrated into the SMA to connect individual
patient support with professional healthcare services.
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A Class of Chance Constrained Linear
Bi-Level Programming with Random
Fuzzy Coefficients

Xiaoyang Zhou, Yan Tu, Ruijia Hu and Benjamin Lev

Abstract In this paper, we consider a class of linear bi-level programming with
random fuzzy coefficients, which has nomathematicalmeaning because of the uncer-
tain factors. So in order to make it solvable, we introduced the linear chance con-
strained bi-level model. And some theorems are proposed to obtain the equivalent
model. Then we employ the interactive programming technique to deal with the
bi-level equivalent model. At last an illustrative example is present to show the effi-
ciency.

Keywords Linear bi-level programming · Random fuzzy variable · Chance con-
straints · Interactive programming technique

1 Introduction

Motivated by the game theory of Stackelberg [1], several authors studied bi-level
programming intensively and contributed to its proliferation. The original formula-
tion for bi-level programming appeared in 1973 by Bracken and McGil [2]. In 1977,
Candler and Norton [3] proposed the bi-level and multilevel programming. Bi-level
programming problem is a hierarchical programming problem with two levels.
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The hierarchical optimization structure appears naturally in many applications when
lower level actions depend on and also influence upper level decisions.

In realistic world, in order to handle the uncertainty in bi-level decision making
problems, some scholars established optimization models with uncertain variables,
such as, Sakawa and Matsui [4, 5], Xu et al. [6, 7]. As we know, bi-level decision
making models with uncertain variables could not be solved directly, we have to use
some philosophy deal with the uncertainty decision making.

In [8], Charnes and Cooper proposed the stochastic chance constrained program-
ming. In [9], Liu presented chance constrained programming with fuzzy coefficients.
In [10], Terol designed flexible decision making models in the distance metric opti-
mization framework for problems including parameters which are represented by
fuzzy numbers. In [11], Slowinski applied the method of rough sets to solve the
uncertain problem in the medical domain. However, in a decision-making process,
we may face a hybrid uncertain environment. In such situations, the use of fuzzy set
theory to represent unknown parameters provides an interesting help. Thus, these
coefficients may be dealt with a random variable whose parameters are assumed to
be fuzzy numbers due to the decision maker’s subjectivity. In other words, we may
employ random fuzzy theory to deal with this combined uncertainty of randomness
and fuzziness.

With respect to these mathematical programming problems including random-
ness and fuzziness, since they are not well-defined problems due to randomness
and fuzziness, it is necessary that we consider a certain optimization criterion so
as to transform these problems into well-defined problems. However,since they are
usually transformed into nonlinear programming problems, it is difficult to find a
global optimal solution directly. Therefore, in this paper, we construct an efficient
solution method to find a global optimal solution of deterministic equivalent prob-
lem including more complicated constraints. This stimulates the author to employ
the latest development of mathematics on uncertainty theory to study the bi-level
programming problem in random fuzzy environment.

2 Random Fuzzy Linear Chance Constrained Bi-Level
Programming

Wepropose the bi-level programmingwith chance constrained objectives and chance
constraints based on the philosophy: selecting the decision by optimizing the opti-
mistic objective value with a given confidence level subject to some chance con-
straints.

So we can propose the random fuzzy chance constrained bi-level programming
as follows:
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max
x

F ′

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Ch{ ¯̃aT
1 x + ¯̃bT

1 y ≥ F ′}(ζ1) ≥ η1

Ch{ ¯̃cT
1r1

x + ¯̃dT
1r1

y ≤ ¯̃e1r1}(δ1r1) ≥ γ1r1, r1 = 1, 2, . . . , p1

where y solves:

max
y

f ′

s.t.

⎧
⎪⎪⎨

⎪⎪⎩

Ch{ ¯̃aT
2 x + ¯̃bT

2 y ≥ f ′}(ζ2) ≥ η2

Ch{ ¯̃cT
2r2

x + ¯̃dT
2r2

y ≤ ¯̃e2r2}(δ2r2) ≥ γ2r2 , r2 = 1, 2, . . . , p2

x, y ≥ 0,

(1)

where Ch{·} are the chance measure of the random fuzzy event θ1, ζ1, θ2, ζ2, δ1r1 ,
γ1r1 , δ2r2 , γ2r2 are predetermined confidence levels.

In order to understand the Ch measure, we first introduce the basic definitions
and properties as follows:

Definition 1 [12] Let ξ = (ξ1, ξ2, . . . , ξn) be a random fuzzy vector on the possi-
bility space (Θ,P(Θ), Pos), and f : Rn → R be continuous functions. Then the
primitive chance of random fuzzy event characterized by f (x, ξ) ≤ 0 is a function
from [0,1] to [0,1], defined as

Ch{ f (x, ξ) ≤ 0}(α) = sup {β |Pos {θ ∈ Θ |Pr { f (x, ξ(θ)) ≤ 0} ≥ β} ≥ α } .

By Definition 1, Model (1) can be also written as follows:

max
x

F ′

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Pos
{
θ |Pr{ ¯̃a1(θ)T x + ¯̃b1(θ)T y ≥ F ′} ≥ η1

}
≥ ζ1

Pos
{
θ |Pr{ ¯̃c1r1(θ)T x + ¯̃d1r1(θ)T y ≤ ¯̃e1r1(θ)} ≥ γ1r1

}
≥ δ1r1

r1 = 1, 2, . . . , p1
where y solves:
max

y
f ′

s.t.

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

Pos
{
θ |Pr{ ¯̃a2(θ)T x + ¯̃b2(θ)T y ≥ f ′} ≥ η2

}
≥ ζ2

Pos
{
θ |Pr{ ¯̃c2r2(θ)T x + ¯̃d2r2(θ)T y ≤ ¯̃e2r2(θ)} ≥ γ2r2

}
≥ δ2r2

r2 = 1, 2, . . . , p2
x, y ≥ 0,

(2)

where Pos{·} is the possibility of the fuzzy event and Pr{·} are the probability of
the random event.

In the following, we focus on the special random fuzzy variables with normal
distributions whose mean values are LR fuzzy random variables, and introduce the
equivalent formulas as follows.
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Lemma 1 Let ξ1 = (μ1, α1, β1)L R and ξ2 = (μ2, α2, β2)L R be LR fuzzy numbers,
then we have ξ1+ξ2 = (μ1+μ2, α1+α2, β1+β2)L R and ξ1−ξ2 = (μ1−μ2, α1+
β2, β1 + α2)L R .

Theorem 1 Suppose that ¯̃a1 = ( ¯̃a11, ¯̃a12, . . . , ¯̃a1n1)
T , ¯̃b1 = (

¯̃b11, ¯̃b12, . . . , ¯̃b1n2)
T

are normally distributed random fuzzy vectors, that is, ¯̃a1 ∼ N (ũa
1(θ), V a

1 ) and
¯̃b1 ∼ N (ũb

1(θ), V b
1 ); where ũa

1(θ) = (ũa
11(θ), ũa

12(θ), . . . , ũa
1n1

(θ))T , ũb
1(θ) =

(ũb
11(θ), ũb

12(θ) , . . . , ũb
1n2

(θ))T , and ũa
1 j (θ), ũb

1k(θ) are LR fuzzy variables charac-
terized by the following membership functions, respectively,

μũa
1 j (θ)(t) =

⎧
⎪⎪⎨

⎪⎪⎩

L

(
uc
1 j −t

αc
1 j

)
, t ≤ uc

1 j

R

(
t−uc

1 j
βc
1 j

)
, t ≥ uc

1 j

θ ∈ Θ (3)

and

μũb
1k (θ)(t) =

⎧
⎪⎪⎨

⎪⎪⎩

L

(
ub
1k−t

αb
1k

)
, t ≤ ub

1k

R

(
t−ud

1k

βb
1k

)
, t ≥ ub

1k

θ ∈ Θ, (4)

where αc
1 j , β

c
1 j are left and right spreads of ũa

1 j (θ); and αb
1k, β

b
1k are left and right

spreads of ũb
1k(θ), j = 1, 2, . . . , n1, k = 1, 2, . . . , n2 and reference functions L , R :

[0, 1] → [0, 1] with L(1) = R(1) = 0 and L(0) = R(0) = 1 are non-increasing,
continuous functions.

Assume that for any θ ∈ Θ , ũa
1 j (θ) and ũb

1k(θ) are independent random variables.
Then, we have

Pos
{
θ |Pr{ ¯̃a1(θ)T x + ¯̃b1(θ)T y ≥ F ′} ≥ η1

}
≥ ζ1,

if and only if

F ′ ≤ (uaT
1 x +ubT

1 y)+Φ−1(1−η1)

√
xT V a

1 x + yT V b
1 y + R−1(ζ1)(β

aT
1 x +βbT

1 y),

where Φ is the standard normally distributed function, η1, ζ1 ∈ (0, 1) are predeter-
mined confidence levels.

Remark 1 Especially, when the reference function L(x) = R(x) = 1−x , x ∈ [0, 1],
the LR fuzzy variables are specified to triangular LR fuzzy variables, then we have:

Pos
{
θ |Pr{ ¯̃a1(θ)T x + ¯̃b1(θ)T y ≥ F ′} ≥ η1

}
≥ ζ1
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is equivalent to:

F ′ ≤ (uaT
1 x +ubT

1 y)+Φ−1(1−η1)

√
xT V a

1 x + yT V b
1 y + (1− ζ1)(β

aT
1 x +βbT

1 y).

Remark 2 Also we can transform the constraints of the lower level chance constraint
into it’s crisp equivalence according to Theorem 1. So we have

Pos
{
θ |Pr{ ¯̃a2(θ)T x + ¯̃b2(θ)T y ≥ F ′} ≥ η2

}
≥ ζ2

⇔ F ′ ≤ (uaT
2 x + ubT

2 y) + Φ−1(1 − η2)

√
xT V a

2 x + yT V b
2 y

+R−1(ζ2)(β
aT
2 x + βbT

2 y).

(5)

Theorem 2 Suppose that ¯̃c1r1 = ( ¯̃c1r11,
¯̃c1r12, . . . ,

¯̃c1r1n1)
T , ¯̃d1r1 = (

¯̃d1r11,
¯̃d1r12,

. . . ,
¯̃d1r1n2)

T are normally distributed random fuzzy vectors with the fuzzy mean vec-
tors ũc

1r1
(θ) = (ũc

1r11
(θ), ũc

1r12
(θ), . . . , ũc

1r1n1
(θ))T , ũd

1r1
(θ) = (ũd

1r11
(θ), ũc

1r12
(θ),

. . . , ũd
1r1n2

(θ))T , and covariance matrixes V c
1r1

, V d
1r1

, written as ¯̃c1r1 ∼ N (ũc
1r1

(θ),

V c
1r1

) and ¯̃d1r1 ∼ N (ũd
1r1

(θ), V d
1r1

); ¯̃e1r1 is a random fuzzy variable with the fuzzy

mean variable ũe
1r1

(θ) and the variance (σ e
1r1

)2, written as ¯̃e1r1∼N (ũe
1r1

(θ), (σ e
1r1

)2),

where ũc
1r1 j (θ), ũd

1r1k(θ) and ũe
1r1

(θ) are fuzzy variables characterized by the fol-
lowing membership functions, respectively,

μ
ũc/d/e
1r1 j (θ)

(t) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

L

(
uc/d/e
1r1 j −t

α
c/d/e
1r1 j

)
, t ≤ uc/d/e

1r1 j

R

(
t−uc/d/e

1r1 j

β
c/d/e
1r1 j

)
, t ≥ uc/d/e

1r1 j

θ ∈ Θ, (6)

where αc
1r1 j , β

c
1r1 j are left and right spreads of ũc

1r1 j (θ); αd
1r1k, β

d
1r1k are left and right

spreads of ũd
1r1k(θ); αe

1r1
, βe

1r1
are left and right spreads of ũe

1r1
(θ), r1 = 1, 2, . . . , p1,

j = 1, 2, . . . , n1, k = 1, 2, . . . , n2 and reference functions L , R : [0, 1] → [0, 1]
with L(1) = R(1) = 0 and L(0) = R(0) = 1 are non-increasing, continuous
functions.

Assume that for any θ ∈ Θ , ¯̃c1r1 j (θ), ¯̃d1r1k(θ), ¯̃e1r1(θ) are independent random
variables. Then, we have

Pos
{
θ |Pr{ ¯̃c1r1(θ)T x + ¯̃d1r1(θ)T y ≤ ¯̃e1r1(θ)} ≥ γ1r1

}
≥ δ1r1, r1 = 1, 2, . . . , p1,

if and only if

(ucT
1r1

x + udT
1r1

y − ue
1r1

) + Φ−1(γ1r1)

√
xT V c

1r1
x + yT V d

1r1
y + (σ e

1r1
)2

−R−1(δ1r1)(β
e
1r1

+ αcT
1r1

x + αdT
1r1

y) ≤ 0.
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Remark 3 Especially, when the reference function L(x) = R(x) = 1−x , x ∈ [0, 1],
the LR fuzzy variables are specified to triangular LR fuzzy variables, then we have

Pos{θ |Pr{ ¯̃c1r1(θ)T x + ¯̃d1r1(θ)T y ≤ ¯̃e1r1(θ)} ≥ γ1r1} ≥ δ1r1 , r1 = 1, 2, . . . , p1

is equivalent to

(ucT
1r1

x + udT
1r1

y − ue
1r1

) + Φ−1(γ1r1)

√
xT V c

1r1
x + yT V d

1r1
y + (σ e

1r1
)2

−(1 − δ1r1)(β
e
1r1

+ αcT
1r1

x + αdT
1r1

y) ≤ 0.

Remark 4 Also we can transform the constraints of the lower level chance constraint
into it’s crisp equivalence according to Theorem 2. So we have

Pos{θ |Pr{ ¯̃c2r2(θ)T x + ¯̃d2r2(θ)T y ≤ ¯̃e2r2(θ)} ≥ γ2r2} ≥ δ2r2

⇔ (ucT
2r2

x + udT
2r2

y − ue
2r2

) + Φ−1(γ2r2)

√
xT V c

2r2
x + yT V d

2r2
y + (σ e

2r2
)2

−R−1(δ2r2)(β
e
2r2

+ αcT
2r2

x + αdT
2r2

y) ≤ 0.

(7)

In this paper, let us put our focus on the normally distributed random fuzzy variable
with triangular LR fuzzy mean value, so based on the above Theorems 1 and 2,
Remarks 1–4, we can get the equivalent crisp model for Model (2) as follows:

max
x

F ′

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

F ′ ≤ (uaT
1 x + ubT

1 y) + Φ−1(1 − η1)

√
xT V a

1 x + yT V b
1 y

+ (1 − ζ1)(β
aT
1 x + βbT

1 y)

(uc
1r1

x + ud
1r1

y − ue
1r1

) + Φ−1(γ1r1)

√
xT V cT

1r1
x + yT V dT

1r1
y + (σ e

1r1
)2

− (1 − δ1r1)(β
e
1r1

+ αcT
1r1

x + αdT
1r1

y) ≤ 0, r1 = 1, 2, . . . , p1
where y solves:

max
y

f ′

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

F ′ ≤ (uaT
2 x + ubT

2 y) + Φ−1(1 − η2)

√
xT V a

2 x + yT V b
2 y

+ (1 − ζ2)(β
aT
2 x + βbT

2 y)

(uc
2r2

x + ud
2r2

y − ue
2r2

) + Φ−1(γ2r2)

√
xT V cT

2r2
x + yT V dT

2r2
y + (σ e

2r2
)2

− (1 − δ2r2)(β
e
2r2

+ αcT
2r2

x + αdT
2r2

y) ≤ 0, r2 = 1, 2, . . . , p2
x, y ≥ 0.

(8)
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Also, Model (8) can be written as

max
x

(uaT
1 x + ubT

1 y) + Φ−1(1 − η1)

√
xT V a

1 x + yT V b
1 y + (1 − ζ1)(β

aT
1 x + βbT

1 y)

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(uc
1r1

x+ud
1r1

y − ue
1r1

)+Φ−1(γ1r1)

√
xT V cT

1r1
x + yT V dT

1r1
y + (σ e

1r1
)2

−(1 − δ1r1)(β
e
1r1

+ αcT
1r1

x + αdT
1r1

y) ≤ 0, r1 = 1, 2, . . . , p1

where y solves:

max
y

(uaT
2 x + ubT

2 y) + Φ−1(1−η2)

√
xT V a

2 x + yT V b
2 y + (1−ζ2)(β

aT
2 x + βbT

2 y)

s.t.

⎧
⎪⎪⎨

⎪⎪⎩

(uc
2r2

x + ud
2r2

y − ue
2r2

) + Φ−1(γ2r2)

√
xT V cT

2r2
x + yT V dT

2r2
y + (σ e

2r2
)2

− (1 − δ2r2)(β
e
2r2

+ αcT
2r2

x + αdT
2r2

y) ≤ 0, r2 = 1, 2, . . . , p2

x, y ≥ 0.
(9)

3 Illustrative Example

The following illustrative example is given to show the application of the proposed
models and algorithms.

max F(x, y) = ¯̃a11x1 + ¯̃a12x2 + ¯̃a13x3 + ¯̃b11y1 + ¯̃b12y2

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

¯̃c11x1 + ¯̃c12x2 + ¯̃c13x3 ≤ y1¯̃c21x1 + ¯̃c22x2 + ¯̃c23x3 ≤ y2
x1, x2, x3 ≥ 0
where y solves:

max f (x, y) = ¯̃a21x1 + ¯̃a22x2 + ¯̃a23x3 + ¯̃b21y1 + ¯̃b22y2

s.t.

⎧
⎪⎨

⎪⎩

¯̃d11x1 + ¯̃d12x2 + ¯̃d13x3 + ¯̃d14y1 + ¯̃d15y2 ≤ ¯̃e1¯̃d21x1 + ¯̃d22x2 + ¯̃d23x3 + ¯̃d24y1 + ¯̃d25y2 ≤ ¯̃e2
y1, y2 ≥ 0,

(10)

where

¯̃a11 ∼ N (ã11, 1) with ã11 = (9, 11, 12), ¯̃a21 ∼ N (ã21, 1) with ã21 = (2, 4, 5),
¯̃a12 ∼ N (ã12, 4) with ã12 = (5, 6, 8), ¯̃a22 ∼ N (ã22, 1) with ã22 = (1, 1, 3),
¯̃a13 ∼ N (ã13, 2) with ã13 = (6, 7, 8), ¯̃a23 ∼ N (ã23, 1) with ã23 = (3, 6, 9),
¯̃b11 ∼ N (b̃11, 1) with b̃11 = (0, 2, 3), ¯̃b21 ∼ N (b̃21, 4) with b̃21 = (1, 3, 4),
¯̃b12 ∼ N (b̃12, 1) with b̃12 = (0, 1, 2), ¯̃b22 ∼ N (b̃22, 1) with b̃22 = (1, 2, 3),
¯̃c11 ∼ N (c̃11, 3) with c̃11 = (1, 2, 3), ¯̃c21 ∼ N (c̃21, 1) with c̃21 = (3, 5, 7),
¯̃c12 ∼ N (c̃12, 1) with c̃12 = (1, 2, 3), ¯̃c22 ∼ N (c̃22, 3) with c̃22 = (1, 3, 5),



430 X. Zhou et al.

¯̃c13 ∼ N (c̃13, 1) with c̃13 = (3, 4, 5), ¯̃c23 ∼ N (c̃23, 1) with c̃23 = (3, 4, 5),
¯̃d11 ∼ N (d̃11, 1) with d̃11 = (1, 2, 3), ¯̃d21 ∼ N (d̃21, 1) with d̃21 = (1, 3, 5),
¯̃d12 ∼ N (d̃12, 1) with d̃12 = (1.5, 2, 2.5), ¯̃d22 ∼ N (d̃22, 1) with d̃22 = (1, 2, 3),
¯̃d13 ∼ N (d̃13, 1) with d̃13 = (1, 2, 3), ¯̃d23 ∼ N (d̃23, 1) with d̃23 = (0, 1, 2),
¯̃d14 ∼ N (d̃14, 1) with d̃14 = (1, 2, 3), ¯̃d24 ∼ N (d̃24, 1) with d̃24=(0.5, 1, 1.5),
¯̃d15 ∼ N (d̃15, 1) with d̃15 = (0, 1, 2), ¯̃d25 ∼ N (d̃25, 1) with d̃25 = (1, 2, 3),
¯̃e1 ∼ N (ẽ1, 9) with ẽ1 = (450, 500, 550), ¯̃e2 ∼ N (ẽ2, 9) with ẽ2=(700, 800, 900)

are independent random fuzzy coefficients.
According to Model (1), we can obtain the following model, in which we use

the expected operator to handle the objective functions and employ the chance con-
strained operator to deal with the constraints.

max F ′

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Pos{Pr{ ¯̃a11x1 + ¯̃a12x2 + ¯̃a13x3 + ¯̃b11y1 + ¯̃b12y2 ≥ F ′} ≥ η1} ≥ ζ1
Pos{Pr{ ¯̃c11x1 + ¯̃c12x2 + ¯̃c13x3 ≤ y1} ≥ γ11} ≥ δ11
Pos{Pr{ ¯̃c21x1 + ¯̃c22x2 + ¯̃c23x3 ≤ y2} ≥ γ12} ≥ δ12
x1, x2, x3 ≥ 0
where y solves:
max f ′

s.t.

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

Pos{Pr{ ¯̃a21x1 + ¯̃a22x2 + ¯̃a23x3 + ¯̃b21y1 + ¯̃b22y2 ≥ f ′} ≥ η2} ≥ ζ2

Pos{Pr{ ¯̃d11x1 + ¯̃d12x2 + ¯̃d13x3 + ¯̃d14y1 + ¯̃d15y2 ≤ ¯̃e1} ≥ γ21} ≥ δ21

Pos{Pr{ ¯̃d21x1 + ¯̃d22x2 + ¯̃d23x3 + ¯̃d24y1 + ¯̃d25y2} ≤ ¯̃e2} ≥ γ22} ≥ δ22
y1, y2 ≥ 0.

(11)

Based on the crisp equivalent models (8) and (9), we can get the following
model (12).

max (11x1 + 6x2 + 7x3 + 2y1 + y2) + Φ−1(1 − η1)
√

x21 + 4x22 + 2x23 + y21 + y22
+(1 − ζ1)(x1 + 2x2 + x3 + y1 + y2)

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2x1 + 2x2 + 4x3 − y1) + Φ−1(γ11)
√
3x21 + x22 + x23

−(1 − δ11)(x1 + x2 + x3) ≤ 0

(5x1 + 3x2 + 4x3 − y2) + Φ−1(γ12)
√

x21 + 3x22 + x23
−(1 − δ12)(2x1 + 2x2 + x3) ≤ 0

x1, x2, x3 ≥ 0
where y solves:

max (4x1 + x2 + 6x3 + 3y1 + 2y2)+Φ−1(1 − η2)
√

x21 + x22 + x23+4y21+y22
+(1 − ζ1)(x1 + 2x2 + 3x3 + y1 + y2)

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2x1 + 2x2 + 2x3 + 2y1 + y2 − 500)

+Φ−1(γ21)
√

x21 + x22 + x23 + y21 + y22 + 9

−(1 − δ21)(x1 + 0.5x2 + x3 + y1 + y2 + 50) ≤ 0
(3x1 + 2x2 + x3 + y1 + 2y2 − 800)

+Φ−1(γ22)
√

x21 + x22 + x23 + y21 + y22 + 9

−(1 − δ22)(2x1 + x2 + x3 + 0.5y1 + y2 + 100) ≤ 0
y1, y2 ≥ 0.

(12)
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In the following, we set η1 = η2 = ζ1 = ζ2 = 0.85, and γ11 = γ12 = γ21 =
γ22 = δ11 = δ12 = δ21 = δ22 = 0.9, and we know Φ−1(0.15) = −1.032 and
Φ−1(0.9) = 1.281. Then according to the interactive programming technique [13],
we have:

H1(x, y) = 11.15x1 + 6.3x2 + 7.15x3 + 2.15y1 + 1.15y2

−1.032
√

x21 + 4x22 + 2x23 + y21 + y22 ,

H2(x, y) = 4.15x1 + 1.3x2 + 6.45x3 + 3.15y1 + 2.15y2

−1.032
√

x21 + x22 + x23 + 4y21 + y22

and

S =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(x, y) ≥ 0

∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣
∣

1.9x1 + 1.9x2 + 3.9x3 − y1 + 1.281
√
3x21 + x22 + x23 ≤ 0

4.8x1 + 2.8x2 + 3.9x3 − y2 + 1.281
√

x21 + 3x22 + x23 ≤ 0

1.9x1 + 1.95x2 + 1.9x3 + 1.9y1 + 0.9y2

+1.281
√

x21 + x22 + x23 + y21 + y22 + 9 ≤ 490

2.8x1 + 1.9x2 + 0.9x3 + 0.95y1 + 1.9y2

+1.281
√

x21 + x22 + x23 + y21 + y22 + 9 ≤ 790

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

In order to get the value of Hmax
1 , Hmin

1 , Hmax
2 , Hmin

2 , we need to solve the fol-
lowing two models:

max H1(x, y)

s.t. (x, y) ∈ S
and

max H2(x, y)

s.t. (x, y) ∈ S.

After solving these two models, we can obtain that

Hmax
1 = 375.362, Hmin

1 = 323.879,
(x1, x2, x3) = (18.45, 1.80, 0), (y1, y2) = (79.45, 117.56)

and

Hmax
2 = 409.28, Hmin

2 = 377.049,
(x1, x2, x3) = (3.73, 0, 15.75), (y1, y2) = (90.30, 103.92).

Following the interactive programming method, we get the following model,
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max λ

s.t.

⎧
⎨

⎩

(H1(x, y) − 323.879)/(375.362 − 323.879) ≥ λ

(H2(x, y) − 377.049)/(409.28 − 377.049) ≥ λ

(x, y) ∈ S.

(13)

After solving Model (13), we get the following results:

λ = 0.711, F(x, y) = 349.74, f (x, y) = 399.96,
(x1, x2, x3) = (12.11, 0, 8.48), (y1, y2) = (85.05, 110.13).

4 Conclusion

In this paper, we proposed a class of chance constrained bi-level multi-objective
decision making model under random fuzzy environment. Then we propose trans-
form it into an equivalent model which is easy to solve. Interactive programming
technique is employed to combine the bi-level model to a single level model. Finally,
we employ a numerical example to show the feasibility.
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A Consensus Based VIKOR Method Using
the 2-Tuple Linguistic Model

Zhibin Wu, Kang Xu and Lin Zhong

Abstract Consensus plays akey role in groupdecisionmakingwhere theparticipants
in a group want to achieve some predefined degree of accordance. In this paper,
based on the 2-tuple linguistic model, a consensus reaching process for multiple
attribute group decision making (MAGDM) problem is introduced. Then a classical
VIKOR method is extended based on the consensus process. Therefore, an inter-
graded MADGM approach combining the consensus process and VIKORmethod is
presented. Finally, a numerical example is illustrated to validate the practicality of
the proposed approach.

Keywords Multiple attribute decision making (MADM) · The 2-tuple linguistic
model · VIKOR · Group decision making

1 Introduction

In human decisionmaking process, there are cases inwhich the information cannot be
expressed precisely in a quantitative form but may be stated only in linguistic terms.
For example, when attempting to qualify phenomena related to human perception,
we are likely to use words in natural language instead of numerical values. (e.g. when
evaluating the “comfort” or “design” of a car, terms like “bad”, “poor”, “tolerable”,
“average”, or “good” can be used [12]). A more realistic measurement is to use
linguistic assessments instead of numerical values [28]. Linguistic variables are very
useful in situations where the decision making problems are too complex or ill-
defined to be described properly using conventional quantitative expressions.

A fundamental aspect of group decisionmaking (GDM) is the importance of look-
ing for approaches to reach consensus, a focus which has attracted a great deal of
attention and has become a major research topic in the GDM field. Consensus can be
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understood in various ways and in various contexts in GDM [3]. For example, it may
refer to the multiple criteria approach, the model, the tools, the procedures or the way
that the collective judgments are used to derive the final group preferences [1]. In this
paper, consensus refers to the manner in which the group members achieve a mini-
mum level of agreement on the group decision matrix. A large number of approaches
have been developed to support the modeling for consensus reaching processes
[2, 5–7, 18, 19, 24]. Cabrerizo et al. [4] and Herrera-Viedma et al. [10] presented
an excellent overview of consensus models based on soft consensus measures in a
fuzzy environment.

From the literature, there have been a few papers which have focused on consen-
sus models in a MAGDM setting [9, 20, 21, 23, 27]. Fu and Yang [9] suggested
a MAGDM group consensus model based on an evidential reasoning approach.
Parreiras et al. [20] proposed a flexible MAGDM consensus scheme under linguistic
assessments. To maximize the soft consensus index, an optimization procedure that
searched for the weight of each decision maker’s opinion was conducted. Parreiras
et al. [21] further studied three consensus schemes based on fuzzy models. Roselló
et al. considered group consensus in a multi-granular linguistic environment [23].
Xu et al. [27] proposed a consensus process under an uncertain linguistic setting.

The VIKOR method, which stands for VIse Kriterijumska Optimizacija i Kom-
promisno Resenje, was first purposed by Opricovic [14–16]. The VIKOR method
has been extensively researched for a wide range of problems [25]. In this method,
the ranking indexes are determined by considering both the maximum group utility
and the minimum individual regret function for an opponent. The characteristic of
this method is deriving a compromise solution as a form of robust analysis. However,
the literature review reveals that although many papers had applied VIKOR method
in GDM, few of them recognized the importance of consensus before applying the
MADM method. Consensus process is an essential part in GDM. In order to apply
VIKOR method to GDM case, it is necessary to include a consensus process in the
GDMprocedure. In this paper, we aim to develop a consensus and VIKOR integrated
approach to solve MAGDM problems.

The rest of the paper is organized as follows. Section2 reviews basic concepts
of the 2-tuple fuzzy linguistic model. Section3 introduces an automatic consensus
reaching process to achieve a predefined consensus goal among a group. Section4
presents the procedure of the consensus and VIKOR integrated approach. Section5
gives an numerical example to illustrate the proposed method and Sect. 6 concludes
the paper.

2 The 2-Tuple Linguistic Model

The 2-tuple fuzzy linguistic representation model proposed by Herrera andMartínez
was introduced to conduct precise processes for computing with words (CW) when
the linguistic term sets are symmetrically and uniformly distributed, and to improve
several aspects of the ordinal fuzzy linguistic approach [11].
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Definition 1 ([11]) Let β be the result of an aggregation of the position indices of
a set of labels assessed in a linguistic term set S = {s0, s1, . . . , sg−1, sg}, where g
stands for the cardinality of S, i.e. the result of a symbolic aggregation operation. Let
i = round(β) and α = β − i be two values such that i ∈ [0, g] and α ∈ [−0.5, 0.5).
Then, α is called a symbolic translation, with round being the usual round operation.

This model defines a set of transformation functions to manage the linguistic
information expressed by the linguistic 2-tuples.

Definition 2 ([11]) Let S be a linguistic term set and β ∈ [0, g] a value representing
the result of a symbolic aggregation operation, then the 2-tuple that expresses the
equivalent information to β is obtained with the following transformation:

� : [0, g] → S × [−0.5, 0.5),

�(β) = (si , α) with i = round(β) and α = β − i,

where round(·) is the usual round operation, si has the closest index label to β, and
α is the value of the symbolic translation. In addition, we have

�−1 : S × [−0.5, 0.5) → [0, g],
�−1(si , α) = i + α = β.

The operations and aggregation operators for linguistic 2-tuples can refer to [11].
In the following, the range for � is denoted as S.

Note that the Herrera and Martínez model aims to deal with uniformly and sym-
metrically distributed linguistic term sets. However, it may occur that multi-granular
linguistic terms and unbalanced terms are used. We can address these cases by gen-
eralizing the 2-tuple linguistic model to a general numerical scale [8].

3 Consensus Reaching Process

Based on the 2-tuple linguistic representation model, this section first defines a devi-
ation measure and a consensus index, and then presents an algorithm to describe the
consensus reaching process.

Suppose there are n(n ≥ 2) potential alternatives denoted by X = {X1, X2, . . . ,

Xn}. Each alternative is evaluated with respect to a predefined attribute set C =
{C1, C2, . . . , Cm}. There are a group of experts E = {e1, e2, . . . , et }(t ≥ 2). Assume
λ = (λ1, λ2, . . . , λt ) is the weight vector for the experts, where λk ∈ (0, 1), k =
1, 2, . . . , t ,

∑t
k=1 λk = 1. Suppose that Rk = (r (k)

i j )n×m is a linguistic decision

matrix given by the expert ek ∈ E , where r (k)
i j ∈ S represents the performance of

alternative Xi over the attribute C j ∈ C . The problem in this paper is concerned with
the ranking of the alternatives or the selection of the most desirable alternative(s)
using the linguistic decision matrices Rk , k = 1, 2, . . . , t .



438 Z. Wu et al.

3.1 Consensus Measure

There are two categories for computing consensus measures: the first is based on the
distance to the collective preference and the second is based on the distance between
the experts [18]. This paper follows the former definition for the consensus measure.

Definition 3 ([26]) Let aα = (sα, xα) and aβ = (sβ, xβ) be the two linguistic
2-tuples. The deviation measure between aα and aβ is defined by:

d(aα, aβ) =
∣
∣�−1(sα, xα) − �−1(sβ, xβ)

∣
∣

g
. (1)

It is easy to verify that 0 ≤ d(aα, aβ) ≤ 1.
Based on the deviation measure between the two linguistic 2-tuples, we introduce

a similarity degree between the two linguistic decision matrices.

Definition 4 ([26]) Let A = (ai j )n×m and B = (bi j )n×m be the two linguistic
decision matrices, where ai j , bi j ∈ S. Then the similarity degree between A and B
is defined as

SD(A, B) =
√√
√
√ 1

nm

n∑

i=1

m∑

j=1

d2(ai j , bi j ). (2)

The similarity degree is used tomeasure the closeness of two experts’ preferences.
It was found that the Euclidean distance functions helped the consensus process to
converge faster than other distance functions [5]. The Euclidean distance is one of
the most widely used distance measures, so here the Euclidean distance is used to
define the similarity degree of the preferences between any two experts in the group.

Let R1, R2, . . . , Rt be t linguistic decision matrices provided by t experts, where
Rk = (r (k)

i j )n×m , r
(k)
i j ∈ S. Then the weighted combination R = λ1R1⊕λ2R2⊕· · ·⊕

λt Rt is the group linguistic decision matrix R = (ri j )n×m , where ri j = LWAA(r (1)
i j ,

r (2)
i j , . . . , r (t)

i j ) = �(
∑t

k=1 �−1(r (k)
i j ) · λk).

Definition 5 ([26]) Let Rk = (r (k)
i j )n×m , k = 1, 2, . . . , t and R = (ri j )n×m be t

linguistic decision matrices and the group linguistic decision matrix, respectively.
Then, based on the similarity degree between the two linguistic decision matrices,
the group consensus index for Rk is defined by:

GC I (Rk) = 1 − SD(Rk, R) = 1 −
√√
√
√ 1

nm

n∑

i=1

m∑

j=1

d2
(
r (k)

i j , ri j
)
. (3)

From Definition 5, it follows that 0 ≤ GC I (Rk) ≤ 1. Given a threshold value
GC I , if GC I (Rk) ≥ GC I , then Rk is a linguistic decisionmatrix with an acceptable
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consensus level. The value GC I can be determined in advance by the decision
makers. If GC I (Rk) = 1, then the kth expert ek achieves the maximum consensus
level. In this case, the preferences for ek are the same as the group preferences.
Otherwise, the larger the value of GC I (Rk), the closer that expert is to the group.

3.2 Consensus Reaching Algorithm

Let R1, R2, . . . , Rt and R be t individual linguistic decision matrices and the group
linguistic decision matrix, respectively. Without loss of generality, suppose that the
preferences for ep have the largest distance from the group preferences in this round.
It is reasonable to assume that ep is asked to adjust their preferences in the next
round. In general, when some of the experts need to alter their preferences, they
can do so freely. However, the effect of these preferences on the alternatives and the
attributes are regarded as effective reassessments only when the consensus index is
improved. It is useful to present a simple algorithm to guide this consensus process.
The basic idea of the proposed consensus reaching process is that in each round, the
group linguistic decisionmatrix is thought to be a good reference for themodification
of the individual preferences. To reach a predefined consensus level, the following
algorithm is designed.

Algorithm 1: Consensus reaching algorithm
Input: Individual linguistic decision matrices R1, R2, . . . , Rt , the weight vector

of the experts λ = (λ1, λ2, . . . , λt )
T , the predefined threshold GC I , the maximum

number of iterative times hmax ≥ 1 and the parameter 0 < γ < 1.
Output: Modified linguistic decision matrices R1, R2, . . ., Rt , GC I (Rk), k =

1, 2, . . . , t , and the number of iterations h.
Step 1. Set h = 0 and Rk,0 = (r (k)

i j,0)n×m = (r (k)
i j )n×m .

Step 2.Calculate the group linguistic decisionmatrix Rh = (ri j,h)n×m corresponding
to R1,h, R2,h, . . . , Rt,h , where

ri j,h = LWAA

(
r (1)

i j,h, r (2)
i j,h, . . . , r (t)

i j,h

)
.

Step 3. Calculate the group consensus index GC I (Rk,h), k = 1, 2, . . . , t by using
Definition 5. If GC I (Rk,h) ≥ GC I , k = 1, 2, . . . , t or h ≥ hmax, then go to Step 5;
otherwise, go to the next step.
Step 4. Suppose that GC I (Rp,h) = min

k
{GC I (Rk,h)}. Let Rk,h+1 = (r (k)

i j,h+1)n×m ,

where

r (k)
i j,h+1 =

{
γ r (k)

i j,h ⊕ (1 − γ )ri j,h, k = p

r (k)
i j,h, k �= p.

(4)
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Set h = h + 1 and go to Step 2. Note that the computation for γ r (k)
i j,h ⊕ (1 − γ )ri j,h

is given by:

γ r (k)
i j,h ⊕ (1 − γ )ri j,h = �(γ�−1(r (k)

i j,h) + (1 − γ )�−1(ri j,h)).

Step 5. Let Rk = Rk,h , for all k = 1, 2, . . . , t . Output R1, R2, . . . , Rt , GC I (Rk),
for all k = 1, 2, . . . , t , and the number of iterations h.
Step 6. End.

A desirable property of the algorithm is that it can improve the consensus level of
each individual in the group. When an individual who has the smallest value imple-
mented the improving strategy, the individualwill have a better value. To demonstrate
that Algorithm 1 is convergent, the following two theorems are proposed. These two
theorems can be proved similar to [26].

Theorem 1 Let R1, R2, . . . , Rt and λ = (λ1, λ2, . . . , λt )
T be t linguistic decision

matrices and the weight vector of the experts respectively. Let Rl,h be the decision
matrix sequences generated by Algorithm 1 for expert el . In the hth iteration, suppose
that expert ep has the minimum GC I value, then

GC I (Rp,h+1) > GC I (Rp,h). (5)

Theorem 1 guarantees that for expert ep, the consensus level of this round is better
than that of the last round. As mentioned, parameter γ controls the modification
degree in every round. At the same time γ influences the process convergence rate.

Theorem 2 Let R1, R2, . . . , Rt and λ = (λ1, λ2, . . . , λt )
T be t linguistic decision

matrices and the weight vector of the experts, respectively. Let Rl,h be the decision
matrix sequences generated by Algorithm 1 for expert el . Then , we have

min
l

{GC I (Rl,h+1)} > min
l

{GC I (Rl,h)}. (6)

Theorem 2 concludes that the overall consensus level of the group in this round
is better than that of the last round. Generally, after implementing the process finite
times, the group achieves a predefined consensus level. When h → ∞, it follows
that, SD(Rk,h, Rh) → 0, and GC I (Rk,h, Rh) → 1, for k = 1, 2, . . . , t .

4 The Extended VIKOR Method

TheVIKOR technique is used tomake a ranking list, giveweights and provide a com-
promise solution, which is the achievable solution closest to the ideal. A compromise
solution means an agreement established through mutual adjustment [17].

For the notations, see the second paragraph of Sect. 3. The procedure of the
extended VIKOR can be described as follows:
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Step 1. Construct the linguistic decision matrix. With respect to each alternative
under each attribute, the decision makers express their preferences using linguistic
terms based on their own background and expertise. Suppose that Rk = (r (k)

i j )n×m

is a linguistic decision matrix given by the decision maker ek ∈ E , where r (k)
i j ∈ S

represents the performance of the alternative Xi over the attribute C j ∈ C .
Step 2. Achieve the predefined consensus level. Algorithm 1 is used to complete the
consensus reaching process. From the output of the algorithm, we obtain the modi-
fied individual linguistic decision matrices. For the notation simplicity, the modified
linguistic decision matrices are still denoted as Rk = (r (k)

i j )n×m . Calculate the group
linguistic decision matrix R = (ri j )n×m corresponding to R1, R2, . . . , Rt , where

ri j = LWAA(r (1)
i j , r (2)

i j , . . . , r (t)
i j ).

Step 3. Determine the best f +
j and the worst f −

j values of all attribute ratings. For
benefit attributes,

f +
j = max

i
ri j , i = 1, 2, . . . , n, f −

j = min
i

ri j , i = 1, 2, . . . , n.

For cost attributes,

f +
j = min

i
ri j , i = 1, 2, . . . , n, f −

j = max
i

ri j , i = 1, 2, . . . , n.

Step 4. Calculate the values Si and Ri as follows,

Si =
m∑

j=1

w j
d( f +

j , ri j )

d( f +
j , f −

j )
=

m∑

j=1

w j
�−1( f +

j ) − �−1(ri j )

�−1( f +
j ) − �−1( f −

j )
, i = 1, 2, . . . , n, (7)

Ri = max
j=1

w j
d( f +

j , ri j )

d( f +
j , f −

j )
= max

j=1
w j

�−1( f +
j ) − �−1(ri j )

�−1( f +
j ) − �−1( f −

j )
, i = 1, 2, . . . , n. (8)

In this way, Si , Ri ∈ [0, 1], i = 1, 2, . . . , n.
Step 5. Calculate the values Qi as follows,

Qi = v
Si − S−

S+ − S− + (1 − v)
Ri − R−

R+ − R− , i = 1, 2, . . . , n, (9)

where S+ = maxi Si , S− = mini Si , R+ = maxi Ri , R− = mini Ri , and v is a
weight for the strategy of “the majority of criteria” (or “the maximum group utility”),
while 1 − v is the weight of the individual regret.
Step 6.Rank the alternatives by sorting Qi , Si , and Ri in ascending order. The results
are three ranking lists X Q , X S , and X R .
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Step 7. Propose as a compromise solution the alternative X (1) which is the best
ranked by the measure Q if the following two conditions are satisfied:

Cond1. Acceptable advantage

Q(X (2)) − Q(X (1)) ≥ DQ = 1

n − 1
, (10)

where X (2) is ranked the second position in X Q . Note that n is the number of alterna-
tives and the above equation shows the advantage rate of the alternative X (1) ranked
first.

Cond2. Acceptable stability in decision making. The alternative X (1) must also
be the best ranked by X S or/and X R .

If one of the two conditions is not satisfied, then a set of compromise solutions is
proposed. If the conditionCond1 is not satisfied, then alternatives X (1), X (2), . . . , X (M)

are the compromise solutions. X (M) is determined according to

Q(X (M)) − Q(X (1)) < DQ = 1

n − 1
, (11)

for maximum M . If only the condition Cond2 is not satisfied, then X (1) and X (2) are
the compromise solutions.

5 Numerical Example

Consider the example which was discussed in [22, 27]. A city is planning to build a
municipal library. One of the problems facing the city development commissioner is
to determinewhat kind of air-conditioning systemshould be installed in themunicipal
library. The contractor offers five feasible alternatives (X1, X2, X3, X4, X5), which
might be adapted to the physical structure of the library. The offered air-conditioning
system must take a decision according to the following four attribute: (1) C1 is
performance. (2) C2 is maintainability. (3) C3 is flexibility. (4) C4 is safety.

The five possible alternatives X j ( j = 1, 2, 3, 4, 5) are to be evaluated using
the linguistic variables by three decision makers under the above four attributes.
Consequently, the decision makers use the following linguistic term set to express
their preferences on alternatives.

S = {s0 = extremely poor, s1 = very poor, s2 = poor,
s3 = slightly poor, s4 = fair, s5 = slightly good,
s6 = good, s7 = very good, s8 = extremely good}.

The proposed method is applied to solve this problem and the computational proce-
dure is summarized in the following.
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Step 1. Construct the linguistic decision matrix. The three decision matrices con-
structed by the decision makers, respectively, Rk(k = 1, 2, 3) are listed in Tables1,
2 and 3.
Step 2. Achieve the predefined consensus level. The initial group linguistic decision
matrix, RI , is given in Table4.

The current consensus level is GC I (R1) = 0.9266, GC I (R2) = 0.9092,
GC I (R3) = 0.9449. If GC I = 0.9, it can be seen that all linguistic decision
matrices arrive at the predefined consensus level. We set GC I = 0.95 to show
how the algorithm works. Setting γ = 0.95, the algorithm terminated after 23
iterations. Overall, e1 and e2 modified their preferences 16 and 6 times, respec-
tively. Since this is an automatic process, as a matter of fact, the decision makers
need not to participate the consensus reaching process. The final consensus level is
GC I (R1) = 0.9516, GC I (R2) = 0.9506, GC I (R3) = 0.9561. The final group
linguistic decision matrix, RF , is shown in Table5.
Step 3. Determine the best f +

j and the worst f −
j values of all attribute ratings. Here

all the attributes are benefit ones. It follows that:

f +
1 = (s4, 0.31), f +

2 = (s5,−0.10), f +
3 = (s5, 0.13), f +

4 = (s4, 0.43),
f −
1 = (s2, 0.44), f −

2 = (s2, 0.31), f −
3 = (s3,−0.43), f −

4 = (s3,−0.44).

Step 4. Calculate the values Si and Ri . The results are as follows:

S1 = 0.6260, S2 = 0.3957, S3 = 0.4034, S4 = 0.4852, S5 = 0.0733,
R1 = 0.3056, R2 = 0.3000, R3 = 0.2000, R4 = 0.4000, R5 = 0.0458.

Step 5. Calculate the values Qi . Setting v = 0.5, we have Q1 = 0.8668, Q2 =
0.6505, Q3 = 0.5163, Q4 = 0.8726, Q5 = 0.

Table 1 Decision matrix R1

X1 X2 X3 X4 X5

C1 (s5, 0) (s3, 0) (s2, 0) (s5, 0) (s3, 0)

C2 (s4, 0) (s1, 0) (s3, 0) (s5, 0) (s6, 0)

C3 (s3, 0) (s5, 0) (s3, 0) (s6, 0) (s4, 0)

C4 (s3, 0) (s3, 0) (s4, 0) (s3, 0) (s4, 0)

Table 2 Decision matrix R2

X1 X2 X3 X4 X5

C1 (s3, 0) (s5, 0) (s2, 0) (s5, 0) (s3, 0)

C2 (s2, 0) (s3, 0) (s5, 0) (s4, 0) (s5, 0)

C3 (s1, 0) (s3, 0) (s2, 0) (s4, 0) (s6, 0)

C4 (s3, 0) (s6, 0) (s3, 0) (s3, 0) (s6, 0)
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Table 3 Decision matrix R3

X1 X2 X3 X4 X5

C1 (s3, 0) (s5, 0) (s3, 0) (s3, 0) (s5, 0)

C2 (s4, 0) (s3, 0) (s5, 0) (s4, 0) (s4, 0)

C3 (s3, 0) (s5, 0) (s3, 0) (s5, 0) (s4, 0)

C4 (s3, 0) (s4, 0) (s5, 0) (s2, 0) (s4, 0)

Table 4 The initial group linguistic decision matrix RI

X1 X2 X3 X4 X5

C1 (s4,−0.33) (s4, 0.33) (s2, 0.33) (s4, 0.33) (s4,−0.33)

C2 (s3, 0.33) (s2, 0.33) (s4, 0.33) (s4, 0.33) (s5, 0)

C3 (s2, 0.33) (s4, 0.33) (s3,−0.33) (s5, 0) (s5,−0.33)

C4 (s3, 0) (s4, 0.33) (s4, 0) (s3,−0.33) (s5,−0.33)

Table 5 The final group linguistic decision matrix RF

X1 X2 X3 X4 X5

C1 (s4,−0.31) (s4, 0.31) (s2, 0.44) (s4, 0.12) (s4,−0.12)

C2 (s4,−0.43) (s2, 0.31) (s4, 0.31) (s4, 0.35) (s5,−0.10)

C3 (s3,−0.43) (s5,−0.43) (s3,−0.21) (s5, 0.13) (s4, 0.43)

C4 (s3, 0) (s4, 0.08) (s4, 0, 23) (s3,−0.44) (s4, 0.43)

Step 6. Rank the alternatives by sorting Qi , Si , and Ri in ascending order. By Ri ,
we have X S = {X5 
 X2 
 X3 
 X4 
 X1}. By Ri , we have X R = {X5 
 X3 

X2 
 X1 
 X4}. By Qi , we have X Q = {X5 
 X3 
 X2 
 X1 
 X4}.
Step 7. Propose a compromise solution. Since

Q(X (2)) − Q(X (1)) = 0.5163 ≥ DQ = 1

5 − 1
= 0.25.

Condition Cond1 is satisfied. X5 ranks the first by X Q and X5 is also the best
ranked by X S and X R . Condition Cond2 is satisfied. This suggests that X5 is the best
alternative.

6 Concluding Remarks

The VIKOR method has the advantage in handling MADM problems when facing
with conflicting and incommensurable attributes. Consensus reaching process has
the advantage of generating a solution acceptable to all the experts participating
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in a problem. This paper has presented a consensus process and VIKOR method
integrated approach to solve MAGDM problems. Although we choose an automatic
consensuses reaching process, other consensus process can also be selected. In the
future work, the proposed integrated approach will be applied to other linguistic
environments such as unbalanced linguistic scale and hesitant fuzzy linguistic infor-
mation. Comparative study could also be considered to show the effects of different
combinations.
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Value Analysis of Mobile Internet Users
Based on Clustering

Dan Zhang, Yufeng Ma, Xiong Tao and Yue He

Abstract This paper divides the value of mobile internet users into two parts: direct
value and promotion value. Thus the core users can be found by the value of users.
Then analyze the value indexes which are weighted by maximum deviation. At last,
in the experiment, use k-means clustering analysis to cluster the users and analyze
the value of each cluster in order to find the core users as well as their characteristics.
The results show that the high value users have preference in Operating System (OS)
and it’s more likely for the Apple users to buy the software and services. These results
can be used as a business reference for marketing decision.

Keywords Mobile internet ·User value · K -means clustering ·Maximumdeviation

1 Introduction

The mobile internet is the new Internet based on mobile communication technology
and Internet technologywhich is composedby the traditionalwide area network, local
area network and all kinds ofmobile terminals. In generally, themobile Internet users
refer to the users who regard the mobile phones as their mobile terminal. According
to the China internet center, by the end of 2013, China’smobile internet users reached
500million [4]. Such a hugemarket attracted operators,mobile phonemanufacturers,
operating system, application stores and traditional Internet content providers. To be
sure, the core focus of the competition is the user. Knowing mobile phone users’
value types is very important and that it improves efficiency and effectiveness of
mobile phone websites [13]. Therefore, it is necessary to develop a comprehensive
scientific analysis for the mobile internet users.

User analysis can provide a powerful decision support for the construction of
information resources, and make it more reasonable and scientific [12]. User value
analysis is an important part of user analysis. Through the analysis we can find
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that the core user. The core user refers to the most valuable user groups. Usually it
indicates that the 20% users who make the 80% profit of enterprises [11]. For the
mobile application developers who have limited resources, the discovering of the
core user is a very important work.

Mobile internet as a newfield has great relationwith the traditional internet. There-
fore, the previous studies of traditional literature in terms of internet user also have
certain reference significance. Zehraoui and Kanawati [19] combined case-based
reasoning theory with artificial neural networks to cluster and analyze the electronic
commerce website user’s behavior. In addition, they provided a scalable algorithm to
handle the noise data. But the research is focused on the algorithm, slightly less than
the actual commercial value. Kim [10] investigated, proposed, and tested a mobile
user engagement model to explain mobile user engagement intention through user’s
motivations, perceived value and satisfaction. Lu [16] constructed the mobile com-
merce explorer framework, mined and predicted the trajectory of mobile users and
purchase trend. Ahn [1] put forward an integrated scoring model that can analyze
which types of customers are willing to use mobile value-added services (VAS).
Chen [3] created the UMBPs mining method to study the behavior model of mobile
users. Deng [5] investigated how older and middle-aged citizens adopted mobile
health services based on the value attitude behavior model. Tamas [21] presented
a flow model for the GPRS network users after a long-term observation and actual
measurement. Chung-Chu and Jason [14] used Q methodology to categorize the
mobile phone website users into four groups: online shopper, information seekers,
recreation demanders, and easy users. The empirical results can provide decision
support intelligence for the websites designers to increase mobile phone website
users’ satisfaction.

The research directions in China are mostly concentrated in the study of user
behaviors. Although the significance of user value is mentioned, research about user
value is quite fragmented and divergent [22]. Bose and Chen [2] used the clustering
algorithm to discuss the behavior model of people who subscribe mobile service.
They discovered that the imbalance between the mobile customer service, subscrip-
tion service and income contribution. Li [18] studied customer value clustering clas-
sification based on customer profit contribution. Tan [20] through the establishment
of customer experience value model to assess the value of Internet companies. While
the shortage is the small number of the evaluation indexes. Gao [7] constructed the
mobile user feature model with scenario analysis. Wang [17] used the empirical data
of one telecom operator to present a method based on modeling for mobile internet
user behavior analysis. Liu [15] proposed to study the visiting behaviors of mobile
internet user through the user clicks stream data. Yang [24] built the structural equa-
tionmodel for user adoption behaviors based on the views of perceived benefits, costs
and risks. Du [6] presented a dynamic analytical model for user value. Through the
analysis of user session value and the using of an incremental computation method,
it can reflect the dynamic user value. But the performance of the model still needs to
be improved.

This paper uses k-means clustering data mining technology to analyze the mobile
internet user data, makes a quantitative method to research the mobile internet user
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value and the general characteristics or rules of the core group of users. All above
doing are to make a reference for business decision-making.

2 Related Theory

2.1 K-Means Clustering Algorithm

K -means algorithm is a commonly used clustering algorithm based on division,
according to the similarity between the samples attributes values to group the samples.
The basic idea is: the data set is divided into k clusters. Inside each cluster the samples
are very similar, but different clusters of samples are very different [8]. K -means
algorithm is an iterative algorithm. The initial k clusters are randomly classified.
Then these clusters will be constantly updated and optimized in the update until a
termination condition is reached.

The basic flow of K -means algorithm is as follows [23]:

(1) Randomly determine initial centroid.
(2) In each iteration, each sample is assigned to the nearest Euclidean distance cluster

where the centroid locates.
(3) Decide the center of the new cluster, and regard the nearest Euclidean distance

sample from the new center as the new centroid. Repeat the second step until
termination condition is met.

Termination conditions:

(1) Reached the maximum number of iterations.
(2) After the update, the maximum centroid distance should less than the tolerance

of difference in advance.

Anyone of these two conditions is satisfied, the algorithm terminates. The formula
of Euclidean distance in algorithm is as follows:

d(x, y) =
√√
√
√

n∑

i=1

(x j − y j )2. (1)

This paper uses k-means clustering analysis to find the common characteristics of
similar users and then analyzes the user value.

2.2 Maximizing Deviation Method

If an attribute value of each program is no difference from the perspective of sorting
programs, the attribute will not work for the program to sort, and also make no
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sense in the multi-attribute decision. Therefore, if the attribute difference for each
program is greater, the distinction of attribute in the program is greater. Certainly the
more important properties, the attribute should be given greater weight [9]. So the
optimization model can be constructed:

⎧
⎪⎪⎨

⎪⎪⎩

max V (w) =
m∑

j=1

n∑

i=1

n∑

i=1
| ri j − rk j | w j

s.t.w j ≥ 0, j ∈ M,
m∑

j=1
w j

2 = 1.

Construct Lagrange function to this model, the solution is:

w∗
j =

n∑

i=1

n∑

i=1
| ri j − rk j |

√
m∑

j=1

[
n∑

i=1

n∑

i=1
| ri j − rk j |

]2 .

Then, normalize the weights of the units:

w j =

n∑

i=1

n∑

i=1
| ri j − rk j |

m∑

j=1

n∑

i=1

n∑

i=1
| ri j − rk j |

, j ∈ M. (2)

Using w j obtained from the formula Eq. (2) can get the comprehensive evaluation
value for each cluster.

3 Mobile Internet Users Value Model

Each user on the value of the enterprise is not the same. The same user will be in one
or more aspects of the enterprise to generate value. According to the characteristics
of mobile internet the user values may be divided into two parts: the direct value and
promotional value [3].
1. The direct value

Direct value refers to the user’s activity that directly bring the enterprise income
or profits, such as buying the company’s products or services, or to purchase value-
added services on the basis of free use, as well as engage in mobile e-commerce
activities. Users with high direct value can make enterprises have a relatively stable
income. Direct value is reflected in the willingness to buy products and services in
the mobile e-commerce activities.
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2. Promotional value
Unlike traditional industries, the Internet (including traditional Internet and

mobile internet) users even use enterprise’s products freely; it is possible to allow
enterprises to get income or resources from third parties in the form of advertising
or obtaining investment.

Generally speaking, two values will all be reflected on the user, but the proportion
is different. The total value of the user can use Eq. (3):

V = V1 + V2, (3)

V1 =
2∑

j=1

w1 j × p1 j , (4)

V2 =
2∑

j=1

w2 j × p2 j . (5)

In Eq. (3), V represents the total value of the user. V1, V2 respectively represent the
direct value and promotion value.

4 Experimental Analysis of Mobile Internet Users

The data of this paper come from the questionnaire. The survey uses randomsampling
method. The time span is from August 21, 2011 to September 13, 2011. Because
young people are the main population of mobile internet, the main object of this
questionnaire is young people under 30 years old, mainly university students. 300
questionnaires in total were distributed, 278 were collected. At last, 256 copies are
effective.

4.1 User Background Analysis

The User background information of this questionnaire includes gender, age and
monthly expenditure.Using theSPSS software, statistical information obtained about
the sample of gender, age, and total monthly expenses is as shown in Table1.

See from Table1, the gender of sample, age and financial status are accorded
with the normal distribution. That shows that the selected samples have a good
representation of the target population.
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Table 1 User background information

Sample Value Frequency Percentage (%)

Gender Man 124 48.44

Woman 132 51.56

Age ≤18 94 36.72

18–22 128 50.00

23–30 32 12.50

≥31 2 0.78

Monthly expenditure 500 24 9.38

500–1500 168 65.63

1500–3000 44 17.19

≥3000 20 7.81

4.2 User Value Analysis

This paper uses K -means clustering method with clementine 11.1 software, and
combines the user value model to make a quantitative analysis of user value.

Unlike classification problems, there are no universal standards to evaluate the
clustering results objectively. This paper uses themost satisfying criteria to determine
the number of clusters. And the paper finds that when the cluster number is 5,
the clustering result is the most satisfied, which embodied as: the average distance
for sample to centroid is satisfactory. There are obvious different performances on
the five key indicators. This can be find below. Table2 shows the basic statistical
information of all types:

In the above table, the samples number of minimum class is 20, the proportion of
7.81%. There are no small sample classes below 3% (Table3).
1. User direct value

Through the statistics and analysis of indexes for various kinds of online shopping
and buying intention, this paper finds that the categories are obviously different. For
the first category, although the number that willing to use mobile online shopping
is small, the proportion for mobile products and services to purchase is the highest.
The second category people is willing to develop online shopping, while 30% of the

Table 2 Clustering situation

First class Second class Third class Fourth class Fifth class

Sample size 70 34 52 80 20

Percentage
(%)

27.34 13.28 20.31 31.25 7.81

Average
distance

2.12 2.17 2.15 2.11 2.16
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Table 3 Basic information

First class Second class Third class Fourth class Fifth class

Gender 77% man No difference No difference 82.5% woman No difference

Age group 18-22 (51%) 18–22 (53%) 23–30 (57%) 23–30 (75%) 18–22 (50%)

The
proportion of
intelligent
machines

51% 53% 96% 13% 90%

Mobile brands Nokia (69%) Nokia (47%) Nokia (54%) Nokia (55%) Apple (60%)

Attitude to
operating
system

71%
important

100% very
important

54% very
important

70%
important

90% very
important

Table 4 Indicators of direct value

First class Second class Third class Fourth class Fifth class

The
proportion
willing to try
online
shopping

9% 71% 42% 60% 50%

Purchase
intention

77% have 41% have
29%
uncertainty

23% have
58%
uncertainty

82%
uncertainty

40% have
60%
uncertainty

people will not buy mobile products or services. The specific situation is as shown
in the Table4.
2. User promotional value

Each category has significant difference on the index of promotion value. TheFifth
class spends the most of time on Internet, and also has the highest attention propor-
tion on recommended links to Webpage. The second category uses more mobile
applications and games (merger referred to as APP) (Table5).

Table 5 Indicators of promotional value

First class Second class Third class Fourth class Fifth class

Time online
(h)

51% ≤ 0.5 0.5 ≤ 82% ≤
3

0.5 ≤ 54% ≤
1

63% ≤ 0.5 90% ≥ 0.5

40% ≥ 3

Website visit 11% 53% 31% 25% 50%

Attention to
recommended
links

35% 58% 38% 70% 90%

App use 31% 70% 62% 38% 60%
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The Eq. (2) can calculate the weights of time online, internet width, APP using
width, recommended web links, online shopping situation and willingness to buy
APP these six indicators. There are as follows: W = (0.1, 0.1, 0.1, 0.2, 0.2, 0.3)T.

According to the ranks of all clustering performance on indicators, the indicators
of the first to fifth respectively are with the value of: 10, 7, 5, 3, 1. The results can
be obtained as shown in Table6.

From Table4, the top user value up to 10, the minimum is 1. According to
Eq. (2), the Eq. (3) and Eq. (4), the last value of all as shown in Table7.
1. The first class

There are 27.35% of the people belonging to the first category. Boys accounted
for the vast majority. Although nearly half of the people spendmore than half an hour
a day, and have high interest in applications and games, the breadth of the Internet
is not enough. Some people also has cautious attitude on online shopping.
2. The second class

There are 13.28% of the people belonging to the second category. Mobile operat-
ing system is an important factor when this kind of user selects the cell phone. This
category all indicators are excellent, especially for online shopping and willingness
to use the width of the APP.

Table 6 Index value of each cluster

Index Weight First class Second
class

Third
class

Fourth
class

Fifth
class

Promotional
value

Time
online

0.1 3 7 5 1 10

Internet
width

0.1 1 10 5 3 7

APP
width

0.1 1 10 7 3 5

Web links 0.2 1 5 3 7 10

Direct value Online
shopping

0.2 1 10 3 7 5

APP
purchase

0.3 10 5 3 1 7

Table 7 Value of each cluster

First class Second class Third class Fourth class Fifth class

Promotional
value

0.7 3.7 2.3 2.1 4.2

Direct value 3.2 3.5 1.5 1.7 3.1

Total value 3.9 7.2 3.8 3.8 7.3
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3. The third class
There are 20.31% of the people belonging to the third category. The proportion

of intelligent machines and browser using are the highest, but the direct value is
the lowest.
4. The fourth class

There are 31.25% of the people belonging to this category. Such kind of people’s
notable feature is that girls account for the majority of users, reaching 82.5%. At the
same time, there are the largest groups of non-intelligent machine.
5. The fifth class

The fifth type is the least of the crowd, only 7.81%. But Apple mobile phone
users are basically inside this class. They have a fairly good acceptance and purchase
intention.

Direct value and promotional value of the third class and fourth class are in the
middle. The total ratio of these two types is 51.56%. In other words, they are the
main users of mobile internet. The second and fifth category have higher direct value
and promotional value. The sum of two kinds of proportion is 21.1%. So people in
second and fifth class are relatively core users of mobile Internet. Their common
feature is high awareness of mobile operating systems, and they always spend more
than half an hour online every day.

5 Conclusion

This paper proposes the user analysis method, user value analysis model and the
calculation methods to quantify the value of the user. The user values are divided
into direct value and promotional value. What’s more, the data mining technology
was used to study the mobile Internet users. Experimental results show that:

(1) People in second and fifth class have a special preference of mobile operating
system users. They are the ultimate core user groups. Hence, whether mobile
service provider or hardware manufacturers will find that the operating system
is a factor that must be considered when locating the target user group.

(2) Through the study of first class users, this paper finds that the user who may use
Internet rarely is likely to bring direct profits to the enterprise. In this regard, the
company’s products or services should be able to attract the user eyes for the
first time. The company should take advantage of the limited opportunities for
recommended products or services.

(3) Apple’s mobile phone users in general can bring direct profits to the enterprise.
The reason is that the price they can accept is relatively high. So Apple’s mobile
phone users are generally high-end users. Companies should strive for them
industriously.

Due to resource constraints, the paper takes the questionnaire survey as the data
source. Consequently, the sample size is slightly not enough. Meanwhile, the user
behavior of mobile internet is very important information for company. That can help
enterprise to make further excavation on mobile internet user behavior analysis.
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Advertising Information Content of Web
Forums and Message Boards Official
Posts in China National 5A Rated
Tourism Attractions

Shimin Yin, Yongge Niu and Wei Li

Abstract Taking the 7 years official posts on web forums andmessage boards (from
the January 1st, 2007 to December 31th, 2013) of China National 5A Rated Tourism
Attractions as the study object, this study carried out a content analysis on the posts
with the Resnik and Stern ad information classification criteria. Results found that
the web forum and message board are unique and effective interactive media, ad
information cues that each official post contained are significantly more than those
in magazine, TV and web banner ads.

Keywords Web forum ·Message board · Tourist products · Content analysis

1 Introduction

Internet has become the most important interactive media. In the United States,
Internet advertising revenues surpassed those of cable television [1]. Information
transmission on Internet is totally different from on TV, magazine, newspaper and
other traditional media. The advantage of information transmission lies in two-way
communication, information sender and recipient are both convenient in information
transmission, mining and feedback.

The advantage of ad information transmission on Internet interactive media (such
as forum and message board) mainly embodied in following aspects. First, forum
is such a platform built around a topic/theme, users are topic participants, and
forum ads can easily reach target audience, and users are actively involved in ad
information transmission. Second, the discussion around a particular topic/theme is
interactive, official posts with advertising nature both offer information and commu-
nication themes, which make it much easier to get feedback from users and adjust
the ad information content. Third, flexible operation of ad posts can not only rely on
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administrators and moderators but also on paid posters. Fourth, audience accept ads
information easily because of the undetectable transmission.

Functions of message boards are slightly different acceding to different settings.
The overall information dissemination characteristics are similar to web forums,
but the differences as follows: first, communication may or may not be around a
topic/theme; second, information dissemination may be two way or may also be
one-way.

National 5A Rated TourismAttractions are the highest level tourism attractions in
China, and the selection need to consider 12 aspects, including successively traffic,
region, safety, sanitation, post and telegraph service, shopping, operation, environ-
ment protection, accommodation capacity, satisfaction [2].

This study mainly to explore the structure of official post ad information cues on
web forums and message boards, the time period change of ad information cues, and
the difference between ads of tourism products on forum and message board with
ads of other product categories on other media.

2 Literature Review

Insufficient specific purchase information to facilitate consumer’s comparison leads
to unwise purchase decision. Resnik and Stern [3] deem that informative ads depend
on offering information cues for consumers tomakewise choices frommany options.
Stern and Resnik [4] offers an operational explain that an ad can be consider infor-
mative when found at least 1 of 14 types of information cue, then follower scholars
could start extensional studies in the basis of their criteria.

Advertising information cues influenced by many factors: such as media type,
product category, cultural difference, advertising feature, time development and other
factors.

Media Type: Abernethy and Franke [5] meta-analysis shows that media is the
most important factor influencing information cue amount. Stern and Resnik [4]
found printed ads information clues were higher than TV ads. Healey and Kassarjian
[6] found average number of information cues of each ad in magazines was 3.78,
significantly higher than Resnik and Stern [3] findings of 0.67 in TVs.

Product Category: Product category also affects ad information cues. Resnik and
Stern [7] found average number of information cues of each institutional ad was
1.13, next was toy and transit ad, the lowest was 0.57 of food ad. Abernethy and
Franke [5] found durable goods ad containedmore cues than ad of durables consumer
goods, because consumerswould be involved in higher risks associatedwith currency
and functions. Choi et al. [8] found high involvement product ad contained more
information cues than low involvement product ads.

Cultural Difference: many scholars compared advertising information content
between Eastern and Western cultures. Some found that ads in East Asian cultures
contained more information than those in Western cultures [7, 9, 10], while some
results are reversed [11, 12]. Some scholars explored the underlying reasons of the
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differences, Liang and Cherian [13] investigated how analytic and holistic thinking
influence American and Chinese consumers’ responses toward ads using different
types and amounts of information.

Even in English cultures, ad information content have differences in different
countries. Laczniak found 92% of the US magazine ads were informative while
83% British magazine ads were informative [14]. Dowling found 74% of Australian
television ads were informative [15]. Weinberger and Spotts compared information
cues of US and British TV ad, found both the proportion of informative ads and
amount of each ad cues that in US were significantly higher than in UK [16].

Time Development: Weinberger and Spotts found 65.3% of commercial televi-
sion ads from the summer of 1985 to the end of the year were informative and each
ad contains an average of 1.05 cues [16], significantly higher than Resnik and Stern
early measured data (49.2% and 0.67) [3]. Resnik and Stern explained the trend with
economic development and consumer education improvement, consumer conscious-
ness and behavior became more and more rational, thus ads offered more product
related information [3].

Özsoy carried out the content analysis of Turkish newspaper ads from 1880s to
1960s with Stern and Resnik criteria, found that Turkish newspaper ads generally
contain a large amount of information and a significant decrease on the number of
multiple cues from late Ottoman to 1960s. These changes revealed economic and
cultural environment’s influence on demand and supply mechanism in a specific
period [17].

While there are no related empirical studies on tourism products and newmedia of
web forums andmessage boards, we expected the results can increase the knowledge
in the field of advertising information analysis.

3 Study Object

This study is based on China National Tourism Administration (CNTA) as of
December 19th, 2013 certification of 175 national 5A Rated Tourism Attractions
as study object. As of December 31th, 2013, 170 of total 175 National 5A Rated
Tourism Attractions have official websites, and there are 19 web forums and mes-
sage boards with advertising information of official posts (see Table1). Once a post
found any 1 information cue of 14 types of advertising information is judged to be
advertising post basis on Resnik and Stern ad information classification criteria.

Among the 19websites, there are 4 tourist attractions post throughmessage board.
Message board and forumhave certain difference in transmission information. Forum
is two-way communication in form of theme/topic classification, but differences of
message board according to the website setting, information transmission can be
one-way and can also be two-way, but not in form of theme/topic classification.

Official posts are those posts can represent tourist attraction website official
claims. We take administrator posts, moderator posts, super moderator posts, forum
announcements, top posts, digest posts as the sampling frame (top posts and digest
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Table 1 Tourist attraction websites with official posts

Tourist attractions Communication
platform

Official post Advertising
post

Nanping Wuyi Mountain Scenic Area Message board 1 1

Lianzhou Underground River Scenic
Area

Forum 296 110

Hengyang Nanyue Henshan Mountain
Tourist Area

Forum 919 422

Nanjing Fuzimiao Qinghuai Scenic
Area

Forum 16 2

Mount Taishan Scenic Area Forum 27 14

Jixi Longchuan Scenic Area Forum 15 11

Sanming Taining Tourist Spot Forum 46 13

Hainan Yanoda Rainforest Tourist
Area

Forum 6 4

Hainan Boundary Islet Tourist
Attraction

Forum 685 85

Xinan Longtan Valley Scenic Area Forum 3 3

Heihe Wudalianchi Scenic Area Forum 61 37

Shennongjia Tourist Area Message board 27 24

Wuxi Turtle-head Peninsula Scenic
Spot

Forum 24 3

Ancient City of Taierzhuang Forum 44 8

Huanglong Scenic and Historic
Interest Area

Forum 14 2

Wenzhou Yandang Mountain Scenery
Tourism Area

Message board 5 5

Kaihua Root Palace Tourist Area of
the Buddhist Culture

Message Board 807 166

Zepu Jinhu Yang National Forest Park Forum 14 4

Hengdian World Studios Forum 259 110

Total 19 3269 1024

posts may submitted by forum members, but must be recommended by the admin-
istrators and moderators). Finally, we selected 1024 official posts with a nature of
advertising from the 19 websites for analysis (see Table2). In addition, according to
post forms (text, image and mixed), we divided them into three categories: text post,
image post and mixed post.
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Table 2 The official advertising information posts distribution matrix

Administrator Super
moderator

Moderator Member Total

Announcement 4 1 1 1 7

Top post 7 2 1 3 13

Digest post 4 1 1 17 23

Others 242 171 568 0 981

Total 257 175 571 21 1024

3.1 Method

1. Coding Design
Resnik and Stern developed 14 types of ad information cues and clearly defined

each type. Following large number of empirical studies confirmed the criteria with
high reliability and validity. The rules can be as an objective and quantitative eval-
uation of ad information and conduct comparison across different media, product
categories, regions [5]. The criteria is highly abstract and suitable for a wide range
of product categories.

In order to improve the applicability, we have a correspondence interpretation
of the criteria based on the features of tourism products follow Resnik and Stern
original intention (see Table3). Once a post found any 1 information cue of 14 types
of advertising information is judged to be advertising post.
2. Coding Reliability

Perreault and Leigh reliability measurement formula is adopted to test the coding
reliability, the data reliability is 0.965 on average. The distribution range of infor-
mation categories is from 0.89 to 1.00, all higher than Kassarjian recommended
minimum value of 0.85 [6].

3.2 Result

1. Overall Data
Among the 170 official websites of National 5A Rated Tourism Attraction, 4 web

forums inform closed (Harbin Sun Island Scenic Area, Wuxi Lingshan Buddhist
Scenic Spot, Wujiang Tongli Town Scenic Area and Shangrao Sanqing Mountain
Scenic Area), 1 informs deleted (Shiyan Wudang Mountain Scenic Area), 1 informs
offline (Xi’an Huaqing Pool Scenic Area), there are 50 websites with web forums in
total.

But among the 50web forums, 14 forums cannot open the links, 3 informupdating,
1 links to microblog (see Table4). Therefore, there 32 tourism attraction websites
developed with forum function and operated normally, account for 64% of the total
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Table 3 Adverting information cue criteria

Information type Correspondence interpretation

1. Price-value A. What does the tourism product cost?

B. What is the value-retention capability?

C. What is the need-satisfaction capability/price?

2. Quality What are the characteristics of tourism product distinguish it from
competitors based on objective evaluation?

3. Performance A. What does the tourism product do?

B. How well does it do compared with alternative purchases?

4. Components A. What is the tourist attraction composed of?

or contents B. What ingredients does it contain?

C. What ancillary items are included with the tourist attraction?

5. Availability A. Through which agencies or way can come to the tourist attraction?

B. How to buy the tickets?

C. When is the right time come to the tourist attraction for pleasure?

6. Special offers What limited-time, non-price deals are available with a particular
purchase?

7. Taste Is evidence provide the taste of particular tourism product could
perceived by potential customers (advertiser opinion is inadequate)?

8. Nutrition Are objective characteristics or differences concerning the nutritional
content of the tourism product provided?

9. Packaging or shape A. What package is the tourism product available in which makes it
more desirable than alternatives?

B. What special shape/scene is the tourism product/service available
in?

10. Guarantees or
warranties

What post-purchase ticket and during-consuming assurances
accompany the tourism/service?

11. Safety What safety features are available on a particular tourism product
compared to alternatives?

12. Independent
research

Are results of research gathered by an “independent” research firm
presented?

13. Company
research

Are data gathered by a company to compare its product with a
competitor’s presented?

14. New ideas A. Is a totally new concept introduced in the official post?

B. Are the advantages of the new concept/way presented?

websites with web forums (32/50), 18.82% of the total websites (32/170). Among
the 32 websites, 15 forums posted official posts, account for 46.88% of the normal
operating forums (15/32) and 8.82% of the total websites (15/170).

There are 48 message boards in use except 2 (Zhenbeibu ChinaWest Film Studio,
Badong Shennong Stream Boat Tracker Culture Tourist Area) closed. There are 5
websites (Tianshan Tianchi Scenic Area, Heihe Wudalianchi Scenic Area, Hainan
YanodaRainfrost Tourist Area,Wuyuan JiangwanScenic Spot, YingshangBali River
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Table 4 Non-functional web forums

Status Tourist attractions

Links Error Yantai Penglai Pavilion Scenic Area

Foshan Xiqiao Mountain Scenic Area

Turpan Turpan Putaogou Scenic Area

Qinghai Lake Scenic Area

Summer Palace

Anshun Dragon Palace Cave Scenic Spot

Sanya Nanshan Cultural Tourism Zone

Laishui Ye-San-Po Scenic Area

Yaoshan-Zhongyuan Buddha Scenic Area

Ji‘an Jinggangshan Mountain Scenic Area

Chengdu Qingcheng Mountain-Dujiangyan Scenic
Area

Tianjin Panshan Mountain Scenic Area

The Yellow Emperor (Huangdi) Mausoleum Scenic
Area

Jiaozuo (Yuntai Mountain-Shennong
Mountain-Qingtian River) Scenic Area

Updating Leshan Grand Buddha Scenic Area

Yili Xinyuan Nalati Scenic Area

Luofu Mountain National Scenic Area

Link to Microblog Chengde Mountain Resort and the Surrounding
Temples Scenic Area

Scenic Area) both have forums and message boards, but none of them have official
post on both platforms. There are 4 message boards have official posts, account
for 8.89% of the normal operating message boards (4/45) and 2.35% of the total
websites (15/170). This shows appeal of posting official posts on message board is
much lower than on forums.

Among the 19 communication platforms (including web forums and message
boards), There are 16 platforms have more than 7 official posts, means that there
94% of the total websites post more than 1 official post each year (16/170). This
shows most of the scenic attractions haven’t realized the marketing role of web
forums and message boards.

There are 31.32% of the official posts which contain one or more advertising
information cues (1024/3269). The percentage of post informative ads is lower than
web banner ads (68.30%) [8], Australian television advertising (74%) [15] and
Chinese magazine advertising (100%) [7].

But the number of information cue on each ad is 11.15 significantly higher than
that of Choi et al. [8] about the ads of magazines (2.45), TVs (1.95) and web banner
ads (0.88). Official posts on forums and message boards are highly informative,
mainly result from web post pages can combine texts, images, videos, audios and
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other interactive forms. And viewer’s choice based on their own intentions, lead to
the browsing behavior interacts with strong motivation and high involvement.
2. Compared with Classic Study

Resnik and Stern measured ads on the mainstream TVmedia in the United States,
the ads covered wide range product categories, which including food, enterprise
organizations, family and personal care products, cleaning supplies, toys, vehicles
and other products [3].

While we focus on informative ads of tourism products on web forums and mes-
sage boards. Compared with the classic study (Non-tourism products, television), the
differences are on the three aspects: product categories, media platforms and time
span. In spite of this, we can also find particularity and universality of ad information
cues by comparison (see Table5).

Resnik and Stern shows the most frequent 3 types of ad information cues are
Performance, Components or Contents and Price-Value, while the most frequent 3
types of tourism product ad information cues are Packaging or Shape, Quality and
Taste. There are 6 information cues (Packaging or Shape, Quality, Taste, Availability,
Independent Research, Special Offers) shows increase trend, other 8 cues have no
obvious changes.

Table 5 Information cue proportion between classic study and this study

Information cue Resnik and stern
(N = 378)

This study
(N = 1024)

Z-value

Price-Value 8.7 10.06 0.79

Quality 2.4 25.20 14.54a

Performance 17.7 7.81 −4.63

Components or
Contents

17.5 14.06 −1.54

Availability 1.3 13.18 9.84a

Special Offers 1.9 4.30 2.54b

Taste 5.3 25.88 11.50a

Nutrition 4.5 6.25 1.34

Packaging or Shape 1.3 85.94 68.66a

Guarantees/Warranties 0.3 0.29 −0.03

Safety 0.3 0.29 −0.03

Independent Research 0.8 5.66 5.68a

Company Research 2.6 0.68 −2.24

New Ideas 3.2 1.56 −1.67

Total 4.8 14.4 6.13a

a p < 0.001
b p < 0.01
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Table 6 Advertising information cues change over time

Information cues 2007.Q1–2010.Q2
(N = 447)

2010.Q3–2013.Q4
(N = 577)

Z-value

Price-Value 5.3 13.69 4.71a

Quality 25.28 25.13 −0.05

Performance 5.37 9.71 2.66b

Components or
Contents

10.51 16.81 2.96b

Availability 10.96 14.90 1.88

Special Offers 5.15 3.64 −1.16

Taste 24.16 27.21 1.11

Nutrition 8.72 4.33 −2.78

Packaging or Shape 88.59 83.88 −2.19

Guarantees/Warranties 0.00 0.52 1.74

Safety 0.00 0.52 1.74

Independent Research 6.04 5.37 −0.46

Company Research 0.89 0.52 −0.69

New Ideas 1.57 1.56 −0.01

Total 13.75 14.84 0.50
a p < 0.001
b p < 0.01

3. Advertising Information Cues Change Over Time
We also analyzes the information cue changes over time. The analysis operate as

follows: time is divided into two periods, the first stage is for the first quarter of 2007
to the second quarter of 2010 and the second stage is for the third quarter of 2010 to
the fourth quarter of 2013 (see Table6).

Z test shows average number of 3 cues (Price-Value, Components or Contents,
Performance) in two periods is typically increased, while average number of 7 cues
(New Ideas, Quality, Independent Research, Company Research, Special Offers,
Packaging or Shape, Nutrition) is decreased, other cues have no significant changes.

Results revealed that the administrators realized the marketing role of web forums
andmessage boards: offering a clear price and value information of the tourism prod-
ucts to stimulate the price-sensitive consumers to purchase and providing detailed
information on quality and performance of tourism products to help consumers to
make purchase decision on high involvement condition.
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4 Conclusions, Management Implication and Research
Prospects

4.1 Conclusions

Empirical study on ad information of National 5A Rated Tourism Attractions can
precisely draw conclusions as follows:

First, official posts onweb forums andmessage boards arewith advertising nature.
The number of information cues on average are obviously higher than that on mag-
azines, TV and web banner ads. Web forums and message boards are more targeted,
controllable and interactive than traditional media to answer to the claims from the
consumer’s perspective. They can carry more information because of its multimedia
transition, low-cost and interaction.

Second, most managers of the national 5A Rated Tourism Attractions did not
realize the marketing role of web forums and message boards. The proportion of
the websites contain official posts is quite small (0.93%), and the webmaster of the
tourism attractions did not make full use of the platforms to post ad posts, reply
questions and guide public opinions.

Third, the consciousness of using message boards is far below that of forums.
There are 15 websites with forum ads, account for 46.88% of normal operational
websites (15/32) and 8.82% total websites (15/170). While there only 4 websites
usingmessage board post ads, which account for 8.89% normal operational websites
(4/45) and 2.35% total websites (4/170).

Fourth, the most 3 types of tourism ad information cue are Packaging or Shape,
Quality and Taste, means that compared with other product categories, tourism prod-
uct has its unique features in advertising transmission. Different cues have different
roles in persuading purchase decision. The evidence shows that forums and message
boards can fully display advertising information cues, and tourism product advertis-
ing is in preference for the physical evidences.

Fifth, results of ad information cues changing over time reveal that scenic man-
agers have verified the ad propagation effects. As highly involved products, tourism
product ads can help consumers make better purchase decision by offering clear and
detailed information of price, performance and components.

4.2 Management Implication and Research Prospects

This study revealed that the forums and message boards are effective adverting inter-
active media. Tourists can refer to relevant information when making purchase deci-
sions. Thus scenic managers should fully use these media, and exposing targeted
advertising posts according to the demand of potential tourists. Those websites with-
out forum and message board should be and managed.
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Most of forums and message boards of the tourism attractions are leaving unused,
so specialized management organizations of forums and message boards are needed.
Meanwhile, specific official advertising posts should be developed and released
according to different consumer groups and different time periods to make sure
establishing a wide range of interactive relationship with tourists.

Though this study carried out in accordancewith the norms and procedures of con-
tent analysis strictly, it inevitably has some limitations because of research purposes,
and also indicate the future research:

Resnik and Stern is an objective criteria for ad information content analysis,
but can only analyze whether the ad contains information cues, but cannot provide
consumer subjective views. Future research should measure and analyze consumer
response to advertising information cues.

This study confirmed web forums and message boards are effective interactive
media. Future research could analyze advertising information content of tourism
products on magazines, newspapers, televisions, radios and other media and explore
differences between them.
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Research on Urban Public Transport Status
and Countermeasure of Yinzhou District
in Ningbo City

Chunyan Du, Min Xiao and Xizhao Zhou

Abstract The contradiction between supply and demand of urban traffic is
increasingly intensified, and has become a major bottleneck restricting social and
economic development. And public transport has a positive role in saving road
resources, improving the traffic environment, so, achieving sustainable and prior-
ity development of urban public transport has become an inevitable trend. On the
basis of investigation of transport infrastructure and transit status quo in Yinzhou
District, this paper analyzed the existing problems, put forward the corresponding
countermeasures, and advocated for an assurance system of public transport sustain-
able and priority development.

Keywords Public transport status · Yinzhou District in Ningbo City · Assurance
system

1 Introduction

Yinzhou District in Ningbo City, the largest municipal area, occupies 1380.54km
and has a population of more than 77 million. Its geographical location is so special.
Particularly it approaches Ningbo City. The district center is near Ningbo downtown,
and the region within the jurisdiction surrounds Ningbo City from three directions
and has become a highly urbanized southern new town of Ningbo City. With the
continuous economic and social development and the gradual growth of population,
transportation problems in the region have become increasingly prominent, and it
is particularly important to solve the corresponding problem [1]. In addition, from
the comprehensive perspective, geography of Yinzhou District and Ningbo City is
intertwined, which has proposed higher requirements for corresponding public traffic
system objectively.
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At present, studies concerning Ningbo City are focused on three respects, namely
regional strategic development, resource environment, and economy and culture.
Through comparative research andmaking reference of the construction and develop-
ment model three-district-linkage in Shanghai, Wang [2] summarized and concluded
the connotations and results of the three-district-linkage model in Ningbo and pro-
posed suggestions for its future development. You [3] found that mudflat shellfish
in Ningbo is excessive in glant Pacific oysters, which should arouse the attention of
relevant departments. By studying geographical names in Ningbo, Ding [4] under-
stood the unique ancient topography of Ningbo and explored the history and culture
of salt industry’s development. Literature on public transport is rare, and is mainly
concerned about monographic research such as the attractiveness of public trans-
portation [5] and the ticketing system. It is not systematic enough and research about
Yinzhou District is even missing. This paper hopes to make up for gaps in this area.
This paper first analyzes the transportation infrastructure and public transport situ-
ation of Yinzhou District in Ningbo City, identifies existing problems and proposes
corresponding solutions, in the hope of providing corresponding references for the
development of public transportation in Yinzhou District in Ningbo City.

2 Analysis of Transportation Infrastructure
in Yinzhou District

In recent years, transportation infrastructure in Yinzhou District has been continu-
ously improved. By the end of 2011, the mileage of this district has reached 1870km.
Therewere118kmof expressway, 151kmoffirst-class highway, 227kmof secondary
roads, 294km of tertiary roads, and 1080Km of fourth-class roads, which basically
formed an extensive road network with expressway as the framework, national and
provincial roads as the main lines and crisscrossed county and country highways as
the branch lines. 2007–2011 Yinzhou District road network and each grade of road
mileage and changes are displayed in Table1.

With the rapid development of social economy of Yinzhou District, there is
still a wide gap compared with the rapidly growing traffic in the area although

Table 1 Yinzhou District road network odometer over the years (Unit: km)

Years Mileage Free way First class
highway

Secondary
road

Tertiary
highway

Fourth class
road

2007 1672 98 91 234 279 970

2008 1717 98 95 237 285 1002

2009 1742 98 97 242 284 1021

2010 1802 99 103 240 297 1063

2011 1870 118 151 227 294 1080
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regional transport infrastructure has also been dramatically developed. Especially,
cross-district channels and old towns fail to adapt to the future growth of motor
vehicle, resulting in short supply of road traffic in Yinzhou, as well as restricting the
long-term development of motor vehicle traffic in the area. Therefore, it has been an
inevitable trend in Yinzhou District to optimize the public transport facilities, plan
bus lines and efficiently use road resources.

3 Analysis of Public Transport Situation in Yinzhou District

1. Analysis of Public Transport Supply
Currently, there are 1455 various buses, 178 operating lines, 12488 daily total

runs, 355,400 passengers/day of carrying capacity and 97% all-region bus coverage
in 4 bus companies in Yinzhou District. The bus lines are mainly divided into two
categories: urban bus routes and urban and rural bus routes, which are mainly con-
centrated on the Yinxian Avenue, Youngor Avenue, Xiaying Avenue and Tiantong
north Road, etc., and the spatial distribution is basically reasonable.

The urban bus lines operated by Ningbo Public Transpotation Corporation and
Ningbo Gongyun Group Co., Ltd, start from the main point of traffic zone and enter
into Ningbo downtown through Tiantong Road, Qianhu Road, Youngor Avenue,
etc. The urban and rural bus routes operated by Ningbo Urban and Rural Public
Transport Co., Ltd and Ningbo Dongfang Bus Service Co., Ltd, mainly start from
the district jurisdiction towns and enter into Ningbo Downtown through the main
public concentration areas.
2. Analysis of Public Traffic Demand

Public transport demand is analyzed from three perspectives: bus travel feature,
bus passenger flow distribution, and subjective passenger demand, with the purpose
of fully understanding the travel time, time distribution of bus passengers, and travel
features, while grasping the overall ratings and comments of current bus service, so
as to provide a basis to develop appropriate countermeasures. Data in this section
come mainly from public transport survey.

The survey objects were local residents in Yinzhou District (living in the city for
a long time without being away for a long time) or foreign residents that worked in
Yinzhou District and do not leave for a long time prior to the survey. 1000 paper
questionnaires were distributed, and 889 were retrieved, with paper-based question-
naire effectiveness of 96.3%. 200 electronic questionnaires were distributed and 179
were retrieved, with electronic questionnaires effectiveness of 97.2%. There were
a total of 1068 people surveyed. The survey content encompasses multiple aspects,
including bus travel reason, age levels, and satisfaction. Single topic selection is
given priority to, complemented with the right amount of subjective questions.
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Fig. 1 Bus passengers travel
purpose

(1) Characteristics of bus travel
From Fig. 1, passengers travelling to work and joining in other activities by bus

on weekdays, which account for more than half of the travelling proportion, and
shopping and business account for about 20% of the travelling proportion. Friends’
sharing is only about 6%, which may be a result of survey data in peak periods.

Figure2 shows that traveling passengers are mostly aged from 20 to 30, and with
the increase of age, fewer people tend to travel by bus. This phenomenon conforms
to the rule.

Figure3 shows that the main reason for travelers to choose public transport is
“convenience”, signifying that “convenience” is the primary factor of bus travel for
travelers. The second is price, which is also the important factor that affects travelers’
choice.
(2) Time distribution of passenger flow

The numbers of daily bus passengers are different on weekdays and weekends.
Here the results of the survey data provided by Ningbo Urban And Rural Public
Transportation Co., Ltd. are analyzed, as seen in Table2 and Fig. 4.

Flow of bus passengers can be seen from Fig. 4 for saddle type distribution. Mon-
day and Friday are the largest, normal weekdays (Tuesday to Thursday) are relatively

Fig. 2 The proportion of
transit passengers of all ages

Fig. 3 The reason of bus
travel
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Table 2 Passenger scale of one week (Unit: Ten thousand)

Date Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Passenger
volume

3.05 3.28 2.77 2.53 2.74 3.12 2.98

Source Statistical Yearbook 2012, Yinzhou District

Fig. 4 Distribution of
passengers

small. It has something to do with residents to and from work on Mondays, and to
travel for shopping, entertainment and other factors on Friday.
(3) Analysis of passengers’ subjective demand

Passengers’ subjective demand refers to the use of bus travelers’ subjective
demand for buses. This article mainly analyzes the results of the survey about overall
evaluation of the bus passengers and the problems of the current bus.

From Fig. 5, bus passengers currently highly evaluate public transport in Yinzhou
District. Nearly one-third of bus passengers give an overall assessment as “excellent”,
while more than half of the passengers consider bus overall rating “good” and only
1% of the passengers consider bus overall assessment as “poor” (Fig. 6).

Fig. 5 Overall rating for
public transport

Fig. 6 Bus problems
considered by passengers
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Table 3 Evaluation system of bus service level

Index Result High Higher Medium Low

Public transportation network density 1.12 a >3.5 2.5∼3.5 1.0∼2.5 <1.0

Bus ownership 16.02b >10 8.3∼10 6.1∼8.3 <6.1

The proportion of bus travel 12% >40 30∼40 15∼30 <15

Public transportation network coverage
(300m radius)

50%c >70 60∼70 50∼60 <50

Non-linear coefficient of bus lines 1.67 <1.2 1.2∼1.7 1.7∼2.0 >2.0

Bus traffic punctuality rate 86% >95 85∼95 50∼85 <50

Bus load factor (Consider only comfort) 45% <50 50∼80 80∼110 >110
a km
km2

bVeh/ten thousand people
c (New Town)

Among current problems in the bus, 64%of the passengers think themain problem
is traffic congestion; 16% of the passengers believe the main problem is the poor
punctuality; 8% of the passengers consider the main problem as long waiting time;
6% of the passengers think long detouring distance and transfer inconvenience are
the major problems.

Since the survey data derive from the peak periods, over half of the comments are
focused on traffic congestion. At the same time, due to peak periods, the saturation
is very large, congestion is serious, so punctuality is affected. Waiting time and
punctuality are closely related, but are not exactly the same. In general, in terms of
punctuality, besides waiting time, passengers also perceived the bus travel time, so
passengers that felt waiting for a long time were slightly lower than those with poor
punctuality. The proportion of passengers who have to transfer is small, so there
are not many passengers feeling transfer inconvenient. Passengers usually evaluate
public transportation services from the perspective of travel time, and seldom pay
attention to distance, so the number of passengers who feel long destouring distance
is not large.
3. Analysis of Public Transport Services

According to Table3, we get the following conclusions: Yinzhou District has a
higher rate of direct bus lines, but the line bypass is serious. Line mileage, one-way
travel time is too long overall. Transfer is not convenient and passengers’ waiting
time is long. The bus running state is lack of effective supervision.

4 Problems and Solutions

Based on the analysis of the above survey results, the main problems of the public
transport system in Yinzhou District can be summarized as follows:

(1) Subject to the existing road network structure, the bus service is not balanced.
Part of the road line repetition coefficient is too high, such as Yinxian Avenue.
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Because it is currently the only east-west road running through the new city, in
addition to a number of bus lines, all transit vehicles (including trucks) also pass
through the road, causing severe congestion and intensified road damage.

(2) There is a lack of facilities in public transportation hub sites, and it is difficult to
match the regional characteristics. Because nowYinzhouDistrict has not formed
public transport hubs completely, most of the bus lines are just to communicate
with the urban areas in Ningbo, making it difficult to play a guiding role to its
reasonable development.

(3) At present, bus lines through Yinzhou District are operated respectively by
Ningbo Public Transpotation Corporation, Ningbo Urban and Rural Public
Transport Co., Ltd,NingboDongfangBusServiceCo., Ltd andNingboGongyun
Group Co., Ltd. It is urgent to reform the management system and business
model, in order to fully integrate and use existing resources to improve opera-
tional efficiency.

Aiming at these problems, countermeasures are put forward as follows:

(1) Further improve the rationality of public transportation network coverage and
the layout of the bus lines, extend the bus lines to the blank road.

(2) Improve the quality of public transport services; timely and effectively control
the increment of motorcycles and the increase in cars through managing traffic
demand; ensure the healthy development of public transport and smoothness
of urban road traffic.

(3) Reasonably plan bus routes to reduce linear coefficients of bus lines, reduce bus
bypass, and take measures like giving priority to buses to reduce vehicle delay.

(4) Reasonably plan bus stops, shorten the passenger transfer distance; increase the
frequency of bus services in the morning and evening peak periods to shorten
the waiting time of passengers.

(5) Improve the level of transit service; scientifically plan the network. Under the
premise of protecting the smooth road traffic and passenger comfort degree,
coordinate the relationship between public transport capacity supply and traffic
demand; improve the vehicle load rate.

(6) Rely on the terminals; construct a new passenger transit hub; realize centralized
access between township lines and new city lines, well converge with other pas-
senger modes, together constitute a urban transport system with clear-cut labor
division, proportional coordination, complementary advantages and advanced
operation.

(7) At the stage of cultivating passenger market, the government should give appro-
priate subsidies to bus companies according to the circuit operation.

(8) Comprehensively cover intelligent transportation systems; realize transit vehi-
cle real-time monitoring and dynamic scheduling.

(9) The size of the bus and stop fields should be balanced within the scope of
Ningbo city bus system, and obey the city bus system.

(10) Improve the public transport operation mode to achieve the combination of bus
lines operation mode and area operation model.
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5 Build Sustainable and Preferential Development
Public Transport Security System

The optimization of the public transport system is a system engineering issue and
needs to take into account the soft and hard environments of the public transport sys-
tem, thereby achieving organic combination [6]. These initiatives in this papermainly
focus on building a good hardware environment for public transport in Yinzhou in
Ningbo. While pursuing the improvement of the hard environment, the soft envi-
ronment for the urban public transport system is an important influence. This paper
has pointed out that the soft environment is sustainable and preferential development
public transport security system.
1. Sustainable Public Transport Security System

Protecting the environment is the foundation of sustainable social and economic
development. A beautiful environment can better enhance the city competitiveness,
promote the city’s taste and improve the quality of life of urban residents. The current
status of the urban environment influence in Yinzhou District in Ningbo City has the
following two main traffic characteristics:

(1) Motor vehicle emissions in Yinzhou District have become the main source of
atmospheric pollution;

(2) Individual transportation is developing rapidly. Thus, to develop public transport
and enhance the attractiveness of public transportation can inhibit the develop-
ment of individual traffic speed, ease traffic congestion and reduce emissions.

In addition, in order to reduce the influence of public transportation on the envi-
ronment of Yinzhou District in Ningbo. The following measures targeted at buses
should be taken:

(1) Encourage the use of clean energy buses.
(2) Transform the existing bus, make sure that all the bus exhaust emissions reach

standards.
(3) Strengthen themonitoring of public transport vehicles, resolutely eliminate vehi-

cles with poor shape, large noise and high fuel consumption.

2. Preferential Development of Public Transport Security System
Bus priority refers to the government gives the city bus more favorable conditions

for from economic, administration, legal, technical development, so that the city
buses have a prior status different from many modes of transportation [7]. They are
mainly reflected in to minimize the impact of traffic congestion on public transport
vehicles, ensure punctuality, save travel time, increase the attractiveness of bus travel,
achieve a virtuous cycle of transportation structures, ease traffic conflicts and improve
urban traffic environment.
1. Government macro management
(1) Guide benign competition

The situation of traffic congestion is becoming increasingly serious. Vigorously
develop public transportation as an important measure to ease road supply and
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demand contradiction, so that the public transportation industry can develop rapidly.
Objectively, it proposes a challenge to government’s macro-control ability. The gov-
ernment should meet the demand of urban public traffic and improve the city traffic
environment, take into account the interests of the public transport enterprises and
strengthen macro-control, thereby forming a virtuous and orderly competitive situa-
tion amongNingboPublic TranspotationCorporation,NingboUrbanAndRural Pub-
lic Transport Co., Ltd, Ningbo Dongfang Bus Service Co., Ltd and Ningbo Gongyun
Group Co., Ltd.
(2) Reform the present situation of the bus system

Yinzhou District Government should insist on separating government functions
from enterprise management to realize the separation of ownership and management
rights, give priority to the bus enterprise autonomy in regard to personnel and equip-
ment, create good external conditions for the public transportation enterprise reform,
prompt public transport enterprises to unceasingly perfect in market competitions,
construct the modern enterprise system, and enhance the benefit of the public trans-
portation enterprises and service level, in order to gradually reduce and eliminate
operating losses.
2. Fiscal policies
(1) Investment policies

Public welfare of buses decides the poor public transport investment performance,
long capital recovery period and low attraction of capital, and therefore public trans-
port infrastructure has long been invested by the government. While the long-term
development of the bus needs to realize the diversification of investment to public
transportation, namely centering on government investment, bank credit is comple-
mentary and social capital and foreign capital utilization should be raised actively [8].
The following breakthroughs can be considered: The government fiscal interest dis-
count loans to the bank. On the basis of the shareholding system reform, issuing
shares to raise funds, to revitalize the assets of the bus companies. In addition, select
some benefits guaranteed projects to attract foreign investment for joint operation.
(2) Subsidy policy

On taxes, Yinzhou District Government employs the reduction and exemption
policies, such as using preferential policies for oil that runs buses. In chargeable
places such as roads, tunnels, bridges, implement free policy for buses and exempt
vehicles’ purchase tax, etc.
(3) Fare policy

Yinzhou District suffers from losses permitted by policy due to the government’s
social functions. At present, in order to achieve public welfare, Yinzhou District
should still adopt a policy of low bus fares. Fare adjustment should be based on
the monthly average transportation costs for a percentage of the monthly average
gross income, set up the annual fine-tuning fares natural adjustment mechanism
according to the average wage growth, and gradually break even small profit. For
social vulnerable groups, such as the elderly population, low income earners, the
disabled, etc., give proper care on the fare mechanism.
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3. City planning and construction
Highlight the priority of public transportation in Yinzhou District’s regional plan-

ning and comprehensive transportation planning. Ensure the land for public transport
facilities; provide the necessary infrastructure for public transport development. Bus
station construction should be based on bus operation and residents’ travel require-
ments. Passenger terminals can organize urban traffic truly, balance distribution of
passenger flow and realize the function of transportation conversion.
4. Bus operation management

The urban public transport system is a timing, lane and random service system.
According to the change of the passenger flow, flow time and space distribution, the
system can operate properly and maximize the benefits depending not only on road
conditions and traffic flow, more importantly based on vehicle operation monitoring
and operation information management. Therefore, it is necessary to use advanced
public transport system for intelligent management.

The primary purpose of the advanced public transportation system is to convey
users with reliable information. People can select travelling ways according to the
information. Hence, the transportation system is market-oriented and should realize
functions in terms of public transport management, provision of public transport
information and maintenance of the public transportation safety.

6 Conclusion

In today when supply of road transport resources falls short of demand, the policy
of “bus priority” can achieve intensive use of resources and effectively alleviate
traffic conflicts. However, various existing problems hamper the implementation of
this policy. On the basis of analyzing the current situation of Yinzhou District, this
paper proposes a series of measures and promotes the sustainable and preferential
developed public transport security system, which has important reference value.
Although many aspects are involved, they are only to a point. A macro vision is put
forward and specific implementation measures need further research.
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Analysis on Asymmetry and Trends
Forecasting of Chinese Macroeconomic
Fluctuations

Hong Wang and Yonggan Zhao

Abstract This paper studies economic operation characteristics and interactions
of major indexes reflecting macroeconomic operation by using Markov Regime-
Switching Model, and also verifies asymmetry among the various synthetic compo-
nents in economic cycling. That is to say that there are somedifferences in interactions
among these major macroeconomic variables under different macroeconomic opera-
tion environments (“good”, “general” and “poor”). Therefore, the government should
apply different control measures to different economic operations in the future. Our
study has showed that Markov regime-switching model with 3-regime is suitable for
forecast and prediction on macroeconomic variables in sample period and beyond
sample period.

Keywords Economic fluctuation · Asymmetry · Trend forecast · Markov regime-
switching model

1 Introduction

The practice of economic growth and cycling theory has proved that it is very difficult
to achieve and keep steady and sustainable economic growth in a long term. The
repeated fluctuations and tortuous development is the trajectory of economic growth
and development. Economic fluctuation is periodic and asymmetric, and there are
different behaviors in economic expansion and contraction period.

The traditionalmethodusually used in economicfluctuation is time series analysis,
such as autoregressive model (AR) and Auto Regressive moving average Model.
Linear time series models are very popular since they have been incorporated into
software package in statistics and econometrics. Although these models are very
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successful, they cannot analyze more nonlinear dynamic models, such as economic
fluctuation’s asymmetry and volatility clustering. Markov Regime-Switching Model
is one of the most popular nonlinear time series models. Its advantage is to divide
invisible macroeconomic operation situation into several independent regimes. By
this analysis method, we can capture more complicated dynamic models and their
analysis results will be much better than that of general linear forecast.

The classical researchof economic cycle asymmetry isMarkovRegime-Switching
Models with 2-state by Hamilton [6]. After researching American GNP data post
World War II, he confirmed that American economic had periodical changes from
active growth to passive growth. Sichel [10, 11] established economic cycle model
with 3-state (recession phase, recovery phase with rapid growth and steady growth
after recovery). Kontolemis [7] analyzed business cycle of the U.S. with a Vector-
Markov-Switching Model. Guidolin [5] found Markov model’s prediction effect
is much better than that of other linear Asset price models after comparing sev-
eral forecast models. Girardi and Alessandro [4] showed that survey expectations
contain relevant information about business cycle developments in the euro area
using a dynamic multivariate system. Xu et al. [12] obtained periodic components
reflecting China’s economic cycling fluctuation and distinguished two sorts of asym-
metry of economic, deep asymmetry and steep asymmetry through peeling China’s
major macroeconomic variables log series by HP filtering and time trends to elimi-
nate technology. Chen and Liu [1] applied Markov’s research on auto regression of
mean and variance transfer to study asymmetry and persistence of fluctuations in
the economic cycle. Chen [2] analyzed the asymmetric effect of financial instabil-
ity on China’s economy using a specific Markov-Switching Auto-regression model
MSIAH M-ARX P. Empirical results show that Chinese financial system has cycli-
cal instability and the effect of financial instability on economy is asymmetric with
regard to different regimes of economic growth. Different from foreign scholars, Chi-
nese scholars’ studies are focused on proving existence and persistence, correlation,
volatility and other characteristics of China’s economic asymmetry phenomenon.
They mainly used single economic indicator to analyze, such as GDP or monetary
supply growth rate and domestic product growth rate. About the number of regimes,
they only marked they absorbed the idea of economic growth 3-regime system, and
no explanation about reason and basis.

Economic cycle is a comprehensive result of multiple factors’ combined action.
It is very one-sided to reflect fluctuation and asymmetry of economic cycle only by
using individual or a few indicators. Economic cycle also has a variety of synthetic
ingredients with asymmetry [8]. Based on above considerations, seven indexes are
selected to study interaction and asymmetry of synthetic ingredients in economic
cycling. These indexes include macroeconomic climate index, producer price index,
consumer price index, monetary supply, exchange rate, Shanghai securities compos-
ite index and Treasury bond index.
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2 Index Selection, Model Design and Sample Choice

1. Index selection and model design
In researches of economic cycle, Lucas [9] thought that we should pay attention to
linkage effect of macroeconomic variables, such as product and consume investment
and employment. Diebold and Rudebusch [3] suggested that we should consider two
aspects, the first is economic variables’ linkage effect and the second is economic
situation persistence while designing economic cycle model. In present researches of
asymmetry of macroeconomic fluctuation, some single indexes, like GNP, GDP or a
few indexes like monetary supply growth rate and domestic output growth rate, will
be mainly used. In our opinion, when studying economic cycle, we need not only to
study and verify asymmetric cycle formwith ‘slow-up steep-down’, but also to study
operation characteristics and interaction relationship of somemajor macro economic
factors under different economic situations in the future. Based on above considera-
tions,we choose 7 indicators in 3-category to reflect the status ofmacro economy. The
first category includes indicators that reflect overall state economy, such as Macro-
economic Climate Index, Consumer Price Index (CPI), RMB exchange rate, stock
index and Government Bond Index. The second includes indicators that reflect the
attitude of central bank to the future state of economy, like monetary supply, interest
rate. And the third reflects the characteristics of samples of manufacturing industry,
such as Producer Price Index (PPI). In the end, we select the following indicators,
Macroeconomic Climate Index, PPI, CPI, monetary supply, RMB exchange rate, the
Shanghai Composite Index and the Government Bond Index.

Assuming at time t, vector M_t represents macroeconomic condition, and then
all macroeconomic indicators can be predicted by Markov-Switching Vector Auto
regression Model, which is written as:

Mt = αst + βst Mt−1 + εst . (1)

In Eq. (1), Mt−1 is the matrix of macroeconomic state at time t − 1; αst and βst

are state-dependent coefficient matrix; εst is the state-dependent random terms,εst .
Assuming that macroeconomics has k kinds of states, and the future state of macro
economy subject to the requirement ofMarkov chain, and then thematrix of transition
probability including different states is as follows:

P =

⎡

⎢
⎢
⎢
⎣

p11 p12 · · · p1K

p21 p22 · · · p2K
...

...
. . .

...

pK1 pK2 · · · pK K

⎤

⎥
⎥
⎥
⎦

. (2)

In this matrix, pi j = P
[
St = j |St−1 = i

]
represents the probability of macro-

economic states with from state i at time t − 1 to state j at time t , i, j ∈ K .
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2. Sample selection
In this paper, the range of macroeconomic data sample is from Dec 31st, 2001 to Sep
30th, 2012. Forecast interval of Out-of-sample is from Oct 1st, 2012 to Dec 31st,
2012.

3 Macroeconomic State Predicted Result and Analysis

1. Selection of macroeconomic operation state number
As the above, we select 7 indexes to reflect macroeconomic operation status from
different perspectives. In Eq. (2), the number K of macroeconomic state is related
to the accuracy of parameters in the model. If K is bigger and bigger, it shows the
classification of macroeconomic state is more detailed. The prediction of the model
may be better, but the parameters of themodel will also increase rapidly. The increase
of parameters may affect the accuracy of parameter estimation.

Inmanymodels, the basic judgment criteria of model selection are not complexity
but forecast accuracy. Based on this principle, we use Bayesian Information Criterion
(BIC) as the basis of macroeconomic state number selection in this article. Use
relative small number of BIC as classification number selection. Among them

B I C = −2 ln (L |K , ϕ (K ) ) + f (K , ϕ (K )) ln (N ). (3)

In Eq. (3), L is the likelihood function under K kinds of macroeconomic states;
ϕ(K ) = {ast , bst ,

∑
st
, P} is estimated parameters; f (K , ϕ(K ))s number of para-

meters in model; N is the sample number of observation data.
When the value of K is 1, we don’t need to divide macroeconomic into different

statuses to analyze; when K is 2, the macroeconomic status may be classified “good”
and “bad” statuses; when K is 3, we can divide into three conditions, “good” and
“general” and “bad”. The results of calculated BIC are shown in Table1. When K is
3, BIC value is the smallest. Therefore, we divide macroeconomic fluctuations into
three statuses, “good”, “general” and “bad” in the follow-up study.

2. Transition probability matrix of macroeconomic status transition
Under three statuses of macroeconomic, Regime 1, Regime 2, Regime 3, Markov
state transition probability matrix related to Eq. (1) is as follows:

P =
⎡

⎣
0.7500 0.0000 0.2500
0.0413 0.1944 0.7643
0.0187 0.6757 0.3056

⎤

⎦. (4)

Table 1 Calculated BIC under different macroeconomic status values

K 1 2 3 4 5

BIC 3.40E+03 3.40E+03 2.44E+03 2.92E+03 3.03E+03
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Fig. 1 Posterior probability of three different regimes

Posterior probabilities of macroeconomic status at different point of time are
shown in Fig. 1. As seen in Fig. 1, from December 31, 2001 to September 30, 2011,
macro economy fluctuated almost between Regime2 and Regime3, only three short
periods (September in 2003, January, 2004 to May, 2004, September, 2008 to Febru-
ary, 2009) is inRegime 1 status. Contrast Chinesemacroeconomic operation situation
in the same period, we can see Chinese economywas under high speed development,
and GDP surpassed Japan in 2009 to become the world’s second. During the process
of high speed development, China experienced the shock of “SARS” in 2003 and
financial crisis in 2008. If we use “good, general, bad” to define macroeconomic
status, we can conclude Regime 1 is the “bad” status. Besides, after twice Regime
1 status, macro economy transit into Regime 3 at posterior probability of 1, then
fluctuated between Regime2 and Regime3, but before entering Regime 1, two kinds
of performances are a little different. The first time is from Regime 3 to Regime
1, the second is from Regime 2 to Regime 1. In general, economic upturn is from
“bad” back to “general”, and then to “good”. Economic state may change slowly
from “good” to “general”, and then to “bad”, or may change directly from “good” to
“bad”. Therefore, we can conclude Regime 3 is macroeconomic status of “general”,
and Regime 2 is macroeconomic status of “good”.

3. Macro factors relation model and significance analysis
Under the three statuses, macro factors relation model and significance analysis are
shown in Tables2, 3 and 4.

Data listed in Tables2, 3 and 4 are influence coefficients between macroeconomic
indexes of this period tomacroeconomic indexes of next period. For example, 0.8573
at the first line of the second column in Table2 indicates if macro economy is under
Regime 1 next period, influence coefficient of current economic climate index to
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Table 2 Macro factors relation models and significance level under Regime 1

Macro
factors

Intercept M1 M2 M3 M4 M5 M6 M7

Relation models

M1 0.2278 0.8573 −0.0830 −0.0194 −0.0055 0.0518 −0.0244 0.0543

M2 0.7070 0.4734 1.4517 −0.9683 −0.0331 0.1816 0.0585 −0.3443

M3 0.4090 0.1860 0.1510 0.6474 −0.0789 0.0185 0.0134 −0.137

M4 −0.8676 1.5678 −2.7545 4.4383 −0.3178 −1.0188 −0.1666 1.8296

M5 −1.9052 1.2969 −1.3762 2.1541 −0.1431 −0.3113 0.1227 0.6397

M6 −1.6733 4.8628 −6.2035 9.0606 −0.5924 0.2985 −0.7634 1.1896

M7 −2.7055 −1.1567 0.3197 0.1604 0.1282 −0.0692 0.0442 −0.2391

Significance level

M1 0.003 0.0000 0.0009 0.3695 0.1422 0.0000 0.0000 0.0000

M2 0.0005 0.0000 0.0000 0.0000 0.0068 0.0000 0.0000 0.0000

M3 0.0389 0.0752 0.0207 0.0000 0.0000 0.2366 0.0889 0.0000

M4 0.3731 0.1475 0.0007 0.0097 0.0295 0.0003 0.0734 0.0000

M5 0.1092 0.0667 0.0027 0.0246 0.0701 0.0356 0.032 0.0015

M6 0.2002 0.0000 0.0000 0.0000 0.0000 0.0891 0.0000 0.0000

M7 0.0000 0.0002 0.0432 0.3486 0.0002 0.1434 0.0386 0.0017

Note M1 economic climate index; M2 PPI; M3 CPI; M4 monetary supply; M5 RMB exchange rate
against the euro; M6 SSE; M7 Government Bond Index

Table 3 Macro factors relation models and significance level under Regime 1

Macro
factors

Intercept M1 M2 M3 M4 M5 M6 M7

Relation models

M1 −0.0858 0.6235 −0.0673 0.1094 0.0133 0.0488 −0.0064 −0.0189

M2 −0.2301 0.9714 0.9952 0.0766 0.0432 0.0492 −0.0193 −0.1813

M3 0.2798 −0.1981 −0.0903 1.0312 0.0235 −0.0067 −0.0373 −0.1080

M4 1.1856 1.8904 0.1644 −0.1561 −0.6838 −0.0741 −0.0230 −1.4652

M5 0.2005 −1.2176 −0.4836 0.4670 −0.0003 0.0125 0.1202 0.3261

M6 −0.2401 −1.4779 −0.3902 0.5639 0.1962 −0.1977 0.1004 −0.4194

Significance level

M1 0.0482 0.0000 0.0000 0.0000 0.0016 0.0002 0.0567 0.3552

M2 0.0001 0.0000 0.0000 0.0003 0.0000 0.0009 0.0000 0.0012

M3 0.0032 0.0646 0.0001 0.0000 0.0044 0.4014 0.0000 0.1422

M4 0.0187 0.0047 0.1119 0.2269 0.0000 0.3092 0.3022 0.0046

M5 0.3204 0.0134 0.0000 0.0016 0.4965 0.4556 0.0002 0.2211

M6 0.4307 0.2000 0.1161 0.1316 0.0515 0.2911 0.1748 0.3787

M7 0.0000 0.4416 0.0469 0.0071 0.0132 0.0574 0.1277 0.0156

Note M1 economic climate index; M2 PPI; M3 CPI; M4 monetary supply; M5 RMB exchange rate
against the euro; M6 SSE; M7 Government Bond Index
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Table 4 Macro factors relation models and significance level under Regime 1

Macro
factors

Intercept M1 M2 M3 M4 M5 M6 M7

Relation models

M1 0.3662 −0.0033 −0.0874 0.0046 0.0095 −0.0161 0.0032 0.0535

M2 −0.0980 1.0791 0.8925 0.1755 0.0022 0.0105 −0.0063 0.2437

M3 0.2805 0.2823 0.0081 0.9434 0.0068 −0.0266 0.0113 −0.1863

M4 2.6726 3.1533 0.2998 −0.3024 0.59 −0.2348 −0.0188 0.6407

M5 1.4709 0.4676 0.1334 −0.2001 0.0918 −0.0372 0.0280 −1.3341

M6 5.5258 1.0402 −0.2565 −1.3662 0.069 −0.5834 0.0782 −1.9967

M7 0.0493 0.0161 0.0423 −0.0386 0.0055 0.0234 −0.0119 0.8087

Significance level

M1 0.0000 0.4842 0.0000 0.4123 0.0533 0.0946 0.2212 0.1720

M2 0.2011 0.0000 0.0000 0.0000 0.4322 0.3469 0.2438 0.0233

M3 0.0000 0.0040 0.3240 0.0000 0.1817 0.0448 0.0186 0.0051

M4 0.0003 0.0043 0.0678 0.1546 0.0000 0.0921 0.3788 0.2156

M5 0.0000 0.1453 0.0363 0.0346 0.0017 0.2845 0.1065 0.0000

M6 0.0000 0.2694 0.1833 0.0006 0.2816 0.0100 0.1817 0.0417

M7 0.2268 0.4367 0.0065 0.0624 0.2214 0.0590 0.0107 0.0000

Note M1 economic climate index; M2 PPI; M3 CPI; M4 monetary supply; M5 RMB exchange rate
against the euro; M6 SSE; M7 Government Bond Index

the next period economic climate index is 0.8573. Similarly, influence coefficient
of current economic climate index to the next period PPI is 0.4734. From Table2
to Table4, there are differences among these coefficients reflecting economy perfor-
mance from different perspectives. Taken together, these relations are presented as
follows:

(1) Under different macroeconomic statuses in the future, although there are dif-
ferences between influence coefficients of these indexes, the direction is the same. For
example, under Regime 1, Regime 2 or Regime 3, impact of the current economic cli-
mate index (M1) to the future industrial producer price index (PPI) (M2) is positively
correlated (influence coefficients are 0.4734,0.9714 and 1.0791) and have passed the
test of significance (significance level are 0.0000 under three status). It shows that,
regardless of what status the future macroeconomic is, the rise of current economic
climate index will lead to the rise of future industrial producer price index (PPI); the
falling of current economic climate index may lead to decline of future industrial
producer price index (PPI). RMB exchange rate (M5) and industrial producer price
index (PPI) (M2) have the same correlation, both positively correlated under three
statuses, the influence coefficients are 0.1816, 0.0492 and 0.0105. This suggests that
under three-status, the current RMB exchange rate appreciation (devaluation) will
lead to rise of industrial producers state price index under this kind of status in next
period; Similarly, the current RMB exchange rate decline (RMB appreciation) will
lead to decline of industrial producers price index under this kind of status under the
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state’s price index decreased, and this relation Regime 1 and Regime 2 significant
(significance level of 0.0000 and 0.0009, respectively) , in Regime 3 not significant
(significance level of 0.3469).

(2) Under different macroeconomic statuses in the future, the directions of influ-
ence coefficients between indexes are not the same, and such relations exist widely.
It shows that there are differences in different times among various ingredients in
economic cycle, and it is asymmetrical. Such as relations between monetary supply
(M4) and economic climate index (M1), PPI (M2), CPI (M3) and the Shanghai Com-
posite Index (M6). When Macro economy in next period is Regime 2 (“good”) and
Regime 3 (“General”), the influence coefficients of monetary supply (M4) on eco-
nomic climate index (M1), PPI (M2), CPI (M3) and the Shanghai Composite Index
(M6) are positive, indicating that when the future macroeconomic status are “good”
or “general”, the rise of monetary supply will lead to the rise of economic climate
index (M1), PPI (M2), CPI (M3) and the Shanghai Composite Index (M6). And the
relation is significant when significance level of Regime 2 is higher than Regime
3. On the contrary, when macro economy in the next period is Regime 1 (“bad”),
influence coefficients of monetary supply (M4) on the economic climate index (M1),
PPI (M2), CPI (M3) and the Shanghai Composite Index (M6) are negative. It proves
when the status of macro economy in the future is “bad”, the increase of monetary
supply will not lead to the rise of economic climate index , PPI, CPI and stock price,
and this relation is significant, even much more significant (significance level of
0.0000). Comprehending above relations, we can draw the following conclusions:
when macro economy performs well in the future, the increase of monetary supply
will help enhance the level of economic booming, with the corresponding PPI, CPI
rising, and the stock market also rising. But when the economic status is poor, the
increase of monetary supply cannot stimulate economic recovery. Instead, it will lead
to government debt burden, excess market liquidity, delaying economic recovery in
the future.

Similarly, when economic status in next period are Regime 1 (“bad”) and Regime
2 (“good”), the influence coefficient of current RMB exchange rate on economic
climate index in next period is positive, and can pass significance testing (significance
level is 0.0000 and 0.0002). This suggests that whether economic status is “good” or
“bad”, the rise of exchange rise (means depreciation of Renminbi) will help enhance
future economic climate index. However, when the future economic status is Regime
3, influence coefficient of current RMB exchange rate on economic climate index in
next period is negative, and the relation is not very significant (significance level of
0.0946).

From relation model of macroeconomic factors in sample period, in different sec-
tions of economic cycle, macroeconomic indexes behave differently. This approves
macro economy is asymmetric from another side, and also provides theoretical basis
formacroeconomic regulation.Macroeconomic regulation requires different policies
based on different economic statuses, otherwise regulation targets and actual results
may diverge.
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Fig. 2 Predicted value and actual value of economic climate indexes

Fig. 3 Predicted value and actual value of the producer price index

4. Trend-forecasting analysis of macroeconomic indexes in sample period
(1) Comparison of macroeconomic indexes predicted value and actual value

The comparison between macroeconomic indexes trend forecasting and actual
value in sample period is listed in Figs. 2, 3, 4, 5, 6, 7, and 8.

From Figs. 2, 3, 4, 5, 6, 7, and 8, differences between predicted value and actual
value of economic climate index, PPI (M2), CPI (M3), monetary supply (M4) and
government bond index (M7) are small, and it proves prediction is very good. The
prediction of turning-point and trend of RMB exchange rate (M5) and the Shanghai
Composite Index (M6) is better and time cycle is relatively accurate.Only the highest-
point and lowest-point have a little prediction deviation.
(2) Prediction accuracy rate analysis of macroeconomic fluctuations in positive and
negative directions
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Fig. 4 Predicted value and actual value of consumer price index

Fig. 5 Predicted value and actual value of monetary supply amount
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Fig. 6 Predicted value and actual value of RMB exchange rate

Fig. 7 Predicted value and actual value of Shanghai composite index
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Fig. 8 Predicted value and actual value of government bond index

Table 5 Calculated BIC under different macroeconomic status values

M1 M2 M3 M4 M5 M6 M7

Accuracy
rate

0.75 0.98 0.97 0.73 0.73 0.7 0.81

Note The accuracy rate is the correctness of predicted value’s positive and negative direction com-
pared to the actual value

Positive and negative accuracy of various macroeconomic indexes predicted and
actual value in sample period is shown in Table5.

As seen in Table5, the accuracy on PPI (M2) and CPI (M3) is the highest, respec-
tively 98% and 97%, and the accuracy on the Shanghai Stock index is the lowest,
only 70%. The accuracy rate of predicted value’s positive and negative direction is
higher than 70%. The overall prediction is good.

3. Analysis of prediction effect in sample period
Compared prediction value and actual value, and prediction accuracy of positive
and negative direction, differences of prediction and actual value between economic
climate index (M1), PPI (M2), CPI (M3), monetary supply (M4) and bond index
(M7) is small, prediction is very good. The prediction and actual value (Figs. 6 and
7) and trend of RMB exchange rate (M5) and the Shanghai Composite index (M6)
all are relatively accurate; the time cycle is also very accurate. But prediction of the
highest point and lowest point has some deviations. Reasons for this as follows:

(1) China’s exchange rate system had experienced a changing process from the
“fixed” to floating, from“unified administration” to “market regulation”, from
“a single dollar peg” to “reference to a basket of currencies”. During this process,
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Table 6 Forecast accuracy statistics of out-of-sample macroeconomic indexes

M1 M2 M3 M4 M5 M6 M7

Accuracy
rate

0.33 0.92 1 0.75 0.5 0.33 0.92

Note: The accuracy rate is the correctness of predicted value of positive and negative direction
compared to the real value.

exchange rate is not fully priced bymarket, even since July 21, 2005,China began
to implement managed floating rate system based on market supply and demand
andwith reference to a basket of currencies. This “managed” floating rate system
is not completely affected by market factors. Therefore, the methods used in this
paper to predict the highest and lowest point of RMB exchange rate have some
deviations in a certain degree, but the overall effects are acceptable, especially
in the latter part of the sample period, the differences have been reducing.

(2) Prediction deviation in Shanghai securities index. Its primary reason is that
there are deviations in basic condition of our economy and the stock market
performance. Since more than 10 years, Chinese economy is in upward cycle,
GDP growth keeping high speed at about 9%. Until 2010, GDP ranked the
second in the world. The analysis of macroeconomic state in this paper also
verifies that in the sample period, China’s macro economy mainly runs in the
“good” and “general”state. However, in the meantime, the Shanghai index trend
did not play economic “barometer” role. Shanghai Composite Index in 2000,
31 December closed at 2073 points, in October 2007 after reaching at 6124.04
points, closed at 2199 points by the end of 2011, and in September 2012 fell
below 2000 points, the index went back to the origin.

5. Out-of-sample forecasting result and analysis
Out-of-sample, predicted value accuracy rate of eachmacroeconomic index is shown
in Table6. Compare with sample prediction accuracy rate in Table5, we can see that
the prediction accuracy of economic climate index (M1), the RMB exchange rate
(M5) and Shanghai Composite Index (M6) drops more; prediction accuracy rate of
PPI (M2), CPI (M3), monetary supply (M4) and bond index (M7) decreased less,
even rising The overall forecasting effects are better.

4 Conclusion

This paper uses Markov state transition model with 3-zone system to predict and
analyze macroeconomic fluctuations and the interactions between macroeconomic
variables under different economic statuses. The results show that under different
macroeconomic states (“good”, “general” and “poor”) in the future, there are many
differences in interactions betweenkeymacroeconomic variables. For example,when
future macroeconomic performance state is “good”, increase of monetary supply
will help to enhance the level of economic booming, with the corresponding PPI,
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CPI rising, and the stock market also rising. But when future state of economy
is “poor”, increase of monetary supply will not stimulate economic recovery, but
will lead to government debt burden, excess market liquidity and slow economic
recovery in the future. Therefore, government should take different regulations based
on differences in estimation of future economic performance status. Meanwhile,
the predicted results of this paper indicate, Markov state transition model is very
suitable for predicting macroeconomic status, main macroeconomic variable’s trend
and turning points, and can be used as an alternative method for macroeconomic
forecasting.
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Harnessing and Boosting University Brand
in the Age of Big Data

Yu Liao

Abstract Institutions of higher learning will undergo dramatic changes in their
teachings andways of using data in the age of big data, fromwhich new opportunities
will emerge. By exploring the laws behind the data, universities can forecast the
future, as well as enable the teachers, students and administrators to upgrade their
teaching, learning and administrative capabilities, eventually harnessing their brand
image and boosting their reputation in the real sense.

Keywords Big data · University brand · Harnessing and boosting

1 Introduction

Big data poses a gigantic challenge to the development of institutions of higher edu-
cation. With the right tools and strategies however, big data can also offer incredibly
rich resources that can be leveraged to improve student retention, adjust the curricula
structure and support the students, teachers and administrators in numerous ways. It
therefore presents an opportunity for universities to realign their brand strategies as
well.

The information systems owned by universities are major producers of data.
According to the latest report from the McKinsey Global Institute, the database
of one information system in the U.S. Department of Education surged to 269 P
bytes (1 P bytes equals 1 billion M bytes) in year 2009 alone [7]. Thanks to such a
massive scale, the system was rated one of the year’s top 10 big data producers in all
America. Universities with populations of 10,000 or more people abound in China,
where large amounts of data are being generated from the student identities, course
selections, scores, book borrowings, internet visits, forums, microblogging and meal
cards among other sources and activities, not to mention the equipments, computers
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and books. The information systems in institutions of higher learning are thus often
colossal, and after years of buildup, would result in the big data as we know. The
big data of higher-learning institutions has highly distinct academic and scientific
values that can alter the ways we teach and learn. Big data can help with academic
administration, assist in scientific research with calculations of massive data, and aid
the student enlistment and degree management programs besides other applications.
In an age when information carries immense values, the students and faculties can
both benefit from the big data technology [15].

2 Researches in China and Abroad

Research by the international data analysis company IDC shows that digital univer-
sities created or collected 2.25 × 10 bits of data in 2007 alone, and estimates that
such data will grow by 60% each year, hence the advent of the age of big data.
Institutions of higher education are therefore facing the challenge of big data now.
Starting with the effective leverage of information technology and the administration
and decision-making mechanisms in the institutions of higher learning, this essay
herein will explore how to utilize the massive existing data generated by the uni-
versity information systems in an effective manner and enhance the universities’
administrative efficiency and decision-making capacity.

Sang [5] believed that there are two key factors with regard to the prospects of
applying big data analysis in universities, and that it is extremely important to closely
integrate the business and technology dimensions. Business need is the objective of
all data analysis. To analyze data, one first needs to know what to analyze, and only
with the need can universities perform data analysis with a target and discover the
deeper values of data to facilitate their decision-making. Secondly, data analysis has
high requirements for technical professionals who are required to not only master
the technology but also familiarize with the campus network operations.

Zhang et al. [14] thought that campuses are now swimming in a constantly expand-
ing ocean of data. Big data has two distinctively different application layers in higher
education nowadays: the first layer regarding big data as the achievements of scien-
tific research institutes engaged in collecting, managing and organizing wide ranges
of structural and nonstructural data, and the second layer viewing big data as the
resource for predictive analysis.

Darren Catalano, a business intelligence expert at theUniversity ofMarylandUni-
versity College (UMUC) [10] noted: “Our existing systems have already produced
tons of data. It is only now that we begin to pay attention to these data”. The key to
big data is the application of better analytical know how in large datasets.

Xu [11] believed thatwith the advent of the ageof big data inChina, universities are
generating huge amounts of data in their daily operations. Originating from different
levels and categories, these data are mostly focused on serving and administrating
the faculty and students.
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3 Key Factors for Harnessing and Boosting University
Brand in the Age of Big Data

3.1 Building Intelligent University Brand in the Age
of Big Data

Compared to digital campuses, intelligent campuses feature more integration. With
the supports of intelligent sensor technology, IOT (Internet of Things) technology,
mobile internet technology, big data technology and cloud computing technology, the
physical and virtual dimensions of campuses have become increasingly inseparable,
and the activities of the faculty and students are already confined on an intelligent
campus where the physical space is fused with the digital dimensions as indicated in
Fig. 1.

To realize the fusion between physical and digital space, universities need to
establish intelligent campus information support platform that is anchored on big
data as the core, and with intelligent sensing as the nerve ending, mobile internet as
the nerve network, intelligent applications as the support and adaptive personalized
user interactions as the target, in order to realize the intelligent application of the
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Fig. 1 Intelligent campus of integrated physical and digital dimensions
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Fig. 2 Architecture of the intelligent campus system in universities

various tasks on campus. Below is a diagram of the architecture of the intelligent
campus system in universities (Fig. 2).

1. The intelligent sensing layer
Using various sensing technologies to collect different data in real-time manner
and achieve full knowledge of the status of faculty and student activities, opera-
tional status of the devices and the interactive status between the learning and living
environment, the intelligent sensing layer provides the material foundation for the
collection of mass data for intelligent campuses;



Harnessing and Boosting University Brand in the Age of Big Data 501

2. The network communication layer
Employing both wired and wireless network technology to promptly transmit the
various data, and realize access anywhere anytime, full high-speed interconnectivity
and application at will, the network communication layer lays a network foundation
of ubiquitous broadband availability for intelligent campuses;

3. The big data layer
As the core part of intelligent campuses, the big data layer consists of physical
platform for data storage and computation and the platform for information collec-
tion and data management, therefore creating a solid data foundation for intelligent
campuses;

4. The application layer
Comprised of all kinds of information program applications for an intelligent campus
such as the teaching, research, administration and service applications, the applica-
tion layer is the key force allowing intelligent campuses to work.

3.2 Building Mobile Learning Platforms in Universities
in the Age of Big Data

Mobile learning platforms are built in the big data era in order to break down the exist-
ing limitations to mobile learning in universities. This platform supports universities
to offer different learning methods for different learning environments, and realize
knowledge accumulation and sharing through the cloud system (Refer to Fig. 3).

In the client model (Fig. 4), the resource data of the knowledge base is distributed
to different users in thewayof education streams,where legitimate clients are allowed
to access and share the resource data after certification and licensing.

Fig. 3 Basic architecture of
cloud model and resources
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Fig. 4 Basic architecture of
client model and layers
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1. Fragmentized and personalized learning
As an application of the cloud computing technology in the field of education, this
system can automatically analyze the contents that learners wish to study and present
a list of the contents, or the users can manually search for the contents they wish to
study, without the need of local downloading and with no limitation of time or space.

2. Functions of mobile learning
Featuring rich learning resources, this cloud platform for mobile learning provides
one-stop learning services comprised of learning,Q&A, testing and interactive func-
tions [1], intelligently tracks and analyzes the students’ learning records, and offers
prompt feedbacks through emails. The platform can also enable parents to look at
their children’s credit reports and performances on campus among other information,
thus achieving home-school information communication (Refer to Fig. 5).

Fig. 5 Mobile learning
process based on cloud
computing
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3.3 Application of Big Data Concept in Job Placement
of University Students

Mainly focused on the complete data aggregation of relative groups or targets, big
data application in this sphere is using identification, collection, storage, analysis,
mining and related technologies to purify and simplify the “new oil of the future” that
big data is known as, and employing visualization technology to form a “complete
closed loop of data consolidation, analysis, mining and presentation” to help the
employment staff better utilize the data to identify, solve and predict problems.

The big data-based job placement system shall be incorporated of: the basic infor-
mation system of the employers, basic information system of the graduates, the sys-
tem for analysis of the job market, the system for analysis of the graduates’ job
searches, graduate assistance system, system for tracking and service of graduated
students, and job warning system which together collect, sort out, store and use the
job related data (Refer to Fig. 6:Model of theBigData-based Job Placement System).

3.4 Trends of University Curriculum Development
in the Age of Big Data

Publishersmay undergo the three stages as below to implement their big data program
for university curricula as designed with three levels of difficulty: easy, medium and
difficult, in accordance with the cycle of and challenge for implementing big data
programs:

Step 1. An operational stage focusing on paperback products, and at the same time,
exploring the new business model for digital products, as illustrated in Fig. 7.

Main jobs of the publishers at this stage: renovating and consolidating the existing
database platforms, building standardized criteria for collection of data, establishing
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Fig. 6 Model of job placement system based on big data
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database of user information, and further streamlining the data utilization procedures
so as to provide physical supports and momentum for the research and development
of current programs and promotion of market [8].
Step 2. A stage emphasizing both paperback curriculum products and digital prod-
ucts, as suggested in Fig. 8.

Main responsibilities of the publishers at this stage: establishing the primary
big data mindset in the R&D and marketing campaigns through the building of
systematic data platform, establishment of supportingworkmechanisms and systems
and development of talents.
Step 3. A stage when the business model centered on digital products emerges, as
indicated in Fig. 9.

Main tasks of the publishers at this stage: as data utilization enters the stage of
in-depth mining, publishers shall design their overall strategies with big data as one
of their core competitive edges, while employing capital and administrative means
to further consolidate external data and industry resources.

3.5 Information Literacy of University Teachers
in the Age of Big Data

(1) Have the ability to use variousmethods or new technologies for searches (such as
the InfoSoft system for innovative reporting service) to understand the research
focuses and development trends of their specific disciplines;
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(2) Know how to use the information aggregation and RSS function of the infor-
mation retrieval system to follow the research trends of concerned subjects, and
can use reference management software (such as Endnote, Mendeley, Zotero,
Refwork, Noteexpress and Notefirst) to manage the reference information and
other citation information read or obtained;

(3) Be able to use bibliometric analysis tools to update knowledge of the changing
lifecycles of technologies and products; and know about the emerging forms
and methods of academic publications in their respective fields such as blog-
ging, information aggregation, open access to journals and free access to online
research database.

4 Influences of Key Factors for University Branding
in the Age of Big Data on University Brand

We conducted a cluster analysis based on the importance and attractiveness of the
various factors for university branding, and found that university students show dis-
tinct variations in their perception of the importance of 4 choice influencing factors:
educational quality, development of learning platforms, employment prospects and
teachers capability.

In this research, we introduced the concept of “key factors for university branding
in the age of big data”. Wu et al. [9] pointed out that choice of a product is influenced
both by personal factors such as needs, interests and values, and product factors like
brand differentiations. Tu and Tu [6] also suggested that product dimensions impact
both brand preferences and perceived product differences.

4.1 Design of This Research

For the study of the variables affecting student choice of university brand, we made
reference to the research method used by He [4], “Study of Preferences of Chinese
Consumers for Product Benefits”. First, we invited 10 university students to form
a focus group and interview “why I chose this university brand”, and then studied
relevant researches to develop 12 initial variables of influencing factors for brand
choice. Afterwards, we asked the randomly selected 10 students to independently rate
the importance of the 12 initial variables. Based on the ratings and the consultation
with 3 teachers of marketing discipline, we deleted 4 very unimportant variables and
attained the 8 initial variables influencing university brand choice, as illustrated in
Table1.



506 Y. Liao

Table 1 Initial variables for brand choice of universities

Code Variables Code Variables

X1 Quality of education X5 Reputation of universities

X2 Learning platforms X6 University ranking

X3 Faculty X7 Employment prospects

X4 Scientific research capability X8 Tuition

4.2 Design and Distribution of Questionnaires

The questionnaires are divided into 3 parts: questions regarding demographic vari-
ables such as age and gender for the first part, questions gauging the 8 initial variables
impacting brand choice for the second part and questions measuring the key factors
for university branding in the age of big data for the third part. We used the P1A
model proposed by Trazzieri [2] which comprises of two dimensions, attractiveness
and importance, alongwith 6 questions [3].We used the linkert scale with ratings of 1
to 7, 1 meaning very unimportant and 7 very important. We distributed 300 copies of
questionnaires on campuses and recovered 204 effective samples, 68% of the total,
which is 10 times that of the measurement variables and meets the requirements for
data analysis (Table2).

Table 2 Respondents’ demographics

Demographic Variables Samples Effective samples

Gender

Male 91 44 44

Female 113 56 100

Age

18–21 years old 2 1 1

22–25 years old 185 91 92

25–29 years old 15 7 99

More than 30years old 2 1 10

Record of formal schooling

Freshmen 36 18 18

Undergraduate
students

111 54 72

Graduate students 44 22 94

Doctoral students 13 6 100
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4.3 Validity and Reliability of the Questionnaires

In this essay, we used SPSS 17.0 for data analysis and the C ranach’s Alpha [12]
coefficients of the initial variable part of brand impacting factors in the questionnaires
are 0.802 and 0.819 respectively, which is in the range of 0.7 and 0.9, suggesting
the survey tool is reliable and has a good internal consistency. Meanwhile, except
for the tuition (C0.440) and scientific research capability (C0.481), the communality
of all remaining items is higher than 0.5, which indicates that the questionnaire has
excellent structural validity.According to the previous qualitative study and the actual
situations of university students, reputation and teaching quality are two important
factors influencing students’ university brand choice and are therefore retained.

4.4 Measurement and Comparison of Influencing Factors
for Students’ Brand Choice Under Different Conditions

Firstly, we performed a factorial analysis of the dimension items in university brand-
ing in the ageof big data, conducted avarimax rotation and intercepteddatawith latent
root bigger than 1. The results show that 6 measured variables in the questionnaires
are explained by 2 factors, and the cumulative contribution rate is 74.177% [13].

As shown in Table3, the first 4 items constitute the “attractiveness” factor, while
the last 2 items form the “importance” factor. Secondly, based on the results of factor
analysis, we adopted the k-means clustering method for fast clustering of the 204
samples and discovered via comparative analysis that both classification methods are
viable.

Findings from cluster analysis: the mean value of category 1 is negative in terms
of both the importance factor and attractiveness factor, while that of category 2
is positive, which suggests that category 1 exerts little dimensional influence on
university branding,whereas category 2 has strong dimensional impacts on university
branding in the age of big data (Table4).

Table 3 Results from analysis of university brand factors

Factor

1 2

The quality of teaching 0.886

Employment prospects 0.843

Scientific research capability 0.813

Discipline development 0.674

Faculty 0.895

Intelligent campus development 0.846



508 Y. Liao

Table 4 Results from cluster analysis

Clustering

1 2 Sum

“Importance” factor −0.5984 0.49154

“Attractiveness” factor −0.66069 0.54271

Quantity of samples 96 112 204

Proportions 47% 53% 100%

5 Conclusions

The research indicates that there are notable differences among university students
in their perception of the importance of brand influencing factors such as “teaching
quality”, “reputation”, “scientific research capability” and “faculty”, and students
attach more values to these factors in the age of big data. We have discovered that in
comparison to university students of different eras, the students in the era of big data
are influenced by more factors in their choice of university brand. On one hand, this
validates the assertion of other scholars that “the different dimensions of university
branding in the age of big data influence the perception of product properties and
brand preferences”. On the other, it fully suggests that university students are willing
to receive more product knowledge and brand information in the age of big data.
There are two key factors regarding the prospects of applying big data analysis in
universities. Firstly, it is extremely important to closely integrate the business and
technology. Business need is the objective of all data analysis. To analyze data, one
first needs to know what to analyze, and only with the need can universities perform
data analysiswith a target andfind the deeper values of data to facilitate their decision-
making. Secondly, data analysis has high requests for technical professionals who
are required to not only master the technology but also familiarize with the campus
network operations. Although big data sees prospects for extensive applications in
universities, it is undeniable that there are still issues needing to be further corrected
and probed at the current stage.The branding of institutions of higher education in the
age of big data shall therefore be oriented to the developments of different aspects,
and universities shall enhance their administration and decision-making to better
harness and boost their brand in this era of big data.
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The Research of E-Commerce Enterprises’
Price Game: Empirical Studies in China

Yong Huang, Jian Liu, Ronghua Zhu, Lili Jiang and Lingxi Song

Abstract With the rapid development of Internet in China, network economy, espe-
cially e-commerce enterprises, plays an increasingly important role in the overall
situation of economy. However, excessive and vicious competition among enter-
prises in the network market occurs frequently, resulting in tremendous waste of
resources, lack of fairness and some other consequences. Through focusing on the
some typical B2C and O2O cases in China, this paper analyzes the competition
behavior and strategy choices of e-commerce enterprises in the market with game
model. It focuses on two common e-commerce price games in China, and explores
the possibility of market self-regulation. Finally, suggestions are provided to perfect
the regulation of the government, which might be good for the healthy development
of network economy.

Keywords E-commerce enterprises · Repeated game · Price competition

1 Introduction

Network economy and e-commerce have become a major driving force to promote
the development of the world with advances in computer and Internet technology.
Although the Internet formally entered China until the 1990s, the growth rate of
network economy in China was amazing in the past 20 years. Nowadays, the network
economy and e-commerce enterprises have become an integral part of the overall
situation of economy. The data of Chinese Electronic Commerce Research Center
shows that Chinese e-commerce market scale reached 10.2 trillion yuan at the end of
2013, which has an increase of 29.9% than last year. Specifically, B2B e-commerce
market transaction amounted to 8.2 trillion yuan,which has an increase of 31.2%over
last year, and online retail market deal size reached 1.8851 trillion yuan, up 42.8%
from last year [3]. Chinese e-commerce giants such as Alibaba and Jingdong have
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appeared in NASDAQ one after another in 2014, which demonstrated the world’s
recognition of Chinese e-commerce development.

However, Chinese network economy is still in an immature stage and a lot of
problems arise in the development process. For example, the competition of Taxi
APP began in February 2014. Although it was welcomed by many young people
due to convenience and low price, those who do not use taxi software, such as the
elders and the children, might not enjoy it, because they often can’t take a taxi when
they need to use it. In the price war of e-commerce enterprises in August 2012,
some e-commerce enterprises announced the lowest price policy to consumers in
the beginning, but consumers were disappointed, and discovered that the types of
discounted commodities were limited and most of discounted products were out
of stock. The excessive and mendacious price competition indicates that Chinese
e-commerce enterprises have serious homogeneity and are lack of innovation in the
mode of business competition.

Price war is a competition means for e-commerce enterprises to consolidate their
monopoly position and gain profit. This competitive mode, which consumes much
capital, can weaken competitors of the same level, annihilate small competitors and
prevent the potential entrants, improving market access barriers. However, for its
waste of resources and damage of trust in the market, the price war is not a very
reasonable competition mode.

The remainder of the paper is organized as follows. Section2 introduces related
researches. Section3 uses repeated gamemodel consisting of the prisoner’s dilemma
theory to analyze two common e-commerce price games in China, and explores the
possibility of market self-regulation. The game model is tested by two instances of
e-commerce price war happening in China recently in Sect. 3.4. Finally we conclude
in Sect. 4 and provide recommendations for further research on this theme.

2 Related Literature

With the rapid development of network economy, scholars abroad worked a lot on
the behavior of the e-commerce participants. Dube et al. [5] presented a general
framework for modeling the competitive equilibrium across two enterprises, within
which they studied pricing choices and analyzed the decision to outsource IT capa-
bility. Zhao et al. [15] examined the pricing behavior of online retailers (e-tailers) in
Chinese e-commerce markets using statistical methods. Cai et al. [1] evaluated the
impact of price discount contracts and pricing schemes on the dual-channel supply
chain competition from supplier Stackelberg, retailer Stackelberg, and Nash game
theoretic perspectives, concluded that the scenarios with price discount contracts
could outperform the non-contract scenarios. Yang et al. [14] analyzed the imbal-
ance between e-commerce and logistics service by using factor sub-game perfect
Nash equilibrium as a tool from the view of system and linked up the bargaining
process between sellers and express enterprise involved in service engineering dur-
ing online shopping with discount factor. Huang et al. [7] proposed a Stackelberg
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game model by considering the two suppliers as the leaders and the e-retailer as the
follower, assisting the channel members in getting an equilibrium relationship in a
competitive environment. Lu an Liu [8] examined two types of Stackelberg pricing
games and one type of Nash pricing game in a dual-channel distribution system, in
which a supplier sold a common product through conventional (physical retailer) and
e-commerce (e-tailers) channels.

While researchers abroad focused their attentionon thebehavior of the participants
in the network economy, domestic scholars became interested in various economic
phenomena emerged when e-commerce enterprises participating in the market com-
petition in recent years. Game theory was often used by the researchers to carry out
their research. Cai and Zhang [2] analyzed price competition between EB (Electronic
Business) retailer and traditional retailer by using game theory model to find Nash
equilibrium of price competition. Tang and Fu [11] analyzed the problem of credit
in C2C e-commerce using game theory. Ma and Song [9] established a dynamic
evolutionary game model between large populations based on evolutionary theory to
develop the quality of transaction and promoted the e-commerce development in a
healthy way. Xie et al. [13] constructed a static model for individual and a dynamic
model for group decision to explore the reasons of choosing the mode for survival
and development. Miao and Li [10] established complete information static game
and repeated game to explore the key factors affecting the healthy development of
C2C market, and proposed some suggestions to promote the harmonious develop-
ment of C2C e-commerce market. Wang [12] discussed on the issues of “used car”
and “lemons”, constructed a simple game model and three-phase sub-Nash game
model to analyze the above problems.

We can see from previous studies that the game theory was widely used in the
analysis of the network economy. The paper also takes advantage of game theory as
a tool, but when compared with the above works, the innovations of our research are
as follows. First, the paper analyzes the process of e-commerce enterprises’ price
competition with repeated game model. Second, the study uses actual Chinese price
competition examples of B2C and O2O to inspect the reliability of the proposed
model. Third, the paper provides some suggestions for government in managing
price competition of e-commerce enterprises.

3 Theoretical Foundations and Models Analysis

3.1 The Basic Theory

1. The Prisoner’s Dilemma Model
The prisoner’s dilemma gamemodel proposed by Davis andMaschler [4] reveals the
contradiction between individual rationality and collective rationality. Its content is
that supposing A and B are two criminals, they are caught after committing a crime
together. For each suspect, the police give policy: both confess, each of them will be
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sentenced eight years. One of them confess, and the other does not, the confession
will be released immediately, the dishonest person will be sentenced 10 years; if
both of them do not confess, due to lack of evidence, each will be sentenced one
year only. For A, though he doesn’t know how to choose, he knows that no matter
what the choice of B is, “honest” is always his best choice. Obviously, according to
the asymmetry, B will also choose “honest”, the result is that both of them will be
sentenced to eight years.

2. The Repeated Game
Repeated game proposed by Espinosa and Rhee [6] is that the same structure game
repeats many times over a period of time. The one-off game is called “stage game”.
Repeated game is the dynamic game, it can be complete or incomplete information.
When the game only goes one time, every participant is only concerned with one-
time payment; if the game is repeated many times, participants may be willing to
sacrifice immediate benefits and choose different equilibrium strategies which can
bring them long-term benefits.

Trigger strategy has an important influence on the result in a repeated game. If one
participant takes uncooperative strategies, the other also take uncooperative strategy
immediately and may never take cooperative strategy. It is also known as ruthless
strategy.

3.2 Basic Assumptions and Strategy Set of the Model

The price competition among Chinese e-commerce enterprises is always there, and
it is continuous. In order to make the model easy to understand, the price game is
divided into several phases. Firstly, the paper analyzes a one-off game situation, and
then expands it to amulti-stage game, or called repeated game. The basic assumptions
and strategies of the model are as followed:

(1) Assuming that only twoenterprises A and B compete in themarket, their products
can be substituted. In the competition, they have found the optimal product price
p0 which can bring them biggest profits when they cooperate.

(2) Assuming that the total demand of market Q = q1 + q2, and q1, q2 are the sales
of enterprise A and B. In order to make analysis easy to understand, we assume
that demand q has a linear relationship with the price p, q(p) = a − bp, a >

0, b > 0.
(3) Assuming that when one of A and B cuts a unit in price, the increasing quantity

of sale, �x = x1 + x2. Here x1 is loss of competitor, and x2 is increment of the
entire market demand. The x1 and x2 depend on sensitivity of the consumers to
price change. We introduce β to measure x1 (0 ≤ β ≤ 1). That is to say, if A
cut 1 unit in price, B will lose 100 × β percent of its sales. As for x2, we only
need to know that x2 ≥ 0.

(4) Assuming that A and B have the same product cost c. So if R is the profit of the
whole market, it is a function of price p, R = Q(p − c).
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(5) Strategy set of the players. Since player A and B are symmetrical, they have
same strategy set {L , S}. L is a strategy that the players reduce product price,
and S is to stable product price.

3.3 Analyzing the Game Model

1. Single Stage Game Model
When the two enterprises have a one-off price competition, it forms a typical pris-
oner’s dilemma. Analysis of this game is as follows:

(1) If A and B both adopt cooperation strategy. Due to q(p) = a − bp and R =
(a − bp)(p − c), so when p = (b + ac)/2b, R is the biggest. At this time, A
and B have the same sales q3, q3 = (b − ac)/4, thus, they have the same profits
R0.

R0 = (p − c)q3 = (a − bc)2

8b
. (1)

(2) If B adopts co-operation strategy and A does not adopt cooperation strategy at
the same time, then A will reduce product price to get as more sale as possible.
Assuming that A cut the price by one unit. So the profit of A at this time is W1,
and W1 = (p −1− c)(Δx + q3) = [x2 + (1 + β)q3] = (R0 − q3)(1 + β) +
(p − 1 − c)x2, then,

W1 = (R0 − qAB)(1 + β) + (p − 1 − c)x2. (2)

The profit of B is W2,

W2 = (p − c)(1 − β)q3. (3)

(3) If A and B both do not cooperate and assuming that they cut their product
price by a unit. At this time, the new sale of A and B is equal. It is q4, then
q4 = a − b(p − 1). The profit of A and B is M , M = q4(p − c − 1).

(4) If β ≥ [q3 − x2(p − c − 1)]/(R0 − q3), then W1 > R0. Since x2 ≥ 0, when
β ≥ 1/(p−c−1), W1 > R0. Due to assumptions (1), R0 > M . In e-commerce,
the product can be replaced easily, and transfer cost is reduced greatly, so the
value of β is close to 1. Thus, W2 is close to 0. So, W1 > R0 > M > W2.

For the game above, we make their payoff matrix.
From the matrix, we can know that (L , L) is the Nash equilibrium of this game,

so A and B will not choose cooperation. However, the price war of e-commerce
enterprises will not end by one-off game, it is a process. To analyze this process well,
the paper use repeated game theory (Table1).
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Table 1 Payoff matrix of A and B

A

L S

B L (M , M) (W1, W2)

S (W2, W1) (R0, R0)

2. Repeated Game Model
The duration of the price war can be long or short, and this process is composed
of single stage game with similar structure. The repeated game has the same Nash
equilibrium with its stage game, because its single stage game is the Prisoner’s
dilemma game. In addition, branches in each stage will adopt the Nash equilibrium
strategy. At this time, the price game can be divided into two forms.

The first kind of repeated price game is quite simple. Before time t , suppose
company A and B have chosen to take stable pricing strategy S; but A begins to
adopt strategy L0 at time t , and reduce product price. From analysis of the single
stage game, we know that B will follow A and cut product price at time t + 1, and
make its price equal to A’s. After that, the two companies will continue their price
competition.

The paper shows A and B’s game process in Table2 and A and B’s process of
reducing product price in Fig. 1. In Fig. 1, for the simplicity of the description, we
assume that the initial market price is 100 yuan.

From Table2, we know, at time t , for A takes the strategy L0 and B still take
strategy S, A’s profit increases suddenly. But after B follows at time t + 1, the
benefit of A reduces drastically. Finally, both A and B will take strategy L0, and their
proceeds were less than their proceeds before time t . If this goes for a long time,
both A and B’s proceeds will be greatly damaged.

To illustrate this point, the study compares their discounted value of long-term
benefits. Since money has time and chance cost, there is a discount coefficient δ,
which is used by the enterprise to estimate the future income. For comparing eas-
ily, we assume that Ri represents A’s profit of time i (i = 0, 1, 2, . . .). When two
enterprises choose to cooperate, A’s long-term profit is,

R0 + δR0 + δ2R0 + δ3R0 + δ4R0 + · · · = R0

1 − δ
. (4)

Table 2 The gambling process of A and B

Period of time 1 2 3 · · · t − 1 t t + 1 t + 2 t + 3 · · ·
Strategy of A S S S · · · S L0 L0 L0 L0 · · ·
Strategy of B S S S · · · S S L0 L0 L0 · · ·
Earnings of A R0 R0 R0 · · · R0 W1 M M M · · ·
Earnings of B R0 R0 R0 · · · R0 W1 M M M · · ·
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Fig. 1 The graph of A and B
product price

Table 3 The gambling process of A and B

Period of time 1 2 3 · · · t − 1 t t + 1 t + 2 t + 3 · · ·
Strategy of A S S S · · · S L0 L0 L2 L2 · · ·
Strategy of B S S S · · · S S L1 L1 L3 · · ·
Earnings of A R0 R0 R0 · · · R0 W1 W4 W5 W8 · · ·
Earnings of A R0 R0 R0 · · · R0 W2 W3 W6 W7 · · ·

In the same way, when A and B do not choose to cooperate with each other, the
long-term profit of A is M/(1 − δ). Clearly, R0/(1 − δ) � M/(1 − δ).

Assuming that the two companies both focus on long-term benefits, so when they
realize that this game is infinitely repeated prisoner’s dilemma game, they will avoid
lose-lose, and strive for cooperation. So if the value of δ is big enough, A and B will
cooperate as soon as possible.

The secondkind of repeated price game is special. Before time t , suppose company
A and B have chosen to take stable pricing strategy S; but A begins to adopt strategy
L0 at time t , and reduce product price. From analysis of the single stage game, we
know that B will follow A and cut product price at time t + 1, but different from the
first kind of repeated game, at this point, the enterprise B is not willing to follow A’s
reduction, but to revenge A, and to take strategy L1 which make B’s product price
lower than A’s. At this moment, A’s gain is W3, and B’s earnings is W4. Of course,
after the benefit of A is cut, A will take strategy L2 at time t + 2. The above strategy
is the trigger strategy of the repeated game.

The paper showsA andB game process in Table3 andA andB process of reducing
product price in Fig. 2. In Fig. 2, for the simplicity of the description, we assume that
the initial market price is 100 yuan.

In the long term, the benefits of A and B will be far less than the original benefits.
According to assumption 1 and R = −b p2 + (a + bc)p − ac and b > 0, R has
a maximum. Assuming the maximum is Rmax and the product price is p0 at this
moment. So whether price p rises or falls, the total market profit will be reduced.
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Fig. 2 The graph of A and B
product price

The greater the deviation of p and p0 is,the smaller the total market profits R is.
From the above analysis we can get the following relations, Rmax > W1 + W2 >

W3 + W4 > · · · > W2n−1 + W2n > · · · , n = 1, 2, . . . . And vice versa.
With the increase of game, the size of A and B profits are alternating. Though the

profits of A and B is lower and lower, they will not change their strategies until they
are losing. There are a lot of disadvantages in this kind of price game.

3.4 Empirical Analysis

Here, two examples of Chinese e-commerce price war happening in recent years will
be analyzed by using the theory and models mentioned above.

1. Example 1
The first kind of repeated price game is mainly product price war of online mall.
The price war of Jingdong and Suning happening in August 2012 is a good example.
Just as the analysis above mentioned, before Jingdong first began to take the strategy
of cutting price L0, Jingdong and Suning were both willing to sell the product at a
high price. However, Jingdong took the strategy L0 on August 15, 2012. The time
corresponds to the time t in Table2. Suning knew the fact that if it still took the
strategy of maintaining price S, its benefit would suffer a lot. So Suning announced
that it would take the strategy of cutting price L0 and remain its product price same
with Jingdong’s at the time t +1. Keeping the game in a certain time, the competitive
behavior made their benefits less than before. Therefore, they knew if they continued
to do it, theywould both suffer from it. About five days later, they reached cooperation
consciously, which had them restore the product price at same time.

This shows that due to the pursuit of long-term interests, the e-commerce enter-
prises in the first kind of repeated price war can return to the rational without outside
interference, but it may be a long time process.
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2. Example 2
The price game of O2O product mostly corresponds to the second kind repeat price
game. For example, the game of taxi APP began in February 2014. Before Alibaba
first began to announce that people can take a taxi at a discount by using its taxi
APP, which can be looked as taking the strategy of cutting price L0, Alibaba and
Tencent were both willing to have people taking a taxi at a high price. However,
in order to get more benefits, Alibaba began to cut its product price. After that, the
interest of Tencent was damaged, so Tencent followed to cut its product price, and
made its price lower than Alibaba’s. The interest of Alibaba was damaged at this
time. Therefore, Alibaba did the same thing, too. The price of taking a taxi became
lower and lower. Just as the analysis above mentioned, we can see the time when
Alibaba cut its product price as the time t in Table3, and the two enterprises took a
lower price than the price of opposite. Keep doing it, ultimately, the two enterprises
didn’t stop the game until they lost.

This means that the e-commerce enterprises in the second kind repeated price war
can not return to the rational without outside interference, and they need the power
of the third party intervention.

4 Conclusions and Future Research Recommendation

Due to the great homogeneity among Chinese e-commerce enterprises and the
absence of external regulation, it is easy for Chinese e-commerce enterprises to
fall into price war. In some cases, it is difficult for them to get rid of the dilemma
only relying on market regulation, which means that it requires the power of the third
party intervention.

The government can undertake the responsibility. For example, when the first
kind price war appears in the market for a long time, the government can increase in
the discount rate, and promote the e-commerce enterprises return to a rational way
as soon as possible. What’s more, the government can use administrative, legal and
economic means to prevent the emergence of second kind of price war or to stop
it. Finally, the government can also encourage enterprises to pursuit innovation and
technology competition instead of price competition. Thus the market competition
behavior of e-commerce enterprises can be regulated, and once the market problems
take place, they can be solved in time.

This paper analyzed the drawbacks of the price competition of e-commerce enter-
prises in network economy, and analyzed the possibility of market self-regulation.
We also provide suggestions for perfecting the government regulation, which might
be good for the healthy development of network economy. For the simplicity of
the empirical analysis, we only analyzed two players in the game. However, Baidu
carried huge sums of money into taxi software market recently, which will undoubt-
edly set off a storm and change the game situation. For the multi game like this, the
research scope will be expanded in the future.
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System Concept-Based Integrated Model
and Application for Enterprise
Performance Management

Yanting Yuan

Abstract Based on the latest performance management theory and case
studies, this paper proposed a relatively complete enterprise performance manage-
ment system according to logical thinking of questions raising, analyzing and solving
and the actual specific state-owned enterprises (SOE). Researches of performance
management theories, methods and applications were firstly reviewed. Through ques-
tionnaires, interviews, etc., the problems and causes of enterprise performance man-
agement currently were analyzed and summarized, and reasonable and effective
solutions were then given. Then, the current four comparative advanced performance
management were analyzed and compared. Last, based on the target management
theory framework, drawing on the key performance indicators and 360-degree per-
formance management thinking methods, a comprehensive model of performance
management was built. The idea, the building processes and functions of the model
were also explained.

Keywords Performance management · Integrated model · Factor analysis · Perfor-
mance improvement

1 Realistic Background of Enterprise
Performance Management

As a modern management tool, performance management has become a driving force
for sustained growth and development. In China, a considerable number of enter-
prises have not built a scientific enterprise performance management system yet,

Y. Yuan (B)
School of Management, Southwest University for Nationalities,
Chengdu 610064, People’s Republic of China
e-mail: Yuan_yt@126.com

© Springer-Verlag Berlin Heidelberg 2015
J. Xu et al. (eds.), Proceedings of the Ninth International Conference
on Management Science and Engineering Management, Advances in Intelligent
Systems and Computing 362, DOI 10.1007/978-3-662-47241-5_44

521



522 Y. Yuan

which is consistent with their specific circumstances and China situation. Therefore,
theorists and domestic enterprises pay great attention on effective performance man-
agement system establishment. With the rapid development of knowledge economy
and the growing of global competition, our enterprise business managements are fac-
ing severe challenges. Though theorists have advocated systematic, comprehensive
and integrated performance management, some enterprises have not yet applied the
performance management in the practical application of Chinese enterprises. Some
enterprises have adopted partly performance management methods, but they wrongly
implement performance appraisal instead of performance management, ignoring the
development of staff, and ultimately the capacity for sustainable development of
enterprises is limited.

2 Overview on Performance Management Research

For the study of the performance researches, the West began earlier, and they believe
that performance mainly works in two aspects: output and behavior [3, 8]. Therefore,
two kinds of performance theories are formed. One is the performance output theory,
which advocates a results-oriented performance appraisal. Its main representatives
are Locke, Latham, Pritchard, Kane, Bernardin, Rodgers, Hunter, etc. Bernardine
and other researchers learned from Kane earlier studies [4, 5, 9], and they defined
performance as the output record produced by a particular production function or
activity within a specific period of time. The sum of job performance is equivalent
to the performance sum (or average) of the key or essential job functions. Functions
should be concerned with the work being carried out, instead of human characteris-
tics. The base of Pritchard’s measure productivity and improvement system theory is
that product is the expected activity or target to be completed in the organization and
product is the manifestation of performance. However, the view that performance is
equivalent to the completion situation of tasks, targets, the results and outputs has
been challenged by many theorists, especially the psychologists. Therefore, another
performance theory has gradually been formed, that is Performance Behavior The-
ory. Its main representatives are Murphy, Ilgen, Schneider, Mohrman, Campell, etc.
This theory holds that the performance something is made by people or the system,
rather than the outputs or results. Murphy also defined it clearly that performance is
the actions relative to targets set for the organization or individuals. Following this
theory, performance is made to quantify things, focus on the behavior, not the results
(Fig. 1 ).
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Organizational goals
and standards

1.Performance Planning
Activities
Setting the performance
objectives, development and
action plans with employees

Time:
The beginning of a
new performance

2.Management Performance
Activities
Observe and summarize the
achievements, then provide
guidance to employees

Time:
Throughout the
period of
performance

3.Performance Evaluation
Activities
Evaluation of the
achievements and skills of
employees, and discuss how
to evaluate.

Time:
During the performance
of a specific period

Historical
Records

Fig. 1 Performance management cycle of McAFee and Champagen

3 Performance Management Problems
in Domestic Corporate

1. Performance Assessment Irregularities
Performance management is a systematic project throughout the enterprise, and
should be carried out at any time. As a key part of the performance appraisal, how-
ever, performance management should be carried out for a fixed period. Enterprise
performance indicators assessment task usually requires a shorter cycle in order that
people who work on the assessment is more clear and impressive about the output
records of the being accessed. Contextual performance indicators are suitable for a
relatively long period of assessment [2], for example half a year or one year, because
these indicators are relative stable need longer to conclude. As different performance
indicators require different appraisal cycle, some companies implement performance
appraisal arbitrarily and the performance appraisal cycle is not fixed, resulting in the
failure formation of performance management system in the hearts of the staff and
weakening the role of performance management.

2. Lack of Performance Management Training
Training performance management includes performance management, performance
purpose, meaning, methods, functions, processes, skills, etc. [1, 3]. The main purpose
of the training is to enhance employees and managers’ awareness and understand-
ing on performance management, and eliminate misunderstanding and resentment.
However, in fact, both the managers and employees are lack of Performance Man-
agement related training. Lack of performance management related training, for the
supervisors, they can’t properly understand the meaning and methods of perfor-
mance management and guide the performance management work from a whole
perspective difficultly, resulting in the a bias between the performance management
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process likely; for the employees, they also can’t understand the importance of the
assessment and essentials, become discontent for their managers easily, and thus the
examination results do not reflect the real situation, resulting in conflicts between
employees and managers and affecting directly the smooth development of perfor-
mance management.

3. Lack of Communication Links in Performance Management Process
In some companies, as managers control the performance management process and
neither guide subordinates to achieve the stated performance goals nor take corrective
and corrective actions to reduce the deviations and missing subordinates. Besides,
they cannot guide the employees timely when in need and maintain the necessary
information by keeping in communicating with subordinates actively. What is worse,
the employees have no opportunity to join in the management. They are unaware of
their performance objectives and assessment criteria and do not understand the basis
for the assessment and incentives and have no opportunity to express their views
and to solve the problems. However, the real performance management should allow
communication anytime and anywhere so that managers and employees continue to
enhance and improve the performance in the process.

4 Integrated Performance Management Modelling

1. Performance Management Model Based on the Traditional Performance Concept
Many scholars have proposed corresponding employee performance management
models based on traditional concept of performance, of which the most comprehen-
sive and influential model is proposed by Campbell et al. in 1993. Campbell’s model
explained two main problems: performance analysis of the performance determinants
and performance ingredients classification.

Although there are many factors affecting human performance, Campbell et al.
[3] believed that there only three key factors that ultimately can affect the perfor-
mance. They are: (1) know what to do-declarative knowledge, i.e. knowledge of
facts and things. (2) know how to do-procedural knowledge and skills. (3) to be or
not-motivation- defined as the choice behaviors.

2. Performance Management Model Based on System Theory
For the system perspective, the work performance level is decided by two inter-
dependent factors: the employee’s personal characteristics and work environment,
including teamwork, and is a function of individual and team performance and
environmental performance, completely different from the traditional performance
decided by individuals. Certainly, the purpose for the performance management of
the knowledge workers is also different from the reward and punishment in traditional
performance management. The performance management of the knowledge work-
ers focused on system resources and expertise purposeful use in order to maximize
organizational capacity and enhance individual performance. Therefore, though tra-
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ditional performance management model has certain advantages, it can’t be applied
to a knowledge-based employee performance management and needs re-building.
Combined with the characteristics of knowledge workers, the nature of work and the
working mechanism, learning from the advantages of traditional performance man-
agement model, this paper builds a new model for the knowledge-based employee
performance management, as shown in Fig. 2, based on previous performance analy-
sis of knowledge workers.

As shown in Fig. 2, the basic idea of employee performance management model
is derived from systems theory: input-transfer-output, including three main parts, i.e.
factors affecting performance, performance determinants and performance output.
Factors affecting performance and performance determinants determine the knowl-
edge worker performance output, and the performance output is the outcome of the
knowledge workers performance. At the same time, the performance output of each
component in turn has appropriate feedback on the performance factors and determi-
nants. Thus, the performance management system has the ability to repeat and form
the cycle of investment.

According to the former performance model, companies together with employees
can analyze the knowledge-based employee performance achievements to find the
disadvantages from three aspects: the task performance [6], the relationship perfor-
mance and the deferred performance. Then corresponding improvement measures
can be taken to improve the performance. In addition to knowledge workers own
factors affecting the performance, situational factors should be taken into considera-
tion as well. Therefore, situational factors should be considered when improving the
performance of knowledge workers. We believe that we can take measures such as
work content, emotional or spiritual employees and material incentives to improve
knowledge workers performance.

Input
Staff

capacity and
property

Factors Affecting
Performance

Environmental
& Team
Impact

transfering Value
Creation

Performance
Determinants

Direct
Performance

Indirect
Performance

Task
Performance

Task
Performance

Task
Performance

Performance Output

Environmental Feedback

Improvement Ability

Improvement System

Fig. 2 Performance management model based on system theory
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5 Empirical Analysis of Employee Performance
Management Factors

In order to find suitable employees motivator of employee performance management
factors and take appropriate incentives, the empirical analysis is done as follows to
make some constructions to solving this problems.

5.1 Questionnaire Design, Data Sources

According to the characteristics of employees, nature work, workers behavior, and
corporate expectations for employee behavior, employee incentives and satisfaction
questionnaires are designed by seeking some human resource management experts
and high-tech enterprises in human resource executives’ opinions based on previous
research and survey achievements. Questionnaires are first conducted in a small area
for pre-trial, and the response is good. Besides, the reliability and validity test was
passed and questionnaires were further refined.

Six furniture typical enterprises of the significance in Chengdu and Beijing were
chosen, and workers in these enterprises were required to fill these questionnaires.
249 valid questionnaires were returned after total of 270 questionnaires released, and
the recovery rate reached 92.3 %. Five levels (very unimportant, relative unimpor-
tant, common, relative important, very important) measures were used to evaluate
the problems in the questionnaires [7]. The basic statistical information of staff par-
ticipated in the survey are as shown in Table 1.

5.2 Analytical Methods

Factor analysis was implied to the data got from the questionnaires. Factor analysis
begins from the correlation between multiple original indicators to find a limited num-
ber of unobservable latent variables, which are then used to explain the correlation
between the original indicators. Suppose there are n samples, m observation indica-
tors X1, X2, . . . , Xm . The potential decisive factors: common factors F1, F2, . . . , Fq

(q ≤ m) can be found to explain the relative relationship among original indicators.
The model is shown in Eq. (1) as follows. Suppose Xi are standardized data for

Table 1 Statistical information of staff participated in the survey

Project Gender Age Education

Male Female <23 23–30 31–40 >40 College Undergraduate

Percent 73 26 3.9 51.3 30.3 15 26.4 73.6
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simplicity.

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

X1 = a11 F1 + a12 F2 + · · · a1q Fq + e1
X2 = a21 F1 + a22 F2 + · · · a2q Fq + e2
...

Xm = am1 F1 + am2 F2 + · · · amq Fq + em

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

. (1)
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⎫
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⎧
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⎪⎪⎪⎩

e1
e2
...

em

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

. (2)

Then Eq. (1) can be rewritten as:

X
m×1

= A
m×q

F
q×1

+ e
m×1

. (3)

And the explanation are as:

(1) The mean of Xi is 0, and its variance is 1 (Xi = 0, s2
i = 1 ). The mean and

variance of Fi are the same as Xi (Fj = 0, S2
F = 1 ). The mean of special factor

ei is 0 and its variance is Q2
i (ei = 0, s2

e = σ 2
i ).

(2) The correlation coefficient between the common factors is 0, i.e. rFi ,Fj = 0. So
it is the same with the special factor ei , i.e. rei ,e j = 0. The correlation coefficient
among the common factors and the special factor is also 0, i.e. rFi ,e j = 0.

In other words, the covariance matrix
∑

x of original indicator vector X and∑
F (or the correlation coefficient matrix) of Common Unit vectors. The covariance

matrix
∑

e of is a diagonal matrix as follows.

∑

x

= Rx = Im×m

∑

F

= RF = Iq×q

∑

e

=
⎛

⎝
σ 2

1
σ 2

2
σ 2

m

⎞

⎠. (4)

5.3 Results and Analysis

Cronbach was utilized to measure reliability. According to the requirements of psy-
chometric, the reliability is 0.7 or more can be accepted. The reliability analysis
of knowledge worker performance improvement incentives in this survey are as:
Cronbach Alpha = 0.950, the number of questionnaires N of Items = 26, as shown
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Table 2 KMO and Bartlett’s test

Kaiser-Meyer-Olkin measure of sampling adequacy 0.943

Bartlett’s test of sphericity approx. Chi-square 3332.598

df 349

Sig. 0

in Table 2. It is obviously that the reliability is more than 0.7. So the measurement
results is reliable.

As shown in Table 2, the Bartlett test results reject the assumption that each vari-
able is independent, i.e. there is a strong correlation between the variables. The statis-
tics of KMO is 0.934, more than 0.7, indicating there is a strong correlation between
variables. Therefore, applying the factor analysis in data processing is feasible.

Specifically, the four factors are: factor 1 named achievements and development
dimension includes eight factors, factor 2 named welfare income dimension include
4 factors, factor 3 named job autonomy dimension include three factors, and factor
4 named respect and participating dimension include four factors.

From the previous analysis, we can know that for performance improvement of
knowledge workers, the incentive factor is nearly consistent to the incentive effect
satisfaction factor, but their first two factors’ priorities are a little different. The index
of achievements and development, welfare and income, working independently and
respect are significant for the performance improvement and incentives satisfaction
of knowledge workers, which is useful for the implementation of incentives mech-
anism for knowledge worker performance improvement. According to this results,
the incentive mechanism will do a very good effect for knowledge workers incen-
tive as long as the incentive mechanism design is reasonable, thereby laying a solid
foundation for improving their performance.
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ISHM-Oriented Sensor Optimization
Selection for Aircraft Engine System

Yusheng Wang, Xiaoling Song and Li Zhang

Abstract For an aircraft engine system, it is vital to monitor its health condition
using different types of sensors. Selecting a minimal subset of sensors that are the
most informative yet cost-effective determines the performance of healthmonitoring.
Integrated system health management (ISHM), a systematic approach to improve
the safety and reliability of certain system, can be conducted in sensor selection
procedure for the aircraft engine. In this paper, an ISHM-oriented sensor optimiza-
tion selection model was developed to actively select required sensors. A numerical
example is presented to apply the sensor selection approach to an aircraft gas turbine
engine. The results demonstrate that the proposed model and algorithm are effective
and feasible, and can guide sensor selection for aircraft engine system very well.

Keywords Sensor optimization selection · ISHM · Aircraft engine

1 Introduction

The aircraft engine (AE) is the heart of the aircraft and the health condition of AE
directly affects the safety and reliability of the aircraft [1]. To monitor the health
condition of AE, a large number of sensors of varying types may be mounted on
or inside the engine to sense various physical parameters and monitor the opera-
tional and environmental conditions. In order to efficiently provide information to a
decision-maker, it is important to avoid unnecessary or unproductive sensor actions.
Thus, we must actively select a subset of sensors that are the most informative yet
cost-effective.

Integrated system health management (ISHM) is a more comprehensive system,
which consists of real-time monitoring, condition assessment, fault diagnosis, prog-
nosis, and appropriate decision making [2]. In recent years, researches on ISHM
for AE have been conducted as a means of providing advance warning of failures,
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extending system life, and diagnosing intermittent failures [3]. As the foundation
of ISHM, health monitoring is crucial to monitor the health condition by sensors
and provide condition information to other functions of ISHM, i.e., fault diagnos-
tics [4], prognostics [5], etc. Moreover, sensor selection is the premise of health
monitoring and how to select a subset of sensors determines the performance and
efficiency of health monitoring [6]. Therefore, sensors should be selected based on
ISHM requirements. Many researchers have paid attention to ISHM-oriented sensor
selection problem in recent years. Niranjan et al. [7] proposed a new algorithm based
on the use of a Bayesian framework for sensor selection with application to on-board
fault diagnostics. Yang et al. [8] proposed a sensor selection model by considering
the impacts of sensor actual attributes on fault detectability, with application to a
stable tracking servo platform. Lyu et al. [9] developed a novel approach for sensor
selection based on physical model and sensitivity analysis with application to health
monitoring of helicopter transmission systems. And there is rare specific current
research on AE system sensor selection, nor considering ISHM requirements.

In this paper, an ISHM-oriented sensor optimization selection model is developed
in this paper. This model, which takes sensor cost as optimization objectives simul-
taneously, and takes ISHM requirements as constraints, aims to select a minimal
subset of sensors that are the most informative yet cost-effective. The remainder of
this paper is organized as follows. Section2 presents the conceptual ISHM architec-
ture for AE. Section3 outlines the procedure of modeling, constructs ISHM-oriented
sensor sensor selection model, and the corresponding genetic algorithm. In Sect. 4,
a numerical example is conducted to apply the proposed model and algorithm to an
aircraft gas turbine engine. Finally, this paper ends with conclusions and proposals
for future research in Sect. 5.

2 ISHM Architecture for AE

Due to the system complexity, the inevitable uncertainty, and the large number of
parameters of sensors data, ISHM for AE system is a tough task, and it should be
realized in parallel with system design [10]. The conceptual ISHM architecture for
AE system can be represented by Fig. 1.

The conceptual ISHM architecture incorporates the functions of sensor selection,
condition monitoring, health assessment, fault diagnostics, prognostics and main-
tenance decision support [11]. There are many types of sensors (e.g., temperature
sensors, pressure sensors, vibration sensors, proximity sensors, and position sen-
sors, etc.) to monitor AE’s health condition [12]. However, considering the factors
of cost and monitoring performance, it is necessary to select a minimal sensor sub-
set. The condition monitoring module includes the selected sensors and appropriate
signal conditioning circuitry. The signal conditioning circuitry receives the sensor
signal from the selected sensors. Then the data preprocess step is used to fuse the
data information and extract more valuable information from the monitoring sen-
sor data. The health assessment module receives and fuses sensor data information,
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Fig. 1 The conceptual ISHM architecture for AE system

then assesses the health condition of AE combined with historical data. The fault
diagnosis module aims to complete AE’s symptom detection, fault diagnosis, fault
positioning and sorting. The prognostic module receives the data information from
the fault diagnosis module to estimate AE’s health trends. It generally consists of
three parts, namely, fault prognostics, condition prognostics and remaining useful
life (RUL) prognostics. Finally, the human computer interface fuses the information
from the prognostic module, then makes decisions and feeds back the information
to the control panel to adjust AE system.

In the conceptual ISHM architecture, sensor selection plays a fundamental role.
The more sensors we use, the more information we can obtain. However, every act of
information gathering incurs the cost of utilizing those sensors, e.g., computational
cost, operation cost, etc. In order to efficiently provide information to a decision-
maker, it is important to avoid unnecessary or unproductive sensor actions. Thus, we
must actively select a subset of sensors that are themost informative yet cost-effective.
In order to reduce the total cost ofAE system and enhance the performance of sensors,
this paper proposed an ISHM-oriented sensor optimization selection model, which
takes the ISHM requirements into account in parallel with system design.

3 Sensor Optimization Selection Modelling for AE

3.1 The Sensor System of AE

Given the complete sensor set used for selection is S = {s1, s2, . . . , sn}, and the
corresponding sensor failure rate vector is Fs = [r1, r2, . . . , rn]. Sensor selection
situation vector is Q = [q1, q2, . . . , qn], where q j (1 ≤ j ≤ n) denotes the number
of the selected sensor s j . Given there are m fault modes in the system, the fault
mode set is F = { f1, f2, . . . , fm}, and the corresponding occurring rate vector
is λ = [λ1, λ2, . . . , λm]. In this paper, only the evolutionary fault is considered.
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A matrix D = [dij], i = 1, 2, . . . , m; j = 1, 2, . . . , n is used to denote depen-
dency between faults and sensors. The rows of D correspond to fault modes, and the
columns correspond to sensors. If sensor s j can detect fault fi , the element dij = 1;
otherwise, dij = 0.

The fault-sensor dependency matrix just roughly describes the simple matched
relationship between fault mode set and sensor set. For example, dij = 1 means that
sensor s j can detect fault fi with probability 1 when fault fi occurs. In the actual
system, due to the sensor itself reliability and the complex environmental factors, a
sensor relating to a faultmay notmean that the fault can be detected by the sensorwith
probability 1. Sensor fault detectability is dependent on many factors, such as signal
to noise rate (SNR), sensor sensitivity, sensor timely detection rate, etc. According
to [13], the fault detectability of sensor s j to fault fi can be formulated by:

ρij =
{

(1 + e−10(Vij−0.5))−1(1 + e−(N j −0.5))−1
(
1 − Tij

Fij

)0.5 (
Yij
Fij

)0.2
, Tij < Fij

0, Tij ≥ Fij,

(1)

where Vij denotes detection sensitivity of sensor s j to fault fi , N j denotes the SNR
of sensor s j , Tij denotes the time span between the initiation of fault fi (potential fail-
ure) and the detection of the fault by the sensor s j , Fij denotes the duration between
the initiation of the fault fi and the time when the failure occurs, and Yij denotes the
symptom duration time span of sensor s j to fault fi .

ρij denotes the effective detectability of sensor s j to fault fi when the fault fi

occurs. FromEq. (1), we have 0 ≤ ρij ≤ 1. In addition, Tij, Fij and Yij can be obtained
by fault simulation or fault propagation timing analysis method.

3.2 ISHM-Oriented Sensor Optimization Selection Model

1. Objective function

For large complex systems, the number of sensors need to install is very large,
thus sensor-configuration cost is a factor must be considered. In general, sensor-
configuration cost mainly includes purchase and installation cost. For simplicity, we
assume that the sensor-configuration cost of sensor s j is c j . Then the total sensor-
configuration cost can be formulated by Eq. (2):

CM =
n∑

j=1

c j q j . (2)

In addition, sensor-usage cost must be considered. Sensor-usage cost may include
many factors, such as communication, bandwidth and risk-to-sensor. The major
energy consumption of a sensor is the communication energy. For simplicity, only the
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communication energy is considered in this paper. The communication energy con-
sists of two components: the sensing energy and the transmission energy. The sensing
energy consumed by the sensor s j while sensing 1 bit of data is denoted by Es

j , and
the transmit energy consumed by sensor s j while transmitting 1 bit of data is denoted
by Et

j . The total sensor-usage cost of selected sensors could be formulated by Eq. (3):

CE =
n∑

j=1

δ(Es
j + Et

j )q j , (3)

where δ denotes the coefficient of energy cost.
Therefore, the total costs of selected sensors can be represented by:

C = CM + CE =
n∑

j=1

c j q j +
n∑

j=1

δ(Es
j + Et

j )q j . (4)

2. Constraints

Due to a variety of uncertainties in complex aerospace system, many factors must
be taken into account when dealing with the sensor optimization selection prob-
lem. Firstly, ISHM requires that the selected sensors can detect all the system fault
modes, namely, for each kind of fault fi , there is at least one sensor to detect it. The
mathematical description is shown in Eq. (5):

n∑

j=1

q j dijρij > 0, i = 1, 2, . . . , m, (5)

where q j denotes the number of the selected sensor s j , dij denotes the correlation rela-
tionship between sensor set and fault mode set. ρij denotes the effective detectability
of sensor s j to fault fi when the fault fi occurs.

In addition, the PHM system has certain requirements for testability indexes. The
main testability indexes are fault detection rate (FDR), fault isolatable rate (FIR)
and false-alarm probability (FAP). FDR is the ratio of the number of faults detected
correctly by sensors to the total number of system faults during the stated time span.
FIR is the ratio of the number of faults isolated correctly to no more than the stated
replaceable units by sensors during the stated time span to the number of the detected
faults during the same time span. FAP is the probability of false alarm when the fault
is detected by mistake. Considering the impact of sensor attributes on detectability
and predictability, FDR, FIR and FAP can be formulated by Eqs. (6)–(8).

FDR =

m∑

i=1
λi

(

1 −
n∏

j=1
r

q j dijρij
j

)

m∑

i=1
λi

, (6)
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FIR =

m∑

i=1
λi

n∏

j=1
(1 − r

q j dijρij
j )

m∑

i=1
λi

(

1 −
n∏

j=1
r

q j dijρij
j

) , (7)

FAP =

m∑

i=1

[

(1 − λi )
n∏

j=1
r

q j dijρij
j

]

m∑

i=1

[

λi

(

1 −
n∏

j=1
r

q j dijρij
j

)]

+
m∑

i=1

[

(1 − λi )
n∏

j=1
r

q j dijρij
j

] , (8)

where λi denotes the occurring rate of fault fi , r j denotes the failure rate of sensor
s j . λi and r j can be obtained by analyzing large amount of historical data or based
on experience.

The sensor optimization selection model must satisfy the constraints (5) and (8),
meanwhile, make the objective function (2) to obtain the minimum value. From the
above, the mathematical model for the sensor selection problem as shown in the
following.

minC =
n∑

j=1
c j q j +

n∑

j=1
δ(Es

j + Et
j )q j

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

n∑

j=1
q j dijρij > 0

FDR ≥ φFD

FIR ≥ φFI

FAP ≤ φFA

c j > 0
l j ≥ 0
0 ≤ λi , r j ≤ 1
0 ≤ ρij ≤ 1
dij = 0 or 1
0 ≤ q j ≤ X j and q j is integer
α j , β j , γ j > 0
0 ≤ φFI , φFA ≤ 1
i = 1, 2, . . . , m; j = 1, 2, . . . , n,

(9)

where X j denotes the upper limit of q j . φFD, φFI and φFA are constants, which
represent the ISHM testability requirements that AE system must satisfy.
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3.3 Genetic Algorithm for Sensor Optimization Selection

The constructed sensor selectionmodel is a combination optimization problem and is
of nonlinearity property. It is a typical NP-hard problem. Many literatures proposed
the corresponding solutions, such as the greedy algorithm, particle swarm optimiza-
tion (PSO), and genetic algorithm (GA). Due to GA has stronger global searching
ability and is more suited to solve discrete optimization problems, GA is used in this
paper to solve the constructed sensor optimization selection model.

GA is search and optimization algorithms based on the mechanics of natural
genetics. In GA, a population is made up of individuals that represent the candidate
solutions to the given problem. The fitness of each individual is calculated from the
perspective of the objective function. The near optimality solutions can be obtained
through stochastic genetic operators, namely, selection, crossover and mutation. The
steps of GA for sensor optimization selection are as follows.

Step 1. Chromosome encoding. First of all, the solution in the solution space must be
encoded into the form of binary system, namely, the chromosome. The chromosome
stands for an individual solution.
Step 2. The population and parameter initialization, including population size
Npopsize, genetic crossover probability pc, genetic mutation probability pm and max
iterative number Imax. The initialization population, which consists of N chromo-
some, are randomly generated.
Step 3. Decoding and fitness evaluation. Decode the chromosomes and calculate
their fitness. Define fitness function:

f (k) = 1
n∑

j=1
c j q j +

n∑

j=1
δ(Es

j + Et
j )q j

. (10)

Justify whether the iterative number satisfies the max iterative number Imax. If
true, output the optimal objective values and the corresponding optimal solutions,
and end the program; otherwise, go to Step 3.
Step 4. Select individuals using roulette wheel selection method based on individual
fitness.
Step 5. Execute crossover operation with probability pc.
Step 6. Execute mutation operation with probability pm .
Step 7. The new generation of population is generated by the crossover and mutation
operation. Return to Step 3.



538 Y. Wang et al.

4 A Numerical Example

In this section, the proposed ISHM-oriented sensor optimization selection model is
applied to an aircraft gas turbine engine. The aircraft gas turbine engine has a built-
in control system, which consists of a fan-speed controller, and a set of regulators
and limiters. The latter include three high-limit regulators, engine-pressure ratio, and
high-pressure turbine (HPT) [14]. Different quantity and type of sensors are installed
in the components of the engine to monitor the AE’s health condition. Figure2 shows
the main components of the aircraft gas turbine engine.

Fig. 2 Simplified diagram
for the aircraft gas turbine
engine

The available sensors information and the fault mode information of the aircraft
gas turbine engine are listed in Tables1 and 2 respectively. Sensors information in
Table1 come from specification when purchasing them. The data of λi in Table2 are
obtained by training a large number of historical data. Because of the limited space
for the paper to be printed, the historical data are not listed.

By analyzing historical data, and comparing with similar system knowledge, the
fault-sensor dependency matrix of the aircraft gas turbine engine can be obtained
combined with FMMEA, as shown in Table3.

According to Eq. (1), by training a large number of historical data, we obtained
the sensors’ fault detectability ρij, as shown in Table4.

In order to satisfy ISHM requirements, the required testability indexes are under
the following conditions: FDR is no less than 0.98, FIR is no less than 0.95, FAR
is no more than 0.01. In addition, to avoid unnecessary or redundancy sensors, we
set the upper limit of each type of sensor, X j = 7. Then, the ISHM-oriented sensor
optimization selection model for the aircraft gas turbine engine is built as followings:
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Table 1 The available sensors information

No. Sensor symbol r j c j Es
j Et

j

s1 Vibration sensor
TZDM22-50

0.84 57.9 187.26 693.45

s2 Current detection sensor
ACS712ELC-05B

1.18 18.5 165.16 762.35

s3 Optical-electricity sensor
E3JK-R4M1

1.22 17.1 203.46 646.80

s4 Temperature sensor
AF3005

1.15 41.8 162.76 635.09

s5 Rate gyroscope sensor
CS-ARS-12A

1.28 84.3 169.07 819.14

s6 Pressure sensor
CS-PT1100A

1.40 41.8 147.88 766.97

s7 Revolution speed transducer
TR-2211

0.83 51.4 129.40 732.38

s8 Oil level sensor FKLT 1.20 63.4 240.11 866.20

s9 Burner fuel-air ratio
Sensor MQ-2

0.70 48.3 112.21 643.83

Note r j denotes failure rate of sensor s j , its unit is 10−3; c j denotes the sensor-configuration cost
of sensor s j , its unit is dollar; Es

j denotes the energy expended in sensing and encoding 1 bit of data

by sensor s j , its unit is nJ/bit; Et
j denotes the electronics energy expended in transmitting 1 bit of

data by sensor s j , its unit is also nJ/bit

Table 2 Failure modes and
fault occurring rate

No. Failure mode λi /10−3

f1 Failure in the fuel control system 2.96

f2 Malfunction in combustor components 4.91

f3 Too low rotary speed of rotor 3.85

f4 Crack or fracture in turbine blade or fan 1.24

f5 The whole engine vibrated terribly 1.17

f6 Malfunction in lubrication system 3.09

f7 Fatigue wear in gearbox 1.39

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

minC =
9∑

j=1
c j q j +

9∑

j=1
δ(Es

j + Et
j )q j

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

9∑

j=1
q j dijρij > 0

FDR ≥ 0.98
FIR ≥ 0.95
FAP ≤ 0.01
0 ≤ q j ≤ 7 and q j is integer
i = 1, 2, . . . , 7; j = 1, 2, . . . , 9.

(11)
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Table 3 Fault-sensor dependency matrix of AE system

Fault Sensor

s1 s2 s3 s4 s5 s6 s7 s8 s9

f1 0 0 0 0 0 0 0 1 1

f2 0 0 0 1 0 0 0 0 0

f3 0 1 0 0 1 0 1 0 0

f4 0 0 0 0 0 1 0 0 0

f5 1 0 0 0 0 0 0 0 0

f6 0 0 0 1 0 0 0 1 0

f7 1 0 1 0 1 0 1 0 0

Table 4 Sensors’ fault detectability ρij

Fault Sensor

s1 s2 s3 s4 s5 s6 s7 s8 s9

f1 0 0 0 0 0 0 0 0.92 0.83

f2 0 0 0 0.88 0 0 0 0 0

f3 0 0.85 0 0 0.96 0 0.62 0 0

f4 0 0 0 0 0 0.91 0 0 0

f5 0.95 0 0 0 0 0 0 0 0

f6 0 0 0 0.82 0 0 0 0.84 0

f7 0.86 0 0.65 0 0.91 0 0.85 0 0

Table 5 Sensor selection scheme for the aircraft gas turbine engine

Sensor s1 s2 s4 s5 s6 s8
Number 3 1 2 1 4 3

A GA is used to solve model (11), and the parameters are set as Npopsize = 30,
pc = 0.6, pm = 0.1, Imax = 100. The optimization results are shown in Table5.
The total sensor configuration cost is 717.5 dollars, and the total sensor-usage cost
is 13131.88nJ.

In order to verify the performance of selected sensors, we collected large amounts
of sensor data from these sensors startingwork to failure. These sensor data are plotted
in Fig. 3.

From Fig. 3, we can see that selected sensors with continuous values exhibit a
monotonic trend of system degradation. In general, only those continuous-value
sensors with a consistent trend can work well. If sensors have inconsistent end-life
trends, it is hard to find trace of system degradation. Therefore, the selected sensors
can not only satisfy ISHM requirements with lower cost, but also have a better
performance with a consistent trend of system degradation. The analytical results
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Fig. 3 Selected sensors with consistent degradation pattern

show that the proposed model can guide sensor selection and optimization for AE
system very well.

5 Conclusion

ISHM-oriented sensor selection can improve the quality and efficiency of health
monitoring. In this paper, we first reviewed ISHM conceptual architecture for AE,
and analyzed ISHM requirements for sensor selection. Then we built ISHM-oriented
sensor selectionmodel. Then, we proposed a GA to solve themodel. In the numerical
example, the proposed model and algorithm were applied to an aircraft gas turbine
engine. The analytical results show that the proposed model can guide sensor selec-
tion and optimization for AE system very well. In the future, we plan to investigate
more complex models which considering more objective functions and more con-
straints, and improve the intelligence algorithm to assist in selecting optimal sensors
in order to monitor the health condition of certain system.
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Collaborating in Horizontal Networks
of Interprovincial Agreements in Pan
Pearl River Delta

Jie Ma, Liming Suo and Wei Chen

Abstract This paper employed a network approach to investigating the
inter-jurisdictional networks formed within the Pan Pearl River Delta (PPRD). We
examined the overlapping participation of PPRD members in interlocal agreements
of environmental protection, tourism, transportation, S&T and culture, migrant labor,
public health, and trade. The PPRD members are found to build extensive regional
networks to address issues of regional concerns.Although regional economic integra-
tion was the initial focus, more collaborative efforts have been devoted to tackle the
concerns of minimizing negative externalities brought by rapid social and economic
progress. Geographic proximity and resource complementarity play key roles in
determining members’ scale and scope of cooperation with each other. The Province
of Guangdong occupied the most central positions in all the PPRD networks.

1 Introduction

China’s phenomenal economic performance has largely been attributed to a compet-
itive environment in which local governments compete with each other to attract
business investment, resources and talents. Recently attention has turned to the
efforts that involve collaboration among multiple jurisdictions at the regional level.
Local governments increasingly confront policy problems that span the boundaries
of individual geographic jurisdictions. The need to work together has clustered
them into several large regional collaborative zones to address positive and neg-
ative inter-jurisdictional externalities caused by rapid social and economic growth.
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China’smajor regional collaborative zones formed include theBeijing-Tianjin-Hebei
Metropolitan Region, the Yangtze River Delta, the Pan Pearl River Delta and the
Mid-China region [14]. Despite the fanfare of media coverage, how these regional
collaborative zones work is still understudied. The purpose of this paper is to exam-
ine one type of regional collaborative mechanism-interlocal agreements (ILAs) from
a network perspective. ILAs are formal and informal arrangements (joint planning,
joint policy initiatives, joint programs, contracts, etc.) where one local government
collaborates with another or in which multiple jurisdictions pool their resources
for joint problem solving, better coordination and more innovation. Scholars and
researchers also recognize that multiple local governments that participated in mul-
tiple interlocal agreements became regional-level networked governance structures
[3, 9]. A regional network of jurisdictions connected through interlocal agreements
are manifestations of regional collaborative governance.

This paper proceeds in four sections. The first section is a survey of literature on
regional governance. In the second section, we present the Pan Pearl River Delta
(PPRD) as a case study of regional cooperation through interlocal agreements. We
will analyze a data set of 191 ILAs co-participated by eleven jurisdictions to examine
what policy issues these ILAs intend to address. We will answer the questions: What
is the scope of interlocal agreements in PPRD? Are they used more in one type of
policy domain than another?

2 The Road to Regional Networked Governance

Research on China’s regional governance also started with a vertical dimension.
The earlier studies have focused on the utility of administrative and fiscal decen-
tralization in sustaining the economic reforms in terms of central-local relationships
[7]. The development of China’s central-local interaction was touted by political
economists as a model of “Market-Preserving Federalism” [5] in which the central
government incentivized local governments to undertake reforms, generate more
revenues and allocate resources to meet their own needs. At the horizontal level,
the reform unleashed the entrepreneurial spirit of local governments, fuelling the
rapid growth of local economies, a market-oriented scenario that would be favored
by polycentrists.

Over time, when neither centralized authority nor market solution works, China’s
local governments began to recognize that a decision or action of one government
affects the actions of others. According to a survey of local officials, such a recogni-
tion of interdependency led to more horizontal and collaborative approaches when
two or more local governments seek to create a desirable outcome through coordi-
nation or cooperation, rather than competition [6]. Accordingly, Chinese scholars
call for a shift of scholarly interests toward regional governance [12]. Collabora-
tion between local governments is believed to be one of the policy instruments to
address policy problems of regional significance, particularly for the purposes of eco-
nomic integration, industrial restructuring and joint planning, and trans-jurisdictional
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problems and regional public goods [13]. Yet once local governments participate in
regional collaboration, it usually has a bandwagon effect-other local governments
are also eager to participate for the fear of being left out [8]. Interlocal or inter-
governmental agreements have been treated as institutional innovation in regional
governance and therefore have received a lot of attention. According to Yang’s study
[11], on the basis of different participating actors, these agreements can be classified
along the three dimensions: vertical, horizontal and cross-jurisdictional.

3 Interlocal Agreements in Pan Pearl River Delta

The Pan Pearl River Delta (PPRD), also known as “9 + 2”, was initially suggested
in July 2003 by Zhang Dejiang, the Party Secretary of Guangdong and a member of
Politburo, as a development strategy of fostering an integral regional economy [15].
The case of PPRD regional cooperation provides us with a unique laboratory for
the study of ILAs from a network perspective on the three grounds. First, as one of
China’s four major regional cooperative zones, the “9+2” area spans across China’s
four geographic areas-eastern, southern, central and southwestern parts, covering
nine coastal and inland provinces of Fujian, Jiangxi, Hunan, Guangdong, Guangxi,
Hainan, Sichuan, Yunnan and Guizhou and the two special administrative regions
(SARs) of Hong Kong and Macau. Although member provinces are mostly con-
tiguous and located in the Pearl River Basin, it embraces one fifth of China’s total
territory and 55% of the mainland coastline.

Second, the PPRD carries a third of China’s population and contributes 36% to
China’s GDP. It is a very vibrant regional economy with an average growth rate of
10.8 , 0.7% higher than the national average of 10.1%. Except for Hainan, Hong
Kong and Macau, the GDP growth rates of other “9+ 2” members are all above the
national average. Third, statistics also suggest that the PPRD is also marked by huge
variations in economic performance. The nine provinces and two regions are cate-
gorized into four different development levels [4]. While Hong Kong and Macau are
considered as the twowealthiest members, Guangxi, Yunnan andGuizhou are treated
as three “underdeveloped” provinces . In between, Guangdong and Fujian are two
“developed” provinces. Hainan, Hunan, Jiangxi and Sichuan are four “developing”
members.

To examine the scope of PPRD’s regional cooperation, we compiled a dataset
of 191 interlocal agreements participated by nine mainland provinces and two
SARs over the time period of eleven years. These are publicly available data pub-
lished by www.pprd.org.cn. We grouped them into seven areas of policy issues:
environmental protection, tourism development, transportation infrastructure, sci-
ence/technological/cultural collaboration (STC), migrant labor, public health, and
trade development. These policy issues that involve positive and negative externali-
ties are clearly trans-jurisdictional in nature.

www.pprd.org.cn
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4 Pan Pearl River Delta as Regional Networks

To explore the PPRD regional governance from a network perspective, we turned to
the two-mode network analysis of the “9+ 2” interprovincial networks, defined as the
set of relationships amongprovinces andSARs created by their commonparticipation
on agreements.Most social network analyses involve one-mode networks that consist
of a single set of actors. The “9 + 2” regional networks we studied are two-mode,
consisting of one set of actors and one set of events. Such networks of actors tied
to each other through their participation in common events, and common events
linked through multiple memberships of actors, are also referred to as affiliation
networks [10].

We employed UCINET, analytical software for network analysis [1] to create
seven two-mode affiliation networks, one for each policy area, that linked individual
“9+ 2” members based on their joint participation on agreements.

4.1 Network Cohesiveness

To what extent the collaboration developed among the “9 + 2” members is cohe-
sive? Do their connections vary across different policy issue networks? To answer
these two questions, we look at one network metric-density, measuring the degree
to which a network is connected. In binary one-mode networks, network density is
the number of ties in a network, expressed as a proportion of the maximum possible
number of ties. In valued one-mode projection of two-model networks, the network
density is calculated as the average value of tie strength across all ties. By using mea-
sure of density, we could determine the degree of shared participation of interlocal
agreements that existed among the PPRD members. The larger the density score,
the more cohesive the network is. In Table1, we present the network density values
of jurisdiction-to-jurisdiction and agreement-to-agreement networks in seven policy
issues.

Table 1 Densities of networks in seven policy areas

Inter-jurisdictional networks (co-participation)

Environment (14.84) S&T and culture
(13.52)

Migrant labor (12.15) Transportation ( 11.60)

Tourism (11.31) Trade (2.98) Public health (2.73)

Inter-agreement networks (co-membership)

Migrant labor (4.92) Transportation
(3.51)

S&T and culture (3.47) Environment (2.96)

Public health (2.6) Tourism (2.12) Trade (1.21)
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For the inter-jurisdictional networks, the largest group (environment) still topped
the list in Table1 with a density score of 14.84, indicating that the policy issue
of environmental protection sees the most connected and cohesive networking ties
among 11 jurisdictions. The group of tourism development agreements also accounts
for the largest share of total agreements. Yet the jurisdiction-to-jurisdiction network
on policy issue of tourism only ranks fifth with a density score of 11.31. In other
words, the average number of tourism agreements that the PPRD jurisdictions co-
participated is around 11. The third largest group of S&T and culture agreements
upgraded to the second place in terms of density. It is the network of migrant labor
policy issue that has the largest gains, moving from the fifth up to the third in network
density ranking. The rankings for trade and public health policy networks remain
unchanged.

The results of inter-agreement networks are different. The largest number of co-
membership is seen in the area of migrant labor. For any pair of agreements, on
average there are five overlapping PPRD members. S&T and Culture moved down
to the third place with a density score of 3.47. The environmental group further
moved from the first place to the fourth one. The rankings of two groups upgraded
with the transportation group from the fourth to the second and public health group
from the bottom to the fifth. Another two groups downgraded their rankings with
tourism from the fifth to the sixth and trade from the sixth to the bottom.

4.2 Network Visualization

To ascertain the extent to which there were overlapping participations of multiple
agreements among the PPRD members, we used Net-Draw, a network visualization
function embedded in UCINET to visually display the structural configuration of
inter-jurisdictional network in seven policy areas. In each figure, the symbols of a
square represent jurisdictions. To better visually represent the network structure, we
deliberately placed provinces and SARs into the diagram layout that is consistent
with their administrative boundaries and geographic locations. The lines connecting
squares refer to their joint participation of agreements. Also note that some lines are
thicker and some are thinner. The sizes of lines indicate the strength of connections
and are in proportion to the number of agreements they have in common. The thicker
lines represent more agreements and the thinners lines less agreements. As we illus-
trate each of the figures below, one of the strengths of network visualization is that
it can reveal both loose and tight structures [2].

The inter-jurisdictional network connected through collaborative agreements in
environmental protection is shown in Fig. 1. The six provinces of Yunan, Guizhou,
Hunan, Jiangxi, Guangdong andGuangxi are found to form a tight substructure in the
center of the PPRD, primarily because of their geographic proximity. The structural
configuration looks like one where a square, consisting of four immediately neigh-
boring provinces (Guizhou, Hunan, Guangdong andGuangxi) is embedded in a large
trapezoid (Yunan, Guizhou, Hunan, Jiangxi, Guangdong and Guangxi). The network
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Fig. 1 Network structure in
environmental protection

structural configurations of transportation infrastructure and trade look very similar
to that of environmental protection. This is perhaps because geographic proximity
is a key determinant in fostering inter-jurisdictional collaboration for addressing the
issues of environmental protection, transportation infrastructure and trade develop-
ment.

Figure2 depicts inter-jurisdictional network formed through collaborative agree-
ments in S&T and cultural collaboration. There are fairly extensive amounts of
agreement shared among the PPRD members. Yet the strength of ties varies. As the
sizes of lines indicate, mainland provinces have much stronger relationships with
each other than their interactions with Hong Kong and Macau. There are two sub-
networks: all the mainland members tightly connected as one block and Pearl River
Delta (Guangdong, Hong Kong and Macau) as the other block. It is Guangdong as a
coastal province that plays a bridging role between mainland members, Hong Kong
and Macau through S&T cultural collaboration. This structural pattern is consistent
with the fact that the “9+2” members are in different economic development stages.
It is hard for most developing and underdeveloped inland provinces to engage in

Fig. 2 Network structure in
S&T and culture



Collaborating in Horizontal Networks of Interprovincial … 549

Fig. 3 Network structure in
migrant labor

substantial scientific, technological and cultural exchanges with Hong Kong and
Macau as the two most developed members.

The sociogram in Fig. 3 clearly demonstrates a pattern of workers migrating from
underdeveloped and developing inland provinces to developed coastal areas. Cities
in Guangdong Province have been destinations for workers migrating from poor
inland provinces. What emerged is a star-like structure where strong ties radiated
from Guangdong, situated as the hub, to the provinces of Sichuan, Yunnan, Hainan,
Fujian, Jiangxi and Hunan at the rim. Although also being part of inland provinces,
Guizhou and Guangxi had less extensive ties with Guangdong. It might be because
these two provinces are overshadowed by Sichuan as the largest labor-exporting
province. For pairs of Sichuan and Guizhou, and Hong Kong and Macau, they are
geographically neighboring with each other and therefore each has witnessed exten-
sive co-participation of agreements on labor and manpower. However, an examining
of agreements suggests a difference.

We also found inter-jurisdictional network in the policy issue of tourism devel-
opment. The three provinces of Guangdong, Jiangxi and Fujian developed a strong
triangle among themselves and Guangdong also built a strong tie with Guangxi. The
sociogram in the public health area demonstrates a fairly strong and equally distrib-
uted degree of interconnectedness among geographically close mainland provinces.
What is worth noting is that Guangdong, Hong Kong and Macau are so connected
to each other that they developed an “iron triangle” with very thick lines connecting
them. The closure of the triangle is usually an indicator of a strong and bonding
network structural configuration. Across all the seven networks, Hong Kong and
Macau as two special administrative regions, under the institutional arrangement of
“one country and two systems”, were usually loosely connected to most mainland
provinces. Their connections with mainland were primarily through Guangdong.

5 Concluding Discussion

As network analysis can be a powerful analytic tool in researching governance, this
paper contributes to the literature about China’s regional governance, empirically and
conceptually, using an analysis of inter-jurisdictional networks of nine provinces



550 J. Ma et al.

and two special administrative regions, connected through interlocal agreements
within the Pan Pearl River Delta. We draw three implications and one caveat of
our findings for theory and practice. First, local governments in China have been
always criticized for diversion of scarce public resources to economic development
and diverted attention away from environmental and social concerns [15]. Even in
regional cooperation, the primary focus has always been on the issues related to
local economic development. Yet the results of our analysis suggest a different story.
Our network analysis reveals that on average, the PPRD members have the highest
co-participation of agreements and the interlocal agreements have the highest co-
memberships of the “9+ 2” members on policy issues of environmental protection,
S&T and culture, and migrant labor, suggesting that local governments have begun
to assume the role they are supposed to play-providing public goods and services, as
opposed to simply pursuing economic growth.

Second, the visualization of the PPRD network structures provides us with some
clues on what may drive the PPRD members’ participation of regional cooperation.
The “9 + 2” is intended to serve as an informal partnership in which its members
participate on a voluntary basis and are free to pursue strategies on which they agree.
In the absence of a centralized decision-making authority, geographic proximity and
resource complementarity seem to determine the PPRD members’ commitment to
work with each other.

Third, the central positions of Guangdong in all the networks, identified by our
analysis, illustrate its leading roles in thePPRDregional governance.Being cognizant
of its prominence, the leadership in Guangdong should not only take initiatives in
addressing key regional issues, but also be careful not to compromise other PPRD
members’ autonomy.
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Empirical Study On the Influencing
Factors of the Public Security
Perception Under Vital Emergent Events

Jing Yang and Qiuxia Li

Abstract The public security perception is seriously threatened due to an outbreak
of a vital emergent event which is usually generated by the interaction between
objective crisis and human’s psychological crisis. Through literature reviews, the
main influencing factors of it can be summarized as follows: the hypothesis of crisis
events, the responsive capability of the government and media, the individual ability
of processing emergency and the emergency psychology-behaviors of the group. In
this research, four hundred samples, who had suffered from the “4·20 Earthquake”
in Ya’an, were investigated with questionnaires. As examined, these four major fac-
tors can not only present high degree of polymerization which has been verified by
Exploratory Factor Analysis (EFA), but also explain how the public security percep-
tion is changing that has been tested through Structural Equation Modeling (SEM).
The explaining power of four factors can be described in this descending order:
the emergency psychology-behaviors of the group, the responsive capability of the
government and media, the hypothesis of crisis events and the individual ability of
processing emergency.

Keywords Vital emergent events · Public security perception · Influencing factors

1 Introduction

One crisis event can often be overlaid by objective crisis and subjective perception
from people. The subjective perception often does much more harm to people than
that of the objective crisis. For example, American society had been deeply affected
by the “9.11” terrorism event for about ten years and the fear has continued exist-
ing until the present day. When a crisis event happens, the loss of public security
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perception will be the greatest threat to common people. They are anxious about
many incidents leading to small losses, but they do not pay more attention to these
potential lethal risks. Why does this happen? Why does the same type of emergent
events have different influence on different areas of the world? Why do the public,
who are far away from the spot, have inferior public security perception? These
questions indicate that both subjective and objective conditions play a great part in
shaping public security perception.

This paper designs a model for influencing factors of public security perception
on the basis of the questionnaire survey and the structural equation model analysis.
Through careful analysis of these available data and accurate measurement of the
effect degree, this paper provides a scientific foundation for building public security
perception by making scientific plans and reducing unhealthy emotions of common
people under vital emergent events.

2 Concept Definition and Literature Review

1. Definition of Public Security Perception
In this paper, public security perception refers to the sense of certainty, the perceived
control and the attributive feeling, all of which are experienced by the general public
in the society based on domestic and foreign research results. Firstly, the sense of
certainty refers that the public gain sufficient, accurate, on-time and comprehensive
information from the mainstream channels, so they can form the definitive under-
standing and experience about why and how the public crisis has developed under
vital emergent events. Secondly, the perceived control refers that people improve
their self-efficacy of crisis management after they obtain a complete understanding
about the public crisis and an effective evaluation of the social assistance system
as well as their own ability. Thirdly, the attributive feeling refers that the public
form some subjective experience like safety, warmth and trustiness because of other
community members’ concern under the pressure of public crisis.

2. Domestic and Foreign Literature Review
The public security perception is a critical issue in the crisis management circle.
Researches about it can be divided into two phases according to findings of the
research abroad. First, the authors studied it from the perspective of crisis manage-
ment. The Bounded Rationality Theory of Simon regarded individual rationality as
bounded rationality on account of individual limited memories, thoughts and com-
puting power under constraint conditions [15]. In a result, scholars of crisis such as
Covello, Sandman thought that most of common people were irrational to participate
in the formulation of a crisis policy in case they screwed it up. Moreover people’s
irrationality leaded to the decrease sense of the public security perception and the
increase sense of panic [1]. Dougla, [3] and some other scientists constructed a DAD
crisis-management which referred to decide, announce and defend, and proposed
that creating public security perception demanded a process that elites expressed
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science and technology information to general public. Second, the authors intro-
duced Risk Perception Theory and researched public security perception from the
aspect of crisis communication. In 1984, as American Businessmen Union Carbide
caused an industrial contamination accident and delayed the release of information,
panic came into being. Then, many scholars introspected on this incident. Covello
[2] found that the authority and the public had dramatically different understandings
on risks so that the public showed no confidence in the authority’s risk management,
and people faced with panic and a weak sense of security at last. Slovic [17] offered
over ten influencing factors of public risk perception to explore causes . Kahneman
[7] advanced the Prospect Theory in which evolved availability, representativeness
and anchoring effect as explanatory variables for the deviation of public risk per-
ception and the loss of sense of security. Seeger [14] absorbed these theories and
put forward Two-way Crisis Communication Model, trying to eliminate cognitive
differences and regulate public security perception. Health considered the public as
a principal part constructing risk knowledge and focused on the function of pub-
lic participation which contributed to using the framework of crisis governance to
rebuild crisis communication’s value and goals [4]. What Renn’s expedition further
discovered was that trust was an intermediary condition of creating the public secu-
rity perception under public participation [12]. Slovic [16] revealed that the trust and
credibility were built slowly but could be lost almost instantly.

In our country studies of public security perception had achieved important pro-
gresses with the help of overseas research though it started relatively late. Firstly, the
author analyzed influencing factors of public security perception. By means of the
Prospect Theory Sun [18] built a research model about panic perception of the indi-
vidual from there perspectives: the events own features, the individual characteristics
and the social factors. Li [9] discovered the law of Psychological Typhoon Eye which
said that the nearer the earthquake zone where more emergency measures had been
provided, the more security people got by analyzing the earthquake in Wenchuan
where emergency measures had great impact on the public security perception. Li
[10] measured the level of public security perception from three aspects of safety
needs, belonging needs and some certainty in perceived control after researching
victims of earthquake in Wenchuan. By using the Risk Perception Theory, Zhang
and Wei [21] recognized that factors such as the transmission channel, the individual,
the group could enlarge the influence of public crisis. Hereby, they established an
influence model of hypothesized experience of information transmission on social
psychology. Secondly, the authors discussed the intervention of public security per-
ception. After the outbreak of SARS, Xie [19] defined public rationality whose
prerequisite is the public security perception obtaining by crisis communication.
Zhang [21] presented that an effective supply of information was able to strengthen
the public security perception of human beings and then constructed a supply mech-
anism of governmental information from three dimensions: the risk attitude, the risk
cognition and the governmental credit. Wei [20] approved that the crisis spreading
ignoring influences of common people’s subjective perception might destroy the pub-
lic security perception which could be regulated through directing and classifying
communication contents, encoding modes and channel choices.
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3 The Hypothesis of Public Security Perception

1. The Influencing Model of Public Security Perception
On the basis of literature reviews and analysis of government’s practices of serious
emergencies in our country, we extract four major influencing factors: the crisis
events, the response capacity of the government and media, the responsive ability
of individuals and the emergent psychology-behaviors of the group, as shown in the
Fig. 1.

2. Research Hypothesis
Hugh Barr [11] put forward the idea of risk management and believed that the com-
pound crisis both brought up physical injury and psychological harm from his analy-
sis of the Great East Japan Earthquake/Tsunami hitting in the northeast of Japan on
March 11th, 2011. Thus I make several assumptions as follows:
Hypothesis 1. (H1) The level of public security perception has a negative relationship
with the cleft type, the influence scope and the number of casualties under vital
emergent events. The more seriously the crisis has developed, the more anxiety there
will be.

DeFleur [13], an American communication expert, advanced the Media Depen-
dency Theory which indicated that people were eager to know the facts of matters
from the government and media when the society had been greatly changed with
unknown situations. Furthermore, they became more dependent. Consequently, giv-
ing a contemporaneous warning as well as an objective and fair report of the crisis by
the government and media were favorable to reassure common people and prevent
situations from becoming more serious. Thus I make several assumptions as follows:
Hypothesis 2. (H2) There is a positive correlativity between the government and
media’s responsive capability and the public security perception in the emergent
events. The more quickly, more sincerely, even more effectively do the government
and the media replay to a crisis, the more safety the public will feel.

The FPC model which means familiarity, predictability, and capability, was devel-
oped by Robert Heath who assumed that individual capacity and familiarity were
kernel variables for an effective response to the crisis [5]. If individuals had higher

The crisis events The Response Capacity of the 
Government and media

The Crisis Knowledge of 
Individuals

The Emergent Psychology-beh
aviors of the Group

The Public 
Security
Perception

H1 H2

H3 H4

Fig. 1 Influencing model of public security perception under vital emergent events
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ability and became more familiar with the crisis, they could deal with the critical
challenge better.

Huang and Gao [6] pointed out that public emergencies would produce individ-
ual stress reactions and individual differences. The difference was originated from
cognitive factors, emotional factors and individual personality characteristics. Thus
I make several assumptions as follows:
Hypothesis 3. (H3) The level of public security perception is closely related to the
knowledge of crisis, the risk preference and the psychological quality of individuals.
The stronger ability about risk-resisting of individuals, the safer it is to the public.

According to the theory of Herd Behavior, a tested scientific theory, individual
performances were directly affected by actions of surrounding population, in other
words, behavior selections were likely made more for the ease of imitation and
reliance on others than for any valuable information. What’s more, the conformity
will arise in the end. Thus I make several assumptions as follows:
Hypothesis 4. (H4) The positive correlation is observed between the Herd Behavior
and the public security perception. The more stable behaviors of the group hold in
psychology, the more stable the public security perception will be.

4 Research Methods and Tools

1. Measurement Scales
The study employed questionnaire survey as one methodology to collect data. The
author investigated residents of Ya’an suffered from the “4.20 earthquake”. The
questionnaire could be classified into two parts. The first part was a measurement of
the public security perception reconstructing from A. Maslow’s “security-insecurity
questionnaire”. The second part is about questionnaires on four influencing factors.
In the analysis of factors and projects, 23 items were chosen to compose the final
scale, which is rated by using five-point scale and examined by five experts.

2. Descriptive Statistical Analysis
Totally 400 questionnaires were sent out, among which 385 questionnaires were
received, for a response rate of 96.3 %. A total of 368 able responses were received
out of an eligible sample of 400, representing a 95.6 % response rate.

3. Descriptive Statistical Analysis
Maslow’s “security-insecurity questionnaire” was used in the first part of the ques-
tionnaire. The second part investigated these samples through internal consistency
analysis, as shown in Table 1. Results showed good internal consistency (the Cron-
bach alpha was 0.82).

4. Exploratory Factor Analysis
By exploring factor analysis, we analyzed these samples with SPSS, as shown in
Table 2.

The results showed that items of the questionnaire had a great convergence on
these four hypothesis elements.
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Table 1 The result of internal consistency analysis

Reliability statistics

Cronbach’s alpha Cronbach’s alpha based on
standardized items

Items

0.820 0.829 19

Table 2 The result of exploratory factor analysis

Rotated component matrix

Components

1 2 3 4

V5 0.832

V6 0.841

V7 0.758

V8 0.756

V9 0.778

V10 0.723

V11 0.730

V12 0.742

V13 0.713

V14 0.540

V15 0.415

V16 0.838

V17 0.837

V18 0.605 0.335

V19 0.733

V20 0.704

V21 0.551

V22 0.744

V23 536 0.306

Extraction method: Principal component analysis; Varimax with Kaiser normalization; a. Rotation
Converged in 5 Iterations

5 Conclusion

The model was tested with the software of Analysis of Moment Structure (AMOS)
and all indexes were up to the expectant targets. Therefore, the model had powerful
interpreting ability, as shown in Fig. 2.

As it turned out, there was a unique negative correlation between the influences of
crisis events and the public security perception. However, the other three factors had
a positive effect on the public security perception, which could verify the above four
assumptions. These findings also suggested that the emergent psychology-behaviors
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of the Government

and Media
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of the Group
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.15

.21

.29
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Fig. 2 The model of the public security perception

of the group had the greatest effect on the public security perception, followed by
the response capacity of the government and media, and the next came to be the
responsive abilities of individual based on values of all measuring factors.

6 Discussion

The study suggests that once a serious emergency occur, the psychological status and
the reaction behaviors of the group have a most tremendous impact on the sense of
security. In a word, emergent psychology-behaviors of the group have a great impact
on the public security perception under vital emergent events. With different social
background, the risk tolerance of social culture, the affinity-diaphaneity relationship,
the level of social education, and the consciousness of crisis countermeasures, all of
which are caused by social, historical and cultural factors, will affect the status of
public security perception under a crisis. How to strengthen crisis education of the
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whole society to enhance people’s ability to perform rationally and orderly is the top
priority of constructing public security perception in a risk society.

The common herds regard the government and media as a symbol of common
power and a main channel to obtain crisis information under the pressure of a crisis. So
they play an important role in constructing public security perception. The roles can
be affected by the trust between the public and the government and media. Common
herds’ judgment about danger and fear is strongly coupled to their confidence for
public institutions. The less confidence, the more fear and panic the public will have
[11]. The government should adopt an active attitude towards controlling the state
of serious emergencies effectively and develop good trusted relationship with the
public. The trust for the government capacity will not only help the government to
deal with emergent events effectively, but also enhance the public security perception
after disasters. The media shall truthfully and timely disclose information as required
by the principle of news reporting and inform disposition most concerned by common
people.

The cleft type, the influence scope and the number of casualties, to a certain
extent, are not conducive to the public security perception. Therefore, it is important
to cope with crisis objectively and to recover the public security perception fleetly.
Besides, the knowledge of crisis, the risk preference and the psychological quality of
individuals can partially explain the variation degree of public security perception.
On the whole, these four factors have different explaining power of the public secu-
rity perception under vital emergent events. To what degree the serious emergency
affected healthy people depends on the individual personality, the urgent incident
and the social environment [8]. Under the stress of critical incidents, indications of
emergency response of the group like public security perception are affected by the
interaction of the social individuals, the crisis event and the social environment.

Eventually, the present study needs to be explored in depth. On one hand, the
four factors need to be further subdivided into smaller elements and the influence
of these approaches for the public security perception need a further study. On the
other hand the sense of certainty, the perceived control and the attributive feeling are
there structural elements of the public security perception. Then how the four major
factors act on these structural factors shall be analyzed in depth too.
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R&D Project Portfolio Selection
in a Bi-Level Investment Environment:
A Case Study from a Research Institute
in China

Jun Gang, Ruijia Hu, Ti Wu, Yan Tu, Chun Feng and Yang Li

Abstract This paper focuses on a R&D project portfolio selection problem in a
bi-level organization. In the organization, the considered project portfolio can be
supported by two levels of funds, that is company fund and department funds. There-
into, company fund can support all projects while department funds only support
projects from a specified department. Hence, in contrast to prior studies, two levels
of budget constraints are considered in project selection. To solve this problem, a
multi-objective mixed integer programming model which considers three objectives
(i.e., maximization of average comprehensive evaluated score, maximization of total
expected profit and minimization of average project risk) is proposed. Finally, a
practical R&D project selection case from a research institute in Western China is
discussed, and the efficiency of the proposed model is evaluated.

Keywords R&D project · Portfolio selection · Multiple-objective · Mixed integer
programming

1 Introduction

R&D project selection is a normal problem for most of companies and laboratories.
The essence of this problem is to allocate scare resources such as fund, equipment,
manpower during multiple competing projects so as to maximize the companies’
benefit. The original research on R&D project selection can be found inMarkowitz’s
paper “Portfolio selection” in 1952 [6]. After that, Centron [3] and Baker [1] dis-
cussed on how to evaluate and select R&D projects using quantitative methods and
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mathematical model. In R&D project selection, two types of methods are mainly
used. One is the multi-criteria evaluation technology, and the another is mathemati-
cal programming method. For example, the applicability of the Least Squares Monte
Carlo (LSM) in valuing R&D investment opportunities was showed [8]. Coffin and
Taylor considered a project selection with multiple criterion including investment
income, resource constraints, project budget, project time limit, complete probabil-
ity and so on [4]. Moreover, the risk of over-investment in enterprise development
was also considered as one of the evaluation criterion in some researches [7]. Fang
etc. carried out the comprehensive study for R&D project portfolio selection, and
established a mixed integer programming model. In the model, the uncertainty was
considered, and a stochastic programming model was used to analyze the risk of
investment [5]. Later, the research of R&D project evaluation and selection prob-
lem was expanded to a new field, where the candidate projects are correlative with
each other. To deal with this problem, Bhattacharyya et al. [2] set up a fuzzy multi-
objective decision model with three objectives, including lowest cost, minimum risk
and maximum profits.

The above researches have made significant contributions on the development of
the R&D portfolio selection optimization methods, however, they didn’t consider
the portfolio selection in a bi-level organization, therefore, two levels of budget con-
straints weren’t taken into account. In this paper, a multi-objective mixed integer
programming model which considers three objectives (i.e., maximization of average
comprehensive evaluated score, maximization of total expected profit and minimiza-
tion of average project risk) is proposed, with consideration of the two levels of Q&R
funds (i.e., company fund and department funds).

The reminder of this paper can be structured as follows. A detailed description of
the R&D project portfolio selection problem in a bi-level investment environment
is presented in Sect. 2. In Sect. 3, the model for the R&D project portfolio selection
problem is formulated. A case study is then discussed in Sect. 4 to verify the opti-
mization method proposed in this paper. And the conclusion remarks are given in
Sect. 5.

2 Problem Statement

The problem considered in this paper is a R&D project portfolio selection problem
in a bi-level organization. In the R&D management of bi-level organization, there
are two levels of managers and two levels of science &technology funds to support
R&D projects. The science &technology funds are composed of company R&D fund
and department R&D fund. Each R&D project can apply for sponsoring from both
the company fund and department funds. But each department fund only supports
the R&D projects from the same department. In practice, the management process is
shown as Fig. 1. First, applicants submit project applications to departmentmanagers.
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Fig. 1 The management process of R&D project in bi-level organization

Then department managers decide whether or not agree the applications based on
comprehensive evaluation. The approved projects are passed to R&D committee
for further evaluation. The R&D committee will examine and approve the projects
including the technical feasibility, innovation, project execution, budget, potential
profit, project risk, etc. Through the evaluation, each project can get a comprehensive
score, then the company manager decides which project should be selected based on
the evaluated results.

In this paper, it is assumed that the comprehensive evaluation has been carried
out. Hence, the main problem the decision maker faces is how to decide the project
portfolio selection. In addition, due to the existence of two levels of O&R funds, the
decision maker has also to decide the allocation of funds to maximize the profit. In
this situation, two decision variables are included in the problem: a binary integer
variable to describe the project selection and a continuous variable to describe the
allocation of funds. Of course, one latent assumption is to use the department fund
preferentially. In the process of decision-making, two levels of budget constraints
and some resource constraints must be considered.
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3 Modelling

In this section, the modelling process of the considered portfolio selection problem
is given.

3.1 Assumptions and Notations

Before constructing the model in this paper, the following assumptions are adopted:

(1) The income and demands for each project are clear.
(2) All project applications are submitted at the same time.
(3) There are no new project applications in a project evaluation cycle.
(4) The company fund and department funds are managed by a same manager.

The following symbols are used in this paper:

Indices

i index of department, i ∈ Ψ = {1, 2, . . . , I },
j index of project, j ∈ Φ = {1, 2, . . . , J },
k index of resource, k ∈ Φ = {1, 2, . . . , K }

Parameters

TB total R&D budget from company investment,
Tbi total R&D budget of department i ,
Bij Total budget of project j in department i ,
Sij evaluated score of project j in department i ,
Vij expected outcome of project j in department i ,
rij expected risk of implementing project j in department i ,
Rijk amount of resources of type k required for implementation of project j in department i ,
R̄k total amount of available resource k,
ck unit use cost of resource k

Decision Variables

xij

{
1, if project j in department i is selected,
0, otherwise,

yij the funded amount of project j in department i from company fund

3.2 Objective Functions

In the R&D project selection problem, there are three objectives (i.e., Maximization
of average comprehensive evaluated score, Maximization of total expected profit,
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Minimization of average project risk) under three kinds of constraint conditions:
budget constraint, resource constraint, logicality conditions. The detailed description
are given as follows.

3.3 Maximization of Average Comprehensive Evaluated Score

Before project selection, managers always have to evaluate every project and give
them scores. The score for each project is often obtained by a comprehensive assess-
ment to multiple factors such as potential benefits, scientific and technological merit,
project execution and intellectual property rights. Hence, the score reflects a inte-
grated performance for each project, and the decision makers often tend to select
the project portfolio with bigger evaluated score. In this paper, we assume that all
projects have been evaluated and got a specific score in the range of 0–100. The
objective function can be stated as follows:

max F1 =
I∑

i=1

J∑

j=1

Sijxij

/ I∑

i=1

J∑

j=1

xi j . (1)

1. Maximization of Total Expected Profit

For most of enterprises, the essence aim of research and development for new pro-
duction and new technology is to gain profit. Hence, to maximize the total expected
profit is often considered as an individual objective function in the enterprises’ R&D
project selection model. The total expected outcome is the sum of the expected profit
of all the projects, which can be modelled as the following equation:

max F2 =
I∑

i=1

J∑

j=1

Vijxij. (2)

2. Minimization of Average Project Risk

Minimization of risk will decrease the chance of failure of the projects and therefore
often as an objective in the decision-making of R&D project portfolio selection.
Similar to outcome, the expected risk for each project is also assumed to have been
evaluated. In this paper, risk scores for each project were subjectively scored within
the interval [0, 1], where 0 represents no risk, and 1 represents themaximum possible
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risk for a project. The total expected risk which is the sum of the expected risk of all
the projects can be stated as Eq. (3).

min F3 =
I∑

i=1

J∑

j=1

rijxij

/ I∑

i=1

J∑

j=1

xij. (3)

3.4 Constraint Conditions

In the considered model, three types of constraints must be considered, including
budget constraints, resource constraints and logicality conditions.

1. Budget Constraint
The considered project selection is a portfolio selection problem. The total budget
of selected project portfolio can not exceed the total R&D projects budget for whole
company which includes two levels of funds: the company R&D fund and the depart-
ment R&D fund. Hence, the budget constraints are also divided into two types of
constraints. First, for each department, the total budget of selected projects can not
exceed its total R&D budget. Then, for whole company, the total funding can not
exceed the company R&D budget. The two constraints can be modelled as Eqs. (4)
and (5).

J∑

j=1

(Bij − yij)xij ≤ T bi ,∀i = 1, 2, . . . , I, (4)

I∑

i=1

J∑

j=1

yijxij ≤ TB. (5)

2. Resource Constraint
Except the budget constraints, resource constraint is also usually considered in project
selection because of the limitation of resources. For each type of resource, the total
demanded quantity for selected projects can not exceed its available amount.

I∑

i=1

J∑

j=1

Rijk xij ≤ R̄k,∀k = 1, 2, . . . , K . (6)

3. Logicality Conditions
For each project, the funded amount yij from company fund can not exceed its total
budget Bij. Moreover, if a project is not selected, then its funded amount should be
equal to 0. In addition, the decision variable xij can only take value either 0 or 1.
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Hence, we have following constraints.

0 ≤ yij ≤ Bijxij, xij ∈ {0, 1}, ∀i = 1, 2, . . . , I ; j = 1, 2, . . . , J. (7)

From the descriptions above, based on the objectives of expected outcome max-
imization (1), expected risk minimization (2) and expected cost minimization (3)
by synthesizing department budget constraints (4), company budget constraint (5),
resource constraints (6) and logicality conditions (7), we can obtain the R&D project
portfolio selection model as following:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

max F1 =
I∑

i=1

J∑

j=1
Sijxij/

I∑

i=1

J∑

j=1
xij

max F2 =
I∑

i=1

J∑

j=1
Vijxij

min F3 =
I∑

i=1

J∑

j=1
rijxij/

I∑

i=1

J∑

j=1
xij

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

I∑

i=1

J∑

j=1
yijxij ≤ TB

J∑

j=1
(Bij − yij)xij ≤ Tbi , ∀i = 1, 2, . . . , I

I∑

i=1

J∑

j=1
Rijk xij ≤ R̄k, ∀k = 1, 2, . . . , K

0 ≤ yij ≤ Bijxij, ∀i = 1, 2, . . . , I ; j = 1, 2, . . . , J
xij ∈ {0, 1}, ∀i = 1, 2, . . . , I ; j = 1, 2, . . . , J.

(8)

4 Case Study

In the following, a practical example from a research institute in western China is
introduced to demonstrate the complete modelling and solving process.

4.1 Presentation of Case Problem

X research institute is one of the largest comprehensive research institutes in western
China, which was founded in 1954, and was restructured as a state-owned enterprise
from an administrative institution in 2001. To adapt to the market competition envi-
ronment, X research institute paid great attention to new technology research and
development, and took out a good deal of capitals to support R&D projects. The
R&D fund is made up of two parts: one is from the department income (two percent
of the department income) and another is from company income (fifteen percent
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Table 1 Parameters for 37 candidate projects from 8 departments

Department No. Budges Scores Profit Risk Required resources

258 240 700 380 360 400 784 366

R1 R2 R3 R4 R5 R6 R7 R8

A A-01 240 88 367 0.50 87 0 0 0 0 0 0 0

A-02 120 76 234 0.33 86 0 0 0 0 0 0 0

A-03 200 87 369 0.38 138 0 0 0 0 0 0 0

B B-01 150 82 238 0.12 0 60 0 0 0 0 0 0

B-02 160 85 260 0.36 0 80 0 0 0 0 0 0

B-03 170 79 250 0.35 0 92 0 0 0 0 0 0

B-04 220 88 325 0.48 0 98 0 0 0 0 0 0

C C-01 120 92 164 0.21 0 0 70 0 0 0 0 0

C-02 170 83 277 0.54 0 0 60 0 0 0 0 0

C-03 150 87 291 0.53 0 0 80 0 0 0 0 0

C-04 100 82 191 0.15 0 0 60 0 0 0 0 0

C-05 160 85 210 0.34 0 0 120 0 0 0 0 0

C-06 100 76 130 0.17 0 0 96 0 0 0 0 0

C-07 250 81 343 0.43 0 0 200 0 0 0 0 0

C-08 190 91 192 0.65 0 0 170 0 0 0 0 0

C-09 280 92 411 0.44 0 0 200 0 0 0 0 0

D D-01 160 84 219 0.38 0 0 0 120 0 0 0 0

D-02 100 73 159 0.23 0 0 0 80 0 0 0 0

D-03 200 81 360 0.20 0 0 0 110 0 0 0 0

D-04 260 87 4178 0.59 0 0 0 100 0 0 0 0

E E-01 240 83 417 0.12 0 0 0 0 168 0 0 0

E-02 230 74 420 0.62 0 0 0 0 170 0 0 0

F F-01 250 89 392 0.48 0 0 0 0 0 140 0 0

F-02 360 93 654 0.38 0 0 0 0 0 260 0 0

F-03 100 85 136 0.48 0 0 0 0 0 48 0 0

G G-01 120 75 168 0.46 0 0 0 0 0 0 66 0

G-02 100 71 199 0.32 0 0 0 0 0 0 72 0

G-03 400 71 749 0.12 0 0 0 0 0 0 320 0

G-04 100 90 139 0.38 0 0 0 0 0 0 40 0

G-05 300 91 586 0.21 0 0 0 0 0 0 240 0

G-06 100 87 124 0.37 0 0 0 0 0 0 40 0

G-07 150 81 191 0.42 0 0 0 0 0 0 80 0

G-08 200 94 352 0.56 0 0 0 0 0 0 138 0

G-09 200 95 380 0.45 0 0 0 0 0 0 120 0

H H-01 350 90 560 0.03 0 0 0 0 0 0 0 240

H-02 170 78 213 0 0 0 0 0 0 0 0 110

H-03 300 80 183 0 0 0 0 0 0 0 220
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Table 2 A solution of model (8)

Objective values Department No. Sources of funding

Department Company

Weight-sum 14.6 A A-02 80 40

A-03 200 0

B B-01 150 0

B-02 160 0

B-04 10 210

F1 85 C C-01 120 0

C-02 30 140

C-03 150 0

C-04 100 0

C-05 0 160

C-06 0 100

C-09 280 0

F2 8340 D D-02 100 0

D-03 200 0

D-04 0 260

E E-01 240 0

F F-01 0 250

F-02 290 70

F3 0.31 G G-03 0 400

G-05 300 0

G-08 120 80

G-09 200 0

H H-01 270 80

H-02 0 170

of the gross profit). The department funds can only be used to sponsor the R&D
projects from the same department, while the company fund can be used to sponsor
all projects from different departments.

In 2013, the total R&D funds had increased to five million yuan, including com-
pany R&D fund of two million yuan and department R&D fund of three million
yuan. The R&D fund for eight departments are 280, 320, 680, 300, 240, 290, 620
and 270 thousand yuan. At the same time, after a primary selection, 37 projects from
8 different departments were approved to apply for the funds. The basic information
of these projects is stated in Table1. Now the problem the company manager faces is
how to decide the project portfolio from 37 projects to gain maximal outcome with
minimal risk. In addition, due to the human resource-intensive of R&D projects and
shortage of manpower in X research institute, the decision maker must also consider
the manpower constraints in project selection.



572 J. Gang et al.

4.2 Results and Discussion

As we known, Eq. (8) is a multi-objective model. In practice, it is often difficult for
decision maker to search for all Pareto-optimal solutions for the multiple objectives.
Instead, they tend to transform multi-objective model into single-objective model
with weight-sum operation. In the case, the weights for the three objectives in the
model are set as 0.3, 0.4, 03 respectively, and the parameters Sij, Vij and rij are stan-
dardized in the range of [0, 1], then a solution of model (8) can be found as shown in
Table2. It can be seen that 24 projects from 37 candidates are selected with weight-
sum objective value of 14.6, average composite score of 85, total investment profit
of 8.34 million yuan and average risk of 0.31. We can also see that different depart-
ments obtain different evaluated results. For example, both department C and G
have 9 candidate projects. However, only 4 projects from department G are selected
department while 7 project from department C are selected. Based on the selected
project portfolio, we can calculate the fund allocation among 8 departments as shown
in Fig. 2. It indicates that department G planned to applymore fund than other depart-
ments while department C actually obtained the bigger support than department G
not only from the total authorized amount but also the rate of the authorized amount
and applied amount. It is easy to come into a conclusion that department C is paying
more attention to R&D projects.

To analyse the relationship between the project selection and objectives, we also
carry out a comparison among three singlemodels. The results are shown inTable3. It
can be seen that, different project portfolios are selected while considering different
objectives. If we only consider the first objective (i.e., maximization of average
evaluated score), then 24 projects will be selected with high average score, low profit
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Fig. 2 Results of fund allocation among eight departments
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Table 3 Relationship between objective functions and project portfolio

Objective Objective values Department Selected project Fund
from
com-
pany

F_1 F_2 F_3

F_1 87.75 7896 0.38 A A-01, A-03 160

B B-01, B-02, B-04 210

C C-01, C-02, C-03, C-05, C-08,
C-09

390

D D-01, D-03, D-04 320

E E-01 0

F F-01, F-02 320

G G-04, G-05, G-06, G-07, G-08,
G-09

430

H H-01 80

F_2 84.00 8440 0.33 A A-02, A-03 160

B B-01, B-02, B-04 210

C C-01, C-02, C-03, C-04, C-05,
C-06, C-09

400

D D-02, D-03, D-04 260

E E-01, E-02 230

F F-01, F-02 320

G G-02, G-03, G-05, G-06, G-09 480

H H-03 30

F_3 83.00 7808 0.30 A A-02, A-03 40

B B-01, B-02, B-03 160

C C-01, C-02, C-03, C-04, C-05,
C-06, C-07

370

D D-01, D-02, D-03 160

E E-01 0

F F-01, F-02 320

G G-02, G-03, G-04, G-05, G-06,
G-07

530

H H-01, H-02 250

and high average risk. We can also get similar results while considering the other
two objectives. In addition, it should be noted that some projects are always selected
regardless of what objective is considered, such as project A-02, B-01, B-02, C-01,
C-02, C-03, C-05, C-09, D-02, D-03, E-01, F-01, F-02, G-05, G-06. Hence, these
projects should be paid more attentions to than other project in decision-making.
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5 Conclusion Remarks

This paper presented a multi-objective mixed integer programming model which
considers three objectives (i.e., maximization of average comprehensive evaluated
score,maximization of total expected profit andminimization of average project risk)
to deal with the portfolio selection problem which considers two levels of funds (i.e.,
company fund and department funds). Themodel was then applied in a practical case
study in a research institute in wester China to verify the practicality and efficiency
of the proposed model and solving process.

The future research will focus on the hybrid uncertain environment and the study
on bi-level programming of the portfolio selection problem.
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Wind Power Energy Pakistan Economical
Renewable Power Resource

Asif Kamran, Syed Nayyer Ali and Fehmida Raufi

Abstract Pakistan today faces a severe energy crisis with a shortfall of approximately
up to 5000 megawatts. Limited fossil fuel reserves increases the dependence on
import of fossil fuels, particularly oil on a large scale. Moreover, too much reliance
on imported oil is critical from energy security point of view along with the burden
on a poor economy of Pakistan coupled with the demand of rural population which
represents the major size of the population waiting to be connected to the national
electricity grid. The study is based on the descriptive research; data is gathered from
different institutions and stake holders namely Pakistan Meteorological Department
and Pakistan Council of Renewable Energy Technologies responsible for collecting
wind data and identifying wind corridors in different parts of Pakistan. To attract
investment in the wind power sector which is relatively new in Pakistan the state has
to provide investment and production incentives to the investors such as tax incen-
tives and accelerated depreciation which lowers the cost of capital and motivates
the investor to inject high capital. Disbursement of grants and aids to municipal and
local corporations having limited resources and announcement of fiscal policy by
the state lowering the interest rates on the lending and exempting customs duties on
the equipment and wind turbines, eliminating or at least reducing the property tax
on the land required for the wind farm.
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1 Introduction

Wind power is the application of wind energy to drive the wind turbines generating
electricity mainly for the commercial purpose. Wind power is a renewable source of
energy suitable for commercial operation; all of the available resource is availed as
unlike fossil fuel wind energy is plentiful, renewable, clean and green house gases
free [13]. Wind turbines are usually arranged in a group at a particular location known
as wind farms, a large wind farm ranges from few dozen to several hundred wind
turbines. The extended area consists of hundreds of square kilometers and the land
lying between the turbines is used for agriculture purpose mainly a wind turbine
may be located offshore taking the advantage of strong wind speed blowing over the
surface of the sea, the turbines are connected with a medium voltage power collection
system which is further transformed into high voltage to be connected to the high
voltage power grid [6].

In the ancient times the wind power was used to propel sailboats and ships. The
wind powered machines were used in Persia and later introduced to Romans however
the practical windmills were built in ancient Afghanistan which was made up of sails
covered with cloth material these windmills were used for grinding corn and draw up
water [1]. In the 12th century A.D the windmills started appearing in Europe which
was horizontal axis windmills; they became popular in Europe as unlike water mills
they were not rendered inoperable by the freezing of the water in the winter season of
Europe. By the 19th Century A.D there were about 2500 windmills in Denmark used
for the mechanical work such as pumps and grinding mills and about Six million
windmills were installed on American farm lands to operate irrigation pumps [9].
First windmill for electricity production was installed in Scotland which was used
to charge the accumulators developed by Frenchman to power the lighting in the
cottage thus making it the first house in the world to be powered by windmill and
then later used to produce hydrogen. In the 20th Century the wind power became
decentralized electrification, the forerunner of modern 3 blade horizontal axis turbine
was installed in USSR. In Second World War, small wind generators were used on
German U boats to recharge submarine batteries. In 1930s windmills were used on
farms in the United States where the distribution system was not installed at that time.
In 1941 the first mega size wind turbine was installed in Vermont, United States, in
mid 70s and 80s in United States government worked with the industry to advance
the technology and enable large commercial wind turbines [2].

In the beginning of 21st Century rising concerns over energy security, green house
gases emission which led to global warming and depletion of fossil fuel led to the
dependence on wind energy resources. The wind power industry began to expand at
a robust rate of 30 % annually driven by the massive availability of wind resource and
decreasing cost due to improved technology and management [7]. Global recession
and inflation in the world economy during last 10 years mainly due to rising oil prices
led to the shift from fossil fuel to natural gas but it has its own supply problem as
the natural gas reserves are also depleting and wind power showed its potential for
power generation. Advancement in wind energy technology led to the development
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of offshore which are limited to the water depth of 30 m utilizing fixed bottom
technology.

2 Literature Review

This report summarizes the current conditions for business in the Pakistani Renew-
able Energy sector the recent power crises in Pakistan where the whole country is in
the grip of power crisis with a shortage of around 5,000 MW, immediate investments
in new hydroelectric or coal-fired power stations are not in sight as these projects
require at least 7 to 8 years of operational time [12]. Pakistan has one of the highest
energy prices in its region of about RS 6 per unit due to the international surge in
oil prices. Daily load shedding is announced in advance, for Cities load shedding
goes on for 3 to 4 h in winter and 8 to 10 h in summers, the situation sounds more
intense in rural population as load shedding goes on far about half a day and in some
cases more than 24 h. Market conditions for wind power in Pakistan are fertile as the
estimated potential indentified by the reliable sources is nearly 50,000 MW sufficient
to fulfill the long term energy needs. In rural population hundreds of wind power
pumps and electricity generation turbines for micro generation have been installed
providing electricity to nearly thousand homes houses in 18 remote villages [11].

This study has enabled to identify the potential areas where economically feasi-
ble wind farms can be established, the Potential areas covers 9700 sq. km in Sindh
only, the AEDB in collaboration with USAID, has carried out Satellite survey of
wind resource of the entire country, which would help to identify specific high-value
areas for conducting specific on-site assessments and development, the technical sup-
port for wind projects developers includes civil engineering, infrastructure building
(roads, foundations, grid connection), logistics, setting up an operation and mainte-
nance (O&M) companies, financing and insurance [4]. The feed-in tariff provided by
The Policy for Development of Renewable Energy for power Generation regulation
states that companies having the signed LOI (Letter of Intent) with Government of
Pakistan, are allowed to negotiate the final tariff with NEPRA. Taking all upfront costs
into final calculation is challenging, since infrastructure is weak and no experiences
are available at that present time, the implementation of the first wind turbines in Pak-
istan will have an impact on the replication and will give the necessary confidence for
project developers and financiers. AEDB is considering indigenous manufacturing
of wind Turbines which would play a part in creating job opportunities and poverty
alleviation in the country. Karachi Shipyard, Pakistan Machine Tool Factory, Pak-
istan Steel Mills, State Engineering Corporation and several other companies were
identified by AEDB.

The total amount of wind energy is considerably more than the present con-
sumption of electricity from all sources, the potential wind energy of 72 TW can
be commercially viable as compared to total power consumption of 15 TW from all
sources. The strength of wind varies and an average value for a given location does
not indicate the average output of wind turbine, making wind power more consistent
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requires existing technologies to be extended by grid energy storage and batteries.
Wind energy is rapidly growing energy resource in the world [8]; today a global
installed wind power capacity has surpassed the mark of 100,000 MW including on-
shore and offshore installations. In 2007 alone wind-power capacity had increased by
a record 20,000 MW bringing the world total to 94,100 MW. Selection of wind tur-
bine site is based on the economic feasibility of wind power; apart of wind itself other
factors include availability of transmission lines, value of energy to be produced, and
cost of land acquisition along with its environmental impact of operations. Wind and
hydro electric power have negligible fuel cost and relatively low cost of maintenance;
wind power benefits producers due to their low marginal cost, average per unit cost
which incorporates construction cost of wind turbine, transmission facilities, bor-
rowed funds and their costs averaged over a projected useful life of the equipment.
The outcome of research identifies other fields of study having no relevance with the
topic but is indirectly related to the subject matter because they are linked with the
topic. Some forms of energies create costs that are neither paid by the producer nor
by the consumer of the goods or services and the most significant the pollution which
has social cost in the form of increased health expenses, reduction in the agricultural
productivity and other environmental issues. The carbon dioxide is produced when
fossil fuels are burned may impose further cost in the form of global warming, there
must be a mechanism to add this cost as it indirectly affects the society in the form
of wild habitat destruction and loss of scenery and tourism etc. [3]. The wind energy
is the most competitive source of energy if the external cost is taken into account
due to its minor environmental effects; wind power consumes no fuel and emits no
air pollution, unlike fossil fuel its operation does not produce carbon dioxide, sulfur
dioxide and mercury particles [5]. A study by the Irish national grid stated that pro-
ducing electricity from wind energy reduces CO2 ranging from 0.33 to 0.59 tons per
unit of mega watt hours. However leaking lubricating oil or hydraulic fuel running
down the turbine blades may be scattered over surrounding area may contaminate
the drinking water area if that water area or reservoir is around.

Threats to the birds is often the main complaint against installing wind turbines
but the fact sheet shows that there are less birds killed each year by other sources
of energy which create pollution cause death of birds and other human activities
such as hunting, high rise buildings, air and land traffic [10]. In some cases the wind
turbines affects the wild life where the older design wind turbines are placed with
lower hubs and tighter turbine blade spacing, the number of bats killed both onshore
and offshore turbines exceeds over two thousand. Officials claim that wind farms can
generate false signals for tornadoes as happen in Kansas, USA. Historical experience
of noisy and visually intrusive wind turbines may create resistance on setting up land
based wind farms, residents near wind farms complain about shadow flicker caused
by turbine blades and intrusive sounds. Light pollution is also a cause of concern
for residents near wind farms due to the requirement of aviation light on the wind
turbine, these issues can be resolved by placing the wind turbines offshore at least
10 km from shore but some find the onshore wind farms as a source of attraction and
others complain a cause of intrusion [13].
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3 Statement of Problem

The present energy crises in Pakistan with a short fall of 5000 MW approximately in
a peak summer season was due to the negligence of policy makers and regulators in
Pakistan towards the alternate sources of energy. The demand for electricity continues
to rise 10 % annually which creates further demand for fossil fuel; the dependence on
fossil fuel raises the concern for energy security in case of a war situation or shortage
of oil supply from the oil producing nations along with the burden on the foreign
exchange of a country already facing economic crunch.

The problems which relates to the current crises are:

Policies, Institutions, Regulatory bodies, Financial and Technology
The power policies in Pakistan were traditionally focused on thermal production of
electricity and the priority for renewable sources remains low although the acknowl-
edgement for Renewable energy as an alternate source has prevailed in some policy
documents but a meaningful development and incentives offered to the investors
were still on the low priority, the institutional roles of the various organizations
responsible for the development of renewable sources have often overlapped and
varied over time is the cause of the lack of policy focus and priority towards renew-
able energy in the national energy planning process. Lack of knowledge about the
potential of wind power and the technical knowledge required for establishing the
necessary infrastructure and equipment required for the wind power generation, lack
of fiscal and financial incentive necessary to attract the potential investors having
necessary experience and knowledge in the wind energy production are causes for
the development of wind energy at a snail pace.

4 Significance of Study

This study could benefit the electronic media greatly in making documentaries and
creating awareness among general public, due to low literacy rate majority of people
in Pakistan depends on electronic media as a source of information, through media
people in isolated communities, small towns, suburbs and rural areas can get aware-
ness of wind power benefits at the small scale or community level to get electricity for
their homes and tube valves from wind energy. The other beneficiaries of this study
are the local and foreign investors unaware of wind energy potential in Pakistan and
its benefits of economic and financial nature, by studying this research the investors
and entities in energy sector can get the idea about the opportunities and barriers
in the energy market and can better formulate their business strategies, independent
power producers can benefit in the decision making about the diversification of their
assets to wind power. The institutions responsible for policy making and enforcing
can review their policies towards wind energy and can offer better incentives to attract
the investment in the renewable energy sources particularly wind energy and local
production of wind turbines.
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The scope of the thesis is geographically limited to Pakistan only; the data used
in this descriptive research is obtained from the locations lie inside the frontiers of
Pakistan, the analysis, processing and presentation is performed on the data which
is obtained through the scientific observations on locations inside Pakistan and the
recommendations, solutions and conclusions presented in this report are valid for
Pakistan only.

Unlike thermal generation plants the capacity or production output varies in wind
power depending on the inherent speed of wind, electricity generated from wind
power can be highly variable at different time scales and seasons. Like other sources
of energy wind power needs to be scheduled but predictability of wind plant out-
put remains uncertain for short term periods which needs to be substituted by other
renewable sources in case of non coincidence between the wind speed and electric-
ity demand.

5 Research Design

Descriptive research is applied in the study to interpret and arrange the data in the
understandable form, describing the observations and their analysis, Presentation and
description of data in the form of tables, figures and charts. The descriptive research
is applied to answer the problems of power crisis and to present renewable power
resources. The descriptive study is applied to answer that who will going to form the
policies necessary to boost the investment in the wind energy sector, what are the
problems or limitations in implementing the wind energy program, how to remove
the barriers in executing wind energy projects in Pakistan.

The respondents of the study are institutions, stake holders, regulatory bodies
and investors.

(1) Pakistan Meteorological Department;
(2) National Electric Power Regulatory Authority;
(3) Pakistan Council of Renewable Energy Technologies;
(4) Private Investors;
(5) Private Power and Infrastructure Board.

The data gathered from these respondents was important in identifying the wind
corridors. The data about the weather and climate of the wind corridors locations, to
forecast the possibilities of natural disasters (storms, tornadoes and earthquake) from
geophysical phenomenon, the regulatory bodies provide information about the for-
mulation of policies related to safety standards, quality and supply to consumers and
determining the power tariffs for generation and distribution of power. The council
of renewable energy was helpful in providing the technical details and the neces-
sary technological development done in the renewable energy sector particularly
wind turbines. While a number of investors who have responded to Government’s
request for Letters of Interest some of them have been involved in wind energy tariff
negotiations with regulatory bodies.
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5.1 Research Instruments

The questionnaire had the questions enquiring about the problems faced by the
developers, investors and other respondents in implementing and operating wind
power on a commercial basis. Types of barriers faced by the developers in getting
the sponsors and development of wind farms, meteorological survey of different
locations necessary to gauge the wind speed and it’s variation through the year. Tar-
iff and policy formulation and the integration of wind power in the national energy
planning along its transfer of technology.

Through internet surfing and extracting information from different information
sites, internet was helpful in providing technical details necessary to locate the poten-
tial sites for developing wind farms. The online information was helpful in predicting
the wind speeds throughout the year due to the presence of metro logical data of differ-
ent locations of Pakistan, the internet was aiding in identifying the potential investors
such as independent power producers, international and local engineering concerns
developing wind power equipment and identification of marketing conditions for
wind power and its potential power output in Pakistan.

One of the major sources of data gathered are newspaper articles and latest news
covering seminars and programs related to wind energy sources. Special supplements
were published by the news papers to educate the readers were helpful in getting the
information necessary for research.

Special programs and documentaries on renewable energy resources were assist-
ing in getting views from different government officials, bureaucrats, investors,
Experts on wind energy resources and the representatives of those Independent power
producers having stakes in the wind energy projects in Pakistan.

Primary data source of communication with the respondent is a questionnaire
designed in an open ended questions and answers format to obtain the data. These
questionnaires are posted on the email addresses of the institutions related to the
wind energy projects in Pakistan; another source of primary data is the interview
with the respondents through telephonic and face to face interviews. Secondary data
was gathered through electronic sources of information such as internet, talk shows
and renewable energy documentaries on television and the articles written in the
newspapers related to the wind energy generation in Pakistan. Most of the data for
the research is gathered through secondary data sources, the major dependence on
the secondary sources of data was due to the scarcity of time, financial resources
and the nature of topic as the wind energy is relatively new in Pakistan and there is
limited awareness among the local officials and entities in Pakistan about the topic.

The data obtained from primary and secondary sources is interpreted into tabular
form, the raw data gathered from questionnaires and electronic cum print sources of
information such as internet, television, newspapers and magazines is transformed
into tables presenting the data in percentages, frequency distribution and comparative
or cross tabulation. The data is organized and analyzed in quantitative as well as
qualitative manner and is presented not just in tabular form but in graphical methods of
displaying data is also employed. Bar diagrams and line graphs are used in presenting
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Table 1 Monthly mean, maximum and minimum wind speed of locations in m·s−13

Months Karachi Ormara Jiwani Pasni

January 2.5 3.1 4.2 5.0

February 3.4 3.4 5.0 5.6

March 4.0 5.0 6.0 6.5

April 4.2 6.5 5.3 8.5

May 5.0 5.3 5.3 7.7

June 5.9 5.8 6.2 7.6

July 5.4 5.8 5.3 6.5

August 5.0 4.4 5.9 6.7

September 4.6 4.3 5.2 6.9

October 3.5 3.7 4.3 5.9

November 2.3 3.8 3.8 4.2

December 2.0 3.2 3.5 3.9

Maximum 5.9 6.5 6.2 8.5

Minimum 2.0 3.1 3.5 3.9

Average 3.98 4.525 5.0 6.25

the data in a more simple and understandable form, the employing of various tools
of mathematical calculations, financial and statistical formulas aid in conducting
analysis and forming final opinion on recommending wind power as the feasible
source of renewable energy in Pakistan.

Presentation of Data. The assessment of wind power potential for four coastal
locations of Karachi, Ormara, Jiwani and Pasni shows in Table 1 that the annual wind
speed pattern in Karachi is on the lower side and Pasni and Jivani are observed to
have the higher wind speeds.

Figure 1 shows the Wind speed for Karachi, Ormara and Jiwani are identical in
some time periods or months such as in the months of February the wind speeds of
Karachi and Ormara are identical, in May and November wind speeds of Ormara and
Jiwani are identical. The months of peak temperature in Pakistan when the electricity

Fig. 1 Monthly wind speed
for coastal locations of
Pakistan
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demand is at peak are April, May and June and these are the months showing cor-
respondence with the maximum wind speeds of all four locations. Maximum wind
speeds of Pasni and Ormara in the month of April is 8.5 and 6.5 m·s−1 respectively
and maximum wind speeds of Karachi and Jiwani in the month of June is 5.9 and
6.2 m·s−1 respectively, the location of Jiwani is relatively stable in terms of wind
speed and the most unstable is Pasni followed by Karachi and Ormara, the most
preferable among these locations for wind generation is Jiwani followed by Ormara.

The development of institutional support is necessary for the effective imple-
mentation of renewable energy projects especially wind energy, the technological,
financial environmental and metro logical awareness is necessary to frame the poli-
cies to develop the institutional support. The Pakistan council for renewable energy
technology is placed under the ministry of science and technology responsible for
the development of policy essential for wind energy resources and technology in the
country, currently the institution is involved in the installation of micro wind turbine
units on a community levels or on a test basis, the institution is responsible for estab-
lishing business links from the equipment suppliers and the producers and acquiring
of technology. The Pakistan metro logical department operates under the Ministry
of Science and Technology and is responsible for the collection and dissemination
of weather and climatic data. The department is currently implementing a project
on behalf of ministry for the collection of data to map the wind resource potential
in the country, and is expected to set up more automated anemometry towers to col-
lect relevant data, the ministry of environment implements the national conservation
strategy.

The ministry of water and power which acts as a power sector planner and manager
for power purchasing companies, generation and transmission companies, The Pri-
vate Power and Infrastructure Board operates under the Ministry of Water and power
provides facility to private investors in power generation, operates as a custodian of
government policies related to private sector power generation and transmission, and
is also responsible for handling all matters related to the implementation of these
policies and act as a bridge among various federal and provincial agencies, the exe-
cution of implementation agreements with the independent power producers on the
behalf of government and independent power producers who can build, own and
operate power plants. The provincial and local governments must also be taken into
confidence for the approval of projects from Pakistan council for renewable energy
technology and Private power infrastructure board; there must be a mechanism to
establish a regular coordination among the provincial and local governments and
the PCRET and PPIB to establish projects in conformity with the developmental
priorities. The NEPRA (National electric power and regulatory authority) regulates
tariffs for the generation, transmission and distribution companies. It establishes the
quality and operation safety standards for the independent power producers, private
power infrastructure board along with the state owned distribution and transmission
companies, approving investment programs for the utility companies and determin-
ing bulks and consumer energy tariffs. It is recommended that there must be a long
term relationship among the ministries of Environment, Science and technology and
Water and Power, the Functional Organization structure is essential in managing the
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Fig. 2 Projected number of electricity consumers in Pakistan

Table 2 Projected number of electricity consumers in Pakistan

Year Consumers Growth rate %

1997 11, 605, 000 –

2007 16, 700, 000 43.903

2017 24, 031, 882 43.903

2027 34, 582, 718 43.903

2037 49, 765, 738 43.903

project coordination, the different ministries and the institutions working under their
jurisdiction must coordinate and work like a single unit in implementing the wind
energy projects in Pakistan.

Figure 2 shows the electricity consumption in Pakistan till 1997 to 2037.
The projected data in the Table 2 shows the constant growth rate of 44 % approx-

imately each decade, from 2007 to 2017 expected number of consumers would be
24 million approximately, in 2027 the expected consumers will reach to 35 million
approximately and 50 million consumers will be expected in 2037. This increasing
trend of electricity consumers at 7.00 % (approx) annually shows the scope for power
generation projects in the future.

Figure 3 shows financial model structure the project financing structure is based
on capital outflows, which are further based on Debt and equity structure although it
is likely that some grant support would be available to overcome financial barriers to
the wind plant’s construction, in the form of insurance, risk, and green tariff support.
The project capital cost for each option has been divided into local and foreign
components. It is assumed that the private sector equity portion would mainly fund
the local cost component of the project costs, whereas the balance local costs would
be met through local borrowing.

Cost of capital
The wind power projects capital cost is assumed to be raised through conventional
sources of debt and private equity, the equity would be raised in local currency to
cover the local costs of the project in part or whole.
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Assumptions
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Operating Cost 
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Debt Service 

Economic Analysis Power Tariff 

Fig. 3 Financial model structure

Table 3 Debt service

Wind farm Diesel plant

Installments

per year 2 2

Repayment (years) 12 10

Interest rate 7.5 % 7.5 %

Debt service
Table 3 shows the financial model will assist in serving the local and foreign debts
the debt service costs on an annual basis, the financial model also allows for pay-
ment of interest in each year of construction or to capitalize within the loan during
the construction years, equal annual repayment of principal with interest paid on
outstanding balance.

Operating costs
Table 4 shows the operating parameters for the projects have been worked out on
a production capacity, energy generated, capital costs and operating expenditures,
including fuel, operational and maintenance costs, the costs have been adjusted keep-
ing in view the macroeconomic indices for equipment, fuel and other project inputs
over the projected period project revenues have been also evaluated using an esti-
mated tariff and the projects estimated operational capabilities.
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Table 4 Comparative operational cost

Wind farm Diesel plant

Plant factor (at the output) 18 % 40 %

Projected life (years) 20 20

Salvage value 5.0 % 5.0 %

Land price (per acre) 20,000 35,000

Transportation 2.0 % 2.0 %

Contingencies 15 % 20 %

Decommissioning 2.0 % 2.5 %

Duties and other charges 10 % 15 %

Table 5 Financial data

Assumed year 2007

Debt/Equity 80 %

Return on equity 14 %

Variable cost 30 %

Income tax on thermal plants 43 %

Power tariff
Table 5 shows the bulk power purchase tariff for the project has been calculated
keeping in view the fact That tariff must cover for all project costs as well as assure
a reasonable return on equity the project costs for the wind farm are debt service
requirements, including repayment of principal and interest, fixed and variable costs,
return on equity, and decommissioning costs at the end of the project. However, in
determining these costs certain credits, such as salvage value and environmental
credits have been deducted from the costs in the respective years to arrive at a year-
wise tariff rate for the project. Before setting the final tariff the net present value,
internal rate of return and payback period must also be taken into account to make
the project economically feasible.

Economic analysis
Certain financial and economic parameters, such as the internal rate of return (IRR),
net Present value (NPV), and payback periods have been assessed in line with stan-
dard Economic analysis methodology Net annual cash flows have been projected
from Initiation of the project’s development to eventual decommissioning in arriving
at the NPV, a discount rate equal to the weighted average rate of financing, including
both Equity and debt, has been applied in Table 6.

Macroeconomic conditions
Table 7 shows the macroeconomic conditions include inflation, U.S. dollar inflation
and the foreign exchange rate which affects the price of items to be imported from
abroad. The crude oil prices play a vital role the prices of which are set by the OPEC
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Table 6 Comparative economic analysis

Wind farm Diesel plant

Internal rate of return 11.85 % 7.9 %

Payback period (years) 9.02 9.85

Net present value@7.50 %
(Rs)

519 Million 12.1 Million

Table 7 Inflation indices data

Inflation indices 2001–2010 (%) 2011–2020 (%) 2021–2030 (%) 2031–2040 (%)

Local inflation
(average)

8.45 7.00 5.50 5.00

Dollar inflation
(average)

2.09 2.40 2.40 2.50

Crude oil price
(average)

2.94 0.00 (1.50) (1.00)

nations, the transportation of equipment and plant from where it is produced to the
site of their installation is done on the modes of transportation consuming crude oil.

Assumptions
The assumption is based on the financial and tariff evaluation which should covers
the entire project life and a number of external cost parameters which are expected
to change during the future period, these parameters are linked with basic macro-
economic indicators that have a bearing on project costs, such as Pakistani infla-
tion, US inflation, fuel prices, foreign exchange rates, etc. In order to accommodate
such parametric variances over the project’s life cycle, current projections have been
obtained from appropriate and credible sources and factored into the financial mod-
eling. Besides those economical factors the other factors of cost of capital which
include cost of equity and annual repayment of principal along with its interest
payment, these financial and economic factors affects the operating cost show the
Table 8.

Table 8 Cash flow statement for economic analysis assumption

Cash flows
(Rs. 000)

2008 2009–2013 2014–2016 2017 2018 2019–2028

Wind power (782, 584) (258, 628) 781, 030 254, 810 252, 154 2, 355, 291

Cumulative (782, 584) (1041, 212) (260, 182) 5, 372 246, 782 2, 602, 073

Thermal
power

(372, 587) 205, 093 106, 821 32, 951 32, 453 364, 370

Cumulative (372, 587) (167, 494) (60, 673) (27, 722) 4, 731 369, 101
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Project Selection
On the basis of Internal Rate of Return wind power project is more feasible; in case
of Payback Period the difference between thermal Plant and wind power is more or
less similar is more suitable but the most authentic criteria followed by most of the
financial managers is the project with the higher net present value is preferred as
share holders will get more return and there will be more increase in their wealth.

6 Conclusion

There is a rising need for alternate and renewable sources of energy, especially in
developing countries, whose progress and economic growth may strongly be linked
to its development. With the ever increasing growth in energy consumption and
rapidly depleting fossil fuel reserves, it is feared the world will soon exhaust its
fossil fuel reserves. Pakistan is an energy deficient country and each year spends a
large amount of its foreign exchange to import oil, to meet its energy requirements
thus the need to develop alternate energy resources has become inevitable. The oldest
and most widely used renewable energy resources are solar and wind, which have
shown prospects and potential for efficient utilization. In the recent past, wind energy
has emerged as clean, abundant, adorable, inexhaustible and environmentally caring
source of energy. The worldwide attention with the development and availability of
inexpensive technology that allow its easy conversion into useful energy wind energy
has the advantage that it can be utilized independently, and deployed locally in rural
and remote areas.

The coastal areas and mountains with high wind potential are considered most
suitable for wind energy utilization. Therefore this study aims in investigating the
prospects of harnessing the wind for energy generation the high wind speed is always
available nearly all year round in the coastal and mountain regions of Pakistan.

6.1 Recommendation

To make the entire system of wind energy projects more efficient and productive by
employing new techniques, devising policies and implementing reforms to make this
field more attractive for the potential investors.

Tax incentives must be given to the investors to reduce the cost of investment
through the savings in tax expenditures, investment tax incentives can be availed
by investors paying corporate taxes on account of ongoing business operations.
Investment tax incentives are redundant where exemptions from corporate taxes
have already been granted, but new investors can avail this facility only during the
expansion phase, provided that cash outflows associated with payment of corporate
taxes exist.
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It is allowed in a business to depreciate the value of its assets, such as equipment,
plant and building in the financial statements; this depreciation can be deducted from
the businesses yearly income taxes paid to the government. Usually, this reduction is
based on the market value of the equipment and can only be depreciated at a certain,
defined rate. However, allowing accelerated depreciation of wind equipment for
example allowing 100 % depreciation of a wind turbine in the first year of operation
will significantly lower the amount of income taxes paid during the initial stage of
the project which can help ease the extra financial burden on wind developers which
were experiencing due to the higher initial capital costs of a wind plant.

Direct cash payments can enhance the promotion of wind power, a direct cash
payment for the installation of a wind energy system is beneficial to a potential
developer who has a limited revenue base to fully take advantage of assistance, this
type of incentive also helps both taxable and non-taxable entities such as a municipal
or state owned utilities. In addition, grants provide an additional benefit to a private
investor by reducing the total tax burden, since the grant portion of the equity usually
is not taxed.
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Estimation of Market Value of Compounding
Bonds: An Innovative Technique

Husain Tahir Safdar and Muhammad Sabir Hazoor

Abstract This article aims to highlight an error in the prevailing present value (PV)
approach with compounding for the bonds evaluation. Currently, compounding is
used on both determinants i.e. coupon payments as well as maturity value without
any sound argument. In line with value maximization principle, the investors should
prefer compounding than non-compounding bonds due early payment of interest
and higher market. But the prevailing approach as cited in different international
books proves to be misleading. Investors of bond markets as well as academia were
confused to use this erroneous approach around the globe. The study refutes to use
compounding on both determinants with evidences from real life for the estimation
of market value of bonds and offers an innovative technique to measure the market
value of bonds which could be implemented immediately.

Keywords Bond evaluation · Interest payment · Innovative technique · Maturity
value ·Market value · Present value

1 Introduction

Fixed income securities and corporate bonds can play vital important role in finan-
cial stability, economic growth and economic recovery, particularly during the cri-
sis. They contribute with key capital to companies motivating them to expand their
horizon, offer employment, and create the opportunities with innovative goods and
services. G20 as supranational bodies highlighted the important role of corporate
bonds in financial markets in terms of long term financing. The European Bank for
Reconstruction and Development (EBRD), International monetary fund (IMF) and
Organization for Economic Co-Operation and development (OECD) have issued
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research based diagnostic framework to boost up the development of corporate bond
on local level.

Over the last decade, corporate bonds have become essential part of financial
markets due to its increasing nature on wide span, especially for the real economy.
It has almost tripled in size since 2000, reaching 49 trillion dollar in 2013 (IOSCO,
2014). This growth hindered in the stir of financial crisis as banks began deleveraging
their balance sheets. However, the amount outstanding from non-financial companies
has sustained to expand.

Corporate bond market brings borrowers and lenders together to incorporate mar-
ket price through the interaction of supply and demand. It provides the opportunities
to invest in diversified portfolios and control the risk factors of investors which ulti-
mately increase the liquidity of financial markets. In this way, it becomes essential
important in adjusting themarket prices with respect to supply and demand and helps
to set interest rate pattern in banking sectors. The market prices of bonds can impact
the other decisions related to savings and investment decisions in corporate sectors.
Thus, market price of bonds is an important determinant of investment as well as
financing decisions.

In the developed countries, the bond markets are playing important role in their
economies. In the United States (US), the corporate bondmarkets have the equal size
as the financial markets of equity. In whole Europe, the capital of bondmarkets about
two-thirds of the total capital of equity markets. There is notable difference found in
contribution of financial bondmarket in US and Europe. In United States, most of the
amounts of bonds are issued either by non-financial sectors or by government. But
the bonds issued by government much lesser in amount than non-financial sectors.
In Europe, the picture of bond markets is different. Most of the part of corporate
bond markets is saturated by financial intermediaries issued bonds as well as by
government issued bonds. In addition, other types of bonds like agency andmunicipal
bonds are major components of financial market.

Figure1 shows the chart of US stock market versus bond market capitalization for
domestic firms from 1998 to 2012. All amounts nominal to gross domestic product
(GDP) are taken end of each years.

The bondmarkets in Asia are growing rapidly in whole region as Asian borrowers
tending from bank loans to long run debt financing. Due to global crisis in financial

Fig. 1 The US equity and
corporate bond markets
proportion in 2012
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Fig. 2 US bond market to stock market

markets, the corporate businesses in Asia have increasing trend toward debt markets
than stock markets for their funding needs. In this way, they control their risks. As
a whole, the Asian bond markets show mixed picture. Some markets are on early
stage while others on advanced and matured stage. Corporate bond markets in the
countries like Singapore, Korea and Hong Kong are on advanced stage having high
transactions rate and liquidity. While in India, China, Thailand and Indonesia, the
corporate bondmarkets are on initial stage and a lot of development and advancement
need to incorporate. Also, the term structure of bond markets reveals variation like
currency, issuing volume and use of funds in different parts of the world (Fig. 2).

Objectives of Study
To test the validity regarding application of prevailing assumption of present value
approach on value estimation of bonds in real market.

To introduce innovative and appropriate approach for bond evaluation.

2 Literature Review

Horne andWachowicz [3] indicated in-appropriation of using compounding onmatu-
rity value (MV) in the fundamental of financial management, 13th edition. But he
used compounding inmaturity value (MV) on the base of this assumption compound-
ing once taken, applies to all inflows. The current study provides the evidences that
this assumption is misleading to investors. They may estimate the wrong price. Sim-
ilarly, Brigham and Houston [2] also used compounding on maturity value in their
book fundament of financial management. In line with Van Horne and Brigham,
Brav and Maug [1–3] applied compounding on face value (maturity value) in their
book global financial management. Endorsing the above cited authors, Brigham and
Ehrhardt [2] applied compounding on maturity value in pricing bonds with differ-
ent cash flows and compounding frequencies. Jones [4] described the same way for
estimation of bond evaluation in the Chap.7 of his book, investment analysis and
management.

http://dx.doi.org/10.1007/978-3-662-47241-5_7
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All above cited authors didn’t mention the necessary reasons to take the
assumptions compounding once taken, applies to all inflows. The current study tends
to find out the consequence of this assumption on investors behaviors.

3 Methodology

The below mentioned formula generally is used to estimate the value (market price)
of a bond with finite maturity for compounding more than once a year [3].

Market price =
n∑

1

Cn

(1+ i/m)mn + MV

(1+ i/m)mn , (1)

where:

MV = Maturity value
C = Periodic interest payment (coupon rate)
N = Number of payments
I = required rate of return
M = compounding in a years (1, 2 and 4 for annually, semiannually and

Quarterly respectively)

The discounting on maturity value is used in assumption, once taken, applies to
all inflows (Van Horne). But this assumption may inappropriate in real world when
investors evaluate bonds for the sale/purchase transactions. Sometime compounding
on maturity payment overall decrease the value instead of increasing, as it eats up
the benefits of early coupon rate payments. Therefore, the prevailing assumption and
formula would be modified in order to estimate the market price of long-term secu-
rities with finite maturity. The below mentioned examples illustrate the phenomena
conspicuously.

Illustration-1:
Suppose we have $1000 face value a bond with 12% coupon rate, three years to
maturity. If the investor’s required of return is 16%, the bond value is calculated as:
Table1 shows the market price of annual payments (coupon) bond with finite matu-
rity. In case of no compounding on coupon payments as well as maturity value the
market price would be $870.00 (Table2).

Case 1 Compounding used on periodical payments (Cn) as well as Maturity value
(MV).

Table3 indicates the market price of quarterly compounding bond where discounting
used on periodical payments of coupon rate as well on maturity value. In this case
the market price would be $859.70 below in both cases discussed above.
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Table 1 Market value of bond (Annual coupon payments, no compounding)

End of the year Coupon
payments (C)

Value at maturity
(MV)

Required rate (i) Market price (P)

1 100 0.862 $86.20

2 100 0.743 $74.30

3 100 1000 0.645 $709.50

Total $870.00

Table 2 Market value of semiannual bond (Compounding used in coupon payment as well as on
maturity payments)

End of the year Coupon
payments (C)

Value at maturity
(M)

Required rate (i) Market price (P)

1 50 0.926 46.3

2 50 0.857 42.85

3 50 0.794 39.7

4 50 0.735 36.75

5 50 0.681 34.05

6 50 1000 0.63 661.5

Total 861.15

Table 3 Market value of quarterly compounding bond (Compounding used in maturity payment
as well as on coupon payments)

End of the year Coupon
payments (C)

Value at maturity
(M)

Required rate (i) Market price (P)

1 25 0.962 24.05

2 25 0.925 23.13

3 25 0.889 22.22

4 25 0.855 21.38

5 25 0.822 20.55

6 25 0.79 19.75

7 25 0.76 19

8 25 0.731 18.27

9 25 0.703 17.58

10 25 0.676 16.9

11 25 0.65 16.25

12 25 1000 0.625 640.62

Total 859.7
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Table 4 Market value of semiannual bond (Compounding used on coupon payments, not on matu-
rity payment)

End of the year Coupon
payments (C)

Value at
maturity (M)

Required rate (i) Market price (P)

1 50 0.926 46.3

2 50 0.857 42.85

3 50 0.794 39.7

4 50 0.735 36.75

5 50 0.681 34.05

6 50 0.63 31.5

Compounding not used
on maturity payment

1000 0.645 645

Total 876.15

Table 5 Market value of quarterly compounding bond (Compounding used on coupon payments,
not on maturity payment)

End of the year Coupon
payments (C)

Value at
maturity (M)

Required rate (i) Market price (P)

1 25 0.962 24.05

2 25 0.925 23.13

3 25 1000 0.889 22.22

4 25 0.855 21.38

5 25 0.822 20.55

6 25 0.79 19.75

7 25 0.76 19

8 25 0.731 18.27

9 25 0.703 17.58

10 25 0.676 16.9

11 25 0.65 16.25

12 25 0.625 15.62

Compounding not used
on maturity payment

1000 0.645 645

Total 879.7

Table4 shows the market price of semiannual bond where compounding used on
periodical payments of coupon rate but not on maturity value. In this case the market
price would be $876.15 above the price where no compounding used ($870.00).

Case 2 Compounding used on periodical payments (Cn) but not used on Maturity
value (MV).

Table5 confirms the market price of quarterly compounding bond where compound-
ing used on periodical payments of coupon rate but not on maturity value more than
semiannual and annual bonds.
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Table 6 Combine result of both cases

Market value when
compounding on maturity

Market value when no
compounding on maturity

No compounding $859.70 $879.70

Semiannually compounding $861.15 $876.15

Quarterly compounding $870.00 $870.00

4 Analysis Results

Table6 confirms the decreasing trend in value of bond when compounding is used
on periodical payments of coupon rate as well as on maturity value on the one hand.
On the other hand, when compounding is used only on periodical payments, it shows
increasing trend.

5 Conclusions

The compound discounting on maturity value (MV) eats up the benefits of early
periodical payments that overall decrease the value. The current formula if applied
estimates more value for annual periodical payment bond than the semiannual, quar-
terly compounding and so on, which seems to be inappropriate in the real world.
Investors likemore compounding bonds than less compounding in order tomaximize
their wealth. But the current formula shows less value. Therefore, the assumption,
once taken, applies to all inflows seems to be inappropriate for estimation of market
price of bond.

6 Recommendation

It is recommended to modify the current formula as under:

Market price =
n∑

1

Cn

(1+ i/m)mn + MV

(1+ i)n . (2)

The compounding would be used only on periodical payments (Cn), not on
maturity value (MV).
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Arbitrage Between More Than One
Trading Post

Xin Liu

Abstract The idea of arbitrage lies in the heart of concept of equilibrium in eco-
nomics and financial management. Such principles like Law of One Price are preva-
lent in economics and finance that the author tend to identify that no arbitrage exists
at equilibrium. However, this argument and its consequence are fragile. In this paper,
I attempt to show arbitrage equilibrium exists in a non-competitive context. I also
attempt to explicit the role of elasticity of in the relation of arbitrage and equilib-
rium in non-Walrasian market. The central message of this paper is that outside the
Walrasian framework, equilibrium and arbitrage can coexist even with frictionless
markets. The existence of equilibria with multiple trading posts is determined by the
number of agents in themarket, or, by the size of themarket. Another important result
of this paper is, as the economy approaches the limit, the price in different markets
becomes unity. I have also provided here a result relating arbitrage and efficiency,
which showed that the presence of arbitrage activity in market transactions implies
some inefficiency in the Pareto sense.

Keywords Arbitrage · Speculation · Walrasian equilibrium · Law of one price

1 Introduction

The idea of arbitrage, or rather the lack of it, lies in the heart of any concept of
equilibrium in economics. The term arbitrage has been casually used in many dif-
ferent contexts where its formal definition varies. However, in general it refers to
the possibility of advantageous trades at no cost. It is natural then that any economic
equilibrium must be characterized by lack of arbitrage. Indeed, any situation allows
for advantageous trades at no cost is not sustainable and thus cannot fulfill the defin-
ition of an economic equilibrium. No arbitrage arguments are prevalent in virtually
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every equilibrium model in economics and finance and underlie some of the most
fundamental principles in economics and in finance. Principles such as the ‘Law of
One Price’ in economic theory, the ‘Purchasing Power Parity’ in international trade,
the ‘Arbitrage Pricing’ in finance are all consequences of arbitrage considerations.
Such arguments are so prevalent in economics and finance that occasionally authors
tend to identify no arbitrage with equilibrium situations.

In frictionless Walrasian (competitive) markets this requirement for lack of arbi-
trage has some very important consequences. First and foremost, it gives rise to the
‘Law of One Price’ principle. This principle states that, in a given system of markets,
at equilibrium there must be a unique price that clears all markets for a commodity.
Indeed, non-uniform prices in a particular commodity would leave room for arbitrage
so they cannot be sustained as part of an equilibrium. Second, as a consequence of
this, there can be no arbitrage activity at equilibrium (e.g. individuals simultaneously
buying and selling the same item at a profit). This is natural since if such trades were
possible scaling them up arbitrarily would lead to infinite profits. Third, it renders
the market structure irrelevant in the description of equilibrium. This is because the
‘Law of One Price’ suggests that we may consolidate demands and supplies together
into one market.

However, the argument that relates the lack of arbitrage with the ‘Law of One
Price’ and its consequences is fragile. For example, if individuals are inhibited (by
institutional or other considerations) from taking advantage of price differences then
the ‘Law of One Price’ may very well fail. Such a case is demonstrated in [1]
which demonstrates a kind of failure of the ‘Law of One Price’ because, due to
liquidity constraints, individuals cannot take advantage of the resulting arbitrage
opportunity. Imperfect information, transaction costs, search costs etc. have been
cited as reasons for this failure. All these market frictions may inhibit individuals
(directly or indirectly) from taking advantage of price spreads. In this way we have
situations where traders cannot arbitrage price discrepancies, so the obvious failure
of the ‘Law of One Price’ may be compatible with equilibrium. Those situations
however should be distinguished from those where individuals are not inhibited (by
institutional reasons or other frictions) fromarbitraging price differences, but actually
choose not to do so. In this way we have a more profound failure of the ‘Law of one
Price’ at equilibrium. But how can it be possible that individuals may find it in their
own interest to not arbitrage price differences? Conventional wisdom suggests that
this is impossible. However, Koutsougeras [3, 4] had first demonstrated that in non
Walrasian markets, i.e. markets where individual activities affect the formation of
prices this is entirely possible.

Some recent work, including [3, 4], has pointed out that the relationship between
no arbitrage and the ‘Law ofOne Price’ depends crucially on the price taking hypopa-
per. Indeed, the author has pointed out that outside the Walrasian context, the ‘Law
of One Price’ may fail even if markets are frictionless. His contribution was basically
to point out the critical role of the ‘price taking’ hypopaper for the prevalence of the
‘Law of One Price’ as a consequence of the no arbitrage principle. Indeed, it seems
that economists have casually taken the ‘Law of One Price’ for granted irrespectively
of the competitive conditions in markets. Some other profound consequences of this
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issue were demonstrated in a subsequent paper [5]. From the analysis in [3, 4] it is
clear that an equilibrium may be compatible with some apparent arbitrage possibil-
ity, but it is less clear that equilibria may be compatible with some arbitrage activity,
i.e., some agents simultaneously buying and selling the same objects at a profit. This
possibility was demonstrated in a dramatic example in [5]. That example features a
resourceless individual who buys and sells assets with the same returns at a profit,
which he then spends on other assets. In this way this individual ends upwith positive
consumption in every contingency, i.e., with certainty. This is a striking departure
from the Walrasian model of markets where the presence of resourceless individuals
is inconsequential to the model. Besides demonstrating a possibility for equilibria
with arbitrage activity the analysis there raises a number of conceptual issues. First,
it demonstrates that, the structure of assets can never be ‘complete’ in the Walrasian
sense. In other words even if the asset returns span the whole space the addition of
assets changes the set of equilibria. Second, in defining an economy it is not pos-
sible to restrict attention to the set of agents with positive endowments. Indeed, in
the Walrasian framework an economy is viewed as a distribution of characteristics
over a set of individuals, but the support of that distribution can be restricted to the
support of the endowment allocation, i.e., to the set of individuals which have a non
zero endowment. But the example in Koutsougeras and Papadopoulos [5] suggest
that this is no longer true.

We view this conclusion as very important because they suggest that some fun-
damental implications of the ‘Law of One Price’ are attached to the competitive
framework. The fact that the ‘Law of One Price’ occurs in different guises in vir-
tually every economic model motivates us to study this issue in more depth, and to
further apply those ideas in stylized models. One should keep in mind that lack of
price taking may occur for a number of reasons and is not merely a matter of ‘small
numbers’. Of course, that is the leading reason and it is the one that we will use in
this paper as a basis for the lack of price taking by market participants. However,
one may think of much more elaborate models where imperfect competition (or lack
of price taking) occurs even though there is a large number of participants in mar-
kets. For example one may think that there is a continuum of agents but the trading
process occurs via a small number of individuals (brokers) who process orders, a
model often alluded to in finance. Another example is that of ‘herding behavior’ also
popular with some strain of finance, where a very large number of market partic-
ipants simply mimic the market actions of a few others. As a result the actions of
those few influential individuals have effects on prices. There are therefore many
different ways whereby lack of price taking may occur in a market. In what follows,
we will stick with the finite number of traders model as it is the simplest framework
for our purposes and leave it to the interested reader to see how the issues that we
deal with arise in much more elaborate models.

In this paper we extend the conclusions of [3, 4] in a general model of exchange
via non-Walrasianmarkets, i.e., markets where traders are not price takers but instead
affect prevailing prices with their market activities. Our purpose is twofold: first, to
demonstrate that the conclusions mentioned above do not depend on the context.
Second in order to make transparent the reasons why the price-taking hypopaper is



604 X. Liu

crucial for the validity of the ‘Law of One Price’. [3] draws the above conclusion
by demonstrating an equilibrium in a strategic market game, where commodities are
exchanged simultaneously in two markets at different prices. It is further demon-
strated that price disparities across markets converge to zero when the number of
traders in markets tends to infinity. Hence, the conclusion that without price taking
the ‘Law of One Price’ fails and it is restored as individuals become price takers.
However, to a suspicious mind the conclusion may be related to the particular model
that is used in that paper. We will demonstrate here that these ideas generalize in
quite inclusive models of non-Walrasian markets.

The intuition for the conclusions of [3, 4], elementary as it is, it is not always
readily grasped. Equilibria with non uniform prices across markets for a commodity
seem odd, because they assign different values to the same commodity, according to
which market it is traded in. In the absence of some friction, conventional wisdom
would suggest that if priceswere unequal then an individualwould find it profitable to
shift purchases (sales) from amore (less) expensivemarket to a less (more) expensive
one. In this way prices in the two markets would change accordingly so that in
equilibrium priceswould be equal. However, in an imperfectly competitive set up this
conventional wisdom fails. The reason is that in the imperfectly competitive context,
shifts of orders across markets involve a ‘price effect’. In this way infinitesimal
‘shifts’ of demands and supplies across markets may change prices in a way so that
the net result is unfavourable to a consumer. The intuition of the example can be
easily grasped in this way: if an agent reallocated a part of his demand from the
expensive market to the cheaper one, the price in the expensive market would fall
and at the same time the price in the cheaper one would rise. Therefore a higher price
would have to be paid not only for the marginal unit but for all the units purchased
from the cheaper post. Thus, the direct effect of shifting a part of the demand is
followed by an adverse indirect effect due to the price change. If this price effect is
severe enough the net effect can be unfavorable. It is evident from this discussion
that since the total benefit depends not only on the quantities moved across markets
but the movements of prices as well, which are of opposite direction) it is the relative
elasticities across markets that are at work here in calculating the net benefit of such
moves. It is our task here to formalize this discussion. We will provide a formula that
makes the role of elasticities transparent in this argument.

Our paper proceeds as follows. In Chap.2, we will present a model of an exchange
economy. In Chap.3, the equilibrium with the existence of arbitrage and the failure
of Law of One Price will be demonstrated. We will discuss the incompatibility of
arbitrage and efficiency in Chap. 4. In Chap.5 we will observe how the economy
converges when the size of the economy changes. We will show that as the size
of the economy is sufficiently large, the arbitrage opportunity will vanish. Then
a numerical example of equilibrium with price differences will be constructed in
Chap.7. Finally, we will have a short conclusion at the end of this paper.

http://dx.doi.org/10.1007/978-3-662-47241-5_2
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2 Model

Consider a set H of agents and L commodity types available in the markets. The
consumption set of each individual is identified with RL+, Each individual is char-
acterised by an endowment eh ∈ RL+, and preferences over consumption plans are
summarized by a utility function U h : RL → R+. We assume that the utility
function is twice continuously differentiable, concave and that indifference curves
passing through the endowment do not intersect the axis. An economy is defined as
ε = {(RL , U h, eh) : h ∈ H}.

Let Ki be a positive integer denoting the number of markets for each commodity
i = 1, 2, 3, . . . , L . In this way, the vector characterizing the structure of the market
game underlying this economy is K = (K i )L

i=1.

Let Si,k
h denote the set of signals available to individual h in the kth market for

commodity i . These signals can be thought of as buy/sell orders or quoting prices
and corresponding quantities to be exchanged. The strategy set of individual h ∈ H
is then as follows: Sh = �

L
i=1 �

ki

k=1 Si,k
h .

Since transactions of all commodities in this economy occur through markets,
we proceed to formulate the mechanism via which those objects are priced and
distributed. In other words we must model the idea that the signals that arrive in
a market somehow collectively give rise to an outcome. In other words the market
‘aggregates’ the signals it receives to produce what is called a ‘market outcome’.
We would like to obtain a descriptive model that captures precisely how a market
operates to produce an outcome. We will then proceed to define an equilibrium
in a (system of) markets, i.e., which outcome is likely to occur from the optimizing
behavior of individuals in the choice of their signals. This is in sharp contrast with the
Walrasian (competitive) description of trade, wheremarkets and their exact operation
is not defined. Indeed, theWalrasianmodel only describes the economic environment
and then directly defines what the equilibrium market outcomes will be, with out
explaining the process via which those outcomes will be attained. In other words
the Walrasian model describes what market activity will be observed at equilibrium
but not out of equilibrium. It turns out that this is done for good reason as it has
been shown that when price taking prevails, the description of the Walrasian model
suffices in order to identify the equilibrium outcomes, i.e., all other issues and details
of the functioning of markets can be ‘swept under the rag’. But then again this fact
requires proof and a justification, which is a formidable task. Our ideas here are
inspired by this consideration as well.

Keeping those considerations in mind we proceed to describe the functioning of
markets. Each market performs the following operation:

π : �
h∈H

Si,k
h → R+ (pricing) ϕ : Si,k

h × R+ → R (distribution).

That is to say, activities in each market are aggregated into a price vector. The net
trades are calculated as a function of the activities of each individual and the price
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of the commodities in the trading posts, which captures the distribution of aggregate
activity. Note that the mechanism is anonymous, and furthermore it does not depend
on the object of exchange. The two functions performed by the market mechanism
are not independent, i.e., the pair of mappings that describe the operation of a market
should somehow be consistent. This is where the idea of ‘market clearing’ comes in.
The two mappings that describe the functioning of a market should satisfy:

∑

h∈H

φ
(
ξ

i,k
h , π(ξ i,k)

)
≡ 0.

This condition requires thatmarkets clear at all times (i.e., not only at equilibrium).
The principle behind this requirement is that given a profile of signals, whatever
exchanges take place at the prevailing prices are exactly feasible, i.e., nothing is
left in the market. It might seem to the reader that this requirement already gives a
neoclassical feature to the market description. However, this is not true. The above
requirement only imposes that whatever is exchanged is indeed changing hands. It
does not mean that there is no excess ‘supply or demand’. Themarket outcomemight
involve assigning a net trade much less than what was signaled, e.g. returning some
of the offers back to their owners. Given a set of markets, which operate as above,
for a profile of signals ξ ∈ ∏

h∈H Sh , the budget of individual h ∈ H is given by:

L∑

i=1

ki∑

k=1

π(ξ i,k) × ϕ(ξ
i,k
h , ς

i,k
−h) ≤ 0. (1)

In the model, bookkeeping of the agents is ensured by the budget constraint. They
regulate the exchange of the individuals in following way:

zi
h =

ki∑

k=1
ϕ(ξ

i,k
h , ξ i,k) i f (51.3) holds,

zi
h =

ki∑

k=1

[
ϕ(ξ

i,k
h , ξ

i,k
−h)

]−
otherwise,

∀i = 1, 2, 3, . . . , L ,

where Zi
h denotes the agent h′s net trade of commodity i . That is to say, individuals

can only receive their assigned net trades when they can satisfy their budgets. Their
purchases will be confiscated if they go bankrupt. Note that bookkeeping is not part
of the functioning of the market, but rather an institutional matter. Each market is
indeed unaware of the solvency of the participants in that market, so it has to take
into account the signals of individuals who at the end of transactions are bankrupt.
In absence of some punishment mechanism, nothing can guarantee that individuals
will not misbehave by submitting totally arbitrary signals in the markets or involve
in trades that they cannot honour. In order to ensure solvency, some mechanism is
necessary which makes solvency be in the best interest of traders.
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In the literature other ways of ensuring ‘no bankruptcy’ have appeared, all of
which amount to the same thing. For instance a usual way of doing this is to add a
‘penalty’ to the utility function of individuals, which is proportional to the amount of
default. We could have done the same here but we prefer the more intuitive penalty of
confiscating purchases, since as it turns out the choice of the penalizing mechanism
is largely a matter of taste rather than of essence.

Thus, for any given profile of signals to markets, each individual h ∈ H ends up
with consumption xi

h = ei
h + zi

h .
In this way, each individual is faced with the following problem:

Max(Uh((ei
h + zi

h)L
i=1)) : ξh ∈ Sh . (2)

Now we have a generalized game where the set of players is H , the strategy sets
are (Sh)h∈H and the payoffs are given by P(ξh, ξ−h) = Uh[(ei

h + zi
h)L

i=1].
An equilibrium in the trading process can now be defined as a pure strategy Nash

Equilibriumof this game. In otherwords amarket equilibrium is a profile of strategies
such that:

ξh ∈ Argmax

{
Uh

((
ei

h + zi
h

(
ζ i

h, ξ i
−h

))L

i=1

)
: ζh ∈ Sh

}
, ∀h ∈ H.

Notice that due to the bankruptcy penalty, at equilibrium, Eq. (2) is equivalent to
what follows:

Max
ςh∈Sh

Uh

[
(eh +

ki∑

k=1

ϕ(ξ
i,k
h , (ξ

i,k
h , ς

i,k
−h)))L

i=1

]

s.t.
L∑

i=1

ki∑

k=1

π(ξ
i,k
h , (ξ

i,k
h , ς

i,k
−h))ϕ(ξ

i,k
h , (ξ

i,k
h , ς

i,k
−h)) ≤ 0. (3)

3 Equilibrium

Such an equilibrium is characterised by the following necessary conditions for a
solution to Eq. (3), for each h ∈ H :

∂Uh

∂xi,k
h

× dϕ

dς
i,k
h

(ς
i,k
h ) = λk

[
dπ

dς
i,k
h

(ς
i,k
h )ϕ(ς

i,k
h ) + dϕ

dς
i,k
h

(ς
i,k
h ) × π(ς

i,k
h )

]
, (4)

where λk is the Lagrange multipliers of the constraint. We assume that dϕ

dς
i,k
h

(ς
i,k
h ) �=

0, which amounts to the mechanism being non-degenerate. In that case the above
necessary condition can be written in the following way:
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∂Uh

∂xi
h

= λk

⎡

⎢
⎣

dπ

dς
i,k
h

(ς
i,k
h ) × ϕ(ς

i,k
h )

dϕ

dς
i,k
h

(ς
i,k
h )

+ π(ς
i,k
h )

⎤

⎥
⎦ , (5)

when dπ

dς
i,k
h

= 0, which is the price-taking hypopaper, the first term on the right

hand side vanishes. The above equation becomes the familiar Walrasian equilibrium
condition property of competitive asset prices. On the other hand, dπ

dς
i,k
h

�= 0 indicates

imperfect competition.
According to the feasibility requirement of the distribution mechanism we have

that:

∑

h∈H
ϕ(ξ

i,k
h ) ≡ 0 ∀k,∀i ⇒ ϕ(ξ

i,k
h ) ≡ − ∑

g �=h∈H
ϕ(ξ

i,k
g )

⇒ dϕ

dξ
i,k
h

(ς
i,k
h ) = − ∑

g �=h∈H

dϕ

dξ
i,k
h

(ξ
i,k
g ).

(6)

Furthermore, from the definition of distribution mechanism, we have that

dϕ

dξ
i,k
h

(ξ
i,k
h ) = −

∑

g �=h∈H

[
dϕ

d pi,k
(ξ i,k

g ) × dπ

dξ
i,k
h

(ξ i,k)

]
. (7)

We can define the elasticity of the excess demand that individual i is faced with
in trading post k as:

η
i,k
h = (−)

dπ

dξ
i,k
h

(ξ
i,k
h )

dϕ

dξ
i,k
h

(ξ
i,k
h )

× ϕ(ξ
i,k
h )

π(ξ
i,k
h )

= 1
∑

g �=h∈H

∂ϕ
∂p (ξ

i,k
g )

× ϕ(ξ
i,k
h )

π(ξ
i,k
h )

= (−)
1

∑

g �=h∈H

∂ϕ
∂p (ξ

i,k
g )

×

∑

g �=h∈H
ϕ(ξ

i,k
g )

π(ξ
i,k
h )

. (8)

Substitute Eqs. (6), (7) and the elasticity function (8) into (5), and then we can
obtain:

∂Uh

∂xi,k
h

= λk[1 − (η
i,k
h )] × π(ς

i,k
h ).

And thus we can obtain:

∂Uh/∂xi
h

∂Uh/∂x j
h

= (1 − (η
i,k
h )) × π(ς

j,t
h )

(1 − (η
j,t
h )) × π(ς

i,k
h )

. (9)
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Note that when i = j , t �= k, then the corresponding F.O.C. becomes:

1 = π(ςh
i,k)(1 − η

i,k
h )

π(ςh
i,t )(1 − η

i,t
h )

. (10)

That is to say, π(ς
i,k
h ) = π(ς

i,t
h ) ⇔ η

i,k
h = η

i,t
h , i.e., prices in different trading

posts are equal to each other if and only if the elasticity terms in each trading post
are the same.

From this heuristic analysis, we conclude that equilibrium prices in two markets
may be unequal in as much as it is possible to have an equilibrium where η

i,k
h �= η

i,t
h ,

for some individual h ∈ H .
Notice that if we were in a competitive environment where dπ

/
dξ

i,k
h

= 0, then

η
i,k
h = η

i,t
h = ∞. So a fortiori ηi,k

h = η
i,t
h , which reflects the Law of One Price which

is prevalent in competitive markets. However, in an imperfectly competitive context
we have the following possibilities:

Proposition 1 Suppose that the market mechanism is monotonic, in the sense that
∂ϕ

∂π i,k (ξ i,k) < 0,∀ξ i,k ∈ �si,k
h h∈H . If ξ ∈ �h∈H Sh is a Nash Equilibrium where

ϕ(ξ
i,k
h , π(ξ i,k)) ·ϕ(ξ

i,t
h , π(ξ i,t )) ≤ 0, and | ϕ(ξ

i,k
h , π(ξ i,k)) | + | ϕ(ξ

i,t
h , π(ξ i,t )) | �=

0, then pi,k �= pi,t . In particular, ϕ(ξ
i,k
h , π(ς i,k)) < 0 ⇒ pi,k > pi,t .

A few comments are in order regarding Proposition1:
First notice that in an equilibrium of the type described in this proposition, indi-

vidual h is in fact involved in arbitrage activity: (s)he buys commodity i in one post
and sells it in another. Also observe that very conveniently for our interpretation,
the individual who is involved in arbitrage activity buys from the ‘cheap’ market
(zi,t

h � 0) and sells it in the ‘expensive’ market (zi,k
h < 0).

Second, the above proposition suggests that in a strategic framework arbitrage
activity never exhausts an arbitrage opportunity, i.e., the individual h in the above
proposition is involved in arbitrage activity, but in the end outcome the arbitrage
opportunity is not exhausted, we still have pi,k > pi,t . Here we witness an advan-
tage of the nature of the strategic formulation of trade. The Walrasian framework
concentrates on the end outcome so it is not capable of detecting arbitrage activities
in market, which lead to the end outcome, i.e., theWalrasian framework concentrates
on ϕ(ξ

i,k
h ) + ϕ(ξ

i,t
h ) and not the components ϕ(ξ

i,k
h ), ϕ(ξ

i,t
h ), so it cannot reveal to

us anything about arbitrage activity.
It is also worthwhile to point out that the configuration of trades in the above

proposition is excluded by the model in [1]. In that paper the authors use a model of
‘bilateral oligopoly’, where each individual owns exactly one commodity which can
be sold in any market, but own no other commodity in order to simultaneously buy
back some of it. In other words arbitrage activity is not allowed from the outset of
the model. In that case they find that the Law of One Price prevails at equilibrium.
Although that model is rather special in many respects, it seems to suggest that the
conditions on net trades in the above proposition are necessary as well. However,



610 X. Liu

there is no proof of this. Indeed, even in the special case of the Shapley-Shubik
mechanism this cannot be deduced except in very special cases (buy or sell models).

The following Proposition2 is an immediate conclusion of Proposition1 above.

Proposition 2 There is no equilibrium where for some pair of agents h, g ∈ H and
some pair of posts k and t for a commodity i , we have that:

ϕ(ξ
i,k
h ) · ϕ(ξ

i,t
h ) � 0,

∣
∣
∣ϕ(ξ

i,k
h )

∣
∣
∣ +

∣
∣
∣ϕ(ξ

i,t
h )

∣
∣
∣ �= 0,

φ(ξ i,k
g ) · φ(ξ i,t

g ) � 0,
∣
∣
∣φ(ξ i,k

g )

∣
∣
∣ +

∣
∣
∣φ(ξ i,t

g )

∣
∣
∣ �= 0,

φ(ξ
i,k
h ) · φ(ξ i,k

g ) � 0,
∣
∣
∣φ(ξ

i,k
h )

∣
∣
∣ +

∣
∣
∣φ(ξ i,k

g )

∣
∣
∣ �= 0.

Aconclusion seems to emerge from this proposition: the segmentation of economy
into disjoint groups of individuals, who exchange one or more commodities among
themselves in different markets, can never occur at equilibrium. That is to say, in
equilibrium, given any group of individuals S ⊂ H it is not possible to have an
equilibrium where:

∑
h∈S φ(ξ

i,k
h ) = 0 and

∑
h∈H\S φ(ξ

i,t
h ) = 0, provided of course

that
∑

h∈S

∣
∣
∣φ(ξ

i,k
h )

∣
∣
∣ �= 0 and

∑
h∈H\S

∣
∣
∣φ(ξ

i,t
h )

∣
∣
∣ �= 0.

4 Arbitrage and Efficiency

In what follows we will say that a mechanism (π, ϕ) allows for arbitrage if there
are economies for which this mechanism results in equilibrium with unequal prices.
We say that a mechanism is efficient if it results in Pareto efficient equilibria in any
economy to which it is attached.

Proposition 3 If a mechanism (π, ϕ) allows for arbitrage, then it is not efficient,
i.e., equilibria with arbitrage are always inefficient. Equivalently, efficiency of a
mechanism implies no arbitrage.

The conclusion that we can draw from this proposition is that, the Pareto efficiency
and arbitrage are not compatible with each other in the same economy. Lack of
arbitrage opportunity is the characteristic of an efficient economy. Price differences
between trading posts can never occur in an efficient economy. This result seems
to justify the identification of no arbitrage equilibria with efficiency of the markets,
which is popular in the finance literature. Indeed, often in finance no arbitrage is
referred to as the ‘efficient markets hypopaper’, although many economists have
pointed out that this causes confusion as the term efficiency might be confused with
Pareto optimality. In particular economists are quick to point out that in incomplete
markets equilibria are characterized by no arbitrage and yet they are (generically)
inefficient (in the sense of being Pareto sub optimal). The above result suggests that
indeed there is a relation between arbitrage and efficiency in the sense of Pareto
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optimality, at least for the complete markets case. When markets are incomplete
efficiency is ruled out, but then again arbitrage is ruled out from the start in that
model, so it is not clear that it is a fair example for the relationship between efficiency
and arbitrage.

5 Asymptotic Price Distribution

Clearly, with a finite number of agents, equilibria are compatible with a non-uniform
distribution of prices across markets for a commodity. We would be interested to
study the asymptotic distribution of prices as the number of individuals increases.
Intuitively, if the Law of One Price is to obtain somehow in a competitive economy,
then it must be the case that price distributions converge (in some sense) to uniform
ones.

Note that the Law of One Price is restored if and only if η
i,k
h = η

i,t
h ,∀k, t, i,∀h ∈

H . This would be the case if in particular η
i,k
h = η

i,t
h = 0,∀k, t,∀h ∈ H . Thus, it is

sufficient (but not necessary at this point), that along a sequence with an increasing
number of agents η

i,k
h → 0,∀k = 1, 2, 3 . . . , ki .

Therefore, to obtain sufficient conditions so that the Law of One Price obtains
in the limit we should look for conditions so that η

i,k
h → 0 as #H → ∞. More

generally, we would like to show
η

i,k
h

η
i,t
h

→ 1 as #H → ∞. A measurement of the

dispersion of the price distribution di can be defined as follows:

di = sup

{
pi,k

pi,t
− 1 : k = 1, 2, . . . , Ki

}

pi,t = min
r=1,2,...,Ti

{pi,r : r = 1, 2, . . . , Ki },

notice that pi,t = minr=1,2,...Ti pi,r ⇒ di � 0.

Lemma 1

di � 1
∑

m∈H
∂ϕ
∂π

(si,k
m )

×
ϕ(si,t

h )

π(si,t
h )

× ∑

m �=h

∂ϕ
∂π

(si,k
m ) − ϕ(si,k

h )

π(si,k
h )

× ∑

m �=h

∂ϕ
∂π

(si,t
m )

∑

m∈H

∂ϕ
∂π

(si,t
m ) − ϕ(si,t

h )

π(si,t
h )

,

let ψ(K ) = min
{

∂φ
∂π

(si,k
m ) : h ∈ H

}
and ψ(T ) = max

{
∂φ
∂π

(si,t
m ) : h ∈ H

}
.
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Theorem 1 If ξ ∈ �h∈H Sh is a Nash Equilibrium, then

di � 1

#H × ψ(K )
×

ϕ(si,t
h )

π(si,t
h )

× (#H − 1) × ψ(K ) − ϕ(si,k
h )

π(si,k
h )

× (#H − 1) × ψ(T )

#H × ψ(T ) − ϕ(si,t
h )

π(si,t
h )

.

Proposition 4 di → 0 as #H → ∞. What we have done is to relate the number
of agents #H with the measurement di that we define the prices’ deviation from the
uniform price. We got the expression with both #H and di , which shows that the value
of di is negatively related with #H. That is to say, as #H increases, the value of di ,
which is positive as defined, reduces. As #H goes to be infinity, di goes to zero.The
implication of Proposition 4 is that, in the limit, when the number of the agents is
infinite, the Law of One Price will hold.In other words, the Walrasian Equilibrium
is compatible with the strategic market game equilibrium when the market is large
enough.

6 A Numeric Example

The example following features an equilibrium with two distinct positive prices for
each commodity. In this way the idea of multiple trading posts becomes intuitive.

We have two purposes in constructing this example. Firstly, we show that the Law
of One Price is not typical in the strategic market game. And secondly, we can see
that the agents are optimizing their benefits by exploiting arbitrage opportunities. To
demonstrate this, we have a characterization of the utility functions for which the
proposed allocation is Nash equilibrium.

The example consists of three agents, H = 1, 2, 3. There are 3 commodities in
the market, L = 1, 2, 3. And for each commodity, there are 2 trading posts. The
consumption set of each agent is R3+.

The endowments are given as follows:

e1 =
(
2955

256
,
111

8
,
2197

256

)
, e2 =

(
111

8
,
2197

256
,
2955

256

)
, e3 =

(
2197

256
,
2955

256
,
111

8

)
.

We can get the following results with the substitution of values for bids and offers:

Agent(1) : ∂u1

∂x11
= 5

2
× ∂u1

∂x21
= 5

3
× ∂u1

∂x31
,

Agent(3) : ∂u3

∂x13
= 3

5
× ∂u3

∂x23
= 3

4
× ∂u3

∂x33
.
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By doing as above, we constructed a set of partial differential equations, which
characterises the set of functions that solves our problem. And also, we now have a
characterization of the family of utility functions for which the proposed allocation
is a Nash equilibrium. Our example is robust enough to be shown in an informal with
this fact. We have following utility functions:

u1(x11 , x21 ) = log(x11) + 5

2
log(x21 ) + 5

3
log(x31),

u2(x12 , x22 ) = log(x12) + 4

3
log(x22 ) + 4

5
log(x32),

u3(x13 , x23 ) = log(x13) + 3

5
log(x23 ) + 3

4
log(x33).

7 Conclusions

In this paper we have attempted to provide an analysis of the relationship between
equilibrium and arbitrage in the nonWalrasian context. We certainly are not original
in conceiving these ideas, but we do claim to have extended those in a more general
framework and thus demonstrate that the original results to this effect, presented in
existing literature are not confined to the somewhat specific nature. In particular, we
believe that the contribution of this paper has been to make explicit the crucial role
of market elasticities in the relation of equilibrium and arbitrage in non Walrasian
markets, which is alluded to in the arguments of the prototype papers in this area,
but it cannot be made precise in the explicit model used in existing literature.

The central message of this line of research is that, outside the Walrasian frame-
work, equilibrium and arbitrage can coexist even with frictionless markets. There
are equilibria of games with multiple trading posts that cannot be captured by the
market game with one trading post. Those are equilibria where the Law of One Price
fails. The existence of such equilibria is decided by the number of agents in the
market, or, by the size of the market. In other words, the appearance of such equi-
libria is entirely due to the finiteness of the number of agents in the economy. An
important implication of this analysis is the relevance of the market structure in non
Walrasianmodels of markets. This is often ignored in standardmodels of imperfectly
competitive markets, notably in industrial organization.

Another important result of this paper is, as the economy approaches the limit, the
price in differentmarkets becomes uniform. Sowhen the economy is large enough, or
the number of the agents in the economy is large enough, the Law of One Price does
not fail dramatically. We have also provided here a result that relates arbitrage and
efficiency. We have showed that the presence of arbitrage activity in market trans-
actions implies some inefficiency in the Pareto sense, something that is frequently
alluded to but has never been made precise.

A couple of issues seem to arise from this result for further research. First, it
would be interesting to see whether the opposite statement may hold in some way,
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i.e., whether a mechanism that does not allow for arbitrage is efficient (in the Pareto
sense). Second, whether there is any relationship between approximate efficiency (as
in [6]) and limited arbitrage. Indeed in this paper we did not address the efficiency
issue extensively because in the context that we used efficiency is an exception rather
than the rule. Besides, it is not clear what a fair comparison might be. First of all, it
is not clear that every equilibrium with arbitrage is dominated by equilibria without
arbitrage. Second, since either type of equilibria are inefficient such comparisons
as ‘more’ or ‘less’ efficient are hard to even contemplate. Unfortunately the Pareto
criterion only says whether or not an equilibrium is efficient but nothing beyond that.

Our results have some interesting application in related areas. Arbitrage is one of
the focuses in the current literature on financial economics. [3] explains the nature
of arbitrage in financial market and its convergence with strategic market games.
In the paper, the authors showed that in imperfectly competitive markets a spread
between the cost of a portfolio and its returns is compatible with equilibrium. And
also examples of equilibria where agents hold a portfolio with zero cost and positive
return can be obtained in that framework.

One interesting application of these ideas is international trade. The ‘Law of One
Price’ appears there as the ‘Purchasing Power Parity’ principle, which is just as cen-
tral to international trade as the no arbitrage principle is to finance. The Purchasing
Power Parity principle has been the object of many scientific debates and its validity
has been questioned in numerous theoretical as well as empirical studies in interna-
tional trade. We believe that the ideas in this paper can be successfully applied in that
framework. Given the generality of the model that we presented herein an extension
to a general equilibrium model of international trade is feasible. We do not pretend
to be the first to do this. Geanakoplos [2] unified international trade and finance in
a single general equilibrium model, which included multiple commodities, multiple
currencies, heterogeneous consumers in each country and multiple time periods. In
this paper, the authors argue that international trade satisfies the Purchasing Power
Parity. However, we intend to be original in demonstrating the failure of the Pur-
chasing Power Parity principle in an imperfectly competitive model of international
trade. The interested reader can certainly think of several stylised facts (that have
been pointed out repeatedly) in the international trade literature, which give rise
to imperfectly competitive features in international markets (for one there are only
finitely many countries on the globe).
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Role of Web in an Online Setting: Consumers
Perceived Risk Toward Online
Purchase Intention

Muhammad Kashif Javed, Muhammad Nazam, Jamil Ahmad,
Abid Hussain Nadeem and Talat Qadeer

Abstract Consumer trust plays an important role in any type of business deal
specifically in an online setting. Though, there are hypothetical reasons to assume
that the perceived risk acts as a fence to consumer trust. Likewise, existing liter-
ature suggest that consumers trust is a significant predictor of purchase intention.
Therefore, this study aims at investigating the role of consumer trust in an online set-
ting in the relationships among components of perceived risk (such as performance
risk, online payment, and delivery risk) and purchase intention. Structural equation
modeling (SEM) is used to test the hypothetical relationship in this context. While
probing the total effect, the findings shown that performance, online payment, and
delivery risks have a significant negative effect on purchase intention. This research
also accomplishes that efforts, made by an online store, to diminish certain types of
risk will first increase consumer trust, and then finally, increases consumers intention
to purchase online. The managerial implications of the outcomes are also discussed.

Keywords Online setting · Perceived risk · Purchase intention · Consumer trust ·
Structural equation modeling

1 Introduction

Internet-based commerce has experienced explosive growth over the previous decade
as consumers nowadays find it cheap as well as more appropriate to shop online.
However, the change in the common way of shopping from offline (at store) to
online commerce has caused customers to have doubts over subjects, such as online
deception, private information leakage, inconsistency in product grade and quality,
failed to delivery, and so on. Unluckily, there has been a increase in the number of
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cases that source consumers to have such concerns; for instance, the Internet Crime
Complaint Center news that it has got 314,246 Internet deception complaints in
2012, which were 95,064 complaints in 2003 [12]. Consequently, consumers feel
insecure about making purchases online. Consumers concerns over online buying
are mutually termed as their perceived risk.

The effect of trust on perceived risk is value studying; the effect in the oppositeway
is similarly important, allowing insights into the possible of perceived risk such as
an inhibitor of trust. Because, a consumer who perceives enormous risk regarding an
online transaction is probable to foresee a countless potential of loss and therefore,
places tiny trust in this settings. Agreeing to Pavlou [18], the main causes of the
perceived risks whichever the technological uncertainty on the Internet setting or the
behavioral uncertainty on the transaction companion.

In line for suchkinds of uncertainty, the upsurge inworries above the perceived risk
may damagingly affect trust. Such as, if a consumer who directs sensitive transaction
data on the Internet is worried that his/her private information may slip out due to
a lack of security; trust may decline [17]. In the same way, if the consumer senses
that the online setting has the potential to revenue by behaving in an unscrupulous
manner by captivating advantage of the distant, impersonal nature of online business,
then it is not likely that the online setting will be trusted. Specifically, the additional
likely it is for a hazard to occur, the smaller is the trust and the larger is the need to
control the business deal [17].

Previous literature has also been focused on empirically investigating the influence
of trust onperceived riskwith slight attentionkeen to the influenceof perceived riskon
trust [2, 3, 6]. The current research is a step to filling that hole in existing research. It
purposes at addressing the need to study the fascinating relationships amid perceived
risk and purchase intention in an online (e-commerce) setting. To achieve the research
objective, we recognized two research queries. (a) Does perceived risk perform as
an inhibitor of purchase intention? (b) Does trust in an online setting mediate the
relationship between purchase intention and perceived risk? We defined perceived
risk into three different types based on the above literature, and empirically examined
the effects of each dimension of perceived risk on purchase intention.

Hypothetically, it will pay attention to the existing body of literature by given that
new insights into the role of consumer trust in an online setting in the relationships
betweenperceived risk andpurchase intention.Basically, the researchwill help online
setting develop strategies to decrease the specific kinds of perceived risk originate
to negative effect on trust, thus producing consumer trust in an online setting and
eventually increasing online sales.

2 Theoretical Framework and Hypothesis

An individual perceives a condition as bearing risk if incoming this condition might
lead to destructive consequences, and likewise if the individual is not competent to
control the incidence of these concerns [15]. Therefore, the more destructive are the
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concerns and the less the individual can control the concerns, the advanced is the
level of perceived risk. In this context of e-commerce, Cox and Rich [4] proposed
perceived risk as the amount of risk perceived using a consumer in anticipating a
specific purchase decision.

Trust refers to considering that the trustee will not damage to the trust and that
negative significance will not occur. In the context of e-commerce, trust develops
an even more important subject since exchange relationships are grounded on the
objective nature of the Internet setup. In specific, consumers face the challenge of
purchasing a service or product online from an unfamiliar seller; moreover, they can-
not really see or touch the product. So, Trust plays a vital role in helping consumers
overawed the perceptions of risk and uncertainty [16]. Meanwhile privacy and secu-
rity concerns are main barriers to the online setting, without trust, customers will not
provide vendors their personal information, containing credit card information and
soon [10].

The existence of trust suggests the receiving of a sure degree of risk toward the loss
when the expected consequence is positive. Whereas chooses to trust if the risk that
he/she has to take in an acceptable range, trust or has no choice but to give it upmaking
the trusting option in case the risk is probable to go beyond the limit. Consequently,
the perceived risk can be a significant predictor of the trusting decision. Additional, a
trusting choice will be completed if the subjective likelihood of an event of optimistic
valence is advanced than the subjective likelihood of an incident of negative valence
[5]. That is a trust or will not select to trust in circumstance risks are expected to be
bigger than benefits. In the words of Olivero and Lunt [17], this concept is applied
to the e-commerce setting. If a consumer links high risk using an online transaction,
at that time level of trust in the online settings decreases and the need to switch the
transaction increases.

Therefore, under situations where there are time stresses or a shortage of infor-
mation or difficulties in governing the trustees behavior, uncertainty will be present.
Risks in electronic commerce are presented by both the objective nature of the online
environment and the uncertainty with the Internet for dealings [18]. Formerly, such
uncertainty has twomechanisms: behavioral uncertainty as of the transaction partner
and the environmental uncertainty as of the technical environment of online deal-
ings [17]. So, Behavioral uncertainty happens as the Web vendor has the chance to
act in an opportunistic manner, while environmental uncertainty happens due to the
unpredictable features of the Internet setup.

Hypothesis Development
When consumers have trouble grasping the landscapes of products such as garments,
shoes, and electronics solely fromWebsite images, they could be easily worried that
the products ordered might not be precisely as it seemed on the Website or might
not perform up and doing to their expectations [8]. Strong perception of product
performance risk will outcome in minimal trust in the online business. For example,
an online consumer seeing purchasing such products as fresh vegetables, household
items, or a cellphone often takes precautions to guarantee that the product under delib-
eration for online purchase meets his/her performance expectations. If the consumer
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has certain doubts regarding these performance questions, he/she will put little trust
in the online setting.

Hypothesis 1 Performance risk has a negative effect on consumer trust toward an
online setting.

A risk element that can develop an important consideration in online setting is
the perceived risk related with online payment. Several surveys have exposed that
Internet users are increasingly worried about the possibility that their personal and
credit card information may be apprehended, collected, and distorted by a hacker
or even by online sellers without permission. These apprehensions will cause the
customer to look for an alternative way of shopping (such as making purchases at
a store). If a consumer is curiously concerned that his/her personal and financial
information may come out due to the opportunity of a hacking case, he/she is likely
to misplace trust in the online environment. For example, when consumers find that
online shopping sites do not deliver minimum security, they are probable to doubt
the dependability of the Website and even to select not to purchase online. As a
consequence, we propose the subsequent hypotheses.

Hypothesis 2 Online payment risk has a negative effect on consumer trust toward
an online setting.

While purchasing online, a shopper needs to intend for an order to arrive. The
delivery containing the ordered product might be lost or delivered to an incorrect
address or not in time if there is a shortage of business experience on the part of the
courier company or a very slow courier services. Moreover, it is likely that the order
reaches later than expected, if there is a backorder going on the ordered product [1]. In
this situation, a consumer who has robust perception of delivery risk will likely lose
concern in the online purchase. In conclusion, an online consumer who experienced
several occurrences of wrong delivery and therefore perceives robust delivery risk
will no longer trust the online setting, and probably intend not to purchase. It is
also valid when the online shops outsource their delivery procedure to the third party
service suppliers.With the greater level of perceived delivery risk, consumers can put
less trust in the online purchasing, and consequently, may look for other substitutes
to buy online from. Hence, we propose the following hypothesis:

Hypothesis 3 Delivery risk has a negative effect on consumer trust toward an online
setting.

In the meantime, the causal relationship in the middle of trust and purchase inten-
tion has been also renowned by researchers. Jarvenpaa et al. [13] smeared the theory
of reasoned action (TRA) to Web-based (online) shopping, and determined that a
customers online purchase intentions are prejudiced by attitude, and attitude is exag-
gerated by consumer trust. In the same line, Heijden et al. [9] lead an empirical
learning based on TRA, and stated a similar verdict; trust has an indirect influence
on transaction intents through the approach as a mediator. In online business, trust
in a matter partner represents behavioral views about the partner, also these views
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can change the consumers negotiating intentions for online transactions. Though,
the majority of other connected studies [7, 20] deliver contrary research judgments
indicating that trust has a direct influence on purchase intentions.

Hypothesis 4 Consumer trust has a direct and significant effect on purchase inten-
tion in an online setting.

3 Research Methodology

First and foremost, this research explained the data collection and sampling method.
Afterwards, the procedure on how to improve the measures and model constructs
were discussed. Finally, the subject of method bias was also explained.

3.1 Data Collection and Sample

The measures were hired from the related literature and improved to suit the study.
Measures (3 items scale equally) of perceived risk such as performance, online pay-
ment, and delivery risk came from Cases [1], Jacoby and Kaplan [14]. The 3 items
measure for consumer trust came from Pavlou [18], and Hongand Cho [11]. Finally,
3 items measure for online purchase intention came from Jarvenpaa et al. [13]. All
items were measured at 7 point Likert scales, fastened by (1) strongly disagreed and
(7) strongly agree.

Data were collected for the garments sector. The survey was managed online
so we were capable to package the analysis in order to control the arrangement of
questions; made sure that everybody was exposed and answered to all questions. The
program did not let participants to complete the questionnaire more than once.

After erasing those who responded so fast we had 305 usable questionnaires; 46%
are female, 53.5% are male, and 0.5% did not disclose their gender. The largest age
range in the sample is 18–26 (53%), followed by 27–35 (27%), and 20% were
over 35. About 80% of respondents said that they bought from online sites once or
multiple times during last month.

3.2 Results

Structural equation modeling (SEM) and LISREL (8.1) were used to test the hypoth-
esized model (Fig. 1), the interpretation of outcomes does not proceed till the good-
ness of fit has been evaluated. However, after we released reasonable limitations on
some correlations amongst the unique components of our CFA (Confirmatory Factor
Analysis) model the normal global fit indexes (Chi-square, SRMR, RMSEA, CFI)
testified a fairly good fit.
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Online
payment risk

Consumer
trust

Purchase
intention

Delivery risk

Performance
risk

Fig. 1 Research model

The closing model-measurement and structural-produced χ2(74) = 86.02, 90%
confidence interval for RMSEA = (0.0338; 0.0286) with p value for test of close fit
(RMSEA < 0.05) = 1.000; a comparative fit index (CFI) = 0.986 and standardized
NNFI of 0.995 which shows a very good fit. No other indexes were less favorable.

Anyhow, our case involves reliability of the indicators and composites (Table1),
and a relatively stingymodel. Certainly,we havemade amore comprehensive diagno-
sis, containing whether the assessed values are reasonable and of the estimated sign,

Table 1 Results of the measurement model

Factors Standardized loadings

Performance Risk (PR) PR1 0.77m

PR2 0.80 (10.75)

PR3 0.75 (9.40)

Online Payment Risk (OPR) OPR1 0.71m

OPR2 0.80 (8.4)

OPR3 0.75 (9.2)

Delivery Risk (DR) DR1 0.70m

DR2 0.78 (8.94)

DR3 0.58 (9.29)

Consumer Trust (CR) CR1 0.67m

CR2 0.34 (7.72)

CR3 0.70 (10.94)

Purchase Intention (PI) PI1 0.74m

PI2 0.81 (9.72)

PI3 0.70 (10.94)

Goodness of fit statistics:
χ2(69) = 89.58, p = 0.06); RMSEA = 0.028, SRMR, p = 0.032, CFI = 0.974, NNFI = 0.952)
n t values for the un-standardized answer are in parenthesis
m Item fixed to scale
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Table 2 Standardized regression weights

Hypothesis Expected sign Standard estimate t value

H1: Performance Risk → Consumer trust – −0.12 −0.69

H2: O payment Risk → Consumer trust – −0.53 −3.21

H3: Delivery Risk → Consumer trust – −0.17 −0.71

H4: Consumer Trust → Purchase intention + 0.18 0.71

Goodness of fit statistics (χ2(74) = 86.02, p = 0.10); RMSEA = 0.033, SRMR = 0.034, CFI
= 0.986, NFI = 0.962, NNFI = 0.995).

whether the correlation residuals propose the adding of parameters, or whether the
alteration indexes and the estimated parameter change leads to reasonable estimates.
This is in line by way of a recent suggestion by Saris et al. [19] that recommended
disbursingmore attention to the recognition of misspecificationmistakes (rather than
concentrating solely on the fit indexes) and taking into explanation significance lev-
els also power of the test. It has been stated, since our initial model directed to some
misspecifications, rendering to the Saris et al. [19] process, we released a some jus-
tified constraints on uncorrelated exclusivity and as a result the model fits the data
well.

The standardized regression weights (Table2). designate that the relationships
signified by all the hypotheses projected in this paper, that is hypothesis 1, hypothe-
sis 2, hypothesis 3 and hypothesis 4 are supported. The results display that consumers
perceived risk has a significant and negative relation with both consumer trust and
purchase intention. Consumer trust has a positive and significant relation with pur-
chase intention.

We would also like to remark that the correlations amongst our latent constructs
were all negative and quite high because they are much less weakened by measure-
ment error (Table3).Nevertheless, even though the correlation of consumer perceived
risk and purchase intention is not at all insignificant in our model, the estimation of
the direct effect of perceived risk on trust is implausible. Additionally, this correlation
is sufficiently reproduced just by the summation of the direct effects from consumer
perceived risk through consumer trust as intervening (mediating) variables.

Table 3 Correlation matrix

Performance
risk

Payment risk Delivery risk Consumer’s
trust

Purchase
intention

Performance risk 1.00

Payment risk −0.87 1.00

Delivery risk −0.96 −0.95 1.00

Consumer’s trust 0.86 0.90 0.89 1.00

Purchase intention 0.52 0.65 0.84 0.58 1.000
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4 Discussion and Conclusion

Existing research often reflects perceived risk as a uni-dimensional construct, and
so, emphases on demonstrating that the perceived risk as a entire tends to inhibit
consumer approach and transaction intents. On the conflicting, our results revealed
that the effect of perceived risk on its significance were different contingent on the
extents of the perceived risk. We likewise found three significant effects supporting
H1, H2, and H3. It was confirmed that performance dimension of perceived risk and
trust are in a very close, always together relationship, and this finding is constant with
other study [17]. Meanwhile, it is motivating to note that the online payment, and
delivery risk had a direct negative influence on consumers trust. It means consumer’s
also have reservations about delivery and payment risk, so need to improve the online
payment and delivery process.

It has seen steady growth in garments sector sales as well as the total of online
consumers. These changes have been determined in part by enhancements in the
Web-based arrangement system and decrease in transaction costs. However, con-
sumer perceptions of risks related with online purchases keep on great obstacles to
the sustained growth of garments sector. In this setting, this study focused on exam-
ining the intriguing relationships between dimensions of consumers perceived risk,
consumer trust, and their purchase intention.

While consumer trust in an online setting completely mediates the effect of per-
ceived risk and has a positive effect on purchase intention i.e. higher consumer trust
toward an online shop may cause a greater purchase intention. The findings have
confirmed that while there is a negative relationship between perceived risk and con-
sumer trust, but in this relationship consumer trust which is a mediated by perceived
risk and purchase intention has also an opposite effect (in case of higher trust) in an
online setting.

Our study makes scholarly and practical contributions by providing new under-
standings into the theoretical and practical relationships among consumers perceived
risk, trust, and purchase intention. Different to current research, our study has found
that some components of consumers perceived risk are an inhibitor of their trust. It
was exposed that performance, payment, and delivery risks have a negative effect on
consumer trust. It has also found that the relationships between these risks and pur-
chase intention are mediated by trust in an online setting. The research also provides
practical implications for managers of garments commerce. The role of consumer
trust in the relationships concerning perceived risks and purchase intention proposes
that an online setting can increase deals by first dropping the perceived risks, thus
building consumer trust that then will purpose to improvement purchase intention.
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An Empirical Study on the Effect
of Inflation Transmission

Haiyue Liu

Abstract This paper aimed to analyze the international transmission of inflation and
explore the existence of inflation between U.S. and some representative countries
before the outbreak of the global financial crisis. Therefore, 14 countries or regions
(including developed countries, developing countries and less developed countries)
were selected, such as U.S., China, Canada, Japan, etc. Their consumer price index
(CPI) between 1990 and 2008 was analyzed. Through the co-integration test and the
Granger causality test, the results revealed that the effects of the United States upon
the inflation transmission to France, Italy and most of the developing countries were
quite limited, but effective upon the inflation transmission to Japan , UK, Korea and
China.

Keywords Inflation · Foreign direct investment (FDI) · CPI
1 Introduction

Under the background of economic globalization and economic integration, one
nation is benefited from the open economic policy on one hand, and meanwhile
experienced the side effects on the other during the gradual opening up. Among
these possible side effects, “international transmission of inflation” is the one that
significantly needs to be paid the widest attention. Generally speaking, inflation is
considered to be a phenomenon of domestic economic imbalance. As for the causes
of inflation, many researchers were limited to analyze it in a closed economy at first.
After the outbreak of oil crisis in 1970s, it has been increasingly obvious that inflation
can be spread from one nation to others through trade and investment channels. The
price level in one nation became further affected by international import factors
rather than purely depended on domestic factors. This issue is especially relevant
also because most countries are small open economies, which are vulnerable to
external shocks. Therefore, a good understanding of the international transmission
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of inflation provides valuable guidance for macro-economic policy makers in order
to maintain economic growth and price stability.

This paper intends to analyze the total effect of inflation transmission between
U.S. and other countries before the outbreak of financial crisis. It chooses 14 counties
includingU.S., China, Canada, Japan etc. grouping into three categories as developed
countries, developing countries and undeveloped countries with heavy trade depen-
dency on one commodity. It conducts the co-integration test and Granger causality
test using yearly data from 1990–2008.

2 Literature Review and Hypothesis

2.1 Literature Review

The theory of transmission of inflation is always an issue that attracts attention and
concerns. There are a lot of scholars trying to prove that inflation could be transmitted
through certain channels. The Norwegian Mode on the imported inflation of a small
open economy became widely acknowledged which proved that the inflation can be
transmitted to another country firstly through trade departments and then to non-
trade departments [1]. Later Mundell [9], Swoboda [9], Frenkel and Johnson [5],
used monetary theories especially the variable of money supply to analyze the path
of inflation transmission among countries. Branson combined the Philips curve and
trade, linked the balance of payment and income together, proved the connection
between domestic price and world price. Michael [4] and Kevin [10] found out that
inflation could be transmitted from one country to another through complex channels
including trade, exchange rate system, money and capital market.

As for the empirical research, quite a lot of scholars try to prove the effective-
ness of these channels by taking developed countries and newly emerging industrial
countries as samples. Jeong and Lee [6] took G7 countries as samples and tried
to identify the major inflation-exporting country through co-integration test, they
found out that U.S. is the major inflation-exporting country among G7. Cheng and
Yuen [3] took Singapore and Hong Kong as inflation- recipient countries and try
to identify how U.S. is transmitting inflation to these two, later they reached the
conclusion that fixed exchange rate system could worsen the sensitivity to crisis
for a small open economy. Boschen and Charles [7] used a pooled cross-country
time series framework to study the factors associated with the start of 73 inflation
episodes in OECD countries since 1960 and found that U.S. Inflation turned out to
be a triggering event for simultaneous outbreaks of inflation across countries. Jian
et al. [7] investigated the international transmission of inflation among G-7 countries
using data-determined vector auto regression analysis, as advocated by Swanson and
Granger [11]. Theyfind that unexpected changes inU.S. inflation have large effects on
inflation in other countries especially after 1990s. Joaquin [12] examined the effect of
monetary shocks in the U.S., Japan and China on the Euro area. The results show that
U.S. monetary aggregates have small effects on Euro area through testing on the vari-
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ables over 1999–2011. Zuo [13] took an angle from the Quantitative-Ease (QE)mon-
etary policy of U.S. Federal reserve and thinks QE is the major source of imported
inflation in China in a way of direct investment and increased price of bulk stock.

Based on the literature review, the theoretical literatures are rich and acknowl-
edged, while the empirical research is quite limited and controversial due to the com-
plexity of transmission channels and sources. A lot of empirical test only focused on
developed countries such asG7 or only tested one transmission channel such as trade.
The effectiveness of each channel actually defers according to different economic
variables such as exchange rate system, monetary policy, and trade dependency and
so on. This paper tries to explain how the transmission effectiveness is different
among different countries due to the different country groups they belong to in order
to add some empirical value to the existing literature.

2.2 Hypothesis and Data

Hypothesis 1 U.S. is amajor inflation-exporting country.The reasons are as follows:
Firstly, from the economic scale aspect, U.S. is the largest economy in the world.

In 2008, the total U.S. GDP was 142 million dollars which means about 18.3% of
the global total. In contrast with 25.4% in 2007, the ratio has decreased which still
took up about 1/4 of the global GDP despite of the influence of financial crisis.

Secondly, from the trade aspect, U.S. takes a huge percentage in global trade
market. In 2008, the total U.S. volume of the export and import was 3.46 trillion
dollars which took up about 22% of the global trade. U.S. was the third largest
exporter with 1.29 trillion in total and the largest importer with 2.17 trillion in total
All these figures show that U.S. plays an important role in global trade.

Thirdly, from the investment aspect, U.S. is the country that has the largest foreign
direct investment (FDI) flow globally. In 2008, it topped the list as it took the FDI
inflows of 316 billion and the outflow of 312 billion with the oversea M&A nearly
took up about 1/3 of the global total; In 2007, US took 20 positions among the top 100
non-financial companies ranked by overseas assets in the world; In 2008, U.S. took
8 positions among the top 50 financial companies in the world including Citibank,
Morgan Stanley and AIG etc.

Hypothesis 2 There are three types of countries in the world: developed countries,
developing countries and countries with heavy trade dependency on one commodity.

During the research, we carefully choose the countries into the test which could
belong to certain group with representative values. Countries are grouped as devel-
oped countries (U.S., Canada,U.K., France, Japan,Germany,Korea and Italy), devel-
oping countries or districts (China, Taiwan, India, Malaysia and Mexico), countries
with heavy trade dependency on one commodity (Saudi Arabia). Among the devel-
oped countries, we chose two types, one of which is the type that closely follow the
U.S. monetary policy and heavily rely on U.S. as bilateral trade is concerned such
as Japan, Korea and Canada. Another type is the ones that belong to the European
Union (EU) such as Germany, France and U.K.
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Hypothesis 3 We take level of price changes as a variable to represent inflation,
deflation is also considered. So it can be regarded as price shocks.

It is important to note that some countries or districts have once experienced a
period of deflation like China from 1990 to 2008. However, either the international
transmission of inflation or that of deflation is basically a kind of phenomenon that
the price change in one nation causes the corresponding change in others. They are
two sides of one coin. Based on this, the paper just studies the influence mechanism
of U.S. price changes on these chosen countries or districts. Therefore, there is no
special difference between inflation and deflation in this paper.

The CPI data of the countries are all from the International Trade Admission
Database taking 2005 as the base year.

3 Unit Root Test of the Stationarity of Time Series
(ADF Test)

ADF test was completed through the following three models:

Δ Xt = δ Xt−1+
m∑

i−1

βi Δ Xt−i + εt , (1)

Δ Xt = α + δ Xt−1+
m∑

i−1

βi Δ Xt−i + εt , (2)

Δ Xt = α + βt + δ Xt−1+
m∑

i−1

βi Δ Xt−i + εt . (3)

In model (3), it is time variable which represents a certain trend that time series
changes over time (if have). The main difference among the three models mainly
refers to whether intercept or trend is included in the test equation. If null hypothesis
0: δ = 0 during the test, it means it has a unit root and the time series is non-stationary
consequently; while if the alternative hypothesis 1: δ < 0, then the time series is
stationary. Practically, the test starts from model (3), model (2) and then model (1).
When the test refuses null hypothesis, the test can be stopped.

The sample data adopted in this paper are all time series data, therefore, the co-
integration relationship between sampleddata should be took into considerationwhen
analyzing the possible influences of U.S. inflation rate on the price change in other
countries. For this reason,ADF testwill be used in this paper to conduct stationary test
on time series. In consideration of the economic significance of variables, this paper
will conduct unit root test on the natural logarithm of CPI levels in every country or
region. The results of unit root test on each country’s CPI natural logarithm level are
shown in Table1.
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Table 1 ADF test results of countries’ lnCPI and Δ lnCPI

Testing
variable

Types of
model

Lag
phase

ADF
(P value)

Critical
value

(α = 5%) LM (1) LM (2)

U.S. lnCPI 2 0 −3.580.0174 −3.04 0.15 3.53

Japan lnCPI 1 0 −2.390.0200 −1.96 0.53 0.93

Canada Δ lnCPI

Germany Δ lnCPI 3 1 −6.170.0008 −3.73 1.86 1.89

UK lnCPI 1 0 −2.280.0258 −1.96 0.00 0.00

France Δ lnCPI 1 0 −3.130.0038 −1.96 1.48 2.00

Italy Δ lnCPI 1 0 −3.550.0014 −1.96 1.46 1.72

China Δ lnCPI 3 3 −7.730.0001 −3.79 0.82 4.11

Korea Δ lnCPI 3 1 −5.510.0056 −3.73 2.68 2.71

Mexico Δ lnCPI 1 1 −4.040.0005 −1.96 0.34 1.38

India Δ lnCPI 3 0 −6.300.0005 −3.71 3.55 3.67

Saudi
Arabia

Δ lnCPI 3 0 −5.590.0018 −3.71 0.95 3.66

Malaysia Δ lnCPI 1 0 −5.370.0000 −1.96 1.35 1.44

Taiwan Δ lnCPI 1 0 −5.320.0000 −1.96 0.00 1.10

NotesThe lag length is the value ofm in testingmodel and provided automatically from the software
under the condition of Schwarz Info criterion (SIC). And the critical value of significance level 5%
adopts the result took from the simulation experiment by MacKinnon [8]

The results of ADF test are showed as follows:

(1) When significance level was α = 5%, the ADF values of lnCPI in U.S., Japan
and U.K. were all less than the corresponding critical value, which have been
proved to have past the unit root test as well the Lagrange’s multiplier test. It
was shown that there was no serial correlation problem during modeling test and
that the results were valid. lnCPI in U.S., Japan and UK was stationary during
1990 and 2008.

(2) When significance level was α = 5%, the price series in China and other ten
countries was non-stationary. But their first-order difference series past ADF
test, which meant that Δ lnCPI (first-order difference of lnCPI) of China and
other ten countries was stationary during 1990 and 2008.

The price series in developed countries as U.S., Japan and U.K. was stationary
while that in China, India and other six developing countries was non-stationary.
The result was inconsistent with the fact that many empirical researches at home
and abroad regarded the price series as non-stationary. The reason discussed in this
paper was that the data adopted were annual ones of CPI in recent 20 years. By
contrast, the price fluctuation in developed countries was rather gentle due to their
comparatively stable economic system while the fluctuation in developing country
was much more fluctuant. However, in sampled countries, the price in three EU
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countries as Germany, France and Italy was non-stationary and became stationary
after first-order difference as well.

4 Granger Causality Tests Result

According to earlier study analysis, we found that the yearly CPI series in few
developed countries like U.S., U.K. and Japan was stationary in recent 20years
while in the others was first-order integration series. It is important for us to further
consider whether there are influences of stationary U.S. price change on the inflation
of U.K. and Japan etc. Therefore, it is necessary to make tests against the cause and
effect of inflation between U.S. and other countries.

Granger causality tests aim to uncover the fact that whether one-way or two-way
relationships between two variables existed or not. The theory is listed as follows:

In terms of variable X and variableY , Granger causality tests require the following
regression:

Yt =
m∑

i=1

αi Xt−i +
m∑

i=1

βi Yt−i + μ1t , (4)

Xt =
m∑

i=1

λi Yt−i +
m∑

i=1

δi Xt−i + μ2t . (5)

In the regression models, the fact whether the entire parameters before the lagged
term of X and Y were zero was explained on the basis of Eqs. (4) and (5). According
to this, it could be judged that the relationship between X and Y was one-way or
two-way or zero. Moreover, Granger causality tests were completed with the help
of controlled F . For example, as regards the hypothesis that X was not the Granger
cause of Y , which meant the entire parameter before the lagged term of X in Eq.
(4) was zero, the analyzing process can be divided into the following parts. The first
step is to run regression including and excluding the lagged term of X respectively.
Then the residual sum of squares of the former was recorded as RSSU and that of
the latter as RSSR. Finally F-statistics can be calculated:

F = (RSSR − RSSU )
/

m

RSSU
/

n − k
. (6)

In this formula, m is the number of the lagged term of X , n is the sample size
and k is the number of the estimated parameter in unconstrained regression model
involving possibly constant term and other variables.

If the calculated F is greater than the corresponding critical value Fα(m,

n − k) which spread under the condition of given significant level of α , the original
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hypothesis can be refused. Thus, it can be judged that X is not the Granger cause
of Y .

There is a precondition for the application of Granger causality tests which
requires that the proving series should be stationary. And after testing, the lnCPI
level of U.S., Japan and U.K. is actually stationary. Thus, the causality tests can be
conducted to prove the impact of U.S. price shocks effect on the other counties or be
the just opposite.

Table 2 The results of Granger causality tests

Null hypothesis F-statistic Prob

Japan does not Granger Cause U.S. 0.08791 0.7862

U.S. does not Granger Cause Japan 17.0160 0.0258

Canada does not Granger Cause U.S. 0.02682 0.8721

US does not Granger Cause Canada 0.09456 0.7627

UK does not Granger Cause U.S. 0.31887 0.5806

U.S. does not Granger Cause UK 3.43116 0.0838

Table 3 The results of Granger causality tests

Null hypothesis: F-statistic Prob

D (LChina) does not Granger Cause D (LU.S.) 8.39578 0.0231

D (LU.S.) does not Granger Cause D (LChina) 3.81319 0.0918

D (LItaly) does not Granger Cause D (LU.S.) 0.91678 0.3546

D (LU.S.) does not Granger Cause D (LItaly) 0.00551 0.9419

D (LGermany) does not Granger Cause D (LU.S.) 2.61984 0.1278

D (LU.S.) does not Granger Cause D (LGermany) 4.37353 0.0552

D (LFrance) does not Granger Cause D (LU.S.) 0.67291 0.4258

D (LU.S.) does not Granger Cause D (LFRANCE) 1.78620 0.2027

D (LMexico) does not Granger Cause D (LU.S.) 0.99373 0.3358

D (LU.S.) does not Granger Cause D (LMexico) 0.36341 0.5563

D (LIndia) does not Granger Cause D (LU.S.) 0.01823 0.8945

D (LU.S.) does not Granger Cause D (LIndia) 0.40330 0.5356

D (LKorea) does not Granger Cause D (LU.S.) 2.84247 0.1140

D (LU.S.) does not Granger Cause D (LKorea) 3.19667 0.0954

D (LMalaysia) does not Granger Cause D (LU.S.) 0.00040 0.9844

D (LU.S.) does not Granger Cause D (LMalaysia) 0.07520 0.7879

D (LSaudi) does not Granger Cause D (LU.S.) 0.98769 0.3766

D (LU.S.) does not Granger Cause D (LSaudi) 1.29018 0.3195

D (LTaiwan) does not Granger Cause D (LU.S.) 0.57008 0.4695

D (LU.S.) does not Granger Cause D (LTaiwan) 0.04838 0.8308
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Eviews 7.0 is used to do Granger causality tests for U.S. CPI series based on the
collected samples. Considering the sampled data are all annual data, we take the lag
phase as 1 to do causality test. The results are listed as shown in Table2.

In the view of the results of Granger causality tests, it can be found that U.S.
inflation rate change is actually prior to Japan and its confidence coefficient can reach
97.42% during the study of the transmission of inflation between U.S. and Japan.
Similarly, when studying the transmission of inflation between U.S. and U.K., the
results also support the fact that U.S. inflation rate change is truly the Granger cause
of the price change in U.K.at 10% significant level. It means that U.S. inflation rate
change is prior to U.K. While surprisingly U.S. inflation does not have an imported
pressure for Canada, the test refused the hypothesis that U.S. inflation does not
Granger cause Canada’s inflation (Table3).

As the Granger causality tests need all the time series samples to be same order
stationary. We further took the first order of logU.S. CPI and then run the tests with
other countries’ first order of logCPI to see if they have causality relationship with
U.S. We choose 1 as the lag length according to the AIC. The test results are as
follows:

The results show that U.S. inflation does Granger cause China, Germany and
Korea at 10% significant level. Other countries’ price levels are found to be not very
related with that of U.S.

5 Conclusions and Further Discussion

Currently many scholars have studied the international transmission of inflation and
considered U.S. as the major inflation exporter. The total effect test of inflation in this
paper also depended on the same consideration. The empirical results indicated that:

(1) For developed countries, the co-integration of the price level between U.S. and
EU countries as France and Italy was rather worse; while the co-integration of
the price level between U.S., Germany, Japan, Korea and also U.K. was evident.

(2) Among the developing countries, the price series of China, India, Mexico, etc.
in the sample was non-stationary.

After taking the first-order of log U.S. CPI, we run the Granger causality test
and find out that their co-integration with U.S. CPI was very weak except China.
The results displayed that the influence of U.S. inflation on these developing coun-
tries were limited during 1990 and 2008. The conclusion so far was not completely
consistent with the empirical results drew by other scholars. Thus, in this paper the
reasons behind the conclusion will be discussed further in details:

First, inflation can be transmitted through price, money supply and balance of
payments, and the effects are also restrained by countries’ foreign exchange rate
system, monetary policy and degree of opening-up. Therefore, it is reasonable that
countries receive transmission of inflation to different degree. This paper excerpted
a brief introduction of these sampled countries from WTO and IMF reports. It can
be seen from the following table that the higher opening degree to FDI could be the
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Table 4 Summary of indicators in sampled countries (2007)

Country GDP (unit:
1 billion)

FDI inflow
(unit: million
dollars)

Opening
degree

Exchange rate system Inflation
target system

China 3248.52 83521 0.026 Crawing peg Yes

France 2515.24 157970 0.063 Independently floating Yes

Germany 3259.21 50925 0.016 Independently floating Yes

India 1089.94 22950 0.021 Managed floating with
no predetermined path
for the exchange rate

Yes

Italy 2067.68 40199 0.019 Independently floating Yes

Japan 4345.95 22549 0.005 Independently floating Yes

Korea 949.7 2628 0.003 Independently floating Yes

Malaysia 164.98 8403 0.051 Managed floating with
no predetermined path
for the exchange rate

Yes

Mexico 886.44 24686 0.028 Independently floating Yes

Saudi Arabia 374.46 5692 0.021 Conventional pegged
arrangement

Yes

Taiwan 375.65 8161 0.022 Independently floating Yes

UK 2755.92 233966 0.085 Independently floating Yes

U.S. 13794 232839 0.017 Independently floating Yes

Data resources collected from WTO and IMF relevant materials

reason for a country to receive more international transmission of inflation fromU.S.
(Table4).

Secondly, to actively take part in regional economic integration can resolve one
nation’s external transmission of inflation in regional groups. For example, Germany,
Italy and France are both members of EU who conduct united exchange rate system
to the countries outside EU. And the economic and trade cooperation and com-
munication between the regions are stronger. Moreover, EU now is the largest and
superlative economic regional integration organization in the world. It will separate
the transmission of internal and external inflation of some members due to trade
substituting effect and trade diverting effect.

Thirdly, following monetary policy will aggravate the transmission of inflation
between two countries. In the case of U.S. and Japan, it can be seen that the inflation
in U.S. has a significant effect on that in Japan. One of the causes is that Japan’s
monetary authority always follows the FED monetary policy. And it has conducted
financial liberalization and innovation since the middle of 1970s, which is helpful to
maximize the effectiveness of monetary policy. The domestic price change in U.S.
terrifically affects that in Japan. Therefore, it is fully obvious that Japan receives the
imported inflation of U.S.
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Fourthly, single pattern of trade will aggravate the transmission of inflation. If one
nation excessively depends on others in trade field, its transmission of inflationwill be
more influenced obviously. It is not only shown in the geographical structure of trade,
but in the product structure aswell. Itmeans that the trade basedonone certain product
will enlarge the transmission of inflation. For example, in 2008, Arab countries
located in gulf area generally had a higher inflation rate. Specifically, the inflation
rate in UAE, Saudi Arabia, Qatar and Kuwait was 12.9, 11.5, 15 and 9% respectively
while in 2007 these data were just 11.1, 4.1, 13.8 and 5.5%. Consequently, it can
be shown that the Arab countries has been greater influenced and suffered by the
price shocks from oil importing country, main industrial countries and commodity
exporting countries as well.

Fifthly, from the empirical results, U.S. exported inflation has limited impact
on developing countries. Due to the non-stationary series of inflation rate in newly
industrial countries and other developing countries, the co-integration does not fit
well. But it does notmean thatU.S. inflation has no influence on developing countries.
As a matter of fact, on the contrary, it reflects the complexity, instability and model’s
limitation when time series data are tested in empirical study. Since most developing
countries with poor economic system have prominent economic structure problems
such as strict control of foreign exchange, less free exchange rate system, these
problems all provide a place to receive the transmission of inflation from developed
countries.
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Real Estate Project DCRM
in Post-Earthquake Reconstruction Based
on the Stochastic Game Model

Lu Gan, Jianqiang Tang and Gaomin Li

Abstract This paper synthesized the existing research results about dynamic cus-
tomer relationship management (DCRM) and the salvage cost of lost customer.
According to characteristics of the estate project in post-earthquake reconstruction,
this paper proposes the DCRMwith salvage cost to discuss the behavior of customer
and company, thus establishes the two-stage model in view of the DCRM with sal-
vage cost. And in this paper, the synthesis algorithm which was based on genetic
algorithm (GA) was put forward in view of the model’s solution.

Keywords Post-earthquake · DCRM · Salvage cost · Stochastic game · GA

1 Introduction

Since the 1990s, customer relationship management (CRM) has become a sustained
hot spot of research in the marketing academia and business circles. Making one
academic boom after another, research achievements in this field emerge in end-
lessly, till now, the research of customer relationship management has three different
study aspects in the aggregate: customer perceptive value oriented, customer value
oriented, customer perceptive value and customer value oriented (namely customer
value interactive study). The research of CRM which is customer perceptive value
oriented has plentiful study achievements, how to understand and cater to the needs
of customers are the focus of research in this field. Customer value oriented CRM
has made progress in the calculation of customer lifetime value (CLV) which is the
core of research. The dynamic customer relationship management (DCRM) study
which is customer value interactive oriented are the most lacking, current research
results are mainly used in the direct mail industry, the win-win situation between the
customer and the company is the core of the study [5, 8, 9, 11]. Of course, under the
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premise form that now the company are widely considering developing the customer
relationship, effective customer relationship management is effective techniques and
methods to achieve this premise, and is worthy of in-depth study and discussion in
this field.

Meanwhile, for the post-earthquake reconstruction of estate projects, which are
pursuing the public benefits and economic benefits, in the customer relationshipman-
agement, in addition to taking themaximum interests on the respect of customers and
companies into account, the salvage cost of lost customers is a consideration aspect
which can not be ignored, due to the special geographical features and regionalism.
The salvage cost is also known as the cost for saving loss customers. It refers to the
cost of salvage incurred in order to save the loss customers, including gifts, com-
munication costs, labor fees, etc. As a market behavior, saving the customer needs
rational, because some may be successful, and some may not; some are valuable,
others are not worth [2, 7, 10].

DCRM with the salvage cost is a procedure, which obtains customers, identifies
valuable customers through the DCRM and implements appropriate marketing mix
strategies those are corresponding to transaction data of customers to retain cus-
tomers, and ultimately achieve the maximized interests both of the company and the
customer. That is based on customer value interaction studies (customer perceptive
value and customer life cycle value) as the core of the discussion. The decision crite-
ria of determining the upper limit of salvage cost, is on the basis of the customer value
interaction studies (customer perceived value and customer life cycle value) which
is seen as the primary indicators, and while consider the salvage cost that should be
lower than the interests brought to the company by the increased customers because
of salvage. Customer lifetime value is the primary index to measure the customer
value, which has been used for a variety of occasions. But considering customer
interactive value research and salvage cost are even more uncommon. Once con-
firmed as to save customers, the next step is to determine the upper limit of salvage
cost. Because the cost it takes to save the loss of customers will directly reduce the
company’s earnings brought by the customer, therefore the salvage cost should be
minimized [8, 9].

This paper has synthesized the existing research results of DCRM and the salvage
cost of the loss customer, and put forward it, then, and also applied the stochastic
game theory and dynamic programming theory to discuss, thereby establishing the
two-stage model of dynamic customer relationship management with the salvage
cost. Aiming at the solution of the model, the synthesis algorithm based on genetic
algorithm (GA) was proposed. Among current studies, it is seldom to find out the
study both considering the DCRM and the loss of customers to save the cost. In
the paper, the established model can be used in the actual situation, and guide the
company to put the DCRM into practice while considering the cost for saving the
loss customer. It plays a significant role for the company to effectively analyze
customer value, implement customer strategies and control the cost of the customer
loss. Especially, it will be suit for real Estate Project in post-Earthquake to save public
resource. The GA synthesis algorithm which targets on the model can be designed to
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facilitate effective and feasiblemanagement software, to reduce unnecessary burdens
on managers and make management more feasible.

This article is organized as follows: Sect. 2.1, as the first stage of a two-stage
model, according to the stochastic game theory and dynamic programming theory,
respectively considered the behavior of customers and the company and discussed
establishing a dynamic customer relationship management model. Section2.2 is on
the basis of results of the first stage of the model, as the second stage of a two-stage
model, we discussed how to determine the upper limit of the salvage cost of the loss
customer. Section3 proposed synthesis algorithm, gave the specific implementation
steps of the algorithm aiming at the GA-based two-stage model. Section4 made a
summary of the paper and pointed out the further discussion and in-depth orientation
of the paper.

2 The Model of DCRM

2.1 The Description of the Model

1. The connotation of the DCRM
The so-called “dynamic” refers not only to consider the current interests when the
company and the customer make the decision, must also consider the impact of cur-
rent decisions in the future, reflecting the “forward-looking” dynamic characteristic
of the company and the customer. When modeling the DCRM, taking the interests
both of the company and customers into account, in order to achieve a win-win sit-
uation, not just considering the unilateral interests of the customer or the company.
So that, the problem of DCRM also can transfer into a stochastic game between
the company and its customers by comparing with the dispose of the similar prob-
lems according to the literature on the direct mail industry. The company chooses
the marketing mix strategy for every customer of each state in each period (pricing,
communication, marketing, etc.). And customers decide whether to buy or not in a
given period of time, so a framework for a multi-stage repeated game is established,
as Fig. 1 shows. The customer’s decision is affected by the marketing activities of
the company, and the state transfers between each stage. From the company’s per-
spective, the customer’s decision is the transition probability of the system, which is
a random variable [5, 8, 9].

The application of stochastic game in the DCRM. Through the above analysis,
DCRM has transformed into a problem that how to build the company and customer
behavior models (in order to achieve their own goals), and how to solve the problem
of the established model, under the framework of the multi-stage repeated stochastic
game.

In this issue, the company and its customersas participants in the game, carry
on a game with state probability transition. This process consists of multiple game
stages.At the beginningof each stage, the game is under a particular state. Participants
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Fig. 1 Stochastic game in the DCRM

choose their own strategies and get paid determined by the current status and strat-
egy decisions. Then the game moves to the next stage randomly according to the
distribution of probability and the strategies of participants. In the new state of the
stage, the strategy selection process is repeated, and then the game continues. The
entire rewards of all the participants, obtained in the stochastic game, are calculated
by the discounted value of the remuneration of various stages.
2. The DCRM with salvage cost
Calculate the expectation E(V ) of the customer’s C LV in the situation of salvage,
which is the customer’s C LV when the salvage is successful and the mathematical
expectation of C LV of the customer when the salvage is unsuccessful. And then,
calculate the customer’s C LV in the case of no-saving. Next compare the difference
between the two values, the increase of the value is due to the salvage operation. The
salvage operation itself pays the cost, and the cost should not exceed the increase in
value due to salvage.

2.2 The Building of the Model

1. The model hypothesis
The purpose of model is to create a win-win situation for clients and the company.

• The information between clients and the company is complete.
• The company provides clients with one kind of product.
• The clients have “purchase or not”, two strategies.
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• The company’s strategy takes the communication and price into account. Among
them, communication has two strategies that are sending messages or not; price is
mainly focused on giving clients price discount.

• Whether clients purchase or not is at random, the purchase total utility (the utility
sum for the future of current utility and current behavior) should be larger than
non-purchase total utility, when they choose to purchase. In another word, the
probability of occurrence of this event is that of the fact that clients choose to
purchase.

• Current clients discussed are certain for us to save. The purpose of the model is to
settle down the upper limit of salvage cost.

• Salvage can get results in one period.
• Clients only can purchase one product at a time.
• During the purchase, there is no option of volume but whether to purchase or not
for clients.

2. The state and transfer of stochastic game
In this paper, the model established under the framework of the multi-stage repeated
stochastic game, for the stochastic game, to determine the state of the game at each
stage and the transfer of states are the most important.

rit = (rit , fi t ) is set to measure the state variables of each stage. Among them, the
discussion is under the condition of the number period t and the number i customer.
In terms of state variables rit = (rit , fi t ), among them: rit and fi t are variables to
describe the customer status, which represent the loss time of customer and contin-
uous purchasing times respectively. dit is the strategy of customers, representing to
purchase or not. rit and fi t are defined as Eq. (1) [9]:

rit =
{
1 if dit = 1
rit + 1 if dit = 0,

fi t =
{

fi t + 1 if dit = 1
1 if dit = 0.

(1)

The meaning of transformation of rit and fi t is as Fig. 2 shows. When purchase and
not purchase, rit and fi t are changing according to Eq. (1).

The model of customer behavior. The target of the customer behavior is the cus-
tomer perceived value. The customer’s consumption condition can be described by
using the customer’s utility theory and according to their transaction data. And the
various parameters can be determined by using appropriate method, thus obtaining
the probability whether the customer will buy or not in different state space and
different marketing mix strategy. DCRM is a kind of management process with very
obvious dynamic characteristics. In this model, dynamic programming is used in
DCRM as the effective method to solve the random dynamic optimization problem.
In the building of the model, the parameters are to be determined.

To measure customer perceptive value, the purchase utility model of the customer
[5] is given first as the following Eq. (2).

uit = α + βmmit + βp pit + β1r ri t + β2r r2i t + β f ln( fi t+) + εi t = ūi t + εi t . (2)
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Fig. 2 Transformation of
state variables on each stage

Among them: mit and pit stand for the company’s marketing strategy. mit repre-
sents the communication strategy of company for the customers (sending messages
or not), which is defined as Eq. (3) [5]:

mit =
{
1 if sending messages to the number i customer at the number t period
0 otherwise.

(3)
pit is the price strategy of the company, namely the change rate of the price

pit , provided by the number i customer in the number t period, compared with the
original price P0, defined in Eq. (4) [5].

pit = Pit − P0

P0
. (4)

εi t is the term of stochastic error, which is obey the standard normal distribution.
And a range of coefficients of related items, α and β need to be determined by using
the global optimum algorithm in the local optimum.

Measuring the customer perceptive value should consider the utility sum for the
future of customer current behavior, that is to say considering from the perspective
of dynamic programming, so the perceptive value function of the customer i in the
number t period can be defined as follows as Eq. (5) [5]:
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Vit (sit ) =
{

ūi t + διEVi,t+1(si,t+1|dit = 1) + εi t , if dit = 1
διEVi,t+1(si,t+1|dit = 0), if dit = 0.

(5)

Among them, δι is the discount factor of the company.
The probability of customers to buy products of the company, as follows as [5] in

Eq. (6):

Probi t = (dit = 1|sit , mit , pit )

= Prob(ūi t + διEVi,t+1(si,t+1|dit = 1)) + εi t > διEVi,t+1(si,t+1|dit = 0)

= φ[ūi t + διEVi,t+1(si,t+1|dit = 1) − EVi,t+1(si,t+1|dit = 0)]. (6)

The expected value of the perceptive value function of the number customer in
the number period is as follows as Eq. (7) [5]:

EVit (sit ) = Probi t (dit = 1|sit , mit , pit ) × [ūi t + διEVi,t+1(si,t+1|dit = 1)]
+Probi t (dit = 0|sit , mit , pit ) × διEVi,t+1(si,t+1|dit = 0)

+φ[δι(EVi,t+1(si,t+1|dit = 0) − EVi,t+1(si,t+1|dit = 1)) − ūi t ].(7)

3. The model of company behavior
The target of the company behavior is the whole life-cycle value of the customer.
Similarly, because DCRM is a kind of management process with obvious dynamic
characteristics, in thismodel, dynamic programming is used inDCRMas the effective
method to solve the random dynamic optimization problem.

The purchase decision of customer i brings the current profit to company in the
period of t [5]:

πi t (sit , mit , pit ) = R(pit ) × Probi t (dit = 1|sit , mit , pit ) − c × mit . (8)

Among them, ι is the transmitting cost. R(pit ) represents the available profits
which can be obtained when the company uses the price strategy, defined as Eq. (9).
The gross profit rate relative to the original cost is r0 = P0−C

P0
, pit = Pit −P0

P0
[5],

when r0 is used as original cost.

R(pit ) = Pit − C = P0 × (pit + r0). (9)

So from the dynamic perspective, the largest interests created by the number
customer t from the number period, is as follows in Eq. (10) [5]:

C LVit (sit ) = max
mit ,pit

{πi t (sit , mit , pit )} + δι[Probi t (dit = 1|sit , mit , pit )

C LVi,t+1(si,t+1|dit = 1)] + Probi t (dit = 0|sit , mit , pit )

C LVi,t+1(si,t+1|dit = 1). (10)
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Fig. 3 Customer loss salvage model

Fig. 4 Calculation process of salvage cost upper limit

4. The model of salvage cost upper limit
As one market behavior, to save customers needs rationality. Because some salvage
may be successful, others will uncertainly succeed and some salvage is valuable,
others have no value. The following customer loss salvage model (Fig. 3) reflects the
whole rescue process in details as from customer churn to implement salvage [7].
5. The calculation process of salvage cost upper limit
According to hypothesis, the current customers which are discussed have been iden-
tified as having salvage needs. And then determine the salvage cost upper limit. The
calculation process within time lag of salvage cost upper limit is shown in Fig. 4.

According to Fig. 4, the calculation steps of the upper limit of salvage cost are as
follows.

The first step: Calculate themathematic expectation E(V ) of the customer’sC LV
in the situation of salvage.

First, calculate the customer’s C LV [5] when the salvage is successful.

V1 = V0 − C

(1 + i)t+1 . (11)

Among them, V0 represents the initial value of the customer’s C LV at the time
of entering into the second stage of the two-stage model, namely the optimal C LV
value obtained from the first-stage model.

And then calculate the customer’s C LV namely V2 [5] when the salvage is not
successful.
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V2 =
(

vt − C

(1 + i)t+1

)
× (1 − θ) +

(
Vt − C

(1 + i)t+1 r2V0

)
× θ

= (θ × r2 − ϕ(t)) × V0 − C

(1 + i)t+1 . (12)

Among them, r2 represents spread cost system, indicating the effect on other
customers if the salvage is failed because of the discontent of customers. And the
effect will bring r2 times as much as the loss of V0.

Last, calculate the mathematic expectation E(V ) [5] of the customer’s C LV in
the situation of salvage.

E(V ) = V1λ + V2(1 + λ) = [λ − (raθ − ϕ(t))(1 − λ)]v0 − C

(1 + i)t+1 . (13)

The second step: calculate the C LV [5] of the lost customer in the situation of no
salvage.

Vn = −(raθ − ϕ(t))V0. (14)

The third step: Determine the upper limit of salvage cost. If the salvage brings the
increase of the customer’s C LV , it will become the necessary condition of salvage.
The expression will be E(V ) − V0 > 0. Considering this is only a minimum limit,
but the actual cost should be less than the difference. The expression will be C >

E(V ) − V0. The expression of salvage cost upper limit [5] is as follows.

C <
1

2
[(1 − ϕ(t)) + rθ2]λV0(1 + i)t+1. (15)

Therefore, themodel of the second stage has been built. Based on the results of the
first stage, the lost customer’s salvage cost upper limit, namelyC , can be determined,
according to Eq. (15).

3 The Synthesis Algorithm Based on GA

The synthesis algorithm based on GA [1, 3, 4, 6] is put forward to adapt to the
two-stage model established in this paper. Through GA algorithm, the undermined
parameters in the customer relationship management model are determined. And
then through the given convergence standard, the optimal customer perceived value,
the optimal C LV value and the corresponding optimal marketing mix strategy can
be obtained from the whole stochastic game and dynamic programming approach.
The thoughts of the algorithm are as follows:

The customer purchasing data obtained by observing can be used as the solution
of the dynamic optimization problem to conduct parameter evaluations and solve the
multi-parameter evaluation problems in consumer utility modelin order to determine
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parameters of the model, and then, the purchasing probability of customers can be
obtained.

Combining the dynamic characteristics of DCRM with the process of stochastic
game between customers and companies, the solution method of should be used (and
using the solving approach of stochastic game).

The synthesis algorithm based on GA is given to solve the problem of this com-
plex process. The final target of solving this problem includes the optimal customer
perceived value, the company’s C LV and the optimal marketing mix strategy.

The specific steps of algorithm are as follows:
Step 0. Set initial values. C LVi,t+1(si,t+1) and EVi,t+1(si,t+1) are set to 0 for all
the state variables. Set the convergence index greater than 0. The expression will be
η > 0.
Step 1. The optimal value can be obtained by changing the parameter values in
the whole parameter space. The algorithm to solve the multivariate, multi-peak and
global optimization is needed right here. The GA algorithm is effective right here.
Step 2. The purchase probability, namely Probi t (dit = 1|sit , mit , pit ), of the com-
pany marketing mix strategy Dit (mit , pit ) should be calculated separately when the
number i customer is at the state of sit (mit , pit ).
Step 3. Calculate the perceived value function Vit (sit ) when the number icustomer
is at the state of sit (rit , fi t ).
Step 4.Calculate the expectation-maximizationC LVit (sit ) of the number i customer
and the corresponding optimal marketing mix strategy D∗

i t (sit ).
Step 5. Calculate the customer perceptive value EVit (sit ) by the optimal marketing
mix strategy which is obtained by calculating, when the number i customer is at the
state of sit .
Step 6. Termination standard: let be d1 = EVi,t+1 − EVit and d2 = C LVi,t+1 −
C LVit , if d ′

1d1 + d ′
2d2 < η, then stop, Otherwise, EVi,t+1 = EVit , C LVi,t+1 =

C LVit , then go back to step 1.
The above algorithm is convenient for companies to design effective and feasible

management software, which can reduce the unnecessary burden for the manager
and make the management more feasible.

4 Conclusions

In this paper we arguedDCRMwith salvage cost, which firstly considers the interests
of both company and customers at the same time in order to make the optimal
marketing mix strategy. Then, we considers the upper limit of salvage cost which
is in order to prevent the customer loss. This issue originates from the practice of
customer relationship management. The technology proposed to solve this issue
comes from the academic frontier of international marketing field. The principle and
technique of this method can also be used in various industries. Especially for the
post-earthquake reconstruction estate projects, this method provides a feasible way
to keep valuable customers for enterprises when many enterprises are trying to keep
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valuable customers for themselves. Finally, in this paper, the synthesis algorithm
which was based on (GA) was put forward in view of the model’s solution. Of
course, the amount of money customers purchase each time with reward programs
and practice application would also be taken into account in the future.
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The Visualization Research on Control Policy
System of Social Risk of Large Engineering’s
Environment Pollution

Weiping Yu, Xu Zu, Yalan Liu and Renshu Zuo

Abstract From the perspective of large engineering construction life cycle,
combined with the content analysis and word analysis, this research carries on the
quantitative analysis from the two aspects control policy of large engineering envi-
ronmental protection and social risk, builds the control policy system structure of
social risk of large engineering environmental pollution. The proposedmethodmakes
contributions to management research methods in terms of control policy data col-
lection and analysis. The research offers valuable advices and implications by which
the government can perfect the existing control policy system and enterprises can
maintain the corporate image.

Keywords Large engineering · Environment pollution · Social risk · Control
policy · Content analysis ·Word analysis

1 Introduction

In recent years, large engineering construction is in the ascendant in our country,
catering to the development of Chinese industrialization, informationization, urban-
ization, agricultural modernization, but the characteristics, which are long construc-
tion period, large investment, complex design process andwide range, will also cause
a lot of environment pollution problems in our country, and all kinds of social risk
factors are in the intricate relationship. Social risks may bring huge negative impact
on Chinese economy and society. Large engineering construction may adds pollu-
tion to the environment in the whole life cycle, thus it is important to face the social
risk. A lot of examples can illustrate it: from Kunming, occurred in preparation for
the large engineering construction, PX project cause local large-scale march; in large
engineering construction implementation stage, the substation project of Guangzhou
induced residents group disputes; in large engineering construction end stage,
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serious environmental pollution accident of Zijin Mining copper project in Fujian
caused huge social cost [11]. With the strengthening of the public’s risk awareness,
the government and the enterprise urgently solve the problem that how to better con-
trol the social risk environment pollution in the whole life cycle of large engineering
construction?

“Crisis” is the practical consequences of “risk”. If risk society is into social crisis,
it will cause the loss and disorder [5]. For two issues of environmental pollution
and social risks in large engineering, a series of corresponding control policy which
the government formulated effective ensure that a large engineering is constructed
smoothly, the operation is carried out smoothly, and promote social and economic
coordinated development. However, facing large scale and the complex structure
of large engineering, which is the existing achievements or insufficient of relevant
control policies of government?What about the control policy systemof social risk of
large engineering’s environment pollution. These study contents are the innovations
of the research which are not involved in previous studies.

Based on the whole life cycle theory of large engineering construction, integrated
with the content analysis andword analysis, the research respectively combs environ-
ment protection and social risk control policy files of large engineering construction
involves in whole life cycle, aiming to solve the above problem, and offers a quantita-
tive analysis method for control policy data collection and analysis. The research also
puts forward valuable references to improve the control policy system of social risk
of large engineering environmental pollution for the government and better promote
enterprises’ image in the process of engineering construction.

2 Concept Definition

1. Large Engineering and Environmental Pollution
Large engineering is a major project, which has certain investment scale and is
significantly related to people’s livelihood. Large engineering has a major impact
to some regions’ political system, economic structure, social life and the ecological
environment, easily leading to interest conflict of social public [5]. According to the
engineering construction regulations, the whole life cycle of project is divided into
five stages: the early stage of engineering construction, the construction preparation
stage, the implementation stage of engineering construction, the project acceptance
and maintenance stage, the end stage.

Environmental pollution, which leads to environmental pollution event, is the
inevitable outcome of the large engineering construction. According to Chinese
national standard (GB/T16705-1996), the environmental pollution is a outcome that
the change of the physical, chemical and biological environment condition leads
environmental system to be harmful to survival and development of human and
other creatures. The large engineering construction can cause significant environ-
mental pollution, often accompanying by a series of fines, damages and lawsuits. It
could seriously injure the company’s image and reputation [7]. From the perspective
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of the nature and the way, major environmental pollution events is mainly divided
into pollution event caused the nuclear pollution, oil spills, abnormal discharge waste
water and pollution event caused hazardous chemicals leakage, explosion, diffuse,
and so on.

2. Social Risk
The concept of risk society, first proposed by Beck and Jorgensen [9], is closely
combined with social risk and has the characteristics of uncertainty and loss. The
essence of the social risk is the uncertainty of social loss. Social risk has broad sense
and narrow sense. Broad social risk refers to any other than the risk of personal risk,
including aspects of political, economic, cultural, financial and natural ecological
environment, and so on; narrow social risk means that rebel social behavior of indi-
viduals or groups, which may cause social disorder or may cause social conflict,
endangering social stability and social order [4].

Social risk in large engineering refers to the uncertainty that exists large impact on
the social public, long duration, and easily leads to larger social conflict in large engi-
neering projects construction implementation or operation stage [3]. The incentives
of social risk in large engineering are very complex, mainly including the cognition
of project risk, the judgment of subject and object in engineering, engineering sub-
ject’s thinking, engineering activities in the natural, political, economic, technical
factors and project risk management approach [6]. The research tries to find out the
social risk factors of large engineering environmental pollution based on studying the
relevant control policies of large project construction life cycle by content analysis
in the Chinese context.

3 Research Methods

1. Content Analysis
Content analysis is a kind of quantitative and qualitative integrated research
methods by which information can be objectively and systematically researched.
According to the normative information content, content analysis can express in a
form of orderly and quantitative symbol. Content analysis method is widely used,
first applied in the field of journalism and communication, then in political science,
psychology, social science, market research, library and information fields and so on
[2]. The research shifts two aspects of environmental pollution and social risk policy
content into quantitative data in the whole cycle of the large engineering construction
by content analysis which can overcome the disadvantages and the subjectivity of
the qualitative research, achieving more accurate analysis of policy content.

2. Co-Words Analysis
Co-words analysis is a method which includes the statistical analysis and
cluster analysis of words in same article, revealing the relationship between vocab-
ulary groups and showing the structure change of the subject and topic. Co-words
analysis is first mentioned by the French literature metrologists in the late 1970
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and its ideas derived from the concept of citation coupling in literature metrology
[1]. After 40years, co-words analysis has been widely used in many fields, such as
artificial intelligence, scientific metrology, information science and information sys-
tems, and information retrieval, achieving important research results [8], but rarely
applied in the field of policy research. The research studies on the control policy sys-
tem of social risk of large engineering’s environment pollution based on co-words
analysis, hoping to realize more accurate analysis of the related policy system by the
unique advantage of this method and identify the structure of control policy.

4 Research Process

4.1 Data Sources and Sample Selection

First of all, the research uses keywords, such as “environmental protection”,
“social risk”, “policy”, “risk” and “environment”, to retrieve large engineering related
policies relying on the public sites (Xinhua website, China website, etc.) and the
authoritative department websites (the national government, the NDRC and EPA,
etc.), then the research uses the related words, such as “risk assessment” “envi-
ronmental impact assessment” to extensively search other policy files. Finally the
research finds out 33 policy documents, including 20 environmental policy docu-
ments and 13 social risk policy documents. In order to guarantee the credibility of
the policy research, 22 high correlation policy documents, including 12 environ-
mental protection policy file, 10 social risk policy files, are eventually checked and
ratified to be the study objects by two relevant professional Ph.D. students and three
relevant professional masters.

4.2 Standardized Coding and Reliability Test

In order to better quantitative coding content of policy system, every member
carefully reads contents of each policy, andmasters the basic contents involved in the
project construction phase, then respectively extracts key phrases of practical signifi-
cance from the two aspects of environmental protection and social risk in each policy
document bymachine word segmentation software (first of all, to eliminate nonsense
words, such as “help”, “every”, etc., secondly, to merge similar meaning words, such
as “radioactive” and “radiation” into “radioactive”, thirdly, to summarize meaning
related words, such as “autonomous region” and “municipalities” summed up as
“the region”), and classifies and statistical analyze word frequency of key phrases in
control policy system. In order to follow the principle of keeping coding type perfect
and exhausted as far as possible and keeping classification mutually exclusive and
separate [12], two doctoral students independently filter the key phrasesaccording to
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the word frequency of key phrases in the form and policy content ,then they compare
the results and verify creditability of results. Reliability test statistics formula is as
follows:

A = 2M

N1 + N2
,

M is the two coders’ unanimous result numbers in the coding-mode decision process;
N1 and N2 are the amount of two coders to their coding decisions.he research finds
that consistence degree of key phrase’ integration is 81% in the environmental pro-
tection policy, key phrase’ integrate consistence degree is 85% in social risk policy.
Based on Nunnaly’s view, above 0.7 consistency shows that a previous study has
enough credibility [12]. In order to guarantee the precision of the policy system
research, the other two related professional teachers are invited to further amend the
integration result of the key phrases, and the research ultimately determines 28 key
phrases related policy system of environment protection and 34 key phrases related
the social risk key phrases policy system, then the research refines to determine the
analysis unit (the policy goals, the applicable objects and role means) based on the
large engineering of environmental protection and social risk policy system structure.

Based on the existing analyzing unit, the research counts frequency for each
keyword in the policy document. Keyword, which first appears in any policy file or
appears several times in a policy file, is down to 1 time, then keywords are generated
a word matrix (the datamn in the matrix is frequency of two key words of the m line
and the n column in the same piece of policy document). The research respectively
generates social network diagram in two aspects of environmental protection and
social risk control policy system of large engineering construction and performs the
center degree analysis by UCINET software which is used more by researchers [10].

5 Results and Discussion

1. The Corresponding Phase Analysis of Control Policy Content
According to regulations of engineering construction procedure in our country, large
project life cycle is divided into five stages: the early stage of engineering con-
struction, the construction preparation stage, the implementation stage of engineer-
ing construction, the project acceptance and maintenance stage, the end stage. The
research statistic analyzes the project construction stages based on the high research
value’s policy content in the two aspects of environmental protection and social risk,
as shown in Fig. 1.

As shown in Fig. 1, the environment protection policy mainly focuses on the con-
struction preparation stage (10 times) which is mainly concentrated in the engineer-
ing, the implementation stage of engineering construction (6 times) and the project
acceptance and maintenance stage (9 times), and the policy control content mainly
concentrated in the engineering construction preparation stage and the project accep-
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Fig. 1 The corresponding stages of control policy system of social risk of large engineering’s
environment pollution

tance and maintenance stage, but the policy control is weak and not conducive to
control environmental pollution well in the early stage of engineering construction (1
time) and the end stage (3 times). Social risk policy control is balanced in five stages
of project life cycle, but it mainly focuses on the construction preparation stage (7
times). The research finds that it has much relevance for the high cost and risk of
large engineering construction.

2. Extracting Keywords
Through the extraction of keywords to the control policy system of social risk of
large engineering’s environment pollution, the research ultimately determines 28 key
phrases related policy system of environment protection and 34 key phrases related
policy system of social risk, then the research refines to determine the analysis unit
(the policy goals, the applicable objects and role means), shown in Table1.

Statistical results preliminary show that there is a focus of overlap in the three
modules, not only focusing on environmental protection and the region situation, but
also focusing on the mass line and the standardization of the work. From the point
of the frequency of keywords, environmental protection (12 times) and report (12
times) have the highest frequency in the environmental protection policy, the state
council (10 times) and the region (10 times) have the highest frequency in the social
risk policy.

3. Map Network
The research statistic analyzes the frequency of every two key words appear in each
policy file at the same time (if the documents appears many times, it still keep the
same documents for 1 time), then compiles them into a common word matrix by
EXCEL and processes them by of the NETDRAW software in UCINET software.
In the end, the research respectively obtains policy network maps for two aspects of
environmental protection and social risk, as shown in Figs. 2, 3.

In network map, the degree of two key words co-occurrence is positively related
to thickness of network line and the high position is positively related to the keyword
in the center of network map. In Fig. 2, “the state council” and “report” are close
to the center position in the network map; In Fig. 3, “under the state council” and
“regional” are close to the center of the network graph. Above of all, it illustrates the
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Table 1 Keyword glossary of control policy system of social risk of large engineering’s environ-
ment pollution

The environmental policy keywords

Environmental protection (12 times) Safety production (2 times)

Normalize (4 times) Standardization (2times)

Policy
objective

Conservation of water and soil
(4 times)

National economy (2 times)

Scientificity (3 times)

The region (10 times) Relevant departments (6 times)

Applicable
object

Relevant units (10 times) Responsible individual (3 times)

The state council (8 times)

Report (12times) Examination and approval authority (4 times)

Environmental protection rules and
regulations (9 times)

Business license (3 times)

Environmental pollution (7 times) Comprehensive utilization (3 times)

Feasibility research (7 times) Evaluation report (2 times)

Means radioactivity (6 times) Comprehensive treatment (2 times)

Disciplinary sanction (6 times) Database (2 times)

Conservation area (5 times) Hearing (2 times)

Licensing regulations (4times) Management procedure (2 times)

The social risk policy keywords

Keywords

Environmental protection (5 times) Rationality (3 times)

Possibility (4 times) People-oriented (2 times)

Policy
objective

Feasibility (6 times) Effectiveness (2 times)

Normative (3 times) Responsibility system (2 times)

Legality (3times) Facticity (2 times)

The state council (10 times) Responsible individual (8 times)

Applicable
object

The region (10times) Relevant units (5 times)

Relevant departments (8times)

Mass character (6 times) The risks (2 times)

Coordination and adaption (4 times) Evaluation report (2 times)

Disciplinary sanction (4 times) Coerciveness (2 times)

Flammable and combustible
(4 times)

Database (2 times)

Radioactivity (3 times) Business license (2 times)

Means National economy (3 times) Planning work (2 times)

Technicist (3 times) Comprehensiveness (2 times)

Groupment (3times) Law on safety in production (2 times)

Environmental pollution (3 times) Public emergency (2 times)

Emergency security (3 times)
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Fig. 2 The environmental policy keywords network map

Fig. 3 The social risk policy keywords network map

control policy system of social risk of large engineering’s environment pollution has
important association with these keywords. In the network map, it can also analyze
that other surrounding keywords are highly closed to the key words of center position
and there is no isolated keywords as well, these illustrate that all keywords are formed
a whole network to comprehensively control large project in control policy system
of social risk of large engineering’s environment pollution.
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4. Point Degree of Center Degree Analysis
Point degree of center degree analysis is a common metric for representation of
center nodes in social network analysis [8]. When a node is connected to many
nodes, it represents that the node has an important position in the network. In order
to get the main aspects of the control system, the research is through the Network
Centrality-Degree path to respectively calculate the point degree of center degree of
environmental protection policy and social risk policy by the UCINET software.

It can be seen from the Table2, that “report” (the degree is 122.000, the nrm degree
is 38.245) is located in the highest, suggesting that “report” plays an important role in
the environmental protection policy, “environmental protection” and “unit”, which
stay at the second position, also plays an important role. Thus, it is concluded that in
environmental policy, “environmental protection” is the main control objective and it
needs relevant departments actively to carry out responsibilities, the statement of the
project will have related reports. The research can analyze from the Table3 that “the
state council” and “the region” (the degree is 120.000, the nrm degree is 36.364) are
both located in the highest position in the social risk policy.“ responsible individual”,
“relevant departments”, “database” and “mass” stay at the second position, also
occupying an important position. Thus, it concludes that the basic idea of social risk
policy is the “state council” as the important work leadership, combined with the
basic conditions of “the region” and cooperated with the relevant departments, which
are responsible to each one, build information database and carry out the mass line.

Table 2 The environmental policy point degree of center degree analysis results (in part)

Keywords Degree Nrm degree

Report 122 38.245

Environmental protection 119 37.304

Relevant units 110 34.483

Environmental protection laws
and regulations

96 30.094

Environmental pollution 94 29.467

The state council 93 29.154

The region 90 28.213

Radioactivity 73 22.884

Relevant departments 70 21.944

· · · · · · · · ·
Standardization 15 4.702

Safety production 15 4.702

Evaluation report 14 4.389
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Table 3 The social risk policy point degree of center degree analysis results (in part)

Keywords Degree Nrm degree

The state council 120 36.364

The region 120 36.364

Responsible individual 114 34.545

Relevant departments 92 27.879

Database 86 26.061

Groupment 85 25.758

Relevant units 81 24.545

Environmental protection 72 21.818

Flammable and combustible 71 21.515

· · · · · · · · ·
Comprehensiveness 32 9.697

Facticity 28 8.485

Evaluation report 28 8.485

6 Conclusion and Suggestion

1. Research Conclusion
Based on content analysis, the research builds coding analysis unit of the policy sys-
tem. With the help of co-word analysis, the research gives social network analysis to
the policy system and further researches the policy system structure in two aspects of
the social risk of environmental protection. The research extracts three modules (the
policy goals, the applicable objects and role means) based on keyword classification
and draws the outline of the control policy system of social risk of large engineering’s
environment pollution, as shown in Fig. 4.

2. Suggestion
The research provides a quantitative research method for the government and enter-
prises to analyze relevant control policy. The quantitative research method can help
relevant departments have more scientific analysis of the content of the relevant
policy, accurately analyze the defects of policy and put forward targeted policy sug-
gestions, so as to more effectively improve relevant control policies.

From the perspectives of government, the government should intensify its efforts
to provide the safeguard for the relevant aspects of the control policy in the next work.
It mainly control large engineering from two aspects of environmental protection
and social risk. The relevant pollution control policy files can reach controlling
comprehensively, better guaranteeing to minimize the environmental pollution of
the large engineering project and minimize the outbreak of the social risk caused
by environmental pollution. But the research finds that the control supervision of
the two aspects of environmental protection and social risk is weaker in end stage,
leading to the control supervision of policy control system is inadequate in the project
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Fig. 4 Control policy system structure of social risk of large engineering’s environment pollution

operation, thus inducing irregularity phenomenon; from key phrase extraction, media
participation is not high, however,media interactionhas a significant positive function
in society. Above of all, it should be highly valued by the government.

From the perspective of enterprise, the enterprise should be active in corpo-
rate social responsibility, normative production management and production safety,
achieving transparency for consumers. From the social network analysis of control
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policy system, “environmental protection”, “safe production” and “normative” are
the key points of enterprise brand management, improving enterprise image and
reducing the perceived risk of the consumers.

7 Research Prospects

This research mainly analyzes the control policy system of social risk of large
engineering’s environment pollution by quantitative methods of content analysis
and co-word analysis. In order to prove the effectiveness of this quantitative method,
further research can be carried out in other control policy system in the future.
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Credit Risk Assessment of SEMs Based
on Multi-Attribute Decision Making Method

Yi Zhang

Abstract In this paper, the multiple attribute decision making method is applied
to credit risk asessment of SMEs. According to the theory of enterprise credit risk
assessment, the index system of enterprise credit risk assessment is proposed based
on the analysis of relation between SMEs credit evaluation and historical financial
indicators and non-financial indicators. And a enterprise credit risk assessment model
is built based on multiple attribute decision making. Multiple attribute decision mak-
ing method can directly compare the size of SMEs’ risks, it is significant for the
credit risk monitoring of SMEs. Finally, multiple attribute decision making method
of SMEs applied to four enterprises in risk assessment, the results show that the
multiple attribute decision making method is effective and feasible.

Keywords SMEs · Credit risk asessment · Multiple attribute decision making

1 Introduction

Credit risk is one of the most important forms of risk in financial markets, which
affects the various activities directly in the modern economic life, and affects the
macro decision-making and economic development of a country, even affects the sta-
ble development of the global economy. Credit risk is a kind of intrinsic attributes of
financial markets, and it play a certain role in adjusting the credit activities. Although
participants of market can reap the benefits in the credit activities, the the credit risk
may leads serious consequence. It not only affects decision-making and benefits of
the microscopic economic subject, but affects formulation and implementation of
the macro decision-making, even disturbs the market order, causes social unrest.
Small and medium-sized enterprises (SMEs) have more innovation Ability, which
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will push the development of enconomic in a country. SMEs play a important role in
our national economy and social development. Promoting the development of SMEs
is an important basis to maintain steady and rapid development of national economy,
is a major strategic task of relationship between the people’s livelihood and social
stability. Therefore, it is necessary to promote SMEs credit system construction,
strengthen the credit consciousness of SMEs, and improve the SMEs’ credit rating.

In the past few years, many researches have give enough attention to credit risk
management of the enterprise, especially enterprise credit risk analysis and forecast-
ing, which are the emphasis and difficulty in the present study. In terms of analysis
and forecasting, research mainly focus on the establishment of the evaluation model
and build up the forecast model and the application. The earliest risk prediction
model which was proposed by the Beaver [8], Altman [11] was univariate analysis
according to the financial and accounting data. After extending its variables, it is the
famous Z score model, these analyses are used least squares estimate. In addition,
Multivariate logistic regression model is a common used statistical method of credit
risk analysis [2]. In the 1990s, the neural network was introduced into the bank-
ing sector, which is used for credit risk identification and prediction [1]. Small and
medium-sized enterprise credit risk was assessed by the KMV model [7].

Multiple attribute decision making is applied widely in economic management and
engineering design, and other fields. In existing research, there are a lot of scholars
have carried on the detailed discussion for multiple attribute decision making, such
as Han [3] used multiple attribute decision making problems to study the case in
scientific research equipment tendering projects, Xia [4] proposesd a precise count
blended with interval number multiple attribute decision making method based on
TOPSIS method. Zhang [6] proposed a method considering incomplete information
on attribute weights of interval muti-attributes problems, it is also a revised TOPSIS
method. On the basis of existing research, there are no literature introducing multiple
attribute decision making method to analyze the credit risk. This paper tries to apply
multiple attribute decision making method to credit risk analysis and forecasting.
And this model is used to solve a illustrate example to verified the validity and
accuracy of the model.

2 Basic Concepts

In this section, some basic concepts and definitions of multi-criteria problem are
presented.

For simplicity, let M = 1, 2, . . . , m, N = 1, 2, . . . , n and T = 1, 2, . . . , t .
Let X = x1, x2, . . . , xn(n ≥ 2) be a finite set of n potential alternatives, F =
( f1, f2, . . . , fm) be a finite set of m attributes, and w = (w1, w2, . . . , wm)T is the
weight vector of attributes, where

∑m
j=1 w j = 1, w j ∈ [0, 1], j ∈ M and w j

denotes the weight of attribute f j . Suppose Ak = (ai j )n×m is the numeric decision
matrix, where i , j represents the preference of the alternative xi with respect to the
attribute f j .
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In multiple attribute decision making problems, as different attributes are often
incommensurable, the attribute values must be normalized. Generally, there are ben-
efit attributes and cost attributes. Suppose Rk = (ri j )n×m is the corresponding nor-
malized decision matrix, where for benefit attributes and cost attributes f j .

ri j = ai j√∑n
i=1(ai j )2

, i ∈ N , j ∈ M. (1)

Additive weighting method are used to get the alternative xi , based on the relation-
ship between the comprehensive attribute value and weight: zi (W ) = ∑m

j=1 ri j w j ,
i ∈ N .

When the weight vector w value is determined, we can get a order by the scheme
of the comprehensive attribute values, but when the attribute weights are unknown
values, it is unable to prioritize, this paper will give a new method to determine the
weight of attributes.

3 Index Selection

3.1 The Principle of Index System Building

Index system construction should follow the following principles:

1. The independence principle
There is big correlation between some indexes, so they should be merged. Different
indexes of enterprise explain different credit conditions degree, so they prone to
similar or overlapping. Therefore, we should choose independent indexes.

2. Less reliance on financial statements
Due to the small and medium-sized enterprise financial information is not sound, the
financial system is not standard, in view of this characteristic, we should increased
the indexes about the small business non-financial factors, external macro condi-
tions. Under these rules, it is important that increasing indexes about the industry
experience, product competition.

3. Considering the quality of SMEs owner
Small and medium-sized enterprise management level is decided by enterprise expe-
rience and ability of management. Therefore, when deciding the indexes of small
and medium-sized enterprise credit risk evaluation, the study of the basic quality
of enterprise repayment willingness and the quality of owner, perfect assessment
system the SMEs.

4. Combining quantitative and qualitative indexes
In the design of index system, when combined with the quantitative and qualitative
index, as far as possible comprehensively reflect the status of small and medium-sized
enterprise credit.
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3.2 Index Systems of Mall and Medium-Sized Enterprise
Credit Risk Assessment

Different from large enterprises, Small and medium-sized enterprises has disadvan-
tages that information is not transparency, stability of management is poor. And it
has the operation flexibility, strong innovation ability, strong development growing
power and national policy support. So it should be considered innovation ability,
growth ability, development ability, etc. When setting up the index system.

According to the characteristic of SMEs, when building a credit rating index
system that is suitable for the SEMs, we should be based on the analysis of the
financial factors, such as enterprise’s operation ability, profit ability, at the same
time, analyze debt paying ability combining enterprise’s external macro environment
and industry development situation. In addition, the analysis of the debt paying
ability should also examine the repayment willingness of the enterprise. Only on the
analysis of the enterprise debt paying ability and review the repayment willingness of
enterprises, can objectively grasp the credit status of enterprises. Here, based on the
existing research results and actual situation, we construct small and medium-sized
enterprise credit risk index system and divide into financial indexes and non-financial
indexes.

1. The financial indexes
Quantitative indexes are determined mainly according to the enterprise’s financial
data, different financial indexes reflect the different aspects of enterprise, including
financial situation, business situation and profitability. Due to the financial index
number, so you have to draw lessons from the existing index system and research
results [12]. When choosing quantitative indexes, we need to consider what indexes
can best illustrate the solvency of the enterprise, at the same time, we need to elim-
inate the indexes that the correlation coefficient are large, because the correlation
between the indexes can lead to repeated calculation, reduce the effectiveness of
the assessment. In conclusion, based on the domestic and foreign research results,
and rational analysis, the paper build the financial index system from the following
several aspects, debt paying ability, profit ability, operation ability and growth ability.

2. The non-financial indexes
Assessing the credit risk of SMEs, not only need to analyze the financial index
and investigate the solvency of the enterprise, but also analyze macro environment,
enterprise’s basic quality, enterprise credit and other non-financial factors to affect
the enterprise credit assessment. Bergeretal [9] pointed out that the comprehen-
sive consideration of financial indexes and non-financial indexes, is more accurately
than just considering financial indexes. Fridson [10] argued non-financial indexes
made the assessment model more effective. Liang [5] pointed out that non-financial
indexes were introduced to enhance the assessment model prediction ability, because
it can better predict the future development trend, the overall evaluation of enterprise
performance. Due to the importance of non-financial indexes for evaluation of enter-
prise credit risk assessment, on the basis of predecessors’ research, we bulid the
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Fig. 1 Small and
medium-sized enterprise
credit risk index system
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non-financial index system, outside macroscopically environment, enterprise qual-
ity, the performance status.

From discussed above, credit risk index system can be bulit as shown in Fig. 1.
Based on the index system, we introduce multiple attribute decision making method
to solve the problem of SMEs risk assessment.

4 Model

4.1 Problem Description

According to the theory of multi-attributes decision making model, the given a set
of SME is seen as a set of possible solutions, each SME is regarded as a feasible
solution, and denoted them by A1, A2, . . ., Am ; and credit risk indexes evaluating
SMEs denoted by c1, c2, . . ., cm ; weights of each index denoted by ω1, ω2, . . ., ωn ,
ω1 +ω2 +· · ·+ωn = 1. The purpose of this paper is find out the SME facing smallest
credit risk using multiple attribute decision making in A1, A2, . . . , Am .

Due to contradiction and equilibrium relation between different credit risk index
system, there is no general optimal solution in the multiple attribute decision-making
model of SMEs credit risk assessment. In the following, some concept of multiple
attribute decision making solution will be explain.

According to the basic idea of TOPSIS method, If a solution is provided by
the best results of all the attributes of small and medium-sized enterprise credit
evaluation, then the solution is known as the positive ideal solution. Its expression is
A+ = (c+

1 , c+
2 , . . . , c+

j , . . . , c+
n ), there c+

j = max U j (ci j ), i = 1, 2, . . . , m. U j (·)
is the j th attribute index value or utility function.
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On the other hand, the negative ideal solution is made up of the worst attribute
index, its expression is: A− = (c−

1 , c−
2 , . . . , c−

j , . . . , c−
n ), there c−

j = min U j (ci j ),
i = 1, 2, . . ., m. U j (·) is the j th attribute index value or utility function.

4.2 Assessment Process

According to the basic idea of TOPSIS method, we applied the multiple attribute
decision making model to small and medium-sized enterprises credit risk assessment.
In following paragraph, we give the evaluation process.

Step 1. Index standardization. Different attribute index numerical units are usually
different, if not attribute index value as a standard of indexes, there is no comparabil-
ity. In this paper, using the vector normalization method for index standardization,
making all attributes have the same vector element, calculation formula is (1).
Step 2. Weight distribution. This paper use the weight allocation method is the
entropy method. The calculation formula is:

S(P1, P2, . . . , PN ) = −k
n∑

j=1

p j ln(p j ),

there k is a positive constant, pi is a discrete probability distribution.
Because SMEs credit risk index contains information at risk, so the SME itself

is a kind of information carrier, so the entropy can be used as evaluation attributes
relative important degree of a parameter. For different decisions, if they are no big
difference on a property, you can think this property right decision, the choice of a
smaller weights are given this attribute. As an extreme case, if all the decision of a
certain attributes are exactly the same, you can think this did not attribute decision to
choose, can be carved in addition, the weight given is 0. On the contrary, if a different
decision on a particular attribute of difference is very big, is considered the attribute
provides a large amount of information, a great influence on the choice of decision
making, so give this attribute larger weights.

In containing m and n attributes of decision matrix, the properties of projective
geometry pi j can be defined as: pi j = ci j/

∑m
i ci j , ∀i , ∀ j , the entropy of attributes

E j is

E j = −k
m∑

i=1

pi j ln(pi j ,∀ j.

In order to ensure the 0 ≤ E j ≤ 1, for k = 1/ ln(m). Due to the weight ω j and
entropy E j is opposite, so we can use 1 − E j instead of E j , and to ensure that the
weight of the normalized condition, namely ω1 +ω2 +· · ·+ωn = 1, 0 ≤ ω j ≤ 1, so
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ω j = 1 − E j∑n
j=1(1 − E j )

,∀ j.

Step 3. TOPSIS sorting method. A good decision should be more close to the ideal
solution, away from the negative ideal solution. But, in some cases, the decision-
making plan may not be closest to the ideal solution is furthest from the negative ideal
solution, and so the ideal solution and negative reason want to solution as reference
in the different situations of various schemes of resolving power is different, so the
choice of reference should be set by the decision makers, according to the specific
circumstances. This paper, by using TOPSIS method to sort for decision making,
this method at the same time considering the ideal solution and negative reason want
to solution, and adopts Euclidean distance to measure any decision Ai and positive
ideal solution A+ and negative ideal solution is A− the distance between notes for
d+ and d− respectively, its expression is:

d+
i =

√√
√
√

n∑

j=1

(vi j − v+
j )2, i = 1, 2, . . . , m, (2)

d−
i =

√√
√
√

n∑

j=1

(vi j − v−
j )2, i = 1, 2, . . . , m,

there vi j = ω j ci j , v+
j = max ci j , v−

j = min ci j .
Blend two distance calculated decision utility U (Ai ), formula is:

U (Ai ) = d−
i /(d+

i + d−
i ), i = 1, 2, . . . , m.

Obviously, the bigger the U (Ai ), the decision Ai is better, that is to say, the credit
risk of enterprise Ai is smaller.

5 An Illustrate Example

We apply the multiple attribute decision making method of credit risk assessment
to the four small and medium-sized enterprise. Denoted enterprise A1 and A2, A3
and A4 respectively. According to the index selection, this article selects the seven
indexes of risk, that is B1, B2, B3, B4, B5, B6, B7.

Below we apply the multi-attribute decision making method to select the best
option.

Step 1. Standardized indexes using the Eq. (1)
For SMEs credit risk indexes do normalized processing, this paper get a set of

new indexes after normalization (Table 1).
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Table 1 Indexes after normalization

Rnterprises B1 B2 B3 B4 B5 B6 B7

A1 0.19 0.48 0.41 0.37 0.5 0.43 0

A2 0.3 0.52 0.27 0.26 0.52 0.48 0

A3 0.24 0.63 0.25 0.27 0.56 0.32 0

A4 0.42 0.55 0.4 0.46 0.31 0.23 0

Table 2 The weight of each attribute

B1 B2 B3 B4 B5 B6 B7

Weight 0.36 0.21 0.25 0.18 0.24 0.29 0.47

Table 3 The distance from the positive and negative ideal point

Enterprises d+ d−

A1 0.092 0.071

A2 0.071 0.08

A3 0.096 0.07

A4 0.096 0.102

Step 2. Weight distribution
According to the entropy method, this article will be treated as the normalized data

generation into the calculated formula of entropy, it is concluded that the weights are
the seven attributes such as shown in Table 2.
Step 3. Decision ordering

According to the formula U (Ai ) = d−
i /(d+

i + d−
i ), we calculate the four enter-

prises’ decision-making utility value, 0.4358, 0.5296, 0.4234, 0.5167 respectively.
The value close to 1, which means that the credit risk of enterprise is small. On the
contrary, the distance is as close to zero, it means that the credit risk is big. In con-
clusion, it can be seen that the order of credit risk of the four enterprise from small
to large is A2, A4, A1, A3. Among them, the credit risk of enterprise A2 is smallest,
the credit risk of A3 is the largest (Table 3).

6 Conclusion

In this paper, we propose a multi-attribute decision model to assess credit risk of
small and medium-sized enterprise. This model based on credit risk indexes SMEs,
which fully consider the feature of the SMEs. We apply this model to credit risk
assessment of four SMEs, and the results show that the multiple attribute decision
making method is scientific and feasible. Multiple attribute decision making method
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can compare the size of the credit risk of enterprises directly, which is significant
for credit risk monitoring of the SMEs in our country. In addition, Multiple attribute
decision making method has strong applicability. it can be apply to sort credit risk
analysis of more SMEs as long as data is availability. With the deepening of research,
the index system of credit risk may change, but the multiple attribute decision making
model can be incorporated all relevant indexes into the model. Therefore, this method
can get more application in the risk assessment of SMEs in the future.
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Game Analysis on Urban Tap Water Price
under the Condition of Incomplete
Information

Jianjun Yuan, Bin Wang, Lequn Zhang and Yubang Liu

Abstract Affected by various uncertain factors, it is difficult for interest-related
parties to obtain the complete information in the process of urban tap water price
setting, which makes urban tap water price deviates from its actual value. To solve
this problem, the paper firstly analyses different factors influencing price setting, then
takes advantage of bargaining theory to discuss the game process between interest-
related parties in urban tap water price setting. Finally, it establishes the calculation
formula at the lowest transaction costs on the basis of price theory, which is the
most acceptable way to both supplying and purchasing parties. With the example of
Chengdu water pricing in 2010, the paper also validates the accuracy of calculation
formula. It is concluded that the price calculated by the formula is in line with the
actual situation and is conducive to shorten the process of water pricing, reduce the
cost and improve the efficiency of management.

Keywords Urban tap water · Price · Game · Incomplete information

1 Introduction

As a public product, urban tap water plays a rudimentary role in influencing cit-
izens’ living standard [3]. So it is necessary to build a sound and scientific price
adjustment mechanism in order to reasonably adjust the water price, along with the
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dramatic change of economy, market conditions and the financial afford ability of
citizens. In several developed countries such as America, Britain, France and
Australia, regular price adjustment mechanisms have been enacted according to their
actual conditions. For instance, Affairs Bureau of Public regularly held the public
price hearing to determine the reasonable return on water supply companies’ invest-
ment in America; Britain has established the price-cap adjustment mechanism on
the basis of negotiation and France has applied the water cost compensation price
mechanism by self-sustainable water projects [4–9].

In recent years, the urban tap water price adjustment mechanism has been devel-
oped in our country, although it is in the primary stage due to the particularity of
water products and historical reasons. But the price increase in many areas neither
spotlights the demand and supply of tap water nor meets with the development of
economy, which is detrimental to social harmonious. Therefore, under the circum-
stance of lacking data and information, it is crucial and urgent for us to find effective
solutions to improve the situation, which is also a key stage in establishing our urban
tap water price adjustment mechanism.

Based on the current situation of our city urban tap water price, the paper mainly
analyses factors influencing urban tap water price and relationships between them.
It not only studies the game process under the condition of incomplete information,
during which a reasonable price for both water companies and citizens can be set,
but also establishes the quotation formula with high efficiency and low cost. Finally,
the paper validates the accuracy of the formula with the example of Chengdu water
pricing in 2010 and thus provides a reliable scientific support for establishing city
urban tap water price adjustment mechanism.

2 Influencing Factors and Game Analysis
of Urban Tap Water Price

2.1 Factors Influencing Urban Tap Water Price

In urban tap water market, the information obtained by water companies and citizens
are so incomplete that the price setting is only carried out without enough data and
materials. On the one hand, the accurate cost estimation of urban tap water and its
complete clarity has certain difficulty; on the other hand, it is hardly possible to gain
the exact information of average citizens’ financial afford ability. Price hearing, as
the most popular way in price setting, is a favorable dynamic game process between
water companies and citizens, during which a relatively reasonable water price will
be determined by accepting or rejecting the quotation of water companies. Not only
the costs and profits of water supply but also expenses in game process are supposed
to be considered by water companies. And citizens should take their financial afford
ability, agreement for quotation and game expenses into account.
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2.2 Game Analysis on Urban Tap Water Price

In the quotation process, water companies may offer a fair price accepted by both
parties as soon as possible for minimizing the expenses of game.

Assuming that game times are i (i refers to 2 because the price hearings are
generally finished within three times), Pc is the water price before adjustment, Pi is
the quotation of water companies in the i round of price hearings; P̄ is the actual price
afforded by citizens and P̃ is citizens’ affordable price estimated bywater companies,
in general, P̄ ≥ P̃ and | P̃ − P̄ |�| P̃ − Pc |; Piα and Pir are probabilities of the
success or failure of negotiation in the i round of price hearings; δgi and δyi , which
called reduction factors, are expressed by the percentage of benefits, including labors,
money, materials and time expensed by water companies and citizens in the second
game; E(P) refers to the maximum expected benefit of per unit water, which is the
expected benefit what we discussed in the paper.

To find the most reasonable water price, the paper firstly analyzes both parties’
sequential rational strategies in the second round of negotiations by using backward
inductionmethod. If the second negotiation not progress smoothly, the price hearings
will end up with a failure of price increase because there are generally only two
rounds of game. Only when P2 > Pc, can water companies accept the adjustment.
Supposing that citizens reject the adjustment in the first negotiation because of two
reasons, one is their pursuits for more benefits in the second round, and the other is
that P1 is higher than their financial afford ability P̄ .

According to rational principle, citizens usually choose the quotation which will
bring higher benefits for them. Since P2 should be uniformly distributed between
Pc and P̃ (see Fig. 1), citizens’ expected benefits can be calculated by the following
equation:

E(P2)i = (P̄ − P2)P2a + 0 · P2r . (1)

The expected benefits of water companies can be obtained by Eq. (2).

E(P2)g = (P2 − Pc)P2a + 0 · P2r . (2)

The probabilities of the success or failure of the second negotiation can be deter-
mined by P2, which is a certain figure given by water companies, but P̄ (the actual
price afforded by citizens) is less known to them.

Pc P2 P
~

Fig. 1 The quotation of water companies in the second negotiation
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P2a = p(P > P2) = P̃ − P2

P̃ − Pc
, (3)

P2r = p(P < P2) = P2 − Pc

P̃ − Pc
. (4)

Based on profit maximum principle, Eq. (3) and Eq. (4) are substituted in Eq. (2),
and then the perfect quotation price can be given by water companies by derivation.

P2 = P̃ + Pc

2
. (5)

And the water company’s expected benefits in second negotiation is:

E(P2)g = P̃ − Pc

4
. (6)

Citizens’ expected benefits in the second game is:

E(P2)y = 2 P̄ − P̃ − PC

4
. (7)

Generally, it is can be known that E(P2)y > 0 for P̃ (the citizens’ affordable price
estimated bywater company) is very close to that the actual price afforded by citizens.

If citizens know that the result of Eq. (7) is their final expected benefits once
the second round of price hearings begins, they will accept P1 under the following
conditions:

{
P − P1 ≥ E(P2)yδy2

P − P1 ≥ 0.
(8)

Then Eq. (9) can be given by solving above two equations.

P ≥ 4P1 − δy2Pc − δy2 P̃

2(2 − δy2)
. (9)

If:

P0 = 4P1 − δy2Pc − δy2 P̃

2(2 − δy2)
. (10)

Then under the maximum expected benefits principle, water companies will still
choose P1 although they have got a well-round understanding of citizens’ decision
methods in first negotiation and the outcome of the second round of negotiations.
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cP 1P P
~

Fig. 2 The quotation of water companies in first negotiation

E(P1)g = max[(P1 − Pc) · P1a + (P2 − Pc)δg2 · Pra]
P1

. (11)

In Eq. (11), Pra is the probability that citizens reject the quotation in first negoti-
ation but accept in the second one, P1a means the probability of their acceptability
to P1 in first negotiation. Both of them can be worked out by following equations
due to the fact that P1 is uniformly distributed in [pc, p̃] (see Fig. 2).

P1a = P̃ − P0

P̃ − PC
= 2(2 − δy2)P̃ − 4P1 + δy2(Pc + P̃)

2(2 − δy2)(P̃ − PC )
, (12)

Pra = P1r · P2a = P0 − PC

P̃ − Pc
× P̃ − P2

P̃ − Pc
= 4P1 − δy2(P̃ + PC ) − 2(2 − δy2)PC

4(2 − δy2)(P̃ − Pc)
.

(13)

Eq. (12) and Eq. (13) are substituted in Eq. (11), and then it can be expressed as
follows after the derivation of P1.

P1 = 4(P̃ + Pc) + (δg2 − δy2)(P̃ − Pc)

8
. (14)

From Eq. (14), we can know that citizens cannot accept the price offered by water
companies unless it satisfies above equations and correlates with the initial water
price Pc, their financial afford ability and the reduction factors δg2 and δy2.

If there are more price hearings, the results can also be achieved like by backward
induction method.

3 Research on Chengdu Urban Tap Water Price Adjustment

3.1 Game Theory in Chengdu Urban Tap Water Price Setting

In order to ease water supply problems and cover the huge expenses on pipe work
modification, the urban tap water price in Chengdu is necessary and urgent to be
adjusted [1].

According to the survey, urban tap water price of Chengdu is 2.15 yuan per cubic
meters in 2009, but the price finally approved by the water company is 2.31 yuan per
cubic meters by the end of 2009, which means that the water company was operated
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in the red so that price adjustment has been a pressing problem of the day. The
maximum water price affordable to citizens is 5.5 yuan per cubic meters, and the
reduction factors of the water company and citizens, δg2 and δy2 (In reality, δg2 is
higher than δy2), including labors, money, materials and time spent in price setting,
are 0.02 and 0.06 . Then based on above data, a rational analysis will be carried out
by the water company before quotation.

To avoid the ultimate failure of price adjustment, the quotation given by the water
company in the second negotiation should satisfy the condition that P2 ≥ 2.31. And
citizens would seek for the perfect price which brings them the maximum benefits
after judging that it is the figure between 2.31 and P1. After the rational judgment

of both parties’ benefits, the water company can obtain the result that P2 = P̃+2.31
2

calculated by equation (5), then the final benefits achieved by the water company

and citizens are P̃−2.31
2 and 2 P̄−P̃−2.31

4 calculated by Eq. (6) and Eq. (7).
Then the first round of negotiation will be considered, P1 = 3.89 can be obtained

by substituting δI = 0.01, δ1 = 0.01, Pc = 2.31 and P̃ = 5.5 into Eq. (14).

3.2 Analysis on the Research of Chengdu Urban Tap Water
Price Setting

Under the above studies, it can be known that the most reasonable water price
accepted by both parties is 3.89 yuan per cubic meters and the most acceptable
quotation of the water company is 2.89 yuan per cubic meters (excluding the profits)
by deducting 1 yuan per cubic meters subsidized by government. Actually, on May
6th, 2010, according to price hearings and various opinions, Chengdu Bureau of
Commodity Price has enacted the price adjustment strategy that the adjustment of
urban living water price will be finished within two years. The price of urban tap
water has increased from 2.15 yuan to 2.50 yuan per ton since June 1st, 2011, and
then has increased from 2.50 yuan to 2.85 yuan per ton since January 1st, 2011,
including the water price in water conservancy project and sewage treatment fee [2].
The final water price is very close to 2.89 yuan per cubic meters which is the price
without considering profits and subsidies.

4 Conclusion

On the basis of above researches, two significant conclusions are drawn from the
paper. Firstly, the urban tap water price is mainly determined by water costs, citi-
zens’ financial afford ability and the game expenses and capability of both supplying
and purchasing parties. In the process of price adjustment, game costs and capabil-
ity is the comprehensive expression of all costs, skills, patience and the informa-
tion they mastered in rounds of negotiations, which ultimately exert a significant
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influence on price validity. Secondly, it is necessary for water companies to conduct
an intensive and comprehensive investigation on citizens’ financial afford ability
before applying for price adjustment. Then after the reasonable expenses estimation
of negotiations, themost available water price to citizens would be easily worked out,
which contributes to save the labors, money, materials and time spent in price hear-
ings, enhances the efficiency of price setting and establishes a harmonious society
with crucial theoretic and practice implications.
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The Impact of Mutual Fund Investment
Trading on Stock Prices: Evidence
from the Chinese Stock Market

Kun Li, Bo Zhou and Die Hu

Abstract This paper examines the impact of mutual fund trading on stock prices
in the Chinese equity market from 2004 to 2013. We have found that there is a
strong positive contemporaneous correlation between stock returns and mutual fund
holdings and trading. In addition, the price impact is more significant in mutual funds
buying than in mutual funds selling. Finally, our findings support the hypothesis that
the price impact of mutual fund holdings and trading on stock returns arise from
momentum trading or price pressure.

Keywords Price impact · Mutual funds · Momentum trading · Price pressure

1 Introduction

China opened its stock market in 1991. The first closed-end fund was set up in 1998,
and the first open-end fund was set up in 2001. Since then, the mutual fund industry
has been expanding rapidly. By the end of 2013, mutual funds managed total assets
of more than 3 trillion RMB, and their investment accounted for about 15% of the
total value of the floating stocks in the Chinese equity market (see Table1).

As major institutional investors, mutual funds are playing an increasingly impor-
tant role in the Chinese equity market. Both practitioners and academia have shown
deep interest in the performanceofmutual funds.Aremutual funds “smart investors”?
Do stocks held by mutual funds perform better than other stocks and why? While
much evidence from overseas markets shows that mutual fund holdings have a posi-
tive correlation with stock returns, does the Chinese market follow the same pattern?
This paper tries to answer the above questions by examining the price impact of
mutual funds in the Chinese market and exploring the nature of the price impact.
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Table 1 The development of investment companies in China (NAV in million RMB)

Year Number of Number of NAV of NAV of

open-end funds closed-end funds open-end funds closed-end funds

1998 0 5 0 100

1999 0 23 0 510

2000 0 39 0 610

2001 3 49 85 680

2002 17 54 395 717

2003 56 54 711 862

2004 100 54 2391 854

2005 169 54 3874 817

2006 268 53 6942 1623

2007 330 36 30490 2468

2008 420 34 19080 789

2009 565 33 29848 1454

2010 700 47 23034 1621

2011 946 70 20916 1552

2012 1314 82 27139 1527

2013 1865 76 29496 1179

Sources SEC, Shanghai Securities Exchange and Shenzhen Securities Exchange

This paper is organized as follows: Sect. 2 reviews the literature; Sect. 3 discusses
the data; Sect. 4 provides the empirical test results; and Sect. 5 states the authors’
conclusions.

2 Literature Review

Much evidence from overseas research shows that mutual funds have a significant
price impact on stock returns (i.e., mutual fund holdings show a positive correlation
with stock returns). The existing literature presents three major explanations for the
positive correlation: momentum trading, information advantages, and price pressure.

Momentum traders buy stocks of historically superior performance and sell stocks
of historically inferior performance. They anticipate that the price trend will con-
tinue moving in the same manner, and in this way they can obtain the desired profit
in the future. Numerous research findings indicate that stock returns tend to have
momentum in the short-term but reverse in the long-term. Jegadeesh and Titman
[13] showed thatmomentum-trading strategy can be profitable over a 3–12-month
time frame. Acharya [1] looked at equity markets inseveral different countries and
confirmed the existence of momentum of stock returns in these markets.
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If momentum trading is profitable and mutual fund investors follow momentum
trading strategy, then the return on stocks traded by mutual fund investors will show
a positive correlation with their trading. Thus, the stocks bought by mutual fund
investors tend to have higher future returns, and the stocks sold by mutual fund
investors tend to have lower future returns. Many empirical studies have provided
evidence of momentum trading by mutual funds [4, 6]. Grinblatt et al. [11] exam-
ined the portfolios of 274 mutual funds during 1974–1984 and found 77% of mutual
funds were engaged in momentum trading. But some studies arrived at different con-
clusions. Campbell [5] and Yan [17] found no evidence of “herdin” and momentum
trading. If the price impact of mutual fund trading is due to momentum strategy,
the price impact would not last long and price reversal would likely occur in the
mid-term future.

Another explanation for the positive correlation between mutual fund holdings
and stock returns is information advantage. Institutional investors have tremendous
advantages both in information acquisition and information analysis. Theymay learn
the true value of stocks well in advance and trade based on their private information.
Thus, the trading done by mutual fund investors is based on predicted changes in the
value of the stocks and is positively correlated with stock returns.

Douglas [10] found that the stocks bought by mutual funds had higher future
returns than stocks sold by mutual funds, and he argued that the “herding” behavior
of mutual funds might be rational and speed the absorption of information, thus
stabilizing the market. Dasgupta [9] also concluded that mutual funds improved the
informational efficiency of the equity market. Compared to stocks with low mutual
fund holdings, prices of stocks with high mutual fund holdings tend to be closer
to their intrinsic values. Daniel et al. [8] found that the demand of mutual funds
positively correlates with future stock returns. They believe that this indicates that
mutual fund investors have some ability or means to predict future stock returns.

Price pressure is the third explanation for the price impact of mutual funds. Equity
markets are seldom perfectly liquid. If mutual fund investors as a group are adding
to their holdings of a certain stock, it is intuitive to expect that the large amount they
demandwill push up the price of the stock becausemutual fund investors have to offer
a premium price to persuade other investors to sell. In the case of mutual fund selling,
mutual fund investors have to offer a price concession if they want to sell a large
quantity of a stock [2, 3, 16]. If the positive correlation between institutional trading
and stock returns is due to price pressure, then the price movement tends to reverse in
the future when the pressure on the demand or supply disappears. However, Hu [12]
argued that the price deviation due to pressure from supply or demand might also
persist for a considerable period due to the limitation of arbitrage. Rebello [15] found
that the price impact after mutual fund buyingwould persist instead of reversing, thus
supporting the informational-advantage hypothesis of institutional buying. However,
they both found price reversals aftermutual fund sellingwhich indicates that pressure
from supply or demand is in fact the major cause of price impact in the case of mutual
fund selling.
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Most of the studies focused on developed markets. Our paper adds value to the
existing literature on the price impact of mutual funds by providing evidence from
China, an emerging but very important equity market. The findings of this paper also
have practical implications for investors and regulators.

3 Data

Although strictly defined, mutual funds only include open-end funds; however, we
also include closed-end data in our study. This is relevant because our focus is the
price impact of both closed-end and open-end funds as institutional investors. The
major source of information on mutual fund stock holdings is the portfolio from the
semi-annual and annual report of mutual funds. In China, mutual funds are required
to reveal their complete holdings for only the second and fourth quarter in the semi-
annual and annual reports. Thus, only data from the semi-annual and annual reports
are used in this study. Taking into consideration the reliability of the data, we chose
stocks established before December 31, 2003 for our sampling group. The stock-
holding data included in this study are from the beginning of 2004 to the end of
2013.

When studying the impact of mutual fund holdings on returns, the stocks with less
than 1% mutual fund holdings are excluded from the sampling, and when studying
the impact of mutual fund trading on stock returns, the stocks with less than 1%
change inmutual fund holdings are excluded from the sampling. Stocks withmissing
data are also excluded from the sampling. Stock-holding data are collected from the
semi-annual and annual reports of mutual funds, and other data are from the CSMAR
(China Stock Market & Accounting Research Database).

4 Empirical Results

1. Mutual fund holdings and stock returns
We first tested the relationship between mutual fund holdings and stock returns by
comparing the returns of stocks with high level and low level mutual fund holdings.
We then sorted the stocks withmutual fund holdings into 10 groups and examined the
stock returns of the groups with highest and lowest levels of mutual fund holdings.
The stocks included in the high-level group were stocks with the highest deciles of
mutual fund holdings, and the stocks in the low-level group were stocks with the
lowest deciles of mutual fund holdings.

Table2 provides the results of the sorting. The average return of the high-level
group is much higher than the low-level group. During the sampling period, the
average semi-annual return of the high-level group was 0.2349, while the average
semi-annual return of the low-level group was only 0.0532. This implies a difference
of 0.18 for a six-month holding period or 0.36 for a one-year holding period, which is
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economically highly significant. At the same time, the average return of the high-level
group was 0.10 higher than the average return of the whole mutual fund holdings
sampling.

We calculated the abnormal return by subtracting the market return from the
average return of each group. The average abnormal return of stocks with mutual
fund holdings was 0.1251 (i.e., the return of the stocks with mutual fund holdings
was 0.1251 higher than the average market return during our sample period). The
abnormal return of the high-level group was 0.2232.

We extended the above comparison to examining the relationship between stock
returns and lagged mutual-fund holdings. Table3 presents these empirical results.
The return difference between the high-level and low-level groups was very small
in this comparison. The average semi-annual return of the high-level group (0.1020)
was 0.001 lower than the low-level group (0.1030) and 0.0054 lower than the whole
mutual-fund holding sampling. If we look at the abnormal returns, then the average
returns of the mutual fund holdings for the high-level group and the low-level group
are all slightly lower than the average market return.

The empirical results of sorting indicate that there is a positive contemporaneous
correlation between stock returns and mutual-fund holding levels. Stocks with high
levels of mutual fund holdings tend to have much higher contemporaneous returns
than stocks with low mutual fund holdings, and they also demonstrate higher than
average contemporaneous market returns. But the level of mutual fund holdings does
not show a significant correlation with lagged stock returns.

Sorting may reveal the price impact of mutual fund holdings in a simple way,
but the criteria of sorting are highly arbitrary, and many other important factors
which may affect stock returns are neglected. Thus, we used regression to further
test the correlation between stock returns and mutual fund holdings. We first tested
the correlation between stock returns and contemporaneous mutual fund holdings
(i.e., the stock returns during each six-month period and the mutual-fund holding
levels at the end of each of the six-month periods). The regression model is:

Rt = α + β1Rt−1 + β2LnCt + β3Ht +
4∑

22

βiYear + εt . (1)

The dependant variable Rt is the return on stocks in period t , and Ht is the level
of mutual-fund stock holdings at the end of period t (i.e., the percentage of floating
shares held by all mutual funds). Rt−1 and Ct are control variables in which Rt−1
is the lag return of stocks in the previous period. If mutual funds follow positive-
feedback strategy and stock returns have momentum in the short-term future, then
stock returns can be partly explained by historical returns. Ct is the company size at
the end of period t . Company size is included as a control variable in its logarithmic
form. The other variables represented by “Year” are time dummies, and the first half
of year 2004 serves as the omitted class.
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Table 4 Stock returns and contemporaneous mutual fund holdings

Variables Rt

Rt−1 −0.0755∗∗∗

(0.00876)

Size 0.594∗∗∗

(0.0151)

Fund holding 0.00830∗∗∗

(0.000795)

Year control

AR(1) 0.052

AR(2) 0.208

Sargan 0.944

Observations 7528

Number of stocks 852
∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. AR(1), AR(2): Arellano-Bond AR(1), AR(2) test

As the lagged return is included in the explanatory variables, this may lead to
the problem of endogeneity, which results in biased and inconsistent estimates in
the regression of the panel data with fixed effect or random effect. Thus, we use the
Arellano-Bond Dynamic Panel GMM Estimators in Stata to make the analysis.

Table4 presents the results of the regression model. The results show that the
coefficient of historical returns is significantly negative (coefficient,−0.0755) which
indicates that there is a mean reverting phenomenon for the stock returns within the
framework of the six-month period. Ifmutual funds follow a contrarian strategy based
on the returns of the previous six months, then they could gain abnormal returns.
The coefficient of the company size is positive and significant. It indicates that the
returns of larger-sized companies tend to be higher.

The coefficient of mutual fund holdings is 0.0083 and significant at a 1% level.
This indicates that during the sampling period, generally stocks with higher mutual
fund holdings tended to have higher contemporaneous returns, and thiswas consistent
with the conclusion from the sorting in the previous test.

The positive correlation between stock returns and contemporaneous mutual fund
holdings can arise from momentum trading, price pressure or informational advan-
tage. Our test showed that overall the mutual funds did not followmomentum trading
strategy; unfortunately, there was no way to directly test the hypothesis for the influ-
ence of price pressure and informational advantage because we did not have the data
to observe the mutual fund trading within the test period. However, we can test the
predictive power of mutual funds by looking at the returns in the sequential period for
stocks held bymutual funds. If mutual fund holdings can predict future stock returns,
then it is likely that mutual funds have an informational advantage. We follow the
regression model in Eq. (1) by replacing the dependent variable Rt with Rt+1, that is,
we regress the lagged stock returns on the contemporaneous mutual fund holdings.
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Table 5 Mutual fund holding
and lagged stock returns

Variables Rt+1

Rt −0.0545∗∗∗

(0.0178)

Size 0.141∗∗∗

(0.0195)

Fund holding −0.0181∗∗∗

(0.000868)

Year control

AR(1) 0.031

AR(2) 0.269

Sargan 0.998

Observations 7755

Number of stocks 863

Rt+1 = α + β1Rt + β2LnCt + β3Ht +
4∑

22

βiYear + εt . (2)

Table5 presents results of Eq. (2). As in Eq. (1), the coefficient of stock return at t
is significantly negative, and the coefficient of company size is significantly positive.
The coefficient of stock holdings is negative and significant, which indicates there is
reversal of stock returns. Combinedwith the results of Table4, wemay say that stocks
with higher mutual fund holdings tend to have higher contemporaneous return but
reversal occurs in the successive period. This supports the hypothesis of momentum
trading or price pressure because in the case of these two, the stock returns tend to
reverse in the sequential period. However, this does not support the hypothesis that
mutual funds trade on superior private information.
2. Mutual funds trading and stock returns
In this section, we examine the relationship between mutual fund holdings and stock
returns by looking at the change of mutual fund holdings. In accordance with the
availability of data, the change of mutual fund holdings is calculated on a six-month
basis as follows, the change of stock holdings at the end of year 2013 is obtained by
subtracting the 2013 mid-year stock holdings from the 2013 year-end holdings.

Table6 provides the correlation coefficients of change of mutual fund holdings
and stock returns. It shows that during the whole sampling period, the mutual fund
trading positively correlated with contemporaneous stock returns. In other words,
stocks which are being purchased by more mutual funds have higher contempora-
neous returns, and stocks which are being sold by more mutual funds have lower
contemporaneous returns. The average correlation coefficient is 0.356 and highly
significant.

We asked the question again: What is behind the positive correlation between
mutual fund trading and contemporaneous stock return? As we did not know the
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Table 6 Correlation coefficients between the change of mutual fund holdings and stock returns

Rt Rt−1 Rt+1

δHt 0.356∗∗∗ 0.035∗∗∗ 0.074∗∗∗

details of trading during each period, we looked at the correlation between mutual
fund trading and stock returns during the previous and successive periods in order to
obtain any clues to the answer.

Table6 shows that the average correlation coefficient betweenmutual fund trading
and stock returns for the previous period is significant (0.035) but much smaller than
0.334. This indicates that momentum trading is unlikely a cause for the positive
correlation between stock returns and mutual fund trading. Table6 also presents
the correlation between mutual fund trading and lagged stock returns. The average
correlation coefficient is 0.074 and significant at the 1% level. This indicates that
mutual fund trading might be able to predict future price change, and the price
change associated with contemporaneous mutual fund trading is persistent and does
not reverse in the successive period. Thus, the empirical results of the correlation
coefficient tend to support the information-advantage hypothesis, not themomentum-
trading or price-pressure hypotheses.

The correlation coefficient provides some information about the mutual fund
trading and stock returns, but it might neglect the impact of other factors on the
stock returns. Thus, we use the following regression models to further examine the
relationship between mutual fund trading and stock returns:

Rt = α + β1Rt−1 + β2LnCt + β3δHt +
4∑

22

βiYear + εt , (3)

Rt+1 = α + β1Rt + β2LnCt + β3δHt +
4∑

22

βiYear + εt . (4)

The definition of variables in the above model follows that in Eq. (1). Equation (3)
tests the relationship between mutual fund trading, contemporaneous stock returns,
and δHt = Ht − Ht−1 (i.e., the change of mutual fund holdings from the end of the
previous period to the end of the current period). Equation (4) tests the relationship
between mutual fund trading and the lagged stock returns.

Table7 presents the results of regression in Eq. (3). The coefficient of mutual
fund trading is positive and highly significant. This indicates that during the sam-
pling period, stock returns are positively correlated with contemporaneous mutual
fund buying or selling. The stocks bought by mutual funds tend to have higher con-
temporaneous returns than stocks sold by mutual funds. In addition, the more the
mutual funds buy, the higher the return. While the more the mutual funds sell, the
lower the returns. The coefficient here is 0.0151, while the average coefficient in
Table4 for the case of mutual fund holdings is 0.0083. This means the mutual fund
trading has a stronger impact on contemporaneous stock returns than mutual fund
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Table 7 Mutual fund holding
and lagged stock returns

Variables Rt

Rt−1 −0.0284∗∗∗

(0.00686)

Size 0.586∗∗∗

(0.0107)

Fund trading 0.0151∗∗∗

(0.000509)

Year control

AR(1) 0.004

AR(2) 0.243

Sargan 0.840

Observations 11618

Number of stocks 1050

Table 8 Mutual fund trading
and lagged stock returns

Varables Rt+1

R −0.0413∗∗∗

(0.0140)

Size 0.0902∗∗∗

(0.0159)

Fund trading −0.0064∗∗∗

(0.000585)

Year control

AR(1) 0.004

AR(2) 0.345

Sargan 0.740

Observations 10367

Number of stocks 1001

holdings. In Table7, the coefficient of company size is positive. This indicates that
the price impact of mutual fund trading also depends on the size of the mutual fund
company. The larger the company is, the larger the price impact. Table8 presents the
results of Eq. (4). The coefficient of mutual fund trading is negative and statistically
significant. This indicates that mutual fund trading has no predictive power and the
contemporaneous price impact reverses in the successive period. This is opposite
to the sign of the correlation coefficient in Table6. The coefficient of contempora-
neous return is negative and significant, indicating there is a return mean reverting
phenomenon for the stocks traded by mutual funds.
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3. Differences in the Price Impact Between Mutual Fund Buying and Selling
Some studies demonstrate that institutional buying and selling have different price
impacts, and institutional buying has a larger price impact than institutional selling.
One possible explanation is that institutional buying is more information-based than
institutional selling. Due to investment constraints, most mutual fund managers are
not allowed to sell short, thus the only way for them to make a profit is to purchase
stocks at a relatively low price and hold them until they can sell them at a higher
price. When mutual fund managers buy stocks, they may look at almost any stock
available on the market, use their informational advantage and pick up those stocks
they believe are most valuable. When mutual fund managers sell stocks in their port-
folio, the selling might be information-based (i.e., they have learned those stocks are
overvalued). But, there are also many other reasons for selling their portfolio stock,
such as these stocks have risen to target prices and should be sold for rebalancing the
portfolio, or the desire to redeem investments on the part of the investors forces the
mutual funds to liquidate part of their stock assets. So, the purchasing behavior of
the mutual fund managers might be more autonomous than the selling behavior,and
they will base their decisions more heavily on information. If the above hypothesis
is correct, we should be able to observe a difference in the price impact between
mutual fund buying and selling, and from this we should observe that mutual fund
buying has a stronger impact on prices than mutual fund selling.

Keim and Madhavan [14] provided evidence showing that mutual fund buying is
more information-supported than selling. But there are also other studies with dif-
ferent observations. Chiyachantana [7] examined the equity markets of 36 countries
and found that mutual funds have a different price impact during different market
situations. In a bull market, the investors are more willing to buy than to sell, thus
when institutional investors want to purchase a large block, they have to offer larger
price premiums than what they would sell them for. In other words, in a bull market,
purchasing has a larger price impact than selling. In a bear market, the investors are
more willing to sell than to buy, thus when mutual funds want to sell a large block,
they have to offer a larger price concession than what they had bought them for.
Therefore, in this situation, selling has a larger price impact than buying.

In order to test if mutual fund buying and selling have different price impacts
in the Chinese market, we regress the mutual fund trading on the contemporaneous
stock returns accordingly for mutual fund buying and selling separately. The model
follows Eq. (3).

Table9 provides the empirical results of the price impact of mutual fund selling,
and Table10 provides the empirical results of the price impact ofmutual fund buying.
The regression results show that when mutual funds are sold (i.e., the holding level
decreases), the coefficient of mutual funds selling is 0.0142, and when mutual funds
are purchased (i.e., the holding level increases), the coefficient ofmutual funds buying
is 0.017. This indicates that the price impact is larger when mutual funds increase
holdings than when they decrease holdings. This provides some evidence supporting
the hypothesis that mutual fund buying is more information-based than selling. Our
results do not support the hypothesis that the difference in the price impact is due
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Table 9 Mutual funds selling
and contemporaneous stock
returns

Variables Rt

Rt−1 −0.0976∗∗∗

(0.0142)

Size 0.638∗∗∗

(0.0202)

Fund trading 0.0142∗∗∗

(0.000717)

Year control

AR(1) 0.004

AR(2) 0.243

Sargan 0.840

Observations 3622

Number of id 866

Table 10 Mutual funds
buying and contemporaneous
stock returns

Variables Rt

Rt−1 −0.0204

(0.0178)

Size 0.764∗∗∗

(0.0234)

Fund trading 0.0170∗∗∗

(0.00105)

Year control

AR(1) 0.065

AR(2) 0.682

Sargan 0.998

Observations 3236

Number of id 806

to different market situations because our sampling period covers both bear and bull
markets, but we can conclude that buying has a larger price impact than selling during
most market periods.

5 Conclusion

Our empirical evidence shows that the percentage of mutual fund holdings is pos-
itively correlated with stock returns. The positive correlation is very strong in a
contemporaneous relationship between mutual fund holdings and stock returns. The
stockswith higher level ofmutual fundholdings tend to havehigher contemporaneous
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returns. In addition, the average return of stockswithinmutual fund holdings is higher
than the market returns.

The empirical evidence also shows that mutual fund holdings have some weak
predicative power for future stock returns. In other words, stocks with high mutual
fund holdings tend to have higher returns in the next period,while reversal occurs in
the successive period. This supports the hypothesis of momentum trading or price
pressure because in the case of momentum trading or price pressure, the stock returns
tend to reverse in the successive period. The empirical evidence shows that the trading
of mutual funds (the change of mutual fund holdings) is positively correlated with
contemporaneous stock returns, i.e. stocks with higher increase (decrease) in mutual
fund holdings tend to have higher (lower) contemporaneous return. Another finding
of the empirical test is the asymmetric impact of buying and selling of mutual funds
on stock return. We find that mutual fund buying has stronger impact on stock return
than mutual fund selling.

In general, the test shows that mutual fund holdings and trading are positively
correlated with stock returns, and our evidence supports the hypothesis that the price
impact arises from momentum trading or price pressure.

Acknowledgments This research was supported by the Social Science Fund of Sichuan Province
(Grand No. Xq13B01).

References

1. Acharya VV, Pedersen LH (2005) Asset pricing with liquidity risk. J Financ Econ 77:375–410
2. Anand A, Irvine P et al (2012) Performance of institutional trading desks: an analysis of

persistence in trading costs. Rev Financ Stud 25:557–598
3. Brown NC, Wei KD, Wermers R (2013) Analyst recommendations, mutual fund herding, and

overreaction in stock prices. Manag Sci 60:1–20
4. Cai F, Zheng L (2004) Institutional trading and stock returns. Financ Res Lett 1:178–189
5. Campbell JY, Ramadorai T, Schwartz A (2009) Caught on tape: institutional trading, stock

returns, and earnings announcements. J Financ Econ 92:66–91
6. Chih-Hsien JY (2008) Institutional trading and price momentum. Int Rev Financ 8:81–102
7. Chiyachantana CN, Jain PK et al (2004) International evidence on institutional trading behavior

and price impact. J Financ 59:869–898
8. Daniel K, Grinblatt M et al (1997) Measuring mutual fund performance with characteristic-

based benchmarks. J Financ 52:1035–1058
9. Dasgupta A, Prat A et al (2011) Institutional trade persistence and long-term equity returns. J

Financ 66:635–653
10. Foster FD, Gallagher DR et al (2011) Institutional trading and share returns. J Banking Financ

35:3383–3399
11. Grinblatt M, Titman S, Wermers R (1995) Momentum investment strategies, portfolio perfor-

mance, and herding: a study of mutual fund behavior. Am Econ Rev 85(5):1088–1105
12. Hu G, McLean RD et al (2014) The year-end trading activities of institutional investors: evi-

dence from daily trades. Rev Finan Stud 27:1593–1614
13. Jegadeesh N, Titman S (1993) Returns to buying winners and selling losers: implications for

stock market efficiency. J Financ 48:65–91
14. Keim DB, Madhavan A (1996) The upstairs market for large-block transactions: analysis and

measurement of price effects. Rev Financ Stud 9:1–36



The Impact of Mutual Fund Investment Trading on Stock … 695

15. Rebello M, Wei KD (2014) A glimpse behind a closed door: the long-term investment value
of buy-side research and its effect on fund trades and performance. J Account Res 52:775–815

16. Ren F, Zhong LX (2012) The price impact asymmetry of institutional trading in the Chinese
stock market. Physica A: Stat Mech Appl 391:2667–2677

17. Yan XS, Zhang Z (2009) Institutional investors and equity returns: are short-term institutions
better informed? Rev financ Stud 22:893–924



Does Hedge Fund Support Pakistan Economy

Asif Kamran and Syed Faheem Hasan Bukhari

Abstract This study analyzes and explores the Scope of Hedge Fund in Pakistan.
Due to time constraint the research is limited to certain core point. Main focus is
to find out the reason why Hedge fund is not started in Pakistan till yet, what are
the major problems hedge fund has to encounter. What style and strategies will be
successful in Pakistan and what are the main challenges that the hedge fund has
to face in Pakistan. Due to shortage of primary data availability in references of
Pakistan, the study is design in an exploratory form to get the maximum insight
over the topic with in limited time period. Data is gathered through questionnaire
and interviews both are structured. The respondents of the study are the top head of
Investment banks as the investment bank play a big role in bringing Hedge funds in
Pakistan economy and financial market. One interview is conducted with Dr. Ishrat
Husain to find out the view of regulatory bodies over the issue. Through this research
it is found that there are very few investment strategies/option available for hedge
fund which can limit the huge investment style menu to very few options. And if we
start hedge fund on this stage it would not as successful idea as it globally.

Keywords Commodity trading advisor (CAT) ·Collateralized mortgage obligations
(COMs) ·Real estate mortgage investment conduits (REMICs) · Stripped mortgage-
backed securities (SMBSs) · Fund of funds (FOF) · Hedge fund returns (HRF)

A. Kamran (B)

School of Management and Economics, University of Electronic Science
and Technology of China, Chengdu 610054, People’s Republic of China
e-mail: asifkamrankhan@gmail.com

S.F.H. Bukhari
Management Science Department, Shaheed Zulfikar Ali Bhutto Institute of Science
and Technology (SZABIST), Karachi 75600, Pakistan

© Springer-Verlag Berlin Heidelberg 2015
J. Xu et al. (eds.), Proceedings of the Ninth International Conference
on Management Science and Engineering Management, Advances in Intelligent
Systems and Computing 362, DOI 10.1007/978-3-662-47241-5_59

697



698 A. Kamran and S.F.H. Bukhari

1 Introduction

Over the last 10 years, the hedge fund market has grown dramatically. Although
hedge funds have existed since Alfred Winslow Jones created the first one in 1949,
the market began experiencing its most rapid growth in recent years. Since the start
of the bear market in stocks 4 year ago, hedge funds have been growing at the rate
of 20 % per year. A total of 8,500 such funds control 1.0 trillion dollars, up from
400 billion dollars 5 year ago and 100 billion dollars 10 year ago; the hedge fund
market is expected to increase to 1.5 trillion in the next 2–5 years. There are several
factors driving the growth and interest in this area. Robert [1] found that hedge fund
provides the investor new source of return as well as opportunities for diversification.
In addition to the allure of higher absolute returns, hedge funds, with generally
low correlations to traditional investments, are being considered as complements
to traditional investment strategies in order to improve total portfolio performance.
A hedge fund is an investment structure for managing a private, loosely regulated
investment pool that can invest in both cash (physical securities) and derivative
markets on a leveraged basis. Legally, it may take the form of a limited partnership,
corporation, trust or mutual fund depending on where the fund is domiciled and the
type of investors it seeks to attract. The domicile or legal location of the hedge fund
determines the structure i.e. domestic or offshore fund. As with more traditional styles
of management, investor funds are allocated either in a separate account or, more
typically, in a commingled fund. The hedge fund structure gives investors access to
hedge fund managers with specialized investment skills. Return opportunities come
from two sources: an expanded universe of securities from which to trade; and a
wider array of trading strategies implemented without the constraints of regulation
common to most traditional products. For example, hedge fund strategies may access
financial and commodity markets and may take Long, short, spread, option and
levered positions in any of these markets. Therefore, Hedge funds provide unique
risk and return characteristics that are not accessible by traditional asset management
strategies. The hedge fund structure encompasses a diverse set of strategies that
attempt to create value by exploiting specific arbitrage opportunities. Investment
objectives vary widely among hedge fund managers. Liaw [2] proposed some hedge
fund strategies, such as market neutral, attempt to avoid systematic exposure to
the capital markets and are true diversifiers. Other hedge fund strategies, such as
equity long/short, are more sensitive to the same market factors as traditional stock
strategies. The institutional investment universe consists of traditional investments
and a growing list of alternative investments. Figure 1 illustrates where hedge funds
fall within the universe of investment opportunities with respect to their composition
versus more traditional investments.
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Fig. 1 Analysis of
successful hedge fund

2 Statement of Problem

The Research Objective is to analyze “The Scope of Hedge Fund in Pakistan Econ-
omy”. The idea is to explore the difficulties faced by the investors without Hedge
funds. The Research objective is to explore the following.

(1) Hedge fund will or will not Successful in Pakistan?
(2) What will be the sources of Capitals for Hedge fund?
(3) What Improvements are required in infrastructure and Legal Regulation?
(4) Who are the potential users of Hedge fund?
(5) How hedge fund operation Support the Pakistan Economy?

1. Significance of Study
This research is helpful for those who are interested in starting Hedge Fund in Pakistan
i.e. Brokerage Houses, trading Firms, Private Individual and Institutional investors.
The research is also helpful for those who want to learn about the hedge fund impor-
tance within Pakistan. It is useful for all Bahria students who want to do their research
in same direction and all faculty members.

2. Scope
Due to the limited time and resource availability, Research will be conduct in Karachi.
The time period is for 3 month. The hedge fund is started its operation since 1949
but this research will only analyzed the data from 2000 to 2005.

3. Delimitation
There are number of delimitation that affects the validity and effectiveness of
research. Some of them are government policies, performance of financial sector
of Pakistan on the broadest level.

3 Literature Review

Convertible Arbitrage involves purchasing a portfolio of convertible securities, gen-
erally convertible bonds, and hedging a portion of the equity risk by selling short the
underlying common stock. Distressed Securities strategies invest in, and may sell
short, the securities of companies where the security’s price has been, or is expected
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to be, affected by a distressed situation. This may involve reorganizations, bankrupt-
cies, distressed sales and other corporate restructurings. Emerging Markets funds
invest in securities of companies or the sovereign debt of developing or “emerging”
countries. Investments are primarily long. “Emerging Markets” include countries
in Latin America, Eastern Europe, the former Soviet Union, Africa and parts of
Asia. Equity Hedge investing consists of a core holding of long equities hedged
at all times with short sales of stocks and/or stock index options Ackermann [3].
Some managers maintain a substantial portion of assets within a hedged structure
and commonly employ leverage. Equity Market Neutral investing seeks to profit
by exploiting pricing inefficiencies between related equity securities, neutralizing
exposure to market risk by combining long and short positions. Equity Non-Hedge
funds are predominately-long equities although they have the ability to hedge with
short sales of stocks and/or stock index options. These funds are commonly known as
“stock-pickers”. Event-Driven is also known as “corporate life cycle” investing. This
involves investing in opportunities created by significant transactional events, such
as spin-offs, mergers and acquisitions, bankruptcy reorganizations, recapitalizations
and share buy backs. Fixed Income: Arbitrage is a market neutral hedging strategy
that seeks to profit by exploiting pricing inefficiencies between related fixed income
securities while neutralizing exposure to interest rate risk.

Fixed Income: Convertible Bonds fund are primarily long only convertible bonds.
Convertible bonds have both fixed income and equity characteristics [4]. Fixed
Income: Diversified funds may invest in a variety of fixed income strategies. While
many invest in multiple strategies, others may focus on a single strategy less followed
by most fixed income hedge funds. Fixed Income: High-Yield managers invest in
noninvestment grade debt. Objectives may range from high current income to acqui-
sition of undervalued instruments. Fixed Income: Mortgage-Backed funds invest in
mortgage-backed securities. Many funds focus solely on AAA-rated bonds. Instru-
ments include: government agency, government-sponsored enterprise, private-label
fixed- or adjustable-rate mortgage pass-through securities, fixed-or adjustable-rate
collateralized mortgage obligations (CMOs), real estate mortgage investment con-
duits (REMICs) and stripped mortgage-backed securities (SMBSs). Macro involves
investing by making leveraged bets on anticipated price movements of stock markets,
interest rates, foreign exchange and physical commodities. Macro managers employ
a “top-down” global approach, and may invest in any markets using any instruments
to participate in expected market movements.

Chan et al. [5] proposed Market Timing involves allocating assets among invest-
ments by switching into investments that appear to be beginning an uptrend, and
switching out of investments that appear to be starting a downtrend. Merger Arbitrage,
sometimes called Risk Arbitrage, involves investment in event-driven situations such
as leveraged buy-outs, mergers and hostile takeovers. Regulation D Managers invest
in Regulation D securities, sometimes referred to as structured discount convertibles.
The securities are privately offered to the investment manager by companies in need
of timely financing and the terms are negotiated. Statistical Arbitrage utilizes quan-
titative analysis of technical factors to exploit pricing inefficiencies between related
equity securities, neutralizing exposure to market risk by combining long and short
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positions. Short Selling involves the sale of a security not owned by the seller; a
technique used to take advantage of an anticipated price decline. To affect a short
sale, the seller borrows securities from a third party in order to make delivery to the
purchaser. The seller returns the borrowed securities to the lender by purchasing the
securities in the open market. Fund of Funds invest with multiple managers through
funds or managed accounts. The strategy designs a diversified portfolio of managers
with the objective of significantly lowering the risk (volatility) of investing with an
individual manager. The Fund of Funds manager has discretion in choosing which
strategies to invest in for the portfolio [6].

4 Research Methodology and Procedures

1. Research Design
Research is design in a way to get as much as information possible within limited
time. As there is no hedge fund in Pakistan, so the primary data is conducted through
interviews and questionnaire so the research is exploratory in nature. The purpose is
to get the enough information that supports the research objectives. The causal study
is also done to find out weather or not the hedge funds provide any good opportunities
for the big investors. For this purpose investment styles of hedge fund are analyzed
and also define their pros and cons. Graphical representation is used to present the
data for analyzing past, present and projection trends. Interviews are conducted with
sophisticated investors like PIPIC, Arif Habib, Jhangir Siddique. In the end final
interview is done with the Governor, State bank of Pakistan that defines the Scope
and Hedge fund in Pakistan.

2. Respondent of the Study
Respondents for the research are the financial institutions specially the top heads of
investments bank.

3. Instruments
The data for research is conducted through primary and secondary Sources.

For primary Data Collection;
(a) Questionnaires (structured and open-end). (b) Interviews (structured).

4. Treatment of Data/Information/Analysis
The data gathered through the sources are analyzed by quantitative and qualitative
methods and verbal analyses also done.

5. Presentation Analysis
The final presentation of the data is in the form of tables, graph and charts and in
qualitative fame work to present the clear picture of the Scope of hedge fund in
Pakistan economy. Table 1 shows the major Characteristics of Selected Hedge Fund
Styles.
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Question No. 1: In reference to hedge fund business in Pakistan, which from will be
more successful?

(a) Limited Liability Partnership, (b) Corporation, (c) Trust, (d) Mutual Fund.
Purpose of Question: To determine which form of Hedge fund business the

investors wants to adopt in Pakistan.
Analysis: Figure 1 shows the analysis of successful hedge fund business in Pak-

istan. Majority of respondents are in favor of structuring hedge fund as LLP, well
Trust will be next favorable option.
Question No. 2: Should the Hedge fund industry be re gulated through SECP?

(a) Yes, (b) No.
Purpose of Question: To find out, what are the opinions of Pakistan’s Institutional

Investors about the regulation of hedge fund, which is now a days hot issue in hedge
fund industry.

Analysis: Figure 2 show the analysis of result, it is prove that most of the investors
are in favor of hedge fund regulation, only 30 % (3) asking for its non-regulation.
Question No. 3: What is the most important ingredient you look for before making
an investment in a hedge fund? (Rank them)

(a) The Fund Returns, (b) The Length Of The Fund’s Track Record,
(c) The Portfolio Manager’s Background, (d) The Fund Volatility,
(e) The Fund Strategy, (f) The Fund Liquidity And Transparency,
(g) Whether The Fund Has Had An Audit, (h) The Fund Infrastructure Providers.
Purpose of Question: To find out what will be the most important thing that has

to be analyzed before making an investment in hedge fund.

Q 3 Analysis of Investment feature 

The Fund Returns 27.59% (8) 

The Length Of The Fund's Track 
Record 6.90% (2) 

The Portfolio Manager's Background 27.59% (8) 

The Fund Volatility 6.90% (2) 

The Fund Strategy 20.69% (6) 

The Fund Liquidity And 
Transparency 3.45% (1) 

Whether The Fund Has Had An 
Audit 3.45% (1) 

The Fund Infrastructure Providers 3.45% (1) 

Analysis: Q3 shows that Majority of respondents are interested in Fund Returns
and Manager’s background while the strategy fund employed is also important to
analyze.
Question No. 4: What should be the “LOCK UP” period? (Normally, 6month)

(a) 6 months. (b) 1 year. (c) 1.5 year. (d) 2 year. (e) Above 2 year.

Fig. 2 Opinion of regulation



704 A. Kamran and S.F.H. Bukhari

Purpose of Question: The idea behind the question is to find out what will be min-
imum duration for investment in hedge fund. It shows investor’s desire for liquidity.

Analysis: Figure 3 show that The result is quite ambiguous. Still we can say
minimum duration can be 2 years or any time period above 2 years. No respondents
are in favors of 6 month lock up period. While the other options also get some marks.
Question No. 5: The Return of hedge fund mostly depends upon.

(a) Performance of the market in which hedge fund manager invest.
(b) The style and strategies that hedge fund managers employ.
(c) Level of manager skill and expertise.
Purpose of Question: To find out the factor that is most important in generating

the returns from hedge funds.
Analysis: Figure 4 show that the amongst the three, the most important one is the

performance of the market in which the hedge fund manager makes investment. The
other two are also very important in driving the return.
Question No. 6: What should be the minimum amount of investment? (In US minimum
amount for investment is 250,000$)

(a) Rs. 5 million. (b) Rs. 10 million. (c) Other.
Purpose of Question: To find out the investor’s desirability to invests in Hedge

fund as a new investment opportunity. It shows the tolerance level against the risk
bring by any new financial product.

Analysis: Figure 5 result show that 50 % of the respondents think that the mini-
mum investment should be 10 million and 30 % are in favor of option 3 i.e. above 10
million. So the favorable option according to respondents is option 1.

Fig. 3 Lockup period

Fig. 4 Return of hedge fund

(a)
(b)

(c)
50%

Fig. 5 Minimum amounts
of investment
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Question No. 7: From the following, which strategy will be more successful in Pak-
istan?

(a) Selling Short, (b) Using Arbitrage, (c) Trading Options Or Derivatives, (d)
Investing In Anticipation of A Specific Event, (e) Investing In Deeply Discounted
Securities, (f) Using leverage, (g) Investing in “Out-Of-Favor” Or “Unrecognized
Undervalued Securities”(Debt and bond).

Purpose of Question: To determine which strategies hedge fund can easily adopt
in Pakistan by keeping in mind the present status of financial market environment.

Analysis: Figure 6 show that the most of the respondents are in favor of option
(g) while the other choice can option (b), (e), (f) and (g). These ranking are given by
the respondents.
Question No. 8: What type of Hedge Fund you are most interested to invest?

(a) Convertible arbitrage. (b) Distressed Securities. (c) Equity hedge. (d) Event
Driven. (e) Fixed Income-High Yield. (f) High Growth. (g) Macro. (h) Risk arbitrage.
(i) Relative Value.

Purpose of Question: To find out what style hedge fund can easily adopt in Pakistan
from the huge menu.

Analysis: Figure 7 show the Relative Value and macro can be the best option. The
other can also be employed in Pakistan. But the most favorable are choices are c, e,
f, g, h, and i.
Question No. 9: What will be the Source Of capital for Hedge fund in Pakistan? (If
possible, define in term of Percentage)

(a) Financial Institutions, (b) Endowments, (c) Foundations, (b) Pension Fund Of
Funds HNW, (e) Families/individual investors, (f) Offices.

Purpose of Question: To find out the sources of capital for hedge fund industry and
the contribution ratios. Analysis: Fig. 8 show that The largest source of capital is the
Families/Individual investors they can bring most of the capital for hedge fund while
the second biggest source can be financial institutions. Endowments, foundation and
Pension fund can also contribute but the ratio will be very low.

Fig. 6 Strategy
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Fig. 7 Type of hedge fund

Fig. 8 Source of capital

Fig. 9 Fees structure

Question No. 10: What should be the Fees Structure for hedge fund? (Normally 1%
of assets plus 20% of profits).

(a) Performance based, (b) Fixed income, (c) Mixed (1 % of assets plus 20 % of
profits).

Purpose of Question: To find out the acceptable fee structure in Pakistan from
the point out view of investors. Analysis: Fig. 9 Majority of respondents are in favor
of mixed i.e. 1 % of the asset plus 20 % of Profit, which is one of the common fees
structure globally. Some respondents assume that it should be performance based
while some give there vote to fixed income.
Question No. 11: In Pakistan, Hedge fund mostly face.

(A) Political Risk, (B) Transfer Risk, (C) Settlement Risk, (D) Credit Risk, (E)
Legal Risk, (F) Market Risk, (G) Liquidity Risk, (H) Operational Risk.
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Fig. 10 Risk of hedge fund

Fig. 11 Investor portfolio

Purpose of Question: To find out the types of risk hedge fund will has to face
in Pakistan. And what safeguard. Analysis: According to Fig. 10 respondents, on an
initial hedge fund has to face almost every type of risk. But the major one will be the
operation, marketing and credit risk.
Question No. 12: What place do you believe that hedge fund investing should have
in an investor’s portfolio, amongst the other asset classes?

(a) 5 % of Assets value, (b) 10 % of Asset Value, (c) 15 % of Asset Value, (d)
Other.

Purpose of Question: To find out what should be the favorable percentage of
allocation with respect to total assets. Analysis: According to Fig. 11 the majority
investor i.e. 50 % are saying that , almost 5 % of the total assets should be allocated
to hedge fund. 30 % saying that 10 % is the better option and 2 % are in favor of the
15 %.
Question No. 13: Does Local Index will provide good bench mark for performance
measurement of hedge fund?

(a) Yes, (b) No.
Purpose of Question: To find out bench mark problem faced by the hedge fund in

Pakistan what will be possible remedies to reduce problem that occur because of this.
Analysis of Result: Well 80 % of the respondents are in favor of that local index will
not provide an adequate measure for performance evaluation while 20 % are saying
that its better to evaluate the performance by using Local indexes and bench marks
(Fig. 12).
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Fig. 12 Performance
measurement

5 Findings from Interview

With Dr. Ishrat Husain (Governor State Bank of Pakistan) Coordinated, By
Mr. Suleman Chhagla (Head of Risk Management) and Mr. Sibt-ul-husnain (Assis-
tant Director).

Hedge funds are private, usually unregulated investment pool, in which fund
manager and investors invest together. The distinctive feature of such fund is that
they yield an absolute return i.e. the return that does not depends on the financial
market movement. In Pakistan, hedge fund can adopt the form as a limited Company
or as a limited liability partnership. According to Dr. Ishrat Husain as a regulatory
body and as an investor suggested that hedge fund industry should be regulated
through federal bodies both globally and also in Pakistan.

“Lock up period can be any timing on which the parties agree. As an investment
base the minimum amount of investment for institutional investors can not be more
then 5 lacs (3000$) for an initial period. Because there are few firms who have
high risk appetite they generally make their investment in traditional investment
opportunities (bond and stock Market). 5 % of the total asset can be the suitable
figure for investment”. Said by Dr. Suleman Chhagla. So in order to expand its user
the minimum amount of investment should be low as much as possible. In Pakistan,
the investment strategies available for hedge funds are very limited. Short selling is
very rare and only done by professional and educated investor. Short selling is totally
illegal in Stock exchanges. We don’t have mature derivative market. Derivative might
take 3–4 year to become mature. The option can be to invest in “out-of-favor” and
“unrecognized undervalued securities”, “arbitrage” and “Leverage”. Even there are
some other hedging techniques available for hedge fund but there are not sufficient
to support the hedge fund industry at this stage. Hedge fund can select very few
styles from huge menu. The reason can be again the same the limited investment
opportunities. Yes! Hedge fund has scope in Pakistan but not at this stage. If we start
hedge fund in such situation that I mentioned above its impossible for hedge fund to
become successful in Pakistan as it globally.
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Findings from Questionnaire:
Hedge funds, including fund of funds (“Hedge Funds”), are unregistered private
investment partnerships, funds or pools that may invest and trade in many different
markets, strategies and instruments (including securities, non-securities and deriv-
atives) and are NOT subject to the same regulatory requirements as mutual funds,
including mutual fund requirements to provide certain periodic and standardized
pricing and valuation information to investors. Through the research following facts
are analyzed. As long as regulation of hedge fund is concern it should be regulated
but it directly affects its performance. As freedom is necessary because hedge fund
managers require to do anything they want to do i.e. they can use leverage short
selling and derivative instruments without any limitation. This is a basis difference
between Hedge fund and other financial product and by using such hedging tech-
niques, hedge fund yields “absolute return”, and because of non regulation it is very
risky investment and the money of investors is on sake. Hence to provide security to
the money of investor it should be regulated. Well this is up to the fund manager to
use its freedom to creates high risk portfolio or risk averse portfolio. The return that
hedge fund generate depends on three factors. One is the performance of the market
in which hedge fund manager invest, second is the style and strategies that hedge
fund managers adopt and third is level of manager skill and expertise. And according
to the respondents the most important is the performance of the market in which
manager invest. Hedge fund is not for every body. Most investors are ineligible to
invest in hedge fund. Even not for all those who have high investment horizon and
high tolerance for the volatility of the Standard Equity Investing. An investor must
keep this in mind that hedge fund represent speculative investment and involve high
degree of risk and he/she can lose all or substantial portion of his/her investment. So
every investor before making investment in hedge fund or any other financial prod-
ucts must know its positive and negative aspects. The minimum amount of investing
can be above 10 million or may be 10 % to 15 % of total asset value (for institutional
investor) which can be increase up to 25 %. But important thing is that investor must
have the financial ability, experience and willingness to take risk of investment in
hedge fund.

6 Conclusion

Globally Hedge fund is one of a very successful product. Hedge fund also possesses
an ability to do well in under developing countries as it already do in Srilanka,
Malaysia, India. Well in Pakistan economy after analyzing the facts it is concluded
that the scope is not good at this stage. The Essential thing is to educate the peoples
about the advantages for this alternative/non traditional investment. Generally, peo-
ples are looking for the high profit by taking certain type of risk. Over here we have
enough institutions and families who can be the potential user of hedge fund. But the
need is to create awareness. Investment banks are required to recognize their role.
There is also need to develop professional expertise, increase derivative instrument
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and improved our stock and debt market. These all may take time for about 3–4 years.
And after making all such improvement we will be in better position to get advantage
from this different type of financial product.

Recommendations:
Hedge fund provides us new way for money management. It’s also called alternative
to traditional investment styles. It requires different things to work with. After this
3 month research process I would like to recommend following suggestion related to
scope of hedge fund in Pakistan economy.

(1) There is a strong need to improve our derivative market.
(2) To get more depth in stock and bond market.
(3) It is also necessary to develop professional expertise in people because the invest-

ment decisions require high skills.
(4) Investment bank must recognize their role and play their part in the game and

they should make things easier to understand even for uneducated investors.
(5) And in last, investors must get know-how about the positive and negative aspects

of particular financial product to economy before making an investment decision.
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Empirical Research on Influence of China
Listed Companies Using the Derivative
Financial Instruments on Its Own Value

Chaojin Xiang and Chong Bi

Abstract The exchange rates and interest rates fluctuations are being aggravated
by the floating exchange rates system and the interest rates liberalization, increas-
ing corresponding risk that enterprise facing up to, which accelerates the enterprise’s
need of using derivative financial instruments for risk management. According to the
general study of western scholars, enterprises which use derivative financial tools can
effectively improve the value of the company. Especially under the background of
economic globalization, more andmore Chinese enterprises began to use derivatives,
in the process of trade, to evade the risk of exchange rates and interest rates fluc-
tuations. Based on 46 China Shanghai a-share listed companies, empirical research
finds that using derivatives have observably positive impact on the value of listed
companies, but the effect was extremely limited, which is different with the analysis
of the western scholars that companies using derivatives can significantly enhance
the value of the company. The reason of cross light is that Chinese listed compa-
nies will be influenced by some disadvantages on the subjective and objective when
they use derivative financial tools, affecting the effects of the value of company by
using of derivative financial instruments, because of this, this paper puts forward the
corresponding policy recommendations.

Keywords Derivative financial tools · Value of company · Risk management

1 Introduction

The gold standard collapsed along with the opening of the Bretton Woods Confer-
ence in 1970s, some of the developed countries represented by the United States
and Western Europe have adopted floating exchange rates system. After entering
the 80s, America began to relax restrictions on interest rates, thus interest rates
entered a stage of liberalization. Floating exchange rates system and the interest rates
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liberalization make the corresponding risks increasingly apparent in the whole finan-
cial system. Especially under the background of the deepening global economic inte-
gration process, these significant risks further threaten enterprise operation stability.
Therefore, demand of strengthening the enterprise’ ability of risk control has become
more and more urgent.

Fluctuations of exchange rates and interest rates sped up the development of
derivatives hedging the risk of exchange rates and interest rate, which provides more
options for the companies when dealing with such risks. Derivative financial instru-
ments began to play an important role in the process of risk configuration, and
especially entering the 21st century, companies are popular in the use of deriva-
tive financial tools. The 24th annual meeting of international swaps and derivatives
association (ISDA) held in Beijing On April 23, 2009, in the annual meeting ISDA
released a report about the usage of derivatives in the world top 500 enterprises,
which shows that more than 90% of the world top 500 companies manage their risk
by using derivative financial instruments, this data have grew compared with the
results of a survey in 2003. According to the newest survey published in the latest
annual meeting in Singapore in 2013, the scale of the world top 500 enterprise using
derivative financial instruments for risk management is still at a high level.

The development of economic globalization also speed up the pace of the Chinese
enterprise internationalization management, enterprises are inevitably affected by
the international economic environment in the process of actively participating in
international competition, facing various aspects of the potential threats such as
the commodity and raw materials price risk, exchange rates risk and interest rates
risk and so on. Especially some enterprises producing products related with futures
such as companies of non-ferrous metal processing, energy products production and
processing, agricultural production and other enterprises engaged in the foreign trade
aremore andmore using derivative financial instruments to hedge risks, guaranteeing
the stable operation.

As a kind of financial contracts, derivatives have the characteristic of “double-
edged sword”. The rational use of derivative financial tools can make the enterprise
effectively evade the risks of rawmaterials andfinishedgoods cost fluctuations,which
is beneficial to maintain the stability of production and business operation. However,
derivative financial instruments will also bring great losses to the enterprise and
even cause the enterprise bankruptcy if companies improperly use of it. For instance,
in 1995 the salesman who illegally traded derivatives trading caused huge losses,
and eventually the British Barings Bank had to file for bankruptcy; in China, more
than a few enterprises suffer great losses due to improper derivative financial tools
operation. For example, Eastern Airlines loses more than 60 billion by operating fuel
option hedging.

Today, increasingly enterprises begin to use derivative financial instruments for
risk aversion, by empirical study, we can find that the enterprise using derivatives
whether increase enterprise value and further reveal that the impact of derivative
financial tools on the enterprise value, and we can offer some proposals about how
to use derivative financial tools for the enterprise and how to develop the derivatives
market for regulator.
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2 Relevant Theories and Literature Review

2.1 Relevant Theories on Influences of Using Derivative
Financial Tools on the Value of Company

For the motivation of enterprises using derivative financial tools and its influence on
corporate value, academic community put forward three theories.

1. MM Theory
Modigliani andMiller proposed the famousMM theory in 1958. This theory assumes
the market is so perfect that there is no tax and transaction costs, and all kinds of
parties on the market grasp the same trading information. On this market, whether
companies use derivative financial instruments or not will not influence their value,
as investors can make leverage to earn the same investment returns.

Li [12] selected the 44American’smetallurgical companies financial data between
1991 and 2000 for research, it is concluded that these companies using derivative
financial instruments have not affect the value of the companies.

2. The Company Value Maximization Theory
There is no perfect market in the real world. For main body on the market, there
exists various limiting conditions, such as tax constraint, transaction cost, financing
cost and so on. Therefore, the later scholars started to relax the assumptions of MM
theory and put forward the theory of company value maximization, who studied
influence of using derivative financial instruments on the value of the company. This
theory is that the use of derivative financial tools can improve the company’s cash
flow situation, affecting the company’s investment decision-making and ultimately
reflected in the change of the value of the company.

(1) Save Tax
Company’s ability to loan can be enhanced by using derivative financial tools, so
the effect of tax shield producing by debt financing can increase the value of the
company. For example, using options futures for company risk management can
reduce the company’s cash flow volatility and promote corporate finance credit, so
the company can easier to get bank loans and release the ability of tax shield.

The research of Dionne and Triki [6] shows that using derivatives can effectively
reduce the tax burden.Theyuse numerical simulationmethods to quantify the benefits
of reducing taxable income volatility after companies used the derivative financial
instruments.

(2) Reduce Financial Distress Cost
Company’s financial leverage rate, to a certain extent, reflects its financial condition.
The usual thinking is that the higher the company’s leverage rate, the greater the
chance in financial trouble. Companies using derivatives can maintain the stability
of cash flow; reduce the probability of financial crisis and increase the value of the
company.
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Graham and Rogers’s [8] research results indicate that, the higher the financial
leverage of the company, the more the tendency to use derivative financial instru-
ments for risk management, which is same as the viewpoints of company which use
derivatives for reducing the cost of financial distress.

(3) Avoid the Lack of Investment
If the enterprise’s cash flow situation is not stable,meanwhile company seeking exter-
nal financing cost is too high, the company is likely to give up favorable investment
opportunities due to shortage of current. However, through the use of derivative finan-
cial instruments can stabilize cash flow volatility, making the company has plenty
of own capital to invest project. After the project produce income, the value of the
company will also get corresponding improvement.

Géczy et al. [7] get the conclusion that there is a positive correlation between use
of derivative financial tools and R&D spending. R&D spending itself as a kind of
investment spending, which is identical with the view of company with the use of
derivative financial instruments can alleviate inadequate investment.

3. Manager Utility Maximization Theory
The separation of operation right and ownership make the company produce the
principal-agent relationshipbetweenmanagers and shareholders. The conflict between
them is different target between interests of the shareholders and the operator. When
managers are facing with investment opportunities, they think more from personal
point, rather than from the interests of shareholders. In order to secure their position
and wealth; to make their own management level recognized by the talent market
and to increase their market value, managers often want to maintain the company’s
stability of operating and cash flow and avoid risk as far as possible. In this case,
managers will be more willing to use derivatives to manage company’s risk, so they
will choose to give up some potential investment opportunities, which will damage
the shareholders’ interests.

The study of Breeden and Viswanathan [3] found that the more the manager hold
stocks, the more inclined to use derivative financial tools, providing strong evidence
for manager utility maximization theory.

2.2 Literature Review

Allayannis et al. [1] made the pioneer empirical study about the impact of derivative
financial tools use on the value of the company. They found that use of derivative
financial instruments company can achieve 3–8%of the value appreciation, choosing
data from 720 non-financial companies in the United States between the year of 1990
and 1995 as the sample. Bartram et al. [2] selected 7319 non-financial companies
from 50 countries as the research sample, finding that the use of derivative financial
tools can increase the value of the company, but the effect is not significant. Carter
et al. [4] selected 28 American airlines between the year of 1992 and 2003 as the
research sample, finding that companies buying fuel options can win 10% of the
value increase.
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In China, compared with abroad, empirical study of impact of using derivative
financial instruments on the value of the company started relatively late. Chen and
Wang [5] selected 39 non-ferrous metal processing or manufacturing industry listed
in Shanghai or Shenzhen Stock Exchange in China as the research sample, finding
that the use of derivative financial tools did not significantly enhance the value of the
company. Zhao [14] chosen 28 listed companies of nonferrous metals industry from
China as the researchobject and set the observationperiod from2004 to 2008, through
the empirical study he found that the use of derivative financial tools have significant
positive influence on the value of the company. Guo [10] made a research about
the Chinese listed non-financial transnational companies, choosing 968 groups from
2007 to 2009 as the observations, and get the conclusion that using foreign exchange
derivatives to manage exchange rates risk can bring an average of 10% of the value
premium. Si [13] selected Chinese manufacturing listed companies during 2007–
2011 as the observation, the empirical results showed that Chinese manufacturing
industry listed companies using derivative financial instruments has a positive effect
on corporate value, the effect size as high as 15%.

There are some scholars hold the opposite view, they consider the industry risk and
external economic environment changes are the primary risk on enterprise, which
will exert a significant impact on the company value. The exchange rates risk and
interest rates risk are the secondary risks, so hedging these risks will not have a
significant impact on the company value and the premium is not obvious. Guay and
Kothari [9] selected the 234 large non-financial companies from United States as
research samples, finding that companies’impact of using derivatives on its value is
limited.

Although academic community has controversial views on whether company can
use derivative financial instruments to raise their value or not, the existing research
results give more support to the viewpoint that use of derivatives can improve the
value of the company. Companies use derivatives can reduce the friction cost, save
tax expenditures, avoid the company in financial trouble, reduce the yield loss caused
by inadequate investment and promote company’s value.

3 Status Quo of Use of Derivative Financial Instruments
with in Listed Companies in China

Only a few enterprises use derivative financial instruments in China at present stage,
and it reflects a certain industry characteristics. According to the Jia’s [11] study,
the 116 listed companies in China have used derivative financial tools in 2008.
These enterprises are mainly distributed in the mechanical equipment, instrumenta-
tion industry, metal, nonmetal industries, transportation and warehousing, otherwise
a small number of enterprises in agriculture, commercial brokers and agents and
other industries.
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Companies choose more derivative financial tools related to the exchange rates
and interest rate. Using this kind of derivative financial instruments mainly are enter-
priseswhich are engaged in import and export trade, large amount of foreign exchange
settlement and exporting products to overseas. In addition, agriculture, equipment
manufacturing and air transport enterprises often choose goods class derivative finan-
cial tools to deal with the risk of price fluctuations caused by price of raw materials.

Due to domestic derivativesmarket development is not perfect and the operation of
foreign derivative financial instruments is limited by trading qualification and rules,
the number ofChinese listed companieswhichusederivativefinancial instruments for
risk management are few, and the amount involving derivatives exchange frequency
is not huge. In the scale of world, there is a big gap between Chinese and foreign
listed companies about the use of derivatives for the risk management, which brings
greater risks to Chinese enterprises in business activities. In general, only a handful of
Chinese listed companies use derivative financial instruments for risk management,
in addition, the type and amount of using derivative financial tools still need to be
improved.

4 Model and Analysis

4.1 Sample Selection

This paper takes 2009–2013 in annual as the period of observation, and screens to
China Shanghai a-share listed companies to determine the sample selection according
to the following conditions: (1) companies used derivative financial instruments at
least 3years from 2009 to 2013 as the research sample; (2) because ST and ∗ST
shares are more likely to be manipulated, which will cause the relevant financial data
unreal, so we reject such companies including in any year becoming ST and ∗ST
companies; (3) financial companies are usually derivative financial tools maker, it is
difficult to distinguish their usage of derivative financial instruments, thus excluding
financial companies; (4) remove companies, related to research variables, of the lack
of financial data. According to themethod of screening above, we ultimately selected
46 China Shanghai a-share listed companies as research samples.

4.2 Variable Selection

1. Dependent Variable
This paper research on influence of using the derivative financial instruments on
corporate value, we define the value of the company as the dependent variables.
Tobin Q value is most widely used in the measure of the value of the company, the
higher Tobin Q value indicates that the higher value of company. For the reason of
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easy to access data, this article uses the simple Tobin Q value calculation method.
Tobin Q = (value of equity + market value of net debt)/total assets book value. These
indexes take from the Taian database.

2. Independent Variables
The China ministry of finance issued the new accounting standard for business enter-
prises in February 2006. The new rules require listed companies disclose information
about the type of derivative financial instruments, book value, fair value and earnings
of fair value in the notes section of the financial report since January 1, 2007. So
we can get more accurate specific situation of the listed companies about usage of
derivative financial instruments. This paper selects the final fair value of derivative
financial instruments disclosed in the listed company annual report as independent
variables.

3. Control Variables
(1) Company Assets
Company’s risk management requires the corresponding cost. Only large companies
can afford this part of the cost, so they incline to use derivative financial tools as a
choice of risk management. This paper chooses the logarithmic of final book value
of total assets as variable measuring the company’s assets scale.

(2) Profitability
For the listed companies, the stronger the profitability, the more likely they get
investors to chase after, leading to its positive shares reaction on the stock market’s,
which makes the higher company’s market value. This paper selects the roe as the
variables reflecting the company profitability level.

(3) Growth Ability
The company’s growth reflects its operating condition, which have directivity effect
to investors. Growth ability is the important factor that affects the enterprise value.
This article selects operating income growth rate as a measure of company growth.

(4) Financial Soundness
The company’s huge short-term debt may arouse the great possibility of financial
distress. Corporate financial liquidity reflects the company’s short-term solvency.
This article selects the quick ratio as the variables measuring enterprise financial
robustness.

(5) Equity Structure
Shareholders will affect the company’s business decision; different decision may
bring to the different development, and ultimately reflect on the changes of the value
of the company. Large shareholder’s stake determines its influence on the manage-
ment decision; the higher major shareholders holdings make the greater influence.
This article chooses major shareholders holdings of listed companies to measure the
company ownership structure.
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4.3 Data Source

This paper empirical data about the final derivatives values excerpts from the 2009–
2013 annual report of listed companies, other data from WIND database and the
Taian database. In this paper, we use Eviews7.1 statistical analysis software and
EXCEL software for data processing.

4.4 Research Hypothesis and Model Design

1. Research Hypothesis
From the preceding theoretical analysis, we know enterprises using derivative finan-
cial tools can reduce the friction cost, save tax expenditures, avoid the company sink
into financial trouble and reduce the yield losses caused by inadequate investment.
However, the relatively mature in the study of foreign scholars still do not form a
consistent conclusion that the company using derivatives can improve the value of
the company. This paper selects the Tobin Q value as the representative of the com-
pany’s value. Validating how company using derivative financial tools will impact
on its own value, thus put forward the corresponding assumption:
Hypothesis 1. Using derivatives have significant positive effects on Tobin Q value,
which means using derivative financial instruments can promote the value of the
company.

2. Model Design
We build multivariate regression model according to the dependent variable, inde-
pendent variables and control variables mentioned above: tobinq = α + β1der +
β2lnasset + β3roe + β4growth + β5quick + β6fshare + ε.

All variables are detailed in Table1.

Table 1 Variable declaration

Variable types Variable name Variable meaning

Dependent variable Tobinq Tobin Q value

Independent variables Der Derivative financial
instruments final fair value

Control variables lnasset The final total assets of the
exponential

Roe Return on equity

Growth Sales revenue growth

Quick Quick ratio

Fshare The first shareholder
shareholding
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5 Empirical Analysis Results

5.1 Descriptive Statistics

From Table2, we can see sample average of Tobin Q value is greater than 1, indicat-
ing that companies using derivatives, at least 3years of 2009–2013, have favorable
growth. The maximum value of final fair value of derivative financial instruments is
484 million and the minimum value is 0, the reason of volatility is that some com-
panies did not use derivative financial instruments in some year from 2009 to 2013.

5.2 Correlation Analysis of Variables

We can see the correlation coefficient between variables all under 0.6 from Table3,
representing the variable selected in this paper does not exist obvious problemofmulti
collinearity. From the results of correlation analysis, derivative financial instruments
are positively correlated with Tobin Q value, but the correlation is very limited; roe,
quick ratio and rate of operating income growth all have great positively correlated
with Tobin Q value.

Table 2 Results of variable descriptive statistical

Variable Tobinq Der Lnasset Roe Growth Quick Fshare

Average 1.685 27,227,181 23.503 0.120 0.135 1.029 0.398

Median 1.361 3,529,354 23.210 0.114 0.113 0.832 0.387

Maximum 7.138 484,000,000 27.166 0.595 0.943 5.453 0.797

Minimum 0.416 0 18.847 −0.31 −1.000 0.166 0.152

Standard
deviation

0.984 71,211,832 1.647 0.117 0.251 0.829 0.151

Partial
degrees

2.847 4.639 0.134 0.805 0.058 3.097 0.373

Kurtosis 13.091 26.270 2.223 7.349 5.756 14.512 2.503

Table 3 Results of variable correlation analysis

Tobinq Der Lnasset Roe Growth Quick Fshare

Tobinq 1.000

Der 0.004 1.000

Lnasset −0.404 0.349 1.000

Roe 0.302 0.134 0.13 1.000

Growth 0.171 0.072 0.15 0.397 1.000

Quick 0.372 −0.036 −0.373 0.166 −0.062 1.000

Fshare −0.091 0.227 0.462 0.117 0.022 −0.159 1.000
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Table 4 Results of variable correlation analysis

Variable Coefficient Standard
deviation

T statistic Prob

Constant term 7.503 0.9329 8.043 0.000

Der 1.51× 10−9 8.04× 10−10 1.8836 0.0609

Lnasset −0.2837 0.0411 −6.9101 0.000

Roe 2.0901 0.5148 4.0597 0.0001

Growth 0.5686 0.2343 2.4273 0.016

Quick 0.2161 0.0716 3.0181 0.0028

Fshare 0.6535 0.3989 1.6384 0.1028

Adjusted R2 0.3336 F-statistic 20.1058 Prob (F-statistic) 0.0000

1. Empirical Results and Analysis
Table4 shows the adjusted R2 is 0.3336, there are a great many of factors can impact
the change of dependent variable’s, but we only chosen 6 independent variables
explaining 30% change difference of dependent variable, combined with reality
situation, we think the fit of the equation is good.The F-statistic is 20.1058 and
Prob(F-statistic) less than 0.05, which means the equation is significant.Derivative
financial instrument is significant at 10% level, coefficient of derivative financial
instrument is greater than 0 and the coefficient value is 1.51×10−9, which indicates
using derivatives will be a positive impact on the value of the company. However,
due to the coefficient value is close to 0, showing that the use of derivative finan-
cial tools will has little influence on the company.The main reasons of leading to
the phenomenon above are two points: (1) the derivatives market in China started
relatively late, trading rules and regulation is not perfect enough. Operating overseas
derivatives trading is limited by the qualification, causing the problems of higher
transaction cost and less financial derivative products company can use, which result
in the less amount of business transaction of the derivative financial instruments.
Thus, the enterprise using derivatives for risk management only hedge a few risks
and the effect is very limited, which fails to significantly increase the value of the
company. (2) part of the listed companies does not realize derivatives enough.Because
of managers lack risk consciousness, they cannot see the derivatives’characteristic of
“double-edged sword”, so they use derivatives for speculative trading blindly, which
brings enterprise greater risks and makes them suffer huge losses.

6 Conclusion and Suggestions

Through the empirical analysis above, we can get the following conclusion: China
listed companies using the derivative financial instruments have significantly pos-
itive impact on their value, but the effect is very limited. According to the results
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of empirical research, combined with condition of using derivatives of China listed
companies and the present development of the derivatives market in China, we pro-
posal the following suggestions.

1. Steady Progressing in Developing Derivatives Market in China
The empirical results of this paper indicate that the companyusing derivative financial
instruments can have significantly positive effect on its value enhancement; this con-
clusion provides the theoretical support for related policymanagement institutions to
speed up the development of derivativesmarket.Under the current background, China
should enrich derivatives transaction type and provide more tool of enterprise risk
management. Regulators should formulate corresponding trading rules and ensure
that the interests of the trading main body. Meanwhile, regulators should relax for
trading main body qualification and encourage more enterprises to participate in
derivatives trading according to their own demands, making the derivative financial
instruments truly become an effective means of risk management.

2. Fully Understanding the Characteristics of Derivative Financial Instruments
Enterprises should be fully aware of the dual characteristics of derivative finan-
cial instruments, knowing clearly the original cause of production of the derivative
financial tools is risk aversion rather than speculative profits. In addition, enterprise
should give full play to function of risk aversion and the price stability of the deriv-
ative financial instrument, according to the risk factors companies are confronted
with.

3. Strengthening Enterprise Risk Consciousness andManagement and Control Level
Enterprises should have a clear purpose in the operation of the derivative financial
instruments and establish the reasonable risk management system: (1) strengthening
internal control and regulating the derivatives trading operation process; (2) establish-
ing a risk assessment system according to own condition and confirming enterprise
risk appetite and risk points, choosing derivative financial tools meeting the needs
of their own risk management; (3) operating derivative financial instruments should
comply with relevant trading rules and national laws and regulations, avoiding losses
caused by illegal operation.
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Safety Evaluation of Gantry Crane Based
on Entropy-Fuzzy Comprehensive
Evaluation Model

Fuming Deng, Daopeng Ren, Chunqing Wang, Xuedong Liang
and Zhaoxia Guo

Abstract Aiming at giving the accurate value of risk assessment and the level of
gantry crane in risk management. Firstly, this paper use relationship diagraph to
generalize and analyze four different aspects-People, Machine, Management, Envi-
ronment. Secondly, a newmodel named “Entropy-Fuzzy Comprehensive Evaluation
Model” can be constructedwhich combines a safety assessmentmethod (multivariate
risk evaluation) with a coefficient resulting from Entropy Method (EM) to avoid the
uncertainty in Gantry Crane. By following, when it comes to the reaction between
different factors, there are distinguished levels of safety problems. Therefore, from
the four aspects mentioned above to estimate the possibilities of accident, the new
constructed model (EFCEM) is one of the methods to make managing and control-
ling the problems of Gantry Crane’s safety in different levels comes true. At last, a
specific verification of Gantry Crane taken advantage of demonstrates that the new
model is viable from the perspective of safety assessments and solutions.

Keywords Gantry crane · Safety assessment · Entropy-fuzzy comprehensive
evaluation model · Relationship diagraph

1 Introduction

Gantry Crane, one of the special equipment, becomes the significant equipment
which is responsible for loading and unloading assignment duo to well-done work
and universally applied. Owing to its outdoor and corrosive working environment,
high frequency of usage and intensity of work, gantry crane is one of the special
equipment with high operating risks and accident rate. Therefore, it is necessary to
do safety assessment for gantry crane obviously. At the same time, giving the exact
value at risk is the basis of safety management.
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Crane risk management in our country is to supervise the inspection by national
and local special equipment safety supervision mechanism, and the risk assessment
of equipment focus on the equipment safety performance evaluation technical report.
When it comes to establish the evaluation system, the integrity of the special equip-
ment system must be affected if researchers only considering the factors of the
equipment, and it will also affect the accuracy of evaluation result [2].

With the development and penetration of safety science, the crane safety evalu-
ation index system has been put forward from the view of man-machine system by
some domestic scholars currently. Xu and Fan [6] used the fuzzy hierarchy analysis
method, through bridge, safety lifting mechanism, operating agencies, personnel and
the safety factors to evaluate the safety of general overhead traveling crane; Qian and
Li et al. [4] evaluated the safety of crane equipment body by using LMmethod, Zhou
et al. [9] came up with a comprehensive evaluation method which combines with the
principle of the risk based inspection (RBI) and fuzzy analytical hierarchy process
(FAHP) to evaluate the safety of gantry crane.

In this paper, an evaluation model combining the entropy method and fuzzy com-
prehensive evaluation through literature survey and communication with the expert
was applied to the safety assessment of gantry crane, it has achieved unity with
economy based on the insurance of gantry crane’s safety and realized the organic
integration of subjectivity and objectivity; it is more in line with the actual situation.
Finally, maintenance plan could be formulated efficiently according to the results of
the risk assessment to ensure the operation of gantry crane and the economic benefits.

2 Entropy-Fuzzy Comprehensive Evaluation Model

Fuzzy comprehensive evaluationmethod can show the inner link of things in grading.
Optimized entropy weight-fuzzy comprehensive evaluation method is presented in
this paper, on the basis of integrating the concept of safety system engineering, using
the risk comprehensive evaluation method which combines a variety of evaluation
method, from the point of “People, Machine, Management, Environment system” to
evaluate accident probability, so as to realize the gantry crane classification grading
control, the specific process is shown in Fig. 1 [1].

Note:

X : represents the evaluation value of each factors;
W : represents the weight vector of each layer factors;
R : represents the membership matrix of each layer factors;
B : represents the final weighting results;
EM : represents the entropy method.

The calculation process of this figure is shown in the following Sects. 2.1 and 2.2.
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Fig. 1 Process of gantry crane safety evaluation

2.1 Determine the Weights of Evaluation Factors by Using the
Entropy Weight Method

Determine the weight coefficient is a very important part in the comprehensive eval-
uation problem. In order to reflect the affect influence correctly and properly, this
study determines the weight coefficient by introducing entropy method [3].

Assuming that the number of evaluation object is m, the number of evaluation
index is n, calculation steps of entropy method are as follows:

(1) Construction characteristic matrix of comprehensive evaluation
Determine the candidate plan system: Q = (q1, q2, . . . , qm), the comprehensive
evaluation index system: P = (p1, p2, . . ., pn), and the evaluation of n sub index
for m candidate scheme is described by index characteristic matrix X = (xi j )mn .

X =

⎛

⎜
⎜
⎜
⎝

x11 x12 x13 . . . x1n

x21 x22 x23 . . . x2n
...

...
...

. . .
...

xm1 xm2 xm3 . . . xmn

⎞

⎟
⎟
⎟
⎠
, (1)

where xi j denotes the degree that factor i belongs to level j (i = 1, 2, . . . , n; j =
1, 2, . . . ,m).
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(2) The data standardization of indicators

bi j =
(
xi j − min

1�i�m
{xi j }

)

max
1�i�m

{xi j } − min
1�i�m

{xi j } , (2)

where max1�i�m{xi j } and min1�i�m{xi j } represent the maximum value and the
minimum value of different objects of the same indicator.

(3) Determine the entropy of evaluation index, according to the definition of entropy

Hi = −

m∑

i=o
fi j ln fi j

lnm
, fi j = bi j

m∑

j=1
bi j

, (3)

where 0 < Hi < 1, i = 1, 2, 3 . . . n, j = 1, 2, 3 . . .m. If fi j = 0, get fi j ln fi j = 0.

(4) Calculation the entropy weight of evaluation index by using the entropy, and
define entropy weight of evaluation index i

wi = 1 − Hi

n −
m∑

j=1
Hi

, (4)

where Wi ∈ [0, 1],
n∑

i=1
Wi = 1.

2.2 Establishing Evaluation Criteria Based on Fuzzy
Comprehensive Evaluation Method

(1) Establish the factor sets of gantry crane safety evaluation
U marked as:U = {u1, u2, . . . , un} is defined as the factors set that composes safety
factors whose number is n. Through on-the-spot investigation to collect relevant data,
classifying the master data, sorting and induction, and combined with the interview
of experts, sort out factor set, finally draw connection diagram, as shown in Figs. 2
and 3.

(2) Select the evaluation set
Determine comments set: V = {v1, v2, . . . , vm}, m represents the grade number of
comments. In this study, V ={Good, Preferably, General, Poorer, Extremely poor}
is used.
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Fig. 2 Influencing factors’ relationship graph of gantry crane safety management

Fig. 3 Factors of gantry crane safety evaluation

(3) Determine the membership function
In this study, the formulas of membership function are presented below combining
with the characteristics of the unit and the results of interviews with experts [8].

Good: u(x) =
⎧
⎨

⎩

0, 0 � x < 80
(x − 80)/10, 80 � x < 90
1, 90 � x � 100,

(5)

Preferably: u(x) =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

0, 0 � x < 70
(x − 70)/10, 70 � x < 80
1, x = 80
(90 − x)/10, 80 < x ≤ 90
0, 90 < x � 80,

(6)
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General: u(x) =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

0, 0 � x < 60
(x − 60)/10, 60 � x < 70
1, x = 70
(80 − x)/10, 70 < x ≤ 80
0, 80 < x � 100,

(7)

Poore: u(x) =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

0, 0 � x < 60
(x − 50)/10, 50 � x < 60
1, x = 60
(70 − x)/10, 60 < x ≤ 70
0, 70 < x � 100,

(8)

Extremely poor: u(x) =
⎧
⎨

⎩

0, 0 � x < 50
(60 − x)/10, 50 ≤ x < 60
0, 60 ≤ x ≤ 100.

(9)

Determine the membership matrix Ri , by judging each factors ui which are
belonged to gantry crane factors set U .

R =

⎛

⎜
⎜
⎜
⎝

r11 r12 . . . r1m

r21 r22 . . . r2m
...

...
. . .

...

rn1 rn2 . . . rnm

⎞

⎟
⎟
⎟
⎠
, (10)

where ri j is the membership degree that factor ui belongs to fuzzy subset v j (i =
1, 2, . . . , n).

(4) Calculation of fuzzy comprehensive evaluation
Use an appropriate algorithm “◦” whose calculation steps are same with the multipli-
cation of double matrixes to calculate the results between the membership matrix R
and the weight matrix W , and it’s detailed steps are as follows, fuzzy comprehensive
evaluation results are obtained.

B = W ◦ R = (w1,w2,w3, . . . ,wn)

⎛

⎜
⎜
⎜
⎝

r11 r12 . . . r1m

r21 r22 . . . r2m
...

...
. . .

...

rn1 rn2 . . . rnm

⎞

⎟
⎟
⎟
⎠

= (b1, b2, . . . , bm),

(11)

b j =
∑

wi × ri j , (i = 1, 2, . . . , n; j = 1, 2, . . . ,m), (12)

where B is a fuzzy subset of the evaluation set V [7].
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3 Application of Case Gantry Crane

TheM10-30 type gantry cranewasmade inMay1989PortMachineryPlant of Shang-
hai and was installed in 1990 in Quanzhou harbor. After putting use for 10years,
increasing workload and fatigue crack of metal structure would probably increase
the risk of accidents. So, it needs to be evaluated for safety [5].

4 Determine the Initial Weight

Determine the weight coefficient of index based on the gantry crane safety evaluation
factors set, through combined interviewof experts and standard-datamethod to obtain
the concrete data of each index. For example, the original data of equipment factors
were quantified as shown in the following Table1.

Determine the evaluation of each index entropy Hi by using the Eq. (3), as shown
in the following Table2. Get the weight vector that is E1−10 to E , by using the
Eq. (4): W2 = (0.2053, 0.0157, 0.1017, 0.0942, 0.1487, 0.1249, 0.0498, 0.1191,
0.0823, 0.0582). Similarly, the weight of all factors can be calculated as shown in
the following Table3.

1. Establish the Degree of Membership Function
According to the calculation of membership function, operational results can be
obtained as shown in the following Table3.

2. Fuzzy Comprehensive Evaluation
Weights that the 2nd grade factors: S1-S2, M1-M3, E1-E10, H1-H4 belong to the
1st grade factor: S, M , E , H are given in Table3. As shown in the following Table4,
the fuzzy judgment analysis set is obtained by the Eq. (10): S = (0, 0.2701, 0.3650,

Table 1 Numerical value of bi j

i = 1 i = 2 i = 3

j = 1 0 0 0

j = 2 0.1035 0.0067 0.007

j = 3 0.1068 0.358 0.762

j = 4 0.1474 0.1838 0.1744

j = 5 0.0575 0.0358 0.0484

j = 6 0.0925 0.0884 0.0949

j = 7 0.0308 0.2264 0.1587

j = 8 0.0226 0.0864 0.0557

j = 9 0.289 0.1796 0.2518

j = 10 0.0999 0.1549 0.133
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Table 2 Numerical value of Hi

Sequence number Index Entropy Hi

E1 Technical documentation E1 0

E2 Performance test E2 0.0716

E3 Safety of cab E3 0.5054

E4 Quality of important parts E4 0.5991

E5 Injury of orbital E5 0.3914

E6 Metal structure E6 0.5409

E7 Hydraulic system E7 0.4196

E8 Electrical control System E8 0.7571

E9 Operation environment E9 0.2755

E10 Consciousness of safety
operation E10

0.9233

0.3650, 0), M = (0.4277, 0, 0.5278, 0, 0), E = (0.2053, 0.1174, 0.1831, 0.3620,
0.1312), H = (0, 0.7291, 0.2701, 0, 0).

Get membership matrix of grade factor Z obviously:

R =

⎛

⎜
⎜
⎝

0 0.2701 0.3650 0.3650 0
0.4277 0 0.5278 0 0
0.2053 0.1174 0.1831 0.3620 0.1312
0 0.7291 0.2701 0 0

⎞

⎟
⎟
⎠ .

Get weights of the 1st grade factors: S, M , E , H to Z from the table, and obtain
the final results of the safety of gantry crane by the Eq. (10).

B = (0.4374, 0.2367, 0.1933, 0.0966)◦R = (0.1409, 0.2258, 0.3626, 0.2358, 0.0255).

It is concluded that the final level of security of gantry crane is general, combining
the evaluation set: V = {Good,Preferably,General,Poorer,Extremely poor} and
according to the maximum membership degree principle.

Get the results by calculating the score of experts of membership functions,
according to different factors: internal environment gets 65 points; injury of orbital
and metal structured hydraulic system get 60 points, they belong to the Poorer;
consciousness of safety operation gets 50 points, electrical Control System gets 40
points, they belong to the Extremely poor. These factors are the important causes
of safety accidents in the units. It is necessary to pay more attention and propose
measures.
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Table 3 Weight value of all levels evaluation index: w

Factors Weights w Index Weights w

Environment factors: S 0.4734 External environment
S1

0.2701

Internal environment
S2

0.7299

Soundness of security
management
organization M1

0.4277

Management
factors: M

0.2367 Safety management
system and level of
implementation M2

0.3273

Safety supervision M3 0.2005

Technical
documentation E1

0.2053

Performance test E2 0.0582

Safety of cab E3 0.1017

Quality of important
parts E4

0.1249

Equipument factors: E 0.1933 Injury of orbital E5 0.1487

Metal structure E6 0.0942

Hydraulic system E7 0.1191

Electrical control
system E8

0.0498

Operation
environment E9

0.0157

Consciousness of
safety operation E10

0.0823

Work environmrnt H1 0.0093

Human factors: H 0.0966 Labor intensity H2 0.3130

Physiological and
psychological H3

0.2538

Knowledge and ability
of cognizance H4

0.4239
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Table 4 Degree of membership ri j

Index Score Degree of Membership: ri j

Good Preferably General Poorer Extremely poor

External environment
S1

80 0 1 0 0 0

Internal environment
S2

65 0 0 0.5 0.5 0

Soundness of security
management
organization M1

90 1 0 0 0 0

Safety management
System and level of
implementation M2

70 0 0 1 0 0

Safety supervision
M3

70 0 0 1 0 0

Technical
documentation E1

95 1 0 0 0 0

Performance test E2 70 0 0 1 0 0

Safety of cab E3 80 0 1 0 0 0

Quality of important
parts E4

70 0 0 1 0 0

Injury of orbital E5 60 0 0 0 1 0

Metal structure E6 60 0 0 0 1 0

Hydraulic system E7 60 0 0 0 1 0

Electrical Control
System E8

40 0 0 0 0 1

Operation
environment E9

80 0 1 0 0 0

Consciousness of
safety operation E10

50 0 0 0 0 1

Work environmrnt H1 70 0 0 1 0 0

Labor intensity H2 80 0 1 0 0 0

Physiological and
psychological H3

80 0 1 0 0 0

Knowledge and
ability of cognizance
H4

75 0 0.5 0.5 0 0

5 Conclusion

Using the relationship diagraph from four aspects of people, machine, management
and environment carries on the inductive analysis in the gantry crane safety evalu-
ation activities. In order to guarantee the objectivity and accuracy of the influence
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that various factors on the evaluation results fully, this paper introduces the entropy
method (EM) to determine the weight coefficient by building the entropy weight-
fuzzy comprehensive evaluation model, and making depth analysis and research.
Realize classification management of the gantry crane, by using comprehensive risk
evaluation which is combined with various evaluation methods, from the view of
“People, Machine, Management, Environment” system. At the same time, verify
feasibility and effectiveness of the entropy weight-fuzzy comprehensive evaluation
model’s, by building the safety evaluation system of a M10-30 type’s gantry crane.
The key features of entropy weight-fuzzy comprehensive evaluation model are dis-
cussed in this paper as follows:

(1) Using the relationship diagraph to summarize the influence factors of gantry
crane from personnel, machine, environment and management four aspects, it
not only can reflect the factors set of gantry crane safety evaluation system
completeness, but also can reflect the relationship between various factors in the
process of the security evaluation.

(2) The introduction of entropy method determining the weight coefficient compen-
sates for the lack of traditional method using expert experience and historical
data on weight assignment. It makes the determination of the weight coefficient
more objective and accurate, and reflects the effect of various evaluation factors
among the evaluation results scientifically.

(3) Construct entropy weight-fuzzy comprehensive evaluation model from the view
of system engineering, based on the multi risk factors comprehensive evalua-
tion method. Evaluating the possibility of accident from the view of “People,
Machine, Management, Environment” system and making subjective evaluation
and objective evaluation of organic integration not only can reduce the traditional
problem which is that gantry crane evaluation system is unitary and subjective,
but also can achieve classification management of gantry crane frommulti-angle
andmulti-level view, compensate the lackof safety analysis in gantry cranefields.
The work in further will be focused on the safety performance of a gantry crane
depth research, and provide more optimization scheme to gantry crane safety
work, at the same time, use entropy weight-fuzzy comprehensive evaluation
model to develop the gantry crane safety evaluation system platform.
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Research on the Intrinsic Mechanism
of Major Disaster and Crisis Management
from the Perspective of Social
Governance—Based on the Practice of 4.20
Lushan Earthquake Post-disaster
Reconstruction

Jingdong Zhao, Xiaoqing Wang, Yuxin Zhu, Long Zhao and Tianwei Yu

Abstract 4.20 Lushan earthquake in 2013 is another major natural disaster
happened in Sichuan, China after 5.12 Wenchuan earthquake in 2008. The practical
experience gained during the earthquake relief and post-earthquake reconstruction
would have profound influence on China’s model of earthquake management, post-
earthquake reconstruction and even social governance in 21st century. The present
paper is based on personal experience during 4.20 Lushan earthquake reconstruction
from an overall perspective. With a detailed systemization of all practical experience
gained through government-leading post-disaster rescue and reconstruction work,
the Lushan post-earthquake social reconstruction with a connotation of “resource
coordination platform as the carrier, social organization cultivation the foundation,
social service provision the method” has been brought up. The new post-earthquake
social reconstruction operationmodel of “government leading, government and soci-
ety coordinating, rescue in order, mutual support” has also been put forward. Effort
has also been done in the analysis of the intrinsic operationmechanismof the previous
model to reconstruct China’s disaster and crisis management model, hoping to pro-
vide practical evidence for China’s regular social governance operation mechanism.
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1 Inspirations and Challenges of Wenchuan Earthquake

InApril 20, 2013, an earthquake at a scale of 7.8 on the Richter calculations happened
in Lushan county, Ya’an city, Sichuan province, impacting 32 counties (cities or
districts) radiating from Ya’an, causing 196 deaths, over 14 thousand injuries and
affected 2.18 million people. Houses were severely damaged. 186.3 thousand rural
houses were collapsed; 43 thousand rural houses were severely damaged; over 6,700
urban houses were collapsed; andmore than 80 thousand urban houses were severely
damaged. Roads, bridges, electric power, telecommunication, hydropower stations,
water reservoirs and other infrastructures have all been damaged to different degrees.
Earthquake has caused great economic losses and severely damaged the ecosystem.

Lushan earthquake is another strong earthquake happened in Sichuan province
after 5.12 Wenchuan earthquake in 2008. There are similarities in disaster type,
disaster-affect area, history, culture and even reconstruction mechanism between
these two earthquakes in 2008 and 2013. In order to understand Lushan earthquake’s
profound influence on China’s major disaster and crisis tackling as well as regular
management mechanism, it is a must to briefly review the relevant situations of
Wenchuan earthquake.

Wenchuan earthquake in 2008 was a turning point for China’s history of major
disaster and crisis tackling. From then on, disaster and crisis tackling is not solely
down by government and it has become normality for social forces to participant.
However along with the achievements made by social forces, social forces’ extensive
participation have also brought up new challenges for China’s major disaster and
crisis tackling as well as regular management mechanism in the following three
aspects:

The first challenge is how to guarantee the effectiveness of disaster and crisis tack-
ling mechanism. This challenge mainly was reflected on the issue of “subjectivity”,
“identity positioning” and “job responsibility”. Specifically speaking, disaster and
crisis tackling was solely led or done by government before Wenchuan earthquake,
so how to effectively involve social forces into China’s traditional disaster emergency
mechanism and differentiate it from aswell asmake it a positive and effective amend-
ment to the government-leading disaster tackling system has become a question to
be answered.

The second challenge is how to guarantee the orderly operation of disaster tack-
ling mechanism. This challenge mainly was reflected on the issue of “management
norm”, “coordination measure” and “sense of order” in institution design. Specifi-
cally speaking, the inrush of social organizations and volunteers after social pep talk
may not bring high efficiency to post-disaster rescue and reconstruction work in the
hit area, and it may even cause disagreement between social forces and government
mechanism. So a reasonable institution design that can not only protect and stimulate
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the enthusiasm of social forces’ participation, but also guarantee the orderliness and
effectiveness of post-disaster relief work is of vital importance.

The third challenge is how to guarantee the orderly operation of disaster tack-
ling mechanism. This challenge was mainly reflected in the issue of “information
communication”, “sharing mechanism” and “proficiency” of content. Specifically
speaking, in face of large scale natural disasters affecting large area and population,
and changes in people’s demand, how social forces can get the first-hand demand
information in a timely manner, effectively satisfy people’s demand with their pro-
fessional services, play an important role in the government-leading post-disaster
rescue and reconstruction mechanism and safeguard the orderliness and effective-
ness of disaster relief mechanism’s operation have become an issue.

In conclusion, the post-disaster relief practice of Wenchuan earthquake can be
called the Chinese social forces’ debut in major disaster and crisis tackling. Break-
throughs in practice and innovation have been made in the process of earthquake
relief and post-earthquake rescue. However, how to transfer from “extensive volun-
tary participation” to “orderly, powerful, effective” management or even mechanism
deepening, further clarify social forces’ subjectivity and legitimacy, and promote
a effective seamless linking up between government and social forces need more
practical exploration and theoretical research.

2 Theoretical Requirements of Social Governance

On the third plenary session of 18th central committee of CPC in 2013, the core
concept of “social governance” was put forward, symbolizing China’s transition
from sole governmentmanagementmodel to a diversifiedmanagementmodel.Due to
China’s uniqueness in politics, administration, culture and society, social governance
in China is different from that in the west. Social governance in China is in line with
the present social and economic development and a positive attempt to improve the
government-leading “strong government, weak society” social management model.
The basic positioning of social governance should be “social rights” other than “social
power” and the aim is to realize an optimum transfer of government function from
controlling to serving, in a wish to establish the “self-management, self-supervision,
self-education, self-service” standard for society’s self-governance.

Social governance can provide theoretical support for the research of social par-
ticipation and practice in Wenchuan and Lushan earthquake rescue works. It also
echoes the three issues of reflection on Wenchuan earthquake practice as “subjec-
tivity”, “sense of order” and “proficiency”. At present, theoretical studies of social
governance in China mainly concentrate on structure positioning, institution design
and content framework.

First, the major issues for structure positioning concentrate on the subjectivity of
social governance or the subject and object of governance. Zhang [1] stated that the
aim of social governance is to alter the sole government-controlled social manage-
ment model and to transfer from government control to equal cooperation between
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government and society. Zhang and Lu [2] and Yang [3] proposed that more scholars
further emphasize that the innovation of social governance mechanism is the transi-
tion of the subject of governance from unitary to multiple. Meanwhile, based on the
reality and practical operation in China, some scholars think it is too early to transfer
from “government control” to “multiple shared governance”. It is more reasonable
to adopt the “government-governing, public participating” model at present and then
gradually transfer to the “cooperating governance” model [4].

Second, studies on institution design are not yet into the operation phase of institu-
tion design content, butmany from the perspective of institution type analysis. Shi and
Liang [5] explored the issue from the perspective of social governance’s occurrence
mechanism and conclude the institutional transformation process is from “power-
govern mechanism” to “law-govern” and then “virtue-govern”. Fang [6] contends
that social governance should fulfill the role of safeguardingmechanism in the follow-
ing five aspects: behavior and environment standardizationmechanism, participation
route implementation mechanism, opinion and emotion expressing and interacting
mechanism, fiscal budget support mechanism and competence improvement mech-
anism. And Yang and Shi [7] held that public extensive participation mechanism,
social influence evaluation mechanism, scientific decision-making mechanism and
social safety network establishment are of extreme importance.

Finally, judging from the content framework, a widely spreading opinion is that
at present the content of China’s social governance is complicated, covering many
fields but rarely touching upon the implementation of concrete contents. Through
the analysis of government policies, Bao [8] listed ten major fields, including public
service, social organization, grass-root society, and emergency tackling. Ye and Xu
[9] emphasized that social governance should focus on stimulating the endogenous
power of the society, on the public participation in social service and management,
and promote the construction from the aspects of government service purchasing,
public service production and entity project operation.

In conclusion, although at present different scholars have taken different research
angles, they all emphasizes social governance should be a shared governance of “mul-
tiple subjects and multiple objects”. Government, market and society should be both
subject and object of each other. The core concept of related studies can be summa-
rized as “social participation”, “multiple cooperation”, “institution innovation” and
“project operation”.

3 Practice and Innovation of Lushan Earthquake

The summary on above practical experience ofWenchuan earthquake and theoretical
requirements of social governance will lead to issues of three aspects, namely the
subject’s identity, institution framework and content function. Lushan earthquake’s
rescue and relief work was the first time for China to have positive approaches and
practices on the above issues through major disaster and crisis tackling.
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OnApril 25th, a three-tire socialmanagement service team consisting of province,
city, and county level was launched. It clearly pointed out the team’s duty, operation
and working mechanism. On April 28th, Earthquake Relief Social Organization and
Volunteer Service Center that participated in relief work through cooperation with
other social groups was established in Lushan, the epicenter. On May 12th, Sichuan
social governance ServiceTeamofficially announced the joint establishment ofYa’an
Earthquake Relief Social Organization and Volunteer Service Center. Information
publishing, registration and report and orderly guidingwere provided to social groups
and volunteers that engaged in quake relief work. Meanwhile, county-level centers
and township and village service stations were formed in the worst-hit areas as well
as a three-tire system consisting of the city, county (or district) and township.

The center’s job was positioned as actively cooperating with the local quake
relief headquarters in its work, providing service to social groups and volunteers,
continuously strengthening its communication and coordination with social groups
and volunteers and guiding social force to participate in relief work orderly and
effectively. The government and social organizations were closely linked up through
social organizations’ engagement, working regulation making, support of related
departments and service from the center.

As for the function of the center, “Four Platforms”, i.e., Information Publishing
Platform, Project Matching Platform, Public Service Platform and Incubation and
Training Platform effectively engaging and providing service in quake relief and
post-disaster reconstruction through cooperation with social organizations and vol-
unteers. Information Publishing Platform: publishing and categorizing information
of demands and needs of party committee, government, victims and social organi-
zations; Project Matching Platform: transforming the demands of party committee,
government, victims and social organizations into specific projects and providing
assistance platform to match needs on resources and fulfill the projects; Public Ser-
vicePlatform: offering stable and convenientworking environment to engaging social
organizations; Incubation Training Platform: giving training on staff of specific ser-
vice project and incubating new projects while conducting the existing projects.

By November 2014, 350 social organizations have registered in the center and 62
of them, which are professional and trustworthy social organizations, have entered
andworked in the center. The center supported 101 social organizations and helped to
build up over 90 grass-root service stations andmobilizedmore than 5,400 volunteers
to provide regular service to the grass-root people.Over 2,000 social service programs
of ten categories, including social aid, employment and starting one’s own business,
new villages construction, disaster prevention and mitigation, and psychological
counselingwere outlined.An initial charity project database adapting to the real needs
of disaster-hit areas was launched. 1,386 charity projects with value of 3.131 billion
RMB were matched up, bringing great progress to post-disaster reconstruction.

Moreover, due to the outstanding achievement and persistent improvement of
social governance service team and service center, China for the first time attached
great importance to social reconstruction after Lushan earthquake. Itwas the first time
to include social reconstruction programs like volunteer service system construction,
social organization cultivation, social worker nourishing and disaster area humanistic
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care into the overall plan of post-disaster reconstruction. It is also the beginning
of the virtuous transition from crisis handling to regular management. Gradually
form a working system that cooperates with other social forces in the engagement of
social and economic development; widely incubate social groups of charity work and
community development that satisfies different and individualized needs of public;
and build up a highly professional local social work team; buy service from social
organizations; and continuously galvanize the vitality of social organizations and
social development so as to forge ahead social governance.

4 Institution Innovation and Restructuring

The great breakthrough made in social governance innovation after Lushan earth-
quake was reflected on the establishment of “social governance service team” in
government system for the first time, including social governance and reconstruction
to overall crisis coping system; moreover, through the platform of “social organiza-
tion and volunteer service center”, which was also the carrier in practice for social
governance service team, new measures that take the resources coordination plat-
form as carrier, incubation of social organizations foundation and providing social
service means were brought up, tried and improved all the time; in response to
the restructuring of crisis managing model at present, a new model of post-disaster
reconstruction under the guidance of government which highlights the coordination
between government and society, orderly relief work and mutual support was put
forward, offering experience and evidence to operation of regular social governance.
All of these are specifically shown in the following three aspects:

First, the function and working content of indirect service center under the guid-
ance of government was clarified for the first time from micro perspective. Social
forces clearly found their “legitimate identity” in crisis responsive system through
the center; through the plural coordination mechanism, regular operation mecha-
nism, opening service mechanism, projectized operation mechanism and scientific
evaluationmechanism, effectivematching between party/government system and the
needs of social organizations and disaster area were promoted, which fully allowed
social forces to be the important constituent of disaster responsive system.

Second, coordination and unity of multiple subjects were achieved on mad-
hyamika level and issues of “coordination measures” and “management regulations”
in institution designing were effectively coped with. Through the practical and reg-
ular operation of the center, coordination between party and government, public and
league, among social forces and volunteers were creatively and basically achieved
and a cooperation mechanism featured multiple subjects and perspectives was estab-
lished.

Finally, the dual structure design of the center’s “coordination among party, gov-
ernment and society” as well as the clear positioning of subject and rule making
was adjusted to the requirements of the present times on macro level. Active par-
ticipation of social organizations and volunteers in disaster aid and post-disaster
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reconstruction was fully guaranteed and effectively encouraged the involvement of
social forces in China’s existing crisis handling system. With the gradual transition
from earthquake relief work to post-disaster reconstruction, the center has shifted
its focus from combating crisis to regular management, which provided valuable
experience and evidence for operation of regular social governance.
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Development Environment and Strategic
Choice for Rural Endowment Insurance
Fee-to-Tax: An Analysis Based
on PEST-SWOT Model

Jie Tong, Hongwei Li and Qifeng Wei

Abstract The core of social insurance fee-to-tax research is the endowment insur-
ance tax, which is always one of the hot academic questions. Existing researches
mainly focus on the endowment insurance fee-to-tax, but the fee-to-tax study is still
an outstanding issue. This paper tries to figure out the problem of rural endowment
insurance fee-to-tax by using the PEST-SWOT analysis model, from the aspects
of political, economic, social and technical, and discusses the advantages and dis-
advantages, opportunities and challenges of rural endowment insurance fee-to-tax,
and finally assesses the development environment, in order to make an exploratory
research on the strategic choice of rural endowment insurance fee-to-tax.

Keywords Rural endowment insurance · Fee-to-tax · Development environment ·
Strategic choice · PEST-SWOT model

1 Introduction

The social insurance fee-to-tax is a reformation assignment and a policy opinion,
which is a hot topic in the academic world. However, not all people agree with the
new plan. On the one hand, some scholars support the reform of social insurance
fee-to-tax. Deng said that the social insurance fee-to-tax is the most ideal financing
mechanism for social security fund [1]. Wang believed that with the improvement of
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the social security system and Chinese legalization, the social insurance fee-to-tax
should become the main mode of financing [11]. Xu pointed out that we need to
implement social security fee-to-tax as a strategy for levying social security fund to
solve the problem of social security system. The social security fund from the law
shall be collected by the tax authorities, which can not onlymake full use of their own
advantages, such as the tax department, network and information superiority, but also
can improve work efficiency and save cost [13]. Hu pointed out that as early as 1999
in China, the average wage for urban workers as a standard, which has reached the
economic conditions for the collection of social insurance tax [2]. Ma and Tu stated
that social security fund management is inefficiency and mismanagement in our
country at present, but social security fee-to-tax reform will conducive to establish
of a unified management and supervision mechanism [6]. As Li considered, the
social insurance tax can make the collection of social insurance fund legalization,
standardization and open [3]. From the perspective of the mandatory features of
social insurance, Long stated that the social insurance tax is the natural financing
tool of social insurance system [4].

On the other hand, as a representative of the scholars, Zheng strongly opposed
the social insurance reform of fee-to-tax. To summarize the experience of the social
insurance tax all over the world, he believes that the endowment insurance tax is
not the international trend, but the tax-to-fee [15]. If implemented, the endowment
insurance tax not only can not conform to the principle of the payment age limit and
the pension treatment link up, but also cannot meet the requirement of social security
system on elastic [14]. The endowment insurance fee-to-tax, from the perspective of
the tax itself, not only itwill be very difficult to distinguish between the central tax and
local tax, but also not easy to divide the respective responsibilities and obligations. In
addition, it will face the problem of how to design the tax incentive mechanism [16].
Zheng considered that both tax mode and payment mode is relying on perfect legal
system. Once the tax reform is implemented, the existing pattern of social security
must be changed, and the main responsibility of the government will be from the
background to the front desk. And what’s more, some technical problems remains
there because of the imbalance between regions in China, and the government may
get unlimited liability for doing so [17].

From what has been discussed above, the scholars who support the reform of
endowment insurance fee-to-tax mainly pay attention to the shortcomings of social
insurance payment mode at present. The supporters expect the advantage of tax
system, such as the rule of law, mandatory, high efficiency, low cost and so on,
which could break the current social security dilemma. The scholars who oppose the
tax reform from the existing social security system mode, and they are focused on
the regional differences of economic and social development. The opponents insist
that the risk of policy and technical barriers to the social insurance fee-to-tax may
exist, and couldn’t be blind to the implementation of social insurance fee-to-tax.
By analyzing and summarizing the tax reform, whether supporters or opponents,
their research was just the urban pension insurance fee-to-tax. Due to the differences
between the urban and rural areas, the rural endowment insurance system which
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can cover all farmers was completed until 2012. Compared with urban endowment
insurance, the government provides financial support for endowment insurance not
enough in rural areas, and the rural endowment insurance only can provide a low level
of benefit for members. The new rural endowment insurance system has just set up,
and it is still in a weak position. With all the concerns about urban pension insurance
fee-to-tax, there is almost no relevant study about rural endowment insurance fee-to-
tax at present. With the development of the strategy of coordinating between urban
and rural, it is a rare opportunity to push forward the development of rural in China.
Whether or not will implement the reform of the urban endowment insurance fee-
to-tax, the rural endowment insurance need fee-to-tax in the future is very worthy to
study.

This paper provides a comprehensive analysis of the development environment of
rural endowment insurance fee-to-tax. This paper will gain the important conclusion
that the current social and economic environment is good for the rural endowment
insurance system, and the implementation of rural endowment insurance fee-to-tax
is beneficial to the development of rural endowment insurance system. Moreover,
the integration of urban and rural tax system is very important for the country’s
endowment insurance system. Finally, whether or not will implement the reform
of the rural endowment insurance fee-to-tax, to strengthen the publicity of rural
endowment insurance is very important.

2 The PEST-SWOT Model

2.1 The SWOT Model

In the early 1980s, Heinz.Verick, who is a professor of management at the university
of San Francisco, created the SWOTStrengths, Weakness, Opportunity, Threatsthe-
ory which is also known as situation analysis method. The SWOT theory is a kind
of objective and accurate analysis tool, and which is used to study on the current
situation of the development of an organization or unit. It could easily see the micro
environment of an organization by introducing SWOT model, such as advantages,
disadvantages, opportunities, threats, etc. In Fig. 1, the SWOT model is usually used
to carry out a comprehensive evaluation, and realize the goal of the organization, and
so that the strategic decision-making based on careful sifting of the evidence.

2.2 The PEST Model

The PEST analysis model is another analysis tool, which is generally used to analyze
and identify the macro environment of a trade or business, such as political environ-
ment, economic environment, social environment, technical environment, etc. The
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Fig. 1 The SWOT model
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entire macro environment factor had become the main factor that can influence the
strategy and operational activities of the firms, as well to change the decision making
in business (Fig. 2).

2.3 The PEST-SWOT Model

The PEST-SWOTmodel is the integration of PEST model and SWOTmodel, which
has obtained the advantages of the two models and made the analysis more com-
prehensive and in-depth. As one of the main analysis tools, PEST-SWOT model has
been widely used in many industries and fields [5].
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3 Model Analysis

3.1 Model Description

According to the analysis of the preceding context, this paper analyzes the impact
of the rural endowment insurance fee-to-tax from four aspects, that is political, eco-
nomic, social and technology. Based on the model of PEST-SWOT, this paper puts
forward to the environment of rural endowment insurance fee-to-tax, and in-depth
analyses of the internal strengths and weakness, and the external opportunities and
threats of rural endowment insurance.

These relationships are summarized in the following Table1.

3.2 Analysis of the PEST-SWOT Model of Rural Endowment
Insurance Tax

1. The political environment of rural endowment insurance fee-to-tax
(1) The internal political advantages and disadvantages
There are two internal political advantages which can promote the rural endowment
insurance fee-to-tax. First of all, “Social insurance law of China” began to implement
since July 1, 2011, marking China’s social insurance work entered the orbit of the
legal system. The “social insurance act” not only stipulates the rights and obligations
of the insured object, but also clears the responsibility of the government, and stipu-
lates the urban endowment insurance and rural endowment insurance in the direction
of development. Second, at the end of 2012, the vice minister Xiaoyi-Hu pointed out:
“The implementation of new rural endowment insurance, marking the main social
security system covering urban and rural residents in China have set up, and that
to achieve full coverage of old-age security system”. Full coverage of the system,
not only good for the rural old-age insurance plays a fundamental role, but also one
of the necessary conditions for the implementation of the rural old-age insurance
fee-to-tax.

There are two internal political disadvantages against rural endowment insurance
fee-to-tax. First, the difference between urban and rural endowment insurance system
will become a barrier which against reform of endowment insurance fee-to-tax. Rural
endowment insurance fee-to-tax can not only promote the development of rural
endowment insurance, but more important to promote synchronous development of
urban and rural endowment insurance. If the rural endowment insurance system is
more superior to the urban endowment insurance system, it will seriously weaken
the support ability of the whole security system. Second, there are many differences
among different regions in our endowment insurance system. These distinctions
increased a lot of difficulties for rural endowment insurance fee-to-tax. Furthermore,
it is not conducive to the establishment of a unified social security system.
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(2) The external political opportunity and threat
Our country is now at a crucial stage of development. Balancing urban and rural
development and Industry finances agriculture had become two major strategies in
order to solve the “three rural” issue. The crucial stage of development is external
political opportunity for rural endowment insurance tax. The modernization drive
of developing countries, depend on a great extent between city and country to dual
economic structure, but the dual structure in urban and rural economy in China has
not yet been changed, and the gap between regions is still widening and there are still
quite a large number of impoverished people. The endowment insurance system is
an important system in modern society, and it has important influence on urban and
rural development as awhole. Our country in promoting urban and rural development
issued a series of fiscal policy and tax policy, and that is the precondition and the
necessary basis for rural endowment insurance fee-to-tax. Rural endowment insur-
ance can take advantage of these policies, and actively promote the rural endowment
insurance fee-to-tax. The implementation of industry nurturing agriculture policy
is a strategic decision after China entered the medium-term industrialization [12].
Industry nurturing agriculture not only can realize the collaborative development
of the city and countryside, but also the industry and agriculture. Fiscal transfer is
regarded as one of the main ways of industry nurturing agriculture, and rural endow-
ment insurance could have become one of the objects of fiscal transfer. The primary
problem of rural endowment insurance in China is the raising of pension funds. If
the rural endowment insurance will have a stable source of income, it will greatly
promote the rural endowment insurance fee-to-tax.

Not only demarcation in jurisdiction between the Central and local authorities in
tax revenue and administration, but also China’s household registration systemwhich
has long separated people into either rural or urban citizens, all is the external polit-
ical threat for rural endowment insurance fee-to-tax. The allocation of tax revenue
between the central and local institutions was reformed and fixed in 1994 in China.
Meanwhile, the preliminary local tax system was defined accordingly. In fact, the
reform of tax distribution system has evolved the substance of the central and local
governments between the disguise of the game. The endowment insurance, it is an
important part of the national operation. Both the central and local, have the respon-
sibility and obligation to the development of the insurance system. Therefore, the
existing tax system, not only have a negative effect on the construction of the national
social security system,will also hinder the rural endowment insurance tax.Household
registration system is another external political threat to rural endowment insurance
fee-to-tax. The long-term goal of rural endowment insurance tax reform is to syn-
chronize with the endowment insurance in urban areas. The household registration
system is one of the most important factors affecting the rural endowment insurance
[7]. Not only the financial resources allocation of social security will affected by
the household registration system, but also the farmers’ willing of participants of the
rural social endowment insurance also affected by the household registration system.
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2. The economic environment of rural endowment insurance fee-to-tax
(1) The internal economic advantages and disadvantages
The advantage of tax system is the internal economic advantages of rural endowment
insurance fee-to-tax. The implementation of rural endowment insurance fee-to-tax,
most directly, it can not only strengthen the social insurance tax collection efforts, and
improve the collection rate, but also can reduce the system operation cost. In addition,
the rural old-age insurance tax can make clear the local government’s responsibility.
Although there is resistance for China to raise overall plan level of endowment insur-
ance in system and finance, the rural endowment insurance fee-to-tax will created
some conditions what is important to put the old age pension into overall planning.

The tax is free of charge, while the social insurance is paid, so the tax and social
insurance is inconsistent, and this is the right internal economic disadvantage of rural
endowment insurance fee-to-tax. Taxes are owned by the state the individual has no
right to dominate. Taxes are used by state to provide public services for citizens, and
citizens can enjoy the perfect public service, so as to obtain the indirect return. For the
tax, there is no positive relationship between rights and obligations. On the contrary,
the nature of the social insurance premium is completely different. And the social
security system shall comply with the principles of adjusting rights and obligations.
Anyone who pay more in the young, and he could get more after retirement. As
a result, once the implementation of social insurance fee-to-tax, then the society
insurance system may lose the incentive mechanism.
(2) The external economic opportunities and threats
Because of the development of the social economy and the rural reform from the
introduction of the household contract responsibility systemthe rural economic has
made tremendous achievements. The development of the rural economy provides a
good external economic opportunity for rural endowment insurance fee-to-tax. The
economic base not only determines the existence and development of endowment
insurance system, but also determines the level of social security. The government
can’t provide all the funds for the social security system, and the public is still the
main source of capital. Now, peasants have become richer, and they have enough
money attend rural endowment insurance except meet the basic living security, and
they will require for the pension insurance become higher in the future.

According to the National Bureau of Statistics, the following Table2 summarizes
the net income of rural and urban residents from 2000 to 2013.

In order to have an effective description on the development of the rural economic,
we summarize the growth rate of the rural and urban residents in the following Fig. 3.

Although the rural economy has achieve great development, but there are also
some problems. The prominent problem in rural economic today is the serious
development imbalance between regions, and this is the right threat for rural endow-
ment insurance fee-to-tax. The discrepancy, diversity and imbalance of rural district
economies in China are the key factors that have important impact on rural endow-
ment insurance system. Quite a number of low-income people peasants could not
meet their basic needs of subsistence, especially in the western poverty-stricken
areas. From this point on, the imbalance of economic development is the threat for
rural endowment insurance fee-to-tax.
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Table 2 The net income of the rural and urban residents (2000–2013)

Time (Y) The average net income of rural Avg. per capital disposable

households (Yuan) income in urban areas (Yuan)

2000 2253.4 6,280.00

2001 2366.4 6,859.60

2002 2475.6 7,702.80

2003 2622.2 8,472.20

2004 2936.4 9,421.60

2005 3254.9 10,493.00

2006 3587 11,759.50

2007 4140.4 13,785.80

2008 4760.6 15,780.80

2009 5153.2 17,174.70

2010 5919 19,109.40

2011 6977.3 21,809.80

2012 7916.6 24,564.70

2013 8895.9 26,955.10

Fig. 3 The growth rate of the average net income of the rural and urban residents (2000–2013)

According to the National Bureau of Statistics, the following table summarizes
the per capita net income of Chinese rural households from 2000 to 2012. The big
imbalance between regions is also clear. The development of economic in rural areas
is unbalance can be seen in the Table3.

In order to have an effective description on the unbalance of the rural economic,
we take case of the per capita net income of Chinese rural households in 2013. The
difference in rural economic is much more obvious in the following Fig.4.
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Fig. 4 The per capita net income of Chinese rural households (2013)

3. The social environment of rural endowment insurance fee-to-tax
(1) The internal social advantages and disadvantages
Since the Basic scheme of county-level rural social endowment insurance (for trial
implementation) issued in January, 3, 1992, and it has a good mass base in the vast
rural areas. For two decades of reform and development, the rural endowment insur-
ance system has given enough benefit to thousands of peasants. The new type of
pension insurance system began a pilot implementation in 2009, and this pilot pro-
gram has already received a wide degree of public support. Thus, public support and
good awareness of rural endowment insurance is the advantage to rural endowment
insurance fee-to-tax.

By the end of 2012, the entire population was cover by endowment insurance
system. Because of dualistic urban-rural social and economic structure brings about
too large gap between city and country, as well as underdevelopment rural economy.
Rural social security system lagged behind the needs of economic development. In
the past, because of the rural endowment insurance system was not perfect in a long
time, thousands of peasants unable to attend endowment insurance. Now, the new
rural endowment insurance actual pension is too low, but the farmers’ expectations
are very high in the meantime. If enact the reform of rural endowment insurance
fee-to-tax, but couldn’t improve the pension benefit immediately, and there is no
complete tax bureau and simple operating instruction, it will most likely lead to
unfavorable consequences.
(2) The external social opportunities and threats
The construction of a harmonious society of our socialism and a new socialist vil-
lage provides an opportunity for rural endowment insurance fee-to-tax. Dualistic
urban-rural social and economic structure brings about too large gap between city
and country, as well as underdeveloped rural economy. To some extent, it hinders our
footsteps of building up a harmonious society. Since a long time, the rural endow-
ment insurance lags behind the city endowment insurance. To lessen the gaps between
urban and rural endowment insurance has become a more and more important strate-
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Table 4 The old-age dependency rate (2000–2013)

Time (Y) The annual total
population (ten thousand
people)

The population of age 65
and above (ten thousand
people)

Old-age dependency
rate (%)

2000 126,743 8821 9.9

2001 127,627 9062 10.1

2002 128,453 9377 10.4

2003 129,227 9692 10.7

2004 129,988 9857 10.7

2005 130,756 10,055 10.7

2006 131,448 10,419 11

2007 132,129 10,636 11.1

2008 132,802 10,956 11.3

2009 133,450 11,307 11.6

2010 134,091 11,894 11.9

2011 134,735 12,288 12.3

2012 135,404 12,714 12.7

2013 136,072 13,199 13.1

gically problemof our country,which has realmeaning for constructing a harmonious
society. The gap of endowment insurance system between urban and rural is the most
typical gap. The development strategy of the socialist harmonious society provides
a good opportunity for the rural endowment insurance fee-to-tax. Moreover, a good
rural endowment insurance system is the important guarantee of the construction
of socialism new countryside. The implementation of rural endowment insurance
fee-to-tax can help the government to clear the responsibility. The rural endowment
insurance will get more funds and attention.

With the aging trend of the population in the world, the social security system
has become the world-wide focus, and China isn’t an exception. With the one-child
policy and promoting the rural population transfer output in recent years, the speed
of population aging in rural area is faster than urban area [18]. No matter what kind
of payment model can avoid the negative influence presented by aging population.
So, the aging population has become the external social threat for rural endowment
insurance fee-to-tax.

For the better description of the aging population in China, we summarize the
old-age dependency rate from 2000 to 2013 according to the National Bureau of
Statistics in the following Table4.

The following Fig. 5 summarizes the rate of people over 65years old of the total
population from 2000 to 2013.

4. The technical environment of rural endowment insurance fee-to-tax
(1) The internal technical advantage and disadvantage
The characteristic of tax system itself is the internal technical advantage for rural
endowment insurance fee-to-tax, and this is the most direct advantage of all the
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Fig. 5 The ratio of people over 65years old of the total population (2000–2013)

advantages of rural endowment insurance fee-to-tax. As is known to all, the principle
of voluntariness shall be practiced in commercial insurance, but social security is
just the opposite. As a mandatory government savings, the old-age insurance system
makes it possible for us to remedy individual’s short-sighted behavior, and the state
and society through the law for the redistribution of national income, the members of
the community to guarantee the basic livelihood of the social security measures. The
basic attribute of the new rural endowment insurance is voluntary [9]. For this exact
reason, it is easy to increase the short-sighted behavior [10]. The biggest advantage
is the mandatory of tax revenue. The implementation of rural endowment insurance
fee-to-tax, it can enhance the mandatory of the new rural endowment insurance, and
it can expand coverage and improve collection rate. In addition, rely on the maturity
and perfection of the tax system, it can improve the efficiency of management and
reduce the running cost.

The uneven development phenomenon in rural area is very outstanding. Quite
a number of low-income people could only meet their basic needs for subsistence.
Because of the rural education is far behind the urban in a long time, the peasants’
overall quality of cultural in a lower level. The taxpayers’ awareness of paying tax is
relatively weak, and it is difficult to ensure that all the peasants can take initiative to
pay taxes. In addition, not only a vast territory with a sparse population, but also due
to the mountains and hills mainly, the traffic is not convenient, which increase the
difficulty of tax collection and management. From what has been discussed above is
the internal technical disadvantage for endowment insurance fee-to-tax.
(2) The external technology opportunities and threats
The experience of reference at home and abroad is the external technological oppor-
tunity for rural endowment insurance fee-to-tax. On the one hand, there have been 18
provinces’ tax department is responsible for the collection of social insurance pre-
miums at present in our country, such as Chongqing, Jiangsu, Fujian etc. Experience
of these areas is important for rural endowment insurance fee-to-tax. On the other
hand, there has been more than 170 countries establish the social security system at
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present all over the world, and 132 countries levy social security tax [8]. The foreign
tax experience is equally important for rural endowment insurance fee-to-tax.

During the National People’s Congress in 2005, premier Jiabao-Wen announced
to cancel the agriculture tax, officially ending the centuries-old practice farmers
paying taxes. In order to solve the issue of agriculture, countryside and farmers,
our country proposed to reduce farmers’ burden of rural taxes as early as in 2000.
Social insurance tax will be contrary to the current rural policy of “tax cuts”. The
peasants’ understanding of insurance tax is very shallow, and theymaynot understand
and accepted the new tax policy, which may bring some negative effect for rural
endowment insurance fee-to-tax.

4 Conclusions

According to the analysis of the preceding context, the implementation of rural
endowment insurance fee-to-tax canbebeneficial to development of rural endowment
insurance. It is the most important task for solving the problem of rural endowment
insurance to strengthen the construction of rural endowment insurance. In this case,
we urgently need a newpensionmodel to get adapt to the rural economic development
and expectation of the peasants. Therefore, it is of great significance to study this
topic.

(1) The current social and economic environment is good for the rural endowment
insurance system, and the implementation of rural endowment insurance fee-to-tax is
beneficial to the development of rural endowment insurance system. For the existence
of the urban-rural dualistic structure, the development of rural insurance lags behind
that of the city. The rural endowment insurance has missed a good development
opportunity. Yet there’s still an important opportunity for rural endowment insurance
at present. We all could continue studying urban endowment insurance fee-to-tax,
and spend more time on collecting experiences. For the rural endowment insurance
has missed an opportunity for development before, we mustn’t miss the next chance.

(2) The integration of urban and rural tax system is very important to the endow-
ment insurance system. In order to promote the development of rural endowment
insurance and keeping up with urban pension insurance, the implement of rural
endowment insurance tax won’t be the ultimate objective. Since the abolishment of
agricultural tax on January 1, 2006, the taxation system is not perfect. If the imple-
mentation of rural endowment insurance fee-to-tax comes true, the local tax agencies
will need to reconstruct the tax system, and especially in rural areas. Moreover, the
urban tax system’s also needed to be improved, and make sure that the rural endow-
ment insurance tax and urban endowment insurance could realize fee docking.

(3) To strengthen the publicity of rural endowment insurance is very important.
The new rural endowment insurance system began a pilot implementation in 2009,
and it is a signal of the establishment of a basic and full-covered social endowment
insurance system in China. However, not everyone is participated in the new rural
endowment insurance, and in the vast rural areas, there are majority of peasants



758 J. Tong et al.

even don’t know the endowment insurance system. A good job of propaganda of
endowment insurance policy is urgent to expand the coverage of rural endowment
insurance. The publicity of rural endowment insurance tax is more important, since
if most of the peasants don’t understand the benefits of the endowment insurance tax,
their resistance and the new policy can’t be successfully implemented in the end.
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The Risks of Knowledge Chain and Measures
to Prevent–from the Evolutionary Game
Theory

Weixin Yu, Xin Gu and Tao Wang

Abstract In the cooperative innovation process of knowledge chain, benefts con-
flicts between different partners will produce opportunism behavior and lead to the
risks. According to related theories and hypotheses, this paper constructs an evo-
lutionary game model to simulate the process of benefits conflicts. After, the evo-
lutionary stable strategies (ESS) of the model are discussed. Further, based on the
ESS analysis, it illustrates the generation mechanism of these risks and puts for-
ward corresponding measures to prevent these risks based on the benefits synergism
perspective.

Keywords Knowledge chain ·Knowledge chain risks · Evolutionary game theory ·
ESS analysis · Benefits synergism

1 Introduction

In the knowledge economy times, knowledge becomes the core elements of economic
growth from exogenous variables, just as thewell-knownAmericanmanagement sci-
entist Peter. F. Drucker said “the knowledge will become the real capital and the first
wealth”. For company, there are two ways to obtain knowledge: internal R&D and
external access. But with the knowledge updating accelerates and competition inten-
sifies, the single enterprise can’t create all the necessary knowledge in the process of
production and management relying on the strength of its own. Therefore, more and
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more enterprises cooperate with their suppliers, their clients, universities, research
institutes and even their competitors to set up knowledge strategy alliances. In the
alliances, they can share and create knowledge through knowledge flowing. Then,
the knowledge chain is formed in the process of knowledge flow between different
organizations [7]. Since the 1990s, more and more enterprises constitute knowledge
strategy alliances in the form of knowledge chain. In the future, the company com-
plete with the others not only by the strength of its self, but also in the form of
knowledge chain.

Because of its main characteristic “informal control”, however, there exist infor-
mation asymmetry, goal inconsistent, ability mismatch and cultural conflict phenom-
enon etc. in he process of innovation. By the function of circumstance uncertainty
and knowledge tacitness, all these phenomena will lead to the risks of knowledge
chain. The so-called knowledge risk refers to the loss the chain’s members when
knowledge can’t be transferred, shared and created, because of the uncertainty of the
circumstance, the characteristic of both organization and knowledge. Cooperation
risk is everywhere in knowledge chain. Das & Teng [10] found that the failure rate
of enterprise alliance in the form of knowledge chain ranged from 30 to 50%.

Some scholars have summarized the risks which exist in knowledge chain and
classified these risks. Such as, Yang [2] researched the risks in the knowledge chain
and divided these into controllable and uncontrollable. Li [1] analyzed and evaluated
the risk of knowledge sharing in knowledge chain. Grabber [4] pointed out that the
risk of lock-in include three aspects: function, cognition and politics lock-in. The
present research mainly concentrates in the risk type, assessment and measures to
prevent. However, the formationmechanism of in-depth analysis of knowledge chain
risk and corresponding treatments based on the analysis are less studied. According
to related theories and hypotheses, this paper constructs an evolutionary game model
to simulate the benefits game process in the cooperative innovation of knowledge
chain. After, the evolutionary stable strategies (ESS) of the model are discussed.
Further, based on the ESS analysis, it illustrates the generation mechanism of the
knowledge chain risks and puts forward corresponding measures based on benefits
synergism to prevent these risks. This research may give some inspirations to the
enterprises about risk management in cooperative innovation.

2 Evolutionary Game Model of Knowledge Chain

2.1 Hypothesis to the Knowledge Chain Evolutionary Game
Model

The cooperative innovation of knowledge chain requires its members to share their
information and knowledge [3]. Nevertheless, the members are independent and
they cooperate-compete to each other. In order to maximize their own interests, they
adjust their strategies constantly. If there is improper distribution of interests, it will
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lead to the deviation between individual interests and the overall interests. Then, the
membersmay take opportunistic behavior in pursuit ofmaximum interest, whichwill
result in the failure of cooperative innovation and produce the knowledge chain risks.
In order to facilitate the research, the following hypothesizes are putted forward:

1. Hypothesize to partners
The knowledge chainmembers include core enterprise, university, scientific research
institutions, suppliers and dealers etc. [11]. Here two organizations will be consid-
ered, partner 1 and partner 2. The two partners are limited rationally, which means
that they can’t find their optimal strategy in the beginning but they can find the better
strategy through trial and error. That’s to say, the equilibrium of the game is adjusted
and improved constantly in the process, rather than a result of selection only once.

2. Hypothesize to strategy space
Both partner 1’s and partner 2’s strategy spaces are cooperation, non-cooperation.
Under the “cooperation strategy”, the partners fulfill the contract and cooperate with
each other to innovate. They share their knowledge and collaborate with each other in
order tomaximize the value of knowledge chain.While under the “non-cooperation”,
they research independently or take opportunistic behavior in the process of coop-
erative innovation. For example, they don’t share their knowledge completely. At
the same time, they learn the knowledge shared by others or steel others’ core tech-
nology even, on basis of which they research by their selves. Hypothesize that the
probability for partner 1 to take “cooperation strategy” is “x” and “non-cooperation”
is “1 − x”, while “y”, “1 − y” for partner 2. 0 ≤ x , y ≤ 1.

3. Hypothesize to benefits function
Amuse that amount of knowledge invested by partner 1 and partner 2 is “a” and “b”.
(1) When both partners choose “non-cooperation”, each gets income λAa and λBb,
and knowledge chain gets total income λBb +λBb. “A” and “B” are numbers greater
than 1, which stand for the contribution degree to the knowledge respectively. “A”,
“B” is bigger, the contribution to the knowledge is larger. λ is a number greater than 0,
which stands for benefit factor. (2)Whenboth partners choose “cooperation strategy”,
partner 1 and partner 2 get excess benefits λAa Bb−λAaλBb because of the synergis-
tic effect. They distribute the excess return according to their respective contribution
to knowledge and bargaining power. Assuming that the distribution proportion is θ

and 1−θ (0 < θ < 1), partner 1 and partner 2 get λAa +θ(λAa Bb −λAa −λBb) and
λBb + (1− θ)(λAa Bb −λAa −λBb) respectively under the strategy “cooperation”.
(3) When partner 1 chooses “cooperation” strategy, while partner 2 chooses “non-
cooperation”, partner 1 can get its own independent innovation return and penalty
C , λAa + C totally. Partner 2 breaks his promise to innovate independently after
he has learned partner 1’s core technology and gets benefits π . The total benefits of
him is λBb +π − C . By the same token, when partner 1 chooses “non-cooperation”
strategy, while partner 2 chooses “cooperation”, they get λAa +π −C and λBb +C
respectively. 2 × 2 game payment matrix is shown in Table1.
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Table 1 Game payment matrix of cooperative innovation

Partner 2 cooperation (y) Non-cooperation
(1 − y)

Partner 1 Cooperation (x) λAa + θ(λAa Bb − λAa − λBb),
λBb+(1−θ)(λAa Bb−λAa−λBb)

λAa + C ,
λBb + π − C

Non-cooperation
(1 − x)

λAa + π − C , λBb + C λAa , λBb

2.2 Construction of Evolutionary Game Model
for Knowledge Chain

According to “2 × 2 game payment matrix” (Table1), Partner 1’s expected return
under “cooperation” strategy is,

U11 = y[λAa + θ(λAa Bb − λAa − λBb)] + (1 − y)(λAa + C). (1)

Partner 1’s expected return under “non-cooperation” strategy is,

U12 = y(λAa + π − C) + (1 − y)λAa . (2)

Partner 1’s average expected return is,

U1 = x{y[λAa + θ(λAa Bb − λAa − λBb)] + (1 − y)(λAa + C)}
+ (1 − x)[y(λAa + π − C) + (1 − y)λAa]. (3)

So, partner 1’s replicated dynamic equation is,

dx

dt
= x(U11 − U1) = x(1 − x){[θ(λAa Bb − λAa − λBb) − π ]y + C}. (4)

By the same token, partner 2’s replicated dynamic equation is,

dx

dt
= x(U21 − U2) = y(1 − y){[(1 − θ)(λAa Bb − λAa − λBb) − π ]y + C}.

(5)

Let dx
dt = 0, dy

dt = 0. Five equilibrium points of cooperative innovation
dynamic game strategy system can be getted. That’s (0, 0), (0, 1), (1, 1), (1, 0)

and

(
C

(π−(1−θ)(λAa Bb−λAa−λBb))
, C

(π−θ(λAa Bb−λAa−λBb))

)
.



The Risks of Knowledge Chain and Measures to Prevent … 763

3 Analysis of the Formation Mechanism of Knowledge
Chain Risk

3.1 ESS Analysis of Partner 1

Let F1(x) = dx
dt . When F

′
1(x∗) < 0, x∗ is the ESS (Evolutionary Stable Strat-

egy), according to the properties of differential equation stability theorem and the
evolutionary stable strategy.

(1) When 0 < C
(π−θ(λAa Bb−λAa−λBb))

< 1, if y > C
(π−θ(λAa Bb−λAa−λBb))

, then

F
′
1(0) < 0 and x∗ = 0 is the ESS. The result of the game is that partner 1 with

bounded rationality will choose “non-cooperation” eventually when the proba-
bility of partner 2 to choose “cooperation” strategy is greater than a certain value.

If y < C
(π−θ(λAa Bb−λAa−λBb))

, then F
′
1(1) < 0 and x∗ = 1 is the ESS. The result

of the game is that partner 1 with bounded rationality will choose “cooperation”
eventually when the probability of partner 2 to choose “cooperation” strategy is
smaller than a certain value.

If y = C
(π−θ(λAa Bb−λAa−λBb))

, then F1(x) = 0 and all the “x” is the ESS.

(2) When C
(π−θ(λAa Bb−λAa−λBb))

> 1, then F
′
1(1) < 0 and x∗ = 1 is the ESS under

any conditions. The result of the game is that partner 1 with bounded rationality
will choose “cooperation” eventually no matter what strategy partner 2 chooses,
when penalty increased to the degree that partner 1’s extra net return under
“non-cooperation” strategy is less than the excess return under “cooperation”
strategy.

(3) When C
(π−θ(λAa Bb−λAa−λBb))

< 0, then F
′
1(1) < 0 and x∗ = 1 is the ESS under

any conditions. The result of the game is that partner 1 with bounded rationality
will choose “cooperation” eventually no matter what strategy partner 2 chooses,
when partner 1’s extra net return under “non-cooperation” strategy is less than
the excess return under “cooperation” strategy because of the reasonable benefits
allocation.

3.2 ESS Analysis of Partner 2

Let F2(y) = dy
dt . When F

′
2(y∗) < 0, y∗ is the ESS.

(1) When 0 < C
(π−θ(λAa Bb−λAa−λBb))

< 1,

If x > C
(π−θ(λAa Bb−λAa−λBb))

, then F
′
2(0) < 0 and y∗ = 0 is the ESS. The

result of the game is that partner 2 with bounded rationality will choose “non-
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cooperation” eventually when the probability of partner 1 to choose “coopera-
tion” strategy is greater than a certain value.

If x < C
(π−θ(λAa Bb−λAa−λBb))

, then F
′
2(1) < 0 and y∗ = 1 is the ESS. The result

of the game is that partner 2 with bounded rationality will choose “cooperation”
eventually when the probability of partner 1 to choose “cooperation” strategy is
smaller than a certain value.

If x = C
(π−θ(λAa Bb−λAa−λBb))

, then F2(y) = 0 and all the “y” is the ESS.

(2) When C
(π−θ(λAa Bb−λAa−λBb))

> 1, then F
′
2(1) < 0 and y∗ = 1 is the ESS under

any conditions. The result of the game is that partner 2 with bounded rationality
will choose “cooperation” eventually no matter what strategy partner 1 chooses,
when penalty increased to the degree that partner 2’s extra net return under
“non-cooperation” strategy is less than the excess return under “cooperation”
strategy.

(3) When C
(π−θ(λAa Bb−λAa−λBb))

< 0, then F
′
2(1) < 0 and y∗ = 1 is the ESS under

any conditions. The result of the game is that partner 2 with bounded rationality
will choose “cooperation” eventually no matter what strategy partner 1 chooses,
when partner 2’s extra net return under “non-cooperation” strategy is less than
the excess return under “cooperation” strategy because of the reasonable benefits
allocation.

3.3 Analysis of Knowledge Chain Risk

Draw the phase diagram of partner 1 and partner 2 in the same coordinate represen-
tation on the plane, as shown in Fig. 1.

Fig. 1 The phase diagram of
partner 1 and partner 2

y
A(0,1) B(1,1)

D

O(0,0) C(0,1) x
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As is seen in the Fig. 1, point O and B are not stable starting points, point D
is saddle point, and point A as well as point C are the evolutionary stable points.
That’s to say, when partners’ extra net return under “non-cooperation” strategy is
greater than the excess return under “cooperation”, and the extra return under “non-
cooperation” is greater than excess return, there exit many risks in the process of
cooperative innovation. These risks are as follows:

1. The leakage of core knowledge
The knowledge of organization, especially the technical knowledge is the source
of organization’s competitive advantage [9]. Because the extra benefits getted
from breaking contract then to innovate independently after learning the oth-
ers’ core knowledge is greater than allocated benefits excess from continuing
to cooperation innovation. That’s to say π > θ(λAa Bb − λAa − λBb) and
π > (1 − θ)(λAa Bb − λAa − λBb). On this condition, there exist opportunism
behavior tendency. Because the relationship between the partners is implicit con-
tract relationship, the punishment to the opportunism behavior is insufficient, which
meansπ−θ(λAa Bb−λAa −λBb) > C andπ−(1−θ)(λAa Bb−λAa −λBb) > C .
Under these conditions, with the increase of partners’ interaction frequency in the
cooperative innovation process, it may happen that some partners steal the others’
core knowledge. If the knowledge and technology is copied, its ability to create a
unique value will lose, which lead to the loss of competitiveness, but also cultivate its
competitors. If there are no strong punitive measures, the behavior that harms others
to benefit oneself will become more and more frequent until when the knowledge
chain collapse [6].

2. The lack of knowledge sharing
In order to realize knowledge transferring and sharing successfully, mutual trust
is an important element [8]. If the knowledge chain is lack for sufficient trust, its
partners will tend to conservative or try for knowledge sharing, which will form
a strong resistance to the flow of knowledge and knowledge creation. On the one
hand, if 0 < C

(π−θ(λAa Bb−λAa−λBb))
< 1 and 0 < C

(π−(1−θ)(λAa Bb−λAa−λBb))
< 1,

there exist opportunism behavior tendency. Under these conditions, it’s easy to pro-
duce a suspicion and opposite atmosphere, which causes the partners unwilling to
share their knowledge. On the other hand, a necessary condition for cooperation and
knowledge sharing among knowledge chain is fair and reasonable distribution of
cooperation benefits. If the allocation is unreasonable which means a

b �= θ
1−θ

, the
trust will be destroyed and the knowledge sharing willingness will be reduced. Lack
of knowledge sharing will reduce λAa Bb − λAa − λBb, C

(π−(1−θ)(λAa Bb−λAa−λBb))

and C
(π−θ(λAa Bb−λAa−λBb))

. It will strengthen the opportunism behavior further, as a
result forming a vicious circle of mutual distrust, which leads to the disintegration
of knowledge chain.

3. Path lock-in
Path lock-in refers to one system once in a path, will reinforce and expand itself
along the path in the role of inertia, so that the system tends to lock [12]. With
the further expansion of cooperative innovation in the knowledge chain, “a”, “b”
increase, and the special assets increase as a result. Firstly, as the increase of group
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interaction, partners deepen understanding the others’ advantage and disadvantages.
Because of the imperfection of the contract, there will exists a “rip off” behavior, for
instance some partners may use other partners’ weakness to blackmail. Secondly,
with the increase of “a” and “b”, the scale effect and learning effect of knowledge
chain highlight, which means λAa Bb − λAa − λBb gets greater. Then the initial
technology route will continue to enhance. If there is a major technological change,
too much dependence on initial path will lead to the decline of the knowledge chain
along the “North path II”. At this time, technology choices of the partners are bound
to the collective choice. It’s very difficult to get rid of the strong ties. As a result,
technology path and cooperative relationship will be locked in the existing path of
low efficiency for a long time.

4. The weakness of innovation dynamic
Because the achievements of knowledge innovation are non-competitive and low
exclusive public goods, such as CDs, software, pharmaceuticals, all partners can
benefit from it, including those who didn’t share the cost of innovation. That
the partners can obtain these achievements without paying any cost will lead to
π − (1 − θ)(λAa Bb − λAa − λBb) increase. Then some partners may obtain the
achievements by the way of “free rider”. Knowledge creation is a high input and
high risk activity. However, all the costs and risks are undertaken by those who take
“cooperation” strategy only. This unreasonable cost-income structure will lead to
“free rider” behavior. As a result, rational, self interested partners are unwilling to
contribute to the overall interests of knowledge chain. Moreover, with the increasing
of partners, hitchhike motivation is more intense and free riding behavior is also
more difficult to find out, which will continue to weaken the dynamic of cooperative
innovation [13].

4 Measures to Prevent Knowledge Chain

Draw the phase diagram of C
(π−θ(λAa Bb−λAa−λBb))

< 0, or > 1 and C
(π−(1−θ)(λAa Bb−λAa−λBb))

< 0, or > 1 in the same coordinate representation on the plane, as shown in Fig. 2.
As is seen in the Fig. 2, point O is not stable starting point, point D andC are saddle

points, and point B is the evolutionary stable point. That’s to say, when partners’ extra
net return under “non-cooperation” strategy is greater than the excess return under
“cooperation”, but the increasing of penalty or allocated excess cooperative inno-
vation returns reasonably leads to the benefits under “cooperation” strategy of both
partners is more than the benefits under “non-cooperation” strategy. The evolution-
ary result of cooperation ship is that both partners take “cooperation” strategy in the
long run. Then they continue to perform the contract and the knowledge chain runs
healthily. So, we can take measures to reduce the returns under “non-cooperation”
strategy and increase the returns under “cooperation” strategy in order to prevent
knowledge chain risks. The measures are as following:
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Fig. 2 The phase diagram
under the reasonable
cost-income structure

B(1,1)

O(0,0) C(1,0) x

y
A(0,1)

(1) The cooperative innovation returns should be allocated fairly and reasonably.
The process of knowledge creation in the knowledge is a business process of
value creation, benefits sharing and risks sharing [5]. The smooth operation of
this process requires a fair and reasonable profit distribution scheme of benefits.
The reason is that a fair and reasonable profit distribution can help to strengthen
the sense of fairness, form a rational expectation to future income and enhance
cooperation confidence, so as to reduce opportunistic behavior. Fairness is come
from the comparison their investment and their future earnings. If the contribu-
tion degree and the proportion of income distribution doesn’t equal a

b �= θ
1−θ

,
some partners’ knowledge transfer enthusiasm will be greatly reduced and may
even take opportunistic behaviors.

(2) To develop different interest allocation scheme according to the different stage
of knowledge innovation. In the process of innovation, the influence factors of
cooperative benefits distribution will continue to change, which will affect the
distribution pattern. For example, the motivation of partners to stop cooperation
and innovate independently after learning others’ knowledge is small, because
the knowledge sharing is little and the future is uncertain at the beginning of
cooperation. But with the expansion of knowledge sharing and creation in a
wider range, will gradually increase and the motivation of stopping cooperation
will be strengthen. Therefore, it’s very necessary to develop different benefits
allocation scheme according to different stage of knowledge innovation.

(3) To establish benefit compensation mechanism for knowledge sharing. To get
some shared knowledge is one purpose for partners in the knowledge chain.
However, “public goods” as the knowledge is, there exist retention behavior in
the process of cooperative innovation because of “free rider” behavior, which
results in the lack of knowledge sharing. In order to improve the willing of the
partners to share their knowledge, we should establish a set of interest com-
pensation mechanism. Reasonable compensation to the partners, who share and
dissemination of technology in order to enhance the whole interests of knowl-
edge and make their own interests temporarily affected, so that the marginal
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spillover can be compensated at the margin, makes cooperative cooperation of
them to be their own needs.

(4) To increase the penalty for contract breaking. The partner take “cooperation”
or “non-cooperation” is depending on the consideration about the returns and
costs of contract breaking. Therefore improving the penalty “C” can reduces
the opportunism behavior effectively. Through property rights and relevant con-
tract law gives the contract breakers sufficient punishment, which can encourage
partners to give up opportunism behavior and increase the cooperative innova-
tion benefits “λAa Bb” as a result. The increase of “C” and “λAa Bb”, can make

C
(π−θ(λAa Bb−λAa−λBb))

and C
(π−(1−θ)(λAa Bb−λAa−λBb))

become bigger, and pre-
vent knowledge chain risks as well.

(5) To establish a long-term relations of cooperation. From the perspective of game
theory, in the process of single game, partners are easy to take opportunistic
behaviors. On the one hand, to establish a long-term relationships of cooperation
can increase the potential benefits of cooperative innovation “λAa Bb”. On the
other hand, in the long-term cooperation the opportunism behavior can only
obtain short-term benefits and long-term benefits can’t be obtained, but also
left a bad reputation, making the contract breakers’ reputation depreciation. In
addition, a long-term relationship canmake proprietary assets become larger and
larger just like a rolling snowball, which forms a virtuous circle of trust, thereby
reducing the knowledge chain risks.

5 Conclusions

In this paper, according to related theories and hypotheses, we construct an evo-
lutionary game model and use this model to analysis the formation mechanism of
knowledge chain risks, for example, leakage of core knowledge, lack of knowl-
edge sharing, path lock-in and weakness of dynamic. After, 5 measures are put
forward to prevent these risks. These discussions can provide some enlightens for
the organization in cooperative innovation risk management: benefits synergism can
reduce opportunistic behavior, which can prevent knowledge chain risk to take place.
However, there is no mandatory power to ensure interest coordination mechanism,
because cooperative innovation is the spontaneous behavior of equal partner. This
can be discussed in-depth in the future.

Acknowledgments This work is supported by the National Natural Social Science Foundation of
China (Grant No. 70772069 and 70471069), Innovation Team Project “Knowledge Chain Man-
agement” of Sichuan Education Department (Grant No. 13TD0040), and Soft Science Projects of
Sichuan Province “Implementation Way of Innovation Driven Development Strategy of Sichuan
Province” (Grant No. 2013ZR0138).



The Risks of Knowledge Chain and Measures to Prevent … 769

References

1. Bing L (2005) The allocation of risk in PPP/PFI construction projects in the UK. Int J Proj
Manage 23:25–35

2. Yang CL (2009) Research on the risk appraisal and control of knowledge chain. Sci Technol
Prog Policy pp 121–123

3. Delanty G (2010) The university in the knowledge society Beijing. Peking University Press,
Beijing

4. Grabber G (2006) The weakness of strong ties: the lock-in of regional development in the Ruhr
area. Routledge, London

5. Jongwook K (2014) Formal and informal governance in biotechnology alliances: board over-
sight, contractual control, and repeated deals. Ind Corp Change 23:903–929

6. Knockaert M, Ucbasaran D et al (2011) The relationship between knowledge transfer, top
management team composition, and performance: the case of science-based entrepreneurial
firms. Theor Pract 35:777–803

7. Nagata A (2007) Knowledge flow from the scientific sector to private firms: a review on the
policy of technology transfers in Japan. Int J Innovation Technol Manage 4:495–510

8. Panteli N, SockalingamS (2005) Trust and conflict within virtual inter-organizational alliances:
a framework for facilitating knowledge sharing. Decis Support Syst 39:599–617

9. Shuang P, Weixin Y, Xin G (2013) The risks of knowledge network and measures to prevent:
from the view of social netwoek theory. Sci Technol Prog Policy 30:124–127

10. Das TK, Teng BS (2000) A resource-based theory of strategic alliances. JManage 26(1):31–61
11. Xin G, Jiuping L,WeichengW (2006) Knowledge flow, knowledge chain and knowledge chain

management. Soft Sci 20(10–12):16
12. Yimei Y, Zhigao L, Weidong L (2013) Path-dependce and its implication for regional devel-

opment. Geog Res 31:782–789
13. Zimmermann RC, Jonara JB (2006) Evolving networks of inventors. J Evol Econ 16:155–174



Impact of Organizational Justice on Job
Satisfaction of Employees in Banking Sector
of Pakistan

Muhammad Umair Akram, Muhammad Hashim and Zubair Akram

Abstract The aim of this study was to determine the relationship between
organizational justice and employee job satisfaction. Privatize banks (ABL, UBL,
SCB, Kasahf, Alfalah) were selected for the study and a questionnaire were distrib-
uted among the 100 bank employees. A total of 53 questionnaires were received back
with a response rate of 53%. The results showed that distributive justice has positive
and significant impact on job satisfaction. The analysis also revealed that procedural
justice has significant negative relationship with job satisfaction. Practical level of
organizational justice can be enhanced the level of job satisfaction.

Keywords Organizational justice · Procedural justice · Distributive justice ·
Banking employees

1 Introduction

Agroup of peoples that work together for achieving common goals under a structured
system is called organization. For the achievement of these goals there is also a
need of effective managers or employees. Now organizations are considering human
resource as the most precious asset for them because human resource is an important
factor for effectiveness and success of organization.

Organizational justice concerns employees’ perceptions of fairness in workplaces
and has become a popular concept in understandingworkplace attitudes and behavior
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[3, 9]. Greenberg [13] suggested the four factor model (including distributive and
procedural justice and breaking down interactional justice into informational and
interpersonal justice and researcher [7] have provided a strong empirical support for
this model.

In a society, people perceived justice from the legitimacy of their country same
like that people in an organization have perception of organizational justice, which
comprises of four dimensions namely distributive justice, procedural justice, infor-
mational justice and interactional justice.

First dimension distributive justice is concerned with fairness of allocation of
resources [2]. Refers to perceives fairness of outcomes such as pay, recognition, pro-
motion, performance appraisal and rewards. Second dimension is procedural justice
concernedwith the procedure use to allocating resources [17] refers to perceived fair-
ness of decision making process. Third dimension interactional justices concerned
with the quality of treatment perceived form decision maker [4], refer to respect
of the relationship between employee and manager. The last dimension is informa-
tional justice which refers to the truth fullness justification of important information
provided to employee [4, 7, 14].

The term organizational justice is used in this study to express the degree to
which employees perceive the overall fairness in organizational rules, procedures and
policies that are related to their work. In this study, two components of organizational
justice are included which are distributive justice and procedural justice. Human
wants justice in the working environment, in terms of procedures used to determine
reward, distribution of reward which make them satisfied or committed towards
their work or organization. Organization justice is based on equity theory [1], which
demostrated that worker bring his input in the organization like input of education,
effort experience etc. and in return of these input he expected the fair outcome of
distributionof reward andprocedure [11, 13], therefore distributed justices is perceive
fairness in distribution and allocates of outcomes which base on input provided by
employees in organization [6, 12, 26].

Procedural justice refers to procedure how pay or promotion is decided within the
organization [5, 10, 18, 21]. Mcfarlin and Weeney [19] explained that distributive
justice is good predictor of both pays and job satisfaction. Procedural justice is good
predictor of personal outcomes and organizational commitment.

Job satisfaction is defined as a person’s evaluation of his or her job and work con-
text [20]. Common job satisfaction facets include coworkers, appreciation, benefits,
job conditions, pay, promotion, supervision, and organization’s policies or proce-
dures [25]. Job satisfaction can be defined as a positive feeling about one’s job
resulting from evaluating of its characteristics and employees high degree of trust
for their employer can cause job satisfaction [23]. Job satisfaction also have impact
on other variables like turnover intentions, such as if employee are unsatisfied then
they like to leave that organization [8, 22] reported that job satisfaction mean that an
employee have effective and emotional responses towards his particular job. Spectur
[24] referred job satisfaction as extent a person like his job. Organizational justice
has impact on the employee satisfaction regarding his job, environment which moti-
vates him toward organizational commitment. When employee feel that he or she
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has been not treated fair process in an organization then it’s difficult for an employee
that he must be satisfied from his job [16]. As job satisfaction will result in commit-
ted employees who help in the achievement of organizational goals it is important to
identify the factors that affect employee’s behavior or job satisfaction.When employ-
ees feel that they are treated fairly by organization in every aspect they are motivated
to show positive attitude and behavior like job satisfaction. Griffin et al. [15] reported
that correctional staff’s level of job satisfaction had a significant negative relationship
with their emotional exhaustion and feeling of reduced accomplishment.

Banks in Pakistan are more focused industry for economic development. As a
result, several banks are performing a significant role in the economic development
of the country. This research is an attempt to explore the relationship between orga-
nizational justice dimensions and job satisfaction in Pakistani banks.

1. Significance
This study would be helpful to find out that whether or not organizational justice

exists in the private banks in Pakistan. This research is important in the sense that it
will provide results that can help HR managers to develop and implement an effec-
tive strategy considering the justice perception of employees by making suitable
decisions about the outcomes and procedures for the employees that can increase
their job satisfaction, motivation and commitment of employees that will ultimately
increase performance of employees in organization to achieve organizational goals.
Distributive and procedural justice have a vital role in determining job satisfaction of
employees and if management makes proper communication with employee regard-
ing justice dimensions it will bring positive behaviors in employees. It would show
the level of these two justice dimensions exists in Pakistan private banks in this
current situation of crises. This research will help bank authorities to notice what
dimensions of organizational justice are most important in current era to increase job
satisfaction in employees.

2. Research Question
On the basis of pervious researches the following research questions are formu-

lated.

• How Organizational Justice impact on Job satisfaction?
• What is the relationship between distributive justice and job satisfaction?
• What is the relationship between procedural justice and job satisfaction?

3. Research Objectives

• To examine the relationship between organizational justice and Job satisfaction.
• To find out the relationship between distributive justice and Job satisfaction.
• To investigate the relationship between procedural justice and Job satisfaction.

4. Contribution
The contribution of our research is to give guidance to banking sector of Pakistan

to improve their existing policies related to rewards and fairness in procedures and
develop new policies where it required. Independent Variables: Distributive Justice
and Procedural Justice;

Dependent Variable: Job Satisfaction.
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5. Hypotheses
Hypothesis 1. There is a positive relationship between distributive justice and job
satisfaction.
Hypothesis 2. There is a positive relationship between Procedural justice and job
satisfaction.

2 Methodology

All banking employees are population of this study. The data was collected from
banking employees. The reason behind using the banking sector was that in banking
sector there are proper rules and regulations that are followed in many aspects or
as with the advent of time banking industry starts focus on the enhancement of
HR practices to show the level of improvement about their workforce or that is
the reason for its easiness to determine the level of organization justice exists in
banks because it’s easy to determine the justice in that environment where proper
regulations are defined rather than to its opposite environment industry. The data was
collected through self administered questionnaires from one hundred individuals and
convenience sampling technique was used in this study.

A total of five commercial banks were taken Standard Chartered Bank, Bank
Alfalah, Allied Bank, UBL bank, and Kashf Bank. A sample of 100 employees was
consider for analysis and we received back 53 questionnaires with response rate of
82% male and 12% female.

Instrument & Measurement
Distributive and Procedural Justice Measure on the scale of Parker et al. [21].

Job satisfaction was assessed by Overall Job Satisfaction measure which is part of
the Michigan organizational questionnaire developed by Cammann et al. [5]. This
measure has three items that indicate employees’ satisfaction with his/her job. A
sample item from this scale is “All in all I am satisfied with my job”. Responses were
taken on a five point scale ranging from 1 = strongly disagree to 5 = strongly agree
(Fig. 1).

The purpose behind using already developed scale was that they provide more
reliable information related to this kind of project. Respondentswho did not complete
the questionnaire were not included in our research.

Fig. 1 Theoretical
framework
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3 Data Analysis

The research was directed in order to measure the job satisfaction concerning orga-
nizational justice in banking sector of Pakistan. SPSS 20 version was used to analyze
and to test the hypotheses. Descriptive statistics, Mean, S.D, Correlation and Regres-
sion Analysis tools was used to analyze the data.

3.1 Results

The reliability of procedural justice and distributive justice are (0.830) and (0.817)
respectively. The reliability of job satisfaction is (0.877).

Table1 shows the mean and standard deviation for overall organizational justice
and job satisfaction. Themean score of procedural justice, distributive justice and job
satisfaction was in the range of 3.1500–3.7267. It showed that most of respondent
were neutral or agree that organizational justice have impact on job satisfaction.
Employee will more satisfy if more degree of organizational justice will exists.

The basic purpose of correlation was to find the relationship between variables.
The result showed that there is a positive and significant relationship between dis-
tributive justice and job satisfaction (r = 0.278, p < 0.05) so it mean that distribu-
tive justice have significant relationship with job satisfaction. The result confirmed
(Hypothesis 2) that there was a positive relationship between distributive justice and
job satisfaction where the procedural justice have highly significant but negative
relationship with job satisfaction (r = −0.305, p < 0.05). This result rejected the
Hypothesis 1 that is there is positive relationship between procedural justice and job
satisfaction (Table2).

Table3 shows the model summary of regression analysis of independent and
dependent variable R the value of table showed correlation coefficient (r ) for analysis
(r = 0.4129). The value of R square (R2) showed the amount of change in dependent
variable due to independent variable. Value R square (R2 = 0.169) in this table
showed 16.9%of change in job satisfaction due to procedural and distributive justice,
and rest could be attribute to other factors causes change (Tables4 and 5).

In this table ANOVA showed the fitness of the model, F value showed that model
is fit (between independent and dependent variables) (p < 0.05) which is 0.013 it
mean this model is highly fit or this result also showed that model is statistically fit.

Table 1 Mean and standard deviation of organizational justices dimension and job satisfaction

Mean standard S. deviation

Procedural justice 3.1500 0.67951

Distributive justice 3.7267 0.71484

Job satisfaction 3.5467 0.49377
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Table 2 Correlation between organizational justice dimension and job satisfaction

DJ PJ

Procedural justice Pearson correlation −0.005

Sig(2-tailed) 0.973

Distributive justice Pearson correlation −0.005

Sig(2-tailed) 0.975

Job satisfaction Pearson correlation 0.278 −0.305
a

Sig(2-tailed) 0.051 0.031
aCorrelation is significant at the 0.05 level (2-tailed)

Table 3 Regression analysis

Regression 0.4129

R2 0.169

Adjusted R2 0.134

Standard error 0.45947

Table 4 Regression analysis

Sum of sqr Df Mean srq F Sig.

Regression 2.024 2 1.012 4.794 0.013a

Residual 9.922 47 0.211

Total 11.947 44
aSignificant at the 0.05 level

Table 5 Coefficients

Beta S.E for beta T Sig.

DJ 0.191 0.092 2.078 0.043

PJ −0.221 0.097 −2.285 0.027

DJ distributive justice, PJ procedural justice

This table shows the significant relationship between organizational justices. PJ
and DJ are independent variables and job satisfaction dependent variable. The result
shows that if there is one unit change in distributive justice then it would change
19.1% increase in employee job satisfaction. The results also showed the significant
relationship between distributive justice and job satisfaction (p = 0.043 < 0.05),
but the relationship with procedural justice is negative and highly significant (p =
0.027 < 0.05). It depicted that if there is a one unit change then it could decrease
−22.1% in the job satisfaction of employees.

3.2 Discussion

The research model revealed important findings regarding impact of organizational
justice on job satisfaction. This present revealed that distributive justice has positive
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impact on the banking employee’s job satisfaction. It mean if employees find the
level of existence of distributive justice in the organization then employee feels
more satisfied in term of pay, rewards etc. Result proved that employee were more
satisfied when they perceived their outcomes and rewards to be fair as compared to
those employees who consider their reward and outcomes as unfair. If employee feels
discontent regarding their reward they may decide to leave the organization. There is
positive significant relationship found in this study between distributive justice and
job satisfaction.

Results also showed that there is significant negative relationship between proce-
dural justice and job satisfaction of banking employees. The reason for this is that
employee does not have voice empower in decision making, decisions are made at
upper level and move downward as an orders but procedural justice play a major role
in perception of employee for job satisfaction. If the high degree of level procedural
justice existed in the organization then employee were more motivated and satisfied
from their job. Use of procedural justice in organization created positive influence
on employee performance, behavior and perception which creates job satisfaction
otherwise in the situation of un satisfaction, chances of negative response would
increase like leaving the organization. So in order to increase positive attitudes and
behavior management of banking sector have to improve organizational justice sys-
tem in their organizations. It will show more positive behavior in employees rather
than negative.

4 Conclusion and Recommendations

This study explored employee perception towards organizational justice in the form
of (Distributive justice, procedural justice) and examines its impact on employee job
satisfaction in private banks. This study showed that there was positive significant
relationship between distributive justice and job satisfaction of employees but there
was negative significant relationship between procedural justice and job satisfaction
exists in banking sector employees. As correlation analysis showed positive relation-
ship with distributive justice so it accept Hypothesis 2 which prove in results, while
Hypothesis 1 is rejected because procedural justice showed negative relationship
with job satisfaction of banking employees.

This study recommend that management of banking sector or any other orga-
nization should focus on the improvement of organizational justice and make more
emphasis on procedural justice present in their organizations because human relations
are one of the most important factor lie behind in the success of any organization.

Aswith any research, this study has several limitations that should be focused. The
study is limited only to private banking sector for data collection. The sample sizewas
short to generalized result or only two facets of justice (procedural and distributive)
are used in this study. For the future study other two facets can be explore which are
interactional or informational justice or other sectors of originations can be use to
know that what level and type of justice exist there.
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Study on the Incentive Contracts
of Knowledge Chain Organizations’
Cooperative Innovation Under Mixed
Asymmetric Information

Jian Li, Xianyu Wang and Quan Zhou

Abstract According to incentive problem of cooperative innovation in knowledge
chain which is composed of production enterprises and scientific research insti-
tutions, this paper puts forward the game model of the simultaneous presence of
adverse selection and moral hazard problems based on the principal-agent theory
and game theory. Further more, the effective contract incentive mechanism is estab-
lished. Under this mechanism, scientific research institutions weigh the pros and
cons, choose the contracts in consistent with it’s knowledge stock quality and pay
the appropriate level of efforts, standardize and restrict the research institutes of the
behavior, reduce agency problems in the cooperative innovation among organizations
in knowledge chain.

Keywords Knowledge chain · Cooperative innovation ·Adverse selection ·Mixed
asymmetric · Information · Incentive contract

1 Introduction

Knowledge chain refers to the chain structure [4], which is formed by knowledge
flow between different organizations involved in innovation activities. And its objec-
tive is to realize knowledge sharing and creation with enterprise as the core body of
innovation. Knowledge chain is composed of organizations with different knowledge
resources, including core enterprise (leader), universities, research institutes, suppli-
ers, distributors, customers, and even competitors. In practical social production, any
production activity should combine various fields and multidisciplinary professional
knowledge together to work smoothly. Any incomplete fragments of knowledge may
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lead to counterproductive results. And only combination of individual master pieces
of knowledge can maximize the role of knowledge [1]. Therefore, the enterprises,
which master different segments of knowledge, need to cooperate, form a knowledge
chain, and participate in production process. The formed knowledge-chain should
share the resources, costs and benefits.

Since the concept of knowledge chainwasfirst proposed by [7], its researchmainly
focused on the following aspects: (1) Some studies considered the knowledge chain
management as a part of the organization (enterprises) knowledge management. For
example, Chen et al. [3] expounded the meanings of the knowledge chain and its
role in knowledge management. (2) Some studies constructed the concept model
of knowledge chain. From the relationship between an organization’s knowledge
and its core competitiveness, Holspple and Singh [5] put forward the systematic
knowledge chain model on the basis of “value chain” model (Michael porter). (3)
Some studies made Proposal of optimization method of Knowledge. The optimiza-
tion method of enterprise internal knowledge chain was proposed by TKCI [8] (The
Knowledge Company Incorporated, 2001), which enhanced an organization’s value
chain through optimizing participants’ individual knowledge and the information
flow. (4) Some studies discussed cooperating coordination and conflicting coordina-
tion between knowledge chain organizations. For instance, Wu and Gu [9] analyzed
the relationship between strength of knowledge chain organizations with innovation
efficiency, and believed too high or too low efficiency of relationship intensity are
not conducive to innovation. Wu and Zhou [10] studied the cooperative innovation’
optimal incentive contract of the knowledge chain under different information condi-
tion. Although existing literatures on knowledge chain have done so much research
work, most of them put focus on qualitative analysis or single moral hazard study of
cooperative innovation between knowledge chain organizations.

Consequently, Based on the condition that the cooperative organization’s (agent)
quality of knowledge stock and level of knowledge commitment are unobservable,
i.e., adverse selection and moral hazard are considered simultaneously, we utilize
principal-agent theory to build the game model of both sides, study the incentive
contract of the knowledge chain ’cooperative innovation, and find out some useful
results, which have certain theoretical value and practical significance.

2 Issues Raised

When a production enterprise (core enterprise) and a research institutes (cooperative
organization) cooperate on the function of a product, a cooperative innovation of
knowledge chain is formed. As effort level and knowledge stock quality of the scien-
tific research institute are unobservable, the production enterprise faces the problem
of how to design an incentive contract to improve the performance of the knowledge
chain.



Study on the Incentive Contracts of Knowledge Chain … 783

In a knowledge chain, it induces a principal-agent relationship between the enter-
prise and the scientific research institute, in which the former is the principal, and
the latter is the agent.

Function as an agent, the scientific research institute has more information about
its own stock of knowledge quality than the production company, which acts as a
client. So the production enterprise is the information inferior cooperator.

At the same time, because the production enterprise cannot observe the coopera-
tor’ effort degree of (or too high to observe), the adverse selection and moral hazard
problems co-exist in the knowledge chain. This problem is caused by asymmetric
information of the production enterprise and research institute. So, How to solve
the agency problem between the production enterprise and scientific research insti-
tute effectively becomes a critical factor in enhancing efficiency of the knowledge
chain. In this paper, based on principal-agent theory and game theory, we set up
a model to elaborate the relationship between production enterprise and scientific
research institute, research the problem of agency for the production enterprise due
to the asymmetric information, and try to find out how the production enterprises
overcome the problem of agency through incentive contract design.

3 Model Hypothesis and Building

3.1 Model Hypothesis

To facilitate expression, we make the following assumptions:
A knowledge chain formed by a production enterprise (core enterprise) and a

cooperative organizations (universities, research institutes and other) (agents). We
suppose that the production enterprise (client) in a knowledge chain is risk neutral,
and risk aversion coefficient of the cooperative organization (agent) is ρ. The pro-
duction enterprise authorizes the research institute to innovate on the functions of a
product cooperatively in the form of a contract.

The cooperative innovation output R(e, θ, γ ) is influenced by the effort level,
the quality of knowledge stock of the cooperative organization and external random
factors. And level of the output, which is expressed as R = e + θ + γ , is positive
correlated to the cooperative knowledge organization’s effort level e and quality of
the knowledge stock, in which R is the innovation output of the knowledge and it
can be observed by both sides.

e is the cooperative knowledge organization’s effort level, and it cannot be
observed by the core enterprise or observation-cost is too high. Let θ ∈ Θ = [0, 1]
denotes quality indicator of knowledge stock of the cooperative organization, which
is knownunilaterally by the cooperative organization. The core enterprise only knows
its cumulative distribution function F(θ) and the distribution density function f (θ).
γ is the external random factor, which follows the averages 0, variance of δ2 normal
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Gaussian distribution. The negative utility of knowledge cooperation organization’s
inputted effort is denoted as: ψ(e) = 1

2e2.
We consider the contract structure as a fixed payment and sharing model {w(θ),

k(θ)}, s({R, θ}) = w (θ)+k (θ) R, where s (R, θ) is the total revenue of cooperative
organizations (agents), and w(θ) is a fixed payment paid by the core enterprise. The
share proportion of k (θ) is the payment which the core enterprise gives cooperate
organization per unit of product after output increasing. (k(θ) ∈ [0, 1]) R is the core
enterprise’s output which results from cooperative innovation after Knowledge chain
composed.

Game time sequence is:

(1) The core enterprise (principal) designs a contract including level of output and
mode of payment.

(2) The cooperation organization (agent) chooses to accept the contract or not
according to its own knowledge stock quality status, showing (Displaying) their
own level of knowledge stock quality high and low through contract selection.
If it is not accepted, the contract is terminated.

(3) If the cooperation organization (agent) accepts the contract, it determines its
level of effort in the knowledge chain according to the terms of the contract.

(4) The core of the enterprise (principal) gives payment according to the level of
output and contract.

3.2 Model

The core enterprise’s (principal) issue is to design incentive contract menu {w(θ),
k(θ)}, and suggest a level of effort tomaximize the expected utility;Cooperation orga-
nization (agent) chooses corresponding stock of contract according to its Knowledge
stock quality θ . The expected utility of core enterprise is as follows:

E
θ,γ

[R − s
(∧
θ
)] =

∫ 1

0
[e + θ − w (θ) − k (θ) (e + θ)] f (θ) dθ. (1)

We set up cooperation organization’s utility function as μ (x) = − exp− (ρs),
(ρ � 0) as the risk aversion coefficient, ρ = 0 shows that the participants are risk
neutral, then the expected utility of cooperation organization is as follows:

E
γ
[μ (s (R, θ) − ψ (e))], (2)

where s(R, θ) is the actual contract chosen by the cooperative organization, whose
quality of knowledge stock is θ -type.
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The cooperation organization’s deterministic value is as follows:

U (θ, e) = w(θ) + k(θ)(e + θ) − ψ(e) − 1

2
ρk2(θ)σ 2. (3)

Core enterprise is the dominant party of the game. When pursuit its own expected
utility maximization, it will be affected by the cooperative organization participation
constraint and incentive compatibility constraint (moral hazard and adverse selection
incentive constraint incentive constraint) control.

The participation constraint of the cooperation organization is that the determinis-
tic value greater than its reservation utility, while giving optimal effort and choosing
the contract consistent with its true stock quality of knowledge. That is:

U
(
θ, e∗) � U0. (4)

Moral hazard incentive constraint:

e∗ ∈ argmaxU (θ, e). (5)

Adverse selection incentive constraint meets the condition that certainty equiva-
lent income of the cooperation organization is not less than the certainty income of
choosing other contracts, That is:

U
(
θ, e∗) � U

(
θ̃ , e∗). (6)

So the core enterprise planning issue is:

(P1) max{ w(θ),k(θ),e}

∫ 1

0
[e + θ − w (θ) − k (θ) (e + θ)] f (θ) dθ

s.t. (I )U
(
θ, e∗) � U0

(I I )e∗ ∈ argmaxU (θ, e)

(I I I )U
(
θ, e∗) � U (θ̃ , e∗).

4 Model Analysis

By Eqs. (2) and (4) have optimal effort e∗:

ψ
′
(e∗) = k(

∧
θ),

e∗ = k(
∧
θ). (7)
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The Eq. (6) into the planning P1, have

(P2) max{w(θ),k(θ),e}

∫ 1

0
[k(θ) + θ − w(θ) − k(θ)(k(θ) + θ)] f (θ)dθ

s.t. U (θ, θ, k(θ)) ≥ 0 (8)

U (θ, θ, k(θ)) ≥ U (θ, θ̃ , k(θ̃)),∀θ, θ̃ ∈ [0, 1]2. (9)

To ensure that agents do not lie, namely to prevent agent inducing adverse selection
problems on θ , it is necessary to make the contract terms [w(θ), k(θ)] to meet the
following incentive compatibility constraint: derivation of ∀(θ, θ̃ ) ∈ [0, 1]2 there is:

(θ) + k(θ)(k(θ) + θ) − ψ(k(θ)) − 1/2ρk2(θ)σ 2 �
w(θ̃) + k(θ̃)(k(θ̃) + θ) − ψ(k(θ̃)) − 1/2ρk2(θ̃)σ 2. (10)

Equation (1) indicates that when the real technical indicator is θ , the agent lied
that θ̃ is unprofitable.

From Eq. (9), we can get the following first order conditions of θ̃ .

.
w(θ̃) +

(
1 − ρσ 2

) .

k(θ̃)k(θ̃) + .

k(θ̃)θ = 0. (11)

To make it the best choice for Cooperation Organization that telling the truth
shows its real type, there must be:

.
w(θ) +

(
1 − ρσ 2

) .

k(θ)k(θ) + .

k(θ)θ = 0. (12)

And the local second-order conditions must be met, which means the second
derivative is less than zero. That is,

{
..
w(θ̃) +

(
1 − ρσ 2

)
[ ..k(θ̃)k(θ̃) + .

k(θ̃)
.

k(θ̃)] + ..

k(θ̃)θ
}

|
θ̃=θ

� 0, (13)

or
..
w(θ) +

(
1 − ρσ 2

)
[ ..k(θ)k(θ) + .

k(θ)
.

k(θ)] + ..

k(θ)θ � 0. (14)

θ is the optimal value point, and differentiate the Eq. (11) for θ on both sides, we
have:

..
w(θ) +

(
1 − ρσ 2

)
[ ..k(θ)

.

k(θ) + .

k(θ)
.

k(θ)] + ..

k(θ) + .

k(θ) = 0. (15)

By Eqs. (12) and (13), it can be derived:

.

k(θ) � 0. (16)
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Equations (10) and (13) constitute a local incentive constraint and the local incen-
tive constraints can replace the global incentive [2].

Denote U (θ) be U (θ, e) = w (θ) + k (θ) (k (θ) + θ) − 1
2k2 (θ) − 1

2ρk2 (θ) σ 2.

Mark U (θ, e) = w (θ) + k (θ) (k (θ) + θ) − 1
2k2 (θ) − 1

2ρk2 (θ) σ 2, and
.

U (θ) =
.
w (θ) + (1 − ρσ 2)

.

k (θ) k (θ) + .

k (θ) θ + k (θ).
Furthermore, Eq. (11) gives the following:

.

U (θ) = k (θ). (17)

Programming problem (P2) can be converted into programming problem as
follows:

(P3) max{U (θ),k(θ),e}

∫ 1

0

[
k (θ) + θ − 1 + ρσ 2

2
k2 (θ) − U (θ)

]
f (θ) dθ

s.t.
.

U (θ) = k (θ) (18)
.

k(θ) � 0 (19)

U (θ) � U0. (20)

By Eq. (16) and objective function, the participation constraint Eq. (20) can be
simplified as U (θ) = U0. Ignored the Eq. (17) temporarily to work out Eq. (16) as
follows:

U (θ) = U (0) +
∫ θ

0
k (τ ) dτ , (21)

let U (0) = U0 and the result is:

U (θ) = U0 +
∫ θ

0
k (τ ) dτ . (22)

Substitute Eq. (21) into principal objective function, there is:

∫ 1

0

[
k (θ) + θ − 1 + ρσ 2

2
k2 (θ) − U0 −

∫ 1

0
k (τ ) dτ

]
f (θ) dθ.

By subsection integration, we have the following expression:

∫ 1

0

[
k (θ) + θ − 1 + ρσ 2

2
k2 (θ) − U0 − k (θ)

1 − F(θ)

f (θ)

]
f (θ) dθ.
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Derivate the above formula for k(θ), we can get the first-order condition of k(θ):

k (θ) = 1

1 + ρσ 2

(
1 + F(θ) − 1

f (θ)

)
. (23)

So:

e∗ = 1

1 + ρσ 2

(
1 + F(θ) − 1

f (θ)

)
. (24)

Finally, inspect whether meets the monotonic constraint of Eq. (19), which is
defined by Eq. (23). In general, condition Eq. (19) meets the condition of dependence
on the form of f (θ). The definition of risk rate [6] is as follows:

h (θ) = f (θ)

1 − F (θ)
.

For commondistribution,h (θ) is non-decreasing to θ ; Therefore k (θ)givenby the
Eq. (23) meets the constraints conditions of Eq. (19), and cooperation organization’s
sharing ratio k (θ) is the monotone increasing function of its knowledge stock quality
k. That is to say, cooperation organizations that have different knowledge stock
quality will choose different contracts, so there is no confusion phenomenon in the
optimal contract.

By U (θ) expression and Eq. (23), have

w (θ) = U (θ) − k (θ) (k (θ) + θ) + 1 + ρσ 2

2
k2 (θ)

= U (θ) +
∫ 1

0
k (τ ) dτ + k (θ) θ − 1 − ρσ 2

2
k2 (θ). (25)

5 Conclusion

(1) The optimal effort level is equal to the sharing ratio.
By Eq. (7) in the linear payment contract, the optimal effort level e∗ of the coop-

eration organization is equal to the sharing ratio k(θ). That is, the more output share
the Cooperation Organization get, the more effort it will pay.
(2) The optimal level of effort and sharing ratio of knowledge chain Cooperation
Organization (agent) is the increasing function of its ability.

By Eq. (19), the sharing ratio of Cooperation Organization increases with
the enhancement of its knowledge stock quality θ , and the maximum sharing
ratio of cooperation organization is. Therefore, the higher stock quality of the
knowledge Cooperation Organization is k (θ) = 1/(1 + ρσ 2), the higher level
of their efforts is. Because the cooperation organizations get more shares. For
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the cooperation Organizations with low quality of knowledge stock, they main-
tain smaller sharing ratio and less incentive efforts, so their effort level will drop
accordingly.
(3) The optimal level of effort and sharing ratio of knowledge chain Cooperation
Organization (agent) is a decreasing function of the risk aversion degree.

By Eq. (23), k (θ) > 0 namely cooperation organizations must assume some
risks, and the sharing ratio decreases with enhancement of the aversion degree.When
k (θ) → 0, e∗ → 0, w → Uθ , cooperation organization have fixed income, pays
no effort, and does not assume any risk; When ρ → 0, for risk-neutral cooperation
organization, k (θ) → 1 + (F(θ) − 1) / f (θ), the sharing ratio k (θ) of knowledge
chain Cooperation Organization reaches the maximum, and they can get a larger
proportion of the residual claim right. So the effort level e∗ is also maximized.
(4) The optimal effort level e∗ and sharing ratio k (θ) of Cooperation Organization
are the decreasing function of the variance of external random factors.

The greater variance of external random factors is, the higher risk cost is. So the
optimal risk-sharing requires smaller sharing ratio. When σ 2 → ∞, k (θ) → 0.
cooperation organization does not take any risk, so it will not make any effort either.
(5) Deterministic utility of the Cooperation organization is the increasing function
of its knowledge stock quality and the growth rate increases with the enhancement
of its knowledge stock quality.

By Eq. (21),
.

U (θ) > 0,
..

U � 0, the knowledge stock of high quality can get
higher utility.

This paper analyzes the game relation of the knowledge chain organizations in
the process of cooperation innovation and sets up effective contract incentive mech-
anisms based on the principal-agent theory. Under this mechanism, if knowledge
chain cooperation organization (agent) chooses the contract which is higher than the
quality of its knowledge stock, it will getmore negative utility by payingmore efforts.
Because it must make more efforts to conceal its true quality of knowledge stock in
order to get the same output, although it is possible to get a bigger share coefficient.
If knowledge chain cooperation organization (agent) chooses a contract in which
knowledge stock quality lower than its actual level, it may pay less effort to achieve
the same output, but the share coefficient is smaller. Knowledge chain cooperation
organization (agents) will weigh the gains and losses, choose its actual knowledge
stock quality consistent with the contract and pay the corresponding effort level.
Incentive contract mechanism can regulate and restrain the behavior of cooperative
organizations, reduce the conflictions among organizations in knowledge chain, and
promote the healthy development of the knowledge chain.
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Shrinkage Ridge Regression Estimators
in High-Dimensional Linear Models

Bahadır Yüzbaşı and S. Ejaz Ahmed

Abstract In this paper, we suggest shrinkage ridge regression estimators for a mul-
tiple linear regression model, and compared their performance with some penalty
estimators which are lasso, adaptive lasso and SCAD.Monte Carlo studies were con-
ducted to compare the estimators and a real data example is presented to illustrate
the usefulness of the suggested methods.

Keywords Shrinkage estimation · Ridge regression · High-dimensional data ·
Asymptotic and simulation · Big data

1 Introduction

Consider a linear regression model:

yi = x�
i β + εi, i = 1, 2, . . . , n, (1)

where y�
i s are responses, xi = (

xi1, xi2, . . . , xip
)� is design points, β = (

β1,β2,

. . . ,βp
)� is vector denoting unknown coefficients, εi’s are unobservable random

errors and the superscript
(�)

denotes the transpose of a vector or matrix. Further,
ε = (ε1, ε2, . . . , εn)

� has a cumulative distribution function F (ε); E (ε) = 0 and
Var (ε) = σ2In, where σ2 is finite and In is an identity matrix of dimension n × n.

Along with the rapid development and widespread application of computer
technology, the collection and storage of high dimensional data with p > n has
become possible in genomics, financial markets, mobile phone communication,

B. Yüzbaşı
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bioinformatics and risk management. From the last two decades, there are many
research papers on various penalized approaches for exploring the selection of vari-
ables and explaining the statistical properties of high dimensional data.

The properties of shrinkage estimators for fixed dimension have been extensively
investigated and well document in reviewed literature, for example we refer to [1–6,
9]. However, there is little available for high dimensional shrinkage estimators. For
this reason we propose high dimensional shrinkage estimators using ridge regression
estimator, which is introduced by [11, 12], as a full model estimator.

In a high-dimensional setting, that is when p > n model is assumed to be sparse.
Under the sparsity assumption, the vector of coefficients β can be partitioned as(
β1,β2

)
where β1 is the coefficient vector for main effects, and β2 is the vector

for nuisance effects or insignificant coefficients. We are essentially interested in the
estimation of β1 when it is reasonable that β2 is close to zero.

The paper is organized as following. The full and submodel estimators based on
ridge regression and their asymptotic properties are given in Sects. 2 and 3, respec-
tively. The proposed shrinkage and positive shrinkage estimators are introduced in
Sect. 4. Penalized estimations are presented briefly in Sect. 5. Results of a simula-
tion study that includes a comparison with penalty estimators in Sect. 6. A real data
example is given in Sect. 7. Finally, in Sect. 8, the conclusion is given.

2 Estimation Strategies

First, we consider the case when p > n and p is fixed and the remaining discussions
holds.

To begin the work, let us consider the model:

y = Xβ + ε subject to β�β ≤ φ,

whereX = (x1, x2, . . . , xn)
�, y = (y1, y2, . . . , yn)

� and φ is inversely proportional
to λR, which is equal to:

argmin
β

{∑n

i=1

(
yi − x�

i β
)2 + λR

∑p

j=1
β2

j

}
.

It yields:

̂β
RFM =

(
X�X + λRIp

)−1
X�y,

where ̂β
RFM

is called ridge estimator and λR is ridge parameter. If λR = 0, then
̂β

RFM
is ordinary least square estimator, and λR = ∞, then ̂β

RFM = 0.
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A submodel or restricted model with a general restriction is defined as:

y = Xβ + ε subject to β�β ≤ φ and Rβ = r,

where R is an s × p restriction matrix, and r is an s × 1 vector of constants.
In this paper, we let X = (X1, X2), where X1 is an n × p1 sub-matrix containing

the regressors of interest and X2 is an n × p2 sub-matrix that may or may not be
relevant in the analysis of the main regressors. Similarly, β = (β

�
1 ,β

�
2 )� be the

vector of parameters, where β1 and β2 have dimensions p1 and p2, respectively,
with p1 + p2 = p, pi ≥ 0 for i = 1, 2.

If model is sparse β2 = 0, then we have the following submodel:

y = X1β1 + ε subject to β�
1 β1 ≤ φ. (2)

For the full model estimation, we denotêβ
RFM
1 as the full model or unrestricted ridge

estimator of β1 is given by:

̂β
RFM
1 =

(
X�
1 MR

2X1 + λRIp1

)−1
X�
1 MR

2 y,

where MR
2 = In − X2

(
X�
2 X2 + λRIp2

)−1
X�
2 .

For model (2), the submodel or restricted estimator ̂β
RSM
1 of β1 has the form:

̂β
RSM
1 =

(
X�
1 X1 + λR

1 Ip1

)−1
X�
1 y.

Generally speaking, ̂β
RSM
1 performs better than ̂β

RFM
1 when model is sparse, that

is, β2 close to a null vector. However, for β2 away from the null vector, ̂β
RSM
1 can

be inefficient.

3 Asymptotic Analysis

In this section, we present the expressions for asymptotic distributional bias (ADB)
and asymptotic distributional risks (ADR) of the full and submodel estimators.

We consider a sequence of local alternatives {Kn} given by:

Kn : β2 = β2(n) = w√
n
,

where w = (
w1, w2, . . . , wp2

)� ∈ R
p2 .
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The ADB of an estimator β∗
1 is defined as:

ADB
(
β∗
1

) = E
{
lim

n→∞
√

n
(
β∗
1 − β1

)}
.

The definition of ADR of an estimator β∗
1 is given by:

R
(
β∗
1

) = nE
[(

β∗
1 − β1

)� W
(
β∗
1 − β1

)]
(3)

= ntr
[
WE

(
β∗
1 − β1

) (
β∗
1 − β1

)�]

= tr
(
WΓ ∗) ,

where W is a positive definite matrix (p.d.m) and Γ ∗ is the covariance matrix of β∗
1.

Assumption 1. We make the following two regularity conditions:

(1) 1
nmax1≤i≤nx�

i (X�X)−1xi → 0 as n → ∞, where x�
i is the ith row of X,

(2) Qn = 1
n

∑n
i=1 X�X → Q.

We assume that the sub-matrices of Q satisfy the following equations

lim
n→∞

1

n

(
X�
1 X1 + λRIp1

)
= lim

n→∞
1

n
X�
1 X1 = Q11,

lim
n→∞

1

n
X�
1 X2 = Q12,

lim
n→∞

1

n
X�
2 X1 = Q21,

lim
n→∞

1

n

(
X�
2 X2 + λRIp2

)
= lim

n→∞
1

n
X�
2 X2 = Q22,

where Q =

(
Q11 Q12
Q21 Q22

)
.

Theorem 1 If λR/
√

n → λ0 ≥ 0 and Q is non-singular, then

√
n

(
̂β

RFM − β
)

d→ Np1+p2

(
−λ0Q−1β,σ2Q−1

)
.

Proof For proof we refer to Knight and Fu [13].

The ADBs of the estimators are given as follows:

Theorem 2

ADB
(
̂β

RFM
1

)
= −μ11.2, ADB

(
̂β

RSM
1

)
= −γ,
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where μ = −λ0Q−1β =

(
μ1
μ2

)
, μ11.2 = μ1 − Q12Q−1

22

((
β2 − w

) − μ2
)
, γ =

μ11.2 + δ and δ = Q−1
11 Q12ω.

Proof See Appendix.

Wewould like to remark here that the submodel estimator bias function has additional
positive term.

Finally, we obtain the ADRs of the estimators under {Kn} as follows:
Theorem 3

R
(
̂β

RFM
1

)
= σ2tr

(
WQ−1

11.2

)
+ μ�

11.2Wμ11.2,

R
(
̂β

RSM
1

)
= σ2 tr

(
WQ−1

11

)
+ γ�Wγ.

Proof See Appendix.

The above Theorem reveals that if Q12 = 0, then δ = 0, γ = μ11.2 and Q11.2 =
Q11, all the ADRs reduce to common value σ2tr

(
WQ−1

11

)
+ μ�

11.2Wμ11.2 for all ω.

On the other hand, if we suppose that Q12 
= 0, then it is given by following results:

(1) When Δ =
(

wᵀQ−1
22.1w

)
σ−2 (where Q22.1 = Q22 − Q21Q−1

11 Q12) moves away

from 0, the risk of R
(
̂β

RSM
1

)
becomes unbounded.

(2) If ω = 0, R
(
̂β

RSM
1

)
≤ R

(
̂β

RFM
1

)
holds.

In the following sectionwe define high-dimensional shrinkage estimation strategy
which combines both full and submodel estimators in an optimal way.

4 High-Dimensional Shrinkage Estimation

The shrinkage ridge regression estimator of β1 is defined by:

̂β
RS
1 = ̂β

RSM
1 +

(
̂β

RFM
1 − ̂β

RSM
1

) (
1 − κL −1

n

)
,

where κ is the shrinkage constant and this value is numerically computed.

Ln = 1

σ̂2
RE

(
̂β

RFM
2

)� (
X�
2 MR

1X2

)
̂β

RFM
2 ,
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where σ̂2
RE is estimated as follows:

σ̂2
RE = 1

(n − p1)
(y − X1̂β

RSM
1 )�(y − X1̂β

RSM
1 ).

To overcome the over-shrinking problem inherited by shrinkage ridge estimator,
we suggest using the positive shrinkage ridge estimator (RPS). The positive shrinkage

ridge estimator ̂β
RPS
1 of β1 is defined by:

̂β
RPS
1 = ̂β

RSM
1 +

(
̂β

RFM
1 − ̂β

RSM
1

) (
1 − κL −1

n

)+
,

where z+ = max(0, z).

5 Penalized Estimation

For a given penalty function π (·) and tuning parameter that controls the amount
of shrinkage λ, penalized or penalty estimators are estimated by minimizing the
following penalized least squares criterion:

n∑

i=1

(
yi − x�

i β
)2 + λπ (β) .

The general form of penalty function can be defined as follows:

π (β) =
p∑

j=1

∣
∣βj

∣
∣γ , γ > 0.

5.1 Lasso Strategy

For γ = 1, we obtain the L1 penalized least squares estimator or commonly known
as Lasso which is introduced by [15],

̂β
Lasso = argmin

β

⎧
⎨

⎩

∑n

i=1

(
yi − x�

i β
)2 + λ

p∑

j=1

∣
∣βj

∣
∣

⎫
⎬

⎭
.

The parameter λ ≥ 0 controls the amount of shrinkage. However, this procedure is
not oracle.



Shrinkage Ridge Regression Estimators … 799

To resolve this issue, [16] introduced adaptive lasso (aLasso) and [10] suggested
the smoothly clipped absolute deviation (SCAD).

5.2 Adaptive Lasso Strategy

The adaptive lasso estimator βaLasso is defined as:

̂β
aLasso = argmin

β

⎧
⎨

⎩

∑n

i=1

(
yi − x �

i β
)2 + λ

p∑

j=1

ξ̂j
∣
∣βj

∣
∣

⎫
⎬

⎭
, (4)

where the wight function is:

̂ξ = 1
∣
∣β∗∣∣γ ; γ > 0,

β∗ is a consistent estimator of β. For example, least square estimator can be used as
a starting point. The adaptive lasso is essentially an L1 penalization method and the
estimates in (4) can be solved by LARS algorithm developed by [8].

5.3 SCAD Strategy

The Lγ and hard thresholding penalty functions do not simultaneously satisfy the
mathematical conditions for unbiasedness, sparsity, and continuity. The continuous
differentiable penalty function is defined by:

Jα,λ (x) = λ

{
I (|x| ≤ λ) + (αλ − |x|)+

(α − 1) λ
I (|x| > λ)

}
, x ≥ 0, (5)

for some α > 2 and λ > 0. SCAD penalty is a symmetric and a quadratic spline on
(0,∞] with knots λ and αλ. if α = ∞, the expression (5) is equivalent to the L1
penalty in Lasso. The SCAD estimation is given by:

̂β
SCAD = argmin

β

⎧
⎨

⎩

∑n

i=1

(
yi − x�

i β
)2 + λ

p∑

j=1

Jα,λ

∥
∥βj

∥
∥
1

⎫
⎬

⎭
.
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6 High Dimensional Simulation Studies

We perform Monte Carlo simulation experiments to examine the quadratic risk per-
formance of the proposed estimators. We simulate the response from the following
model:

yi = x1iβ1 + x2iβ2 + · · · + xpiβp + εi, i = 1, 2, . . . , n,

where xi ∼ Np (0,Σx) and εi are i.i.d. N (0, 1). We also define Σx that is positive
definite matrix with correlated. To generate Σx, we define ρ which is coefficient of
correlation X. In simulation results are obtained for three kinds of correlation which
are low (ρ = 0.25), medium (ρ = 0.5) and high (ρ = 0.75) levels. We assume that
the simulated model is sparse, that is βj = 0, for j = p1 +1, p1 +2, . . . , p, with p =
p1 + p2. Hence, we partition the regression coefficients as β = (

β1,β2
) = (

β1, 0
)

with β1 = (1, 1, 1, 1, 1).
Each realization was repeated 1000 times to obtain sensible results, and for each

realization, we calculated bias of the estimators. We define Δ∗ = ∥
∥β − β0

∥
∥ , where

β0 = (
β1, 0

)
, and ‖·‖ is the Euclidean norm. In order to investigate the behaviour of

the estimators for Δ∗ > 0, further samples were generated from those distributions
under local alternative hypotheses.

The performance of an estimatorβ1 was evaluated by calculating itsmean squared

error (MSE) criterion. We numerically calculated the RMSE of̂β
RSM
1 and̂β

RPS
1 with

respect to ̂β
RFM
1 . The relative mean square efficiency(RMSE) of the β�

1 to the full

model estimator ̂β
RFM
1 is indicated by:

RMSE
(
̂β

RFM
1 : β�

1

)
=

MSE
(
̂β

RFM
1

)

MSE
(
β�
1

) ,

where β�
1 is one of the proposed estimators. The amount by which a RMSE is larger

than one indicates the degree of superiority of the estimator β�
1 over ̂β

RFM
1 . All

computations were conducted using [14].
We summarized the simulation results in Tables1 and 2.
It is evident from both tables that the ̂β

RPS
1 estimator outperforms the ̂β

RFM
1 for

all Δ∗ values. As Δ∗ = 0, not surprisingly, ̂β
RSM
1 has the biggest RMSE. However,

̂β
PRS
1 performs better than ̂β

RSM
1 when Δ∗ larger than zero.

6.1 Comparison with Penalty Estimators

In this subsection, we compare positive shrinkage ridge regression estimator with
penalty estimators. The results are summarized in the following Table3.We also plot
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Table 1 Simulated relative efficiency with respect to ̂β
RFM
1 for n = 30 and p1 = 5

ρ p2 Δ∗
̂β

RSM
1

̂β
RPS
1 p2 ̂β

RSM
1

̂β
RPS
1 p2 ̂β

RSM
1

̂β
RPS
1

0.0 7.947 2.636 8.948 3.348 9.541 3.196

0.5 5.739 2.414 7.488 3.140 7.577 3.174

1.0 3.074 2.154 4.116 2.659 5.490 2.855

0.25 100 1.5 1.901 1.901 250 2.991 2.524 500 3.165 2.567

2.0 1.396 1.832 1.880 2.317 2.008 2.414

4.0 0.497 1.512 0.667 1.893 0.677 1.996

8.0 0.161 1.277 0.193 1.415 0.216 1.574

16.0 0.065 1.064 0.076 1.051 0.078 0.990

0.0 5.059 1.643 6.210 2.140 7.498 2.259

0.5 4.464 1.528 5.151 2.011 6.509 2.073

1.0 3.120 1.461 3.440 1.898 3.920 2.159

0.5 100 1.5 1.872 1.444 250 2.332 1.818 500 2.137 1.890

2.0 1.349 1.444 1.802 1.778 1.781 1.942

4.0 0.453 1.382 0.512 1.745 0.576 1.862

8.0 0.139 1.344 0.173 1.639 0.194 1.814

16.0 0.044 1.278 0.053 1.445 0.069 1.817

0.0 4.354 1.246 3.392 1.579 4.899 1.813

0.5 3.328 1.233 3.579 1.476 3.799 1.686

1.0 2.422 1.218 3.056 1.459 3.013 1.637

0.75 100 1.5 1.892 1.219 250 1.713 1.413 500 2.440 1.608

2.0 1.281 1.216 1.288 1.397 1.499 1.611

4.0 0.478 1.229 0.578 1.398 0.608 1.586

8.0 0.137 1.259 0.186 1.437 0.196 1.607

16.0 0.042 1.326 0.055 1.475 0.063 1.697

the simulation results in the Fig. 1. In summary, the performance of RPS outperforms
penalty estimators in situation both the larger sizes of the coefficient ofmulticollinear-
ity and the larger values of p2. We can also conclude that RFM dominates adaptive
lasso and SCADestimators when n = 30 and some p2 values, indicated by the RMSE
of aLasso and SCAD being smaller than one.

7 Real Data Application

In this section, we present a real data example to illustrate the usefulness of the
suggested strategies for high-dimensional data.
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Table 2 Simulated relative efficiency with respect to ̂β
RFM
1 for n = 80 and p1 = 5

ρ p2 Δ∗
̂β

RSM
1

̂β
RPS
1 p2 ̂β

RSM
1

̂β
RPS
1 p2 ̂β

RSM
1

̂β
RPS
1

0.0 9.192 3.846 17.351 11.482 23.027 16.243

0.5 7.054 2.857 12.337 9.339 17.020 11.279

1.0 4.040 2.295 7.077 5.919 9.852 7.605

0.25 100 1.5 2.312 1.885 250 4.390 4.115 500 6.311 5.565

2.0 1.690 1.647 2.708 3.043 4.317 4.042

4.0 0.580 1.365 0.943 2.135 1.054 2.695

8.0 0.192 1.255 0.240 1.703 0.307 2.263

16.0 0.068 1.145 0.079 1.324 0.090 1.469

0.0 8.459 2.051 12.663 5.337 15.923 8.041

0.5 6.474 1.804 9.487 4.288 12.648 6.168

1.0 3.884 1.612 6.116 3.293 7.445 4.707

0.5 100 1.5 2.435 1.525 250 3.506 2.767 500 4.337 4.055

2.0 1.665 1.446 2.323 2.372 3.102 3.595

4.0 0.511 1.325 0.736 2.019 0.895 2.918

8.0 0.159 1.277 0.200 1.794 0.251 2.706

16.0 0.052 1.242 0.063 1.589 0.070 2.094

0.0 7.535 1.425 8.480 2.729 9.407 4.756

0.5 4.944 1.321 6.849 2.240 8.171 3.978

1.0 3.967 1.274 4.523 1.975 5.014 3.058

0.75 100 1.5 2.741 1.245 250 3.156 1.840 500 3.670 2.810

2.0 1.793 1.233 2.301 1.707 2.329 2.571

4.0 0.594 1.202 0.709 1.540 0.807 2.348

8.0 0.165 1.191 0.207 1.468 0.231 2.231

16.0 0.044 1.204 0.057 1.414 0.059 1.881

7.1 Riboflavin Data

Dataset of riboflavin production by bacillus subtilis containing 71 observations of
4088 predictors (gene expressions) and a one-dimensional response (riboflavin pro-
duction). In this data set, the response variable is Log-transformed riboflavin pro-
duction rate (original name: qRIBFLV) and the predictor variables are measuring the
logarithm of the expression level of 4088 genes, Bühlmann et al. [7].

In Table4, it has been shown that the average prediction errors and their standard
deviations for proposed estimators based on 10-fold cross validation repeated 1000
times for the Riboflavin Data. As it can be seen from Table4 that Lasso shrinks 4047
parameters to zero. For this data, RPS outperforms penalty estimators.
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Table 3 Simulated relative efficiency with respect to ̂β
RFM
1 for p1 = 5 and some (n, p2) values

when Δ∗ = 0 and ρ = 0.25, 0.5, 0.75

n ρ p2 ̂β
RSM
1

̂β
RPS
1

̂β
Lasso

̂β
aLasso

̂β
SCAD

30 0.25 100 6.635 2.517 1.613 1.298 0.685

200 9.215 2.859 1.530 1.313 0.800

400 9.699 3.197 1.284 1.011 0.761

600 9.703 3.088 1.251 1.021 0.767

1000 10.935 2.889 1.193 1.029 0.835

0.5 100 4.755 1.622 1.331 1.007 0.649

200 6.285 1.961 1.335 1.060 0.561

400 6.295 2.080 1.244 0.995 0.569

600 6.896 2.126 1.198 0.948 0.588

1000 7.313 1.993 1.160 1.006 0.589

0.75 100 3.531 1.241 1.190 0.799 0.486

200 3.718 1.484 1.165 0.821 0.493

400 3.799 1.611 1.090 0.837 0.545

600 4.525 1.801 1.135 0.899 0.535

1000 4.972 1.746 1.086 0.885 0.534

75 0.25 100 8.208 3.596 3.750 6.013 4.489

200 14.504 7.407 4.978 9.970 6.607

400 21.165 11.092 5.230 12.038 7.731

600 24.800 12.248 5.458 12.270 8.499

1000 25.067 8.526 4.591 11.103 7.888

0.5 100 9.045 2.004 3.345 4.919 3.823

200 10.880 3.740 3.564 5.185 3.684

400 15.651 5.677 3.526 5.663 3.934

600 17.820 5.762 3.555 5.181 3.368

1000 20.151 4.260 3.362 5.356 3.995

0.75 100 6.779 1.395 2.267 1.786 1.095

200 7.343 2.085 2.298 1.767 1.017

400 8.160 3.293 2.114 1.733 1.133

600 9.156 3.699 1.934 1.490 1.081

1000 10.562 3.509 1.834 1.458 1.064

8 Conclusion

We suggested shrinkage ridge regression estimators for high-dimensional data in the
context of a multiple linear regression model. We provided some asymptotic results
and conducted a Monte Carlo simulation. Not surprisingly, when the assumption

of sparsity is correct then ̂β
RSM
1 is relatively more efficient than other estimators.
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Fig. 1 Relative efficiency of the estimators for n = 30, 75, p1 = 5, p2 = 100, 200, 400, 600, 1000
and ρ = 0.25, 0.5, 0.75 a n = 30, p1 = 5, ρ = 0.25 b n = 75, p1 = 5, ρ = 0.25 c n = 30, p1 = 5,
ρ = 0.5 d n = 75, p1 = 5, ρ = 0.5 e n = 30, p1 = 5, ρ = 0.75 f n = 75, p1 = 5, ρ = 0.75

Table 4 Average prediction errors repeated 1000 times for Riboflavin Data

Dataset (n, p1, p2) RFM RSM RPS Lasso aLasso SCAD

Riboflavin (71, 41, 4047) 0.4224 0.0089 0.0166 0.0169 0.0609 0.0469

(0.0071) (0.0010) (0.0010) (0.0014) (0.0027) (0.0024)

Numbers in the brackets are the corresponding standard errors of the prediction errors
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Also, shrinkage estimator performs well when the number of inactive predictors
are extremely large relative to the sample size. Further, multicollinearity among the
predictors increases, shrinkage estimator performs better penalty estimators.
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Appendix

The distributions of ̂β
RFM
1 and ̂β

RSM
1 are given by:

ϑ1 = √
n

(
̂β

RFM
1 − β1

)
d→ Np1

(
−μ11.2,σ

2Q−1
11.2

)
,

and ϑ2 = √
n

(
̂β

RSM
1 − β1

)
d→ Np1

(
−γ,σ2Q−1

11

)
,

where “
d→” denotes convergence in distribution, γ = μ11.2 + δ and δ = Q−1

11 Q12ω.

To obtain the relationship between sub-model and full model estimators of β1,

we use following equation by using ỹ = y − X2̂β
RFM
2 .

̂β
RFM
1 = argmin

β1

{∥
∥ỹ − X1β1

∥
∥ + λR

∥
∥β1

∥
∥2

}

=
(

X�
1 X1 + λRIp1

)−1
X�
1 ỹ

=
(

X�
1 X1 + λRIp1

)−1
X�
1 y −

(
X�
1 X1 + λRIp1

)−1
X�
1 X2̂β

RFM
2

= ̂β
RSM
1 −

(
X�
1 X1 + λRIp1

)−1
X�
1 X2̂β

RFM
2 . (6)

Proof (Proof of Theorem 2) From the definition of ADB,

ADB
(
̂β

RFM
1

)
= E

{
lim

n→∞
√

n
(
̂β

RFM
1 − β1

)}

= −μ11.2.

To verify the asymptotic bias of̂β
RSM
1 , we use the Eq. (6). Hence, it can be written

as follows:

ADB
(
̂β

RSM
1

)
= E

{
lim

n→∞
√

n
(
̂β

RSM
1 − β1

)}
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= E
{
lim

n→∞
√

n
(
̂β

RFM
1 − Q−1

11 Q12
̂β

RFM
2 − β1

)}

= E
{
lim
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√

n
(
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1 − β1
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− E
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(

Q−1
11 Q12
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= −γ.

Proof (Proof of Theorem 3) Firstly, the asymptotic covariance of ̂β
RFM
1 is given by:

Γ
(
̂β

RFM
1

)
= E

{
lim
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√

n
(
̂β
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�
11.2.

The asymptotic covariance of ̂β
RSM
1 is given by:
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By using the Eq. (3),
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Applying K-Means Clustering Algorithm
Using Oracle Data Mining to Banking Data

Jafarova Hilala and Aliyev Rovshan

Abstract Data clustering refers to the method of grouping data into different groups
depending on their characteristics. This grouping brings an order in the data and
hence further processing on this data is made easier. In this paper k-means clustering
algorithm using Oracle Data Mining is investigated. Applying clustering method to
18 parameters of 40 banks and 10 centralized clusters are obtained.

Keywords Data mining · Cluster analysis · K-means algorithm · Banking data

1 Introduction and Formulation of the Problem

Generally, Data mining is the analysis of data for relationships that have not previ-
ously been discovered. Clustering is a popular data analysis and data mining tech-
nique. A popular technique for clustering is based on k-means such that the data
is partitioned into k clusters. In this method, the number of clusters is predefined
and the technique is highly dependent on the initial identification of elements that
represent the clusters well.

There are some interesting studies on this topic in literature. For example, Tudor
[10] is build an useful model for banking field, based on data mining techniques,
by dividing the groups of borrowers into clusters, in order to obtain a profile of the
customers (debtors and good payers). As result of clustering, data mining techniques
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are implemented on the cluster with bad debtors, reaching a very high accuracy after
implementation. Amita and Ashwani [1] the most delegate algorithms k-means and
enhanced k-means were examined and analyzed based on their basic approach. The
best algorithm in each category was found out based on their performance using
Distance measure. These proposed algorithm is implemented and analyzed using
a clustering tool WEKA. Koupaie et al. [4] proposed cluster based outlier detec-
tion in data stream. Fichtenberger et al. [3] proposed a data stream algorithm for
the k-means problem called BICO (BIRCH Meets Core sets for k-means Cluster-
ing), that combines the data structure of the SIGMOD test of time award winning
algorithm birch with the theoretical concept of corsets for clustering problems. Vija-
yarani and Jothi [11] two clustering algorithms namely BIRCH with k-means and
Birch with CLARANS are used for clustering the data items and finding the outliers
in data streams. Different types, sizes of data sets and two performance factors such
as clustering accuracy and outlier detection accuracy are used for analysis. Ruth
[8] k-means and Fuzzy Logic algorithms also showed an acceptable level of accu-
racy. Jayakameswaraiah and Ramakrishna [7] ten existing decision tree algorithms
have been applied on some data datasets for predicting the performance and all the
algorithms are applied for the efficiency of various decision tree algorithms can be
analyzed based on their accuracy and time taken to draw from the tree. Indira and
Ghosh [5] had revealed a survey of data mining techniques that have been applied
to some datasets from UCI machine learning repository by various research groups.
Deepika and Bhatia [2] presented a new approach to k-means clustering by provid-
ing a solution to initial selection of cluster centroids and a dynamic approach based
on silhouette validity index and using algorithm is implemented in the MATLAB
R2009b and results are compared with the original k-means algorithm.

Unlike of above mentions studies in present paper k-means clustering algorithm
usingOracleDataMining is investigated. Jafarova andAliyev [6] applying clustering
method to 18 parameters (which are listed in Table1) of 40 banks (for privacy bank
name not given) and 10 centralized clusters are obtained.

Table 1 List of parameters of banks

No. Name (designation) parameters No Name (designation) parameters

1 Liquidity (LIKVID) 10 Interest and similar types of income
(FGN)

2 Share capital (NK) 11 Interest and related expenses (FX)

3 Cash (NV) 12 Net interest income (FXM)

4 Requirements to the National Bank (AM) 13 Noninterest income (QFG)

5 Nostro accounts (Nostro) 14 Noninterest expenses (QFX)

6 Loans to banks (BK) 15 Net operating income (XEM)

7 Loans to customers (MK) 16 Special provision for the payment
(AXEY)

8 Other assets (DA) 17 Deposit (DEPOZIT)

9 Other liabilities (DP) 18 Taxes and banking activities (VBF)
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2 Main Results

It’s known that Oracle Data Mining system has two clustering algorithms: k-means
and O-cluster. In this study we used a clustering algorithm k-means. Using method-
ology allows grouping of banks in clusters, that is to combine a number of banks
in a single group for the purpose of further comparison between them. Finding the
parameters influencing the formation of the cluster allows to identify themain factors
clustering.

Note that the cluster analysis is needed for classify of information, it can be
used in a certain way to structure variables and see what variables are combined in
the first place, and which should be considered separately. This makes it possible
to partition objects not on one parameter, and on a set of attributes. In addition,
clustering analysis does not impose any restrictions on the form of the objects unlike
most mathematical and statistical methods, and allows us to consider the set of initial
data almost arbitrary nature.

When comparing objects, it is necessary to have a criterion, on the basis of which
will be compared. Typically, such a criterion is the distance between objects. k-means
algorithm as the distance using Euclidean distance (Fig. 1).

The node which is called BCUSTER contains data of all parameters are used
in the clustering model. Clust Build is designed to build the cluster model. Apply

Fig. 1 Interface clustering model
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Table 2 Clustering results obtained using the apply function

Designation Number of Degree of Designation Number of Degree of

banks cluster member-ship banks cluster member-ship

B1 15 0.9999 B21 19 0.9702

B2 14 1 B22 19 0.9651

B3 19 0.9457 B23 19 0.9705

B4 9 1 B24 19 0.9688

B5 19 0.9692 B25 19 0.9703

B6 19 0.9461 B26 19 0.968

B7 2 1 B27 19 0.8102

B8 19 0.9678 B28 19 0.9678

B9 18 0.6903 B29 19 0.9705

B10 13 0.9674 B30 13 0.7846

B11 8 1 B31 19 0.9705

B12 19 0.9661 B32 17 0.9908

B13 18 0.7929 B33 17 0.9941

B14 17 0.9992 B34 19 0.9669

B15 13 0.995 B35 18 0.7229

B16 13 0.9877 B36 19 0.5239

B17 19 0.9426 B37 18 0.9796

B18 19 0.9699 B38 19 0.8414

B19 13 0.8939 B39 16 0.9993

B20 19 0.9703 B40 19 0.5015

represents the result of clustering (Table2). Using the Explore Data can easily obtain
important numerical characteristics (for example, arithmetic mean, standard devia-
tion, skewness and kurtosis) and a histogram.

Oracle Data Mining implements the extended version of the k-means algorithm
with the following characteristics: a function of distance, evolution trees, cluster
properties (Fig. 2).

The next step is to create a hierarchical clustering algorithm model. Model built
from the top down in a hierarchical manner, using binary nodes that are specified in
the end. Centroid of internal nodes in the hierarchy are updated to reflect the changes.
The algorithm uses the specified criterion branching from one node of the tree until
a maximum is achieved when the number of clusters. The criterion branching of a
node may be cluster size or dispersion. Default branching criteria is the variance.

Note that for each cluster, k-means algorithm returns the center of gravity, the
histogram for each attribute, and generally describing the hyperbox, which covers
most of the data related to the cluster. The centroid represents the most typical case
in a cluster and provides information about the degree of importance of each attribute
and numerical characteristics. This information allows you to determine the degree
of membership of an object to a particular cluster. Figures3 and 4 are examples.
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Fig. 2 The result function of explore data

Fig. 3 Clustering centroid panel for cluster 3

Since it was built ten clusters, we got ten rating groups; maximum and minimum
power supplies groups are presented in the following Table2.

The clusters discovered by enhanced k-means are used to generate a Bayesian
probability model that is then used during scoring (model apply) for assigning data
points to clusters. The traditional k-means algorithm can be interpreted as a mixture
model where the mixture components are spherical multivariate normal distributions
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Fig. 4 Clustering rule panel for cluster 2

Fig. 5 Dendogram clustering banks on the according centroids

with the samevariance for all components.Amixturemodel is a type of densitymodel
that includes several component functions (usually Gaussian) that are combined to
provide a multimodal density [9].
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Taft et al. [9] mixtured model created from the clusters discovered by enhanced
k-means, on the other hand, the mixture components are a product of independent
normal distribution with potentially different variances. Because of this greater flex-
ibility, the probability model created by enhanced k-means provides a better descrip-
tion of the underlying data than the underlying model of traditional k-means (Fig. 5).

According to the results of clustering can be grouped according to the same banks
centroids. For a complete picture of the group of banks in ten clusters defined below
chart. In the diagram marked by appropriate notation banks and centroid by two
parameters: loans to banks (BK); Loans to customers (MK).

3 Conclusions

Clustering analysis is very important in the business decision process and manage-
ment. In the present paper k-means clustering algorithm using Oracle Data Mining
is investigated. As result of investigation allows to group of 40 banks with 18 para-
meters in 10 centralized clusters, and at the same time shows the attributes and rules
of the clustering. This, in turn, allows for comparison of parameters of banks and the
association of banks in their specialization.

Other clustering algorithm O-cluster of the Oracle Data Mining systems and
Classification, Anomaly Detection, Association Rules improve in effective banking
management can be investigated in future studies.

Acknowledgments The authors express thanks toCompany “Sinam”Ltdwas supported the project
Electronic Statistical base and Analytical report System (Oracle11g Data Mining) for the Central
Bank of Azerbaijan.
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Financial Characteristic and Disclosure
Delay of Annual Report: Evidence
from Listed Companies in China

Rui Xiang, Yun Chen and Xiaojuan He

Abstract This paper empirically examines the relationship between financial char-
acteristic anddisclosure delayof annual report basedon the data consistingofChinese
A-share listed companies from 2007 to 2009. We find that the financial Leverage has
a significant negatively correlation with disclosure delay of annual report, perfor-
mance loss, accounting complexity and non-standard audit opinion have significant
positively correlation with disclosure delay of annual report. Moreover, this paper
also empirically examines the relationship between disclosure delay of annual report
and economic consequences. The results show that disclosure delay of annual report
has significantly negative impact on the Resource allocation efficiency.

Keywords Financial characteristic · Disclosure delay · Resource allocation
efficiency

1 Introduction

A very important goal that companies prepare financial reports is to provide useful
information to external users to help themmake economic decisions. These informa-
tion are required to be disclosed timely at the end of the reporting period, or they will
lose some economic value. So, timeliness is recognized to be one of the important
features of accounting information quality [12, 13, 27]. In 2006, Chinese Ministry
of Finance promulgated the new Accounting standards for enterprises-basic stan-
dards which stipulates that the accounting information quality includes “reliability”
“relevance” and “timeliness”, timeliness has a significant connection with relevance,
the loss of timeliness will reduce relevance at the same time. So national regulators
in every country stipulate the statutory period of annual report disclosure. In 2002,
SEC (Securities and Exchange Commission) issued the No. 33-8128 regulation, and
emphasized that the annual report of the listed company should be disclosed within
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the required time. IASC ruled the reasonable time of financial statements disclosure
in the 1997 revision of International accounting standards 1 presentation of finan-
cial statements. CSRC (China Securities Regulatory Commission) stipulates that
listed company should compile the annual report within 4months at the end of each
accounting year and disclose the annual report information through newspapers and
websites which appointed by CSRC.

Academia has pay high attention to the research of the annual report disclosure
problem. In abroad, many literatures suggests that the more timely of annual report
disclosure, the more useful for investors’ decision [3, 5, 15, 18], the more untimely
of annual report disclosure, poorer relevance for investors’decision [7, 26, 34]. At the
same time, there are also some foreign literatures discussing the influencing factors
of the annual report disclosure delay [2, 3, 19, 23, 28, 42, 43, 54]. But most of these
studies are based on the empirical evidence of the mature markets, the conclusion
may not be applied to the emerging market countries. There are some literatures
discussing the annual report disclosure problem of listed companies in our country
[19, 37, 50], but the analysis to influence factors of the annual report disclosure delay
is not profounding, and neglecting the study of economic consequences caused by the
annual report disclosure delay. So, basing on this emergingmarket inChina, the paper
investigates the relationship between the financial characters and disclosure of annual
report systemly, and discusses the economic consequences resulting from the annual
report disclosure delay, aiming to promote the exploring to the influence factors of
the annual report disclosure delay of listed companies and economic consequences
in China’s regulators, academics and practice.

The remainder of the paper proceeds as follows. Section2 develops the theoret-
ical analysis and the research hypotheses. Section3 describes the research design.
Section4 presents the results of regression analysis. Finally, Sect. 5 concludes the
study.

2 The Theoretical Analysis and the Research Hypothesis

2.1 Financial Characteristics and Disclosure Delay
of Annual Report

1. Financial Characteristics and Disclosure Delay of Annual Report
Generally speaking, financial leverage raises the cost of the agency conflict. Accord-
ing to agency theory [30], the higher the financial leverage of the company, the greater
interest conflict among the shareholders, creditors andmanagers, and the agency cost
is higher. So to protect the safety of wealth, the long-term creditors require the com-
pany with high financial leverage to improve the quality of information disclosure
in order to remove their doubts [6].

Ahmed and Courtis [4] showed that managers in high debt company reduced
agency costs through disclosing more information of the annual report. Berlin and
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Loeys [10] showed that when it came to reducing agency conflicts and asymmetric
information problems, bank financing was more effective than the public debt. This
is mainly because banks have a comparative advantage in terms of supervising
company, collecting and processing information. Johnson [31] showed as a pro-
fessional financial intermediary, banks can inhibit the company morally repugnant,
and other problems related to information through the more detailed supervision in
debt. Conover et al. [20] found that financial leverage was negatively associated with
disclosure delay of annual report. Wang and Sun [47] showed that the accounting
information robustness was rising according to the rising of bank loan proportion.
Xiang et al. [52] found that the bank debt had a significant negative influence on the
accounting information risk. Based on the discussion above, the debt in the listed
companies of China is mainly long-term bank loans, the bank gives more super-
vision on company’s operating activities, which can promote company to disclose
annual report information as early as possible. Therefore, we form the following
Hypothesis 1.

Hypothesis 1 Financial leverage is negatively associated with disclosure delay of
annual report.

2. Performance Loss and Disclosure Delay of Annual Report
Because of the existence of information asymmetry, blue-chip companies will try
to distinguish themselves with low quality companies in order to avoid being mis-
taken as “lemon” by the market, so voluntary information disclosure is a common
practice for blue-chip company. Lang and Lundholm [33] showed that companies
with higher information disclosure rating usually had a high earnings level. Lau-
rie [35] found that if managers’ own performance evaluation and salary incentive
system was directly related to corporate earnings level, then managers have more
motivation to delay the disclosure of earnings “bad news”, in this way, managers
can strive for more time to deal with criticism from all sides, or to take measures to
improve the poor performance. Whittred [49] showed that listed companies in finan-
cial distress need longer time to disclose financial information. Begley and Fischer
[9] found that, annual report disclosed delay usually conveyed bad news comparing
with the annual report disclosed in advance, Sengupta [44] found that quarterly earn-
ings announcement time was relatively late in loss-making firms. Ertimur et al. [22]
found bad-news firms were more likely to delay disclosure if VCs sell significant
quantities of shares but only whenmanagers do not also sell. Sletten [45] showed that
disclosing good news early and delaying bad news would maximize trading gains
for pre-IPO shareholders by altering investors’ assessments of firm value. Lu [38]
showed that in our country there existing artificially lowered earnings management
behavior in loss-making firms in the loss annual.

Based on the discussion above, we think that, compared with blue-chip com-
panies, performance loss is bad news that managers are reluctant to reveal, which
promotes managers to delay the disclosure of annual report. So, we form the follow-
ing Hypothesis 2.
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Hypothesis 2 Performance loss is positively associated with disclosure delay of
annual report.

3. Accounting Complexity and Disclosure Delay of Annual Report
The complexity of accounting events is one of the important factors that affect the dis-
closure time of annual report. Sengupta [44] used the number of reportable segment,
the number of mergers & acquisitions subsidiary, and special accounting events as
three different variable indicators to study the influence the complexity of accounting
has on disclosure of time, suggesting that company accounting complexity leaded
to disclosure delay of the annual report. Carslaw and Kaplan [14] found that the
existence of the special accounting events leaded to the disclosure delay of audit
report of listed companies in New Zealand. Ng and Tai [41], Jaggi and Tsui [29],
and Habib et al. [25] used the number of subsidiaries as the accounting complexity
variables, showed that the complexity of accounting had significant positive effects
on audit report delay. Based on the discussion above, the complexity of the account-
ing events affects the input, processing, conversion and the timeliness output of the
company’s accounting information, so, we can expect that the higher the complexity
of the accounting events, the later was annual report information disclosure time.
Thus, we predict the following Hypothesis 3.

Hypothesis 3 Accounting complexity is positively associated with disclosure delay
of annual report.

4. Non-standard Audit Opinion and Disclosure Delay of Annual Report
Generally speaking, companies signed with the standard unqualified audit opinion
have a very good tube control mechanisms, which results in time reduction for audit
process and procedure [11]. Whittred [49] found that company signed with reserva-
tion audit opinion, the disclosure of annual report needed a longer time. Elliott [21]
mainly studied the effects that qualified audit opinion had on the timeliness of annual
surplus. Bamber et al. [8] deemed that qualified opinion audit report will be signed
only after auditors spent a lot of time and energy to complete some additional audit
procedures. Chen et al. [17] examined that audit hysteresis was positively associated
with the frequency of the non-standard audit opinions, which suggested that the pro-
tracted negotiations consultation between the two sides were more likely the signal
of non-standard audit opinions. Abbott et al. [1] found that auditors need taking
some additional audit work if they signed non-standard audit opinion. Che-Ahmad
and Abidin [16] found that the confliction about qualified audit opinion between
auditors and managers leaded to audit report delay. Based on the discussion above,
we believe that non-standard audit opinions requires auditors to complete some addi-
tional audit work, and to communicate, coordinate with managers constantly, which
makes signing time of auditing report delay, accordingly lead to disclosure delay of
annual report. So, we form the following Hypothesis 4.

Hypothesis 4 Non-standard audit opinions is positively associated with disclosure
delay of annual report.
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2.2 Economic Consequence of Disclosure Delay of Annual
Report-Resource Allocation Efficiency

Timeliness of information disclosure is one of the most important features in the
annual report disclosure. High quality information disclosure can reduce informa-
tion asymmetry and alleviate agency conflicts, so as to promote the configuration
optimization of enterprise resource. A good financial report system is one of the
prerequisite conditions for the existence of the securities market. wurgler finds that
a country’s capital allocation efficiency is positively associated with the country’s
stock market information and the degree of legal protection for the rights of minority
shareholders. Leuz and Verrecchia [35] found that a good accounting system can
strengthen the liquidity of the stock market and the international capital. Leuz and
Verrecchia [36] found that the quality of accounting information can promote man-
agers to improve allocation efficiency of enterprise assets. Zhou and Chen [55] used
listed companies in stock markets of Shanghai and Shenzhen as research samples,
showed that the industry with higher transparency of accounting information, the
better the allocation efficiency of the securities market resource. Xiang et al. [53]
used the family listed companies in our country as the research samples, suggesting
that the quality of company information disclosure had a significant negative impact
on debt capital cost and has a significant positive effect on the corporate value. Based
on the discussion above, we believe that the disclosure delay of annual report will
reduce the quality of company’s information disclosure, and exacerbate the agency
conflicts between managers and shareholders, which is not conductive to the optimal
allocation of corporate resources. Therefore, we form the following Hypothesis 5.

Hypothesis 5 Disclosure delay of annual report is negatively associated with
resource allocation efficiency.

3 Research Design

3.1 Sample Selection

This article selects all the A-share listed companies in Shenzhen and Shanghai stock
markets from 2007 to 2009 as research samples. We have sifted samples according
to the following program:

(1) Exclude the financial listed companies because of their own characteristics;
(2) Eliminate the companies that disclosure time is later than April 30 each year;
(3) Eliminate the samples whose list is less than 2years;
(4) Exclude the companies whose data is missed. After the above screening, there

are 2966 samples, including 657 samples in 2007, 1111 in 2008 and 1198 in
2009.
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3.2 The Regression Model

Firstly, the paper checks the influence of company ownership structure and financial
characteristic on disclosure delay of annual report. According to the above theoretical
analysis, we build the following Eq. (1) to carry out the empirical test:

RLday = α0 + α1Lev+ α2Loss+ α3Accomplex+ α4Ao + α5Indu+ α6Outdir

+ α7Size+ ε. (1)

In Eq. (1), the dependent variable is the disclosure delay of annual report (Rlday),
which is measured by number of days from the end of the fiscal year day (December
31) to the actual disclosure time, the more the number of days is, the bigger is the
Rlday.

Independent variables: Lev (financial leverage)—total long-term debt divided by
total equity (excluding current liabilities); Loss (performance loss)—dummy vari-
able, 1 if the company net profit is negative, 0 otherwise; Accomplex (complexity
of accounting)— abnormal loss divided by net income, according to Sengupta [44];
Ao—dummy variable, 1 if the company is issued by non-standard unqualified opin-
ions, 0 otherwise.

Control variables: Indu—dummy variable, the industry type, 1 if the company
belongs to the manufacturing industry, 0 otherwise; Oudir (the proportion of the
independent directors)—the number of independent directors divided by the total
number of board; Size (scale of company)—the natural logarithm of the final total
assets of the company.

Then the article further investigates the economic consequences of disclosure
delay of annual report, that is the influences on the efficiency of resource allocation.
In detail, using Wurgler [44] for reference, we build the following Eq. (2) to carry
out the empirical test:

ln(It/It−1) = α + λ1 ln(T qt/T qt−1) + λ2 ln(T qt/T qt−1) × Rlday

+ λ3Levt−1 + λ4Casht−1 + λ5Sizet + λ6Indut + δ. (2)

In Eq. (2), ln(It/It−1) the growth rate of investment, It and It−1 are separately mea-
sured by final fixed assets inventory in year t and t − 1; ln(T qt/T qt−1) investment
opportunities, T qt and T qt−1 are the Tobin’s Q value in year t and t − 1, regres-
sion coefficient λ1 is the reaction coefficient of the growth rate of investment to
investment opportunities, if the λ1 is significantly positive that means investment
increasing with the “expanding” investment opportunities and decreasing with the
“reducing” investment opportunities, the bigger the λ1 is, the higher the enterprise
resource allocation efficiency. Rlday—the disclosure delay of annual report, the big-
ger the Rlday is, the worse the timeliness of listed companies’ information disclosure
is. To examine the Hypothesis 5, we multiply Rlday and ln(T qt/T qt−1) together,
if the coefficient (λ2) is significantly negative, that means the disclosure delay of
annual report will significantly reduce the efficiency of resource allocation. Control
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variables: Levt−1-year-end asset-liability ratio in year t − 1; Casht−1 (cash flow)-
final cash divided by total assets in year t −1; Sizet -the natural logarithm of the final
total assets of company in year t ; Indut -dummy variable, 1 if the company belongs
to the manufacturing industry, 0 otherwise.

4 The Empirical Test and Analysis

4.1 Descriptive Statistical Analysis

Table1 lists the annual changes in disclosure delay of annual report (Rlday). Gener-
ally speaking, the shortest time of annual report disclosure is 12days after year-end,
and the longest is 120days, and the average is 97.19days, showing that Chinese
listed companies have performed related regulations about the time of companies’
disclosure.

Tables2 and 3 are simple descriptive analysis of variables involved in Eqs. (1) and
(2). According to Table2, the long-term debt (Lev) is at a low level, the average and
median are 16.7 and 10.4%; the mean value of Loss is 12.3%; the average value of
Accomplex is 51.3%, the median is 6.5%, indicating that the complexity difference
is bigger among Chinese listed companies; the mean value of Ao is 4.4%.

Table 1 The annual changes in disclosure delay of annual report (Unit: day)

Year Number of
samples

Mean Median Min Max SDa

2007 657 77.2 80 22 120 23.012

2008 1111 91.82 91 15 120 21.095

2009 1198 88.35 89 12 120 23.538

Sum 2966 87.19 88 12 120 23.195
aStandard deviation

Table 2 Descriptive analysis of variables involved in model (1)

Variable Number of samples Mean Median Min Max SDa

Lev 2966 0.167 0.104 0 0.989 0.18

Loss 2966 0.123 0 0 1 0.329

Accomplex 2966 0.513 0.065 −128.281 204.324 5.525

Ao 2966 0.044 0 0 1 0.205

Indu 2966 0.536 1 0 1 0.499

Oudir 2966 0.36 0.333 0.091 0.667 0.05

Size 2966 21.729 21.642 15.77 28.003 1.227
aStandard deviation
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Table 3 Descriptive analysis of variables involved in model (2)

Variable Number of
samples

Mean Median Min Max SDa

Lev 2966 0.167 0.104 0 0.989 0.18

Loss 2966 0.123 0 0 1 0.329

Accomplex 2966 0.513 0.065 −128.281 204.324 5.525

Ao 2966 0.044 0 0 1 0.205

Indu 2966 0.536 1 0 1 0.499

Oudir 2966 0.36 0.333 0.091 0.667 0.05

Size 2966 21.729 21.642 15.77 28.003 1.227
aStandard deviation

According to Table3, the mean value of ln(It/It−1) is 4.7%, the average value
of ln(T qt/T qt−1) is 12.6%, preliminary showing that the resource allocation of
Chinese listed companies is effective.

4.2 The Regression Analysis of Financial Characteristic
and Disclosure Delay of Annual Report

Table4 shows the regression result of model (1). According to the regression result,
there is a significant negative relationship between Lev and Rlday, indicating that
the higher the level of long-term debt is, the more timely is the disclosure of annual

Table 4 The regression result of financial characteristic and disclosure delay of annual report
(dependent variable: Rlday)

Variable Coefficient P Value

Intercept 61.832c 0

Lev −12.531c 0

Loss 15.275c 0

Accomplex 0.160b 0.033

Ao 9.601c 0

Indu −2.957c 0

Oudir 10.343 0.212

Size 1.055c 0.006

Number of samples 2966

R2 0.065

F-test 29.559c

Significance 0
a,b,care respectively significance level in 0.1, 0.05 and 0.01 (two-tailed test)
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report, supporting hypothesis H1. There is a significant positive relationship between
Loss and Rlday, suggesting that the companies with poor performance tend to have
a longer corporate report disclosure lag, supporting Hypothesis 2. The relationship
between Accomplex and Rlday is significant positive, consistent with Hypothesis
3, showing that the more the extraordinary profit, loss and the more complex of
accounting, the longer is the time lag. Also a significant positive relationship exists
between Ao and Rlday, consistent with 4, indicating that non-standard audit opinions
require large extra auditing, which delayed the disclosure time. For the other control
variables, Indu and Size are both significantly negative with Rlday, suggesting that
the company belongs to the manufacturing industry, the company with larger scale,
the disclosure tends to be more timely.

4.3 Regression Analysis About Economic Consequences
of Disclosure Delay of Annual Report

Table5 shows the regression result of model (2). According to Table5, there is a sig-
nificant positive relationship between ln(T qt/T qt−1) and ln(It/It−1) in the regres-
sion, indicating that the efficiency of resource allocation is better in general, stock
market has fully played the resource allocation function during the China’s economic
development.

In the regression, we multiply Rlday and ln(It/It−1) together, and the coefficient
of ln(It/It−1)×Rlday is significant negative, the empirical evidence supports the
Hypothesis 5. That indicates the disclosure delay of annual report will influence the
efficiency of resource allocation significantly, the longer the delay is, the lower is

Table 5 The regression result of economic consequences of disclosure delay (dependent variable:
ln(It/It−1)

Variable Coefficient P Value Coefficient P Value

Intercept 0.048c 0 −1.784c 0

ln(T qt/T qt−1) 0.102a 0.083 0.142b 0.014

ln(T qt/T qt−1)× Rlday −0.002b 0.012 −0.002c 0.002

Levt−1 −0.018c 0.004

Casht−1 0.256c 0.003

Sizet 0.082c 0

Indut 0.045b 0.017

Number of samples 2966 2966

R2 0.004 0.045

F-test 6.242c 24.260c

Significance 0.002 0
a,b,care respectively significance level in 0.1, 0.05 and 0.01 (two-tailed test)
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the efficiency. In the regression, the coefficient of (ln(T qt/T qt−1)×Rlday) is still
significantly negative after adding control variables, and the significance level even
increases. According to the regression result of control variables, the coefficient of
Levt−1 is significantly negative, the coefficients of Casht−1, Sizet and Indut are all
significantly positive, showing that the debt level, cash level, scale and manufacture
industry have significant influence to the efficiency of resource allocation.

5 Research Conclusions

This paper empirically examines the relationship between financial characteristic and
disclosure delay of annual report based on the data consisting of Chinese A-share
listed companies from 2007 to 2009. We find that the financial Leverage has a sig-
nificantly negative correlation with disclosure delay of annual report, performance
loss, accounting complexity and non-standard audit opinion have significantly pos-
itive correlation with disclosure delay of annual report. Moreover, this paper also
empirically examines the relationship between disclosure delay of annual report and
economic consequences. The results show that disclosure delay of annual report has
significantly negative impact on the Resource allocation efficiency, that is to say the
longer the disclosure time, the lower the allocation efficiency of enterprise resources.
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A New Evaluation Model of Customer
Satisfaction Index

Xiangqing Chen , Lixia Yu, Mingjun Tan and Qiuyan Guan

Abstract Customer satisfaction index, a new kind of economic index, is studied and
adopted by more and more countries or regions. This paper builds a new CSI model
on the basis of the present research achievements and the characteristics of consumer
behavior in China. Basing on expectancy disconfirmation mode, this model simulta-
neously considers equity mode and need disconfirmation mode, introduces perceived
equity and perceived price variables, designs the corresponding observable variables
and path relations for these structural variables, builds three paths from customer
satisfaction, corporate image, perceived price to the customer loyalty, changes the
situation of sole path from the customer satisfaction to the customer loyalty in the
traditional models.

Keywords Customer satisfaction index · Model · Perceived price · Perceived
equity · Customer loyalty

1 Introduction

CSI (Customer Satisfaction Index) is a new economic index studied and adopted
by many countries or regions, mainly used to determine the customer satisfaction
on products or services, and evaluate the quality of economic output [3]. It is not
only beneficial to the improvement of product quality and the competitiveness of
enterprise, but also provides pre-warming and monitoring of the economic growth
of a nation and guidance to the macro-regulation of government [11]. Since the
conception of SCSB (Swedish Customer Satisfaction Barometer) in 1989, evaluation
on the customer satisfaction of the nation or region has been carried out in USA,
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European Union, Norway, New Zealand, Australia, Canada, Korea, Taiwan and so on.
China has studied CSI since the late 1990s and made some achievements. Regional
and industrial evaluations have been carried out in Shanghai and Beijing. However, a
national evaluation system has not been set up completely due to some key problems
pending to be solved. Further study and investigation are required.

“Expectancy Disconfirmation” is the most popular customer satisfaction eval-
uation mode at present, which is used by almost all popular evaluation mod-
els including SCSB, ACSI (American Customer Satisfaction Index) and ECSI
(European Customer Satisfaction Index) to evaluate the customer satisfaction
[4, 5, 13]. In addition, other comparison criteria used during the formation of cus-
tomer satisfaction include perceived performance mode, need disconfirmation mode,
equity mode, individual difference mode, etc. [1, 6]. A lot of empirical studies have
been done by some scholars based on it. According to the empirical study of Tse
and Wilton [18], need disconfirmation could better evaluate the general satisfaction
compared to expectancy disconfirmation in some cases. The positive effect between
equity and satisfaction is supported by many research and studies [10, 17] that per-
ceived equity and expectancy were closely related to the customer satisfaction [14].

As for the result of customer satisfaction, it is agreed that customer satisfaction
means the increase of customer loyalty. However, whether customer complaint is
caused by customer dissatisfaction or not, there are two different opinions. According
to ACSI, the dissatisfaction of customer will be expressed through complaints, and
the positive settlement of customer compliant will turn the complaining customer into
loyal customer. Customer complaint variable was introduced to the evaluation modes
of SCSB, ACSI, etc. [4, 5]. However, according to another viewpoint of presented
by ECSI [7], with more and more attention given to the settlement of customer
complaint, it is improper to consider customer compliant as the result of customer
satisfaction. This viewpoint seems to receive supports from empirical studies [9].

2 Specification of Model

2.1 Construction of Model

According to the expectancy disconfirmation mode, customer satisfaction depends on
the degree of the disconfirmation between expectancy before purchase and perception
after purchase: if the perception after purchase meets the expectation of customer,
the customer will neither feel satisfied nor unsatisfied; if perception after purchase
exceeds the expectation of customer, the customer will feel satisfied; if perception
after purchase is below the expectation of customer, the customer will feel unsatisfied.
A lot of theories and empirical studies show that customer expectation and perceived
quality have direct effects on customer satisfaction [4, 5, 13]. Further more, it is
proved in some researches that multiple comparison criteria shall be included in the
forming process of customer satisfaction [19]. Therefore, the author adopts the said
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research achievements on customer satisfaction studies in recent years during the
construction of a new evaluation model, takes into consideration the equity mode
and expectancy disconfirmation mode, introduces the variables of perceived equity,
customer expectation, perceived quality, customer satisfaction, customer loyalty, etc.,
and build the following hypothesis.

Hypothesis 1 (H1) Customer expectation has direct effects on customer satisfaction.
Hypothesis 2 (H2) Customer expectation has direct effects on perceived quality.
Hypothesis 3 (H3) Perceived quality has direct effects on customer satisfaction.
Hypothesis 4 (H4) Perceived quality has direct effects on perceived equity.
Hypothesis 5 (H5) Perceived equity has direct effects on customer satisfaction.
Hypothesis 6 (H6) Customer satisfaction has direct effects on customer loyalty.

To determine whether the satisfaction and loyalty of customer are quality-driven
or price-driven, perceived value variable is introduced into most existing evaluation
models. However, as value contains many quality factors, or quality itself is part of
the value, it is hard to strictly differentiate quality from value based on definition
[15]. Therefore, it is necessary to build the independent perceived price and perceived
equity variable. Perceived price variable is used to explain the price-driven part, and
the perceived equity variable is used to analyze the cost performance ratio part in
this model. Based on it, the following hypotheses are built.

Hypothesis 7 (H7) Perceived price has direct effects on customer satisfaction.
Hypothesis 8 (H8) Perceived price has direct effects on perceived equity.
Hypothesis 9 (H9) Perceived price has direct effects on customer loyalty.

According to marketing theory, the purchase decision process of customer is
classified into five stages: Recognition of needs, information collection, informa-
tion evaluation, purchase decision and post purchase behavior. Information is very
important to the purchase decision of customer. The impression of a corporate or
a brand is built based on the information cognized by consumer. The more correct
information consumers know about, the higher the expectation and the bigger oppor-
tunity of choosing this brand will be. Structural variable is also introduced in some
satisfaction index evaluation models in China [16]. For that, the author put forward
the following hypothesis.

Hypothesis 10 (H10) Information has direct effects on customer expectation.
Hypothesis 11 (H11) Information has direct effects on corporate image.

One of the differences between ECSI and ACSI/SCSB is adding a latent variable—
corporate image into the model, believing that corporate image will affect the expec-
tation, satisfaction and loyalty of customer. It is shown by empirical study that cor-
porate image is one of the most important factors affecting customer satisfaction to
the service providers of telephone, bank, supermarket and restaurant [8, 12]. Based
on it, the author builds the following hypotheses.

Hypothesis 12 (H12) Corporate image has direct effects on customer expectation.
Hypothesis 13 (H13) Corporate image has direct effects on customer satisfaction.



832 X. Chen et al.

Information 

Customer 

expectation 

Perceived

quality 

Perceived

equity

Customer 

satisfaction

Corporate

image 

Perceived

price 

Customer 

loyalty 

Fig. 1 A new evaluation model of CSI

Hypothesis 14 (H14) Corporate image has direct effects on customer loyalty.

Based on the above hypotheses, a new evaluation model of CSI is constructed, as
shown in Fig. 1.

2.2 Evaluation Method and Indicators of Model

The new evaluation model of CSI consists of the following eight structural variables:
information, customer expectation, perceived quality, corporate image, perceived
equity, perceived price, customer satisfaction and customer loyalty. Among which,
information and perceived price are two exogenous variables, the others are endoge-
nous variables. All these structural variables are difficult to measure directly, which
are considered the latent variables. Each latent variable corresponds to several directly
the measurable manifest variables, as shown in Table 1.

The evaluation system is made up of four levels of indicators, and the above-
mentioned eight structural variables will be used as the second level indicator in
the customer satisfaction evaluation system, the corresponding observable variables
(manifest variables) will be the third level indicator, and questions on the question-
naire are the forth level indicator, which are quantifiable multivariate calibration in
the evaluation system. The first, second and third level indicator will be calculated
through recursive method. The ten scoring method is adopted in this model (relative
to the five scoring method or seven scoring method) to reduce deviation of statistics
caused by the extreme skewness. It also allows consumers to have a better classi-
fication and minimize the negative effect caused by skewness distribution. ACSI,
ECSI and other traditional mature scales are adopted to increase the accuracy and
efficiency of questionnaire [2]. For example, based on the research achievement of
Tsinghua model, the observable variable of “compared with other brands” is added
to the structural variables of “customer satisfaction”, but bold innovation is made at
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Table 1 Customer satisfaction evaluation indicator system

First level indicator Second level indicator Third level indicator

Information (ξ1) sufficiency of information x1,
authenticity of information x2

Perceived price (ξ2) General perceived price x3,
perceived price compared to
expected price x4, perceived
price compared to competed
price x5

Customer expectation (η1) General quality expectation
y1, reliability expectation y2,
customization expectation y3,
price expectation y4

Perceived quality (η2) General perception of product
quality y5, perception of
product quality reliability y6,
perception of product quality
customization y7, perception
of service quality y8

Customer satisfaction index
(CSI)

Corporate image (η3) General corporate/brand image
y9, corporate/ brand popularity
y10, corporate/brand
reputation y11

Perceived equity (η4) Equity of payment compared
to product purchased y12,
Equity of payment compared
to service received y13, Equity
compared to similar
competitor y14

Customer satisfaction (η5) General satisfaction y15,
customer satisfaction
compared to expectation y16,
customer satisfaction
compared to desire y17,
customer satisfaction
compared to other competitor
y18

Customer loyalty (η6) Possibility of repeated
purchase y19, Possibility of
recommending to others y20,
endurance capacity to the
change of price y21

the same time. It is considered that customers usually have significant price expecta-
tion before purchase, and it is improper to measure customer expectation only by the
quality under traditional models. Thus, price expectation as observable variable is
added to the latent variables of customer expectation for the first time in new model,
to improve the completeness and reasonability of customer expectation.
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2.3 Mathematical Expression of the Model

As shown in Fig. 1, corresponding structural equation is set up based on the cus-
tomer satisfaction evaluation model, which is divided into two parts, i.e. structural
model and measuring model. The structural model describes the relations of latent
variables, and the measuring model describes the relations between latent variables
and observable variables.

1. Structural model

ξ is used to represent the vector of exogenous latent variable (2 × 1), and η is used
to represent the vector of endogenous latent variable (6 × 1). The structural model
is as follows:

η = Bη + Γ ξ + ζ.

Among which, B is the coefficient matrix of the effect of endogenous variable versus
endogenous variable (6 × 6), its diagonal entries are 0 and I-B is non degenerate;
Γ is the coefficient matrix of the effect of exogenous variable versus endogenous
variable (6 × 2), and ζ is the vector of potential error (6 × 1). Its matrix form is as
follows:
⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

η1
η2
η3
η4
η5
η6

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

=

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

0 0 β13 0 0 0
β21 0 0 0 0 0
0 0 0 0 0 0
0 β42 0 0 0 0
β51 β52 β53 β54 0 0
0 0 β63 0 β65 0

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

×

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

η1
η2
η3
η4
η5
η6

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

+

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

γ11 0
0 0
γ31 0
0 γ42
0 γ52
0 γ62

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

×
[

ζ1
ζ2

]
+

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

ζ1
ζ2
ζ3
ζ4
ζ5
ζ6

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

.

(1)

2. Measuring model

X is used to represent the vector of exogenous observable variable (5 × 1) and Y
is used to represent the vector of endogenous observable variables (21 × 1). The
mathematic form of the measuring model for customer satisfaction evaluation is as
follows:

X = ΛXξ + δ,

Y = ΛY η + ε.

Among which:

Λx is the regression coefficient or the loading matrix of X to ξ (5 × 2);
δ is the vector composed by the measurement error of X (5 × 1);
Λy is the regression coefficient or the loading matrix of Y to η (21 × 6);
ε is the vector composed by the measurement error of Y (21 × 1).
It is calculated from matrix X and Y that,
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. (3)

2.4 Estimation of Model and Selection of Applied Software

The estimation of customer satisfaction model is mainly based on PLS (Partial Least
Square) method and LISREL (Linear Structural Relationships) method. PLS is a
causal modeling method combining principal component analysis with multiple
regression analysis for iterative estimation. LISREL is a modeling method using
the fitted model of structural estimation covariance Σ(θ) and sample covariance ()
for iterative estimation of model parameters, and is also named as covariance mod-
eling method. Both methods have advantages and disadvantages, and are applicable
to different situation. PLS is applicable to circumstances with insufficient theoretical
knowledge comparatively and emphasizing the accuracy of forecast, while LISREL
is applicable to circumstances with sufficient theoretical knowledge and emphasizing
the accuracy of parameter estimation. Both methods are mutually complementary
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instead of contradictory. However, as data distribution hypothesis is not required,
PLS is applicable to continuous variable and classified variable, and can estimate
the weight of measuring variables. PLS methods are usually adopted by domestic
and foreign satisfaction evaluation studies. Software used for PLS analysis includes
LVPLS-PC and PLSGraph as well as S-PLUS and MATLAB programming. As
for the software pack used for LISREL analysis, there are LISREL, EQS, AMOS,
MPLUS, CALIS, etc.

3 Conclusion

Based on the core concept of CSI models such as SCSB, ACSI and ECSI, taking
advantages of the research achievements on the customer satisfaction both in China
and abroad, the author constructs a new CSI model. Its innovation mainly includes:

1. Basing on “Expectancy Disconfirmation”, it takes into consideration the equity
mode and need disconfirmation mode in addition to expectancy disconfirmation
mode. It is introduced perceived equity variable, integrating need and need con-
formity into relevant structural variables. And it sets up a new mode of observation
and analysis to evaluate customer satisfaction much more accurately;

2. It improves the narrow relationship from customer satisfaction to customer loyalty
in the traditional CSI model. It is in favor of explaining the source of customer
loyalty by building three paths: from customer satisfactioncorporate image and
perceived value to customer loyalty;

3. It is the first time incorporating the observable variable of price expectation to the
structural variable of customer expectation. It makes customer expectation much
more completely and reasonably.

However, the new evaluation model of CSI is an idealized studied. Further study
for leading in the related variable and the relationship between correlation variables
is expected.
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Study of Customer Value Attribute System
Based on Fuzzy Evaluation

Lizhong Tong and Huajun Luo

Abstract As a new source of creating competitive advantage, the measurement
and evaluation of customer value has guiding significance to the practice of busi-
ness administration. The system of customer value attributes is proposed based on a
review of relevant researches, aims at solving the problem of the lack of quantitative
measurement. Delphi method, Analytic Hierarchy Process and Fuzzy evaluation are
taken into the calculation of the customer value in this research. Finally, a case of
an electronic communication equipment enterprise is presented in order to guide
management practice.

Keywords Customer value attribute ·Fuzzy evaluation ·Analytic hierarchy process

1 The Presentation of Question

Such as a saying of the master of management, Peter Drucker, the final purpose
of enterprise management is to attract and retain customers. Driven by increasingly
fiercemarket competition, traditional competitivemode centers for products assumed
a gradual transition to one centers for customers. Porter [6] pointed out in his book
Competitive Advantage, the competitiveness of enterprise, in the final analysis, stems
from the exceeding value over the cost. Woodruff [10] clearly put forward that cus-
tomer value will likely be the next major source to achieve and retain competitive
advantage. Relevant studies have shown that customer value can lead to the creation
of corporation competitive advantage by enhancing customer loyalty and satisfaction.
The switching mechanism of customer value and competitive advantage is shown in
Fig. 1.
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Fig. 1 Customer value and competitive advantage switching mechanism

Since the introduction of customer value, related researches revolved around the
influencing factors or characteristics of value. However, there is a lack of systematic
framework in the quantitative studies of customer value, which couldn’t provide
quantization basis for corporation in the process of strategizing enhancement.

2 Theoretical Analysis and Experimental Design

2.1 Customer Value

The promotion effect of customer value on corporation performance and customer
satisfaction had been proposed since 1950s, but revolved researches started since the
publish of Porter’s Competitive Advantage [6], which pointed out that the exceeding
value over the cost corporation creates is the new source of company competitiveness.
Due to the difference in research object and perspective, the definition of customer
value varies. Woodruff [10] held that, customer value is a customer’s perceived pref-
erence for and evaluation of those product attributes, performance, and consequences
arising from use that facilitate (to block) achieving the customer’s goals and purposes
in use situations. In the perceived customer value theory proposed by Zeithaml [11],
enterprises should take consumers’ value perception into consideration in the opera-
tion process to design, create andprovide value for customers.Value is the consumer’s
overall assessment of the utility of a product based on perceptions of what is received
and what is given [11]. Ravald [7] defined customer value in the perspective of rela-
tionship marketing, value is the emotional bond between a customer and a producer
after the customer has used a salient product or service produced by that supplier
and found the product provided an added value. More value and closed relationship
could be created in the relation network than the nodes itself. In the mode, even the
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product or service is worse than other competitors, customer will still stick with the
producers. The Kotler’s delivered value theory [1] assumes customers always chase
for the maximum of service value. Delivered value is defined from the perspective of
customers satisfaction and their expected cost, which refers to the difference between
the total customer value and total customer cost. The most widely recognized def-
inition is set by Gale [5] from the perspective of quality, customer value is market
perceived quality adjusted for the relative price of a company’s product.

Domestic researches of customer value mainly focus on the composition or the
internal driving factors of customer value. Dong [4] thought that customer value is a
comprehensive evaluation between the product attributes, using effect and the input of
the product in the whole consumption life-cycle based on his purchasing experience,
knowledge and preference. He also holds that corporations improve their satisfaction
and consumers’ loyalty by providing higher perceived value for customer. Therefore,
customer value lays the foundation of creating competitive advantage by acting on
consumer behavior intension. In Bai’s customer value driving factors research [2], he
took product brand as a point of penetration, proposed that a better brand image can
reduce purchasing risk and simplify the decision-making process, and can affect cus-
tomers’ preference and purchasing choices by improving customers’ psychological
expectation and social recognition besides the product function itself.

According to some relevant studies, this paper defines customer value as the sub-
jective evaluation difference between the cost and the perceptual value including
function value, experience value and social value gaining in the process of products
using or service. It has features as follows: (1) perceptual subjectivity; (2) dynamic,
owing to the subjectivity of customer value and benefits consumers get vary in differ-
ent phase of product life-cycle, so does the value attributes system varies with time;
(3) multi-level, multi-dimension (customer value involves every aspects of perceived
attributes system, so its an item of multi-dimension and multi-level). In the view of
this, customer value could be denoted as:

CV = A1X1 + A2X2 + A3X3 + · · · + AnXn,

where,CV stands for customer value,Xn means the component attributes of customer
value, An represents the corresponding weight coefficient of each attribute.

2.2 Value Measurement

The fundamental purpose of customer value research is to promote customer value
and help create competitive advantage on the premise of ensuring company’s profit.
Therefore, quantitative researches should be carried out on the basis of qualitative
studies like definition or characteristics of customer value. The quantitative data
could be used to help decision make and establish enhancing strategies. Summarized
by the literatures review, research contents of customer value measurement at home
and abroad are roughly shown in Table1.
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Table 1 Customer value measurement research content summary

Model Principle and content Application method

Woodruff Customer value is defined from
concrete level to abstract level as
attribute-based, consequence-based
and goal-based. It provides a
systematic framework for customer
value research

Step 1, hackle the factors of customer value
attributes system by interview. The system
starts with the obvious attributes easy to be
mentioned by consumers in the attribute-based
level, then gradually deepen into more abstract
level, and eventually form the whole system

Step 2, measure customers’ perceived degree
of corporations’ value performance

Gale Measuring customer value from
quality and price. Based on the
measurement of market perceptual
quality and price, there comes the
graph of customer value. The
market position of company itself
and its competitors can be shown
intuitively by the two-dimensional
graph, then it can help make an
improving strategy

CV =
n∑

i=1
Qiri +

n∑

i=1
Piti, in which, relative

score of some fractional factor
= competitors’ score on this factor

the research company’s score on the factor , Qi = Q′
E

Q′
C
,

Pi = PE
′

PC
′ , ri, ti means the score of quality and

price of the i attribute. The scores are
evaluated by customers. means the score of
quality and price of the i attribute. The scores
are evaluated by customers

Kotler Value is measured in two
perspectives, customer delivered
value and satisfaction. Customers
always seek to maximize value,
hoping to get the maximum benefit
with the lowest cost, in order to
make their needs satisfied to the
greatest degree

TCDV stands for the customer delivered value.⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

TCDV = f (Pd, S, P, I) − f (M, T , C)

Absoluteway

or

TCDV = f (Pd, S, P, I) /f (M, T , C)

Relativeway
TCV = f (Pd, S, P, I). TCV stands for total
customer value, Pd stands for product value, S
stands for service value, personnel value is P,
image value is I . TCC = f (M, T , C). TCC
stands for total customer cost, monetary cost is
M, T stands for time cost, E means physical
and energy cost

Butz TR-
TC model

Price is the only cost factor which
has effect on the purchasing
decision

CV = TR − TCP

TR stands for the total revenue, TCP means
price

(continued)
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Table 1 (continued)

Model Principle and content Application method

Van.der
Haar J.W
DE-DV
model

It focus on the creation process of
value. Customer value is the
difference expected value between
corporation and customers in the
process of developing, purchasing
and using of the product

CV (customer value) = DV (companys design
value)−EV (customer’s expected value)
Sources of differences include,
Developing—divergence between market
survey and company’s judgment. Design—the
technique divergence between the original
design and restriction of productive capability.
Purchasing—divergences between market
expectation and company expectation,
customer expectation and the provided value.
Using—divergence between customer
expected value and provided value

Ulag.W Using a multi-dimension equation
to measure customer value

CV = A1X1 + A2X2 + A3X3 + · · · + AnXn

CV stands for customer value, Xn means the
component attributes of customer value, An
represents the corresponding weight
coefficient of each attribute

Bao Wang Measurement of customer value is divided into four types

First is the weight of each factors and the performance score measurement

Second is the measurement of the relationship between each attributes

Third is the measurement of how external factors affect customer value

Fourth is the dynamic measurement of how customer value changes with time

Others Related researches in customer value measurement scale construction

Summarized by the table above, most of customer value measurement researches
focus on some single parts ofwholemeasurement process, there is a lackof systematic
methodology and it’s hard to provide quantitative basis for business administration.
Simultaneously, previous researches use mathematics and statistical methods like
factor analysis or validity and reliability analysis, ignoring the problem that the data
of value factors are hard to be described and quantified.

Moreover, corporations should make certain of the improving object. Due to
the resource restriction, a company couldn’t manage to improve every attribute in
the customer value system. Companies should pay special attention to the important
factors or its shortcoming factors. So to break the limitation, it’s necessary to calculate
the importance coefficient andmeasure the performance of every attribute in the value
system, which could help companymake accurate enhancing strategies with choices.
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2.3 Research Design

Based on the customer value dimensions proposed by Kotler, Treacy and Wiersema
[8], the management practice of enterprises and interviews of experts, the research
put forward a multi-dimension and multi-factor customer value attribute system
by the combination of the SERVQUAL scale method. On the foundation of the
attribute system,weight coefficient could be determined byAHP (AnalyticHierarchy
Process), then factors that are hard to quantified can bemeasured by fuzzy evaluation.
In the final section of the measurement, value attributes need to be improved can be
found according to the maximum membership degree law. The consequence of the
research can offer reference in company strategies making and can help company
choose key factors to improve, rationalize the distribution of the resource and elevate
the competitiveness in the resource capacity-constrained business circumstance and
ensure profit in the meantime.

3 The Design and Measurement of Customer Value
Attribute System

1. The Design of Customer Value Attribute Dimensions
The customer value dimension division researches home and abroad can be sum-

marized in Table2 through literature review. Based on the relevant researches, this
study divides customer value into four dimensions as follow, function value (the
quality and attributes of product), experience value (satisfaction of the experience
of using product or service, the purchasing process and the after sale), social value
(social status benefit that is offered by buying or using the product), cost (acquisition
cost and use cost of products or service). Simultaneously, experience value is further
subdivided into five dimensions as responsiveness, reliability, assurance, tangibles,
empathy referring to the division standard of SERVQUAL scale.

The attribute systemof customer value shown inTable3 is proposed on the basis of
records processing by methods of elements recognition and frequency statistics, the
records include existing data and interview records acquired by qualitative research
methods like expert interview, brainstorm and focus group interview of customer.
The evaluation scale includes 9 dimensions, 37 items. It should be noted that the
system here is universally applicable, detailed design and adjustment should be done
considering the different features of product when it comes to a specific product in
different industry.
2. The Measurement of Customer Value Attributes

Due to the subjectivity and multi-dimension of customer value, some attributes
in the evaluation system couldn’t or are hard to be quantified. So in this research,
performance of value attributes are quantified by fuzzy evaluation, which can con-
tribute to enhance customer value specifically. Method of the research is as follows.
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Table 2 Customer value dimension division summary

Kotler Product value, Experience benefit, Image value, Network effect

Parasuraman Tangibles, Reliability, Responsiveness, Assurance, Empathy

Sheth Functional, Social, Emotional, Epistemic, Conditional value

Butz Product value, Value in use, Possession value, and overall value link together in a
consumer’s evaluation process

Sweeney Price and cost, Quality value, Emotion value, Social value

Woodruff Product attribute, Consequence, Using goal

Treacy, M Price, Quality, Convenience, Reliability, After service

Eun-Ju Utility value(dimension which describes the perceived value related to function,
service, time cost, choice being provided)

Experience value(evaluation of online shopping includes, entertainment of the
website, visual effect, interaction between business and customer)

Holbrook Extrinsic value versus Intrinsic value

Self-oriented value versus Other-oriented value

Active value versus Reactive value

Ruyter External value, Internal value, System value

(1) Calculation of weight coefficient of each item in the customer value system
According to the incidence of each attributes have on customer value, a certain

weight coefficient is given to a corresponding item to measure the importance of
the item. That is to work out An set in CV = A1X1 + A2X2 + A3X3 + · · · + AnXn.
Coefficient of each item is set by analytic hierarchy process (AHP). The main step
of the method is to build judgment matrix according to Satie’s 1–9 scale table. Take
factor Ak as an example, judgment matrix (shown below as Uij) needs to be built
after the relative importance comparison between factor Ak and any other factors
B1, B2, . . . , Bn in the multi-level attributes system.

Uij =

⎡

⎢
⎢
⎢
⎢
⎢
⎣

u11 u12 u13 u14 · · ·
u21 u22 u23 u24 · · ·
u31 u32 u33 u34 · · ·
u41 u42 u43 u44 · · ·
...

...
...

...
. . .

⎤

⎥
⎥
⎥
⎥
⎥
⎦

.

After the corresponding characteristic vectorω of themaximum eigenvalue λmax
is obtained according to the judgment matrix, a consistency check needs to be done
to check the rationality of the weight distribution using the formula CR = CI/RI .
When CR < 0.1, the judgment matrix and weight distribution are considered to be
rational [3].



846 L. Tong and H. Luo

Table 3 Customer value attribute system

Level Dimension Item

Function
value

Attribute 1. Exterior Design of product. 2. Technique level comparing
with competitors. 3. Simplicity of operation or
comprehensiveness of instruction. 4. Market availability of
product components. 5. Environmentalism in the process of
production and use. 6. Complete functions 7. Key function can
satisfy the daily needs. 8. Expansibility of the product function

Quality 9. Durable years of the product. 10. Using stability in the
product’s service life

Tangibles 1. There are entity channels for customers to experience or
purchasing. 2. There are enough After-sale service channels
and are easy to get in touch with. 3. The brand can be clearly
identified and recognized. 4. The display of the entity channels
or the lay out of the online website

Responsiveness 5. Difficulty of contacting with the service staff. 6. Arrival
speed of service staff to customers’ need. 7. The
responsiveness of customers’ instant need in the trade. 8.
Inventory can assure there is no stockout in the peak season of
sales. 9. Customer can find service staff and get reply no
matter when. 10. The time needed for product repair or return

Experience
value

Reliability 11. Salesperson could recommend proper products according
to different needs of customers. 12. Maintenance personnel is
professional and can solve problem quickly. 13. The amount of
attention paid to customers’ opinions or feedback

Assurance 14. There is a specific provision of warranty period and clause
the guarantee. 15. There are feedback channels like “400”
telephone or wechat, weibo or website for customers’
complaint. 16. Repair fee is clearly defined. 17. Indemnity
clause for product accident is clearly defined

Empathy 18. Service staffs’ attitude towards customer complaints.
19. Courtesy of maintenance personnel. 20. Courtesy of
salesperson. 21. Staffs can provide some tips for product using
and maintenance

Social value Social value 1. Brand awareness. 2. Trustworthiness of the company.
3. Market acceptance of the brand

Cost Cost 1. Price of products and other purchasing costs. 2. Cost of
after-sale service. 3. Using cost

(2) The fuzzy evaluation of customer value
After the determination of item set and weight set W , remark set V and fuzzy

evaluation matrix of attributes on each dimension R still need to be established to
evaluate value. Based on the Likert scale principles, the remark set of this study is
set as V = v1, v2, v3, v4, v5 = very good, good, fair, inferior, poor. On that basis,
membership degree of evaluated item to each dimension needs to be quantified to get
fuzzy relationmatrix, after the fuzzy transformation, here comes the fuzzy evaluation
matrix R.
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R =

⎡

⎢
⎢
⎢
⎣

r11 r12 · · · r1m

r21 r22 · · · r2m
...

...
...

. . .

rn1 rn2 · · · rnm

⎤

⎥
⎥
⎥
⎦

.

Generally, membership degree is evaluated by expert or person familiar with the
attributes. Owing to the subjectivity and particularity, however, the fuzzy subsets’
membership degree in this study is calculated fromdata quantified in customer survey
to ensure the genuineness and reliability.

Through the fuzzy operating and normalization of fuzzy evaluation matrix and
weight vector set, the fuzzy comprehensive evaluation result set S is finally obtained
by formula S = W × R. Corporation’s performance on each dimensions could be
ascertained by the rule of maximum membership degree [9].

4 Application

The customer value measure system proposed in this study is applied in an elec-
tronic communication equipment corporation. Based on the value attribute system
mentioned above, weight is ascertained by Analytic Hierarchy Process. Concrete
scores are obtained by method of the multi-level fuzzy comprehensive evaluation to
verify the whole measurement system, hoping to guide the enterprises’ management
practice.
1. Establishment of Evaluation Item Set U

Based on the customer value attributes system proposed in this study and the
unique features of electronic communication device, evaluation item set is estab-
lished as follows (shown in Table4). It includes 9 first class indexes, U ={Attribute,
Quality, Tangibles, Responsiveness, Reliability, Assurance, Empathy, social value,
cost}, while the fist class is divided into second items of 40.
2. Calculation of Value Attribute Weight

Take the attribute “quality” as example, after rounds of experts rating and adjust-
ment by the method of “1–9 scale”, the judgment matrix is obtained as follows,

U2 =

⎡

⎢
⎢
⎢
⎢
⎣

1 2 3 3 5
1/2 1 2 2 4
1/3 1/2 1 1 3
1/3 1/2 1 1 3
1/5 1/4 1/3 1/3 1

⎤

⎥
⎥
⎥
⎥
⎦

.
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Table 4 Evaluation item set and its weight

Dimension Weighta Items Weightb

Attribute U1 0.206 1. Exterior Design of product 0.236

2. Technique level comparing with competitors 0.236

3. Simplicity of operation or
comprehensiveness of instruction

0.177

4. Market availability of product components 0.096

5. Environmentalism in the process of
production and use

0.031

6. Current functions are complete 0.118

7. Expansibility of the product function 0.106

Quality U2 0.206 1. The satisfaction degree of product’s basic
function

0.405

2. The satisfaction degree of product’s
extended function

0.248

3. The abrasion resistant degree 0.144

4. Whether there is some obvious quality
defects

0.144

5. Using stability in the product’s service life 0.059

Tangibles U3 0.032 1. There are entity channels for customers to
experience or purchasing

0.275

2. There are enough After-sale service
channels and are easy to get in touch with

0.545

3. The brand can be clearly identified and
recognized

0.117

4. The display of the entity channels or the lay
out of the online website

0.063

Responsiveness
U4

0.094 1. Difficulty of contacting with the service staff 0.168

2. Arrival speed of service staff to customers’
need

0.306

3. Customer can find service staff and get reply
during the trade process and in after-sale
service

0.052

4. Inventory can assure there is no stock out in
the peak season of sales

0.168

5. The time needed for product repair or return 0.306

Reliability U5 0.047 1. Salesperson could recommend proper
products according to different need of
customers

0.333

2. Maintenance personnel is professional and
can solve problem quickly

0.334

3. The amount of attention paid to customers’
opinions or feedback.

0.333

(continued)
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Table 4 (continued)

Dimension Weighta Items Weightb

Assurance U6 0.064 1. There is a specific provision of warranty
period and clause the guarantee

0.364

2. There are feedback channels like “400”
telephone or wechat, weibo or website for
customers’ complaint

0.207

3. Repair fee is clearly defined 0.364

4. Indemnity clause for product accident is
clearly defined

0.065

Empathy U7 0.024 1. Service staffs’ attitude towards customer
complaints

0.397

2. Courtesy of salesperson 0.397

3. Courtesy of maintenance personnel 0.155

4. Staffs can provide tips for product using and
maintenance

0.051

Social value U8 0.121 1. Brand awareness 0.429

2. Market acceptance of the brand 0.429

3. Trustworthiness of the company 0.142

Cost U9 0.206 1. Price of products and other purchasing costs 0.383

2. Cost of after-sale service 0.225

3. Using cost 0.225

4. Price of fittings 0.127

5. Extended function cost 0.04
aWeight coefficient of dimension; bWeight coefficient of item

Then weight coefficient is calculated as:

ω2 = {0.40476, 0.24841, 0.14374, 0.14374, 0.05935},

λmax = 5.0568, through the consistency check knows that CI = 0.0142, when
n = 5, RI is known as RI = 1.12, therefore, CR = CI/RI = 0.01268 < 0.1, which
stands for the acceptable consistency of the judgment matrix. Similarly, other weight
coefficients of value attributes are calculated and shown in Table4.
3. Establishment of Fuzzy Judgment Matrix

Since evaluation is based on the perceived value customers have on the prod-
ucts and the company, so unlike the traditional way of establishing the fuzzy
judgment matrix, this paper scores the performance of attributes by questionnaire
survey among customers who has used the product of the company for over 3months
and has some certain understanding of the brand and company. Totally 100 ques-
tionnaires were sent out and 96 valid ones were retrieved. After data processing, 65
of the 96 interviewees regard the item in level 2, exterior design of product, as “very
good”, accounts for 67.7%, 25 interviewees think it’s good, accounts for 26.04%;
the number of people who thinks it’s fair is 4, accounts for 4.2%; the left 2 evaluate
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the product to be inferior, accounts for 2.1%, no one votes for poor. So the remark
set of the item, exterior design of product is R11 = (0.677, 0.260, 0.042, 0.021, 0).
Similarly, the remark set of technique level comparing with competitors is R12 =
(0.281, 0.417, 0.240, 0.052, 0.010), remark set of simplicity of operation is R13 =
(0.177, 0.219, 0.448, 0.094, 0.062), remark set of market availability of product
components is R14 = (0.406, 0.479, 0.115, 0, 0), remark set of environmentalism in
the process of production and use is R15 = (0.083, 0.146, 0.740, 0.031, 0), remark
set of current functions is R16 = (0.469, 0.427, 0.094, 0.010, 0), remark set of func-
tion expansibility is R17 = (0.198, 0.354, 0.323, 0.073, 0.052).

Therefore, the fuzzy judgment matrix of attribute is:

R1 =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

0.667 0.260 0.042 0.021 0
0.281 0.417 0.240 0.052 0.010
0.177 0.219 0.448 0.094 0.062
0.406 0.479 0.115 0 0
0.083 0.146 0.740 0.031 0
0.469 0.427 0.094 0.010 0
0.198 0.354 0.323 0.073 0.052

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

.

Shown in Table4, the attribute weight vector is w1 = {0.236, 0.236, 0.177,
0.096, 0.031, 0.118, 0.106}, According to the equation S = W ×R, the consequence
of value evaluation is S = W1R1 = (0.375, 0.337, 0.225, 0.044, 0.019). In the same
way, the fuzzy matrixes of index like quality, tangibles are as follows:

R2 =

⎡

⎢
⎢
⎢
⎢
⎣

0.438 0.333 0.167 0.063 0
0.375 0.448 0.135 0.042 0
0.115 0.146 0.646 0.094 0
0.125 0.396 0.427 0.052 0
0.313 0.281 0.323 0.083 0

⎤

⎥
⎥
⎥
⎥
⎦

, R4 =

⎡

⎢
⎢
⎢
⎢
⎣

0.104 0.271 0.365 0.188 0.073
0.094 0.156 0.396 0.24 0.155
0.073 0.104 0.156 0.521 0.146
0.155 0.177 0.299 0.299 0.25
0.167 0.198 0.323 0.271 0.042

⎤

⎥
⎥
⎥
⎥
⎦

,

R5 =
⎡

⎣
0.469 0.417 0.083 0.031 0
0.125 0.135 0.49 0.188 0.063
0.094 0.177 0.208 0.281 0.24

⎤

⎦ , R6 =

⎡

⎢
⎢
⎣

0.406 0.406 0.146 0.042 0
0.083 0.115 0.51 0.229 0.063
0.135 0.261 0.177 0.302 0.125
0.073 0.344 0.385 0.104 0.094

⎤

⎥
⎥
⎦ ,

R7 =

⎡

⎢
⎢
⎣

0.146 0.281 0.354 0.156 0.063
0.417 0.354 0.198 0.031 0
0.073 0.292 0.385 0.167 0.083
0.031 0.302 0.427 0.135 0.104

⎤

⎥
⎥
⎦ , R8 =

⎡

⎣
0.948 0.042 0.01 0 0
0.917 0.052 0.031 0 0
0.865 0.094 0.042 0 0

⎤

⎦ ,

R9 =

⎡

⎢
⎢
⎢
⎢
⎣

0.104 0.177 0.26 0.302 0.156
0.073 0.135 0.375 0.24 0.177
0.094 0.167 0.354 0.281 0.104
0.063 0.146 0.229 0.406 0.156
0.115 0.198 0.292 0.271 0.125

⎤

⎥
⎥
⎥
⎥
⎦

.

The remark set in this research is set as V = {v1, v2, v3, v4, v5} = {very good,
fair, inferior, poor}= {5, 4, 3, 2, 1}, by the rule of maximummembership degree, the
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specific scores of company’s customer value are shown in Table5, The performance
scores show that the customer value comprehensive evaluation of the corporation
is good, but there’s still some improvement room in attributes like responsiveness
and cost. The company can focus on some items which is important to customer and
weak currently, like “cost”, to enhance according to its own specific condition.

5 Conclusion

Quantified scores of corporations’ performance on customer value could be obtained
by fuzzy evaluationmethod,which can identify the strength andweakness in different
factors that affect customer value. Thus, more accurate basis could be provided for
enterprise optimization. Using the customer value system can not only enhance the
scientificity and reliability of enterprise decision, but have some guiding significance
for the creation of competitive advantage simultaneously.
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Proactive Scheduling Procedures for RCPSP
with Beta Distributed Durations
and Exponential Distributed Resources

Xuejuan Zhong and Zhe Zhang

Abstract In this paper, we address the resource-constrained project scheduling
problem (RCPSP) with beta distributed durations and exponential distributed
resources. Since the interruptions and resource breakdowns are common in practice,
so the activity durations, whose start time deviates from the proactive scheduling start
time, are considered as stochastic because of the influence of resource uncertainty. In
the mathematical model, we aim to minimize the deviation of accumulative activity
durations in the project and so as to minimize the expected instability costs from
the perspective of robust scheduling. The resource interruptions will be considered
essentially to make the time buffer to compensate for the tardiness of the start time as
well as to get theminimummakespan of activities in the proactive phase. A procedure
that combines Starting Time Criticality (STC) heuristic and a tabu search is designed
as the solution method. Finally, a numerical example is presented to highlight the
efficiency of the proposed model and solution method.

Keywords RCPSP · Proactive · Stochastic activity duration ·Resource uncertainty

1 Introduction

The research on resource-constrained project scheduling problem (RCPSP) has
achieved great progress over the last decades. The traditional RCPSP typically con-
sidered problemswith deterministic schedule, which involves the deterministic activ-
ity durations and activity starting times. However, unexpected external events may
happen in practical and disrupt the scheduling procedures, such as uncertain activ-
ity durations, resource breakdowns, equipment failures and so on. As a result, the
uncertainty of resources and durations has drawn a growing attention of researchers.
Herroelen et al. [8] reviewed the fundamental approaches for scheduling under
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uncertainty and revealed their potentials for scheduling projects. Lambrechts et al.
[10] also built a robust schedule considering the uncertain resource availabilities.
Herroelen et al. also classified project scheduling problem with uncertain durations
into four scheduling methods, including active, reactive, random and fuzzy schedule
in 2005 [8]. Hence, an important research track—proactive scheduling procedure,
has been identified in the field of project scheduling under uncertainty. Take the unex-
pected external events into consideration, a deterministic baseline schedule generated
by proactive scheduling procedure should be employed to protect against possible
interruptions. Typically, with robustness considered in the proactive scheduling, Van
de Vonder et al. [13] proposed the quality robustness and solution robustness to
increase schedule robustness. In this case, the random variables such as activity
duration, the starting time of activities and scheduling policy are given for proactive
schedule. The objective of proactive schedule usually focus onminimizing deviations
from the baseline schedule, which is sometimes described as the stability objective
[14]. In proactive scheduling procedures, the quality robustness was implemented in
minimizing the expected instability costs [5]. He also proposed a stochastic method-
ology [6] for the determination of a project execution policy and a vector of predictive
activity starting times with the objective of minimizing a cost function. Majority of
these research discussed the proactive scheduling considering stochastic durations.
On the basic of this, an increasing interest on resource availability [17] has been
added to the proactive phase in RCPSP in recent years. As a NP-hard problem [3],
randomness and variability of activities will be taken into account, and proactive
scheduling will be implemented in the paper.

According to the description of RCPSP, project scheduling considers a variety
of causes of uncertainty [16, 18], including the uncertain durations and uncertain
resources. Hence, the activity duration distributions and resource constraint distri-
butions can then be used to construct a project schedule. In recent research, taking
the expected value of deterministic durations as the activity durations, Kolisch et al.
[9] took the uniform distribution, exponential distribution and beta distribution into
consideration according to different variance. Lambrechts et al. [10] set the insta-
bility weights wi drawn from a discrete, triangularly shaped distribution between
1 and 10, which correspond to what can be expected in real-life projects. To assess
the effectiveness of the proposed approach, Bruni et al. [4] tested two distributions
under different conditions. They assumed that real activity duration is a uniform
random variable in the continuous case, and in the discrete distributions, they have
considered a poisson distribution with the mean di (activity durations). The more
frequently used distribution is the beta distribution. Tsai et al. [12] proposed tabu
search algorithm with uncertain activity duration subjecting to beta distribution.
Van de Vonder et al. [15] also demonstrated that the real activity durations are all
discretized values drawn from a right-skewed beta-distribution and the activity dura-
tion variability was divided into three level, that is low, high and random duration
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variability. To consider the resource constraint distributions, which include resource
breakdowns, repairs and intervals between interruptions, researchers usually use
exponential distribution to describe these situations. According to assumptions of
Lambrechts et al. in [11], they chose exponential distributed to model times to
failure and repair times, which is unambiguously defined by its expected value.
Girault [7] believes that the times between failures will be exponentially distributed,
which is analytically interesting and practically acceptable. This paper will combine
the distribution of activity durations with resource, which respectively described by
beta distribution and exponential distribution, to obtain the minimization of instabil-
ity cost and makespan.

Considering the parameter distribution mentioned above, RCPSP is to be handled
in the proactive phase to satisfied with both robust quality and robust solution. The
remainder of this paper is organized as follows. In Sect. 2, wewill present the problem
description, including the brief explanation and introduction of these variables. Then
the bi-objective model will be given as well, where assumptions and notation will
be presented in detail. In Sect. 3, a combination of Starting Time Criticality (STC)
heuristic and a tabu search is implemented to buffer the activity with the STC value to
minimize the makespan and instability costs. Furthermore, in the Sect. 4, a numerical
example will be presented to prove the efficiency of proposed model and solution
method. Results will be evaluated and analyzed as concluding marks in the Sect. 5.

2 Research Problem and Modeling

In this section, the description of RCPSP with beta distributed durations and expo-
nential distributed resources will be described, and then the bi-objective model will
be developed for the proactive schedule.

2.1 Problem Description

Commonly, it can be found that most deterministic project scheduling models
assumed that the activity durations are given and the scheduling procedure will
be carried out in ideal conditions. However, in practice, unexpected factors such as
resource breakdowns and repairs will be occurred and disturb the implementation of
the schedule. Take these uncertain factors into account, this paper will discuss the
impact these interruptionsmade on scheduling procedure.What’smore, the proactive
scheduling usually involves robust schedulingwith deviation of the activity durations.
Whilemost of other research concentrate inminimize themakespan. Fawzan et al. [1]
has ever proposed a bi-objective model with makespan minimization and robustness
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Fig. 1 Flow chart of the bi-objective model

maximization on the base of multi-objective framework. To optimize the objective,
both of the expected instability costs and themakepanminimizationwill be combined
together in the paper. To generate the proactive scheduling, the two objective can be
respectively classified to solution robustness and quality robustness. The minimiza-
tion of the makespan is connected to the completion of the project, equivalent to the
quality robustness, while the stability attributed to the deviation of activities and the
weight set to the activities. Therefore, a bi-objectivemodel will be also applied in this
paper for a proactive scheduling.We assume that the distribution of activity durations
subject to beta distribution (di ∼ B(p, q)). In the case of resource constraints, the
time of the resource failure MTTFk and repair MTTFk are exponential distributed,
k means the resource type. The flow chart of the model is shown in Fig. 1.

2.2 Modeling

In this subsection, forRCPSPconsidering beta-distributed durations and exponential-
distributed resources, we will establish a bi-objective model with the pursuit of
minimum deviation and the shortest makespan.

Cost Minimization Objective

As previously mentioned, to generate a proactive schedule to get a deterministic
baseline schedule, we object to minimize the expected instability costs as follows.
In the function, Si means the the real start time of the activity i , while si means the
planned start time. The cost C implicates the punishment of the delay in the start of
the activity, and wi means the weight of each activity.

minC =
∑

i∈N

wi × |E(Si ) − si | . (1)
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In this case, we assume that the real start time of the activity can never be ear-
lier than the planned start time (si ≤ Si ), and the resource allocations are fixed.
However, the resource breakdowns can not be neglected. As demonstrated above,
the interruptions occurs randomly and we have to take them into account. Referring
to [11], resource failures and repairs are exponential-distributed. Thus, the objective
function (1) can be converted into:

minC =
∑

j∈N

∑

i∈PRED∗
j

w j max(0, si + di + L Pi j + E[σi ] − s j ), (2)

with

E[σi ] = ϕi

(1 − ϕi )
( ∑

k λkrik
)
(
1 +

∑

k

λkrik

μk

)
− di ,

ϕi = 1 − e−di
∑

k λkrik . (3)

The function are suitable for the preempt-repeat environment, and the function in
preempt-resume environment can be easily deduced in the same way. In the function
(2), rik means per period usage of resource type k for activity i , LPi j means the length
of the path between activities i and j , σi means the stochastic duration increase of
i due to failures and repairs. According to the distribution of resource failures and
repairs, λ is the parameter of the exponentially distributed time to failure of each
resource unit. Its expected value can be calculated as follows:

E[Fi ] = 1
∑

k λkrik
− di (1 − ϕi )

ϕi
.

Then μ is the parameter of the exponentially distributed time to repair and the func-
tion is:

E[Ri ] =
∑

k

λkrik∑
l λlril

1

μk
, l �= k.

Let ϕi denote the probability the activity i is interrupted. Then according to the
density distribution function of the frequency of the interruptions Ni , the expect
value of Ni can be worked out as:

E[Ni ] = ϕi/1 − ϕi .
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Obviously, E[σi ] = E[Fi ]E[Ni ] + E[Ri ]E[Ni ]. Fi means the failures encountered
by activity i , and Ri correspondingly means the repairs.

Makespan minimization objective

Apart from considering the stability of the schedule, the quality robustness objective
is benefit to the proactive schedule. Here is another objective function.

min M = Sn . (4)

This function subjects to the same constraints in the cost minimization objective.
It aims to calculate the minimization of the real start time and the duration of the
last second activity, and the last second activity must be the precedence activities of
the last activity. As the deviations between the real start time and the planned one
regarded as the buffers inserted into the planned start time. The buffer should be
considered in minimizing the makespan. Accordingly, what can be formulated as:

Sn = sn−1 + dn−1 + LP(n−1,n) + E[σn−1]. (5)

In order to represent the project, we choose a digraph G = (N , A), which contains
a set of nodes N and a set of arcs A. N represents the process of the activity and
the A represents the connection of two continuous activity. To consider the order of
activities, we set that activity j cannot start before activity i has finished.

si + di ≤ s j ,∀(i, j) ∈ A. (6)

di represents the planned activity duration. Here (i, j) ∈ A means activity i(i=1,...,n)

is an immediate predecessor of activity j .
Take the renewable resource constraints into account, we assume that the resource

requirements rik of resource type k of the processed activity in period t can be satisfied
with resource capacity ck . Busyt means the set of activities in progress during period t .

∑

i∈Busyt

rik ≤ ck,∀t,∀k. (7)

The project has to be completed before the deadline δ. Sn means the start time of
final activity as it is a virtual activity as well as the beginning activity.

Sn ≤ δ. (8)
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Therefore, to combine Eqs. (2), (5), (6), (7) and (8), we can get:

minC = ∑

j∈N

∑

i∈PRED∗
j

w j max(0, si + di + LPi j + E[σi ] − s j )

min M = sn−1 + dn−1 + LP(n−1,n) + E[σn−1]

s.t.

⎧
⎪⎨

⎪⎩

si + di ≤ s j , ∀(i, j) ∈ A∑

i∈Busyt

rik ≤ ak, ∀t,∀k

Sn ≤ δ.

(9)

As demonstrated, we assume that the activity duration is subjected to a beta-
distribution with parameter 2 and 5 [15]. It means low duration variability with the
mean equal to E(di ), minimum and maximum values equal to 0.75 times and 1.625
times E(di ). And the activity durations are all discretized values. The interruptions
described above can compensate for the shortness of the beta-distributed durations.

3 Solution Method

From the descriptions of the duration di and interruptions Fi of failures and repairs
Ri , we can see that all the parameters should be considered into the buffers in the
proactive phase. It is assumed that the list of the activities has already been ordered
in a non-decreasing sequence with forward recursion procedure (SGS) [1]. What
we need to do is to find the most suitable sequence of activities which generate the
minimization of the cost of deviation and the makespan of the project.

To get the minimization of the instability cost, we have to suppose that the
sequence of activities have been listed properly, and the distribution of durations,
resources are known. Meanwhile it is supposed that the wi subject to uniform distri-
bution. The procedure should be processed as follows:

Step 1. According to the distribution of repairs and failures, we can get the output
of one type of resource interfered with duration di ,

E(N (i)) = ϕi/1 − ϕi , E(Fi ) = 1/(λ × ri ) − di × (1 − ϕi )/ϕi , E(Ri ) = 1/μk .

Step 2. To sum all types of resources to generate the deviation cause by resource
failures and repairs in the activity duration di .
Step 3. To calculate the deviation of each activity only if the deviation postpone the
start time of the immediate successor and sum the deviation values.
Step 4. After the total cost of the neighborhood calculated, then get the minimization
of the total cost.



862 X. Zhong and Z. Zhang

Algorithm 1. Instability cost minimization

Initialization: n = J, i = j − 1, s1 = 0, S1 = 0, ri = 0
For j = 2 : 1 : n

w j =mean w j

p = unifrnd(0,1)
di = betainv(p, 2, 5)
s j = si + di + LPi j

E(S j ) − s j = si + di + LPi j + E(σi ) − s j

If E(S j ) − s j ≤ 0
E(S j ) − s j = si + di + LPi j + E(σi ) − s j

Else
E(S j ) − s j = 0

End
For k = 1 : 1 : K

λri = λri + λkrik,
λri
μ

= λri
μ

+ λri
μk

End
E(σ(i)) = E(Fi ) × E(Ni ) + E(Ri ) × E(Ni )

E(Ni ) = ϕi/1 − ϕi

ϕi = 1 − exp(−λ × ri × di )

E(Fi ) = 1/(λ × ri ) − di × (1 − ϕi )/ϕi

E(Ri ) = 1/μ
End
C = ∑

(w j × (E(S j ) − s j ))

Considering the buffers inserted into the beginning of each activity, resource
breakdownswill be considered in theminimization ofmakespan as well as instability
cost. Therefore, the sequence of the scheduling list has to be rearranged. Hence, the
start time of the last activity can derived from the list. According to the SGS, a
backward recursion procedure can be applied by analogy with buffers.

Step 1. Get the initial feasible schedule.
Step 2. A tabu move swapping the positions of two activity subject to the precedence
constraints and resource constraints to get the neighbourhood.
Step 3. The circulation terminates if it produces a solution which outperforms the
best solution obtained so far.
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Algorithm 2. Feasible schedule list with buffer insertion

Initialization: UA = J, E S = {Sn}, q = 1, S(1) = Sn

For i = n down to 1 do
Select the activity j = j(i)
set UA = UA \ { j}
for all t ∈ E S do
For k = 1, . . . , K do
Compute ck(t)

Fl
j = minh∈SUCC j Se

h
Let q be the index with Fl

j = Sq

While (∀t ∈ [Se
j , Fl

j ],∀k ∈ 1, . . . , K , r jk ≤ ck(t)) is false do
q = q + 1
Fl

j = Sq

End
Sl

j = Fl
j − d j

E S = E S ∪ S j , Update S
End
If Sn > δ

repeat For
Else
break

In the Algorithm 2, UA denotes the set of unscheduled activities, E S = {S j , j /∈
UA}, S(q) means the list of the elements of E S ranked in a non-decreasing order,
Sl

j means the latest finish time of activity j , and superscript e denotes the earliest
as well as the finish time Fj . After generating the initial feasible schedule, the two
activities of the project can be swapped as a tabu move. In each move, considering
the weight probability the start time will be delayed, STC heuristic will be used to
generate the most feasible buffers through iteration [2]. Sine then, suppose that

min Y = ν1 × minC + ν2 × min M,

in which ν is the balance between instability cost and makespan, a combinition of
the shortest makespan and the lowest instability cost can be generated.

4 Numerical Example

In order to display the procedure, a network diagram instance will be implemented
with some parameters ever used by Lambrechts et al. [11]. In this example, another
resource is added to the project with ci2 = 10 (Fig. 2).
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Fig. 2 The working
procedure in RCPSP
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Since the instability weights were drawn from a triangularly shaped distribution
between 1 and 10, wi = {0, 15, 10, 11, 12, 9, 1, 1, 5, 38}. Assuming that the
parameter of resource failures λ and resource repairs μ are satisfied with 1/λ = 15
and 1/μ = 3 respectively with both two resources [11]. We are able to calculate
the value of ϕ and E(σi ), ϕ = {0, 0.49, 0.96, 0.83, 0.80, 0.93, 0.86, 0.80, 0.70, 0}
and E(σi ) = {0, 2.84, 49.45, 8.22, 8.08, 34.18, 15.17, 8.08, 4.67, 0}. According to
SGS, the unbuffered schedule of rik can be generated as Figs. 3 and 4.

Hence,LPi j can be deduced from the sequence of activitieswith index of start time
of it. Thus, we generate a processing line as Fig. 5, and the deviation of instability
minimization is {0, 0, 3, 8, 0, 8, 8, 49, 15, 34} with E(σi ) rounded to nearest integer.
Considering the deadline, the last activities play an very important role the project
completion, we assume that the weight of the last activity is 10 times of the weight of
other activities. Therefore, the minimization of cost of the deviation with no buffers
minC = 1614. Meanwhile, the makespan is 15.

Once the deviation defined, buffers should be inserted in the beginning of each
activity. From another perspective, the cost arising form the increase of the dura-
tion can be reduced. Through Algorithm 2, a new sequence of activities should be

i1r

t

2 9

6

7

8

4

3

5

4

6

4 7 159 13

5

8

7

0

1

2

3

10865321 141211

10

9

Fig. 3 Unbuffered schedule of ri1



Proactive Scheduling Procedures for RCPSP with Beta Distributed Durations … 865

i2r

t

2

9

6

7

8

4

3

5

4

6

4 7 159 13

5

8

7

0

1

2

3

10865321 141211

9

10

Fig. 4 Unbuffered schedule of ri2

0 16151413121110987654321

2 9

6

7

8

3

5
4

t

Fig. 5 Unbuffered schedule of rik

0 16151413121110987654321

2 9

6

7

8

4

3

5

574339 59
...... ......

18 26 t
......

Fig. 6 Buffered schedule of rik

arranged. With regard to the rearranged schedule of ri1 and ri2, we assume that a due
date δ equal to 70 and ν = [1, 10]. Through swapping the positions of two activities
obey conditions in Algorithm 2, the buffered schedule can be displayed as Fig. 6.

In this case, we calculate the minC = 1159 and min M = 59 to get the min-
imization of Y . It depends on the significance that the project manager put on the
makespan and the deviation, especially when it goes beyond the deadline.
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5 Conclusions

In this paper, considering the interruptions of resources and the stochastic durations, a
bi-objective model which satisfy both robust quality and robust solution is developed
for the practical resource-constrained project scheduling problems. The proposed
model employs the beta-distributed durations and exponential-distributed resources
to hybrid the variation of durations, and this application makes the model is more
suitable for describing interruptions in the real scheduling procedure. To generate
a proactive schedule with robustness, a combination of Starting Time Criticality
(STC) heuristic and tabu search is implemented according to the bi-objective model.
For illustrating the effectiveness, the proposed model and algorithm are successfully
applied to the numerical example.
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Real Estate Development Enterprises
Dynamic Value Chain Model Building and
Evaluation

Liling Huang and Guichuan Zhou

Abstract Based on the theories related to value chain and the features of real estate
development enterprises, we have built real estate development enterprises dynamic
value chain model. Through field investigation of real estate development enter-
prises in Sichuan province, using FAHP method to evaluate real estate development
enterprises dynamic value chain model in Sichuan, we made the conclusion that the
overall value of real estate development enterprises in Sichuan is at a medium level.
This study aims to help real estate development enterprises to overcome the diffi-
culties from complicated external environment which led to their own value chain
fission, at the same time, provide ideas for real estate development enterprises in
enhancing their competitive advantage and their own value. In the beginning, the
article reviews the evolution and development of the value chain theory, which fol-
lowed by the analysis of real estate development enterprises internal and external
value points. In the next place, real estate development enterprises dynamic value
chain model has been built. Finally we evaluate the level of the overall value of real
estate development enterprises in certain area under the guidance of FAHP method
after making the field research on real estate development enterprises in Sichuan.

Keywords Real estate development enterprises · Dynamic value chain · Fuzzy
analytic hierarchy process (FAHP)

1 Introduction

At present, real estate industry is a pillar industry of national economy, which
is directly related to whether the healthy development of the rise and fall of the
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national economy. Real estate industry’s development has become one of the hot
spots of economic development in China. However, with the trend of strengthened
state macro-control and intensified industry competition, lots of small and medium-
sized real estate enterprises have falled, even withdrawed from the market. The real
estate industry gradually move towards rational and small profit. For the sake of
sustainable competitive advantage, real estate development enterprises need to ini-
tiatively adjust the enterprises’ internal resources and ability, making it match the
external environment. The article choose values as research foundation and break-
through point, build and evaluate the dynamic value chain of real estate development
enterprises in order to guide real estate development enterprise to their direction in
future.

2 Theoretical Basis

2.1 The Value Chain

Strategy of famous scientists Porter [6] put forward the value chain concept based
on manufacturing enterprise features. In his book Competitive Advantage. The value
chain includes two major parts of activities: auxiliary activities (human resource
management, infrastructure construction, technology development, procurement)
and basic activities (production and operation, external logistics, internal logistics,
marketing and after-sales service).

Shank and Govin [8] extended the concept of value chain, defined it as the whole
process of value production, which including the process from obtaining the raw
materials of original suppliers to delivering the final product to the users, and it was
widely useable to all enterprises.

Walters and Lancaster [9] emphasized that the value chain takes market as the
guidance, it is a business system which creates user satisfaction and helps other
partners to enhance their value. Using the perspective to find driver chain is used to
determine the enterprise’s position in the market.

Haines [3] on the basis of the former further stressed that the customer and raw
material is part of the value chain, especially the customer demand should be the
focus of production process, which create a new source of value. He proposed the
value chain to adapt to the changing external environment so as to obtain competitive
advantage.

Fearne [2] regarded value chain as a kind of thinking of its main goal is to increase
revenues by adding value to the differentiated product. So, it demanded collaborative
and focus on supply chain resilience and shared resource allocation, risk as well as
benefits.

In general, the traditional value chain is profit-oriented which links production,
logistics, finance and human resources activities, though they seems like independent
division. The process of supply, production, sales are linked,which constitutes a chain
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system of efficient operation. It can reflect the enterprise’s strategic type, the method
of strategy implementation and the production and operation situation. However,
the traditional value chain theory still exists defects, it limited to analyzing internal
structure and internal resource, even ignored intergrating resource by using external
market. So it is a static analysis method.

2.2 The Dynamic Value Chain

After Professor E. Porter put forward the concept of value chain, the domestic and
foreign scholars have improved and extended the traditional value chain in the direc-
tion of internal and external.

Shank and Goindarajan [7] defines industry value chain, they pointed out the
value chain not only exists in enterprise, but also exists among enterprises. A single
enterprise can enhance its own competitive advantage through the decomposition
and integration of the industry chain value.

Rayport and Sviokla [4] proposed the virtual value chain, they considered there are
physical value chain made of the material world and virtual value chain composed
of information in enterprise. At any stage of the virtual value chain involves five
activities: collecting, sorting, filtering, integrated and delivering information.

Allee [1] raised the value network, he thought the process of network value cre-
ation and delivery is a complex dynamic process contains single or more enterprises,
customers, suppliers and strategic partners. In fact, the value chain turn into a network
chain.

Wang [10] defined the dynamic industry value chain, which emphasizes dynamic
characteristics. He considered enterprise development as the dynamic development
process within the scope of a specific industry.

Ju [5] considered the development of the value chain theory was in-depth study
with the progress and innovation in the way of social production. So, in recent years,
many scholars research the value chain theory from a perspective of dynamic and
development.

Integrated utilization of virtual value chain, value network and dynamic indus-
try value chain theory, focusing on a single enterprise, fully considering interactive
relationship of internal value activities and external parties, we present the definition
of enterprise dynamic value chain: Dynamic value chain is a dynamic, comprehen-
sive, and profit-oriented value chain, basing on the theory of traditional value chain
and value network, teasing out each enterprise internal value points including raw
materials, production, operation, marketing, human resources, technology research
and development, storage and other activities, at the same time, considering external
value points such as the mutual relationship of the government, suppliers, partners,
competitors and customers.

Obviously, the difference of dynamic value chain and traditional value chain
is the output, the former outputs the overall value of the enterprise, however the
latter chain focus on profits. The dynamic value chain emphasizes the characteristic
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of “dynamic”, which highlights the important role of external value activities to
achieving the goal of realizing the overall value and extending the business. The core
of the dynamic value chain is enterprise value optimization, it reconsiders the process
related to value added, modularize these process which possessing a comparative
advantage, then integrates all modulars together. The concept of the dynamic value
chain makes up the defect of Porter’s tradional value chain theory, it is helpful for
enterprises to realize resources integration through external market.

2.3 The Dynamic Value Chain of Real Estate Development
Enterprises

Real estate development enterprises are engaged in real estate developing and
operating, they are not only the product producer, also the operator of real estate
commodity. The development and operation of real estate development enterprises
is different of construction enterprises, which own characteristics, such as large
investment, high risk operation, long period construction and complex development
ways.

Therefore, it can be said that the real estate development enterprise is a “systems
integrator”, their commodity combine capital, land, engineering, property manage-
ment, environment and other variable factors, so that they will maximize their market
value through leasing, advertising, marketing and other services. Adopting the for-
mer theory dynamic value chain, we can summarize the dynamic value chain of
real estate development enterprises. Compared with the manufacturing enterprise,
the dynamic value chain of real estate development enterprises has the following
distinctive features:

First, the dynamic value chain of real estate development enterprises is a collec-
tion of value activities. The added value of enterprises not only stems from the
inside situation, even from the interaction with the external environment. Thus,
the dynamic value chain of enterprises constitutes by both internal and external
value.

Second, the chain takes enterprise comprehensive value optimal as the core, con-
tributes to identify the effective value factors through the perspective of the customer
and the staff, and help construct dynamic value chain model, rather than mechanical
combined with all valuable activities and external related parties.

Third, the interconnectedness of value activities in this chain will bring compet-
itive advantage by the way of optimization and coordination. For example, detailed
market research and marketing planning may increase invested cost at an early stage,
but they are helpful for avoiding making unexpected errors as to ensure market sales
operating normally. At last, they can reduce the cost of market sales and property
management. The phenomenon reflects enterprises make trade-offs to achieve the
overall objectives.
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3 Real Estate Development Enterprises Dynamic Value
Chain Model

3.1 Analyzing Real Estate Development Enterprises Value
Points

1. Real Estate Development Enterprises Internal Value Points
Based on Porter’s traditional value chain theory, real estate development enterprises
value chain is divided into two parts-basic activities and assistant activities as shown
in Fig. 1.
(1) Basic Activities
Investment decision analysis. It is the first link in development process of real estate
enterprises, even it is the most crucial link. Before real estate developers obtained
land use right, they need to prove the selected plots, that is making detailed market
research for the surrounding property on their competitive frame, in order to clear
the main consumption, set an appropriate market location market positioning, study
on project feasibility and other early activities.

Construction preparation. At this stage, it is responsible for specifying the pro-
fessionals to design development area, in the meantime, it should be complied with
the requirements of the city’s overall planning. During the construction preparation
period, controlling the project cost is particularly important, the reason is about 70%
of total cost of the project development is determined at this stage, and the quality
of products will play a key role for customer satisfaction.

Construction implementation. This step usually includes bidding, contracts sign-
ing, projects implementation and acceptance. In the process of project construction,

A
ssistantA

ctivities

Basic Activities

Materials and equipment procurement

Technological innovation

Human Resource Management

Enterprise infrastructure

Investment

decision

analysis

Construction 

preparation

Construction

implementation Marketing
Property

management

Fig. 1 Real estate development enterprises internal value chain
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real estate developers should focus on the construction of engineering project
management, such as quality control, schedule control and cost control. When real
estate property entity construction and public facilities construction are completed,
the project enters the completion acceptance stage.

Marketing. This stage directly determines whether enterprises would smoothly
achieve the real estate development activities and commodity value.Marketing activ-
ities include pricing strategy, image promotion, advertising promotion, sales chan-
nels and sales team selection. At this point, closely cooperating with sales, planning
department has become the key point to increase enterprise’s value.

Property management. Referred to various services to increase or maintain the
value of the product. Due to the increasingly competitive imitation in real estate mar-
ket, it is very difficult for enterprises to gain sustainable competitive advantage only
using technology or products. Therefore, high level property management service
plays an important role in adding product value.

(2) Assistant Activities
Materials and equipment procurement. Refers to the purchase of various inputs used
in enterprise value chain activities. Financing should be considered as well as land
acquisition and funds reserving. The purchasing contents land use rights, construction
funds, buildingmaterials, intermediary agency, office equipment and technology, and
other supplies.

Technological innovation. A variety of activities refers to improving products and
processes. Real estate development enterprises technological innovation present in all
stages of basic activities, such as feasibility studies on early market development, the
development process of construction and implementation,market researchmarketing
stage, and sales of property management procedures.

Human Resource Management. These activities include all types of personnel
involved in the recruitment, training and development, appraisal, remuneration and
incentives. To some extent, it affects the competitive advantage size. Because it
directly affects the enthusiasm and efficiency of staff, even the cost of hiring and
training.

Enterprise infrastructure. Kinds of activities contents real estate investment plan-
ning system, financial accounting analysis, land management and urban planning
department contact management and legal departments, government affairs manage-
ment and soon.Under our currentmanagement system, relationswith the government
has become more important in the enterprise infrastructure.

2. Real Estate Development Enterprises External Value Points
Traditional real estate industry led to the developer, however, with the deepening
of specialization, the importance national macro-control and the change of market
demand, real estate development companies need to break the traditional thinking,
make its value system naturally extend to outside. Analysis shows that the exter-
nal value of real estate development enterprises are mainly related government,
financiers, partners, competitors and customers as shown in Fig. 2.

Government. The real estate industry is characterized with extremely strong
policy-oriented. National macroeconomic policy and relations of government for
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Fig. 2 Real estate
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the real estate is essential. Because land resources are the basis of the national
economy, and the housing problem also involves the entire social stability. Addi-
tionally, due to the tax reform, local government largely dependent on local property
taxes, so the rise and fall of real estate are closely connected with local finances.
The impact of government on the real estate development business is the purchase of
limited credit, tax policy, information disclosure, land supply, regulatory and other
approvals.

Financiers.The real estate industry is a capital-intensive industry, the vastmajority
of them is debt management. Therefore, financing capability is a key element of
assessing real estate enterprises competitiveness. Financiers is just a generic name in
this paper, including financial institutions, capital markets, non-financial institutions
and private lending, etc. What the impact of the financial institutions on real estate
development enterprises is qualification examination, the loan amount, interest rate,
loan term and other constraints.

Collaborators. Real estate development is a complex and long process that
involves both a variety of technical and professional knowledge, but also involves
a number of industries. In order to better play the core strengths of enterprises,
real estate development companies will outsource most of their business, however,
enterprise own are responsible for integration and cost control major resources. Gen-
erally collaborators include: material suppliers, design units, construction parties,
advertising planning, marketing agents and property companies, etc.

Competitors. The gap between leading enterprises and small businesses is grow-
ing, the competitive situation of the real estate industry has been basically cured.For
real estate development enterprises, the impact coming from their competitors
include: the scramble for resources (capital and land, etc.), customer competition,
trade barriers, price competition, strategic cooperation (including joint development,
resource sharing and brand marriage, etc.).

Customers. Customer value is the value of real estate development enterprises the
ultimate expression, to meet customer needs in the process is the process to achieve
customer value, which is the process of delivering main value among design firms,
construction units, and the amount of transfer agency. Real estate customer value is
mainly reflected in four areas: economic value, using value, brand value and services
value.
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3.2 Building Real Estate Development Enterprises Dynamic
Value Chain Model

Through the former analysis of internal and external value points in the real estate
development business,weknow the internal and external valueof the real estate devel-
opment enterprises have realized in the form of value activities, such as investment
decision analysis, construction preparation, construction implementation, marketing
and property management. These activities are affected by the external value parties,
such as the government, financiers, collaborators, competitors and customers, while
internal resources and capabilities also associate with the realization of these values
activities. At the same time, enterprise value activities come from seven elements-
land, capital, talent, corporate culture, brand, information and management. So, we
will summarize an organic whole constituted by these seven elements. Through the
interaction between the elements, achieve and improve the value of real estate devel-
opment enterprises.

Therefore, build real estate development enterprise dynamic value chain model
(Fig. 3) based on system integration concept. It made a total of four parts: First,
external association, including governments, financiers, collaborators, competitors
and customers; Second, factors affecting value activities achievement, including land,
funds, talent, corporate culture, brand, information and management; Third, internal
activities, including investment decision analysis, construction preparation, imple-
mentation, marketing, and property management; Fourth, the overall value of the
real estate development enterprises, which is the chain’s output finally.

The movement of dynamic value chain model:

(1) Those associated with the occurrence of an external change will have an impact
on the internal capabilities and resources directly or indirectly.

(2) The internal abilities and resources change lead to causing changes in internal
enterprise value activities.

Government

Financiers

Collaborators

Competitors

Customers

Investment decision analysis

Construction preparation

Construction implementation

Marketing

Property management

Land Management

Funds

Talent

Culture

Brand
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Fig. 3 Real estate development enterprises dynamic value chain Model
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(3) According to Porter’s traditional value chain theory, the internal value activities
is undoubtedly a generator for enterprise value, so changes associated with those
external parties will be reflected in the overall enterprise value.

(4) Theoverall value of the enterprise changed, inevitably have an impact onbusiness
decisions or action that were changed by an external association.

4 Evaluate Real Estate Development Enterprise Dynamic
Value Chain Model Based on FAHP

4.1 Questionnaire Design and Implementation Research

In order to scientifically evaluate the dynamic value chain of real estate development
enterprises, we design a questionnaire (due to limited space, not repeat them here)
to do field research.

1. Research objects
All the data comes from 30 real estate development enterprises in Sichuan con-
ducted by direct and indirect investigation. To ensure the objectivity of the findings,
the investigators will be divided into three categories, first 129 real estate internal
employees, including 74 staff functions, 55 business staff (35 people above manager
level); Second 93 consultants work on related industry; Third 100 customers who
have purchased commercial residential building.

2. Questionnaire form
Through setting certain problems, let respondents evaluate level of questions directly.
About setting up the topic, we use Likert scale to itemize attitude scale in this article,
scale dimensions from 5 scale, including the “very close association of 7”, “close
associate of 5”, “associate degree in general of 3”, “weak association of 1”, “almost
no association of 0”.

3. Data collection
In this paper, we adopt sampling survey method, conducting field research and
online research. The field investigation is mainly on-site interviews for 36 inter-
nal staff above manager level. The investigation lasted two months, issuing a total of
322 questionnaires, 277 were returned back, 210 questionnaires were obtained after
screening, including internal staff of 63 in A enterprise, 76 real estate consultants,
and 71 buyers.

4. Sample reliability and validity analysis
Using Baja Alpha clone to test the real estate dynamic value chain constitutes eval-
uation reliability co-efficient, and test content validity. Sample structure validity are
analyzed to assess the quality of structure validity by a factor of load capacity. As
the road factor of each question is greater than 0.5, let the same questions of each
test variables into a single factor by factor analysis.
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Sphere test statistics has passed significant test (p < 0.001) indicates that data
are consistent with the conditions of factor analysis. Meanwhile, the factor loading
coefficients were higher than 0.5, indicates that the real estate value chain dynamic
factor rating scale has strong convergent validity.

4.2 Identify the Weights Base on AHP

1. Established the hierarchy structure.
Based on real estate development enterprises dynamic value chain, establish evalu-
ation model of real estate development enterprise dynamic value chain (Fig. 4).

As is shown on the picture above, the first layer (A): optimal enterprise value, tar-
get layer. Through the establishment of real estate development enterprises dynamic
value chain evaluation model, finally expect to arrive at a regional overall situation
of real estate development enterprise value merits, or draw the merits of the value of
real estate development enterprises; The second layer (B): value activities, criterion
level. Including investment decision analysis, construction preparation, construction
implementation, marketing and property management; The third layer (C): factors
affecting value activities achieving, secondary criterion level. Including land, funds,
talent, corporate culture, brand, information and management; The fourth layer (D):
external related parties, indicator layer. Including the government, financiers, col-
laborators, competitors and customers.

2. Construct pairwise comparison judgment matrix.
Based on expert scoring, construct the structure of the various levels of pairwise
comparison judgment matrix.

3. Single-level sorting and consistency checking.
UsingMATLABsoftware programmed calculations obtain theweight of eachmatrix,
the maximum characteristic root, consistency index and consistency ratio, finally the
results of each test prove that the consistency of judgment matrix are acceptable.
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Fig. 4 Real estate development enterprises dynamic value chain evaluation model
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4. Total sequencing.
From the calculation results, the weight of the second floor for the first layer is
W_B = (0.2294, 0.1312, 0.3584, 0.1358, 0.1452), the weight of the second floor for
the first layer is W_C = (0.2336, 0.1742, 0.1355, 0.0292, 0.0911, 0.2239, 0.1125).
Therefore, considering AHP total sequencing theory, the weight of the fourth floor
for the first layer is WD = (0.2371, 0.2245, 0.1810, 0.1595, 0.1979).

It is easy to see that the importance of the factors affecting the integrant parts of
real estate development enterprises dynamic value chain of in Sichuan was: Land >
Information > Funds > Talent >Management > Brand > Corporate culture, how-
ever the effect levels of external related parties successively was: government >
financiers > customers > partners > competitors.

4.3 Using FAHP to Evaluate

(1) Establish evaluation factors set: U = (governments, financiers, collaborators,
competitors, customers).

(2) Establish a weight set: centralized authority: conclude the factors weight by
using AHP: W = (0.2371, 0.2245, 0.1810, 0.1595, 0.1979).

(3) Establish reviews set: v = {excellent, good, fair, poor, extremely poor}.
(4) Single-factor fuzzy evaluation: After summarize the questionnaire feedback,

come up with the single-factor evaluation matrix R of the value of real estate
development enterprises as follows:

R =

⎡

⎢
⎢
⎢
⎢
⎣

0.12 0.19 0.29 0.22 0.18
0.19 0.17 0.37 0.16 0.11
0.07 0.20 0.50 0.13 0.10
0 0.47 0.30 0.20 0.03
0.26 0.18 0.30 0.17 0.09

⎤

⎥
⎥
⎥
⎥
⎦
. (1)

(5) Fuzzy comprehensive evaluation:

M = W ×R =[
0.2371 0.2245 0.1810 0.1595 0.1979

]×

⎡

⎢
⎢
⎢
⎢
⎣

0.12 0.19 0.29 0.22 0.18
0.19 0.17 0.37 0.16 0.11
0.07 0.20 0.50 0.13 0.10
0 0.47 0.30 0.20 0.03
0.26 0.18 0.30 0.17 0.09

⎤

⎥
⎥
⎥
⎥
⎦

=

⎡

⎢
⎢
⎢
⎢
⎣

(0.237∧0.12)∨(0.2245∧0.19)∨(0.181∧0.07)∨(0.1595∧0.00)∨(0.198∧0.26)
(0.237∧0.19)∨(0.2245∧0.17)∨(0.181∧0.20)∨(0.1595∧0.47)∨(0.198∧0.18)
(0.237∧0.29)∨(0.2245∧0.29)∨(0.181∧0.50)∨(0.1595∧0.30)∨(0.198∧0.30)
(0.237∧0.22)∨(0.2245∧0.16)∨(0.181∧0.13)∨(0.1595∧0.20)∨(0.198∧0.17)
(0.237∧0.18)∨(0.2245∧0.11)∨(0.181∧0.10)∨(0.1595∧0.03)∨(0.198∧0.09)

⎤

⎥
⎥
⎥
⎥
⎦

= [
0.1979 0.19 0.2371 0.22 0.18

]
.
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The M normalized rewritten as:

M = [
0.1930 0.1854 0.2313 0.2147 0.1756

]
.

The comprehensive evaluation results:

max M = max{0.19300.18540.23130.21470.1756}.

As is seen from evaluation results, the overall value of real estate development enter-
prises in Sichuan Province is in the medium level. Specifically, the impact of gov-
ernment is the most largest for real estate development enterprises value in certain
region. Such cases are quite normal in our country, it is China’s socialist market
economic system that determines this phenomenon. Obviously, the market is not a
fully competitive market, in other words, the performance of government actions
will determine the enterprise land acquisition and merchandise sales, for example
the government’s credit limit restriction policy will lead to the lag of the develop-
ment of certain industries or enterprises. Next, financiers have a significant impact on
real estate development enterprises value. Currently, real estate development enter-
prises in Sichuanmove forward diversification of financing, such as public financing,
bond financing, real estate funds, and etc., thus financing risks are rising. Whether
the financing of real estate development enterprises can succeed is closely related
to the real estate development enterprise value. Moreover, customers and partners
have a greater impact on the value of real estate development enterprises. Effec-
tively improving customer satisfaction for the enterprise undoubtedly contributes to
increasing revenue, profits, and enhance enterprises value. As the development of
real estate is a complex and long process, the pros and cons of operation partners and
the cooperative way would have an impact on enterprises value activities. Finally,
the competitor are with minimal impact on the value of the real estate development
enterprises. Since this survey questionnaire mostly come from large companies, it
shows a smaller impact on the enterprise value.

5 Conclusion and Outlook

Based on Porter’s tradional value chain theory, we integrate internal and external par-
ties, combine upstream with downstream construct, finally build real estate develop-
ment enterprises dynamic value chain model which contains external related parties,
factors affecting value activities achievement, internal value activities and the overall
value of the enterprise. Then take an empirical analysis, using dynamic value chain
model to assess the overall value of real estate development enterprises in Sichuan
Province, and make a conclusion-the overall value of real estate development enter-
prises in Sichuan Province is in the medium level. Limited to time and energy, only
the elements of real estate development enterprise dynamic value chain have been
identified. Therefore further research is needed to assess mutual relations between
the four parts as well as the mechanism of them all.
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Optimisation of Inclination
for the Productivity in HTHP
Slanted Well

Min Luo, Yuanyuan Zhuang, Jiancheng Hu, Shize Wang,
Bin Qi and Zhiguo Qiao

Abstract A new mathematical model is set up to optimise the productivity in High
temperature-High Pressure slanted well considering the effect of inclination in this
paper. We constructed an optimisation method of the production calculated model
based on the deviation value inclination and obtained the optimisation results. The
simulation results are based on the historic calculation, using basic data of ‘X Well’
(HTHP well), 7100m deep, located in Sichuan basin, South-West of China. The
optimisation of the value in themodel onwellbore inclination can efficiently enhance
the production of slanted well, which can provide a theoretical guidance in well
trajectory design.

Keywords Prediction · HTHP · Optimisation · Production

1 Introduction

In themining process of oil and gas wells, the accuracy of productivity prediction and
the productivity’s optimisation are important content of the development program
design and implementation. Many scientists had studied on improving the produc-
tion of the oil well. In 1958, Aronofsky and Lee [19] for the first time studied on
underlying finite homogeneous reservoir productivity optimisation problems using
linear planning method. In 1975, Cinco-Ley [10] improved their work, gave the
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calculation formula of skin factor. In 1990, Cheng [9] compared the productivity in
isotropic strata, but he did not put forward the inclined well deliverability equations
corresponding to any variable angles. Besson [6] proposed a new method and gave
the relevant calculation formula to calculate the skin factor in slanted straight wells.
Since 2011, many studies have been conducted to study the optimization problems
on perforation distribution in HTHP vertical wells [29–35].

In this paper, we considered the transient statement and established a simulation
model to predict the production in slanted vertical wells according to percolation
theory and Darcy law [15, 26, 27]. Based on the research of skin factor which
impact on the prediction of producitivity [1, 3, 11–13, 16, 36], we made a reason-
able choice of inclination for the correction model. For high temperature and high
pressure oil and gas well completion string in the well testing process pressure and
temperature changes rapidly, thus the status becoming difficult to use tools to mea-
sure, We use fluid dynamics, aerodynamics, unsteady heat conduction theory based
on a comprehensive, systematic basic research [4, 14, 17, 18, 24] in fluid mech-
anism and different working conditions on completion, to establish the model to
predict the pressure and temperature under different conditions of single-phase flow
and two-way flow. Through the key parameters bottom hole pressure’s prediction in
production forecasting the model, we ultimately get the predicted results of produc-
tion capacity, and the model parameters related to sensitivity analysis. Finally, the
prediction model and the parameters established by the sensitivity analysis, use the
theory of parameters to optimize the management of gradient wells.

The basic data of the model for the calculation are from X well, 7100m of depth
in Sichuan Basin, South-west of China. Through comparative results calculated by
the optimisationmodel and the real measurements, we found that the model has great
efficiency to improve the productivity of the slantedwell. Under the given conditions,
application to maximize the capacity to the best values would guide us to make the
design in straight hole drilling mining process, and we also need to do the research
to have the sensitivity parameters optimized, which would improve productivity of
slanted wells in a higher degree.

2 Model Formulation

Considering the impaction of skin factor, we choose the efficent fomulas to calculate
out the skin factor which based on Cinco lee fomula and Besson fomula. Given
dimentionless corrected parameter n = 0.7508 in the calculation, we got the model
of productivity based on Zhang’s model [37]. According to Fig. 1, we got equations:
Lh = Ls sin θ, As = 2πrωL , rh = rω/ sin θ, Ω = Ωh + Ωv.

When the inclination is less than or equal to 75, in order to conveniently deal
with the problem, we consider a horizontal well and vertical well into an equiv-
alent straight well of radial inflow as shown in Fig. 1. According to Darcy equa-
tions, we got the productivity of the equivalent straight well as follows: Q =
(2πhKhΔP)/μ0B0 ln[rc/(Ls sin θ/4 + rω/ cos θ)].
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Fig. 1 The simple figure of slanted well

When the inclination is less than or equal to 75, without considering the influence
of vertical well, but only the effect of the horizontal well, fluid in the horizontal plane
way into the horizontal well potential as shown in the figure, can be look on as a
confocal elliptic and hyperbolic system. Therefore, as we define

{
x = Rchφ cosψ

y = Rshφ sinψ.

Wegot the equipotential curve function and constant flow line function as follows:

φ = ch−1

⎡

⎣
x2 + y2 + R2 +

√
(x2 + y2 + R2)

2 − 4R2x2

2R2

⎤

⎦

1
2

,

ψ = cos−1

⎡

⎣
x2 + y2 + R2 −

√
(x2 + y2 + R2)

2 − 4R2x2

2R2

⎤

⎦

1
2

.

Along the boundary of the X axis horizontal well, we got the boundary pressure:

Pc = ch − 1(θ/R) = ln

[
α +

√
(θ2 − R2)/R

]
.

In this case, the pressure drop ΔP = Pc, then the porous medium equation of Darcy
formula:

Qh = (2π KhhδP)/μ0B0 ln

[
θ +

√
(θ2 − R2)/R

]
.

Between the wellbore and channel wall on vertical plane, the differential pressure:

ΔP = −qv ln[h/(2rω)].
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So, the corresponding flow resistance:

Ωs = μ0B0 ln[rc/(Ls sin θ/4 + rω/ cos θ)]/(2π Khh),

Qv = μ0B0 ln[h/(2rh)]/(2π Kv Lh),

Qh = μ0B0 ln[(θ +
√

θ2 − R2)/R]/(2π Khh).

As we define:
⎧
⎨

⎩

K1 = (μ0B0)/(2π Khh)

K2 = [Khh/Ls Kv sin θ ] ln[h sin /(2rω)]
r

′
ω = Ls sin θ/4 + rω/ cos θ.

Then,

Ωs =
{

K1 ln[rc/r
′
ω] + K2 f (θ), θ � 75◦

K1 ln[θ + √
θ2 − R2/R2] + K2 f (θ), θ � 75◦.

Here, theta is the ratio of the remaining resistance in the horizontal direction on the
whole vertical plane way into the wellbore. The ratio of flow resistance (0 < f < 1),
is introduced to avoid the part of horizontal direction being repeated calculated.

Qs =

⎧
⎪⎨

⎪⎩

(Pc−Pw f )/K1
ln[rc/r ′

ω]+K2 f (θ)+SθC −n , θ ≤ 75◦

(Pc−Pw f )/K1

ln[θ+√
θ2−R2/R2]+K2 f (θ)+Sθ B−n

, θ ≤ 75◦.
⎧
⎨

⎩

K1 = (μ0B0)/(2π Khh)

K2 = [Khh/Ls Kv sin θ ] ln[h sin /(2rω)]
r ′
ω = Ls sin θ/4 + rω/ cos θ.

SθC = −
(

θ ′

41◦

)2.06

−
(

θ ′

56◦

)1.865

log

(
hD

100

)
, θ ′ = tan−1

[√
Kv

Kh

]

, hD = hβ

rω

,

β =
√

Kv

Kh
, Sθ B = ln

(
4 cos θ

hDγ

)
+ cos θ

γ
ln

(
2γ

√
γ hD

4
√
cos θ(1 + γ )

)
,

γ =
√

cos2 θ + 1

β2 sin2 θ.

Given the located position of inclination angel, which indicated to be the first
measured position initiated from bottom of the well, the pressure and flow quan-
tity at N th measured position can be indicated as N dimensional vector: P =
(P1, P2, · · · , PN )T , Q = (QI n,1, QI n,2, · · · , QI n,N )T .
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The constructed wellbore inclination and reservoir pressure is contained in the
same system. Therefore, in the same position, the pressure drop of fluid in the well-
bore is equal to the pressure drop of the reservoir fluids, the fluid in the wellbore
flow is equal to the cumulative inflow. Thus, reservoir and wellbore all meet coupled
condition, then we get the following coupled model.

{
Q = AP
P = F[Q].

For a string containing N inclination measurement positions in a slanted well,
the coupled model contains 2N unknown functions. Posed mathematical problems
constitute a number of 2N equations. We can solve the coupling problem by iterative
format as follows.

{
Qn+1 = APn

Pn+1 = F[Qn+1].

Given initial data P , we can use this iterative format to calculate the pressure
and quantity in the well. When the increasement is less than given control error,
the iterative format is convergence. The total maximized production is the objective
function Q. The variations of the optimization problem are the inclinations at the
measurement position of the well, which satisfy the condition: 0 � Z1 � · · · �
Zi � · · · � Z N � HP .

In the actual process of generation, in order to reduce the amount of calculationwe
try to use the segmentation numerical method to reduce the number of optimization
variables. The well is divided into J sections by J − 1 nodes z and each segment
contains I measurement units. Finally, according to the optimized theory [2, 8, 23,
25, 28], we get the optimization model of inclination:

min f (Z(θ)) = −
N∑

i=1

[A(Z(θ))P]

s.t.

⎧
⎪⎪⎨

⎪⎪⎩

Pi − Pd = 0 (i = 1, 2, · · · , N )

Z1 ≥ 0
Z j+1 − Z j ≥ 0 ( j = 1, 2, · · · , J − 1)
HP − Z j ≥ 0.

3 Numerical Simulation and Discussion

In this simulation, we study a pipe in X well locating in Sichuan basin, South-West
of China. Parameters of pipes are given in Table1. Inclination, azimuth and vertical
depth are given in Table2. Through the algorithm and simulation, we can obtain
series of results contained in tables and figures and analyze these results as below.
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Table 1 Parameters of pipes

Diameter Thickness Weight Expansion Coefficient Young Modulus

88.9 9.53 18.9 0.0000115 215 0.3 1400

88.9 7.34 15.18 0.0000115 215 0.3 750

88.9 6.45 13.69 0.0000115 215 0.3 4200

73 7.82 12.8 0.0000115 215 0.3 600

73 5.51 9.52 0.0000115 215 0.3 150

Table 2 Parameters of azimuth, inclination and vertical depth

Number Measured Inclination Azimuth Vertical depth

1 0 0 120.33 0

2 303 1.97 121.2 302.87

3 600 1.93 120.28 599.73

4 899 0.75 126.57 898.59

5 1206 1.25 124.9 1205.45

6 1505 1.04 124.62 1504.32

7 1800 0.49 123.75 1799.18

8 2105 2.49 125.27 2104.04

9 2401 1.27 123.13 2399.91

10 2669 2.44 120.12 2667.79

11 3021 0.14 127.39 3019.63

12 3299 1.18 122.60 3297.50

13 3605 2.05 123.25 3603.36

14 3901 0.16 121.45 3899.22

15 4183 2.92 121.24 4181.09

16 4492 2.73 129.22 4489.95

17 4816.07 1.98 121.61 4813.87

18 5099.07 2.74 129.93 5096.74

19 5394.07 0.13 120.46 5391.61

20 5706.07 0.63 129.59 5703.47

21 5983.07 2.09 120.14 5980.34

22 6302.07 2.69 122.91 6299.19

23 6597.07 2.45 129.41 6594.06

24 6911.12 0.15 124.88 6907.96

To simplify the calculations, we divide the slantedwell into several short segments
from bottom to top. The length of each segment varies depending on the flow-rate
variations, the fluid density inside and outside the pipe and the well’s geometry. The
model begins with a calculation at one particular position in the well: the bottom of
the pipe. The detailed algorithm is as follows:
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Step 1. Obtain each point’s inclination: where i is a calculated inclination segment
point, k is the measurement of the inclination angle depth.
Step 2. Calculate Reynolds number based on local flow-rate.
Step 3. Calculate out the turbulent friction factor f .
Step 4. Given the initial values guesses Pi (1) and tolerance respectively.
Step 5.Calculate the updated pressure and flow rate profile along the uniform slanted
well applying iterative scheme. For an infinite conductivity wellbore, the pressure
vector is constant, which can be applied directly.
Step 6. Calculate the optimal perforation distribution of an infinite conductivity well
without a coning effect by solving optimisation model. As the model is a nonlinear
programming problem, a sequential quadratic programming (SQP) algorithm is rec-
ommended. Nonlinear programming problem is equivalent to a series of quadratic
programming sub-problem along research direction. At the kth iteration point, the
quadratic programming sub-problem is determined from an approximation linear

Table 3 Pressure at different depth of different methods

Time Depth 300s 900s 1200s 3600s

0 42.55 46.62 50.24 51.34

300 43.23 47.53 50.64 52.67

600 44.86 48.71 50.46 53.47

900 45.87 49.13 51.41 54.69

1200 46.73 50.43 52.32 54.79

1500 48.46 51.24 53.36 55.53

1800 49.43 52.43 54.47 56.12

2100 50.34 53.83 55.42 57.37

2400 51.96 56.92 54.37 57.85

2700 53.53 57.22 55.45 58.97

3000 54.44 58.46 56.78 59.34

3300 55.24 59.97 57.47 60.95

3600 56.76 59.94 58.95 61.22

3900 57.33 60.98 59.04 62.29

4200 58.93 61.22 60.29 63.33

4500 59.34 62.45 61.24 64.48

4800 60.89 63.43 62.23 64.33

5100 61.56 64.19 63.22 64.78

5400 63.35 65.24 64.18 65.34

5700 64.69 65.45 65.12 66.34

6000 65.45 66.79 66.15 67.56

6300 66.99 67.49 67.11 67.47

6600 67.46 68.52 68.22 68.58

6900 69.28 69.46 69.92 69.55



890 M. Luo et al.

research process and a positive definite matrix Z , the approximation Lagrange func-
tion Hessian matrix can be updated using the BFGS algorithm.
Step 7. Calculate the finite conductivity well optimal inclination distribution without
a coning effect by solving model.
Step 8. Finally, calculate the productivity from the model by the optimal inclination
distribution and other calculated results and index.

When the bottom pressure is 70MPa, we use GRPmethods which was introduced
by Li and Artiz et al. [5, 7, 20–22] to calculate out the pressures at different depth.
The results of the detail are shown in Table3. When we got the data of pressure, we
calculated the productivity of slanted well by production formula. The final result
of this well’s productivity is 34576 m3/d, then we use the optimisation model to
calculate out the optimised productivity, the result is 34671 m3/d, which improve the
production by 5.89%.

4 Conclusion

In this paper, we constructed a new mathematical model to predict the production in
High temperature-High Pressure slanted well considering the effect of skin factor.
Then we constructed the optimised productivity model by inclination value. The
basic data of the XWell (HTHP well), 7100m deep in Sichuan basin, South-West of
China, was used for case history calculations, and a sensitivity analysis is completed
for the model. The result shows that the model can provide the technical reliance and
dynamic analysis of production in high temperature-high pressurewells, and improve
the production of slanted well in a great degree, which can provide a theoretical
guidance in well trajectory design.

Acknowledgments This research was supported by the Key Program of CUIT (Grant No.
KYTZ201427), the Key Program of NSFC (Grant No. 70831005), and the Key Project of China
Petroleum and Chemical Corporation (Grant No. GJ-73-0706).

Appendix

A : A total lenth of conduit (m2)
CJ : Joule-Thompson coefficient (K/pa)
C p : Heat capacity (J/kg·K)
D : A hydraulic diameter (m)
G : Acceleration constant of gravity (m/s2)
Ke : Formation conductivity (J/m·K)
P : Pressure (KPa)
Q : Production (m3/d)
rD : Dimensionless radius
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rto : Outer radius of conduit (m)
T : Temperature (K)
tD : Dimensionless time
Te : Temperature of the stratum (K)
Twb : Well-bore temperature (K)
TwbD : Dimensionless well-bore temperature (K)
Tr : Temperature of the second surface (K)
Tei : Initial temperature of formation (K)
V : Velocity (m/s)
Z : A total length of conduit (m)
z : The distance co-ordinate in the direction along the conduit
hc : Heat transfer coefficient for natural convection based on outside tubing surface

and the temperature difference between outside tubing and inside casin surface
hr : Heat transfer coefficient for radiation based on the outside tubing surface and

the temperature difference between the outside tubing and inside casing
surface

Ubo : Overall-heat-transfer coefficient (W/m·K)
Kcas : Thermal conductivity of the casing material at the average casing

temperature
Kcem : Thermal conductivity of the cement at the average cement temperature and

pressure
Ke : Formation conductivity
Kh : The penitration in the horizontal direction
Kv : The penitration in the vertical direction
ρ : Density (Kg/m3)
θ : Inclination angle flow conduit (◦C)
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Based on Entropy Method Regional
Innovation Capability Evaluation
in Gansu Province

Lili He and Yanhua Liu

Abstract This paper established the applied value of entropy method in the field of
regional innovation capability evaluation on the basis of the study on the range of
applications, advantages and limitations. Then it selected 14 administrative areas as
the research samples, and extracted the statistical data of 2010–2012 in these areas.
The paper studies the key elements which form the regional innovative capacity,
systematically explores the construction of influence factor model of regional innov-
ative capability, using entropy method to evaluate the regional innovative capability,
proposes countermeasures and put forward policy recommendations for regional
capability in Gansu province.

Keywords Innovation capability evaluation · Regional · Entropy method · Gansu
province

1 Introduction

Regional innovative capability is an important signal tomeasure whether the regional
economy has been a decisive factor in the international competitive advantage, plays
a central role in the process of long-run economic growth. Regional innovative capa-
bility was focused by experts and scholars. As a less developed areas in Gansu, it is
of great practical significance to research its innovative capability.

Some literatures devote to define regional innovative capability [11, 18, 19, 21].
Porter and Furman (FP&S) considered that innovative capacity is also distinct from
current national industrial competitive advantage or productivity, which results from
many factors (such as the skills of the local workforce and the quality of physical
infrastructure) that go beyond those important to the development and commer-
cialization of new technologies [12]. A literature indicated that regional innovative
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capacity was an important source to maintain the region competition ability and
its advantage status [19]. A Chinese literature displayed that regional innovation
capability is a capability to absorb the requisite knowledge and skills, master and
improve existing technology, and create new technology [18]. In this paper, regional
innovative capability defined as a capacity related with technological innovation and
interaction in a region.

Some studies on the factors of regional innovative capabilitywere from themacro-
level the national innovation system (NIS), in the study of technology innovation
ability [1, 5, 8–10, 15]. Stern, Porter and Furman (FP&S) introduced the concept
of national innovative capacity, indicated that Country-level R&D intensity, public
policy and international patenting activity played an important role in shaping a
country’s national innovative capacity among 17 OECD countries [12]. Based on the
research of FP&S,Mei-ChihHu and JohnA.Mathews arrived at the same conclusion
by drawing into the indicator of public R&D expenditures among the east Asian
tigers, had further concluded that building of R&D manpower, in targeting certain
industrial sectors and specializing their innovative activities in these sectors, and in
promoting and effecting public R&Dwere focused as a means of enhancing national
innovative capacity [17]. Some researches indicated the factors of Chain’s regional
innovative capability, such as five elements [6, 17, 24], four elements [16].

Innovation evaluation has become a significant and critical concern for both practi-
tioners and researchers, as well as for public authorities [4, 12]. Some studies verified
propositions for measuring the innovation management of companies and identify-
ing the conditions of a successful innovation process [7, 13, 14, 22, 23]. Measures
of technological capability have typically involved three major aspects [26]. There
are many differences in evaluation indicators and methods between different regions
[3, 25]. In order to reduce the impact of the uncertain subjectivity on the determi-
nation of weights, the present study adopts entropy value method to determine the
weights of indexes.

In the present study, based on regional innovation capacity behavior main body
is different, the point of views, in the Chinese regional innovation capacity report
indicated by China science and technology development strategy group, are adopted:

1. Knowledge creation capability,
2. Innovation cooperation and transformation capability,
3. The technological innovative capability of enterprises,
4. Technology innovation environment,
5. Technological innovation performance.

By focusing on the quantitative analysis of innovation capability, this paper helps
to bridge the gap between the actual and planned of regional capability in Gansu
province, and seek more advantageous the macro-adjustment by government of in
Gansu.
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2 System of Evaluation Indexes and Data Access

In the present study, due to do some statistical analysis of the technology innova-
tion capability of Gansu region, 15 indicator variables are selected from five aspects:
knowledge creation capability, innovation cooperation and transformation capability,
the technological innovative capability of enterprises, technology innovation envi-
ronment and technological innovation performance (Table1).

In the study 14 regions in Gansu province from year 2010 to 2012 are selected. All
original data come from Gansu province Statistical Yearbook and the yearbook of
science and technology of Gansu province. The 14 regions are Lanzhou, Baiyin, Jin-
chang, Jiayuguan, Tianshui, Jiuquan, Zhangye,Wuwei, Dingxi, Longnan, Pingliang,
Qingyang, Linxia and Gannan. The original data are analyzed by using MATLAB
2012.

3 Analysis Model and Empirical Calculation

There are m evaluation objects and n evaluation indicators, Xi j presents index value
(i = 1, 2, 3, · · · ,m; j = 1, 2, 3, · · · , n), In the study, m = 45, n = 15.

1. Data Dimensionless Processing
For being inconsistent indicators unit, evaluating indicator system will not be useful
without applying dimensionless method to the data. There are some kinds of method
to dimensionless method. According to the actual research question, Eq. (1) is used
to method to dimensionless method.

Yi j = Xi j

X̄ j
(i = 1, 2, 3, · · · ,m; j = 1, 2, 3, · · · , n). (1)

In the Eq. (1), Yi j presents dimensionless value of the j th indicators on the i th
samples. Xi j presents average of the j th indicators.

2. Calculating Entropy of Indicators

ai j = Yi j
m∑

i=1
Yi j

(i = 1, 2, 3, · · · ,m; j = 1, 2, 3, · · · , n), (2)

E j = −K
m∑

i=1

ai j ln ai j (0 � E j � 1)(i = 1, 2, 3, · · · ,m; j = 1, 2, 3, · · · , n).

(3)

In the Eq. (2), K = 1
lnm . In the study, m = 45, k = 0.236. Entropy of indicators

are following Table2.
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Table 1 Evaluation index system on the regional innovation capability in Gansu province

First class indicators Second class indicator Third class indicators

The regional innovation
capability

Knowledge creation capability
(A1)

Internal R&D expenditure
(A11)

The number of technology
development institutions (A12)

The number of
science-technology papers
published per ten thousand
people (A13)

Innovation cooperation and
transformation capability (A2)

Ratio of technological market
in the transaction contract to
GDP (A21)

Ratio of R&D expenditure
invested in the business R&D
to spending on R&D of
university scientific research
institution (A22)

Expenditures purchased
domestic technology by large
and medium-sized industrial
enterprises (A23)

The technological innovative
capability of enterprises (A3)

Original R&D equipment cost
per S&T personnel (A31)

Ratio of internal R&D
expenditure to prime operating
revenue (A32)

The number of patents
possessed by enterprises (A33)

The average expenditure of
technical transformation (A34)

Technology innovation
environment (A4)

The new GDP one hundred
million yuan investment (A41)

Highway has several per ten
thousand people (A42)

Ratio of educational
investment to GDP (A43)

Technological innovation
performance (A5)

Ratio of hi-tech exports to
GDP (A51)

Scientific and technological
achievements project (A52)

The greater the entropy value of indicators of regional innovation, it can reflect
the more the amount of information small, also the less weight. In Table2, the top
5 the order of entropy are ratio of R&D Expenditure invested in the business R&D
to spending on R&D of university scientific research institution (A22), highway
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Table 2 Entropy of all indicators

Second class indicators Third class indicators Entropy

A1 A11 0.806

A12 0.743

A13 0.825

A2 A21 0.865

A22 0.903

A23 0.766

A3 A31 0.883

A32 0.776

A33 0.691

A34 0.723

A4 A41 0.795

A42 0.887

A43 0.827

A5 A51 0.765

A52 0.834

has several per ten thousand people (A42), original R&D equipment cost per S&T
personnel (A31), ratio of technological market in the transaction contract to GDP
(A21), scientific and technological achievements project (A52).

3. Determining Evaluation Indicators Weight

w j = 1− E j
n∑

j=1
(1− E j )

( j = 1, 2, 3, · · · , n). (4)

Table3 indicated that the greater the evaluation indicators weights, it can reflect
the greater the impact on innovation capability. Influencing degree of innovation
capability on different factors ranked as follows: the number of patents possessed
by enterprises (A33), the average expenditure of technical transformation (A34), the
number of technology development institutions (A12), ratio of hi-tech exports to
GDP (A51), expenditures purchased domestic technology by large andmedium-sized
industrial enterprises (A23), ratio of internal R&D Expenditure to prime operating
revenue (A32), the new GDP one hundred million yuan investment (A41), internal
R&D Expenditure (A11), the number of science-technology papers published per
ten thousand people (A13), ratio of educational investment to GDP (A43), scientific
and technological achievements project (A52), ratio of technological market in the
transaction contract to GDP (A21), original R&D equipment cost per S&T personnel
(A31), highway has several per ten thousand people (A42), ratio of R&DExpenditure
invested in the business R&D to spending on R&D of university scientific research
institution (A22).
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Table 3 Evaluation indicators weights

Second class indicators Third class indicators Entropy

A1 A11 0.067

A12 0.088

A13 0.060

A2 A21 0.046

A22 0.033

A23 0.080

A3 A31 0.040

A32 0.077

A33 0.106

A34 0.095

A4 A41 0.070

A42 0.039

A43 0.059

A5 A51 0.081

A52 0.057

4. Calculating Evaluation Indicators Index

Pk
i j =

∑
wk

j Xk
i j (i = 1, 2, 3, · · · ,m; j = 1, 2, 3, · · · , n), (5)

Pl
j =

n∑

j=1

Pk
i j
(i = 1, 2, 3, · · · ,m; j = 1, 2, 3, · · · , n). (6)

In the Eq. (5) and (6), expresses third class indicators, and presents second
class indicators. In Table4, it is obvious that different region has different innova-
tion capability. Lanzhou has the most powerful innovation capability, following by
Tianshui,Baiyin, Jiayuguan, Jinchang,Wuwei,Zhangye, Jiuquan,Qingyang,Dingxi,
Longnan, Pingliang, Linxia and Ganlan. Ethnic regions has lower innovation
capability, especially hasmore lower the technological innovative capability of enter-
prises (A3).

4 Discuss and Conclusions

The empirical analysis used entropymethod, there are someconclusions as following:

(1) Lanzhou has the most powerful innovation capability, in Gansu province. The
main reason is that lanzhou is themost intensive region concerning research insti-
tutions, universities and colleges, large and medium-sized industrial enterprises
and high-tech enterprises. And, regional innovation environment is constructed
best.
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Table 4 Evaluation indicators index

Reigion The years A1 A2 A3 A4 A5 A

Lanzhou 2010 0.932 0.189 1.596 0.665 0.509 3.891

2011 1.002 0.192 1.601 0.672 0.513 3.980

2012 1.006 0.194 1.611 0.684 0.526 4.021

Baiyin 2010 0.139 0.403 0.592 0.579 0.352 2.065

2011 0.142 0.410 0.597 0.586 0.354 2.089

2012 0.145 0.417 0.601 0.591 0.362 2.116

Jinchang 2010 0.109 0.040 0.541 0.598 0.521 1.809

2011 0.113 0.042 0.547 0.601 0.526 1.829

2012 0.118 0.046 0.551 0.609 0.531 1.855

Jiayuguan 2010 0.348 0.281 0.347 0.560 0.361 1.897

2011 0.352 0.283 0.349 0.562 0.364 1.910

2012 0.356 0.286 0.352 0.567 0.368 1.929

Tianshui 2010 0.161 0.524 0.532 0.369 0.503 2.089

2011 0.163 0.529 0.534 0.371 0.509 2.106

2012 0.167 0.531 0.537 0.374 0.513 2.122

Jiuquan 2010 0.221 0.273 0.220 0.319 0.283 1.316

2011 0.224 0.274 0.227 0.322 0.286 1.333

2012 0.227 0.276 0.230 0.326 0.291 1.350

Zhangye 2010 0.156 0.002 0.339 0.448 0.394 1.339

2011 0.158 0.003 0.342 0.453 0.398 1.354

2012 0.161 0.007 0.347 0.457 0.392 1.364

Wuwei 2010 0.169 0.432 0.298 0.359 0.338 1.596

2011 0.171 0.435 0.302 0.361 0.341 1.610

2012 0.174 0.437 0.306 0.364 0.346 1.627

Dingxi 2010 0.178 0.195 0.180 0.301 0.117 0.971

2011 0.179 0.199 0.183 0.307 0.119 0.987

2012 0.183 0.201 0.184 0.311 0.121 1.000

Longnan 2010 0.051 0.087 0.037 0.359 0.365 0.899

2011 0.053 0.089 0.039 0.362 0.368 0.911

2012 0.057 0.091 0.041 0.365 0.371 0.925

Pingliang 2010 0.083 0.147 0.165 0.238 0.183 0.816

2011 0.085 0.148 0.168 0.241 0.185 0.827

2012 0.089 0.151 0.171 0.245 0.187 0.843

Qingyang 2010 0.087 0.092 0.379 0.231 0.248 1.037

2011 0.089 0.096 0.382 0.235 0.250 1.052

2012 0.092 0.099 0.387 0.238 0.254 1.070

Linxia 2010 0.060 0.232 0.082 0.131 0.119 0.624

2011 0.062 0.237 0.091 0.134 0.210 0.734

2012 0.064 0.241 0.097 0.137 0.214 0.753

Gannan 2010 0.012 0.252 0.000 0.159 0.134 0.557

2011 0.017 0.257 0.000 0.160 0.138 0.572

2012 0.021 0.261 0.001 0.163 0.140 0.586
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(2) Tianshui and Baiyin, belongs to the strong innovation capability area.
(3) Jiayuguan, Jinchang, Wuwei, Zhang Ye, Jiuquan and Qingyang, belongs to the

innovation ability is weak.
(4) Pingliang, Linxia and Gannan have poorer overall innovation capability. These

conclusions are consistent with previous researches [2, 20].

From the analysis, we can conclude that the conditions promoting innovation or
economicgrowth for different parts of the technology industries fall into the following
pathways:

(1) To having the obvious advantages of regional innovative ability in the whole
province area, such as Lanzhou and Tianshui, we can make this kind of region
play the leading and creative role as the pioneers in the province-wide. To accom-
plish this, some measures may be taken: increasing original research input to,
improving capability of scientific and technological achievement transforming to
market, strengthening ability of digesting and absorbing introduce technologies
and accelerating development of high-tech industries.

(2) To undeveloped areas, such as Gannan and Linxia, we should promote eco-
nomic growth and to create loose innovation environment. At the same time, by
vigorously promoting marketization process, cultivating innovative talent and
accelerating the growth rate of absorption of foreign investment improve eco-
nomic growth of undeveloped areas.

(3) All regions of Gansu province should establish status of enterprise indepen-
dent innovation. The approach of industry-university-research must be strived
in Gansu, especially in Pingliang, Linxia and Gannan. The government should
reduce the interference to the enterprise government, and make enterprise as
innovative subject.

Acknowledgments The authors would like to thank the Central University of Young and Middle-
aged Scientific Research Fund Key Projects (No. ZYZ2012035).
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Catastrophe Theory-Based Water Quality
Evaluation Model Under Uncertain
Environment, Case in Chaohu Lake

Jingneng Ni, Fangqing Ding and Haifeng Yu

Abstract Water quality evaluation is an important item in water resource
management. However, water quality evaluation is a complex system problem, fuzzy
uncertainties and random uncertainties both exist in it. In this research, fuzzy ran-
dom variables are employed to deal with the complex uncertainty. Then, according
to the five essential features of water quality systems, a new model for water quality
evaluation named catastrophe theory-based water quality evaluation model under
uncertainty (CT-based WQEMU) was proposed. And, a new calculation method was
designed to solve the model. The proposed model was applied to an actual case:
Chaohu lake, China. According to the calculation results of the model, some analy-
sis about the actual situation of water pollution in Chaohu lake was made. Then, the
policy recommendations are provided to the local water management department.

Keywords Water quality · Evaluation · Catastrophe theory · Model · Uncertainty

1 Introduction

Water plays a key role public health and economic-social sustainable development
[2]. Rapid urbanization and industrial growth makes the surface water quality seri-
ously deteriorated. Which has affected the human life security and sustainable devel-
opment of social. It has reported that in developing countries over three million people
(90 % are children under 5) die every year because of waterborne diseases [15]. Thus,
water quality assessment is a crucial element in water resources management [3, 4].

Due to the water quality is identified in terms of its physical, chemical and bio-
logical parameters [11], a variety of water quality index (WQI) has been established
to quantitatively express the quality of water [5, 9]. Based on which, large number
of mathematical models have been developed to evaluate the quality of various types
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of water [6, 10]. However, these models assessed the water quality according to
its static index only, without taking into account the role of the water body itself.
Because of its taking into account both the system indices and the system’s own inter-
nal effect, catastrophe theory was widely used in the environmental assessment [1].
In the role of pollutant concentrations, flow rate, temperature, microorganisms and
aquatic algaes, the water quality suddenly changed from one steady-state to another.
Catastrophe theory model can exactly describe this kind of mutation phenomenon
of water quality [12].

However, uncertainty exists widely in water quality management [14]. It makes
the water quality modeling beyond the traditional mathematical methods. Stochastic
and fuzzy approaches have been proposed to deal with random uncertainty and fuzzy
uncertainty [17, 19]. These uncertainties have most often been looked at separately,
but there is another form of uncertainty which has both randomness and fuzziness,
such as the water pollutant content. Therefore, to deal with this situation, new water
quality evaluation model should be established.

In order to describe the parameters of the water body objectively, fuzzy ran-
dom variables were employed to express the uncertainty of the water quality index.
According to the number of control variables, three catastrophe theory-based evalua-
tion models under uncertain environment were built to evaluate water quality. Then,
the proposed models were applied to an actual case: Chaohu lake, China. Based
on the evaluation results, a scheme was developed to guide the decision-makers to
protect the water quality of Chaohu lake.

The rest of this paper was organized as follows. In Sect. 2, the motivation of
employing fuzzy random variables and some preliminaries of catastrophe theory
were given. Then, the catastrophe theory-based water quality evaluation model under
uncertainty (CT-based WQEMU) was established for evaluating the water quality.
The proposed model was applied to an actual case, and some analysis were presented
based on the model results in Sect. 3. The paper was concluded in Sect. 4.

2 Methodology and Modeling

Some necessary preliminary work were made in Sects. 2.1 and 2.2, then the catastro-
phe theory-based water quality evaluation model under uncertainty (CT-based
WQEMU) was established in Sect. 2.3.

2.1 Uncertainty Processing Method

Because of the impact of microorganisms, algae, flow rate, temperature and pollutant
emissions, etc., the concentration of pollutants in the water is not a constant value.
Therefore, pollution data of real-time monitoring can not be directly used for water
quality assessment. NH3-N concentration was used as an example to explain the
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The maximum value 0.47

The minimum value 0.2

The most likely value
follows a normal

distribution, i.e.,
 (0.33,0.01)N x

(x)ϕ

b

(0.2,  , 0.47)b

concentration of 52 weeks in 20113NH -N Fuzzy Random Variable

Fig. 1 The process of converting NH3-N concentration in a fuzzy random variable. Data derived
from Binghu monitoring point, Hefei, Anhui Province

processing method for uncertainty. NH3-N concentration in real-time monitoring
data obtained from China environmental monitoring center were 0.32 and 0.33 mg/L
at am 08:00:00, October 25 and October 30, 2014, respectively. Obviously it’s not a
definite value. Weekly average value of NH3-N concentration of 2011 was extracted
for observing the characteristics of the data. It can be found that the maximum and
minimum values are 0.47 and 0.2 respectively, and the most likely value (Denoted
by b̄) is a random variable. b̄ is normally distributed with mean value 0.33 and
variance 0.01. Thus, NH3-N concentration can be converted into a Kwakernaaks’
fuzzy random variable [7], written as (0.2, b̄, 0.47), where b̄ ∼ N (0.33, 0.01). In
this way, the uncertainty of NH3-N concentration is described as a fuzzy random
variable. The conversion process is shown in Fig. 1. Other indicators of uncertainty,
similarly.

2.2 Essential Catastrophe Model

The catastrophe theory is widely applied to various evaluation systems because it has
the following advantages: (1) without knowing the internal laws of the system, (2)
simultaneously dealing with uncertainty and uncertainty, (3) giving the mathematical
description and quantitative processing of the system. When the system state is
affected by no more than 4 control variables, the catastrophe theory provides 4
essential models for the evolution of the system under natural conditions [12, 13].
Using x denotes state variable, a, b, c, d denote control variables and, f (x) is the
potential function of x , these 4 essential models can be written as follows.

The fold catastrophe model:

f (x) = x3 + ax . (1)

The cusp catastrophe model:

f (x) = x4 + ax2 + bx . (2)
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The swallowtail catastrophe model:

f (x) = x5 + ax3 + bx2 + cx . (3)

The butterfly catastrophe model:

f (x) = x6 + ax4 + bx3 + cx2 + dx . (4)

If a system has the five essential features summarized by Zeeman [18], then the
catastrophe model is applicable to the system. However, two principles named “com-
plementation principle” and “non-complementation principle” should be complied
with during the operation of the catastrophe model. Complementation principle:
When the control variables are interrelated obviously, the “complementation princi-
ple” should be followed. In this case, the state variable x takes the mean of controlling
variable values. Non-complementation principle: When the control ariables are not
interrelated obviously, the “non-complementation principle” should be followed. In
this case, the state variable x takes the minimum value among of controlling variable
values.

2.3 Catastrophe Theory-Based Water Quality Evaluation
Model Under Uncertainty

Surface water system meets Zeeman’s [18] five essential features.

(1) Mutation: The changing of the water body from one steady state to another is
instantaneous, for example, blue-green algae outbreak.

(2) Hysteresis: Mutation results will continue after the incentive eliminated, for
example, after the elimination of eutrophication, algae outbreak phenomenon
will continue for some time.

(3) Multimodal: The system has two or more stable states, for example, pollution
and clean.

(4) Unreachable: The system has an unstable equilibrium position, it is unreachable
in practice, for example, the critical point between pollution and clean.

(5) Divergent: In some situation, a slight change of the control variables will induce
the system state change, for example, the effect of temperature on algae outbreak.

Therefore, catastrophe theory can be employed for modeling of the water quality
evaluation.

Index set of the control variables that affect the water quality state should be estab-
lished, when applying catastrophe theory to evaluate the water quality. According
to the National Quality Standards of People’s Republic of China: Environmental
quality standards for surface water (GB 3838-2002), Standards for Drinking Water
Quality (GB 5749-2006) and, Technical Specifications Requirements for Monitoring
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Physical indices

Chemical indices

Biological indices

Water quality

Water activity

Temperature (Temp)

Turbidity (Tur) NTU

Total suspended solids (TSS) mg/L

Chemical oxygen demand (COD) mg/L

Total phosphorus (TP) mg/L

Biological oxygen demand (BOD) mg/L

Total nitrogen (TN) mg/L

Phycophyta (Phy) cells/L

Microorganism (Mor) CFU/L

Flow rate (FR), forriver, m/s

Water exchange cycle (WEC), for lake, d

1a

a

b

c

d

4a

2d

1d

2c

1c

3b

2b

1b

3a

2a

oC

Fig. 2 Index set of control variables

of Surface Water and Waste Water (HJ/T 91-2002), 11 major indicators of four cat-
egories were selected as control variables, as shown in Fig. 2.

When the evaluating objectives are influenced by 1, 2, 3 or, 4 indices, the fold
catastrophe model, the cusp catastrophe model, the swallowtail catastrophe model, or
the butterfly catastrophe model can be selected as the evaluation model, respectively.
Furthermore, generally the more important controlling variables are written in front
of the less important controlling variables. According to Sect. 2.1, the monitoring
data of indices was converted into fuzzy random variables. Thus, based on the index
structure shown in Fig. 2, the catastrophe theory-based water quality evaluation model
under uncertainty (CT-based WQEMU) can be established as follow:

f (x) = x6 + ˜̄ax4 + ˜̄bx3 + ˜̄cx2 + ˜̄dx
⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

ϕ1(a) = a6 + ˜̄a1a4 + ˜̄a2a3 + ˜̄a3a2 + ˜̄a4a

ϕ2(b) = b5 + ˜̄b1b3 + ˜̄b2b2 + ˜̄b3b
ϕ3(c) = c4 + ˜̄c1c2 + ˜̄c2c

ϕ4(d) =
{

d3 + ˜̄d1d, for river

d3 + ˜̄d2d, for lake,

(5)

where x denotes the state of water quality, f (x) is the potential function of x ; a, b, c,
d denote the state of the chemical indices, physical indices, biological indicators and
water activity, respectively. ϕ1(a), ϕ2(b), ϕ3(c), ϕ4(d) are the potential functions of
a, b, c, d. ˜̄ is the symbol for fuzzy random variable.
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In CT-based WQEMU (i.e. Eq. (5)), due to ˜̄a1 ∼ ˜̄a4, ˜̄b1 ∼ ˜̄b3, ˜̄c1, ˜̄c2, ˜̄d1 and ˜̄d2

are fuzzy random variables, they make ˜̄a, ˜̄b, ˜̄c and ˜̄d are also fuzzy random variables.
Therefore, the calculation of CT-based WQEMU goes beyond the traditional mathe-
matical methods. The chance measure and expected value of fuzzy random variable
proposed by Xu [16] can be used to handle this situation very well. Thus, Eq. (5) can
be rewritten into Eq. (6):

Ch{ f (x)} = Ch{x6 + ˜̄ax4 + ˜̄bx3 + ˜̄cx2 + ˜̄dx}
⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

ϕ1(a) = EV {a6 + ˜̄a1a4 + ˜̄a2a3 + ˜̄a3a2 + ˜̄a4a}
ϕ2(b) = EV {b5 + ˜̄b1b3 + ˜̄b2b2 + ˜̄b3b}
ϕ3(c) = EV {c4 + ˜̄c1c2 + ˜̄c2c}
ϕ4(d) =

{
EV {d3 + ˜̄d1d}, for river

EV {d3 + ˜̄d2d}, for lake,

(6)

where Ch{·} and EV {·} denote the chance measure and expected value of fuzzy
random variable · respectively.

For solving CT-based WQEMU (i.e. Eq (6)), the development of the normalized
formula can be obtained as follow. Taking potential function f (x) as an example, It
is similar to the potential function ϕ1(a), ϕ2(b), ϕ3(c) and ϕ4(d). The balance point
set and singular point set of function f (x) can be obtained by solving equations
f ′(x) = 0 and f ′′(x) = 0 respectively. Thus, the bifurcation set of function f (x)

was obtained by canceling the state variable x in equations f ′(x) = 0 and f ′′(x) =
0. It means that the catastrophe is happened in the time when all the controlling
variables satisfy the bifurcation point set equation. In this way, the development of
the normalized formula of CT-based WQEMU was deduced as follow:

xa = ( ˜̄a)1/2, xb = ( ˜̄b)1/3, xc = ( ˜̄c)1/4, xd = ( ˜̄d)1/5
⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

aa1 = ( ˜̄a1)
1/2, aa2 = ( ˜̄a2)

1/3, aa3 = ( ˜̄a3)
1/4, aa4 = ( ˜̄a4)

1/5

bb1 = ( ˜̄b1)
1/2, bb2 = ( ˜̄b2)

1/3, bb3 = ( ˜̄b3)
1/4

cc1 = ( ˜̄c1)
1/2, cc2 = ( ˜̄c2)

1/3
{

dd1 = ( ˜̄d1)
1/2, for river

dd2 = ( ˜̄d2)
1/2, for lake,

(7)

Furthermore, Ccombining the two principles: “complementation principle” and
“non-complementation principle”, the common calculation structure of CT-based
WQEMU is shown in Fig. 3.
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1a

b c d

4a 2d1d2c1c3b2b1b3a2a

water quality x

a

complementation non-complementation

complementation

complementation

for
river

fo r
lake

Fig. 3 The common calculation structure of CT-based WQEMU

3 Case Study

Chaohu lake, one of the five largest freshwater lakes in China, is located at 31◦N
and 117◦E. The Chaohu lake watershed has an area of 13,486 km2, with at the end
of 2000, a catchment population of 9.854 million. In the past 20 years, with rapid
economic development and an increase in the industrial population, urban life sewage
and industrial wastewater emissions have also increased rapidly. Without processing,
pollutants are discharged into the nearby rivers, and finally flow into Chaohu lake [8].
Increasing pollution pressure has become a serious threat to the regional economy and
ecology coordinated development. So, an accurate evaluation of chaohu lake water
quality is an important basis for decision-makers to coordinate the development
regional economic and ecological environment.

3.1 The Original Data Acquisition

In China, according to the index values of water quality, surface water is divided
into five categories. If the index value exceeds the maximum limit, the surface water
is called inferior fifth category water. Surface water classification and the interval
of the index value limit are derived from the National Quality Standards of Peo-
ple’s Republic of China: Environmental quality standards for surface water (GB
3838-2002), as shown in Table 1. The monitoring data of all indices of Chaohu lake
water quality from 2009 to 2013, are obtained from Binghu and Yuxikou monitor-
ing points, which are the two real-time monitoring point of China environmental
monitoring center (http://58.68.130.147, Binghu and Yuxikou monitoring points,

http://58.68.130.147
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Table 1 Surface water index limits and classification

Index I II III IV V V bad

COD (mg/L) <15 <15 15–20 20–30 30–40 >40

BOD (mg/L) <3 <3 3–4 4–6 6–10 >10

TP (mg/L) <0.01 0.01–0.025 0.025–0.05 0.05–0.1 0.1–0.2 >0.2

TN (mg/L) <0.15 0.15–0.5 0.5–1.0 1.0–1.5 1.5–2.0 >2.0

Temp (◦C) −2 ≤ human-caused change in water temperature ≤ 1

TSS (mg/L) <20 20–25 25–30 30–60 60–150 >150

Tur (NTU) <5 5–10 10–20 20–50 50–80 >80

Mor (×102CFU) <2 2–20 20–100 100–200 200–400 >400

Phy (×105 cells/L) <1.0 1.0–2.0 2.0–3.3 3.3–4.6 4.6–6.0 >6.0

WEC (days) 40–80 80–120 120–200 200–360 360–540 >540

Note Data derived from Environmental quality standards for surface water of China

Hefei, Anhui Province). Using the processing method for uncertainty introduced in
Sect. 2.1, monitoring data were converted into fuzzy random numbers, as shown in
Table 2.

3.2 The Calculation Results

The index dimensional difference exists in the multi-factor input system. There-
fore, in order to realize the calculation, dimensionless should be done firstly. In this
research, the upper/lower limit of the index value of the fifth category water and the
lower limit of the index value of the first category water were used as benchmark to
realize dimensionless quantity. Standardization formulas are as follows.

X j
std = X j

X j
Vsup

, j = 1, 2, · · · , 10, (8)

X j
std =

X j
Iin f

X j
, j = 1, 2, · · · , 10, (9)

where j , X j
std and X j denote the j th index, the normalized and monitoring value of

the index j , respectively. X j
Vsup

denotes the upper limit value of the index j of the

fifth category water. X j
Iin f

denotes the lower limit value of the index j of the first
category water. If the index j is a positive indicator of pollution, Eq. (8) is adopted,
conversely, using Eq. (9).

Based on the calculation structure shown in Fig. 3, when the fuzzy random vari-
ables in Eqs. (6), (7) were replaced with crisp variables, the catastrophe theory-based
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Table 3 The catastrophe theory-based category set

Category I II III IV V V bad

Catastrophe
value interval

[0.00, 0.15) [0.15, 0.35) [0.35, 0.60) [0.60, 0.80) [0.80, 1.00) ≥1

category set can be deduced by using the index values shown in Table 1. The new
category set is shown in Table 3.

The monitoring data in Table 2 were standardized according to Eqs. (8) or (9).
Then, using Eq. (7), referring to the two principles, the catastrophe value of each year
can be calculated out based on the the calculation structure in Fig. 3. The calculation
process of the catastrophe value of 2009 is shown as follows.

Step 1. Input index monitoring data
ã1 = (27, C O, 45), C O ∼ N (36, 4); ã2 = (7.6, B O, 9.4), B O ∼ N (8.5, 0.5);
ã3 = (9, T P, 12), T P ∼ N (10.5, 1.1); ã4 = (15, T N , 21), T N ∼ N (18, 5);
b̃1 = (0.5, T e, 1.3), T e ∼ N (0.90, 0.07); b̃2=(13, T S, 17), T S ∼ N (15, 3.7);
b̃3 = (5.5, T u, 8.5), T u ∼ N (7.0, 0.9); c̃1 = (1.9, Mo, 2.7), Mo ∼ N (2.3, 0.07);
c̃2 = (5.3, Ph, 6.3), Ph ∼ N (5.8, 0.51); d̃2 = (5.1, W E , 5.5), W E ∼ N (5.3, 0.3).

Step 2. Standardized index data

ã
std
1 = (0.675, C O , 1.125), C O ∼ N (0.900, 0.083); ã

std
2 = (0.760, B O , 0.940),

B O ∼ N (0.850, 0.043);
ã

std
3 = (0.450, T P , 0.600), T P ∼ N (0.525, 0.049); ã

std
4 = (0.750, T N , 1.050),

T N ∼ N (0.900, 0.027);

b̃
std

1 = (0.250, T e, 0.650), T e ∼ N (0.450, 0.023); b̃
std

2 = (0.867, T S, 1.133),
T S ∼ N (1.000, 0.191);

b̃
std

3 = (0.688, T u, 1.062), T u ∼ N (0.875, 0.093); c̃
std
1 = (0.475, Mo, 0.657),

Mo ∼ N (0.575, 0.018);

c̃
std
2 = (0.883, Ph, 1.050), Ph ∼ N (0.967, 0.073); d̃

std

2 = (0.727, W E , 0.784),
W E ∼ N (0.756, 0.053).

Step 3. Normalized index data
ã

nom
1 = (0.822, C O , 1.061), C O ∼ N (0.949, 0.144); ã

nom
2 = (0.913, B O , 0.980),

B O ∼ N (0.947, 0.116);
ã

nom
3 = (0.819, T P , 0.880), T P ∼ N (0.851, 0.118); ã

nom
4 = (0.944,

T N , 1.010), T N ∼ N (0.979, 0.097);

b̃
nom

1 = (0.500, T e, 0.806), T e ∼ N (0.671, 0.076); b̃
nom

2 = (0.954,

T S, 1.043), T S ∼ N (1.000, 0.192);
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b̃
nom

3 = (0.911, T u, 1.015), T u ∼ N (0.967, 0.138); c̃
nom
1 = (0.689,

Mo, 0.811), Mo ∼ N (0.758, 0.067);

c̃
nom
2 = (0.959, Ph, 1.016), Ph ∼ N (0.989, 0.139); d̃

std

2 = (0.853,

W E, 0.885), W E ∼ N (0.869, 0.115).

Step 4. The integrated index values of Chemistry, Physics, Biology and Activity

ã = (0.875, a, 0.983), a ∼ N (0.932, 0.119); b̃ = (0.788, b, 0.955), b ∼
N (0.879, 0.135);
c̃ = (0.689, c, 0.811), c ∼ N (0.758, 0.067); d̃ = (0.853, d , 0.885), d ∼
N (0.869, 0.115).

Step 5. Normalized the integrated index

ã
nom = (0.935, a, 0.992), a ∼ N (0.965, 0.172); b̃

nom = (0.924, b, 0.985),
b ∼ N (0.958, 0.171);

c̃
nom = (0.911, c, 0.949), c ∼ N (0.933, 0.127); d̃

nom = (0.969, d , 0.976),
d ∼ N (0.972, 0.130).

Thus, the catastrophe value of CT-based WQEMU in 2009 is x = (0.935, x,

0.968), x ∼ N (0.957, 0.150). Similarly, the catastrophe values from 2009 to 2013
can be calculated out, see Table 4.

According the catastrophe interval values shown in Table 3, and using the results
in Table 4, the chance measure of the water quality of Chaohu lake from 2009 to 2013
can be calculated out by Eq. (6). The calculated results are shown in Table 5, The
first, second number in number pair (∗, ·) denote the probability, possibility level of
the chance measure, respectively.

3.3 The Results Analysis

From Tables 4 and 5, it can be known that Chaohu lake water pollution is serious in
2009–2013. The water quality in Chaohu lake mainly belongs to the fifth and inferior

Table 4 The catastrophe values from 2009 to 2013

Years 2009 2010 2011

Catastrophe values (0.935, x, 0.968) (0.907, x, 0.953) (0.896, x, 0.937)

x ∼ N (0.957, 0.150) x ∼ N (0.933, 0.143) x ∼ N (0.919, 0.135)

Years 2012 2013

Catastrophe values (0.857, x, 0.896) (0.873, x, 0.915)

x ∼ N (0.869, 0.117) x ∼ N (0.895, 0.153)
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Table 5 The chance measure of the water quality of Chaohu lake from 2009 to 2013

Category Year

2009 2010 2011 2012 2013

III (0.80, 0.00) (0.80, 0.07) (0.80, 0.22) (0.80, 0.37) (0.80, 0.31)

(0.90, 0.00) (0.90, 0.00) (0.90, 0.15) (0.90, 0.25) (0.90, 0.21)

IV (0.80, 0.13) (0.80, 0.19) (0.80, 0.37) (0.80, 0.73) (0.80, 0.53)

(0.90, 0.08) (0.90, 0.11) (0.90, 0.20) (0.90, 0.61) (0.90, 0.39)

V (0.80, 0.21) (0.80, 0.35) (0.80, 0.69) (0.80, 1.00) (0.80, 0.71)

(0.90, 0.17) (0.90, 0.26) (0.90, 0.41) (0.90, 0.91) (0.90, 0.55)

V bad (0.80, 1.00) (0.80, 1.00) (0.80, 0.91) (0.80, 0.67) (0.80, 0.86)

(0.90, 1.00) (0.90, 0.93) (0.90, 0.83) (0.90, 0.59) (0.90, 0.79)

fifth category. From 2009 to 2013, the most serious water pollution appeared in 2009.
Pollution situation has been reduced year by year from 2010 to 2012, but it began
to deteriorate in 2013. According to Table 5, The change diagram in water quality
situation of Chaohu lake can be drawn, as shown in Fig. 4. From Fig. 4, it can be seen
visually, whether under 0.8 or 0.9 probability level, the possibility levels of the water
quality belonging to “V bad” grade are high up to 0.9, but belonging to “V” grade
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Fig. 4 The change diagram in water quality situation of Chaohu lake
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are low down to 0.4 in 2009 and 2010. Therefore, taking the necessary measures to
protect the chaohu lake water quality, improve the water environment is the first task
of the local administrative department.

4 Conclusion

In this research, Fuzzy random variables are employed to deal with the complex
uncertainty in water quality. A new model for water quality evaluation named
catastrophe theory-based water quality evaluation model under uncertainty (CT-
based WQEMU) was proposed. And, a new calculation method was designed to
solve the model. The proposed model was applied to an actual case: Chaohu lake,
China. According to the calculation results of the model, some analysis about the
actual situation of water pollution in Chaohu lake was made. Then, the policy rec-
ommendations are provided to the local water management department.

Water quality assessment is a complex system problem, and a variety of differ-
ent uncertainty exists widely in water quality. Therefore, in order to exactly and
objectively evaluate water quality, new mathematical model needs to be created,
new uncertainties approach needs to be found. These all will be the authors’ future
research work.
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The Research of Influence Relationship
Between Third-Party Rating
and Micro-Financial Institution Performance

Xiaorui Zhou and Li Yang

Abstract Effective company management and performance control are crucial for
successful Micro-Finance Institutions (referred as MFIs). Capital and output would
be better coordinated under an efficient performance control system. An efficient
performance control system is also the key for the development of a company and
a well-yielded benefit. Given the truth of the crucial role of third-party rating to
financial institutes, this paper is focusing on the model of third-party rating results
in connection with the performance control system of MFIs, to provide a reference
for the establishment a comprehensive evaluation system for MFIs institutions.

Keywords Micro-financial institution (MFI) · Performance · Third party rating

1 Introduction

The third-party valuation agency plays a crucial role in the capital market [8]. It
guides institutional investors andprivate capital for anunrestricted allocationof assets
worldwide under the balance of risks and benefits. MFIs are rated by valuating their
financial performances. Investors such as banks could make investment decisions
according to the rating level of an institution. Third-party valuation agencies assess
the performance of an institution based on the information collected and reported.
Up to 2010, there are about twenty difference agencies thatmake assessment on rating
Microfinance Institution. There are traditional rating agencies such as Standard &
Poor’s and Fitch Rating, specialized rating agencies such as PlaNet Rating, Micro-
Finance Rating and M-CRIL. Top five agencies including PlaNet Rating, Micro-
Finance Rating, MicroRate, M-CRIL and PCR take 80% of market share [11].
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However, there are few researches emphasizing on the connection between third-
party rating results and the performance control system of MFIs. Conclusions of
these researches are summarized as below:

(1) The development of microfinance industry needs the professional rating agen-
cies. In the absence of the stock and bond market for MFIs, the information
provided by these independent agencies could highly improve the efficiency of
capital [10].

(2) The size of the organization, financial sustainability, amount of total assets, num-
ber of active customers and Institutional continuity are widely mentioned as the
factors of the third-party rating [4]. These factors not only have a positive impact
on the rating, they also play significant roles on the sustainable development of
MFIs.

(3) Domestic rating tends to primarily focus on rural financial institution, especially
the establishment of a comprehensive business performance evaluation system.
They combine fuzzy comprehensive evaluation method with analytic hierarchy
process [3].

Therefore, this paper establishes an econometric model to test the impact of the
third-party rating on both financial and social performance of the MFIs. 154 MFIs
screened by PlaNet Rating are selected as our samples.

2 Relational Model

Performance of MFIs’ is divided into financial performance and social performance,
which are the independent variables. Then relevant variable factors are designed to
measure two independent variables. Based on this analysis, this paper establishes the
relational model between third party rating results and MFIs.

2.1 Model Construction

Hartarska and Nadolnyak [7] constructed the empirical models which are designed
to test relativity impact of ratings results on MFIs financing scale. The models are
constructed econometric models to test MFIs rating results with their financial per-
formance and social performance.

Econometric model which tests the impact on financial performance is as follow-
ing:

FI t = C + αAt + βBt + φRt + εt . (1)

In Eq. (1), F is a description of MFI financial performance variable. A is a vari-
able to describe the characteristics of MFIs, including the size of the organization,
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operation period, organization type, etc. B is a variable to indicate state of operation,
including capital structure, credit structure, credit risk, operational efficiency and so
on. R is a dummy variable to determine whether institution participated ratings or
not.

Econometric model which tests the impact on social performance is as following:

SI t = C + αAt + βBt + φRt + εt . (2)

In Eq. (2), S is a variable describing social performance of MFIs. Other variables
remain unchanged as in Eq. (1).

2.2 Variable Definition

According to the characteristics of the microfinance industry and its special social
purpose, independent variables and dependent explanatory variables are defined.

1. Financial performance variables
According to characteristics of MFIs, financial performance dependent and inde-
pendent variables are listed in Table1.

2. Social performance variables
This paper uses the number of borrowers with active loans and average amount
loaned per borrower to evaluate the social performance of MFIs. The number
of borrowers with active loans measures the breadth of services. The higher the
value, the more services are provided by the institution to customers who are
excluded by formal financial system, which means the better social performance.
The average amount loaned per borrower measures the depth of services. The
smaller average amount loaned per borrower, the lower of social class of them is
serviced by MFIs.

3. The explanation of variables

(1) Total assets
This study uses total assets to measure the size of a MFIs. The larger the size of
an MFI generally means a better profitability and a stronger anti-risk capability.
This study uses the LnA as alternative indicator of total assets.

(2) Length of years in operation
This study categorizes the length of years in operation into three groups: newly
founded (less than 4years), young (4–8years) and fully developed (more than
8years), respectively referred as −1, 0 and 1.

(3) Organization type
MFIs are classified asBank,CreditUnion:Cooperative,Non-bankfinancial insti-
tution (referred as NBFI), Non-government organization (referred as NGO) and
other organization according to Microfinance Information Exchange (referred
as MIX). The objective of NGO and NBFI to involve in capital allocation is
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Table 1 Definition of financial performance dependent variables

Type Index and abbreviation Definition

Dependent variables ROA−return on asset Adjusted net income/adjusted average total
assets

ROE−return on equity Adjusted net income/adjusted average
shareholder equity

OSS−operating
self−financed ratio

Operating income/(operating expense +
provision for loan losses + admin expenses)

NAB−number of active
borrower

The number of customers need to repay the
loan after write-offs

ALPB−average loan per
borrower

Adjusted loan balance/(adjusted active
accounts × GNI per capita)

Independent variables A−total asset Adjusted total asset after loan loss reserves,
write-offs, and inflation adjustment

Age−institution age How long do institutions last

ST−institution type Dummy variable: if institution is NGO or
NBFI, ST = 0, or ST = 1

Capital−capital ratio Adjusted total capital / Adjusted total asset

Loan−loan ratio Loan/total asset

P30−risk loan ratio Loan overdue for more than 30days/total
loan

Liquid−current ratio Cash and bank balance/total asset

Cost−administration
efficiency

Administration expense/total asset

R−rating participation Dummy variable: if participate rating, R = 1,
or R = 0

different from other types of organizations [5]. As NGO and NBFI are more
socially focused, the type of organization will affect the performance of MFIs.
This study introduces dummy variables, with 0 represents NGO and NBFI and
1 represents other types of organizations.

(4) Capital ratio
The profit of MFIs is primarily from granting loans. A larger the proportion of
loans to total assets indicates a stronger ability to create profits.

(5) P30
P30 is defined by MIX as the proportion of loan overdue for more than 30days
(including the overdue loans renegotiated) to total loan. It is a key indicator for
a Microfinance Institution to measure its risk.

(6) The ratio of cash and bank deposits to total assets
This study uses this ratio to measure the liquidity risk of MFIs. A cash and bank
deposit surplus means the capital has not been allocated reasonably, while a cash
and bank deposit deficit indicates a payment risk. The ratio of cash and bank
deposits to total assets has impact on both financial and social performance.
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(7) The proportion of administrative expenses to total assets
The proportion of administrative expenses to total assets measures the efficiency
of administrative expenses. It is also an important factor of financial and social
performance.

(8) Whether to accept rating
Sample institutions are rated by PlaNet Ratings after 2–3years operation. This
study introduces the dummy variables: institutes accept ratings are referred as 1,
else 0. AR (1) indicates the average amount of institutes accepting ratings.

3 Analysis of Sample Selection

This study not only selects native MFIs, but also includes a large number of inter-
national MFIs. The purpose is to completely reveal the correlativity between third
party rating results and MFIs performance.

1. Sample Selection
Selected MFIs need to conform to the following two standards:

(1) Being assessed by professional rating agency—PlaNet Rating.
(2) Submitting statistics to MIX.

The selection process is first to determine the scope of study period beginning
2003–2010. Then 218MFIs, which assessed by PlaNet Rating during this period,
are filtered as analysis objects.
Second, those 218MFIs are designated as the target sample and relevant indicators
are looked up onMIX database. There are 37MFIs do not disclose their statistics,
which are removed from target sample.
Finally, MFIs operating less than 2years need to be removed from the sample.
The selected sample includes 154 MFIs.

2. Sample Analysis
Selected samples are mainly spread in five districts: Africa, Eastern Asia and the
Pacific, Eastern Europe and Central Asia, Latin America and the Caribbean, the
Middle East and North Africa, South Asia. Among them, there are 51 institutions
in Africa, accounting for 33.1%. There are 48 institutions come fromLatin Amer-
ica and the Caribbean, accounting for 31.2%. There are 26 institutions in Eastern
Europe and Central Asia, accounting for 17%. Thus, the samples are reasonably
distributed with good regional representation.
The 154 samples include 5 different types ofMFIs which has good representation
of type diversification. NBIFs take 28.9% proportion, credit unions take 16.4%,
non-governmental organizations (NGO) take 47.4%, and others take 13%. Such
MFIs mainly rely on donations and government grant. Therefore, compared to
commercial MFIs, these organizations need to be more aware by investors that
they are under excellent operation condition. Participation in the rating process
is undoubtedly a significant way to convey information.
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Table 2 Characteristic analysis of sample

Year 2003 2011

Profit/loss MFIs
number

Ratio (%) Supervised MFIs
number

Ratio (%) Supervised

Profit 21 22.60 Yes No N/A 33 27.70 Yes No N/A

21 0 0 29 4 0

Loss 72 77.40 Yes No N/A 86 72.30 Yes No N/A

36 36 0 35 49 2

Total 93 100 57 36 0 119 100 64 53 2

There are obvious differences among samples rest on whether institutions can
get profit, or whether they are under supervision. These characteristics will affect
their financial and social performance. Table2 shows the analysis results of sam-
ples in 2003 and 2011.
The result of this analysis shows that profitability and regulatory environment of
MFIs have changed over time. For example, in 2011, there were 21 profitable
companies of total 93 organizations, accounting for 22.6%; while 33 companies
made profit among 119 ones, accounting for 27.7%.Moreover, all profitableMFIs
were regulated in 2003; however 87.77% of profitable MFIs were regulated in
2011.
In addition, the result shows the ratio of profitable MFIs which were supervised
is higher than that of defective ones. In 2011, taking 119 MFIs as the sample,
87.88% of profitableMFIs were supervised while 40.70% of defective ones were
supervised.
Finally, non-profitable MFIs account for higher proportion among unsupervised
organizations. Among 79 supervised MFIs, profitable ones and defective ones
separately account for 44.3 and 54.4%. Among 64 unsupervised MFIs, defective
ones account for 90.6%.

4 Empirical Test

4.1 Unit Root Test

The stability of statistics is significantly crucial to analyze economic data. Unit root
test which aims to verify stationary of time series is the basis for the establish-
ment of economic model. This study chooses five different unit root test methods:
Levin- Lin-Chut test (LLC), Im-Pesaran-Shin test (IPS), ADF-Fisher chi-square test,
P-Fisher chi-square test and Hadri-stat test, to verify the stability of data used by
regression model.
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Table 3 Results of dependent variable unit root test

Variables Method LLC IPS ADF-Fisher P-Fisher Hadri Z-stat

LnA Statistic −19.49 −2.41 324.16 504.73 18.29

Prob 0.00 0.01 0.0 0.00 0.0

Obs 669.00 669.00 669.00 717.00 867.00

Capital Statistic −20.54 −5.98 402.60 457.06 15.91

Prob 0.00 0.00 0.0 0.00 0.0

Obs 664.00 664.00 664.00 717.00 867.00

Loan Statistic −36.77 −6.48 374.48 448.87 14.37

Prob 0.00 0.00 0.0 0.00 0.0

Obs 669.00 669.00 669.00 717.00 867.00

P30 Statistic −26.65 −4.89 365.38 363.46 15.66

Prob 0.00 0.00 0.0 0.00 0.0

Obs 620 620 620 661 826

Liquid Statistic −92.92 −11.31 391.83 446.24 14.67

Prob 0.00 0.00 0.0 0.00 0.0

Obs 647 647 647 686 844

Cost Statistic −20.42 −4.45 359.19 482.94 15.08

Prob 0.00 0.00 0.0 0.00 0.0

Obs 656.00 656.00 656.00 693.00 845.00

Table 4 Results of dependent variable unit root test

Variables Method LLC IPS ADF-Fisher PP-Fisher Hadri Z-stat

ROA Statistic −39.6 −30.98 383.41 453.27 14.22

Prob 0.00 0.01 0.0 0.00 0.0

Obs 661 661 661 712 862

ROE Statistic −106.73 −19.04 370.79 440.64 16.98

Prob 0.00 0.00 0.0 0.00 0.0

Obs 661 661 661 712 862

OSS Statistic −37.34 −6.96 386.77 436.91 13.67

Prob 0.00 0.00 0.0 0.00 0.0

Obs 670 670 670 717 867

1. Dependent Variable Unit Root Test
The Table3 shows observations of dependent variables are basically stable during
2003 and 2011, which are used to do regression analysis.

2. Independent Variable Unit Root Test
The Table4 shows observations of independent variables are stable to do regres-
sion analysis.
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Table 5 Correlative results of dependent variables

Variables Age ST LnA Capital Loan R Liquid P30 Cost

Age 1.00 – – – – – – – –

ST 0.29 1.00 – – – – – – –

LnA 0.65 0.12 1.00 – – – – – –

Capital −0.02 −0.31 −0.34 1.00 – – – – –

Loan −0.48 −0.03 −0.80 0.41 1.00 – – – –

Liquid 0.63 0.49 0.32 0.15 −0.31 1.00 – – –

P30 0.66 0.42 0.20 0.20 0.07 0.48 1.00 – –

Cost 0.00 0.20 0.03 −0.07 −0.22 0.40 −0.11 1.00 –

R 0.17 0.32 0.10 0.03 0.00 0.13 0.32 −0.11 1.00

4.2 Correlation Analysis of Variables

1. Correlation Analysis of Dependent Variables

As the Table5 shows:

(1) The correlative analysis results between Age and LnA, Age and Liquid, and Age
and P30 are all above 0.5. Therefore, Age can be removed from the regression
model to improve accuracy.

(2) The maximum correlation coefficient between LnA and Loan is −0.8, meaning
one of those two variables should be removed. However, technically speaking,
organization size and proportion of loan to total assets are both significant factors
to influenceMFIs financial and social performance. In order to improve accuracy
of research, this study uses index LgE instead of LnA to measure organization
size of MFIs.

(3) Age is correlative to Loan. ST is correlative to Liquid and P30. Liquid is correl-
ative to P30 and Cost, and the degree of correlation is acceptably less than 0.5.
They all can be used in the regression model.

2. Correlation Analysis between Dependent and Independent Variables

As the Table6 shows:

(1) Removing variable Age from regression model is to avoid autocorrelation. The
analysis results in Table6 indicate that Age is not correlative to MFIs financial
performance, neither social performance. The effect of removing index Age in
the regression model can be ignored.

(2) Size of organization and return on equity are negative correlative. The coeffi-
cient is −0.78 possibly resulting from high proportion of non-profitable MFIs
in sample. Because the objectives of NGOs are to diffuse financial service and
to provide service to poor people instead of seeking profit, their profit will be
remained stable after financial sustainability. Moreover, while profits remain
stable, enlarging institution will decrease the return on equity.
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Table 6 Correlation analysis between dependent and independent variables

Variables ROA ROE OSS NAB ALPB

Age −0.07 0.06 −0.2 −0.04 0.03

ST 0.01 −0.21 −0.13 −0.49 0.86

LnA 0.23 −0.78 0.27 0.19 0.12

Capital 0.06 −0.58 0.34 0.16 −0.22

Loan 0.05 −0.6 0.1 0.25 0.1

Liquid −0.37 −0.38 −0.15 −0.23 0.34

P30 −0.19 −0.37 −0.33 0.07 0.29

Cost −0.33 0.34 −0.07 −0.07 −0.42

R 0.07 0.12 −0.12 −0.08 0.15

(3) For institutional solvency indicators, the indicators of Liquid and P30measuring
risk are negative correlative to financial performance, which is consistence with
theory analysis. However the degree of effect is verified by regression model.

4.3 Regression Result

In order to reduce the impact of lack of statistics on the regression result, this study
deletes the samples which are lack of partial data. Finally, the regression analysis is
based on 128 MFIs with 877 series data.

1. Regression Result between Rating and Financial Performance
As shown in Table7, at 15% significant level, R is positive correlative to ROE.
This indicates that participation rating is helpful to improve the ration of return
on equity. The principle is that through evaluation of MFIs performance in last
financial year, financial information is more transparency than that before. Fur-
thermore MFIs pay more attention on financial performance.
To further validate the relationship between ratings and financial performance of
MFIs, the various rating indicators and rating results are lagged to next period to
do regression analysis. The result is shown as Table8.

(1) At 15% significant level, Rt is positive correlative to ROEt and OSSt+1. This
result means that participation rating is conducive to increase ROE in current
financial period, while improve MFIs operation profitability.

(2) At 5% significant level, ROEt−1 is positive correlative to Rt , which proves that
the higher ROE, the more probability that MFIs accepting rating.

(3) Rating results and financial performance of MFIs are mutually reinforcing.

2. Regression Result between Rating and Social Performance
As shown in Table9, at 5% significant level, R is negative correlative to NAB.
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Table 7 Regression result between rating and MFIs financial performance

Variables and test
statistics

ROA ROE OSS

C −362.51∗ −22.64 109.31∗∗∗

(198.52) (18.51) (25.83)

AR(1) 1.15∗∗∗ 0.55∗∗∗ 0.38∗∗∗

(0.01) (0.04) (0.08)

ALPB 0.58∗∗∗ 0 0.02

(0.28) (0.03) (0.04)

LnE 40.81∗ 4.28∗∗ 0.08

(19.76) (2.03) (2.73)

ST −751.15∗∗∗ 12.03∗ 1.42

(268.08) (6.61) (8.13)

Capital 1.26 0.36∗∗∗ 0.54∗∗∗

(1.36) (0.1) (0.13)

Loan 0.84 0.13 0.16

(1.29) (0.12) (0.18)

P30 −7.99∗ −1.35∗∗∗ −1.78∗∗∗

(2.75) (0.24) (0.37)

Cost −1.99 −2.49∗∗∗ −1.32

(4.00) (0.38) (0.57)

R −22.64 4.36 −1.32

(28.18) (2.77) (4.47)

F-statistic 651.59∗ 23.799∗ 11.599

Adjusted R-squared 0.94 0.36 0.2

No of observations 454 454 454

DW 1.52 1.84 1.9
∗at 15% significant level; ∗∗at 10% significant level; ∗∗∗at 5% significant level; ∗∗∗∗at 1% confidence
level

Table 8 Regression analysis of lagging statistics

Period ROA ROE OSS

R(−1) 1.74 0.75 5.86∗

(23.86) (2.37) (3.95)

R −22.64 4.36∗ −1.32

(28.18) (2.77) (4.47)

R(1) −6.76 5.87∗∗∗ 0.73

(25.07) (2.61) (4.41)
∗at 15% significant level; ∗∗at 10% significant level; ∗∗∗at 5% significant level; ∗∗∗∗at 1% confi-
dence level
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Table 9 Regression result between rating and MFIs social performance

Variables and test statistics NAB ALPB

C −3674.27∗∗∗∗ 2.9

(145) (28.59)

AR(1) 0.01∗∗∗∗ 0.87∗∗∗∗

(0.00) (0.01)

ROE 0.22∗∗ −0.08∗∗∗∗

(0.13) (0.03)

ALPB −0.20∗ 0.00∗∗∗

(0.14) (0.00)

LnE 16.04∗ 3.4

(10.8) (3.14)

ST −120.62 83.86∗∗∗∗

(224.94) (26.48)

Capital −2.56∗∗∗∗ 83.86∗∗∗∗

(0.61) (0.17)

Loan 1.35∗∗∗ 0.27∗∗

(0.57) (0.16)

P30 −0.31 −0.69

(1.05) (0.50)

Cost −0.16 −0.69

(1.81) (0.50)

R −19.91∗∗∗ 0.64

(8.33) (2.29)

F-statistic 1159.56∗ 492.43∗

Adjusted R-squared 0.95 0.88

No of observations 666 666

DW 0.95 2.71
∗at 15% significant level; ∗∗at 10% significant level; ∗∗∗at 5% significant level; ∗∗∗∗at 1% confi-
dence level

This indicates that rating result can lead the number of active borrowers decreased.
Even at 15% significant level, R is not correlative toALPB. To further validate the
relationship between ratings results and social performance of MFIs, the various
rating indicators and rating results are lagged to next period to do regression
analysis. The result is shown as Table10:
Firstly, rating results influence the number of active loan borrowers in current and
next periods. At 5% significant level, Rt is negative correlative to NABt , but is
positive correlative to NABt+1. This results means that participation rating leads
the number of active borrowers decreased in current period, but increased in next
period. At 15% significant level, there is no correlation between NABt−1 and Rt.
Hence, the number of active borrowers does not encourage institutions to accept
rating.
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Table 10 Regression analysis of lagging statistics

Period NAB ALPB

R(−1) 19.03∗∗∗ −4.29∗∗∗

(9.05) (1.86)

R −20.03∗∗∗ 1.04

(8.34) (2.28)

R(1) −3.85 −1.31

(8.70) (2.53)
∗at 15% significant level; ∗∗at 10% significant level; ∗∗∗at 5% significant level; ∗∗∗∗at 1% confi-
dence level

Secondly, rating result is negative correlative to the average loan per borrower. At
5% significant level, Rt is negative correlative to ALPBt+1, which means after
rating, the average loan per borrower is not influenced in current period, but this
will be decreased in next period.

5 Conclusion and Discussion

1. Mutual Promotion
Overall, the third part rating results of MFIs and their financial performance
can promote each other. Improvement of organization’s financial performance
is conducive to encourage participation in rating. Meanwhile rating results are
contributed to the improvement of financial performance.
However, regarding to diverse financial indicators, the impact by rating results
are different.

(1) There is no correlation between the results and ROA. The experimental result
shows that even at a 15% significance level, the correlation coefficient between
R(−1), R(1) and ROA is 0. Hence, participation in third party rating does not
affect current ROA, also the next one.

(2) RO E and rating result interrelate. At 15% significance level, R(−1), R, and
ROE are positive correlated. This result indicates that the promotion of ROE
can encourage participation of rating. Meanwhile, participation of rating can
enhance MFIs current ROE.

(3) Rating results can influence MFIs business sustainability. At 15% significance
level, R and OSS are positive correlated, which means if MFIs participate rating
in period T , then business sustainability can increase in the next T + 1 period.

2. Evaluation Function
The rating results have certain impact on the achievement of social goals ofMFIs.
WhenMFIs accept third party assessment in period T , current NABwill decrease,
but increase in next T + 1 period. This means that MFIs involved in the rating is
detrimental to their social objectives, but the social performance in next period
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will be significantly improved. To some extent, rating plays a supervisory role on
MFIs to implement their social goals.

3. Modification
Rating results can promote MFIs performance development. The results are not
only helpful to improve MFIs financial performance, but also play an important
role on supervising them and achieving their social objectives.
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The Study on Path Model of China’s SMEs
Development Strategy Based on Life Cycle

Dechao Mi, Ping Zhang and Pu Chen

Abstract Small medium-sized enterprises (SMEs) are important strength in the
development of national economy, its healthy and sustainable development has been
plagued the development of China’s economy and society. Therefore, SMEs must
have a clear development strategy, namely, to clear development direction, determine
development goal, and promote development ability. This paper, based on the Life
Cycle Theory (LCT) in biology, relying on the enterprise’s internal resources, focus-
ing on the enterprise’s external resources, establish the three-dimensional model
aboutinternal resources, brand status, and the enterprise life cycle (LC). By integrat-
ing internal and external factors of SMEs into a model, systematically analyze the
path and wayof enterprise development strategy at different stages.

Keywords SMEs · LC · Development strategy · Path model · Internal resources ·
Brand status

1 Introduction

SMEs, as a heterogeneous group in terms of size and sector diversity, are the basic
power to promote national economic development, build the main body of market
economy, and promote social stability, and they are increasingly recognized as central
contributors to play a pivotal role in the national economies of countries all around
the world [2]. In all kinds of industrial and commercial enterprises in our country,
the proportion of SMEs is as high as 99%, but its LC is only 3 to 5years, which
is far shorter than 6–8years in the Western countries. Statistically, the LCof 68%
of SMEs in our country is not more than 5years, these enterprises tend to die at a
certain stage. To investigate its reasons, the solidification of development strategy
is an important factor, which may prevent them from engaging proactively in the
innovation process [8]. Therefore, the development of SMEs in China must solve its
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problems in the development direction, development goal, and the focus, that is to
solve its problem of development strategy. While facing the huge challenges brought
about by the current international and domestic economic reform, SMEs needs to
formulate development strategy of the enterprise according to the change of internal
and external environment, and seek adjustment of enterprise development strategy.
Analysis of enterprise’s LC can not only enable management to identify critical LC
steps of the enterprise, but also help managers improve business performance in
the areas of development strategy, further, to develop better and more fact-based
strategies to meet future market challenges [3]. This paper, based on the perspective
of LC, combine the intensity of internal resources of SMEs with external brand
status, to study the path of development strategy in each stage of LC, and help
enterprises to better formulate and implement development strategy.Hence, the paper
mainly discusses from the following parts,literature review, enterprise development
strategy analysis in each stage of LC, and the path model analysis of the enterprise
development strategy.

2 Literature Review

American scholar Haire [7] put forward the concept of “Enterprise Life Cycle”, he
thought that the development of the enterprise conformed to the biological growth
curve, and the enterprise should not only grasp the whole development process,
but also pay attention to a specific stage of LC. Another Adizes [1] brought up the
Enterprise Life Cycle Theory, he illustrated the traits of different LC stages, and
summarized the basic rule of the enterprise LC as well, the theory mainly suggested
there relationship about development and stagnation during the process of enterprise
development. Afterwards, the similar research occurred in 1990s in China, Chen [5]
thought that the enterprise generally had two forms after the recession stage, namely,
renaissance and death. Through the above literature review, the study about LCT
mainly concentrated on the traits of different LC stages, ignored the specific path of
the enterprise development strategy at different stages.

The study about enterprise development strategy mainly focuses on three aspects.
Firstly, American scholar Chandler [4] put forward “the Organization Structure is
Followed byStrategy”, he argued that the development strategy should bead justed
timely according to the changes of the organization structure. Secondly, the study
about elements of the enterprise development strategy. For example, Kenichiohmae
[13] put forward viewpoint of “Strategy 3C”, he argued that the enterprise should
consider competition, consumer, corporation when faced on the dramatic changes
of environment. Thirdly, the study about resource of the enterprise development
strategy, Wernerfelt [10] brought up “The resource-based theory of the enterprise”,
he thought that enterprise was a collection of resources, which could make good use
of the development strategy to be in pursuit of equilibrium point via the internal and
external resources, further, by which the enterprise could grow constantly.
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The foreign study about development strategy of SMEs mainly represents two
aspects. Firstly, the development strategy of SMEs comes from macroscopic view,
the government provides superior policy to solve the outside condition of the enter-
prise. For examples, TheUnited States launched the rapid loan for the development of
SMEs. Besides, Singapore introduced the development plan to enhance the capacity
of SMEs. The British government launched a series of measures to solve the finance,
moreover, support start-up funds to help new high-tech companies. Secondly, the
development strategy of SMEs comes from firm level. This view is from the nature
of SMEs development strategy, the development strategy is actually a kind of com-
petitive strategy, which affects long-term objective of enterprise, and supplies the
path of achieving the established objectives [9].

The domestic study about development strategy of SMEs mainly represents three
aspects. Firstly, the development strategy of SMEs comes from industry integration.
For example, The report “The Development Strategyof SMEsin China” put forward
a viewpoint of “small and medium enterprises should shrink the body”, the benign
development of SMESmainly relies on industry consolidation, link integration, zone
concentration. Secondly, the development strategy of SMEs comes from the per-
spective of humanity, the development strategy of SMEs based on the humanistic
orientation of Chinese characteristics, the theory suggested that the enterprise devel-
opment strategy was consisted of the overall progress of enterprises and all-round
development of staff [11]. Thirdly, the study about traits of the SMEs development
strategy, concluded as follows: integrity, long-term, fundamental, ploy, etc. [12].

In conclusion, domestic and foreign scholars have a relatively thorough study
about the enterprise LCT and enterprise development strategy, but few combine
LCT, the path of enterprise development strategy, internal and external resources of
enterprise, and do the systematical research. Due to the existence of SMEs individual
differences and differences in each stage of LC, this paper has its certain theoret-
ical significance, which mainly relies on the perspective of LC, explores the path
of development strategy and strategy conversion about SMEs on the basis of the
integration of enterprise resources.

3 Enterprise Development Strategy Analysis
in Each Stage of LC

This paper mainly use the simplified LC four stages model, they are: start-up stage,
growth stage, maturity stage, recession stage. As is shown in Fig. 1.

The development path of each enterprise is not entirely as shown in Fig. 1, some
enterprises in recession stage may return to growth stage successfully by organiza-
tion reform, or some enterprises enter recession stage in advance due to the failure
of reform in growth stage. Along with the changes of organization’s internal and
external environment, enterprise sat different stages of LC will present different
characteristics.
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Fig. 1 Life cycle of the enterprise

(1) Start-upstage
When SMEs is founded in the early, it is in a period of groping, learning and
seeking survival. As the organization system has not yet fully formed, the capac-
ity of internal resources of enterprises is very short, the brand image has not yet
been built, and the profitability is very limited, therefore, the overall competitive-
ness of enterprise is weak. In this condition, the focus of enterprise development
strategy is to enter the market quickly on a higher starting point by implement-
ing management innovation and technology innovation [6], ensure the number
of customers, and improve enterprise recognition, thus prompt the accumulation
of internal resources and the building of brand status.

(2) Growth stage
Along with initial business development and market operation, SMEs have been
gradually adapted to the laws of market development, the organizational system
begins to improve gradually, and there are significant improvements in the overall
product scale, product competitiveness, market accumulation, capital operation
and brand status. In this condition, SMEs should focus on internal resources and
implement specialized management by selecting segment markets, to establish
competitive advantage. Besides, by adopting complementary strategy, SMEs can
establish strategic alliance with others to realize mutualism. Hence, the focus of
enterprise development strategy in growth stage is to expand the business scale
and enhance the core competitiveness to quickly occupy the market, at the same
time,ensure customer quality and product quality, constantly update enterprise
internal resources and strengthen brand status.

(3) Maturity stage
Through the early accumulation of enterprise development, the organization
system tends to be complete, and the overall internal resource capacity, brand
status have reached a relatively mature level, the overall competitiveness of
enterprises enhance continuously. But later as competitors enter constantly, all
enterprises compete against each other, and the weak imitate the strong, product
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function gradually converges, and the homogenization is serious. Hence, the
focus of enterprise development strategy in this stage is to gather resources
through the integration of internal resources, and increase the scope of business
to expand the market. Besides, by implementing the expansion strategy, to see
knew sources of business growth, and reinforce the brand status.

(4) Recession stage
When enterprises enter recession stage, big changes have taken place in com-
petitive environment, competitors imitate and innovate at an ever-accelerating
pace, the resources of enterprise lose the original uniqueness, market competi-
tiveness decline rapidly, and market demand begin to shrink, the overall benefit
is reduced, some even appear negative growth. In this condition, the focus of
enterprise development strategy is to seek new point of growth by resources
liquidation and cut. At the same time, carry out brand re-position on the basis of
the original brand to seek new customers.

All in all, enterprise should combine the capability of internal resource with the
condition of external resources according to the characteristics of different stage
of LC, constantly adjust enterprise development strategy, and promote healthy
and sustainable development of enterprises.

4 The Path Model Analysis of the Enterprise
Development Strategy

4.1 The Path Model of the Enterprise Development Strategy

The enterprise development strategy, namely, according to the status of the enterpris-
ere source competence, to seek survival and long-term stable development, and gain
new competitive edge constantly, which is general plot of the development goal of the
enterprise and the way to realize the development strategy. Because the status of the
enterprise internal resources are influence by all kinds of factors, such as technology
resources, human resources, financial resources, information resources, etc., those
above can reflect the competence of the enterprise internal resources comprehen-
sively. However, it is difficult to focus on a specific superior resource. Therefore, the
factors above are summarized abstractly as the enterprise internal resources in this
paper. The external stake holders of the enterprisemainly assess the external resource
capacity on the basis of brand status, so enterprise’s external resource can be focus
on the enterprise brand status. Hence, the brand status represents the enterprise’s
external resource in the following part of paper.

The development of the enterprise is not only influenced by its own internal
resource capacity, but also external resource capacity, so is the formulation of enter-
prise development strategy. The internal resources capacity makes the enterprise can
react consciously to critical incidents, opportunities and external threats, and help
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Fig. 2 The path model of the enterprise development strategy

enterprise to gain and keep the competitive edge, so the internal resource capac-
ity can enhance the efficiency of the internal resource, further, make the enterprise
development strategy be implemented better. The mechanism is that the external
resource competence, especially, the brand status in industry, will be conditioned by
both shortage of the internal resources and lacking of data collections about market
and consumers, these will affect the formation of brand equity, the external capacity
will also influence the inhibition of the internal resources capacity inversely. The
enterprise internal resources and brand status are playing parallel collaborative roles
in promoting the enterprise development and carrying out innovation activities, and
what status the enterprise stays in will affect the development strategy [10]. Hence,
the enterprise development strategy should take account of what LC stage the enter-
prise stays in. On the basis of the above view, this paper, from the perspective of the
LCT, mainly establish the model “Internal resources-Brand status-Enterprise LC”
by combining enterprise’s internal resources and external resource. By integrating
internal and external factors of SMEs into a model, systematically analyze the path
and way of enterprise development strategy at different stages.

The paper classifies enterprise LC into four stages, and divides the enterprise
internalresources and enterprise brand status into two levels (strong, weak), The
model has 2 × 2 × 2 = 16 state points totally by three spatial combination of
variables, each state point represents the competitive edge of the enterprise (Fig. 2).
Via the model, the enterprise can analyze current LC stage, internal resources ability
and brand status comprehensively, ensure current specific state, further, to seek the
development strategy direction, development goal, development ability. Eventually,
it can provide corresponding countermeasures for the SMEs development strategy.
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4.2 The Path Choice of the Enterprise Development Strategy

In Fig. 2, the path of the enterprise development strategy in different LC stages can
be shown as follows:

(1) Start-up stage: A1–A2–A4, A1–A3–A4;
(2) Growth stage: B1–B2–B4, B1–B3–B4;
(3) Maturity stage: C1–C2–C4, C1–C3–C4;
(4) Recession stage: D1–D2–D4, D1–D3–D4.

Therefore, there are mainly two types about enterprise development strategy of the
four stages of LC.One is “internal resource- external brand status-equilibriumpoint”,
this is a kind of enterprise development strategy from internal resource to equilibrium
point, and we call it “endogenous strategic path”. Another is “external brand status-
internal resource- equilibrium point”, it is a kind of enterprise development strategy
from external brand status to equilibrium point, and we call it “exogenous strategic
path”. Though from different starting points, both can reach a relative equilibrium
point through the path conversion, and prompt enterprise to transform to the next
stage.

(1) Start-upstage
Since the internal resources andbrandposition are not strong, SMEsneed tomake
full use of existing internal resources, enter themarket quickly and build brand. In
this stage, the exogenous strategic path is “brand position-resource aggre-gation-
equilibrium point”. That is to strengthen brand planning, shape brand attributes,
form brand position, facilitate brand communication, build brand cognition, and
build brand status, thus absorb and gather more advantageous resources, to reach
equilibrium point of enterprise development strategy. The endogenous strategic
path of this stage is “resource aggregation-brand position-equilibrium point”.
That is, through the enterprise internal resource aggregation, to drive the estab-
lishment of the enterprise external brand status, ultimately reach equilibrium
point of enterprise development strategy.

(2) Growth stage
Through accumulation of early development, enterprise awareness is constantly
improved, and enterprise begins to make profit. In this stage, the exogenous
strategic path is “brand strengthening-resource update-equilibrium point”. That
is to strengthen the brand continuously, achieve the internalization of brand
resources, build brand asset, enhance the brand status, and thus make enterprise
continuously update internal resources, ultimately reach equilibrium point of
enterprise development strategy. The endogenous strategic path in growth stage
is “resource update-brand strengthening- equilibrium point”. That is, by con-
stant upgrading of enterprise internal resources, to meet the need of enterprises’
rapid development, drive the improvement of brand status, prompt enterprise
development strategy to reach equilibrium point, and thus propel the enterprise
transform to the maturity stage.
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(3) Maturity stage
Through the early accumulation of enterprise development, the overall man-
agement have reached a comparatively mature level, and enterprise environ-
ment is relatively stable, internal resources advantage has reached maximiza-
tion, brand status is comparatively high, to some extent this can withstand the
challenge of competitors. But later as enterprise internal resources capacity
reach saturation point, competitors imitate and innovate at an ever-accelerating
pace, product homogenization is serious. Hence, the exogenous strategic path of
this stage is “brand diversification-resource reorganization-equilibrium point”,
by implementing the strategy of brand diversification tomeet the diversified
demand of customers, improve the efficiency of internal resource utilizing,
and ultimately reach equilibrium point of enterprise development strategy. The
endogenous strategic path in maturity stage is “resource reorganization—brand
diversification—equilibrium point”. That is to re-organize internal resources
capability, continuously optimize enterprise internal resources, and prevent
resource redundancy, thus consolidate brand status, and make efforts to prolong
the maturity stage.

(4) Recession stage
The enterprise environment and core competitiveness are comparatively poor,
which need enterprises to integrate the internal resources. In this condition,
the exogenous strategic path is “brand reposition-resources liquidation and cut-
equilibrium point”. Through the brand reposition, enable consumers to have a
new understanding of the brand, prompt internal resources and external brand

Table 1 Enterprise development strategy based on life cycle

Life cycle
stage

Strategic objective Strategic type

Exogenous
strategic path

Endogenous
strategic path

Start-up
stage

(1) Enter the market quickly, build brand (2)
Achieve equilibrium between internal
resources and external brand status, prompt
enterprises to transform to the next stage

Brand position Resource
aggregation

Growth
stage

(1) Strengthen brand recognition, build brand
asset (2) Achieverapid development of
enterprises, the market share rapidly ascend
(3) Achieve new equilibrium point, prompt
enterprises to transform to the next stage

Brand strengthen Resource update

Maturity
stage

(1) The enterprise develop stably, brand
diversification, explore new markets (2)
Achieve new equilibrium, prompt enterprises
to transform to the next stage

Brand
diversification

Resource
reorganization

Recession
stage

(1) Reduce cost, squeeze residual values of
brand (2) Achieve new equilibrium and the
recovery of enterprise

Brand reposition Resources
liquidation and
cut
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status to be a new equilibrium point. From the point of endogenous strategic
path, it is mainly “resources liquidation and cut—brand reposition—equilibrium
point”. By resources liquidation and cut, optimize efficiency of internal resource
utilizing, focus on enterprise superior resources, quickly convert market, seek
enterprises’new development point, thus prompt enterprise to reach new equi-
librium point. According to the above analysis and research, we can conclude
and form Table1.

5 Conclusion

Enterprise development strategy is a complex organization innovation activities,
SMEs should take full account of the various internal and external resources factors,
and choose appropriate path and way of development strategy, further to promote the
healthy and sustainable development of the enterprise. This paper, based on the LCT,
systematically analyze the path and way of enterprise development strategy at dif-
ferent stages by combining enterprise’s internal resources and external brand status,
which achieve a shift from traditional two-dimensional static development strategy
to three-dimensional dynamic development path. Via the path model of enterprise
development strategy, SMEs can find the location of the enterprise and analyze the
characteristics of the each space point. Besides, by effective combination of path
model, SMEs can clear the direction of transformation path and choose effective
competition strategy to better improve the competitive strength of the enterprise.
There are some shortcomings in the paper, for instance, lack of quantitative analy-
sis, the strength of the enterprise’s internal resources and brand status is abstractly
measured in two dimensions, the path selection of enterprise development strategy
is relatively simple and so onand all these needto improve inthe follow-up study.
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Wholesale Price Contract Under Bilateral
Information Asymmetry

Xinhui Wang, Hongmei Guo and Xianyu Wang

Abstract This paper investigates the impacts of bilateral asymmetric information
in a supply chain. More specifically, we consider a supply chain consisting of one
risk-neural manufacturer and one risk-averse retailer who have their private infor-
mation regarding the manufacturing cost and risk aversion degree, respectively. We
first construct a model under the bilateral asymmetric information case using M-V
approach. There exists a pair of threshold values of cost and risk aversion degree
such that the optimal trading quantity holds. We then give a wholesale price contract
under bilateral asymmetric information case to examine the information revealing.
We find that the manufacturer and the retailer both announce a lower information
type to gain more opportunistically individual profit. This damages the supply chain’s
performance.

Keywords Supply chain management · Contingent contract · Bilateral asymmetric
information · Risk aversion

1 Introduction

The decisions of supply chain’s member often depend on the firm’s private informa-
tion. These informed firms may act independently and opportunistically to optimize
their own benefit by misreporting their private information. In a supply chain consist-
ing of a manufacturer and a retailer, when the informed parties do their decisions, the
manufacturer may announce a higher production cost [16], or the retailer pretend to
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be less risk aversion [19]. In this symmetric information case, how will the manufac-
turer and the retailer behave when they both have private information, what results
these behaviours will lead?

So in this paper, we consider a supply chain consisting of one manufacturer and
one retailer who have private production cost and risk aversion degree respectively.
We investigate the manufacturer and retailer’s behaviours and analyze the loss of the
efficiency of the supply chain.

The unilateral asymmetric information problem in supply chain are widely stud-
ied, such as the manufacturer’s private information of production cost [11], retailer’s
types of volume [13], asymmetric risk aversion [19].

The supply chain models under the bilateral asymmetric information scenario
have aroused some researcher’s interests. Chatterjee and Samuelson [3] considered
the commodity prices are asymmetric in a seller-buyer structure, Zhang and Luo [22]
explored the trade credit in coordinating supply chain under bilateral information
senior. In the proposed model the manufacturer possesses the private information
regarding its own capital cost while the retailer has the private information about the
budget constraint or capital cost. Pavlov [16] considered a bilateral asymmetric case
that the supplier and the retailer both have their private costs information. Esmaeili
and Zeephongsekul [7] considered a supply chain, in which the buyer and seller have
the private information about demand information and purchase costs respectively.
Some bilateral asymmetric information problem can be seen in the analysis of auction
[2, 4, 6, 9].

However, those papers mostly concentrate on the risk neutral case without con-
sidering the risk aversion’s impacts. In fact, the risk aversion has an important impact
on the supply chain parties’ decisions. In summary, these effects of the risk aversion
have several aspects, such as order quantity [21], retail price and optimal service level
[20], bargaining power [14], supply chain performance [10], manufacturer-retailer
relationship [17]. If the risk aversion of retailer is private information, the retailer
pretends to be less risk aversion [19] to get more individual profit. Thus it is necessary
to consider the risk aversion’s impacts in supply chain with asymmetric information.

In order to depict problem of supply chain with a risk-aversion retailer, we firstly
construct a model using M-V method. Then we give the commodity quantity under
symmetric information as a bench mark and discuss the commodity quantity under
the asymmetric information environment. To investigate the supply chain parties’
behaviours, we apply the simplest wholesale price contract to the supply chain model.
The wholesale price contracts are still widely discussed in recently years [5, 15,
18]. In our paper, we have different focus, we concentrate the bilateral information.
The wholesale price contract contingents on the announced information. Such a
contingent contract implies an incomplete information game in which parties decide
cost or risk aversion to reveal.

Our contributions to the literature will be two aspects: first, in contrast to the
existing literature, we first construct the model of bilateral asymmetric information
of production cost and risk aversion degree. Second, we investigate the wholesale
price contract under bilateral asymmetric information case.
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The remainder of this paper is organized as follows. Section 2 describes the model.
Section 3 analyzes the wholesale price contract with bilateral asymmetric informa-
tion. Section 4 concludes this paper and presents directions for future research.

2 The Model

2.1 Assumption and Notations

Consider a two-firm supply chain consisting of one retailer (risk aversion) and one
manufacturer (risk neutral) for an innovation product. Prior to production, the man-
ufacturer and the retailer commit a wholesale price contract (formal agreement) to
ensure the latter trading. It contingents on the announced information and contain
the corresponding transfer payments. When the sample product is finished, the true
production cost can be obtained by the manufacturer and the risk aversion degree
can be determined by investigating the market. Then they share their information to
determine the trading quantity according to the ex ante informal agreement. Then
the retailer sells it to a market in which demand is stochastic. In order to simplify
notation, without loss of generality, we also assume the goodwill cost and the salvage
cost are both zero. (The sequence of events can be seen in Fig. 1).

p is selling price per unit and w is wholesale price per unit. q◦(·) and q∗(·) are
Optimal commodity trading quantity in the symmetric and asymmetric information
cases; t1(·) and t2(·) are transfer payments to the manufacturer and the retailer,
respectively. cs , ĉs are manufacturer’s true unit manufacturing cost and announcing
unit manufacturing cost, belong to [cs, c̄s]; kr , k̂r are retailer’s true unit risk aversion
and announcing risk aversion, belong to [kr , k̄r ], kr > 0. F1(·), f1(·) are strictly
increasing distribution function and corresponding density function of cs ; F2(·),
f2(·) are strictly increasing distribution function and corresponding density function
of kr . Ekr (·) and Ecs (·) are expectation function with respect to F1(·) and F2(·);
Ecs ,kr (·) is expectation function with respect to F1(·) and F2(·). y > 0 denotes the
market stochastic demand during the selling season; G(·), g(·) are strictly increasing
distribution function and corresponding density of stochastic demand; S(q(·)) is
expected sales for retailer, equals E min(q(·), y); V ar(min(q(·), y)) is variance of

t=1 t=2 t=3 t=4

Relational contract Share the cost      and
risk aversion     , determin
the commodity trading
quantity
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the cost      and the retailer
learned the risk aversion
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stochastic demand. Π(·) is the profit function of the total supply chain; Π1(·) and
Π2(·) are manufacturer’s profit function and retailer’s profit function respectively.

As usual, we assume that ∂q(·)/∂ĉs < 0, ∂q(·)/∂k̂r < 0, which means that the
commodity trading quantity is decreasing in the production cost and the risk aversion.
Also, ∂2q(·)/∂ĉ2

s < 0 and ∂2q(·)/∂k̂2
r < 0, which means that the commodity trading

quantity rate of the change in cost or risk aversion are increasing.

2.2 The Model

Let πr be the retailer’s random profit, thus

πr = p min(q(ĉs, k̂r ), y) + t2(ĉs, k̂r ). (1)

To analyze decision making problems with the risk-averse retailer, we adopt the
meanCvariance (MV) approach [1, 8, 12, 17]: u(πr ) = E(πr ) − kr V ar(πr ). Here
E(πr ) is the expected profit of the retailer, V ar(πr ) is the corresponding variance.

kr denotes the retailer’s degree of risk aversion and it belongs to the interval
[kr , k̄r ], the larger the kr , the more conservative retailer’s behaviour will be. It is
obvious that in our model V ar(πr ) equals to p2V ar(min(q(ĉs, k̂r ), y)). Here

V ar(min(q(ĉs, k̂r ), y)) = E(min(q(ĉs, k̂r ), y)2) − (E min(q(ĉs, k̂r ), y))2

= 2q(ĉs, k̂r )

∫ q(ĉs ,k̂r )

0
G(y)dy − 2

∫ q(ĉs ,k̂r )

0
yG(y)dy

−
(∫ q(ĉs ,k̂r )

0
G(y)dy

)
.

Let Π2(q(ĉs, k̂r ), kr ) ≡ u(πr ) and V ar(min(q(ĉs, k̂r ), y)) ≡ ξ(q(ĉs, k̂r )), the risk-
averse retailer’s profit can be expressed as

Π2(q(ĉs, k̂r ), kr ) = pS(q(ĉs, k̂r )) − kr p2ξ(q(ĉs, k̂r )) + t2(ĉs, k̂r ). (2)

Here, S(q(ĉs, k̂r )) = E min(q(ĉs, k̂r ), y) = q(ĉs, k̂r ) − ∫ q(ĉs ,k̂r )

0 G(y)dy.
Also the manufacturer’s profit is given by

Π1(q(ĉs, k̂r ), cs) = −csq(ĉs, k̂r ) + t1(ĉs, k̂r ). (3)

From the perspective of the system, the supply chain’s ex post profit can be written as:

Π(q(ĉs, k̂r ), cs) = pS(q(ĉs, k̂r )) − ĉsq(ĉs, k̂r ) − k̂r p2ξ(q(ĉs, k̂r )). (4)
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In order to analyze our model and put insight into the impacts of asymmetric
information on the supply chain, we first present the complete information case, as
a benchmark. So Eq. (4) can be written as:

Π(q(cs, kr ), cs) = pS(q(cs, kr )) − csq(cs, kr ) − kr p2ξ(q(cs, kr )). (5)

Proposition 1 Under the complete information case, if kr ≤ (1−cs/p)
/

2p
∫ q(cs ,kr )

0
G(y)dy holds, there exists an optimal commodity trading quantity of the supply chain
satisfies the following equation:

G(q◦(cs, kr )) = 1 − cs

p
(
1 − 2pkr

∫ q◦(cs ,kr )

0 G(y)dy
) . (6)

In Proposition 1, the condition kr ≤ (1 − cs/p)
/

2p
∫ q(cs ,kr )

0 G(y)dy means the
following conclusion.

Proposition 2 (1) There exists k◦
r ∈ [kr , k̄r ] such that kr = (1−cs/p)

/
2p

∫ q(cs ,k◦
r )

0
G(y)dy, when kr ∈ [k◦

r , k̄r ], k◦
r ∈ [kr , k̄r ] holds.

(2) There exists c◦
s ∈ [cs, c̄s] such that c◦

s = p
(
1 − 2pkr

∫ q(c◦
s ,kr )

0 G(y)dy
)
, when

cs ∈ [c◦
s , c̄s], cs ≤ p

(
1 − 2pkr

∫ q(cs ,kr )

0 G(y)dy
)

holds.

Combining the part (1) and part (2) of Proposition 2, we can get that there exists

c◦
s and k◦

r such that k◦
r = (1 − c◦

s /p)
/

2p
∫ q(c◦

s ,k◦
r )

0 G(y)dy.
Proposition 1 and 2 state that the optimal commodity trading quantity exists only

if the information cs and kr belong to the intervals [c◦
s , c̄s] and [k◦

r , k̄r ], respectively.
Now we consider the bilateral asymmetric information case. From (4), for any

cs ∈ [c◦
s , c̄s] and kr ∈ [k◦

r , k̄r ], if their announced information ĉs ∈ [c◦
s , c̄s] and

k̂r ∈ [k◦
r , k̄r ] also hold, we will examine the existence of the optimal commodity

trading quantity under bilateral asymmetric information case.

Proposition 3 If ĉs ∈ [c◦
s , c̄s] and k̂r ∈ [k◦

r , k̄r ], the optimal trading quantity
q∗(ĉs, k̂r ) exists and satisfies Eq. (7).

G(q∗(ĉs, k̂r )) = 1 − ĉs

p
(
1 − 2pk̂r

∫ q∗(ĉs ,k̂r )

0 G(y)dy
) . (7)

Proposition 3 states that c◦
s and k◦

r are threshold values that can achieve the optimal
commodity trading quantity q∗(ĉs, k̂r ) of supply chain. From Eq. (7), we know
that q∗(ĉs, k̂r ) is an action plan that contingents on the manufacturer and retailer’s
announced information. If the announced information ĉs /∈ [c◦

s , c̄s] or k̂r /∈ [k◦
r , k̄r ],

the asymmetric optimal commodity trading quantity does not exist. Consequently,
the maximum supply chain’s profit can not be achieved.
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Since the left side of Eq. (7) increases in q∗(ĉs, k̂r ), and the right side of Eq. (7)
decreases in q∗(ĉs, k̂r ), thus q∗(ĉs, k̂r ) is a sole solution to Eq. (7). Also, q◦(cs, kr )

is a sole solution to Eq. (6). So only when ĉs = cs , k̂r = kr , the q◦(cs, kr ) can be
achieved.

In this paper, in order to analyze the impacts of the bilateral asymmetric informa-
tion we restrict mainly our analysis on the intervals [c◦

s , c̄s] and [k◦
r , k̄r ].

3 The Wholesale Price Contract

Now we consider the wholesale price contract, and examine the features that whether
it can stimulate the manufacturer and retailer to reveal their true information or not.

If the transfer payment t1(ĉs, k̂r ) equals to wq(ĉs, k̂r ), the contract can be seen as
the wholesale price contract under bilateral asymmetric information case. With the
transfer payments, the manufacturer and the retailer’s expected profits are given by

Ekr (Π1(q(ĉs, k̂r ), cs)) = Ekr [−csq(ĉs, kr ) + t1(ĉs, kr )]
= Ekr [(w − cs)q(ĉs, kr )], (8)

Ecs (Π2(q(ĉs, k̂r ), kr )) = Es[pE min(q(cs, k̂r ), y) − kr p2ξ(q(cs, k̂r )) + t2(cs, k̂r )]
= Ecs [pS(q(cs, k̂r )) − wq(cs, k̂r ) − kr p2ξ(q(cs , k̂r ))]. (9)

Now we examine the incentives of the transfer payments, and investigate the infor-
mation revealing.

Proposition 4 With the wholesale price contract under bilateral asymmetric infor-
mation case, the manufacturer and retailer will announce a lower information type,
i.e., ĉs < cs , k̂r < kr .

Proposition 4 states that with the wholesale price contract, both parties prefer to
announce a lower cost, thus they can benefit from their misreporting. From Eq. (8), we
can see that ∂Ekr Π1(q(cs, kr ))/∂ĉs , so the manufacturer will announce his private
information as ĉs(ĉs = c◦

s < cs). The conclusion for the manufacturer is different
from the work of Pavlov [16]. In his research, the manufacturer may announce a
higher cost.

From Eq. (9), one main observation can be obtained that∂Ecs Π2(q(cs, kr ))/∂k̂r <

0 holds, this means that the retailer chooses to announce a lower risk aversion degree
(k̂r = k∗

r < kr ). Meanwhile, for k̂r = k∗
r , it holds that ∂2 Ecs Π2(q(cs, k∗

r ))/∂k̂2
r < 0.

That is to say, announcing a lower risk averse degree k∗
r will maximize his expected

profit, while telling truthful information (k̂r = kr ) will decrease his expected profit.
If any one party of the supply chain reveals the false information, the opti-

mal commodity trading quantity will be affected by the announcing information,
i.e. q∗(ĉs, k̂r ) > q◦(cs, kr ) (That is because ∂q(·)/∂kr < 0, ∂q(·)/∂cs < 0
holds). Because the supply chain’s profit is concave in the trading quantity, any
case q∗(ĉs, k̂r ) = q◦(cs, kr ) damages the total supply chain profit in the cooperative
relationship (see in Fig. 2).
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Fig. 2 The relationship
between the supply chains
profit and the trading
quantity

Fig. 3 Nash equilibrium

The main reason of the contract inefficiency is that the transfer payments in the
contract can not provide sufficient incentives for sharing information truthfully and
align the individual objective and the system objective.

For the wholesale price contract under bilateral asymmetric information case, it is
clear that the Nash equilibrium, i.e. (ĉs = c◦

s , k̂r = k∗
r ) is not dominant strategies for

the two parties (see in Fig. 3, the point A). To induce the true information revealing,
designing a contract should ensure that each party has a unique dominant strategy,
i.e. {ĉs = cs, k̂r = kr }. (See in Fig. 3, the point B.) Since q∗(ĉs, k̂r ) is decreasing
monotonically with and increasing monotonically with ĉs , so there exists a unique
dominant equilibrium, only if ĉs = cs and k̂r = kr hold simultaneously.
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4 Conclusions and Future Research

In this paper, we address the contract mechanism designing of the supply chain
consisting of a risk-neural manufacturer and a risk-averse retailer under bilateral
asymmetric information case.

We firstly construct a model under the bilateral asymmetric information case
using M-V approach. In the model, the system optimal commodity trading quantity
is related to the manufacturer and retailer’s announcing information. We find that
there exists a pair of threshold values of risk aversion degree and production cost
such that the optimal trading quantity exists under bilateral asymmetric information
case.

We then give a basic wholesale price contract to examine the information reveal-
ing. We find that with the wholesale price contract, the manufacturer and the retailer
do not concern about the whole supply chain’s profit, but they pay much more atten-
tion on their individual expected profit. More important, they both understate their
information type for gaining more opportunistically profit. This has a difference from
the result that the manufacturer may overstate his production cost [16]. However, the
conclusion that the retailer pretends to be less risk aversion is consistent with Wei
and Choi [19].

Our research may yield some key managerial insights to the bilateral asymmet-
ric information environment. Further research can extend our model to design the
coordinating contract to reveal information truthfully and improve the supply chain
performance.
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Study on the Relationship Between
E-Commerce and Industrial Structure
in Sichuan Province Based on Gray-Relation
Analysis

Rui Wang, Ye Yang and Jiao Tang

Abstract With the rapid development of electronic commerce, its impact on “trans-
formation of the pattern of regional economic development, regional economic
restructuring” is increasingly growing, causing research on the relationship between
e-commerce and the regional industrial structure is becoming increasingly impor-
tant. In this paper, we firstly establish an index system to estimate the development of
regional e-commerce, then use some industry-related indicators to make a compre-
hensivemeasure of regional industrial structure.On this basis,we use gray correlation
theory to calculate the linkage between regional e-commerce development and indus-
trial structure evolution processes.An empirical study of SichuanProvince conducted
a discovery that e-commerce have a strong linkage between some industry, such as:
scientific research, technical services and geological exploration industry, wholesale
and retail industry, residential services and other services industry, manufacturing
industry, accommodation and catering industry, renting and business services, and
electricity, gas and water production and supply industry and so on. We can make
use of the great development of e-commerce as an opportunity to accelerate the
development of these industries.

Keywords E-commerce · Industrial structure · Gray-relation analysis

1 Introduction

The Global Information Infrastructure Committee (GIIC) define electronic com-
merce (e-commerce) as “an economic activity using electronic communications as
the means, in this way, one can conduct propaganda, purchase and settlement of
products and services with economic value”. Location or whether enough funds or
the ownership of retail channel has little effect on this transaction mode [6].
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E-commerce in China originated in the early 1990s, started in the late 1990s.
During this period, YunMa built the first B2B (business to business) electronic com-
merce website in China-Alibaba, following that there also appeared a batch of B2C
(business to consumer), C2C (consumer to consumer) e-commerce service websites.
After the year of 2000, with the establishment of the taobao.com, e-commerce has
been well known in China. After just ten years of development, China’s e-commerce
transaction scale in 2013 amounted to 10.2 trillion, with the number of employees in
December 2013 that directly employed by e-commerce service enterprises reached
more than 235 million, and by the indirect e-commerce, has reached more than 1680
million [3].

Industry refers to a collection composed by enterprises producing and selling
products or services which can be mutually substituted and buyers purchasing such
products or services [7]. The industrial structure of a region plays an important
role in the region’s economic development. Study on the correlation between the
development of regional e-commerce and evolution process of industry structure has
great significance for making use of the great development of e-commerce as an
opportunity to accelerate development of some industry.

Researching on the relationship between e-commerce and industrial structure,
most scholars are from a qualitative point of view to analyze, such as Ming [9] put
forward, the combination of e-commerce and modern logistics eventually led to the
formation of a regional economic range which is rational; Wu [12] concluded that
there were four motive forces to promoting formation of a regional e-commerce:
seeking internal and external economies of scale, regional industrial characteristics
and brand promotion, reducing the risk of innovation, and government advocacy
and support. Mustaffa and Beaumont [10] studied various aspects of e-commerce by
using statistical methods to analyze the data of Australian small and medium-sized
enterprise (SMEs), then pointed out the advantages of e-commerce in marketing,
customer relations, supply chain management, e-commerce and so on, also pointed
out the shortcomings.

Owing to the turnovers of e-commerce and online retail trading volumes have not
been included in the national and local governments Statistical Yearbook, related
index of the e-commerce or retail e-commerce associated with other industries is
not covered under input-output tables. In that case, researching and analyzing the
actual influence of e-commerce on industrial structure has a certain theoretical and
practical value.

The gray-relation analysis is based on the development trend for analysis, there-
fore either the sample size or the typical distribution did not demanding much when
we use this method [5], which may fit in nicely with existing state of affairs that the
e-commerce-related statistical indicators in our country is not much or incomplete.
In this paper we use gray correlation theory to calculate linkage between regional
e-commerce development and industrial structure evolution processes from the quan-
titative angel, taking the province of Sichuan for instance. Firstly, establish an index
system to estimate the development of regional e-commerce, during this process,
due to the lack of data, we will use smooth ratio to generate new data to fill the
vacancy. Secondly, use the output and the number of employees in 18 major industry



Study on the Relationship Between E-Commerce and Industrial Structure . . . 953

as indicators to make a comprehensive measure of regional industrial structure evo-
lution, and finally use gray correlation theory to calculate linkage between regional
e-commerce development and industrial structure evolution processes.

2 Index System of E-Commerce Evaluation

For e-commerce in China is still in the process of development, statistical standards
of e-commerce data are being constantly explored. “Alibaba e-commerce devel-
opment index” was proposed by Alibaba in the year of 2013 to replace “network
business development index” proposed in the first half of 2010. For the “Alibaba
e-commerce development index” exists for only one year, we will still choose the
“network business development index” as an indicator of the evaluation index system
of e-commerce. Considering the changing of the statistical standard in 2013, related
data of 2013 is missed, resulting in vacancy in data columns.We choose smooth ratio
to generate new data to fill sequence when the hole exist at the terminus of sequence.

The original index data of e-commerce is shown in Table1 [1].
Smooth ratio of sequence is ρ (k) = x (k)/

∑k−1
i=1 x (i).

We now use x (n) = x (n − 1) (1 + ρ (n − 1)) to generate new data, as Table2
shows.

Table 1 The original index data of e-commerce

Year Turnovers of
E-commerce

Network
business
development
index

Network
ecological
index

Popularity
index

Growth
trend
index

Management
level index

2010 1524 30.11 100 12.45 63.18 62.5

2011 3200 30.06 53.39 9.73 57.05 76.94

2012 5300 23.93 61.21 12.52 12.35 73.62

2013 8800.9

Table 2 The new index data of e-commerce

Year Turnovers of
E-commerce

Network
business
development
index

Network
ecological
index

Popularity
index

Growth
trend
index

Management
level index

2010 1524 30.11 100 12.45 63.18 62.5

2011 3200 30.06 53.39 9.73 57.05 76.94

2012 5300 23.93 61.21 12.52 12.35 73.62

2013 8800.9 33.45 85.64 19.59 13.62 112.49
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3 Estimate the Development of Regional E-Commerce

1. Establish Evaluation Index System of E-Commerce
In this paper, we select some index that can represent the level of e-commerce sellers
to estimate the development condition of the e-commerce. We build an index sys-
tem constituted by a two-stage indicators, with e-commerce composite index as the
level indicator. The composite, which is a weighted index derived from secondary
indicators, is used to evaluate the overall development of the e-commerce. There are
six secondary indicators, which are Turnovers of E-commerce, Network Business
Development Index, Network Ecological Index, Popularity Index, Growth Trend
Index and Management Level Index. Specific indicators and their weight division
are shown in Table3.

2. Calculation Steps of E-Commerce Composite Index
In this paper, we take the year of 2010 as the base year, in other words, we take the
secondary indicators of Sichuan province in 2010 as a benchmark.

The calculation steps to calculate e-commerce composite index of each year are
as follows [8]:

Step 1. Take the secondary indicators of Sichuan province in 2010 as a benchmark,
then note the secondary index value divided by the reference value as the single index
value. Recorded as:

A
′
(t) = A(t)

A(t0)
t0 = 2010 t = 2010, 2011, 2012, 2013, (1)

F
′
(t) = F(t)

F(t0)
t0 = 2010 t = 2010, 2011, 2012, 2013. (2)

Here A’(2010) on behalf of the A index’s single index value of Sichuan Province in
2010.

Step 2. Calculate the e-commerce composite index of each year. We use:

E(t) =
F∑

J=A

wJ × J (t) = 0.3 × A(t) + 0.14 × B(t) + · · · + 0.14 × F(t) (3)

Table 3 Indicators of the development of electronic commerce

Symbol Level indicator Symbol Secondary indicators

H E-commerce A Turnovers of e-commerce (0.3)

Composite B Network business development index (0.14)

Index C Network ecological index (0.14)

D Popularity index (0.14)

E Growth trend index (0.14)

F Management level index (0.14)
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Table 4 The result of e-commerce index

Year E-commerce
composite
index

Turnovers of
E-commerce

Network
business
development
index

Network
ecological
index

Popularity
index

Growth
trend
index

Management
level index

2010 1 1524 30.11 100 12.45 63.18 62.5

2011 1.2526 3200 30.06 53.39 9.73 57.05 76.94

2012 1.5733 5300 23.93 61.21 12.52 12.35 73.62

2013 2.5103 8800.9 33.45 85.64 19.59 13.62 112.49

to calculate the e-commerce composite index of each year as:

H(2010) = 1, H(2011) = 1.2526, H(2012) = 1.5733, H(2013) = 2.5103.

The result of e-commerce composite index and secondary indicators are shown
in Table4.

4 Calculation of the Industrial Structure

In this paper, we divide all industry into 18 major industry, and consider the total
industry as a whole to analysis, which means, there are 19 objects to be analyzed, as
is shown in Table5.

In view of the above 19 objects, we weighted average by such indicators as fixed
assets investment of the whole society, the number of legal entities, the number of
employed persons in urban units, gross domestic product (GDP) and total payroll
employment to generate a new comprehensive index, which is used to measure the
development of the industry. As a result of the missing data, in order to ensure the
authenticity and reliability of correlation effect, the weight of the missing part will
be distributed to the remaining indicators according to their own weight proportion.
The specific weight of each index are shown in Table6.

According to the method of calculating the e-commerce composite index above,
we get the development level of each industry for each year [2, 4, 11], as shown in
Table7.

5 Method

We set up a sequence of system behavior as follows:

X0 = (x0(1), x0(2), · · · , x0(n)),

X1 = (x1(1), x1(2), · · · , x1(n)),
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Table 5 Main industry category

Serial number Name of the industry

1 Total industry

2 Agriculture, forestry, animal husbandry and fishery

3 Mining

4 Manufacturing industry

5 Electricity, gas and water production and supply industry

6 Building industry

7 Transportation, storage and postal services

8 Information transmission, computer services and software industry

9 Wholesale and retail industry

10 Accommodation and catering industry

11 Financial industry

12 Renting and business services

13 Scientific research, technical services and geological exploration industry

14 Water conservancy, environment and public facilities management

15 Resident, services and other services

16 Education

17 Health, social security and social welfare

18 Culture, sports and entertainment

19 Public management and social organization

Table 6 Industry-related indicators and their weights

Index name Weight

Fixed assets investment of the whole society 0.25

Number of legal entities 0.15

Number of employed persons in urban units 0.15

Gross domestic product (GDP) 0.2

Total payroll employment 0.25

· · · · · · · · ·
Xi = (xi (1), xi (2), · · · , xi (n)),

· · · · · · · · ·
Xm = (xm(1), xm(2), · · · , xm(n)).

For ξ ∈ (0, 1), we have:

γ(x0(k), xi (k)) =
min

i
min

k
|x0(k) − xi (k)| + ξ max

i
max

k
|x0(k) − xi (k)|

|x0(k) − xi (k)| + ξ max
i

max
k

|x0(k) − xi (k)| , (4)
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Table 7 The development level of each industry for each year

Name of the industry 2010 2011 2012 2013

Total industry 1 1.1483 1.3164 1.7012

Agriculture, forestry, animal husbandry and
fishery

1 1.0043 1.2136 1.0707

Mining 1 1.0806 1.2915 1.1629

Manufacturing industry 1 1.1819 1.3003 1.9425

Electricity, gas and water production and supply
industry

1 1.1003 1.2441 2.0337

Building industry 1 1.0942 1.2778 1.7382

Transportation, storage and postal services 1 1.1554 1.1539 1.867

Information transmission, computer services and
software industry

1 0.9993 1.1979 1.6725

Wholesale and retail industry 1 1.261 2.9076 2.5139

Accommodation and catering industry 1 1.1326 1.3927 3.26

Financial industry 1 1.6202 2.2413 2.9847

Renting and business services 1 1.1641 1.1413 2.066

Scientific research, technical services and
geological exploration industry

1 1.2912 1.5306 1.6288

Water conservancy, environment and public
facilities management

1 1.0428 1.2554 1.6614

Resident, services and other services 1 1.257 1.4216 1.5646

Education 1 0.9997 1.1108 1.3038

Health, social security and social welfare 1 1.0598 1.2684 1.4779

Culture, sports and entertainment 1 1.0266 1.2306 1.5122

Public management and social organization 1 1.0259 1.0151 1.1587

γ(X0, Xi ) = 1

n

n∑

k=1

γ(x0(k), xi (k)), (5)

γ(X0, Xi ) is the gray correlation between X0 and Xi .

6 The Gray Correlation Between the E-Commerce-Related
Indicators and the Development of Industry

Take the e-commerce composite index for instance, we set up a sequence of system
behavior as follows:

X1 = (x1(2010), x1(2011), x1(2012), x1(2013)),
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X2 = (x2(2010), x2(2011), x2(2012), x2(2013)),

· · ·
X19 = (x19(2010), x19(2011), x19(2012), x19(2013)).

The calculation steps to calculate the gray correlation between the e-commerce-
related indicators and the development level of industry are as follows:

Step 1. Calculate the initial value of each sequence. We have:

X
′
i = Xi

xi (2010)
= (x

′
i (2010), x

′
i (2011), x

′
i (2012), x

′
i (2013)), (6)

among them i = 0, 1, . . . , 19.

Step 2. Calculate the difference value of each sequence. Note that:

Δi (t) =
∣
∣
∣x

′
0(t) − x

′
i (t)

∣
∣
∣ ,

Δi = (Δi (2010),Δi (2011),Δi (2012),Δi (2013)), (7)

among them i = 1, 2, . . . , 19. We have the results:

Δ1 = (0, 0.1043, 0.2569, 0.8091),

Δ2 = (0, 0.2483, 0.3597, 1.4396),

· · ·
Δ19 = (0, 0.2267, 0.5582, 1.3516).

Step 3. Find the maximum and minimum difference values among those different
values. Note that:

M = max
i

max
t

Δi (t), m = min
i

min
t

Δi (t),

M = 1.4396, m = 0.

Step 4. Calculate the gray correlation value:

Υ0i (t) = m + ξM

Δi (t) + ξM
, (8)

among them, ξ ∈ (0, 1).
In this paper, we take ξ = 0.5, then:

Υ0i (t) = 0.776

Δi (t) + 0.776
. (9)
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Table 8 Main industry category

Name of industry Gray correlation

Total industry 0.77

Agriculture, forestry, animal husbandry and fishery 0.686

Mining 0.718

Manufacturing industry 0.799

Electricity, gas and water production and supply industry 0.778

Building industry 0.753

Transportation, storage and postal services 0.76

Information transmission, computer services and software industry 0.715

Wholesale and retail industry 0.833

Accommodation and catering industry 0.787

Financial industry 0.696

Renting and business services 0.783

Scientific research, technical services and geological exploration industry 0.836

Water conservancy, environment and public facilities management 0.732

Resident, services and other services 0.813

Education 0.681

Health, social security and social welfare 0.725

Culture, sports and entertainment 0.714

Public management and social organization 0.668

What’s more:

γ0i =
1

n

2013∑

t=2010

γ0i (t), (10)

among them t = 2010, 2011, 2012, 2013, i = 1, 2, . . . , 19.
At last we have the gray correlation between the e-commerce composite indicator

and the development level of industry in Sichuan province, which have been shown
in Table8.

Similarly, we can calculate the gray correlation between the development level of
each industry and turnovers of e-commerce, network business development index,
network ecological index, popularity index, growth trend index and management
level index, and the details are shown in Table9.
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7 Conclusion

Introducing the gray correlation can reflect the relationship between the research
objects, and the greater the degree of correlation is, the relationship between the two
is more closely. If the correlation degree equals 1, it means that the two changed on
the same way and the two had a direct correlation between them.

We can figure out from Table8 that there exist some industry that has higher
correlation degree on the e-commerce composite index than the total industry’s aver-
age degree (0.770), such as: scientific research, technical services and geological
prospecting industry (0.836), wholesale and retail trade (0.833), resident services
and other services (0.813), manufacturing (0.799), accommodation and the food and
beverage industry (0.787), leasing and business services (0.783) and electric power,
gas and water production and supply industry (0.778).

The development of e-commerce can provide greater impetus andmore effectively
promote the rapid and healthy development of these industries. Specific factors that
promote the development can be analyzed from Table9.

The gray correlation degree of scientific research, technical services and geologi-
cal prospecting industry, wholesale and retail trade and accommodation and catering
industry and electric total transactions are 0.663, 0.740 and 0.680, which are higher
than the total industry’s average degree (0.650), indicating that during the process
of the development of e-commerce, strive to improve the volume of e-commerce
and the turnovers of e-commerce can more effectively promote the rapid and healthy
development of such three industries.

Similarly, from the table of gray correlation between network ecological index and
the development level of industry, we can conclude that, improve the regional social
economic ecological environmentwould bemore powerful driving force to conducive
the development of such industry as the resident services and other services, leasing
and business service industry, electric power, gas and water production and supply
industry development. Specifically, we could improve the social economic ecolog-
ical environment from three aspects as follows: (1) promote the self-organization
connection between network operators, such as the cooperation between network
operators, or the alliances between them; (2) improve the network support service
system, including logistics, electronic payment and so on; (3) improve the entire
environment of the social and economic.

Promoting themanagement ability and capacity for sustainable development of the
network sellers can be more effective in promoting the development of the scientific
research, technical services and geological prospecting industry, resident services
and other services, leasing and business services. Specifically, we can enhance the
shop operating ability and the ability of sustainable development from three aspects:
(1) Products: focus on the quality and function of products as a unique selling point to
apart from other competing products; (2) Price: enterprises should analyze seriously
on brand strategy and market situations in the case of determining the prices of
products; (3) Promotion: merchants could carry out promotional activities during
the holidays, such as profit sharing, buy one get two, etc., to boost its popularity and
promote sales growth.



962 R. Wang et al.

And thewaymaybe picked to promote the development ofmanufacturing industry
effectively is to promote the development of the trend of regional network business
scale and the turnover of network transactions. In order to achieve the development of
network business scale and the turnover of network transactions, some new products
may be introduced on the premise of that sales of existing products kept steady
growth. At the same time, network operators could explore the wholesale business,
not being limited to the retail business.
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tem, where it can have a major impact on the productivity of a production process.
However, it is very difficult to find an optimal solution for scheduling problems since
most of them fall into the class of NP-hard problem. Evolutionary algorithm (EA)
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to multiobjective scheduling problems because ofthe global and local search abili-
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1 Introduction

In many real world applications in intelligent manufacturing system, a scheduling
problem involves determining an effective optimal solution, which decide a produc-
tion facilitywhat tomake,when,withwhich staff, andonwhich equipment, to process
the products effectively. Unfortunately, determination of such a solution is a difficult
combinatorial optimization problem. Seeking an optimal solution rapidly and effec-
tively from all of the permutations, combinations of all of the tasks, manufacturing
resources and human resources according to specified criteria is very intractable to
the traditional approaches. Evolutionary algorithm (EA) is ameta-heuristic optimiza-
tion algorithm, which can find compromised optimal solutions with short computing
time and acceptable quality for complicated scheduling problem.

In practical scheduling problem, more than one objective need to be optimized to-
gether and inmost cases objectives are conflicting.Multiobjective optimization prob-
lem (MOP) is such a practical, important but very intractable optimization problem
in which two of more conflicting objectives should be considered together, and many
Pareto-optimal solutions with incommensurable quality are generated for decision
makers. Most single objective optimization problem concerns with more problem-
dependent considerations and one global optimal solution aswell as less computation
time are desired. However MOP needs additional cares in convergence mechanism
and distribution mechanism much more. Moreover, reduction of computation time
becomes more difficult accordingly.

Multiobjective Evolutionary algorithm (MOEA) has been recognized to be well-
suited for solving MOPs [1, 3, 5, 6]. The first MOEA, vector evaluated genetic
algorithm (VEGA), divides the population into m sub-populations (m is number of
objectives), each of which evolves toward a single objective [8].Weight summethods
transformMOP into single-objective problem by assigning different weight for each
objective and aggregating them. However, fixed weight or random weight could
cause search bias in evolving process. Gen and Cheng [3] proposed an adaptive
weights genetic algorithm (AWGA) which utilizes some useful information from
current population to readjust weights in order to obtain a search pressure towards
to positive ideal point [4]. Lin et al. [6] proposed an interactive adaptive weight
GA (i-AWGA) by using AWGA and Pareto ranking based approach to classify the
difference among non-dominated solutions (or dominated solutions) clearly.

As two classical MOEAs, NSGA-II [2] and SPEA2 [15] have been proven to get
better quality in solving MOPs. Zhang and Fujimura proposed an improved vec-
tor evaluated genetic algorithm with archive (IVEGA-A) that combined VEGA and
Pareto-based scale-independent fitness function (GPSI-FF)-based archive mecha-
nism [10]. Zhang et al. [13] improved the IVEGA-A and proposed aHybrid sampling
strategy-based multiobjective evolutionary algorithm (HSS-MOEA) by combining
two differentmechanisms to improve the convergence and distribution performances.

The paper is organized as follows: Sect. 2 reviews the literature of recent re-search
works; Sect. 3 presents the detailed multiobjective hybrid evolutionary algorithm
(MoHEA); Sect. 4 gives a discussion and analysis of numerical experiments results
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for two practical multiobjective scheduling problem: process planning and schedul-
ing and assembly line balancing problems; finally, the conclusion and future work
are given in Sect. 5.

2 Literature Review

The VEGA just selects individuals into mating pool for one objective in selection
phase. The benefit of VEGA is the strong ability to converge to the edge region of
the Pareto front by its simple sampling strategy and less time complexity, hence the
qualities (especially, diversity) of VEGA are not good because of the selection bias.

TheAWGAcalculates the approximate objective functionvalue interval according
to the current population to define the positive ideal point andnegative ideal point. The
weight for each objective can be defined by ideal point that it can be changed with the
evolving process. AWGA uses these adaptive weights to normalize objective values
and accumulate them as fitness value. As a result, AWGA has tendency towards
center region of Pareto front because the individuals locating at center area have
bigger fitness value than edge area.

The i-AWGA combines the AWGA based fitness value and Pareto ranking strat-
egy to improve the AWGA.The fitness value is calculated normally, and dominat-
ing and dominated relationship of each individuals are calculated accordingly. For
minimization problem AWGA fitness value is added 1 if the individual belongs to
nondominated solution; otherwise, only add 0 to theAWGAfitness value. Obviously,
the fitness values of individuals locating at center area of Pareto front are bigger than
edge area and all of nondominated individuals are allocating along Pareto front with
rank 1.

The NSGA-II calculates the Pareto ranking considering the dominating and dom-
inated relationship, then sorts these individuals according to ranking value by as-
cending. When updating the archive, the individuals with rank 1 should be inserted
first, then rank 2. If rank r cannot be fully inserted into archive, insert the individuals
in the descending order of the crowding distance until the archive is full. However,
calculation of rank and crowding distance need much CPU time.

The SPEA2 first calculates the individual’s strength, which is the number of indi-
viduals it dominates in population and archive. Then calculates the individual’s raw
fitness, which is the total strengths value of individuals dominate it. Also need to cal-
culate the individual’s distance for each individual. When updating the archive, both
of the raw fitness and the distance are considered. Since the complicated computation
of distance value and pruning scheme when updating archive cause that SPEA2 need
much CPU time than NSGA-II but better distribution performance than NSGA-II.

Ho et al. [7] proposed a generalized Pareto-based scale-independent fitness func-
tion (GPSI-FF) to solve the large parameter optimization problem. The GPSI-FF can
obviously speed up the convergence rate [10], especially around the central area of
the Pareto front. The aforementioned VEGA has preference for the edge region of
Pareto front. Therefore it is reasonable to hybridize these two methods to achieve
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better convergence performance approaching to central and edge areas of whole
Pareto font. According to these ideas, Zhang and Fujimura propose IVEGA-A in
which both VEGA and GPSI-FF-based archive not only preserve the convergence
rate but also guarantee better distribution performance. However, the difference be-
tweennondominated anddominated individuals canbedecreasedbyGPSI-FFvalues.
This disadvantage causes that more dominated individuals could be held in archive
(external population) while nondominated ones would be removed from archive. It
reduces the performance of archive, unless an enough large size of its archive is
set to store a sufficient number of individuals. The HSS-MOEA provide an effec-
tive hybrid evolutionary algorithm framework to solve the multiobjective scheduling
problem by combining two different mechanisms. One is the sampling strategy of
VEGA with a preference for the edge region of the Pareto front, and the other is the
sampling strategy based on an improved fitness function with tendency converging
toward the central area of the Pareto front. These two mechanisms not only preserve
the convergence rate, but also guarantee the better distribution performance.

3 Hybrid Evolutionary Algorithm Framework

1. Fitness Function
Pareto dominating and dominated relationship-based fitness function (PDDR-FF) is
proposed to evaluate the individuals. The PDDR-FF of an individual si is calculated
by the following function:

eval(si ) = q(si ) + 1/(p(si ) + 1), i = 1, 2, . . . , popSize, (1)

where p(si ) is the number of individuals, that can be dominated by the individual si ,
q(si ) that can dominate the individual si . The smaller value is better.
According to the above equation, the fitness values of nondominated individual will
not exceed one and the dominated one will exceed one.Moreover, ones with different
numbers of dominating are also given the different fitness values even though they
are all nondominated individuals. The nondominated individuals locating around the
central region of Pareto font with bigger domination area will have smaller values
(near to 0) than the edge points (near to 1). The PDDR-FF can set the obvious
difference values between the nondominated and dominated individuals.Moreover,
ones with different numbers of dominating are also set as different fitness values
even though they are all nondominated individuals. The individuals locating around
the central region of Pareto font will have smaller values than the edge points.

2. Framework of HEA
The evolving process of one generation of MoHEA is shown in Fig. 1. A(t) repre-
sents the archive as an external population at generation t and P(t) represents the
population at generation t .
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Fig. 1 The framework of
MoHEA Population P(t)

sub-pop-1 sub-pop-2

VEGA

Population  P(t+1)

Archive  
A(t+1)

Archive A(t)

Archive A(t)

mating pool

Selecting by VEGA

Creating mating pool

Crossover and mutation

Calculating fitness 

Updating archive

Population  P(t+1)

Pareto  E(t+1)

Updating Pareto

The solution procedure of one generation includes 6 steps.

Step 1. Selecting individuals into sub populations by VEGA.
In this step, for two objectives optimization problem, individuals are selected with
replacement according to objective 1 into sub population 1 while ignoring objective
2 until the size of the sub population 1 (half of population size) is reached. In the
same manner, individuals are selected for objective 2 into sub population 2 without
considering objective 1 until sub population 2 is full. As a result, the individuals
locating at edge areas of Pareto front have higher probability to be selected into sub
populations.
Step 2. Creating mating pool by combining the sub populations and archive.
In this step, the sub populations and A(t) are combined to form a mating pool.
In the mating pool, sub-pop-1 stores the good individuals for one objective, and
sub-population 2 holds the good individuals for the other objective. These two sub
populations ensure that the solutions approach to edge areas of true Pareto front. The
archive saves the individuals with good PDDR-FF values that guarantee the solutions
converge to center area of true Pareto front. These three parts of themating poolmake
the solutions converge to the true Pareto front evenly.



968 W. Zhang et al.

Step 3. Reproducing the new individuals by crossover and mutation.
The crossover and mution can be applied according to problem-dependent encoding
and decoding strategy.
Step 4. Calculating the objectives values and fitness values by PDDR-FF.
Since only calculation dominating and dominated relationship among individuals
without calculating distance makes PDDR-FF much faster than other approaches
with diversity preservation mechanism.
Step 5. Updating the archive according to the PDDR-FF values.
The individuals of A(t) and P(t) are combined to form a temporary archive A′(t).
Thereafter, the PDDR-FF values of all individuals in A′(t) are calculated and sorted
in a ascending order. The smallest |A(t)| individuals in A′(t) are copied to form
A(t + 1). This archive updating mechanism likes a elitist sampling strategy to keep
the better individuals with better PDDR-FF values.
Step 6. Updating the Pareto set.
Because the archive size can not store all nondominated individuals and the archive
maintenance strategy could remove some nondominated ones, the Pareto set has been
save for each generation.

The implementation structure of MoHEA is described in Fig. 2.

In selection phase of HEA, the PDDR-FF based selecting strategy has the advantage
with the tendency converging toward the center area of the Pareto front, but drawback

Fig. 2 The procedure of MoHEA
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to the edge region. It causes bad distribution performance. The selection strategy of
VEGA prefers the edge rather than center regions of Pareto front that it causes
VEGA cannot achieve better distribution performance. So it is natural, reason-able
and possible to combine these two methods to improve the overall performance and
reduce the computation time of the algorithm. The strong convergence capability of
VEGA and PDDR-FF ensures that theMoHEA has the ability to converge to the true
Pareto front both in central and edge regions. The preferences for the edge area of the
Pareto front in VEGA and the central area of the Pareto front in PDDR-FF guarantee
that the MoHEA distributes along the Pareto front evenly. Moreover, MoHEA has
less computing time.

4 Experiments and Discussion

4.1 Multiobjective Process Planning and Scheduling Problem

Processing planning and scheduling PPS is to process a set of prismatic parts into
completed products effectively and economically in amanufacturing system. Process
planning (PP) is the determination of optimal process plans, i.e. operations (machine,
tool, tool access direction) and their sequences. The scheduling is determination of
the most appropriate moment to execute each operation with competitive resources.

The mathematical model of MoPPS is expressed in the following notations.

Indices

i, k : Indices of part, (i, k = 1, 2, . . . , I );
j, h : Indices of operation for part i , ( j, h = 1, 2, . . . , J );
m : Index of machine, (m = 1, 2, . . . , M);
l : Index of tool, (l = 1, 2, . . . , L);
d : Index of TAD, (d = 1, 2, . . . , D).

Parameters

I : Number of parts;
Ji : Number of operations for part i ;
M : Number of machines;
L : Number of tools;
D : Number of TADs;
Oi : Set of operations for part i ; Oi = {oi j | j = 1, 2, . . . , Ji };
oi j : The j th operation of part i ;
mm : The mth machine;
tl : The lth tool;
ad : The dth TAD;
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Mi j : Set of machines that can process oi j ;
Am : Set of operations that can be processed on machine m;
ri jh : Precedence constraints. if oi j is predecessor of oih , ri jh = 1; Otherwise, 0;
t M
mi j : Machining time of oi j by machine m;

t MC : Machine change time. It is needed when two adjacent operations belong to
(1) Different parts, or (2) Same part and different machines;

t T C : Tool change time. It is needed when two adjacent operations belong to (1)
Different parts, or (2) Same part and different machines, or (3) Same part,
Same machine and different tools;

t SC : Set-up change time. It is needed when two adjacent operations belong to (1)
Different parts, or (2) Same part and different machines, or (3) Same Part,
same machine and different TADs;

t P RE
mi j : Preparation time of operation oi j by machine m.

The preparation time for an operation consists of machine change time, tool
change time and set-up time for the operation; t P RE

mi j = t MC + t T C + t SC .

t P
mi j : Processing time of operation oi j by machine m. The processing time for an

operation consists of the preparation time and the machining time for the
operation; t P

mi j = t P RE
mi j + t M

mi j .

um : Workload of machine m. um = ∑I
i=1

∑Ji
j=1 t M

mi j x M
mi j .

u : Average workload of machine. u = 1/M
∑M

m=1 um .

tC
mi j : Completion time of oi j By machine m.

Decision variables

x M
mi j =

{
1, if oi j is performed by machine m,

0, otherwise,

xT
li j =

{
1, if oi j is performed by tool l,

0, otherwise,

x D
di j =

{
1, if oi j is performed by TAD d,

0, otherwise,

yi jkh =
{
1, if oi j is performed directly before okh,

0, otherwise.

Mathematical Model:
The mathematical model for minimization of makespan and variation of workload
can be formulated as the following bicriteria nonlinear mixed integer programming
(B-NMIP) model:

min tM =max
m,i, j

{tC
mi j } (2)
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min wP =
√√
√
√1/M

M∑

m=1

(um − u)2 (3)

s.t.(tC
mkh − t P

mkh − tC
mi j )x

M
mi j x M

mkh yi jkh ≥ 0, ∀(i, j), (k, h),m (4)

ri jh yihi j = 0, ∀(i, j), h (5)

yi ji j = 0, ∀(i, j) (6)
M∑

m=1

x M
mi j = 1, ∀(i, j) (7)

x M
mi j = 0, ∀(i, j) /∈ Am, ∀m (8)

yi jkh ∈ {0, 1}, ∀(i, j), (k, h) (9)

x M
mi j ∈ {0, 1}, ∀m, (i, j) (10)

tC
mi j , ∀m, (i, j). (11)

Equation (2) describes the one objective of minimization of makespan. Mini-
mization of variation of workload is defined as Eq. (3). Equation (4) imposes that
any machine cannot be selected for one operation until the predecessor is completed.
The precedence constraint is defined as Eq. (5). Equation (6) ensures the feasible
operation sequence. The feasible resource selection are defined as Eqs. (7) and (8).
Equations (9), (10) and (11) impose nonnegative condition.

The minimizing makespan and minimizing variation of workload for each ma-
chine are used as the two objectives in PPS problems and 4 parts (each part has 20,
16, 14 and 7 operations, respectively) problem are used as simulation experimental
data (see [10, 13] for details).

The adopted parameters are listed as follows:population size, 100; maximum
generation, 500; archive size, 50; crossover probability, 0.70; mutation probability,
0.30. MoHEA, IVEGA-A,VEGA, AWGA, i-AWGA, NSGA-II, and SPEA2 are run
30 times to compared the results with each other.

Let S j be a solution set for each method. P F∗ is a known reference Pareto
solutions. In this study, P F∗ in this study comes from combining all of the obtained
Pareto set with 30 runs by 7 methods.

The following two performance measures coverage C and spacing S P are con-
sidered [9, 14]. The C is used to verify convergence performance while S P is used
to check the distribution performance.

The Fig. 3 shows the numerical comparison of the box-and-whisker plots for C
and S P and the CPU times by 7 methods. From Fig. 3f, it is easy to see that the
MoHEA is better than other 6 methods on C measure.Therefore, MoHEA is better
than IVEGA-A, VEGA, AWGA, i-AWGA as well as famous NSGA-II, and SPEA2.

The distribution performance S P (as shown in Fig. 3g) indicates that MoHEA is
slightly better than SPEA2, and obviously better than left 5 methods (IVEGA-A,
VEGA, AWGA, i-AWGA, NSGA-II).
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Fig. 3 C , S P and CPU times by 7 methods for MoPPS problem. a Coverage for MoHEA and
IVEGA-A. b Coverage for MoHEA and VEGA. c Coverage for MoHEA and AWGA. d Coverage
for MoHEA and i-AWGA. e Coverage for MoHEA and NSGA-II. f Coverage for MoHEA and
SPEA2. g Spacing. h CPU time

From the comparisons of CPU time as shown in Fig. 3h, it is clear that MoHEA
is much faster than NSGA-II and SPEA2 while close to IVEGA-A, and much com-
putational time than VEGA, AWGA and i-AWGA.

In general, the convergence and distribution performance of MoHEA is better
than IVEGA-A, VEGA, AWGA, i-AWGA as well as famous NSGA-II and SPEA2,
and the efficiency is obviously better than NSGA-II and SPEA2.

4.2 Multiobjective Assembly Line Balancing Problem

The assembly line balancing (ALB) problem determines the assignment of various
tasks to an ordered sequence of stations, while optimizing one or more objectives
without violating restrictions imposed on the line in a manufacturing system. How to
allocate the proper workers to proper stations to obtain the best efficiency of the line
and reduce the total cost is also a problem in multiobjective assembly line balancing
with worker capability (MoALB-WC).
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The notation used in the mathematical model can be summarized as follows:
Indices:

j, k : Indices of task ( j, k = 1, 2, . . . , n);
i : Indices of station (i = 1, 2, . . . ,m);
w : Indices of worker (w = 1, 2, . . . ,m).

Parameters:

n : Number of tasks;
m : Number of stations/workers;
d jw : Worker cost of worker w process task j ;
t jw : Processing time of task j by worker w;
Suc( j) : Set of direct successors of task j ;
Pre( j) : Set of direct predecessors of task j ;
Si : Set of tasks assigned to station i ;
t (Si ) : Processing time at station i , t (Si ) = ∑n

j=1
∑m

w=1 t jwxi j yiw, ∀i ;
ui : Utilization of the station Si , ui = t (Si )/max1≤i≤m{t (Si )};
u : Average utilization of all stations,u = 1/m

∑m
i=1 ui .

Decision Variables:

xi j =
{
1, if task j is assigned to station i,

0, otherwise,

yiw =
{
1, if task w is working in station i,

0, otherwise.

Mathematical Model:

min cT = max
1≤i≤m

{
n∑

j=1

m∑

w=1

t jwxi j yiw} (12)

min dT =
m∑

i=1

∑

j∈Si

m∑

w=1

d jw yiw (13)

s.t.
m∑

i=1

i xi j ≥
m∑

i=1

i xik, ∀ k ∈ Pre( j),∀ j (14)

m∑

i=1

xi j = 1, ∀ j (15)

m∑

w=1

yiw = 1, ∀i (16)
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m∑

i=1

yiw = 1, ∀w (17)

xi j , yiw ∈ {0, 1}, ∀i, j,w. (18)

The first objective (12) of the model is to minimize the cycle time of the assembly
line. The second objective (13) is to minimize the total worker cost. Inequity (14)
states that all predecessor of task j must be assign to a station, which is in front of
or the same as the station that task j is assigned in. Equation (15) ensures that task
j must be assigned to only one station. Equation (16) ensures that only one worker
can be allocated to station i . Equation (17) ensures that worker w can be allocated to
only one station and Eq. (18) represents the nonnegative restrictions.

The MoALB-WC problem concerns with the assignment of the tasks to stations
and the allocation of the available workers for each station in order to minimize the
cycle time and minimize the total cost under the constraint of precedence relation-
ships (see [11, 12] for details).

We employed Gunther’s problem data with 35 tasks and 6 stations and all the
simulations are performed on Pentium Dual-Core processor (2.70 GHz clock) and
2GB memory. The adopted parameters are listed as follows: population size, 100;
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Fig. 4 C , S P and CPU times by 3 methods for MoALB problem. a Coverage for MoHEA and
NSGA-II. b Coverage for MoHEA and SPEA2. c Spacing. d CPU time
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maxi-mum generation, 500; archive size, 50; crossover probability, 0.80 and 0.30;
mutation probability, 0.40 and 0.10.

The Fig. 4 shows the numerical comparison of the box-and-whisker plots for C ,
S P and the CPU times by 3 methods. From Fig. 4 we can see that the convergence
and distribution performance ofMoHEA is better than famous NSGA-II and SPEA2,
and the efficiency is better.

5 Conclusions

In this study, a MoHEA (multiobjective hybrid evolutionary algorithm) framework
was proposed to solve multiobjective scheduling problems such as multiobjective
process planning and scheduling (MoPPS) problem and multiobjective assemble
line balancing (MoALB) problem.

A Pareto dominating and dominated relationship based fitness function was pro-
posed to evaluate the individuals. PDDR-FF (Pareto dominating and dominated
relationship-based fitness function) could provide a clear classification between non-
dominated solution and dominated solution, but also a clear difference among solu-
tions locating along the Pareto front.The proposed method combined the advantages
of VEGA and PDDR-FF based archive updating strategies. The selection strategy of
VEGA has a preference for the edge region of the Pareto front and the PDDR-FF-
based sampling strategy has the tendency converging toward the center area of the
Pareto front. The MoHEA could preserve that the solutions approached to the true
Pareto front as close as possible in various directions.

Numerical comparisons for two practical multiobjective scheduling problems in-
dicated that MoHEA was better than IVEGA-A in efficacy while the efficiency was
closely equivalent, and both convergence and distribution performancewere also bet-
ter than NSGA-II and SPEA2 as well as VEGA, AWGA and i-AWGA, furthermore,
the efficiency was obviously better than NSGA-II and SPEA2. Especially, MoHEA
can also keep diversity evenly without special distributionmechanisms like NSGA-II
and SPEA2.
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Abstract Science parks are known tools for development of high technologies. In
recent years, much attention has been given to these institutions in all countries and
also in Iran. This paper attempts to provide a framework for evaluating the potential
of creating competitive advantages by science and technology parks in Iran using
foreign models and studies in this field and also considering the local dimensions of
the issue. In considered model some aspects have been determined such as human
resources, R&D and technology transfer, market development and facilities that are
main effective aspects on potential of creating competitive advantages in science
and technology parks. The Fuzzy decision making trial and evaluation laboratory
(DEMATEL) method is proposed in order to find the cause and effect aspects and
determining the priorities of planning in science and technology parks. The pro-
posed framework applied to Pardis Technology Park in Iran and then key aspects of
competitive advantage were examined.
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1 Introduction

Many studies have expressed that science parks are important tools in the develop-
ment of high-tech industries [1]. These parks were originally established in Western
countries. Silicon Valley and rout 128 can be noted as successful examples of these
parks in USA [2]. These successful experiences of the USA became an important
factor in the modeling of scientific park model in other countries.

In developed countries, establishing a science park usually creates the expectation
of the reindustrialization of area and eliminating undeveloped areas. In developing
economies, a science park is expected to act as a development catalyst and promote
new firms in high technology in a way that they create more innovation in their
products and processes [3]. The assessing of academic knowledge and expertise by
businesses located on-site is a key principle of Science Parks [4]. Research links
may take many forms, from formal contracts for research to more informal contracts
as well as the transfer of personnel between academia and industry. Science Parks
provide an important resource network for new technology-based firms (NTBFs).
The importance of NTBFs on Science Parks is related to their performance: they are
expected to “perform better” than the average firm. So the main purpose of this study
is to identifying and ranking factors causing for competitive advantage in science
parks. Therefore in this study, after reviewing the literature on the second part, The
theoretical framework of research will be discussed. Then the rank of key factors ti
creating competitive advantage in this park can be obtained using fuzzy DEMATEL.

2 Literature Review

Institutions such as science parks and industrial clusters, are trying to improve com-
petitive power of companies. The difference between them is that science parks
operate in high tech industries but clusters cover various industries. Because of the
similar missions of these institutions and the tools they use to achieve their goals, in
many studies, these two topics explore in the same field. For example Lai and Shyu
[5] compared the innovation capacity of two science parks by the innovation orien-
tatation of national industry clusters model of Furman et al. Also, Lin and Tzeng [6]
has investigated the value created of the Science and Technology Parks, by deter-
mining the factors that affect on industrial clusters. Moreover, it should be noted that
one of the most effective strategies to increase the competitiveness of companies in
science parks is clustering them that is used as a factor, in performance measurement
of many parks. In this study, by using literature of industrial clusters and other stud-
ies in the field of science and technology parks, we identified critical factors which
create competitive advantages for the companies located in the science Parks.

Lin et al. [7] explained the effects of industrial clusters in viewpoint of system
dynamics and suggests that 4 factors of human resources, technology, money and
market as themain influencing factors of industrial clusters. Sun et al. [8] introduced 6
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factors as factors that contribute industrial clusters to achieving national competitive
advantage and searched the effect of these factors in Hesincho park. The six factors
are: Input conditions, local demand conditions, related and supporting industries,
competition, corporate strategy and structure, government support and culture. Thus,
they concluded that these factors have played a key role in increasing the competitive
advantage in science and technology parks.

Fukugawa [9] expressed the most important assistant that science parks could
provide for new technology based firms is creation of connection with higher edu-
cation institutes and research institutes. The science parks have combined functions
of the traditional industry parks and incubation centers, and thus NTBF could obtain
research resources and desired technologies from the assistance of R&D institutes.
Therefore, NTBF could easily find suitable strongholds to commercialize their tech-
nologies [6]. Since science and technology parks are interface between universities
and R&D organizations, So can have very significant role in the economic develop-
ment of the country. Therefore, understanding the factors determining the competitive
advantage and prioritization of them can facilitate the convergence rate of growth.

3 Theoretical Framework

According to the above mentioned studies and factors mentioned in other studies,
factors that create competitive advantages in science parks were identified and are
listed in Table1.

To determine themajor factors in Iranian science parks, a questionnaire consisting
of 18 factors was prepared. The questionnaires were sent to a number of experts
(science and technology policy makers, managers of science parks and managers of
locatedfirms). In the questionnaire, thefive levelLikert scale (1means no importance,

Table 1 Effective factor identified by literature review

High quality scientist and engineer Proper domestic market share

High quality human resource in field of management
and marketing and entrepreneurship

Supporting culture of innovation

Access to reference laboratory communication with
universities and R&D institutes

Access to required market information

Access to high quality suppliers

Cooperation with similar companies Existence of rivalry

Access to required technology information customs
and tax exemptions

The quality of local demand

Expected local demand

Financial support Supporting environment for Investment

Provision of physical infrastructures Export power
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Table 2 Effective factor identified by experts opinions

Human resources H1: High quality scientist and engineer

H2: High quality human resource in field of management and
marketing

R&D and technology
transfer

R1: Access to reference laboratory

R2: Communication with universities and R&D institutes

R3: Cooperation with similar companies

R4: Access to required technology information

Facilities F1: Customs and tax exemptions

F2: Financial support

F3: Provision of physical infrastructures

Market development M1: Proper domestic market share

M2: Export power

M3: Access to required market information

to 5 means very significant important) was used. According to the results of 32 ques-
tionnaires that came to us, 12 factors as shown inTable2were identified as influencing
factors in science and technology parks then using expert opinion these factors were
placed in 4 categories that are: human resources, research and development and tech-
nology transfer, facilities and market development. In the following, we describe an
overview of these factors.

4 The DEMATEL Method

DEMATEL method was first created at Science and Human Affairs Program of the
Battelle Memorial Institute of Geneva and it is used to study complicated phenom-
ena [10]. It has been used widely in many field of studies such as, evaluating core
competencies, decision-making, knowledge management, operations research and
technology research [11]. The structure of DEMATEL and its calculation proce-
dures are summarized as fallow:

Step 1. Establishing the direct-relation matrix. In order to measure the relationship
between factors i and j requires that the comparison scale to be designed according to
the following four levels (No influence (0) up to Very high influence (4)). The integer
score xk

i j is given by the kth expert and shows the degree to which the criterion i
affects the criterion j . The n × n matrix A is calculated in Eq. (1) by averaging
individual expert’s scores,

a = 1

H

H∑

k=1

xk
i j , (1)

where H is the number of experts.
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Step 2. Normalizing the direct-relation matrix. On the basis of the direct-relation
matrix A, the normalized direct-relation matrix X can be obtained through the fol-
lowing equations:

s = max

(
max
1≤ j≤n

n∑

j=1

ai j , max
1≤ j≤n

n∑

i=1

ai j

)
, (2)

X = A

s
. (3)

Step 3. Calculating the total-relation matrix. Once the normalized direct-relation
X is obtained, the total-relation matrix T can be calculated by following equation,
where I is the identity matrix.

T = X(I − X)−1. (4)

Step 4. Building a causal diagram. The sum of rows and the sum of columns are
respectively denoted as vector D and vector R. The horizontal axis vector (D + R),
named Prominence, represents the importance of the criterion. Similarly, the vertical
axis (D−R), namedRelation, divides criteria into a causal group and an effect group.
According to the previous statements, the factor is causal, if (D − R) is positive,
and the factor is effect when (D − R) is negative. Thus, the causal diagram can be
acquired by mapping the dataset of (D + R, D − R).

T = [ti j ]n×n, i, j = 1, 2, · · · , n, (5)

D =
[ n∑

j=1

ti j

]

n×1
= [ti ]n×1, (6)

R =
[ n∑

j=1

ti j

]′

1×n
= [t j ]n×1. (7)

Step 5. Determine the threshold value. Inmany cases, it is necessary to set a threshold
value α for explaining the structural relation among factors while simultaneously
keeping the complexity of the whole system to a manageable level. Threshold value
α is determined by experts in order to set up the minimum value of influence level.
An influence relationship between two elements will be excluded from the map if
their correlative value in the matrix T is smaller than α.

5 Fuzzy Logic

In the real world, many decisions include imprecision because goals, constraints, and
possible actions are not known precisely [12]. When we are making a decision in a
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fuzzy environment, the result of decision-making is highly influenced by subjective
judgments that are vague and imprecise. The sources of imprecision are unquantifi-
able information, incomplete information, non-obtainable information, and partial
ignorance [13]. In order to find away to solve the problem of imprecision, Zadeh [14]
introduced fuzzy set theory as amathematical way to represent and handle vagueness
in decision-making.

It is very hard to express reasonably the situations that are very complex or diffi-
cult to define, by using conventional quantification; so using the linguistic variable
concept is necessary in such situation. Linguistic variable are variables that their
values are words or phrases in a natural language [15].

In calculations procedures, linguistic values can be replaced by fuzzy numbers.
In this study we use triangular fuzzy numbers (TFN). A triangular fuzzy number Ã
is shown as [(L , M, U )] where L and U are respectively top and bottom boundary
of Ã as shown in Fig. 1. The membership function is defined as:

μ Ã(x) =
⎧
⎨

⎩

(x − L)
/
(M − L), L ≤ x ≤ M

(U − x)
/
(U − M), M ≤ x ≤ U

0, otherwise.
(8)

The operational laws of two triangular fuzzy numbers are as fallow:

Ã1 ⊕ Ã2 = (L1, M1, U1) + (L2, M2, U2) = (L1 + L2, M1 + M2, U1 + U2), (9)

Ã1 − Ã2 = (L1, M1, U1) − (L2, M2, U2) = (L1 − U2, M1 − M2, U1 − L2),

(10)

Ã1 ⊗ Ã2 = (L1, M1, U1) ⊗ (L2, M2, U2) = (L1L2, M1M2, U1U2), (11)

Ã1 ϕ Ã2 = (L1, M1, U1) ϕ (L2, M2, U2) = (L1
/

U2, M1
/

M2, U1
/

L2), (12)

Ã−1
1 = (L1, M1, U1)

−1 = (1
/

U1, 1
/

M1, 1
/

L1). (13)

Fig. 1 Membership function
of triangular fuzzy numbers
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Table 3 The fuzzy linguistic scale

Linguistic terms Triangular fuzzy numbers

Very high influence (VH) (0.75, 1.0, 1.0)

High influence (H) (0.5, 0.75, 1.0)

Low influence (L) (0.25, 0.5, 0.75)

Very low influence (VL) (0, 0.25, 0.5)

No influence (No) (0, 0, 0.25)

6 Procedure of Fuzzy DEMATEL

In order to use fuzzy logic in DEMATEL method in the first step in measuring the
relationship between criteria, a decision group of p experts were asked to make sets
of pair-wise comparisons in terms of defined linguistic terms (as shown in Table3).

Hence, p fuzzy matrices were obtained.
Following equation is used to calculate the average fuzzy matrix.

z̃ = (z̃1 + z̃2 + · · · + z̃ p)
/

p. (14)

We call this matrix, initial direct-relation fuzzy matrix which shows as below.

z̃ =

⎡

⎢
⎢
⎢
⎣

0 z̃12 · · · z̃1n

z̃21 0 · · · z̃1n
...

...
. . .

...

z̃n2 z̃n2 · · · 0

⎤

⎥
⎥
⎥
⎦

, where z̃i j = (li j , mi j , ri j ). (15)

Now by using a deffuzication method we can obtain initial direct-relation matrix.
In order to transform TFN numbers to crisp values we use CFCS defuzzication

method [16]. Four steps of the CFCS method described as follows:

1. Normalization:

xli j = (li j − min li j )/Δ
max
min , (16)

xmi j = (mi j − min li j )/Δ
max
min , (17)

xli j = (ri j − min li j )/Δ
max
min , (18)

where

Δmax
min = max ri j − min li j . (19)
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2. Compute right (rs) and left (ls) normalized values:

xlsi j = xmi j/(1 + xmi j − xli j ), (20)

xrsi j = xri j/(1 + xri j − xmi j ). (21)

3. Compute total normalized crisp values:

xi j = [xlsi j (1 − xlsi j ) + xrsi j xrsi j ]/[1 − xlsi j + xrsi j ]. (22)

4. Compute crisp values:

zi j = min li j + xi jΔ
max
min . (23)

The remaining calculation procedure of fuzzy DEMATEL is like the normal DEMA-
TEL.

7 Results

In this study a questionnaire sent to all located firms in Pardis Technology Park that 43
firms answered the questionnaire. At the first step, linguistic variables transformed
to triangular fuzzy numbers. Then average matrix calculated and the initial direct
relation fuzzy matrix obtained. This matrix is shown in Table4.

The CSCF method was used to calculate the initial direct matrix obtained. This
matrix is shown in Table5. In this step we calculated the normalized initial direct-
relation matrix D; and it is shown in Table6.

Table 4 Initial direct-relation fuzzy matrix of Pardis Technology Park

H R F M

H (0, 0, 0) (0.395, 0.645, 0.849) (0.308,0.558, 0.779 ) (0.378, 0.628, 0.820)

R (0.192, 0.419, 0.657) (0, 0, 0) (0.244, 0.488, 0.733) (0.384, 0.622, 0.831)

F (0.145, 0.331, 0.564) (0.285, 0.483, 0.686) (0, 0, 0) (0.442, 0.692, 0.872)

M (0.262, 0.494, 0.733) (0.349, 0.587, 0.820) (0.494, 0.738, 0.895) (0, 0, 0)

Table 5 Initial direct-relation matrix of Pardis Technology Park

H R F M

H 0 0.624 0.545 0.606

R 0.423 0 0.485 0.605

F 0.347 0.482 0 0.665

M 0.492 0.576 0.708 0
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Table 6 The normalized initial direct-relation matrix of Pardis Technology Park

H R F M

H 0 0.333 0.291 0.323

R 0.225 0 0.259 0.322

F 0.185 0.257 0 0.355

M 0.262 0.307 0.377 0

Table 7 Total relation matrix of Pardis Technology Park

H R F M

H 1.3287 1.9077 1.9476 2.0578

R 1.357 1.4623 1.728 1.8446

F 1.3208 1.6527 1.5098 1.8498

M 1.5247 1.8788 1.9869 1.8028

Table 8 The prominence and relation axis for causal diagram

Aspect D R (D + R) (D − R)

H 7.2418 5.5312 12.773 1.711

R 6.3919 6.9015 13.293 −0.51

F 6.3331 7.1723 13.505 −0.839

M 7.1932 7.555 14.748 −0.3618

Total relation matrix was calculated by using Eq. (4) as shown in Table7.
Based on Eqs. (5) and (6) the prominence and relation values calculated as shown

in Table8.
The calculation procedure for each aspect is the same. The causal diagram for

Pardis Technology Park is shown in Fig. 2.
Regarding to the outcomes of DEMATEL method following results acquired:
Market development aspect has the most prominence and human resource aspect

has the less importance between quadruple aspects. But the human resource aspect is
the sole causal aspect, and other three aspects include R&S and technology transfer,
facilities and market development are effect aspects.
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Fig. 2 a Initial direct-relation fuzzymatrix ofPardisTechnologyPark b Initial direct-relationmatrix
of Pardis Technology Park c The normalized initial direct-relationmatrix of Pardis Technology Park
d Total relation matrix of Pardis Technology Park e The prominence and relation axis for causal
diagram

8 Conclusion

Conclusion Many factors affect the performance of the firms that located on science
parks. Depending on the general state of the country these factors will change. In
this study we explored most important factors which affect the firms in a developing
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country. Science parks in Iran provide different kind of services for their firm that
will improve their performance and create competitive advantages for them. Base
on a comprehensive survey of literature in this field and many interviews and ques-
tionnaires, twelve effective factors identified and categorized in four aspects, by the
opinion of a group of experts. These four aspects are human resource, R&D and
technology transfer, facilities and market development. The proposed framework
applied in Pardis Technology Park and the following results obtained. According to
the DEMATEL method promoting the human resource aspect can improve all other
three aspects and help to increase the total performance of the Pardis Technology
Park. So the management of the Pardis Technology Park should focus on the human
resource aspect.

References

1. Jen CC, Huang CC (2004) Amultiple criteria evaluation of high-tech industries for the science-
based industrial park in Taiwan. Inf Manage 41:839–851

2. Zeng SX, Xie XM, Tam CM (2010) Evaluating innovation capabilities for science parks: a
system mode. Technol Econ Dev Econ 3:397–413

3. Barbara B, Dormio AI, Nosell A (2006) Assessing science parks’ performances: directions
from selected Italian case studies. Technovation 26:489–505

4. Hans L, Peter L (2002) Science parks and the growth of new technology based firms academic-
industry links: innovation and markets. Res Policy 31:859–876

5. Lai HC, Shyu JZ (2005) A comparison of innovation capacity at science parks across the
Taiwan strait: the case of Zhangjiang High-tech Park and Hsinchu Science-based Industrial
Park. Technovation 25:805–813

6. Lin CL,GwoTH (2009) A value-created system of science (technology) park by using dematel.
Expert Syst Appl 36:9683–9697

7. Lin CH, Tung CM, Huang CT (2006) Elucidating the industrial clusters effect from a system
dynamics perspective. Technovation 4:473–482

8. Sun CC (2011) Evaluating and benchmarking productive performances of six industries in
Taiwan Hsin Chu Industrial Science Park. Expert Syst Appl 38:2195–2205

9. Fukugawa N (2006) Science parks in Japan and their value-added contributions to new
technology-based firms. Int J Ind Organ 24:381–400

10. Wu WW, Lee YT (2007) Developing global managers’ competencies using the fuzzy dematel
method. Expert Syst Appl 32:499–509

11. Lin YT, Yang YH et al (2011) Using dematel method to explore the core competences and
causal effect of the IC design service company: An empirical case study. Expert Systems with
Applications 38:6262–6268

12. Bellman R, Zadeh L (1970) Decision-making in a fuzzy environment management. Manage
Sci 4:141–164

13. Chen SJ, Hwang CL, Hwang FP (1992) Fuzzy multiple attribute decision making methods and
applications. Springer, New York

14. Zadeh L (1965) Fuzzy sets. Inf Control 2:338–353
15. Altrock V (1996) Fuzzy logic and neurofuzzy applications in business and finance. Prentice-

Hall, New Jersey
16. Opricovic S, Tzeng GH (2003) Defuzzification within a multicriteria decision model. Int J

Uncertainty Fuzziness Knowl Based Syst 5:635–652



Part VI
Project Management



Application of Scenario Approach to Optimal
Choice of Feedback Coefficients in Trading
Strategy Using PI-Controller

Aleksandra Kornivetc and Oleg Granichin

Abstract In a number of recent papers, new approaches devoted to financial math-
ematics in sphere of stock exchange were discovered. The most recent one considers
using a PI Controller. The main point here is that under idealized market conditions,
with non-trivial Geometric Brownian Motion, a combination of as static as dynamic
linear feedbacks leads to implementation of “robust positive expectation property”.
The positive expected value does not guaranteed a profit; however, it showed good
results in simulations. Considering such theory, it is necessary to analyze which new
features will bring introduction of a probabilistic basis. When we talk about prob-
ability, especially in such spheres as stock exchange, we cannot ignore the word
“compromise”. For this purpose, in this article we are going to consider the real-
ization of “compromise” through the scenario approach. This approach was already
applied to the portfolio theory. Portfolio selection was considered as the result of
minimax optimization of function constructed basing on previous data-scenarios.
These approaches were chosen by author with purpose for its further connection.
Thus, in this article the problem is formulated and scenario approach is considered
as effectively choice of feedbacks coefficients of trading strategy.

Keywords Scenario approach · Stock exchange · Adaptive strategy · Feedback ·
PI-controller

1 Introduction

In the last fewyears, the number ofworks devoted tofinancialmathematics, especially
to stock exchange, increased dramatically. It could be justified by growing interest of
traders, who want to receive winning strategy. In addition, developing market made
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its contribution. There are many different methods of stock exchange analysis. Two
of them we will consider later. The main problem here is an attempt to describe the
mathematical part of stock exchangewithout including human factor or other factors,
which are almost impossible to analyze. However, in practice especially these factors
influence the market a lot. Human factor, for example, includes gossips, expectations
and forecasts of analysts. It is important to mention, that except human factor, there
are many others-force majeure, politics etc. All these factors are hard to forecast or
somehow to include in a model. In addition, when we are talking about the stock
exchange, it is impossible to build the so-called model, which includes all factors.
Thus, we could made a conclusion, that stock exchange’s model does not exist.
Moreover, most of the methods, that are existing right now, do not describe the great
part of stock exchange’s “life”.

Nowadays different methods, which are trying to solve this problem, are devel-
oped. They are looking on it other way around. Some of them try to include the
factors by including uncertainty in their model, for example scenario approach, see
[8]. Briefly about this approach, it was developed, as it is now, see [4, 8], quiet
recently. However, it has already found the application in different spheres. It is
important to mention, that the keystone of this approach is compromise.

Usually, we consider solving control problems as optimization of some function.
Such function, for example cost function, includes variables used for uncertainty
simulation. The value of this functionwe could guarantee onlywith some probability.
However, by increasing probability, we receive worse value of function and vice
versa. Thus, as it was said before, it is necessary to reach a compromise. Of course,
it also depends on task formulation and a goal, which we want to reach.

The second set of methods, unlike the first one, does not try to consider uncer-
tainty a priory, but constantly updates the so-called “model” with help of feedbacks
and adaptive strategies. One of those strategies considers PI-controller (proportional-
integral controller), see [1–3, 6, 7], as a control tool for investment function. The
main point here is an absence of price dynamics model used to determine an amount
of investments I(t). Instead, the amount of investments is managedwith help of adap-
tive feedbacks, which constantly update such data, as cumulative profit and losses.
The main result, which was received in [1–3, 6, 7], could be rephrased as: under ide-
alized market conditions with prices governed by nontrivial Brownian Motion, the
combination of two static feedbacks, one-“long” and one-“short”, leads to positive
value of expectation for trade profit g(t) for all t > 0. As this statement holds inde-
pendently from parameters, which underlie in geometric Brownian Motion (GBM),
it receives the name of “robust positive expectation property”. In [7], within the
same conditions, the results of static feedback were expanded to dynamic. For this
purpose, the PI-controller was considered for investment function I(t), and then the
stochastic equations for expectation g(t) were reduced to the classical systems the
second order. With help of analytic solution it was proved, that out magical property
still holds.
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The purpose of this article is to consider two different approaches, which were
briefly considered in introduction to use one of them as efficiency improvement for
other. The article consists of three parts. In the next two, we will consider these
approaches. In the fourth part, the problem is formulated. In conclusion, some future
works will be listed.

2 Trading Strategy Under Idealized Market Conditions
with Using Proportional-Integral Controller

The main feature of this strategy is absence of price dynamic model to determine the
amount of investments I(t). Instead, it is governed and generated in “free-model”
manner with help of adaptive feedbacks, which update the data about cumulative
profit or losses g(t). Thus, instead of determining the amount of investments I(t),
which could be evaluated from time to time, based on some parameterized model,
some controllers (in our case PI-controller) could govern productivity, that means,
that I(t) is constantly updating based on cumulative profits and losses g(t) to the
time moment t without further price forecasting.

For the better understanding, it is also important to mention, that authors have
determined some definitions to describe trading on stock exchange:

• “long” linear feedback, which is characterized with amount of investments I(t)
at time moment t : I(t) = I0 + Kg(t), where I0 > 0—initial investments, and
K ≥ 0—data that we had received in process of feedback or feedback coefficient.

• “short” linear feedback, here the amount of investments I(t) is described with the
same formula, however in this case we suppose that I(t) < 0, which could be
received by initial investments I0 < 0 and K ≤ 0.

The last version of this approach considers a combination of both types of feed-
back and introduce one more notation-SLS (Simultaneous Long-Short) controller.
This controller has unique property: under idealized market conditions with prices
governed by GBM, with drift μ �= 0, non zero feedback K , and volatility σ �= 0,
independently from sign and value of μ and σ , SLS controller leads to trading gain
with positive value of expectation E[g(t)] for all t > 0.

In the previous works for static case it was found, that:

E[g(t)] = I0/K[eKμt + e−Kμt − 2], (1)

which is obviously more than zero for all t > 0. Thus, this property received the
name: “robust positive expectation property”.

The same property was also proved for dynamic case. Further Barmish and co-
authors adjusted control action to investment function I(t) under ILS condition.

Further the expectation of trading gain E[g(t)], which is associated with PI-
controller, was analyzed. The conditions are the same: idealized market and prices
p(t) generated by GBM. Then the stochastic differentiation equality was received:
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dp

p
= μdt + σdZ, (2)

where Z(t) is a standard Wiener process, μ is a drift parameter, and σ − volatility.
Theory allows us to consider three scenarios: Initially Long, Initially Short,

and Initially Long-Short (ILS). Adjective “initially” in scenario describing is used
because of fundamental difference between static and dynamic cases. Thus, in static
case with KI = 0, as it is shown in previous works, the sign of IL(t) and IS(t) is con-
stant during all trading. However, when we include the process of integration with
KI �=0, the trading could be finished with IL(t), or IS(t) changing its sign; for example,
Initially Long position could be changed in Initially Short. In conclusion, in case of
ILS, control, as a sum of “long” and “short” position, could be reduced to:

I (t) = Kp (gL (t) − gS (t)) + KI

∫ t

0
(gL (τ ) − gS (τ )) dτ. (3)

The task was also formulated in vector-space and the examples of this approach
application were also demonstrated.

3 Scenario Approach

The second approach was already adapted to stock exchange. However, the main
object here is a portfolio optimization, see [4].

It should be mentioned, that this approach has already found different spheres of
application. The main idea, that is the keystone of this approach, is compromise.

Usually we consider the control problem solving as an optimization of some
function. Such function (it could be, for example, cost function) consist of some
variables, which are used for uncertainty simulation and we could guarantee its
value only with some probability. Moreover, when we increase the probability, the
function value becomesworse, and vice versa. That is why it is a question of necessity
to reach a compromise. Of course, it also depends on problem formulation and our
goals.

Uncertainty could emerge in different cases. For example, structure uncertainty
could be attributed to the situation, when we do not have exact data about system
dynamic, and in the same time, the input data uncertainty is connected with some
unknown exogenous signals. Scenario approach is some kind of tool in solving such
type of cases.

In this part of articlewewill briefly consider this approach for better understanding
of its adjustment to the first one. Let us introduce some denotations, which are used
in scenario approach, and which we will use further:
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• elements attributed with uncertainty we will denote as δ, when Δ is a specified
range for δ,

• let us define θ ∈ Rd as variable vector, which we could measure. Thus, unlike
δ, θ is chosen by user. For example, θ could be parameters of some controller,

• and, finally, function, which we want to optimize ζ(θ, δ).

The simultaneous existence of θ and δ means only partial knowledge about final
results of optimization is accessible because of θ . The reason is dependence of results
from uncertainty δ.

Such conditions bring us to the problem optimization with uncertainty, which
looks like:

min
θ∈Rd

� (θ, δ) , δ ∈ Δ. (4)

However, this problem is not fully formalized, because Eq. (4) does not describe
the way, how we could take into consideration δ, when we optimize function. The
solving of such problem requires more detailed information about uncertainty type.
That is why there are different types of approach, emerging depending on different
formulations. Among these is scenario approach.

It looks like a symbiosis of worst-case approach and method of averaging. In
addition, it uses probability to find out the chances, that some level of productivity
will be reached. Moreover, this approach considers optimization problems, where
the level of robustness is modulated.

When we consider some example, the problem formulation is sounded as min-
imizing of maximum cost with maximum taken from reduced set Δε ⊂ Δ with
probability PrΔε = 1 − ε:

min
θ∈d ,Δε

[max
δ∈Δε

� (θ, δ)]. (5)

Defining optimal solution in Eq. (5) as θ∗, and optimal function value as ζ ∗, it is
possible to combine these two parameters:

�∗
ε = max

δ∈Δε

� (θ, δ) . (6)

Thus, the value ζ ∗
ε is guaranteed independently from all issues of uncertainty from

Δε with probability 1 − ε.
The reason,whywe reduce the set, is thewish to receive a smaller optimal function

value in comparison with worst-case approach. The level of robustness depends on
ε, and, for received ε, the setΔε must be chosen so, that we could reduce the optimal
value as far as possible. Parameter ε could be varied and adjusted according to user
preferences: the bigger value of ε the better systemworks, but the higher risk of error
emerging. It is also important tomention, that level of robustness could be controlled.

In conclusion, it is important to notice, that this approach is unique tool in com-
promise gain process.
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4 Problem Formulation

Let us consider the trading strategy under idealized market conditions with using PI-
controller, which we have already considered in the first part of this article. Thus,
assume that our trading strategy is looks like:

I(t) = Kp (gL (t) − gS (t)) + KI

∫ t

0
(gL (τ ) − gS (τ )) dτ, (7)

where I(t) is the amount of further investments, gL and gS are the trading “long”
or “short” gains, according to the chosen case and KP and KI are the feedback
coefficients.

We still work under the same idealized market conditions:

• continuously transactions, by this we understand, that the amount invested can be
continuously updated;

• perfect liquidity-no gap between bid and ask;
• the trader is price taker or transactions that are undertaken by user do not influence
the market;

• zero transaction costs-no taxes, no fees and no commissions;
• adequacy of resources-there are enough resources, which allow to trader to make
a necessary maneuvers;

• no interest and margin charges neither for our bank account, where we hold our
money for further investment, nor for received trading gain.

Assume, that themarket situation is governed by non-trivial GBMand stock prices
behave accordingly:

dp

p
= μdt + σdZ, (8)

where Z(t) is a standard Wiener process, μ is a drift parameter, and σ −volatility. In
addition, we are going to consider the stochastic differential equation for the trading
gain g. Here we will consider the equation for the “long” position, however the same
could be applied for the “short” case:

dgL = dp

p
× I = (μdt + σdZ)(I0 + KpgL (t) + KI

∫ t

0
gL (τ ) dτ). (9)

Returning to the Eq. (7), we have a function ζ of gL , gS , KP and KI :

� (gL, gS, KP, KI ) . (10)

Further, we are going to use scenario approach to reach a goal. Thus, we will draw
similarities between it and current trading strategy.
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Fig. 1 The “scenario paradigm”

Thereby:

• elements attributed with uncertainty, and which were previously denoted as δ, now
are attributed as KP and KI ,

• and we have parameters, which we could evaluate: gL is a θ1 and gS is a θ2,
• and, finally, our function, which we want to optimize: I(gL, gS, KP, KI ) (we want
to minimize the amount of investments I , given that we want to maximize trading
gain g).

Further, we are going to consider the part of scenario approach. Figure1 was
borrowed from the presentation of EECI International Graduate School (graduate
course on the Scenario approach, Care et al. [5]). It shows schematically the main
principal of scenario approach. Here we can see δ1, δ2, δ3 . . . (or in our case the
feedback coefficients), which we are going to pick from our hole set. Then we are
searching for optimal solution with the definite amount of scenarios. The question
is, how many scenarios school we take?

Next, we are going to consider the theorem of scenario approach, which will give
us the answer. It has a name of ε-robustness, see Eq. (8).

Theorem 1 (ε-robustness)
Fix ε ∈ (0, 1) (risk parameter) β ∈ (0, 1) (confidence parameter). If

N = 2

ε

(
ln

1

β
+ d

)
, (11)

then, with probabilit y ≥ 1 − β, ζ ∗ is ε-risk guaranteed.

Here N is a number of scenarios or models and d is the number of θ , in our case
it equals to 2.
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Let us consider the “family” of {KP, KI }:
{
K1

P, K1
I

}
,
{
K2

P, K2
I

} · · · {Kn
P, Kn

I

}
. In

addition, its corresponding outputs: I1, I2, . . . In. By applying “ε−robustness” theo-
rem, we receive, that:

Theorem 2 If n = N and we fix ε ∈ (0, 1) and β ∈ (0, 1), then the optimal value
of the investment function ζ ∗ is ε-risk guaranteed, with probability ≥ 1 − β.

5 Conclusion

In this chapter, the consideration of two approaches was made for its further proper
combination. The problem was briefly formulated. Scenario approach is used to
define the coefficients of PI- controller optimal choice. In future works the problem
formulation will be considered more detailed, and it is the question of necessity to
consider a simulation of this case.
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A New Condition Monitoring Approach
for Maintenance Management
in Concentrate Solar Plants

Carlos Quiterio Gómez Muñoz , Fausto Pedro García Marquez,
Cheng Liang, Kogia Maria, Mohimi Abbas and Papaelias Mayorkinos

Abstract The concentrated solar energy is one of the most important renewable
energy source. It is crucial to ensure that the solar receivers work properly to avoid
failures, and to increase the reliability, availability, safety and maintainability. Non-
destructive testing (NDT) is used in structural health monitoring systems for fault
detection and diagnosis (FDD). The main purpose of this paper is to present a novel
approach for FDD based on long range ultrasonic technology, together with a signal
processing of ultrasonic waves (Shear waves) employing wavelet transforms using a
variable window size. A new electromagnetic acoustic transducer (EMAT) generates
high frequency waves that flow through the material. A similar transducer is also
employed as a sensor to collect the guided wave. These waves have a particular
behaviour according to the condition of the material. It is analyse the influence of
the temperature in the propagation of an ultrasonic pulse through the material. This
information is very useful to carry out a proper signal analysis in order to find cracks
or failures on the pipes, the correct operation of the system, etc.

Keywords Maintenance management · Concentrated solar plants · Wavelet
transform · Electromagnetic acoustic receiver · Parabolic through receiver · High
temperature ultrasonic signals

1 Introduction

Non-destructive testing (NDT) for fault detection in structures have gained relevant
attention in recent years due to significant advances in instrumentation technology
and digital signal processing. Techniques for Structural Health Monitoring (SHM)
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permit to identify and diagnose the fault and its location on the basis of changes in
static and dynamic structure features. In addition, these techniques can be remotely
controlled and they may work online saving important costs associated to manual
inspections and warning times. The capability of NDT to prevent faults is one of
their main advantages, which typically achieve a better reliability, availability, main-
tainability and a cost reduction of the system [7, 13].

Within the NDT field, guided waves are a common technique employed for SHM.
These waves are particularly useful in geometries such plates or tubes. This tech-
nology is based on the excitation of low frequency ultrasonic waves flowing along
the pipeline over long distances and allowing inspections of large areas without any
relocation of the actuator, as it occurs in classical ultrasonic methods [3]. This tech-
nology may be used in pipelines under working conditions and it can be inspected
from a single position, what is particularly indicated when monitoring inaccessible
areas, e.g. isolated materials, partially buried structures, corrosive atmospheres or
structures under the sea [15]. Since these signals can be recorded and processed,
novel methodologies are arising so as to perform predictive analysis in real time.

Within the NDT field, guided waves are a common technique employed for SHM.
These waves are particularly useful in geometries such plates or tubes. This tech-
nology is based on the excitation of low frequency ultrasonic waves flowing along
the pipeline over long distances and allowing inspections of large areas without any
relocation of the actuator, as it occurs in classical ultrasonic methods [3]. This tech-
nology may be used in pipelines under working conditions and it can be inspected
from a single position, what is particularly indicated when monitoring inaccessible
areas, e.g. isolated materials, partially buried structures, corrosive atmospheres or
structures under the sea [15]. Since these signals can be recorded and processed,
novel methodologies are arising so as to perform predictive analysis in real time.

The temperature can cause structural problems in the medium and long-term.
Note that this study is crucial since the cost of PTR can reach the 30% of the overall
solar field cost. Therefore, the correct maintenance of the receivers is of paramount
importance to assure that CSP plants work properly [6, 10]. The average annual
PTR replacement rate from 1997–2001 was about 5.5% [14]. Nowadays, it has
been reduced to 3.37% [10] and forecasts indicate that the replacement rates should
decrease up to 0.5% for a near future [14].

The FDD proposed is able to detect faults or structural modifications, e.g.
scratches, cuts, changes in thickness or edges by identifying pattern changes in
the input-ouput signals [11]. The signal processing is based on system identifica-
tion techniques in discrete time to estimate potential changes, employing Wavelet
Multisignal Analysis in one dimension will be employed to identify the structure at
different temperatures.
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2 A New Electromagnetic Acoustic Transducer for
Condition Monitoring

The Electromagnetic Acoustic Transducer (EMAT) (Fig. 1) is a transducer for non-
contact sound generation and reception using electromagnetic mechanisms. It has
been widely used in non-destructive testing in the generation of Shear and Lamb
waves [2]. A new EMAT has been developed specifically for this purpose, with a
specific configuration of coil and magnets.

Fig. 1 Picture of 1st generation EMAT transducer

Fig. 2 First generation EMAT transducer
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Fig. 3 Principle of EMAT transmitter and receiver for longitudinal inspection

Considering the dimension of the pipe (outer radius 35mm ) and the review on
EMAT configuration, a design of the EMAT transducer for this application is shown
in Fig. 2, using PPM and race track coil to generate SHOmode in a plate or equivalent
T (0, 1) mode in a pipe. The dimension of each magnet is 15mm × 5mm × 5 mm.
The distance between magnets is 1mm. In addition, the magnetic strength of each
magnet is 0.3T . The diameter of coil is 0.315mm and the width and length are 15
and 35mm respectively with a lift-off distance 0.1mm to the sample.

The type of EMAT configuration shown in Fig. 3 is mainly to detect transver-
sal defects (spiral cracking, blowout holes, circumferential cracking, bell splitting,
etc.). In this case, Lorentz forces are generated normal to the tube wall, and so that
the compressive forces produce ultrasound propagating along longitudinal direction
through the tube/pipe for inspection.

3 Experiments

An experimental platform that comprises a high power pulser-receiver and a condi-
tion monitoring system based on electromagnetic acoustic transducers placed on an
austenitic stainless steel plate is designed in order to illustrate the results (Fig. 4). The

Fig. 4 Placement of the
EMAT on austenitic steel
plate
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Table 1 Physical properties of 316T i steel and the influence of temperature

Thermal expansion 10e−6 × K e−1 16.5 17.5 18 18.5 19

Modulus of elasticity longitudinal Gpa 200 194 186 179 172 165

Poisson number μ 0.3

Electrical resistivity �mm2/m 0.75 0.79 0.87 0.94 0.98 1.02

Electrical conductivity Siemens ·mm2/m 1.33

Specific heat J/(kgK) 500 500 520 530 540 540

Density kg/dm3 8

Thermal conductivity W/mK 15 16 17.5 19 20.5 22

Relative magnetic permeability μ γ 1.02

Temperature (◦C) 20 100 200 300 400 500

plate material is the same as that used in the solar concentration pipes (316T i , stan-
dard carbon 3116 Type with titanium stabilisation). The properties of this material
and the influence of temperature thereon is found in Table1.

The plate is heated with a heater pad for the tests of emission and reception
of ultrasonic pulses by the EMAT from 40 to 180 ◦C (see Fig. 5). Each test was
performedwhen the temperature increased 10 ◦C. It has been used a 6 cycles Hanning
pulse with a frequency of 256 kHz to excite the EMAT.

Fig. 5 Heater pad on the
plate
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4 Wavelet Transform

Wavelet transform (WT) improves the limitations of resolution and the loss of infor-
mation presented by the Short-Time Fourier Transform or the Fast Fourier Transform
[5]. This technique uses a variable window size, using large windows where it is
required accuracy in low frequencies, and using small windows where the informa-
tion is in the high frequencies (Fig. 6). Other way to understand the operating mode
of the WT is to think that the signal passes through a low pass filter and high pass
filter. The resulting signal from low pass filter is the approximations Ai , and the
resulting signals from the high pass filter are the details Di (Fig. 7), where c is the
subsampling. For discrete signals it can be applied single-level or multi-level filters.
The sum of the approximations and details should be given as a result the original
signal.

Wavelet transforms are commonly categorized asContinuousWavelet Transforms
(CWT), Discrete Wavelet Transforms (DWT), Wavelet Packet Transforms (PWT)
among others [4, 8]. The mother wavelet, which is given by the Eq. (1).

Ψs,T (t) =
(
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Fig. 6 Signals obtained by the EMAT with the plate at 40 and 180 ◦C

Fig. 7 Wavelet decompositions levels with subsampling
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Fig. 8 Wavelet
decompositions levels for
ultrasonic signals received
by the EMAT

where s is the scale factor, and τ is the translational factor. The wavelet transform
W f (s,τ ) of a function f (t) is the decomposition of f (t) in a set of functions forming
a base with the conjugate of the mother wavelet (ψ∗s, τt ). It is defined in Eq. (2):

W f (s,T ) =
∫

f (t)ψ∗
s,T (t)dt . (2)

Themost recurrent families ofwavelet transforms areHaar,Daubechies,Biortogonal,
Coiflets, Morlet or Symlet transforms. The selection of a particular family can be set
by the application where the wavelet is introduced [12].

It was used a multi-signal analysis, to analyse different scenarios together, and it
is obtained the energy of each signal. On the other hand it is obtained the percentage
of information of the decompositions in each signal. It was used the daubechies
wavelet family, which according to [9] are the most suitable for this type of signals,
because it are more sensitive to sudden changes. The number of levels that reports
best results was five. Figure8 shows the five levels of decompositions with their
respective frequencies for the signals obtained in the experiments.

5 Results

Table2 shows the results after the analysis of the signals for each temperature of
the steel plate. It is showed the resulting energy for each signal according to the
chosen wavelet decomposition, and it is also presents the percent of information
of each of the five decompositions (approximation and details). In all cases the D4
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Table 2 Wavelet decompositions and energy of the signals at different temperature

Wavelet Decompositions

Temperature (◦C) D1 (%) D2 (%) D3 (%) D4 (%) D5 (%) A5 (%) Energy

40 0.48 0.47 8.16 89.64 0.14 1.10 2.82E-03

50 0.10 0.26 7.56 90.44 0.10 1.55 2.35E-03

60 0.13 0.37 7.39 89.82 0.25 2.04 1.84E-03

70 0.14 0.42 7.19 89.31 0.49 2.45 1.49E-03

80 0.17 0.50 7.04 89.14 0.68 2.47 1.19E-03

90 0.20 0.65 7.03 88.87 0.74 2.51 9.96E-04

100 0.24 0.76 6.95 89.01 0.79 2.25 8.32E-04

110 0.28 0.94 6.86 89.34 0.64 1.94 6.98E-04

120 0.35 1.03 6.68 89.74 0.47 1.73 5.76E-04

130 0.37 1.09 6.61 89.88 0.30 1.74 5.32E-04

140 0.38 1.11 6.68 90.05 0.17 1.62 5.11E-04

150 0.40 1.09 6.79 90.17 0.14 1.41 5.13E-04

160 0.39 1.09 6.61 90.55 0.18 1.19 5.15E-04

170 0.49 1.14 6.61 90.40 0.17 1.18 5.04E-04

180 0.49 1.14 6.61 90.40 0.17 1.18 5.04E-04

Fig. 9 Percentage of signal information in each decomposition

decomposition contains the highest percentage of information of the original signal
ant it is associated with the frequency range 156–312 kHz. And it is consistent with
the excitation frequencies of the Hanning pulse used in the actuator (256 kHz). This
allowed study the frequencies of interest from other frequencies.
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Fig. 10 Energy of ultrasonic signals for each temperature

Figure 9 shows that D4 wavelet decomposition present the main percentage of
energy of the signal in the frequency range of 156–312 kHz, which is consistent since
the excitation ultrasonic pulse is 256 kHz. Finally a multi-signal processing analysis
employing wavelet transforms is done, providing a value of energy for each signal.

Figure10 shows that the energy decreases exponentially with increasing temper-
ature. This is due to, although the frequency remains constant, the signal amplitude
decreases as the temperature increases because it changes the parameters such as
Young’s modulus and Poisson’s ratio and this affects the velocity of wave propaga-
tion.

6 Conclusions

The development of condition monitoring techniques together with the use of
advanced signal processing approaches to reduce the failure rate of Parabolic Trough
Receivers (PTR) has been done in order to increase the reliability, availability and
investing returns in the generation of electricity bymeans of solar energy. PTRworks
at high temperatureswhere the properties of the ultrasonic inspection is affected. This
work reports a novel methodology to control the condition of the PTR steel part by
means of ultrasounds and digital signal processing. Particularly, a method for iden-
tifying changes in the ultrasonic signals due to changes in temperature is crucial to
detect any anomaly in the pipes with greater efficiency.

Significant discrepancies between the energy measurements can work as an alarm
signal to activate maintenance operations. Case studies based on laboratory experi-
ments have been done in order to demonstrate this novel approach.
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Research on the Resource Utilization of Soft
Sandstone in the Mu Us Sand Land Region
During the Land Consolidation Project

Lintao Luo and Huanyuan Wang

Abstract This paper presents research on the technological transition of soft sand-
stone from a single control object to a comprehensive resource utilization object
and proposes a feasible resource utilization method for soft sandstone in the Mu Us
Desert based on the Land Consolidation Project practice and experimental analy-
sis. The research showed that remixing the soil with soft sandstone and sand was
an effective measure to achieve soft sandstone resource utilization. This technology
improved the adverse nature of the sand, so that it both retains water and nutrients,
allowing the sand to become high-quality arable land and significantly improve crop
yields. Further, the soft sandstone and complex soil have a significant effect on sand
fixation. These research findings have already shown significant economic, social
and ecological benefits in the pilot application in the land development and demon-
stration project at Dajihan village in Yuyang district, Yulin City, Shaanxi Province,
where there has been a quality improvement of 2100ha land and an new arable land
increase of 1573.3ha. Resource utilization soft sandstone has important theoretical
and practical significance to soil erosion control and the comprehensive utilization
of desertified land in this area.
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1 Introduction

Soft sandstone is ancient Permian,MesozoicTriassic, Jurassic and cretaceous layered
thick sandstone,with a sand shale interbed and argillaceous sandstone rocks [10]. Soil
and water loss in the soft sandstone areas is serious because of soil erosion hazards
and leaching [17]. Soft sandstone is mainly distributed east of the Yellow River, west
of the Hangjinqi fault line, from northwest to southeast long the northeastern edge
of the Mu Us Desert, south of the city of Shenmu County, Shaanxi Province, and on
the northern edge of the Kubuqi desert, at latitudes 38◦10′ ∼ 40◦10′ and longitudes
108◦45′ ∼ 111◦31′, with a total area of about 16,700km2 [18]. According to the
survey, there are also over 3600km2 of distribution in YuyangDistrict and Jia county,
Yulin City, Shaanxi province.

Soft sandstone is an important part of the coarse sand in the Yellow River Basin
area, which is characterized by small thickness, low pressure, a low degree of diage-
netics, and a low degree of cementation between the sand and the structural strength
level. Soft sandstone when dry can be as hard as stone, but when wet, can become
like mud, can be easily eroded by wind, and becomes loose like sand after rain and
freezing. Rainfall runoff makes soft sandstone the main source of coarse sediment
in a flood in a soft sandstone area [8]. Further, as a storm center in the Loess Plateau
region, the soft sandstone area has complex erosion because of the storms and sparse
vegetation [25], and suffers greatly from erosion [11]. Part of the local ecology is
extremely fragile and some areas has become barren and uninhabitable. This area is
known for having some of the world’s most serious soil erosion [17].

There have been many attempts using plant management [2, 22], project manage-
ment [1, 13], and comprehensive management [12], to change the landscape features
of the soft sandstone area [19–21]. Results have confirmed that the weathered red
sandstone is useful as an impermeable material [9], and the arsenic sandstone can
also be used in such areas as road construction, pigsties and cellars [23]. These
studies, however, have not resolved the problems of the ecological environment nor
optimized the use of the resources in the soft sandstone areas.

To curb the sharp drop inChina’s cultivated land area, the strategic restructuring of
rural land is being promoted to improve agricultural production, so the edge regional
resources of the Mu Us Desert are being developed to make full use of the soft
sandstone to improve guaranteed cultivated land quantity. Since 2009, the author’s
research team has been conducting in-depth research focusing on the reconstruction
of the plow layer in the Mu Us Desert. Through field investigation and sampling,
indoor simulation experiments, plot trials, field demonstrations and project promo-
tion tests, the research team has conducted systematic experiments and research on
technical rationality, feasibility and safety in the reconstruction of the plow layer
through soft sandstone renovation. In addition, combined with the land reclamation
project, we have developed a new technical utilization for the soft sandstone by
developing the sand into farmland [4, 15, 16].
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2 Sand Control and the Reconstruction of Magnetic Arsenic
Sandstone Properties Research

The focus of this research was to determine whether sandstone could be a new
important material for the Mu Us Desert development and reconstruction. Sandstone
and sand mixed together were assessed as to whether they were able to provide a
suitable soil for crops and whether they had suitable characteristics such as water
retention, organics, nutrients and sustainability.

2.1 Arsenic Sandstone Investigation

Sand is themain soil type in theMuUsDesert. Sand has no structure and is extremely
porous. Themost commonmeans of improving sand is to mix it with heavy clay soils
to change the texture so as to allow the soil to retain water and nutrients. Sandstone
consists of quartz, calcium montmorillonite, feldspar and calcite and other minerals
[14]. Among these, calcium montmorillonite swells in water and has strong water
retention n. From a particle composition perspective, sandstone silt is 50% or more
of the content, but with a clay content higher than sand, the bulk density is generally
between 1.2–1.7g/cm3, and compacts easily. There is little organic matter, N, P, K
or other nutrients in sandstone so sandstone by itself is unable to provide a suitable
habitat for crops.

The key to land remediation engineering resources is sandstone and sand earth
technology [3], which is a method of crushing the sandstone into different sizes and
thoroughlymixing it in proportionwith the sand. In this study,we set different propor-
tions (0 : 1, 1 : 5, 1 : 2, 1 : 1, 2 : 1, 5 : 1, 1 : 0) for the sandstone and sand mixtures
for the compounded soil. From the complex measurement results on the physical and
chemical properties of the soil, the soil rendering “Sand-sandy loam-loam-Pink soi”
appeared as the proportion of sandstone increased, as shown in Table1. As shown in
Table1, after the sandstone was mixed with the sand, the structural properties of the
sandy soil showed a significant improvement. The saturated hydraulic conductivity
decreased significantly compared to the total sediment. A mixing ratio of 1 : 5 to
1 : 2 was found to be the point at which the mixed samples’ saturated hydraulic
conductivity decreased from fast to slow.

The proportional range was in an ideal hydraulic conductivity range. The sand-
stone content increase had a positive effect on improved synthesis soil structure, but
if the “degree” was too much, the complex soil permeability was affected. At the
same time, capillary porosity increased from 26.33 to 44.94% with an increase in
the sandstone in the mixing ratio. These results were sufficient to prove that after the
sandstone was mixed with the sand, the non-capillary porosity changes to capillary
porosity, and as capillary porosity increases, more water was retained, which ensured
a good environment for crop growth. However, complex organic matter content was
still very low, with a change only in the range of 0.42∼1.06g/kg, which was far
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Table 1 Compound feldspathic sandstone and sand soil physical properties at different ratios

Item Sand
(0.05–2mm)

Silt
(0.002–0.05mm)

Clay
(<0.002mm)

Texture
(USDA)

SOM
(g/kg)

Mixing Ratio
(Feldspathic sand
stone: Sand)

0 : 1 95.31 4.45 Sandy 0.53

1 : 5 83.33 14.97 Loamy
sand

0.43

1 : 2 60.70 35.09 Sandy
loam

0.48

1 : 1 52.65 42.26 Sandy
loam

0.42

2 : 1 50.37 44.4 Sandy
loam

0.77

5 : 1 42.44 51.51 Silt loam 1.05

1 : 5 83.33 14.97 Loamy
sand

0.43

Classification of soil texture was according to USDA

below the normal nutrient indicators to ensure crop growth. Therefore, the use of
organic fertilizers was going to be needed [5].

However, after one cropping season, the physical and chemical properties of the
sandstone and sand mixed soil at the ratios of 1 : 2 and 1 : 5 were more complex,
with the average organic matter content increasing by 0.465 and 0.695g/kg. This
increase in organic matter showed an increasing trend with the number of crop
seasons. The water stability content aggregates were greater than 0.25mm in the
complex soil after cropping in the second quarter and reached 20.82 and 22.82%
respectively, an increase of 1.38 and 2.44% compared to before the mixed planting.
The soil aggregate size was found to be distributed more evenly and the soil structure
gradually improved. Therefore, after the sandstone and sand mixed soil, soil quality
standards not only met crop cultivation standards such as soil fertility, but the crop
production was very impressive. Corn and potato yields were 9.9, 8.25 t/ha and 22.5,
35.24 t/ha in the 1 : 2 and 1 : 5 complex soil, respectively. Corn yields were higher in
the 1 : 2 complex soil, and potato yields were higher in the 1 : 5 complex soil [26].

2.2 Analysis of the Complex Soil’s Water Retention and Water
Holding Capacity

Sandy soil has poor water retention, and is prone to overall water shortages. There-
fore, Mu Us Desert sandstone water retention could be improved with the use of the
complex soil.
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Fig. 1 Water content changes in the feldspathic sandstone, sand and compound soil along with
time

With sand as the control substance, the sandstone rock, and the soft rock and
sand mixture trends are shown in Fig. 1 after 1110h of observations. As can be seen,
the changes in the sand moisture content were divided into three phases: in the first
phase, the sandmoisture content quickly reduced from15.90 to 3.26%within the first
54h. In the second phase, the water content gradually decreased from 3.26 to 0.64%
from 54 to 342h. In the third phase, the moisture content reached a minimum and
stabilized. However, compared with the changes in the moisture content of the sand,
the sandstone rock, soft rock and sand mixture moisture content had the same trends
over time, decreasing by 10.73 and 13.06% when the slope was 0.0095 and 0.0126.
This demonstrated that the sandstone had strong water retention and permeability
was slow. The change in the water content of the soft rock could also be divided into
two stages: Within the first 54h, the soft rock absorbed moisture, increasing from
19.29 to 21.39% [26]. After 54h, the water content continued to decline. The water
content of the mixture of sandstone and sand was divided into two stages, with the
water content remaining between 14.76 to 15.87% within the first 54h; and then the
water content continued to reduce. Several sets of experimental data were obtained.
The water retention properties of the sand was poor, the mixture of sandstone rock
and sand, the soft rock equivalent of an “absorbing agent” and insurance agent, was
able to absorb and store water when the mixture was wet and soil moisture was
steady in the soft rock and sand mixture. 54h later, the sandstone and sand mixture
still slowly released water but the sand had no ability to release water. In conclusion,
the sandstone had significant water retention characteristics andwhen combinedwith
sand, released water slowly [4, 15].

2.3 Analysis of Soil Quality

Thequality of the soil determinedwhether it couldbeused for agricultural production.
In the test analysis of the heavymetal content of the complex soil, sandstone and sand
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in addition to the Hg element it was found that complex soil > arsenic Sandstone >
sand, and for the other seven elements, the arsenic sandstone > the complex soil >
sand. Besides exceeding the national average environmental quality concentration
for Cd by of 0.27 times, the average level of the other heavy metals in were within
the natural background value, indicating that all soil types would have no adverse
effects on agricultural production.

The average content of Cr, Ni, Cu, Zn, As, Cd, Hg and Pb in the Arsenic sandstone
was 24.93, 15.80, 8.70, 9.81, 12.52, 0.406, 0.063 and 20.84mg/kg. The average
content of Cr, Ni, Cu, Zn, As, Cd, Hg and Pb in the compounded soil was 21.73,
9.37, 4.86, 4.97, 6.28, 0.253, 0.074 and 17.91mg/kg, except forHg,which , compared
with the Arsenic sandstone’s, Ni, Cu, Zn, As, Cd and Pb in the compound soil
fell 0.13 times, 0.41 times, 0.42 times, 0.49 times, 0.50 times, 0.38 times and 0.14
times, respectively, which indicated that the compounded soil could reduce the soil
pollution.

Using a single factor pollution indexmethod and a comprehensive pollution index
method to evaluate the pollution levels in the arsenic sandstone and compounded soil,
it was found that each single contaminate index for heavy metals in the compounded
soil and the arsenic sandstone and soil was less than 1, indicating that none of the
three soil types had any heavy metal pollution.

2.4 Sand Stabilization

Dust emission is closely related to agricultural use. Sandy soil has bigger particles,
so when the wind is strong, it tends to be lifted easily, causing dust and sand storms.
However, dry cohesive soil has small particles, so can be lifted easily when the wind
speed is slight. After the arsenic sandstone was compounded with the sand, because
the arsenic sandstone had a silt content as high as 58.09%, the compounded soil
particles blocked the surface sand pores when wet, and formed a physical crust of
about 0.9mm. Wind tunnel tests showed that this physical crust could significantly
increase the speed atwhichwindbegins to cause dust,meaning that the crust protected
the soil from wind erosion [6], and it also allowed for the formation of soil micro
biotic crusts.

The three soil types’s abilities to maintain moisture were also different, with the
cohesive soil being the best, and the sandy soil the worst. In sandy soil, moisture
easily evaporates and therefore is easily eroded in strong winds. When bound with
the clay soils, however, the water retention was found to be higher and the risk of
wind erosion lower because the sand was tightly bound between the soil particles.
Surface soil water content and snow or ice surfaces in the sand are known to affect
wind abrasion quantity and with an increase in humidity decreased dramatically, so
wind abrasion quantity was found to be negatively correlated with soil moisture. In
the winter, there is snow in this region, and because the soil thermal conductivity of
arsenic sandstone and Shafu is lower than in sand, the distribution of the snow on
the soil’s surface was found to melt more slowly than on sandy soil. From the field
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measurements in Yuyang district in the winter of 2012 to the spring of 2013, the
sandy ground is frozen to a soil depth of 98cm. The non-farming arsenic sandstone
and the Shafu soil mixed in ratios of 1 : 1, 1 : 2 and 1 : 5 had maximum frozen soil
depths of 101, 101 and 100cm respectively, and the farmed arsenic sandstone and
Shafu soil mixed in ratios of 1 : 1, 1 : 2 and 1 : 5 had maximum frozen soil depths of
116, 108 and 112cm respectively. During the growing season, the vegetation cover
reduced soil erosion significantly and in the fallow season, the soil’s physical crust,
snow or the frozen soil layer on the surface formed two to three protective layers,
which also significantly reduced the soil wind erosion.

3 Engineering Design

From readings in energy research, the factors affecting the implementation of the
engineering solution were GDP, population, industrial structure and urbanization
levels.

3.1 Principles of Industrial Design

The Mu Us area is an ecologically fragile area, so when seeking to successfully
implement the arsenic sandstone, it was important to ensure adequate project site
selection, construction technology, facilities and comprehensive management. Using
sound scientific engineering practice, we needed to decide on a rational utilization of
the desert resources to ensure the development of good arable landwithout destroying
the local ecological environment, thus realizing awin-win situation betweenman and
nature. The construction needed to follow the following principles.

1. Comprehensive Consideration of the Factors for Project Location
When selecting the project site, there weremany factors that needed to be considered.

(1) Prioritywas given to the natural resources and reserve resources.As arsenic sand-
stone was the main raw material, to reduce quantities, the site selection needed
to be in or near an arsenic sandstone and sandy terrain, and have reasonable
topography, materials distribution, and materials reserves.

(2) The natural and social resources of the project site were required to match the
farming needs. Light and heat resources in the desert are abundant, but water
and water resource utilization were important factors when considering project
location.

(3) The project site needed to consider local land use planning policies and the
availability of surrounding facilities.

As farmland ecosystems and human activities are closely connected, the site selection
had to consider local land use planning restrictions. At the same time, convenient
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Fig. 2 Typical plots layout
chart

access to existing production areas, labor, transportation, electric power and other
facilities was necessary. In the Yuyang district, Yulin city, Xiaojihan village and
Dajihan village land development project for example, the project site selection
mainly considered the distribution of arsenic sandstone resources.
2. Optimization Principle to Determine the Distribution of Soil Construction Tech-
nology and Irrigation Systems

(1) The distribution of farmland soil construction technology was required to meet
standard farmland norms of a field gradient control within 20%, a wide edge
direction grade control within the scope of 50%, and an irrigation uniformity
and other related technical requirements (see Fig. 2).

(2) Distribution of soil grain size and mixing proportions needed to be strictly con-
trolled. The arsenic sandstone used for the farming layer required a particle size
in an optimal gradation range of 2–4cm and the soil mix distribution needed to
be in proportion with the target crops. A sand dune needed to be built to a default
height during the construction (see Fig. 3).

(3) The selection and determination of a reasonable water preservation irrigation
system. Drip irrigation, sprinkler irrigation and other water-saving irrigation
technology can reduce water waste and soil erosion. Further, the well location
needed to be carefully planned to support a single well controlled irrigation area,
and well spacing was included in the design parameters (see Fig. 4).

3. Scientific Planning Biological Protective Principle
Biological forest design protection is also an important part of desert land engineering
designs.
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Fig. 3 Feldspathic sandstone and sand compound soil construction figure

Fig. 4 Field irrigation design

(1) Strengthening biological protectionmeasures, such as increasing the biodiversity
of the sand, improving the layouts of the field, using ecological tillage techniques,
and preparing for windbreaks and sand-fixation in the fallow periods, were all
important to avoid secondary farmland desertification.

(2) The selection of tree and plants species needed to be suitable to the climate and
geography to adapt to the desert environment.

(3) Development of the soil crust, and the frozen soil layer and mixed soil surface
spraying method for arsenic sandstone area were needed to ensure an immediate
effect.

4. Strengthen the Sustainable Fertilizer Training Principles
Soil distribution not only needed to meet the standards required, but also needed
to meet the stable-water aggregate retention and required nutrient levels. However,
from the sample soil survey, it was found that there was only about 0.22% organic
matter, and total nitrogen and available phosphorus were at level 6, so while the
heavy metal content was in accord with crop planting standards, other nutrients
needed improvement. Therefore strengthening the use of fertilizer was seen to be a
key point in the sustainable utilization (Fig. 5).

(1) The principle of “soil testing formula, balanced fertilization”was strictly adhered
to to ensure that the nutrients necessary for crop supplywere available,monitored
and regulated, to meet the crop growth and development needs.
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Fig. 5 Agricultural protection forest design

(2) Along with opening of the land to grazing and planting grass, wide fertilizer use
was needed to improve irrigation and drainage because of the rapid increase in
organic matter content.

(3) The scope of the use of straw was expanded as far as possible and land use was
shared between agriculture and animal husbandry.

(4) Green manure and chemical fertilizers were promoted along with the use of
organics. Fertilizer use was adjusted to local conditions, as was the planting
structure to improve land productivity and soil fertility.

3.2 Application Examples

An engineering pilot program which applied the arsenic sandstone and ShaFu oil
blending technology was established in the Yu Yang district, yulin city xiaojihan
village dajihan village land development project. The project area was located on the
southern margin of the Mu Us Desert sandy lands, 30km north of the Great Wall, at
east longitude 109◦29′50 ∼ 109◦31′44" and north latitude 38◦26′ ∼ 38◦27′02"23".
The area is a typical dune landscape with groundwater buried at a depth of 1.2 to
2.9m. The total project total size was 2419.44mu. Construction was fromApril 2010
to December 2010 (Figs. 6 and 7).

The project focused on land changes and involved major activities such as arsenic
sandstone and sand consolidation engineering, irrigation engineering, road engineer-
ing, and a shelter forest project. The flat land area of 161.2959ha was divided into 28
plots, with each single block being about 85 mu. The arsenic sandstone excavation
areas, which has a total of 155,200, was 25km from the project area. The arsenic
sandstone was used in the field and had a uniform coverage, with the thickness of
top layer being an average of 10cm.

From the water resources survey, there was an average of 13.33ha for the digging
of motor-pumped wells. A total of 17 agricultural motor-pumped wells were dug for
the 60m deep groundwater and a buried low pressure pipeline of 5784.5m was laid.



Research on the Resource Utilization of Soft Sandstone … 1019

Fig. 6 Landforms in the
project area before the
beginning of development

Fig. 7 Potatoes were
planted after the land
reclamation of project area

Lateral moving sprinkler irrigation was selected for the crop growth conditions to
control irrigation time and quantity.

A 5m road was constructed to allow for large-scale machinery operation with the
roadbed being compacted with a thickness of 0.3m and a compaction degree of 0.93
or higher. The project design windbreak forest area width was 8m, and more than 2
plant species were planted from suitable species such as bluegrass, hippophaerham-
noides, Xinjiang Yang, Pinussylvestris, Amorphafruticosa and others.

After the engineering demonstration projects were completed, crops were planted
which slowly improved the ecological environment. From the 2011 ∼ 2013 farm-
ing results compared to the Jianping Li [7] survey in 2008–2010, the grain yield
was the highest at 4308kg/ha. The potato and maize yields in the demonstration
project reached 37.5–45.0 t/ha and 13.5–14.25 t/ha. From the normal market price,
the demonstration project annual net income was more than 4 million yuan, indicat-
ing that this demonstration project had remarkable economic, social and ecological
benefits (Fig. 8).
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Fig. 8 Graph of
demonstration project

4 Conclusion and Discussion

Comprehensive land management work is an important way to insure our country’s
economic and social development in agricultural and city supporting rural areas. This
paper presented the results of a comprehensive research project which focused on the
Shanxi, Shaanxi and Inner Mongolia soft rock areas, which have ecological fragility,
severewind erosion and low soil fertility. This paper presented amechanismwhereby
arsenic sandstonewas converted to usable land, and the feasibility of land reclamation
engineeringwas demonstrated.YuYangdistrict’sXiaojihan townshipDajihanvillage
was developed as an engineering demonstration project site, the results of which
showed that the demonstration project achieved remarkable economic, social and
ecological efficiency.

Arsenic sandstone areas have serious soil erosion, but arsenic sandstone com-
pounded with a certain percentage of sand was shown to increase land resource
utilization. When arsenic sandstone was compounded with sand, the quality of the
sand was improved and the compounded soil had good water and air permeability.
After cropping, the compounded soil structure was further improved and as soil fer-
tility improved, crop yields increased steadily. Arsenic sandstone has good water
and nutrient retention and can effectively store water when there is abundant water.
Further, when there is a lack of water, the arsenic sandstone releases moisture ensur-
ing a sustainable soil moisture distribution. Arsenic sandstone is also harmless with
the average heavy metal content in the compounded soil being below the national
secondary standard. Finally, the sand-fixation effect was remarkable after the arsenic
sandstonewas compoundedwith sand. The formation of a soil crust and the increased
thickness of snow and the frozen layer all demonstrated that this soil distribution had
a more prominent sand-fixation.

In this project, we not only considered the comprehensive improvement of the
sandy lands, but also sought to develop high standard farmland in the Mu Us Desert
farmland demonstration project, which represented a paradigm shift from a “passive
unitary governance” to an “active comprehensive utilization”. This project not only
improved the proportion of arable land in the demonstration area, but also reduced
soil erosion, and achieved a win-win economic and ecological restoration result. The
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arsenic sandstone compounded with sand technology was proved to be a sustainable
way to comprehensively improve the Mu Us land, which demonstrated that this
technology could solve landmanagement problems [24]. This research has important
theoretical significance and practical significance in theMuUs arsenic sandstone area
in terms of soil improvement and water loss control.
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Venture Capital and the Corporate
Performance After IPO: Based China
GEM Market

Yingkai Tang, Li Zeng, Chenguang Li and Kun Li

Abstract Compared with the general investors, Venture Capital can influence the
generating of operating strategies of the invested company once they offer the fund for
future development; thus, VentureCapital can have effects on corporate performance.
This paper takes the 153 companies listed between 2009 and 2010 as samples to do
empirical study. The result shows that though the existence of declining performance,
participation of Venture Capital is relatively helpful in maintaining the performance
after IPO.This paper also provides newevidences for the studyof the relationbetween
Chinese Venture Capital and corporate performance.

Keywords Venture capital · GEM · IPO · Corporate performance

1 Introduction

The developing of Chinese Venture Capital (VC) can date back to the end of last
century. Just after the setting of small and medium-sized enterprises board in 2004
and GEM in 2009, VC began to develop rapidly. The number of Venture Capital
Institution (VCI) and private equity firm increase from 500 in 2005 to 6290 in 2012.
Since 2005, Li and Chen [13] proposed that the fund raised by VCI in China has been
increasing at a compound annual growth rate of up to 13%. In theory, byoffering fund,
VCI can efficiently guarantee the lasting of R&D and rapid development of start-
up technology companies. Besides, by using their professional ability to improve
the management and operate efficiency and build a system to inspire the company’s
creativity, VCI can help to transfer and disperse part of the risks. In reality, though the
active participation of VCI, corporate performance decline year by year. From 2010
to 2013, price earning ratio, net return on equity, average growth rate of operating
revenue and average growth rate of net profit all kept decreasing, and are lower than
that of main board and small and medium-sized board.
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Broad experts had made some researches about VCI influence on corporate
performance in different capital markets, and they reached to different conclusions.
Barry’s Supervision and screening hypothesis [9] says that VCI can select the cor-
porate with the best quality. By offering management advices and supervising the
exposure of information, it can help to relieve the problem of information asymmetry
between corporate and VCI. A similar theory is Megginson and Weiss’s certificate
hypothesis, which says that VCI is the financial organization that is the most familiar
with corporate management condition. Owing the corporation stocks is a signal to
the market that the corporation is worthy of being invested. The above two theories
were supported by many scholars [10]. Another kind of theory is adverse selection
[2] and grandstanding hypothesis [18]. Grandstanding hypothesis says that VCI has
to take the responsibility of raising new funds to maintain operating. In China, the
same problem has completely different answers. By doing empirical study, this paper
will draw a conclusion about this problem and make profound analysis about VCI
influence on corporate performance after IPO.

2 Literature Review

As early as in 1990, Barry, Muscarella and Peavy did empirical study. The result
showed that every sample company is supported by 3 VCI on average. Two of the
board of directors or board of supervisors came fromVCI. This study proved thatVCI
can efficiently supervise company’s operation andmanagement.Gompers [6] divided
the target companies into two groups, one supported by VCI and the other not. They
found that IPO effect, which means that all the listed companies’ performance kept
declining after IPO was obvious, whereas, performance of companies supported by
VCI is better than those without VCI. Besides, the result showed that the number of
VCI of the company can affect the performance after IPO. In the long run, effects from
VCI weakened and the difference between the two group’s performances disappear.

VCI taking part in corporate governance of the invested company has become
a worldwide phenomenon and arouses lots experts’ attention. Chien-Hsun Hui-Tzu
[3] did a deep analysis about creative research projects in American small busi-
ness (SBIR). The result showed that sales growth rate of VCI backed companies is
obviously better than that of companies without VCI. Li [15] checked the VCI in
German capital market. They divided the 166 sample companies into two groups, one
were supported by VCI and the other not. It was proved that corporate performance
after IPO of VCI backed companies is better than that of those without. By way of
Propensity ScoreMatch, Tang and Tan [22] studied the companies supported by VCI
in Austria. The empirical result proved says that VCI backed companies do better in
the aspects of creativity, develop speed and technology creativity.

Stewart [20] studied the 123 listed companies in mainland. The result showed that
quality of VCI backed companies is better that that of those without. Wu [24] proved
that performance of before and after IPO of VCI backed companies are worse than
that of those without, while IPO effect of the former is not so obvious.
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Above all, for the fund they had offered, we think that VCI will try their best
to supervise and improve the management and operating condition of the invested
company. Based on this saying, quality of VCI backed companies are better than
that of those without. Besides, after the certification the third party, namely VCI,
companies that are not so famous before can improve their reputation. VCI becomes
the shareholder of the companies with greater reputation, which will strengthen
investor’s confidence and improve IPO behavior.

3 Research Design

There are various of standards for selecting the index for corporate performance.
Dupont system of analysis, which takes return on net assets as the main index, is one
of the most uses. Another one is EVA [5], which has become one of the index for
central enterprises to compute corporate performance. Balanced score card is also a
useful system and invented by Robert Kaplan and David Norton in 1992. Besides,
for high-tech business in particular, Antti Lonnqvist, a Verronica expert, stressed the
importance of human resource and intelligence for enterprises.

Based on the modern financial analysis system and the above studies, this paper
takes profitability, operating efficiency and developing ability as the indexes for
evaluating corporate performance. Table1 shows this in detail.

In the further analysismodel,we take the changeof return onnet asset as dependent
variable. Independent variables are VC, PE ratio, IPO under-pricing rate, turnover
on total asset, net profit margin on sales and growth rate of profit. Table2 shows this
in detail.

4 Data Resource and Descriptive Statistics

This paper studies the GEM of China mainland. By organizing the financial data of
companies 1 year before and 2 years after IPO, we take the 153 companies listed
between 2009 and 2010 as samples. Most of the financial data come from Csmar
and RESSET. Corporate prospectuses come from www.Cninfo.com.cn. in terms of
the mistaken and missed data, we searched it from Flush. This paper omits the
corporations that were obviously owned by internal staff. Table3 is IPO condition
of different years.

Table 1 Index system for corporate performance

Profitability Operating efficiency Developing ability

Return on net assets, gross
profit rate

Turnover of total capital Growth rate of net profit

www.Cninfo.com.cn
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Table 2 Explanation for variables

Types of variables Name Meaning

Dependent
variables

Variation of return on equity
of IPO

ROE0 ROE0 = ROE of IPO−ROE of 1
year before IPO

Variation of return on equity
1 year after IPO

ROE1 ROE1 = ROE of 2 years after
IPO−ROE of 1 year before IPO

Variation of return on equity
2 years after IPO

ROE2 ROE1 = ROE of 2 years after IPO
ROE−ROE of 1 year before IPO

Independent
variables

VC VC Dummy variable, for VC backed
ones. It equals to 1

Controlling
variables

IPO behavior-PE ratio PE PE = stock price/profit after tax
per share of the last year

IPO behavior-IPO
under-pricing rate

IPO under IPO = close price of the first
day-issuing price/issuing price

IPO behavior-IPO total fund under IPO IPO raise is the total fund,
(0.1 billion)

Profit ability-net profit on
sales

raise NPM NPM = net profit/operating
revenue (1 year before IPO)

Operating efficiency-turnover
on total assets

TAT TAT = sales revenue/average
assets (1 year before IPO)

Developing ability-growth
rate of net profit

NPGR NPGR = (net profit of 1 year
before profit of last year)/IPO-net
profit of 1 year before IPO

Table 3 IPO condition of different years

Year Shareholding
ratio of VCI
backed

Ratio (%) Shareholding
ratio without
VCI

Ratio (%) Total

2009 29 80.56 7 19.44 36

2010 74 63.25 43 36.75 117

Total 103 67.32 50 32.68 153

Data source Prospectuses of GEM companies are collected from www.Cninfo.com.cn. The author
organized it

Seen from the above table, 80 percent of the listed companies in 2009 and 60
percent in 2010 are supported by VCI. Taken together, there are about 70 percent
(67.32%) GEM companies are supported by VCI before IPO in 2009 and 2010.

Using the industry statistical method of CSRC, we classified the 153 samples
into 11 groups, which consist of manufacturing, services, biotechnology, informa-
tion technology, medicine, chemical energy, electronic technology, culture, film and
television, agriculture, food, etc. The detailed information is showed in Table4.

Seen from the above, companies in manufacturing, information technology, elec-
tronic technology and medicine are supported by the most VCI; while in terms of

www.Cninfo.com.cn
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Table 4 Distribution of industries

Shareholding of VCI backed Shareholding without VCI Total

Number Ratio (%) Number Ratio (%) Number Ratio
(%)

Manufacturing 32 71.11 13 28.89 45 100

Information
technology

19 65.52 10 34.48 29 100

Electronic
technology

13 68.42 6 31.58 19 100

Medicine 9 90 1 10 10 100

Others 9 90 1 10 10 100

Services 6 75 2 25 8 100

Chemical energy 6 37.5 10 62.5 16 100

Biotechnology 4 80 1 20 5 100

Film and televi-
sion

3 60 2 40 5 100

Agriculture 2 50 2 50 4 100

Food 0 0 2 100 2 100

Total 103 50 153 100

the ratio, the rapidly developing medicine, biotechnology and services had the most
VCI. Compared with the above, VCI in agriculture, chemical energy and food are
relatively small in both number and ratio.

5 Empirical Study

5.1 VCI and Corporate Performance After IPO

According to VCI backed or not, the samples are divided into two groups. Based on
the 3 years’ financial data after IPO, we did significance testing about the related
indexes by using SPSS. We mainly used Mann-Whitney test. The result is showed
in Table5 in detail.

Financial data of the two groups had no difference in this test. That is to say, VCI
had no influence on listed companies 3 years after IPO. But a new problem came
along: during these 3 years, whether VCI had influence or not. To test the existence
of IPO effect, namely if corporate performance decline after IPO, we will identify
the role VCI played.

In theory, listed companies should have the better corporate performance and
better development. Their financial conditions are expected to increase fast. It is not
real in practice. After Jain and Kini found the declining performance after IPO, many
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Table 5 Influence of VCI on corporate performance after IPO

Average of
shareholding of
VCI backed

Average of
shareholding
without VCI

Average
of the
total
sample

Value Z of
Mann-Whitney

Return on equity (%) 6.41 7.31 6.7 −0.55

6.27 6.3 6.29

Gross profit margin (%) 37.95 37.4 37.77 −0.263

35.35 34.65 35.11

Turnover of total capital 0.45 0.51 1.08 −0.996

0.4 0.44 0.96

Growth rate of net profit (%) −15.15 1.9 −9.58 −0.383

2.24 5.26 4.34

Table 6 Test of the variation of performance of before and after IPO

IPO− 1 IPO IPO+ 1 IPO+ 2

Return on equity (%) Total sample 35.08 8.30a 7.48a 6.70a

Shareholding of VCI backed 34.04 8.52a 7.37a 6.41

Shareholding of those
without VCI

37.23 7.85a 7.72 7.31

Gross profit margin (%) Total sample 42.9 42.68 39.75a 37.77a

Shareholding of VCI backed 43.53 43.2 40.25a 37.92a

Shareholding of those
without VCI

41.61 41.62 38.71a 37.40c

Turnover of total capital Total sample 1.08 0.55a 0.44a 0.47a

Shareholding of VCI backed 1.01 0.53a 0.42a 0.45b

Shareholding of those
without VCI

1.22 0.59a 0.46a 0.51a

Growth rate of net
profit (%)

Total sample 47.4 31.42a 10.85a −9.58

Shareholding of VCI backed 48.06 32.27a 9.12a −15.15

Shareholding of those
without VCI

46.02 29.65a 14.42b 1.9

Note asymbolizes that it is significant under 1% under, bis under 5% and cis under 10%

domestic scholars find that this phenomenon exist in different capital markets, which
is the so-called IPO effects.

There are many ways to test IPO effects. For instance, single factor analysis of
Kaplan and Norton [11], ANOVA of Lerner [12], MNR and Panel of Christopher
et al. [4], T match of Tang [21] and Li and Chen [13] and PCA of Li [14].

This paper used T match. The result is showed in Table6.
Seen from the above table, we can know that average return on equity, gross profit

margin, turnover on total asset and growth rate of net profit of the total samples and
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VCI backed samples varies in the same way. Average return on equity is as high as
35% 1 year before IPO, and keeps declining in the following 3 years. Average gross
profit margin is high in the first 2 years and decreased greatly then. Above all, these
two indexes of VCI backed companies are higher than that of those without, while
the former decline faster. Different from the first two indexes, average turnover on
total asset of VCI backed companies is higher than that of those without, and begin to
increase in the 3rd year. Average growth rate of net profit decrease greatly after IPO,
and is even below zero. Scale of decrease of companies with no support of VCI
is great but smooth, whereas, that of VCI backed companies slide accelerate and
become negative in the 3rd year.

We can now understand that IPO effects exist widely in China. But we are still not
clear if VCI relieve the IPO effects or just exacerbated. Thus we had the following
further study.

5.2 Further Study

To identify VCI role in IPO effects, we use the same financial data as above to do
empirical analysis. Performance of companies 1 year before IPO is the base.Variation
of the following 3 years is classified by having VCI support or not.

We still use Mann-Whitney test and average in the analysis. The detailed result is
showed in Table7.

To test the explaining ability of variables andmulticollinearity, correlation of other
indexes is under 0.5. ROE0, ROE1, ROE2 are obviously related with total fund, net
profit margin on sales, turnover on total asset and growth rate of net profit (Table8).

Based on the selected variables, we did analysis of regression about equity return
in different time periods one by one. The three models are as following:

ROE0 = α0 + β1V C + β2IPOunder + β3IPOraise + β4N P M + β5T AT + β6
NPGR+ ε0,
ROE1 = α1 + γ1IPOunder+ γ2IPOraise+ γ3N P M + γ4T AT + γ5NPGR+ ε1,
ROE2 = α2+ δ1IPOunder+ δ2IPOraise+γ δ3N P M +γ δ4T AT + δγ5NPGR+ ε2.

VC is omitted in model 2 and model 3. The result is showed in Table9.

Table 7 VCI influence on corporate performance

Changing rate of average
(%)

From −1 to 0 From −1 to 1 From −1 to 2

VC Non-VC VC Non-VC VC Non-VC

Return on equity −77.4 −79.23 −77.47 −79.47 −79.62 −80.09

Gross profit margin −0.26 0.75 −5.95 −6.76 −11.02 −11.66

Turnover on total asset −48.45 −51.61 −59.43 −62.11 −56.18 −58.77

Growth rate of net profit −15.03 −13.62 −29.71 −32.9 −33.74 −39.36

VC refers to companies supported by VCI, and Non-VC refers to the rest
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Table 8 Pearson correlation test of VCI and performance indexes

VC PE IPO
under

IPO raise NPM TAT NPGR

ROE0 Pearson 0.143 −0.056 0.197a −0.479b −0.407b −0.315b −0.523b

Sig. 0.077 0.491 0.015 0 0 0 0

ROE1 Pearson 0.102 −0.057 0.132 −0.429b −0.360b −0.358b −0.525b

Sig. 0.208 0.485 0.104 0 0 0 0

ROE2 Pearson 0.074 −0.031 0.164a −0.425b −0.317b −0.315b −0.485b

Sig. 0.363 0.702 0.043 0 0 0 0

VC Pearson 1 0.044 0.138 0.1 0.061 −0.192a 0.023

Sig. 0.591 0.089 0.221 0.457 0.017 0.782

PE Pearson 0.044 1 0.507b 0.180a 0.109 −0.039 0.249b

Sig. 0.591 0 0.026 0.178 0.632 0.002

IPO
under

Pearson 0.138 0.507b 1 −0.256b −0.028 0.023 0.038

Sig. 0.089 0 0.001 0.731 0.774 0.644

IPO raise Pearson 0.1 0.180a −0.256b 1 0.272b −0.022 0.338b

Sig. 0.221 0.026 0.001 0.001 0.786 0

NPM Pearson 0.061 0.109 −0.028 0.272b 1 −0.383b 0.041

Sig. 0.457 0.178 0.731 0.001 0 0.616

TAT Pearson −0.192a −0.039 0.023 −0.022 −0.383b 1 0.285b

Sig. 0.017 0.632 0.774 0.786 0 0

NPGR Pearson 0.023 0.249b 0.038 0.338b 0.041 0.285b 1

Sig. 0.782 0.002 0.644 0 0.616 0

Note aand brefers that it is significant under 0.05 and 0.01 in two-tailed test

InTable9, R2 of the threemodels are 0.64, 0.59 and 0.5 respectively. The declining
explaining ability says that factors affecting performance keeps growing. All of the
three models pass the statistical significant test under 1% level. And there is no
existence of mulicollinesrity.

Based on the regression result, we had the following two conclusions.
Firstly, in the three models, total fund, net profit margin on sales, turnover on total

asset and growth rate of net profit of 1 year before IPO have significant negative
influence on ROE. Thus we can conclude that, first, the greater performance 1 year
before IPO, the greater decrease of ROE. This reflects that companies do better in
IPO decline greater than those do bad. Second, the more funds VCI provide, the
greater decrease. This paper measures performance decline by ROE decline.

Secondly, VCI influence corporate performance mainly in the IPO year. VCI is
positively relatedwith equity return. Equity return decrease ofVCIbacked companies
is lower than that of those without under 5% level. This happens only in the IPO year.
Generally speaking, VCI stays in the capital market for only 1 year, during which it
plays the role of supervisor. 1 year after IPO, VCI can exit the market by selling the
stocks. Shareholding ratio of VCI will have no influence on companies then.
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6 Conclusion

By collecting the information of 153 companies listed between 2009 and 2010, we
studied the relation between VCI and change of corporate performance after IPO.
The regression result shows that performance decline of VCI backed companies is
obviously smaller than that of those without in the IPO year. The 3rd year after IPO,
VCI had no influence on the decline no longer. Thinking of the real condition of
China GEM, we believe that supervision is more appropriate for explaining this phe-
nomenon. The major defects of this paper are that we just take 3 years’ performance
into account; and the shareholding ratio of VCI is collected from prospectus by hand.
For all of these reasons, there may be some deviation. We will better these problems
in the future study.
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Frame-Working Harmonious Labor
Relations Evaluation Index System
with Human Resources Ecosystem
Perspective

Yulong Li, Yajie Song and Xiaoyun Zhang

Abstract Since the reform and opening up, Chinese economy has been moving
forward rapidly. However, the issues of labor relations have become more and more
important in recent years, especially frequent labor management conflict. In this
paper, an index system of harmonious labor relations is established based on the
theory of human resources ecosystem, the principal component analysis and AHP
(analytical hierarchy process) are used to evaluate harmonious labor relations. This
study constructs a comprehensive index system, composed of 10 first grade evalu-
ation indexes and 23 second grade evaluation indexes, therefore the weight of each
individual index can be calculated.

Keywords Human resources ecosystem · Harmonious labor relations · Index
system · AHP

1 Preface

Human resources ecosystem is the appearance, integration and application of eco-
logical theory, it is an important development and innovation of today’s ecological
theory. As a matter of fact, human and natural ecosystems have a mutual tolerance
and co-existence relationship. For example, ancient Chinese philosophy contains the
thought of “harmony between the heaven and human”, expounds the relationship
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between man and nature, such as Dong Zhongshu (the scholars of Han dynasty).
Since Webber and Commons proposed the concept of labor relationship in 1940s,
great deals of profound and comprehensive research on labor relations have been
carried and constructive research findings were obtained. But in recent years, with
the development of Chinese economy, new type of labor relations problems are pro-
duced.

Since the Chinese Communist Party put forward “constructing harmonious com-
munity” in 2006, the issues of harmonious labor relations have been given great
attention. Academic fields have launched the discussion of the harmonious labor
relations, business community also carried out the “evaluation campaign of harmo-
nious labor relations enterprise”. Despite that fact, quantitative research of harmo-
nious labor relations from human resources ecosystem perspective can not be seen
too much, which is the core meaning of this study. This study dedicates to quantify
an evaluation index system of harmonious labor relations under the perspective of
human resources ecosystem.

2 Literature Review

A good literature review is able to consolidate foundation, it can help provide a
direction for the in-depth research, and the following will make a literature review
from the perspective of human resources ecosystem and harmonious labor relations.

Broadly speaking, human beings were under an identical ecosystem, with the
gradual development of globalization, the concept of identical ecosystem is more
deeply rooted in people’s heart, human resources ecosystem can very good at sum-
marizing of labor relations problems between country, industry and enterprise.

Carroll andHannan [4] introduced the concept of ecological niche into enterprises’
competition and cooperation for the first time. Baum and Singh [1] pointed out that
the enterprise species can be considered as an aggregation of multiple enterprises
in multidimensional niche space. Haddad [5] examined labor theory of ownership
from an ecological perspective, and explores its role in western US property rights
disputes.

Domestic scholars Ma and Wang [7] made main contribution of the concept of
human resource ecosystem, they give a definition of ecological system from the
perspective of social, economic and natural. Yan [11] argued that human resource
ecosystem refers to a “material-energy-information system”,which is built by various
types of human resources and the surrounding natural and social environments. Song
[6] from Yale university based on urban environmental crisis management to carry
out long-term research on the human and the nature ecosystem structure and function,
in the perspective of the interdisciplinary ecosystem.

At present, academic research of harmonious labor relations is less, many scholars
pay attention to labor conflict. Beissenova et al. [2] observed growth of social con-
flicts, including labor conflicts, they find that in Kazakhstan there are no operating
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mechanisms for the solution of labor conflicts, technologies on settlement of labor
disputes with participation of all parties of labor process. Blanco [3] aimed to focus
on the main role of the companies and all the labor organizations in the produc-
tive system in the promotion of employability, and the responsibility they should
assume as part of their social commitment for the welfare of their workers. Medina
[8] described and analyzed the extrajudicial system for labor conflict resolution in
Andalusia.

China Federation Trade Unions in 2006 put forward a standard of harmonious
labor relations measuring method, such as strictly implements the system of labor
contract; establishes the equal consultation and collective contract system; respects
and maintains the cultural rights and interests of workers. Wang [10] built a quanti-
tative evaluation system of harmonious labor relations, the system has four aspects,
four aspects are income protection, labor environment, interests realization and skill
development. Su [9] built a harmonious labor relations system based on the private
enterprises human resource management concept and method innovation.

To sum up, although scholars have made some exploratory research for evalua-
tion of harmonious labor relations, and have obtained the comparatively abundant
research results, but as mentioned above, harmonious labor relations research based
on the theory of human resources ecosystem cannot be seen. So this study try to
build a harmonious labor relations evaluation index system from the perspective of
human resources ecosystem, it will have a good theoretical significance.

3 Orientation and Principles on Constructing Ecological
Evaluation Index System of Harmonious Labor Relations

Based on above literature, this paper give a definition of human resources ecosystem,
it emphasizes the “organization-individual” ecosystem; it is a structural, functional
and value-orientated organic system. The subjective construction of human resource
ecosystem is deemed as “systemmomentum”, which aims to optimize the integration
of external and internal circumstances and their essential factors and standardizes
the human resource administration by establishing communication channels, links
and platform for internal and external circumstances.

From macroscopic perspective, culture, policy and social economy impacts sig-
nificantly on harmonious relationship but in respective way.

Culture, as a fundamental factor, accounts for many current unharmonious labor
relation issues. As a kind of social relations, labor relation is not only the economic
relationship and contractual relationship, but also a kind of cultural relations. Gen-
erally speaking, the ecological evaluation index system should be built on cultural
entity. Culture dimension theory proposed byHofstede could be applied into ecologi-
cal evaluation index system constructing (power distance, individualism,masculinity
and uncertainty avoidance).
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Regulation is the most solid factor affecting labor relationship, which could be
set from government, industry and enterprise. Social economy is an important factor
to stabilize the staff, including macro-economic environment, political environment,
values, technical environment and natural environment. Apart frommacro-economy,
labor relationship is affected by staff in enterprise, namely individuals and leaders.
Out of different backgrounds, individual impacts labor relationship in terms of intel-
ligence, capability, personal experience, gender, age, term of office, job satisfaction,
dedication and job expectation, etc. leaders factors have obvious influence on labor
relationship too.

Meanwhile, in this paper, the design of indexes conforms to Herzberg’s two-
factor theory (the opposite of satisfaction is not dissatisfaction, is no satisfaction, the
opposite of dissatisfaction is not satisfaction, is no dissatisfaction), so this fact will
result in different factors in harmonious and inharmonious relationship, therefore, the
indexes used to evaluate harmonious labor relationship is not necessarily effective
in alerting labor disputes and conflicts.

All evaluation index system should conform to certain basic principles, the ones
of this study follows.

Index system is comparable in time and space, indexes are intelligible, should
being easily understood and applicable for governors and professions; Indexes in the
evaluation system should be objective, specific, standardized. Meanwhile, indexes
sensitively imply individual activity in economic environment and organization;
Information in index system is accessible, clearly specified, easily computed and
cost-effective. Comprehensive evaluation index system does not reflect current labor
relationship, but also aims to indicate the perspective in labor relationship. Index sys-
tem is supportive and oriented for decision-maker, reflects current labor relationship,
social response and existing policy relevance. Index system should cover compre-
hensive labor relationships at all aspects, therefore, indexes should be integrated as
much as possible.

4 The Preliminary Selection of Evaluation Index
and Established of Index System

This paper is based on the above index guiding ideology and related design princi-
ples, reference the EPI index system framework and research methods of Yale and
Columbia University to form scientific, direct evaluate index of harmonious labor
relations. Based on the methods of literature and expert interview, put forward the
preliminary index system (11 representative first level indexes and 27 typical sec-
ondary indexes).

Invite labor relations expert, three high-level managers from different industries,
two high-level managers from social management, two university professor to par-
ticipate in the symposium, requiring them giving variety evaluation factors of harmo-
nious labor relations. Based on above, to further refine primary index system, at last,
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Table 1 Harmonious labor relations of ecological evaluation index system

Principle level First level index Second level index

A harmonious labor
relations of ecological
evaluation index
system

B1 culture C1 democratic
participation

D1 organization
information disclosure

D2 individual advice
adopted degrees

C2 conflict
management

D3 communication
differences

D4 collective
bargaining

C3 staff development D5 development space

D6 mutual aid with
each other

B2 regulation C4 compensation and
benefit

D7 organization pay
level

D8 organization
welfare spending

C5 training and
promotion

D9 vocational training

D10 promotion space

C6 incentive and
restriction

D11 get the material
rewards level

D12 disciplinary
penalties

D13 economy
situation

B3 social economy C7 economy D14 income
distribution

D15 post status

C8 the social
responsibility and
security

D16 charity

D17 social image

D18 social insurance

B4 individual factors C9 organize individual D19 security

D20 feelings of love

D21 loyalty

B5 relationship
between labor and
leader

C10 relationship
between labor and
leader

D22 concern for work

D23 individual’s care
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identified primary index system as 10 first-level indicators, 23 secondary indexes,
to compile the harmonious labor relations evaluation questionnaire, A total of 120
questionnaires (20 field distributing, 100 E-mail form) for state-owned enterprises
and private enterprises, back to 96, recovery rate reached 80%, remove 6 invalid
questionnaire, received 90 valid questionnaires, using SPSS18.0 statistical software
for statistical analysis, using principal component analysis, variance test is generally
accepted. Analyze the same features of each factors, to name of each factor, finally
formed a higher convergent validity of harmonious labor relations of ecological eval-
uation index system, specific indicators as shown in Table1.

5 To Determine the Weights of Comprehensive Evaluation
Index

After establishing the evaluation index system of harmonious labor relations, based
on the analytic hierarchy process (AHP) to establish a model to determine the weight
of each index. To determine the weights of indicators, Invite labor relations expert
to participate in the symposium (three middle-level managers from different indus-
tries, twomiddle-level managers from social management, two university professor),
by comparison, communication and analysis of everybody’s opinion, Establish the
comparison of importance value between two factors in the same level, to construct
judgment matrix, 14 judgment matrixes are constructed. Matrix 1, for example, the
1/2 in the first row of the table represents the B1 is not slightly important than B2,
the 5 in the first row of the table said B1 is more important than B3 (Table2).

Based on 14 judgment matrixes, use YAAHP0.5.2 software for computing the
largest eigenvalue lambdaMax, theweight vectorW and consistency ratio CR, on the
basis of random consistency index RI values, calculate the consistency index value
of the CI. All 14 judgment matrix pass the consistency check. Through the AHP
method eventually form a complete evaluation index weight system of harmonious
labor relations, are shown in Table3 below.

Table 2 A: B1, B2, B3, the judgment matrix

A B1 B2 B3

B1 1 1/2 5

B2 2 1 6

B3 1/5 1/6 1
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Table 3 Harmonious labor relations of ecological evaluation index system

Principle level First level index Second level index

A harmonious labor
relations of ecological
evaluation index
system

B1 culture (0.22976) C1 democratic
participation (0.3089)

D1 organization
information disclosure
(0.4532)

D2 individual advice
adopted degrees
(0.5468)

C2 conflict
management (0.2785)

D3 communication
differences (0.6347)

D4 collective
bargaining (0.3653)

C3 staff development
(0.4126)

D5 development space
(0.5677)

D6 mutual aid with
each other (0.4323)

B2 regulation (0.3313) C4 compensation and
benefit (0.4221)

D7 organization pay
level (0.7856)

D8 organization
welfare spending
(0.2144)

C5 training and
promotion (0.2560)

D9 vocational training
(0.1871)

D10 promotion space
(0.8129)

C6 incentive and
restriction (0.3219)

D11 get the material
rewards level (0.7451)

D12 disciplinary
penalties (0.2549)

B3 Social economy
(0.1711)

C7 economy (0.0985) D13 economy
situation (0.2155)

D14 income
distribution (0.3017)

D15 post status
(0.4828)

C8 the social
responsibility and
security (0.2180)

D16 charity (0.1136)

D17 social image
(0.4388)

D18 social insurance
(0.4476)

(continued)
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Table 3 (continued)

Principle level First level index Second level index

B4 individual factors
(0.0733)

C9 organize individual
factors (0.4872)

D19 security (0.1970)

D20 feelings of love
(0.5019)

D21 loyalty (0.3011)

B5 relationship
between labor and
leader (0.1467)

C10 leadership factors
(0.1963)

D22 concern for work
(0.2618)

D23 individual’s care
(0.7382)

6 Conclusion

This study proposed an evaluation index system based on harmonious labor rela-
tions under the perspective of human resources ecosystem, specific conclusions as
following:

(1) New interpretation on the ecologic human resource system and harmonious labor
relations are given; Human resource ecosystem is a structural, functional and
value-orientated organic system, it is built on themutuality symbiosis of external
and internal circumstance in human resource administration, include culture
factors, regulation and social economy factors, individual factors, leadership
factors.

(2) Constructs a comprehensive index system, composed of 10 first grade evaluation
indexes and 23 second grade evaluation indexes; AHP is used to calculate the
weight of each individual index, it plays a significant role in improving and
promoting harmonious labor relations.

(3) Empirical analysis on index weight turns out, regulation factors and culture
factors aremore significant comparedwith social economy factors, second grade
evaluation indexes such as pay grade factor, material reward factor, and so on,
display relatively high coefficient values, this finding means current labor issues
are still riveted in the restriction of cultural regulation and social economy.

As a matter of fact, if an organization has a good cultural atmosphere, a good
system and strong market cradle, it will get their own competitive advantage.
Only building sound human resources ecosystem between “culture-regulation-
social economy- individual-leadership”, and continuously devoting to improving
and attaching importance to the indexes in harmonious labor relations, high quality
human resource management will flourish and economy and society will prosper.
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Does Pay Dispersion Associate
with Organizational Performance?

Ping Liu, Yumeng Tian and David A. Keatley

Abstract This study aimed to investigate the mechanism of pay dispersion and
organizational performance. Eighty-five enterprises across three different industries
including Information Technology (N = 34), Electronics Manufacturing (N = 26),
and Medical and Health (N = 25) participated this study, and the data was then ana-
lyzed through a series of hierarchical linear regression. The effect of pay dispersion
on organizational performance was examined while the variables of organizational
size and ownership status were controlled. The results indicated that (1) the effect of
pay dispersion on sales margins was moderated by pay levels, and (2) the industry
of Medical and Health was a significant moderator towards the relation between pay
dispersion and organizational performance.

Keywords Pay dispersion · Pay strategy · Pay level · Organizational performance

1 Introduction

Pay dispersion has received amounts of attentions in the management researches.
Lots of researchers have studied the effects of pay dispersion on both individuals’
and organizational performance. But the outcomes of experiments have still remained
inconsistencies [7]. Paradoxes have been existed in both theories and experiments
outcomes.
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Theories in organizational behavior claimed that unequal pay distribution would
result in inharmonious and low individual performance [5]. But some of the experi-
ment outcomes revealed that pay dispersion had a positive effect on both individual
and organizational performance [2, 6, 11]. At the same time, there were also some
experiments revealed that the relationship between pay dispersion and organizational
performance was negative. In contrast, some researchers said that the effect of pay
dispersion on organizational performance was mixed.

In the end of the 1980s, lots of people from rural area flooded into cities to
make their lives, that is “the flood of migrate laborers”, but in recent years, the
shortage of migrate labors has appeared, especially in the east of China, a lot of
enterprises could not employ labors even by increasing pay levels. As for those labors
worked in forefront of production, their characteristics result in few possibilities of
changing jobs and the salary or working conditions in the enterprise are important to
them. According to Maslow’s hierarchy of needs [15], labors worked in forefront of
production have lower-order needs, that is, the amounts of pay affect themmore than
others. The study of pay dispersion focuses on workers in forefront of production
has positive effects on labor market in the background of China. It has an important
impact on management practices.

This study addressed the mechanism of pay dispersion and organizational per-
formance, that is, under what conditions would pay dispersion affect organizational
performance significantly.

The study will give the advice to enterprises employed labors from rural areas
about adjusting pay structure contingently.

Both the organizational behavior theory and experimental researches had dis-
cussed a lot about the effects of pay structure on organizational performance.

According to equity theory [1], individuals would compare their inputs with out-
comes, and they will compare them with others’ inputs and outcomes. The equity
theory had been applied to many studies to investigate the mechanism of employees’
reactions to pay inequity [3, 12, 16, 19]. At the same time, because of the vari-
ous outcomes in the domain of pay dispersion research, some researchers argued
that to clarify in which conditions pay dispersion will significantly affect organiza-
tional outcomes would be more valuable [19]. Since then many researcher had been
investigated the effects of pay dispersion on organizational performance under the
conditions of pay basis [12, 16], pay level [22], pay system communication [13], the
attribute of the job [21].

From the viewof the equity theory [1], under the control of paybasis and the degree
of collaboration, hierarchical pay structure would lead to employees’ perceptions of
inequity and result in low organizational performance, if the enterprises adopted pay
strategy which leading the market, it would influence the effects of pay inequity
on organizational performance. Brown et al. [4] investigated the moderate effects
on relationships between pay dispersion and return on assets, they conducted the
research in hospitals, and the experimental outcomes revealed that when an hospital
adopted a compressed pay dispersion and a pay strategy which lagging the market,
the return of assets would be the highest, andwhen the hospital adopted a hierarchical
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pay dispersion under the condition of leading themarket, organizational performance
would be the highest.

As for those worked in forefront of productions, their work needed high collab-
oration, in this point of view, pay structure needed to be compressed to strength
employees’ perceptions of equity. When an enterprise adopt pay strategy which was
leading themarket, compressed pay structurewould strength the perception of equity,
but in the condition of adopting pay strategy which is lagging the market, a com-
pressed pay structure would provide external inequity more than internal equity to
employees, the enterprise needed a hierarchical pay structure to motivate employ-
ees. Though there had been few experimental outcomes supported this point of view
so far.

Hypothesis 1 Under the control of pay basis and pay system communication, the
interaction of pay strategy and pay dispersion will significantly affect the organiza-
tional performance. Under the condition of pay strategy which is leading the market,
pay dispersion would have a negative association with organizational performance,
under the condition of pay strategywhich is lagging themarket, pay dispersionwould
have a positive relation with organizational performance.

Hypothesis 2 Under the control of pay basis and pay system communication, the
interaction of pay dispersion and industry will significantly associate with organiza-
tional performance.

2 Method

2.1 Data Sources

Data were collected from eighty-five enterprises from three industries in Cheng Du
Hi-tech Industrial Development Zone. The data collection sessions were conducted
by means of salary survey. Gupta et al. [10] argued that one of the reasons for
inconsistent results between pay dispersion and organizational outcomes was the
meaning of the “salary” various from different studies. Some used annual pay [3, 19,
20], some interpreted “salary” as direct cash [14, 18], total compensation [8], and
wage increases [9] were also used as salary. Gupta et al. [10] claimed that researchers
should clarify their definition of the salary so that the experimental results would be
more reliable.

In the salary survey, the data were reported by human resource managers from
different enterprises, they were asked to report the components of their annual pay
in 2013 from two parts: basic wage and merit pay, at the same time, demographic
information of employees such as (age, gender, seniority, education, skill) and orga-
nizational performance like salesmarginswere also required. The number of subjects
in each enterprises depended on the size of themselves, micro, small and medium
sized enterprises were required to report the salary of the whole workers worked in
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Table 1 Participant information

Mean (SD) Information
technology

Electronics
manufacturing

Medical and health

Organization size 2.50 (0.57) 2.19 (0.83) 2.72 (0.46)

Ownership status 1.64 (0.93) 1.67 (0.92) 1.04 (0.20)

Age 27.81 (43.61) 28.12 (6.26) 35.99 (8.04)

Gender 1.27 (0.44) 1.39 (0.49) 1.61 (0.49)

Seniority 5.80 (3.54) 4.96 (4.07) 10.46 (7.80)

Education 2.36 (0.72) 4.07 (0.70) 4.10 (0.93)

Skill 35.37 (0.86) 35.88 (0.45) 34.75 (1.38)

Note Seniority represents the length of time an individual worked in the enterprise

the forefront of production, as for large sized enterprises could only report 20%of the
whole workers. As a result, eighty-five enterprises from three industries in total and
more than 14628 workers worked in the forefront of production (Information Tech-
nology: N = 1613; Electronics Manufacturing: N = 11417; Medical and Health:
N = 1598) participated in this salary survey. The participants’ information in each
industry is illustrated in Table1.

2.2 Measures

1. Demographic information
Human resource managers reported the age, gender, seniority, education and skill of
their employees especially those worked in forefront of production, and size, owner-
ship status of their enterprises. Organization size (1 = “large”, 2 = “medium”, 3 =
“small”, 4= “micro”) wasmeasured from both turnover and the total number of staff.
Ownership status represents the state of owning enterprise (1 = “domestic-funded
enterprise”, 2 = “enterprises with investment from Hong Kong, Macaw and Tai
Wan”, 3 = “foreign-funded enterprise”). As for gender, 1 represents “male”, 2 rep-
resents “female”. Education, 1 represents “bachelor”, 2 represents “undergraduate”,
3 stands for “institutions of higher education”, 4 stands for “senior middle school”, 5
stands for “junior high school”. Skill refers to individuals’ technical ability, 31 rep-
resents “senior technician”, 32 represents “technician”, 33 represents “senior skill”,
34 stands for “mid-level skill”, 35 stands for “primary skill”, and 36 stands for “no
certification”.

2. Organizational performance
Organizational performance was measured by sales margins; sales margins will
reflect the organizational performance effectively [23]. Salesmarginswere computed
as the profit divided by turnover. It represents the profit ability of the enterprise.
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3. Pay dispersion
Human resource managers were asked to report the annual pay of workers worked in
forefront of production. The annual pay was computed as the sum of basic pay and
merit pay. This study adopt coefficient of variation [19] to measure pay dispersion.
Pay dispersion computed as the standard division divided by mean. Gupta et al. [10]
argued that there were several reasons for the inconsistence existed in the study;
one of them was the misuse of the measurement of pay dispersion. They claimed
that if the independent variable was organizational performance then it was better
to use coefficient of variation, because coefficient of variation took the whole pay
into consider, employees’ pay at some degree may consider as a kind of cost, it may
affect financial performance. So when researchers adopt organizational performance
especially financial performance as an independent variable, it was better to use
coefficient of variation.

4. Pay strategy
Pay strategy and pay structure were regarded as two main aspects of compensation
systems [4]. Brown et al. [4] used pay level to measure pay strategy. In general, pay
strategy were always divided into three categories, leading the market, matching the
market, and lagging the market [17]. Pay strategy in this study was computed by
the same means of Brown et al. [4], that is the standardized annual pay, the higher
represents the more leading the market, and the lower represented the more lagging
the market. Pay strategy was measured by pay level.

5. Control variables
Many researchers argued that it was necessary to control variables of human resource
capital, especially when applied equity theory to research, because the assumption of
equity theory is equal inputs. But as Gupta et al. [10] argued that controlled human
resource capital will also limit some important variance, as such, this study only
controlled organizational variables.

2.3 Analysis

Hierarchical regression was carried out to investigate whether pay dispersion and
pay strategy, pay dispersion and the types of industry could affect the organizational
performance. For the first study, in the first model (step 1), organizational size and
ownership status were included as independent variables, in the second model (step
2), pay dispersion and pay level were added to independent variables, in the third
model (step 3), the interaction outcomeof pay dispersion and pay levelwas added into
independent variables. The interaction outcome was the product of the standardized
value of both pay dispersion and pay level.

For the second study, in the first model (step 1), control variables such as orga-
nizational size and ownership status were added to independent variables, in the
second model (step 2), pay dispersion and Information Technology and Electronics
Manufacturing were included as independent variables, the effect of industries was
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conducted by computing two dummy-coded variables, type1 (0 = not Information
Technology, 1 = Information Technology), type2 (0 = not Electronics Manufac-
turing, 1 = Electronics Manufacturing), and Medical and Health was chosen as a
baseline group. In the third model (step 3), interaction terms of pay dispersion and
industries were added as independent variables. The interaction terms were the prod-
ucts of dummy variables and standardized value of pay dispersion.

3 Results

3.1 Preliminary Analysis

Correlations between variables in this study are illustrated in Table2. Results show
that pay dispersion and pay strategy have significant correlation with sales margins,
and ownership status has significant correlations with pay dispersion, pay strategy
and industry. The findings indicate that ownership status has positive effects on pay
dispersion and pay strategy; these reveal that foreign-funded enterprises prefer to
adopt hierarchical pay structure and pay strategy leading the market. Pay disper-
sion positively correlated with pay strategy, this indicates that the enterprise prefer
hierarchical pay dispersion are likely to adopt pay strategy leading the market. Pay
dispersion andpay strategy both negatively correlatedwith salesmargins, these reveal
that hierarchical pay strategy yields low sales margins so does pay strategy leading
the market.

3.2 Hierarchical Linear Regression

1. Study 1
In step 1 of the hierarchical linear regression, all the control variables are added as
the independent variables, and there is no significant effect on sales margins. In

Table 2 Correlation matrix

Variable Mean SD 1 2 3 4 5

1. Organization size 2.41 0.76 – – – – –

2. Ownership status 1.48 0.83 −0.24∗ – – – –

3. Pay dispersion 0.26 0.18 −0.17 0.35∗ – – –

4. Pay strategy 0.00 0.99 −0.05 0.32∗∗ 0.50∗∗ – –

5. Industry 1.89 0.83 0.18 −0.28∗∗ −0.27∗ 0.00 –

6. Sales margins −0.02 0.77 −0.04 −0.01 −0.32∗∗ −0.36∗∗ −0.22
∗ p < 0.05 at 2 tailed. ∗∗ p < 0.01 at 2 tailed
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Table 3 Results of regression analysis: effects of pay dispersion and pay strategy on sales margins

Variables Step 1 Step 2 Step 3

Step 1: control

Organization size −0.05 −0.1 0.04

Ownership status −0.02 0.15 0

Step 2: linear effects

Pay dispersion – −0.25 0.02

Pay strategy – −0.27∗ −0.13

Step 3: interaction

Pay dispersion × pay
strategy

– – −0.56∗∗

Overall R2 0 0.18 0.39

Changed in R2 – 0.18∗∗ 0.21∗∗
∗ p < 0.05 at 2 tailed. ∗∗ p < 0.01 at 2 tailed

step 2, that is the test of linear effects, pay dispersion and pay strategy are included
in the model as independent variables, and the results indicate that pay strategy has
a significant effect on sales margins. In step 3, the interactions of pay dispersion and
pay strategy is added to the model as an independent variable, and the results show
that the interaction has a significant effect on sales margins. From step 2 to step 3
increases the variance explained by the model by 39%. Table3 displays the results
of the regression models. Figure1 illustrated the moderation effects of pay strategy
on the relationship between pay dispersion and organizational performance.

Figure1 shows that when pay strategy is leading themarket, there is a significantly
positive relationship between pay dispersion and sales margins, when pay strategy
is lagging the market, pay dispersion is negatively related to sales margins and is
statistically significant. Hypothesis 1 is supported.

2. Study 2
In the first step, organizational size and ownership status are added into the model as
independent variables, there are no significant effects on sales margins. In the second
step, pay dispersion and dummy variables are included in the model as independent
variables; the results indicate that both of pay dispersion has negative effects on sales

Fig. 1 Study 1: interactions
among pay dispersion and
pay strategy
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Table 4 Results of regression analysis: effects of pay dispersion and industry on sales margins

Variables Step 1 Step 2 Step 3

Step 1: control

Organization size −0.046 −0.09 −0.02

Ownership status −0.021 0.05 −0.03

Step 2: linear effects

Pay dispersion – −0.46∗∗ −1.32∗∗

Information technology – 0.38∗∗ 0.69∗∗

Electronics manufacturing – 0.26 0.56∗∗

Step 3: interaction

Pay dispersion×information technology – – 0.76∗∗

Pay dispersion×electronics manufacturing – – 0.59∗∗

Overall R2 0 0.23 0.38

Changed in R2 – 0.23∗∗ 0.15∗∗
∗ p <0.05 at 2 tailed. ∗∗ p <0.01 at 2 tailed

margins. In step 3, the interaction terms of pay dispersion and industry are added into
the model as independent variables. The results show that interactions among pay
dispersion and Information Technology have a significantly positive relation with
sales margins, so do the interactions among pay dispersion and Electronic Manufac-
turing. The change in sales margins goes up as industry changes from Medical and
Health to Information and Technology and salesmargins increasesmore significantly
in Electronics Manufacturing than it in Medical and Health. From step 2 to step 3
increases the variance explained by the model by 38%. Table4 displays the results
of the regression. Hypothesis 2 is supported.

The regression results indicate a significant difference between the baseline group
(Medical and Health) and the other two industries. The relations between pay dis-
persion and organizational performance among different industries are presented in
Fig. 2.

Fig. 2 Study 2: interactions
among pay dispersion and
industry
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Figure2 shows that enterprises in all three industries have negative relations
between pay dispersion and sales margins.

4 Discussion

The experimental outcomes revealed that pay strategy and industry played an impor-
tant role in the effect of pay dispersion on organizational performance. The strength
of affecting organizational performance is larger in Information Technology than
other industries.

The limitation of this research is the types of pay dispersion should be various,
it only investigates the effects of horizontal pay dispersion, vertical pay dispersion
should also be taken into consider, to display the whole picture of the pay dispersion.

For future research, data from various time points could reveal the effect of pay
dispersion and organizational performance. And there should be more moderators to
better reveal the mechanism of pay dispersion and organizational performance.
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An Exploratory Case Study of the
Relationship Between Strategy and Brand
Value Based on Innovation Choice

Liming Zhang, Rui Zhou and Jing Xu

Abstract The study of the relationship between strategy and brand value is a fron-
tier issue. However, the research about how does competitive strategy enhance brand
value is not enough. Thus, this paper introduces breakthrough innovation and incre-
mental innovation creatively to construct a model among strategy, innovation and
brand value. In order to verify the reliability of model, this paper select three repre-
sentative cases. We find that the company implementing competitive strategy could
enhance brand value; the company implementing cost leadership strategy could
enhance brand value choosing incremental innovation; the company implementing
differentiation strategy could enhance brand value choosing breakthrough innova-
tion.

Keywords Cost leadership strategy · Differentiation strategy · Breakthrough inno-
vation · Incremental innovation

1 Introduction

Brand is the strategic asset of a company [19]. With the Economic Globalization and
environmental dynamics, the company must make suitable competitive strategy to
require andmaintain competitive advantages. Thus, the study of competitive strategy
and brand value becomes a frontier issue. Reviewing the relevant papers,wefind there
is an argue onwhich competitive strategy can promote brand value. And some studies
even found there is no positive correlation between competitive strategy and brand
value [4]. These studies focus on comparison with influence of Port’s competitive
strategy, however the study on how does competitive strategy influence brand value is
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not enough. Just analyzing the relationship between competitive strategy and brand
value is not enough, and it is more important to explore the inner mechanism between
competitive strategy and brand value.

Many studies find innovation could improve brand value. Thus, this paper con-
structs a new conceptual model based on innovation choice. Moreover, this paper
analyzes how does competitive strategy choose innovation and the influence of inno-
vation choice on brand value.

Competitive strategy always takes an important role in strategic management the-
ory [9]. The main research about competitive strategy includes Porter [20], Mile
and Snow [17] and Mintzberg [18]. This paper chooses Porter’s competitive strat-
egy, including three types: cost leadership strategy, differentiation strategy and focus
strategy. In some extent, focus strategy is the utilizing of other two strategies [15].
Thus, this paper focuses on cost leadership and differentiation strategy. In Porter’s
theory, cost leadership strategy focuses on low cost to acquire and sustain competi-
tive advantage; differentiation strategy focuses on special product or service, which
acquires and sustains competitive advantage.

Innovation is a new function, which puts relevant factors and environment into
production system [23]. In view of duality, many studies have researched a consensus
innovation is divided into breakthrough innovation and incremental innovation [5].
Breakthrough innovation means putting new product and technology into market
in first time [27], which requires enough capital and high technology [14]. Incre-
mental innovation means incremental, low amplitude and sustainable innovation by
importing technology [2]. Incremental innovation focuses on optimization of exist-
ing product or craft, but breakthrough innovation includes more new knowledge
and technology. And breakthrough innovation requires more capital, technology and
management [12].

Competitive brand is considered as important intangible asset and resource of
competitive advantage [13]. Now the studies definite brand value mainly in two
perspectives: customer perception and finance. In the view of customer perception,
brand value is the effect and emotional value that customer feels; but in the point of
finance, brand value is premium income [30]. For the convenience of researching,
this paper chooses the brand value in view of customer cognition. Exploring inner
mechanism between competitive strategy and brand value is important in theory, and
it is helpful for companies to improve the ability of evaluating and implementing
competitive strategy.

2 Theory and Model Construction

2.1 Effect of Competitive Strategy on Brand Value

The cost leadership strategy requires cost leadership advantage by controlling cost
and rebuilding value chain, guaranteeing the quality and promoting brand value.
But incremental strategy constructs brand by technology innovation. Thus, this



An Exploratory Case Study of the Relationship Between Strategy and Brand Value … 1057

paper thinks both competitive strategies can promote brand value. Zhang [31] found
customer cognition is a process, in which they choose design, brand image, etc.,
and he has proved rational merge based on competitive strategy can take positive
influence. Huang [11] found company should choose cost leadership strategy by
promoting service and cost-effective product to construct brand. Fu [8] found com-
pany chooses differentiation strategy according to customer’s requirement to con-
struct competitive advantage [8]. Thus, this paper proposes and verifies the following
hypothesis:

Hypothesis 1 Both low cost strategy and differentiation strategy are helpful to
enhance the brand value.

2.2 Innovation Choice of Competitive Strategy

Both two strategies need innovation, but innovation choice is different. Cost lead-
ership strategy can help company acquire competitive advantage by cost advantage
[10]. Companies implementing cost leadership strategy would like to choose incre-
mental innovation, and they innovate on the base of existing knowledge. These com-
panies just focus on existing product and market, and they don’t input resource to
seek for new market. Because breakthrough innovation would eliminate experiment
of the company, so this strategy little focuses on breakthrough innovation.

Company implementing differentiation strategy focuses on design and quality of
the product [32]. In order to promote brand value, company tries to meet customer’s
need with powerful ability of R&G, unique product, and high-quality service.These
enterprises pay more attention on technology innovation, and they are good at cre-
ating dynamic and uncertainty to rival. So they choose breakthrough innovation to
enhance brand value, which could obtain and maintain competitive advantage. Thus,
this paper proposes and verifies the following hypothesis:

Hypothesis 2 Implementing low cost strategy is good for choosing incremental
innovation.

Hypothesis 3 Implementing differentiation strategy is good for choosing break-
through innovation.

2.3 The Influence of Innovation on Brand Value

Facing the complexity and uncertainty, innovation gets more important. Now, many
studies have demonstrated the important role of innovation on brand value: both
strategies can promote brand value. The brand based on technology innovation gets
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Fig. 1 Relationship model

competitive advantage inmarket [16].Qiao andPeng [22] found innovation is the core
of brand value. The innovation includes product innovation, technological innova-
tion, andmarketing innovation, and they have proved the important role of innovation
on brand value.

Bai [1] found a company acquires competitive advantage and brand value by cul-
ture innovation and management mechanism. Tian [24] found company enhances
brand value by innovation strategy in form of following and imitating. Wang [25]
distinguished innovation into leapfrog innovation and incremental innovation, and
he pointed out incremental innovation helps to improve enterprise capability of inde-
pendent innovation. Yang [28] found domestic automobile enterprises insist on inde-
pendent innovation to integrate technical knowledge and experience into technical
ability,which occupies the highest links of value chain. And the study suggested
breakthrough innovation helped to enhance brand value. Thus, this paper proposes
and verifies the following hypothesis:

Hypothesis 4 Incremental innovation could promote brand value.

Hypothesis 5 Breakthrough innovation could promote brand value.

Based on the analysis, we put forward a relationship model among competitive
strategy, innovation choice, and brand value, as shown in Fig. 1.

3 Method

From the perspective of innovation choice, we study on the relationship between
competitive strategy and brand value with multi case research method. Different
types of research need different method [29]. When there is lack of theory or the
existing studies are not enough, researchers should construct theory model from
organization practice in case study method [26]. Although the competitive strategy
and brand value are not new concept, but the study on how does competitive strategy
promote brand value in the view of innovation choice is new. Thus, this paper selects
case study is appropriate.
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Table 1 Three cases

Name-founded Status of company Product

time-nature structure

Wal-mart—1962
year—foreign
company

Ranked first in American “fortune” magazine of
the world’s top 500 in 3 consecutive years,
including 8500 stores, located in 15 countries
around the world

Retail business

Chery—1997
year—state-
controlled com-
pany

In 2013, total sales volume breaking through 4
millions, becoming the largest passenger export
enterprises in China for 11 consecutive years

Passenger cars,
commercial vehicles,
trucks and buses

Vanon
company—1987
year—private
enterprise

Including more than 10 subsidiaries, starting
bamboo industry in 2006, constructing new
process in 2012, establishing BABO in 2014

Fabric, bamboo and
intelligent

Source from the author’s collecting

1. Case Choice
If condition permits, the case study can extract theory [7]. It is not necessary to meet
sampling principle in case study, but it is necessary to select special and representative
cases in case study [6]. The standard we choose cases are these: (1) For the universal
manifestation of the model, the cases we selected include foreign enterprises and
domestic enterprises; private enterprises and state-owned enterprises; manufactur-
ing enterprises and service enterprises; (2) The selected enterprises all have a history
more than ten years, which ensures us to obtain relevant data [3]; (3) we are conve-
nient to get relevant data in these cases.

2. Company Profile
According to the standard we select cases, finally we selected three cases as shown
in Table1.

4 Case Analysis

1. Wal-Mart-Creating Top Retail Brand by Implementing Competitive Strategy
Since established in 1962,Wal-mart had created cover $14 billion in signal day. After
years of development,Wal-mart has become the world’s largest private employer and
chain retailer, and it repeatedly topped World’s Top 500. In 2012 it became the most
value of retail brand as the result of implementing flexible competitive strategy.

Competitors around Wal-mart include native companies like Sears, Kamath, for-
eign companies like Carrefour, Aldi. Certainty, it also faced to new competition
from new companies. Facing the situation, Wal-mart chosed differentiation strat-
egy to avoid strong competitors, which laid the foundation for future development.
With continuous development, Wal-mart tried to control cost by controlling logistics
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cost, establishing information processing system, and retaliating supply chain man-
agement. Thus, Wal-mart established the leading position in retail industry by cost
leadership strategy.

As a case of this paper, Wal-mart is suitable in some extend. Because Wal-mart
built its brand value by flexible competitive strategy,which can support this research.
In fact, Wal-mart’s success also came from its organization management, human
resource management,etc. But this paper does not control these variable, and this
effect the result of this paper.

2. Qhery-Promoting BrandValue by Incremental Innovation in Process of Cost Lead-
ership Strategy
Since established in 1997, Chery had obtained customer’s approval by incremental
innovation in process of cost leadership strategy. There are four sub brands in Qhery:
Chery, Ruiqi,Wei Lin andDirks, which include passenger cars, commercial vehicles,
and mini cars. Up to 2013, sales breaked through $4 million, and Qhery became the
largest passenger vehicle export enterprises in China for 11 consecutive years.

Low cost strategy of Chery is reflected in three aspects: supply chain cost strategy,
R&Dcost strategy and labor cost strategy. In supply chain cost strategy, Chery did not
initially establish vehicle production line, but it used automobile engine production
line of Ford incrementally. Along with the success of the design, the engine became
the core part of the vehicle. In choice of parts, Chery reduced cost by using domestic
support system. In the process of R&G, Chery developed new models by imitating
foreign products through the “Outsourcing—mergers—joint design” pattern. In labor
cost strategy, Chery has created advantage of low cost in use of low labor costs in
Anhui pronvince.

From the case of Qhery, this paper analyzes its cost advantage from supply chain,
R&D, and labor cost. In fact, Qhery also implemented differentiation strategy in its
development, but this paper does not analyze this strategy.

3. Vanon-Promoting Brand Value by Breakthrough Innovation In Process of Differ-
entiation Strategy
Since established in 1987, Vanon focused on industrial investment, and it owns three
business units, fabric, bamboo and intelligent robot. During the past twenty years,
Vanon has established more than ten subsidiaries. Vanon always pays attention to
technology, and it has filledmany technology blank in domestic and foreign research.
Vanon has become the world famous brand by breakthrough innovation in process
of differentiation.

Focusing on the blank of new material applications in biomass of bamboo fiber,
Vanon constructs the independent brand-BABO. There are four innovational pots. (1)
Innovating in the process of product, new product keeps natural bamboo antibacterial
and antimicrobial in it; (2) According to EU food standard, the new product has
non sulfide and other toxic substances residues; (3) Vanon invents more important
functional material; (4) Vanon realizes the full use of development and utilization of
biomass. In the process of differentiation strategy, Vanon achieves rapid development
by breakthrough innovation in process of differentiation strategy.
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Although Vanon has four innovational pots in its new independent brand-BABO,
it is still a new brand. Thus, whether BABO could acquire sustainable development
is still a puzzle. Vanon has a long history of operating and managing, but that may
not be transplanted to its sub brand.

As a study method, case study is suitable for new theory or practice question.
Because the relationship between competitive strategy and brand value is new, espe-
cially in the view of innovation choice, so it is reasonable to select case study in this
paper.

In order to improve the university of the model, this paper selects cases from
different countries, industries, and ownership. The Wal- mart is foreign compay,
Qhery and Vanon are both from China; Wal-mart is in retail industry, Qhery and
Vanon are manufacturing industry; Qhery is state-controlled company, while the
Vanon is the private enterprise. However, the representativeness and typicalness is
still limited. At the same time, the effectiveness is limited for lack of relevant data.

5 Conclusion and Future Research Recommendation

1. Conclusion
In the perspective of innovation choice, this paper introduces the breakthrough and
incremental innovation to study the relationship between competitive strategy and
brand value. Constructing the concept model after theory reviewing, this paper
chooses exploratory case analysis method to check the model. And we get some
important conclusion.
(1) Both competitive strategies can promote brand value. Many studies have found
competitive strategy is helpful to enhance brand value, and this paper also confirms
that. In fierce market competition, company must implement suitable competitive
strategy according to environment. Ether cost leadership strategy or differentiation
strategy is better than no strategy.
(2) Different strategy, different innovation choice. Company implementing cost lead-
ership strategy chooses incremental innovation, while company implementing differ-
entiation strategy chooses breakthrough innovation. Different competitive strategies
needdifference in organization arrangement, controlling programand innovation sys-
tem [21]. The analysis is consistent with hypothesis. Cost leadership strategy controls
and rebuilds value chain, and it can obtain and maintain competitive advantage by
incremental innovation. Differentiation strategy focuses on design and quality, and
company obtains and maintains competitive advantage by breakthrough innovation.
(3) When competitive strategy effects on brand value, innovation takes an inter-
mediary role. No matter which competitive strategy is chose, companies all should
take innovation, and innovation becomes the link of competitive strategy with brand
value. Innovation is the source of sustainable development, and it is themainstreamof
enterprise management. Company can shorten the distance with leader, draw lessons
from other enterprises, and enhance brand value in the process of implementing
low cost strategy by incremental innovation. Company implementing differentiation
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strategy chooses breakthrough innovation to establish barriers to imitate, and it can
help enterprise to gain and maintain sustainable competitive advantage. Of course,
the breakthrough innovation required high ability to deal with the risk prediction.

2. Future Research Recommendation
This paper extends the research of competitive strategy and brand value. In the
perspective of innovation choice, this paper introduces breakthrough and incremental
innovation to study the relationship between competitive strategy and brand value.
Analyzing three classic cases, this paper gets some important conclusions, which
enriches the research in relevant field.When analyzing cases andmodel constructing,
this paper goes for scientific principles.

However, there are still some flaws: (1) we choose the method of exploratory case
research method, and the cases we selected have particularity inevitably. In order to
promote the reliability of the conclusion, we will get further research with empir-
ical data in future research; (2) This paper only considers the factor of innovation
choice, and its does not consider environment, enterprise life cycle and other factors.
We will consider other factors in further study to research the relationship between
competitive strategy and brand value in the view of innovation choice.
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A Research on Chinese Creative Industry
Development Efficiency Based on Geography
District

Ying Zhang, Yongzhong Yang and Lirong Zhong

Abstract Grounded on a large number of researches on the development efficiency
of creative industry, the paper builds efficiency evaluation index system of regional
creative industry development in China from the perspective of input and output.
Itimplements the classic DEAmodelłCCR and BCCmodels to evaluate the develop-
ment efficiency of creative industry in 31 provinces, cities and autonomous regions
in China, and thenit adopts the method of averaging to assessthe comprehensive
efficiency (technical efficiency, TE), pure technical efficiency (PTE) and scale effi-
ciency (SE) ofcreative industry development in China’s seven regions. In addition,
this paper accentuates the influence of the policy environment and investment on the
efficiency of creative industrydevelopment, and finally puts forward some important
relevant conclusions.

Keywords Creative industry · Development efficiency · Geography district · DEA
model

1 Introduction

Under the background of economic globalization, creative industry is an emerging
industry and one of the fastest growing industries in recent years, which regards
creativity as its core. How to maintain its sustainable and healthy development has
become one of the problems that governments all over the world should focus on.
To keep creative industry developing stably and healthily, the first thing is to under-
stand the developing level and the comprehensive competitiveness of local creative
industry, and then to find the influencing factors promoting or hindering its devel-
opment, which can make accessible solutions to improve the local creative industry
development.While it can not only scientifically assess the efficiency of national or
regional development of creative industry, but also find out the relevant influencing
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factors via establishing a rational and perfect evaluation system for the development
efficiency of creative industries, and furthermore it can estimate the creative
vitality and developing potential of the region. With reviewing the extant litera-
tures on the creative index and creative industry development efficiency home and
abroad, it builds a comprehensive regional creative industry development efficiency
evaluation index system according to the characteristics of creative industry devel-
opment in some regions, and then it uses the system to evaluate the efficiency of
Chinese regional creative industry development. Finally, combined with the evalu-
ation results, it draws some appropriate conclusions and recommendations for the
development of creative industry.

2 Literature Review

Since Hawkins puts forward the concept of creative industries, foreign scholars have
been doing many studies on all aspects of the creative industry to a certain depth and
breadth. They achieve certain advantages in researches on the creative index, creative
industries efficiency and creative industries practice. On creative development index
and the efficiency of the creative industries development, Florida [1] presented the
famous “3Ts” theory, which holds that the creative industry must have a combination
of the three key elements: “Talent”, “Technology” and “Tolerance”, and establishes
a creative index system for the first time, which is used to assess creative capacity
of 50 states and major cities in the US. “3Ts” theory has been recognized and sup-
ported by the majority of scholars, producing a profound influence on the studies of
creative index later. Therefore, creative index systems in many countries and regions
have been established on the basis of this theory, as well as with the actual situation
in the region. Then Florida and Tinagli [2] begined to cooperate to make a com-
parison on creative economic development elementsbetween14 European countries
and USA and establish the European Creativity Index (ECI) and Global Creativity
Index (GCI), which is used to estimate the creative index of 45 countries. British
scholar Charles Landry takes personnel quality, will and leadership, urban space and
facilities, network power relations as a base to divide the creative city development
scale into 10 grades [3]. While Poland scholar Andrzei Klimczuk describeed general
barriers to the development of creative industries in culturally diverse regions on the
example of Podlaskie Voivodship from Poland. He argueed one of the key challenges
of the region is diagnostic and programming work for the construction of a regional
model of a creative industry [4].

The research on the development efficiency of creative industry in domestic is
overall later than abroad. And the scholars in domestic mainly concentrate on city
creative industry efficiency from the perspective of economics, analyzing the devel-
oping efficiency and level of creative industry from the angle of input-output. The
main researches include: in 2005, Hong Kong builds a set of index system of cre-
ative industry–Hong Kong Creativity Index on the basis of “3Ts” theory and Euro-
pean Creativity Index [5]. The index includes creative achievement, organization
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and institutional capital, human capital, social capital and cultural capital, which is
also called “5Cs”. Europe and Hong Kong Creativity Indexes have obvious geo-
graphic restrictions, while the Cultural and Creative Industry Research Center of
Renmin University of China has established a set of culture index for domestic
provinces and cities in order to better assess and evaluate the development efficiency
of the creative industry in China [6]. The index is grounded on the improved culture
industry review theory of the Asia Pacific region proposed in UNESCO Jodhpur
forum. Culture industry review theory of the Asia Pacific regionCevaluate devel-
opment of culture industry should consider from the cultural capital, infrastructure,
policy environment, cultural output (products and services) three aspects. to build
the framework, combining Porter’s diamond model and China’s national conditions
to select the measurement variables. The index is constituted by three indicators: the
first class indicator consists of industry productivity, industry influence and industry
driving force. In addition, Tan et al. [7] put forward the seven factors of competitive-
ness of the city’s creative industries combined with organizational ecology theory,
which explores that intelligence inputs, capital investment, basic environmental fac-
tors as the main factors by analyzing cross-section data from 20 cities nationwide.
Lin et al. [8] presented the main factors affecting the creative industry development
in the city based on the related theories and literatures, including institutional fac-
tors, talent reserve, city openness, city’s infrastructure, and conduct an empirical
study on 43 cities in China, further divides the city’s creative team, and offers the
corresponding development strategy for the creative industry.

Domestic and foreign scholars have obtained abundant the or eticalor practi-
cal achievements on efficiency evaluation of the creative industry development and
creative development index, which provides valuable references for us. While the
domestic researches on the development efficiency of creative industry mainly focus
on how to build the reasonable evaluation systems, but ignore the empirical analy-
sis. Simultaneously, researchers only emphasizes on a region-based monomers city
in the rather few empirical analysis, but ignore the cooperative and competitive
interaction relationship between city group and regional creative industry. Due to
geographical proximity, provinces and cities in the same regions tend to have similar
natural resources, cultural resources, and customs, etc., which areal ways important
bases for cooperation and competition between these provinces and cities. Based on
the characteristics, many major strategic development plans are developed, such as
the famous South-to-North Water Diversion and West-East Gas Transmission. After
reviewing the relevant literatures, it can easily explore that there are few articles
researching on regional creative industry. Therefore, it attempts to build regional
creative industry development effectiveness evaluation system in the paper, which
takes seven geographical divisions (East China, South China, North China, Central
China, Southwest China, Northwest China and Northeast China) as study objects,
then assesses the development efficiency and competitiveness of creative industry in
the seven areas and provides the corresponding suggestions.
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3 Construction of Evaluation Index System of Creative
Industry Development Efficiency

1. The Thought of the Construction of Evaluation Index System
The research is based on reviewing the a lot of literatures on creative industry devel-
opment index and efficiency, considering the actual conditions of China and the
accessibility, operability of specific indicators data, combining “3T” theory and the
improved culture industry evaluation theory of the countries and regions in the Asia
Pacific. Then it builds a reasonable evaluation index system to evaluate Chinese
regional creative industry development efficiency and the comprehensive compe-
tence, in order to quantify the overall standard of scientific and standardized assess-
ment of the regional development efficiency of creative industries and the overall
competence.

2. Evaluation Index System Theory Based Framework
Florida mentions in his book The Rise of the Creative Class clearly, “Technology,
talent and tolerance· · · they are necessary to attract creative talent, encourage inno-
vation and promote economic growth· · · a real creative center must be with the three
elements at the same time” [1]. Florida’s “3T” theory focuses on investment and
development environment of creative industries (culture atmosphere) to assess the
developing potential and level of creative industry, without taking the output levels
into account, so it can’t effectively reflect input and output efficiency of a coun-
try or region’s creative industry. UNESCO Jodhpur forum points out explicitly that
“the development of cultural industry should be evaluated from the cultural assets
(capital), infrastructure policy and cultural outputs (products and services)”. Consid-
ering the above two theories, the paper will build China’s regional creative industry
development effectiveness evaluation system from three aspects, which are capital
investment, the environment and policy support as well as the creative output. Cre-
ative capital input indicators are composed by cultural capital, human capital and
technological capital reflecting the developing potential of creative industries. The
output indicators are mainly economic and social benefits brought by the creative
industries. While the environment and policy support index mainly refers to reflect
the policy support, the degree of city (region) openness, particularly including: gov-
ernment policies, the degree of openness. See Fig. 1.

3. The Concrete Construction of the Evaluation Index System
The paper divides the evaluation index system into three levels: the first class indi-
cators include capital input index, environment and policy indicators (indicators of
environmental capital investment) and output index. The capital input index is divided
into three categories, which are the cultural capital, human capital and technology
capital. Environment and policy index consists of the government policy support and
the degree of city openness of the two class city. And the output index is considered
from two aspects, which are economic benefit and social benefit of creative industry.
The specific indicators selected are as follows:
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Establishment of Indexes

Environment and
government support

1. Government policies
2. The degree of openness

Results of cultural and
creative output
1. Economic performance
2. Social results

Cultural and creative
capital investment
1. Cultural capital
2. Human capital
3. Technology capital

Fig. 1 Creative industry development efficiency evaluation index system

(1) Indexes of capital inputs
Cultural capital: The number of infrastructure for cultural activities. Cultural capital
is the source of a country or a region for creative content. The richness of the cultural
capital in a region plays an important influence on the creative industry development
in this district. Many indicators can be used to assess cultural capital, while the
common-used indicators are the number of state-level non-material cultural heritage,
total number of infrastructure for cultural activities, public library collections and
performing arts venues seats number, etc. The paper selects the total number of
infrastructure for cultural activities as evaluation index of cultural capital just because
compared with other indexes, it can be adjusted according to the change in a certain
period. While other indicators such as the number of non-material cultural heritage
cannot change much in the short term, and thus it is of less significance to research
on them.

Human capital: The average number of students on campus per ten thousand
populations. Creative talent is the subject to create and an inexhaustible source of
ideas, so creative talent is the core factor of production inputs for creative industry.
Creative talent and the level of human capital in an area are incarnated in the number
of high-quality university students. Therefore, it is believed that the more the number
of students on campus occupies in the total proportion of the local population, the
higher quality of the region’s stock of human capital, and themore prominent creative
capability, the higher output efficiency of investment in human capital.

Science and technology capital: R&D internal expenditures occupying in a share
of GDP. Mutual integration between science and culture, innovation and creativity
is the main melody of creative industry development, which is a dual-engine to pro-
mote the healthy development of creative industry. The investment of cultural capital
can reflect a region’s creative basis and ability to some extent; while the technology
capital investment can reflect the innovative ability in the area. R&D internal expen-
ditures occupying in a share of GDP can intuitively reflect the extent to which the
region’s support for science and technology.
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(2) Indexes of environmental inputs
Government support: Policies for creative industry. It is indispensable for any indus-
try to get healthy development with the government support. The enterprises engaged
in the creative industry are mostly small and medium-sized, even micro, whose anti-
risk capability is rather weak that they need strong support and help from the state
and local government. Therefore, the number of policies can reflect the local gov-
ernment’s attention and support for the development of creative industry to a certain
extent. So here we select “policies for creative industry” as the index of government
support.

Degree of openness: Import and export trade as a share of GDP. Creative indus-
try is the product of highly open economy, which is always appearing among the
extensive outreach center cities [9]. Open cities contain with tolerate environment,
where all kinds of culture collide and blend with each other to form a multicultural
environment, which provides hotbed for creative industry’s flourishing.Many empir-
ical studies have proved that high degree of openness and tolerance of cities tend to
be much easier to attract creative people gathering together, and then promote the
development of creative industry. Many scholars have used “import and export trade
as a share of GDP” as indicators to measure the degree of openness. Similarly, the
paper also adopts it as the index of urban open degree. The higher the percentage is,
the more urban openness will be.

(3) Indexes of outputs
Economic performance indicators: The number of patent license and the added value
of the creative industries as a share of GDP.

(i) The number of patent license: Patent authorization possessed by a nation or
a region is the external expression of creative knowledge and thinking, which is
a form of high-valued intellectual property acquired by much inputting of human
capital, cultural capital and other factors of production. This kind of intellectual
property rights is protected by the related patent law and provides the base of core
competence differentiated from the similar enterprises in the creative production for
local creative enterprises, which represents to some extent that creative industry’s
output capability and the economic benefit in this region. Therefore, this paper holds
that themore the quantity of authorization patent that a national or regional possesses,
the more competitive advantages the creative products will obtain, which indicates
that the production output effect with the input of human capital, culture capital and
other creative industry factors may be better, and then the economic benefit of the
creative enterprises may be greater.

(ii) The added value of the creative industries as a share of GDP: The added
value of the creative industries reflects the development scale of creative industry,
the size of which is the most direct expression of the economic benefits for creative
industry. Therefore, the size of the creative industry is directly reflected in the level
of economic benefits of creative industry. The proportion of added value in creative
industry accounted for in GDP is bigger, the value creation and realization ability is
stronger, and the development status of creative industry becomes better.
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Social benefit indicator: Creative industry employment. Employment increase
in creative industry has at least two aspects of social benefits: On the one hand, it
can relieve the whole society’s employment pressure when employment increase in
creative industry, and it can improveresidents’ income, which is conducive to social
harmony and stability; On the other hand, with the increasing of the employment of
creative industry, it can enhance innovation and creation atmosphere of the whole
society, and promote the shift of industrial technology innovation and the mode
of economic development, which will improve the overall efficiency of economic
development. Therefore, it takes “creative industry employment” as the important
evaluation indicator to measure the social benefits of creative industry.

4 Empirical Analysis

1. Data Sources
Specifically, taking the China’s seven major geographical partitions as the research
objects, this paper evaluates and measures the developing efficiency and competence
of the creative industry in these seven areas, and further explores the regional cre-
ative industry developing characteristics and the related influencing factors. The data
are collected through statistical yearbooks of the provinces and cities and the era of
cultural and creative industry network (http://fy.iciba.com/). Considering the com-
pleteness and accessibility, all data in this study are selected in 2010. Classification
of creative industry in this studymainly includes the following eight categories: class
of film and television culture, advisory planning, design services, telecommunica-
tions, software, scientific research and education, performance, entertainment and
technology trends.

2. The Method and the Model
The paper evaluates the developing efficiency in seven districts from the perspective
of input-output, and therefore, it chooses a non-parameter statistical methodCData
EnvelopmentAnalysis (Referred to as theDEA),which is commonly used to evaluate
the input-output effectiveness of the same kind of decision making units within
multiple inputs and outputs. The commonly used DEA models are mainly CCR
model and BCC model. Although the process of development in DEA is emerging
a lot of new models, they are derived from the CCR and BCC models. BCC model
and CCR model are very popular in scholars at home and abroad since they have
produced, and widely used to evaluate the efficiency of different industries listing
corporations, so we use the CCR model and BCC model of DEA method in our
study. Specifically, DEA is mainly used to evaluate the efficiency of input-output,
so we will take the indicators of environment and policy support as environmental
capital, belonging to indexes of input. The evaluation system adjusted is as shown in
Table1.

http://fy.iciba.com/
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Table 1 Creative industry evaluation index system

First class indicator Second class indicators Third class indicators

Inputs (X ) Cultural capital Number of infrastructure for
cultural activities (X1)

Human capital The average number of students per
thousand population of colleges and
universities (X2)

Science and technology capital R&D expenditures within a share of
GDP (X3)

Environmental input Policies for Creative industry (X4)

Import and export trade as a share of
GDP (X5)

Outputs (Y ) Economic performance targets Patent license number (Y1)

The added value of the creative
industries as a share of GDP (Y2)

Social benefit index Creative industry employment (Y3)

3. DEA Model Operation
Taking the accuracy and objectivity of results as well as the size of the sample
into account, we will take 31 provinces (including municipalities and autonomous
regions) as 31 decision making unit (DMU), and detailed empirical analysis will
be divided into three steps. The first step is to calculate the traditional CCR model
results, give overall efficiency values of all decision-making units, the optimal index
weight coefficient and slack variable values, etc. The second step is to useBCCmodel
to calculate the pure technical efficiency values of decision making units, in order
to obtain the scale efficiency values of evaluation units. The last step is to calculate
the technical efficiency, pure technical efficiency and scale efficiency of the seven
districts (East China, South China, North China, Central China, Southwest China,
Northwest China and Northeast China) in China by the method of averaging. All the
results are calculated by DEAP2.1 software (Please see Table2 and 3).

4. Result Analysis of DEA Models
(1) TE analysis of creative industry development level in seven areas of China
Technical efficiency, also named integrated efficiency, is the joint effect of pure tech-
nical efficiency and scale efficiency and mainly reflects the overall efficiency of the
decision making unit DUM. In Table2, without considering environment and policy
factors, there are provinces and cities whose comprehensive efficiency is 1, includ-
ing Beijing, Shanghai, Zhejiang, Hunan, Guangdong, Hainan and Yunnan, which
implies that this is valid for DEA, namely the level of creative industry development
in these areas is high and the competitiveness is strong. The average comprehensive
efficiency of the other 31 is 0.695, the provinces and cities whose comprehensive
efficiency is lower than the average value are 17 provinces including Shaanxi, Tian-
jin, Inner Mongolia, Liaoning, Heilongjiang, Anhui and others, which means that
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Table 2 China’s 31 provinces and cities of the creative industries technical efficiency, pure technical
efficiency, scale efficiency in 2010

Within Environmental Input Factors Without Environmental Input Factors

Liaoning 6 0.599 0.629 0.953 irs 0.437 0.506 0.863 irs

Jilin 7 1.000 1.000 1.000 − 0.999 1.000 0.999 drs

Heilongjiang 8 0.439 0.613 0.717 irs 0.412 0.558 0.738 irs

Shanghai 9 1.000 1.000 1.000 − 1.000 1.000 1.000 -

Jiangsu 10 1.000 1.000 1.000 − 0.996 1.000 0.996 drs

Zhejiang 11 1.000 1.000 1.000 − 1.000 1.000 1.000 -

Anhui 12 0.803 0.831 0.966 irs 0.662 0.733 0.904 irs

Fujian 13 0.938 0.974 0.963 irs 0.937 0.968 0.968 irs

Jiangxi 14 0.484 0.670 0.722 irs 0.421 0.588 0.717 irs

Shandong 15 1.000 1.000 1.000 − 0.868 0.913 0.951 irs

Henan 16 1.000 1.000 1.000 − 0.515 0.783 0.657 irs

Hubei 17 1.000 1.000 1.000 − 0.717 0.746 0.962 irs

Hunan 18 1.000 1.000 1.000 − 1.000 1.000 1.000 -

Guangdong 19 1.000 1.000 1.000 − 1.000 1.000 1.000 -

Guangxi 20 0.542 0.899 0.604 irs 0.522 0.857 0.609 irs

Hainan 21 1.000 1.000 1.000 − 1.000 1.000 1.000 -

Chongqing 22 0.714 0.743 0.961 irs 0.562 0.631 0.891 irs

Szechwan 23 1.000 1.000 1.000 − 0.493 0.749 0.658 irs

Guizhou 24 0.695 1.000 0.695 irs 0.648 1.000 0.648 irs

Yunnan 25 1.000 1.000 1.000 − 1.000 1.000 1.000 -

Tibet 26 0.697 1.000 0.697 irs 0.583 1.000 0.583 irs

Shaanxi 27 0.833 0.841 0.990 drs 0.447 0.524 0.852 irs

Gansu 28 0.432 1.000 0.432 irs 0.296 0.624 0.474 irs

Qinghai 29 1.000 1.000 1.000 − 0.740 1.000 0.740 irs

Ningxia 30 0.896 1.000 0.896 irs 0.646 0.805 0.803 irs

Sinkiang 31 0.354 1.000 0.354 irs 0.136 0.880 0.154 irs

MEAN 0.828 0.935 0.884 0.695 0.848 0.808
a TE = technical efficiency from CRS DEA; PTE = technical efficiency from VRS DEA; SE =
scale efficiency; drs = decreasing returns to scale; irs = increasing returns to scale.

the creative industry development is low and the competitive power is weak in these
17 provinces without considering the environmental policy and other factors. While
the development level of the rest of 7 provinces is in the middle. When taking the
policy environment and other factors into account and using them as input variables
(environmental input), then there are 15 provinces and autonomous regions of which
the comprehensive efficiency is 1, including Beijing, Shanghai, Zhejiang, Hunan,
Guangdong and others. Finally it leads to an increase of 8 provinces than not to con-
sider the environment policy input, the comprehensive efficiency of the most close
to 1 of the area is the East China and Southern China areas in Table3 without consid-
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Table 3 China’s sevenmajor areas of creative industry technical efficiency, pure technical efficiency
and scale efficiency in 2010

Within Environmental Input Factors Without Environmental Input Factors

Area DUM TE PIE SE TE PIE SE

North China 1 0.847 0.955 0.891 0.699 0.884 0.778

Northeast China 2 0.680 0.747 0.890 0.616 0.688 0.867

East China 3 0.890 0.921 0.950 0.841 0.886 0.934

Central China 4 1.000 1.000 1.000 0.744 0.843 0.873

South China 5 0.847 0.966 0.868 0.841 0.952 0.87

Southwest China 6 0.821 0.949 0.871 0.657 0.876 0.756

Northwest China 7 0.703 0.968 0.734 0.453 0.767 0.605
a Because here, PIE, TE and SE are calculated by an average of 31 provinces, so they don’t satisfy
the equation strictly, which is TE=PIE×SE.

ering the environmental inputs, which means that the development level of creative
industry is the highest and the comprehensive competitiveness is the strongest with
the non-environmental policy, the comprehensive efficiency is 1 in the central region
of the country when considering environmental policy factor, i.e., the overall DEA
is effective, we can draw a conclusion that the input of environmental policy into the
development of creative industry in this region plays an important role.
(2) PTE analysis of creative industry development level in seven areas of China
Different from the overall efficiency value of DMU, the technical efficiency value of
DMU indicates the technological output ability in the given input elements based on
variable returns to scale. Table2 is about the pure technical efficiency values of 31
provinces and autonomous regions inChinawithout considering the environment and
policy factors. It shows that besides the overall effectiveDEAof 7 provinces and cities
such as Beijing, Shanghai, Zhejiang and others, the pure technical efficiency values
are also 1 in 7 other provinces and autonomous regions such as Tianjin, Hebei, Jilin,
Jiangsu, Guizhou, which are the overall non-effective DEA. And the pure technical
efficiency values of DMU in the rest places such as Shanxi, InnerMongolia, Liaoning
are less than 1. Futhermore the valueof Liaoning is minimum of 0.506. This shows
that compared with the other 14 places,the technological output ability of the creative
industries is relatively lowandneed to be further improved inShanxi, InnerMongolia,
Tibet and other 17 provinces and autonomous regions under the investment of fixed
factors of production. And from Table3, it can be seen that the highest pure technical
efficiency value is 0.952 in Southern area within the seven areas in China which
indicates that the technological output ability of this area is relatively high. The
lowest pure technical efficiency value is in northeast area, only 0.688, far lower than
the average value of pure technical efficiency of the seven areas which is 0.842. Thus
we can draw a conclusion that the technological output ability in this place needs to
be improved.

It can be drawn from Table2 that on the whole the average net efficiency value of
31 provinces and autonomous regions in China reaches 0.935 under the consideration
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of the environmental input conditionswhich indicates that the creative industry devel-
opment is basically at the forefront of the pure technical efficient production. It is
also verified that as the mainstay of creative industry in our country, the small and
medium-sized enterprises’ capability of technology innovation, integrated innova-
tion and application is relatively strong. And the higher technical efficiency values
are the main drive to support the overall higher efficiency of main cities in China.
Besides, from Table3, we find that the seven regions except the Northeast (0.747),
pure technical efficiency values in other parts are all above 0.9 which once again
proves that the technological output ability of creative industry is pretty strong.
(3) SE analysis of creative industry development level in seven areas of China
Note that investigation of changes in scale reward, when scale reward is invalid, the
trend of decision-making unit scale reward turns to effective direction. The reason
of scale reward increasing is that the insufficient inputs result in the poor overall
resource using efficiency, so it need add inputs to improve the overall efficiency
level at this time. The reason of scale reward decreasing is that redundant inputs
lead to the poor resource using efficiency, so we should decrease these excess inputs
to improve the overall efficiency level at this time. In terms of the overall level of
China’s creative industry, scale presents the obvious increasing trend, so we should
seize the opportunity to add the investment, to further improve the efficiency of the
whole.

5 Conclusion

This paper firstly determines 31 provinces, cities and autonomous regions as evalu-
ation units for the development efficiency of creative industry, constructs a specific
creative industry evaluation index system in the DEA model, and then based on the
relevant data collection, it takes full use of the class models of DEA-the models of
CCR and BBC to carry on empirical analysis, obtains the comprehensive efficiency
(technical efficiency, TE), pure technical efficiency (PTE) and scale efficiency (SE)
of the development efficiency of creative industries in China’s seven major areas
through the method of averaging. The evaluation result reflects the development sit-
uations of creative industry in the seven areas of China. The result shows: efficiency
of basic creative industry development in our country presents cascade development
from coastal to inland, but at the same time, the creative industry development of the
inland is uneven and unbalanced.

In addition, this paper also focuses on the effect of the policy environment and
investment on the efficiency of the creative industry development. Without consid-
ering environmental input, ranking of comprehensive efficiency from high to low in
the seven regions, the order is East China, South China, Central China, North China,
Southwest China, Northeast China and Northwest China. And pure technical effi-
ciency from high to low order is followed by: South China, East China, North China,
Southwest China and Central China, Northwest China. From these results, it can
be easily found that: No matter from the point of comprehensive efficiency or pure
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technical efficiency, the districts where creative industry develops the best are East
China and South China, while the worst areas are northwest and northeast China.
And developing levels of Southwest, North and Central China are in the middle or
upper level. But when considering environmental inputs, the ranking of compre-
hensive efficiency from high to low in the region is in the following order: Central
China, East China, South China, North China, Southwest, Northwest and Northeast
China.Andthe order of the technical efficiency from high to low is followed by: Cen-
tral China, Northwest China, South China, North China, Southwest and East China,
Northeast China. Based on the above conclusions, it should improve inputs in the
structure and quality of the elements according to the situations of development of
creative industry, and then improve the level of outputs, build up optimization ideas
and the specific path for the regional differentiation in the future development of
creative industry in China.

Acknowledgments We gratefully acknowledge the research support received from the National
Natural Science Fund (No. 71173150), the Key Project of the National Social Science Fund (No.
12AZD018), Program for New Century Excellent Talents in University (No. NCET-12-0389) and
ResearchCenter of FolkCulture forKeyResearchBase of Philosophy and Social Science in Sichuan
Province (No. MJ14–15).

References

1. Florida R (2002) The rise of the creative class: and how it’s trans-forming work, leisure, com-
munity, and everyday life. Basic Books, New York, p 21

2. Florida R, Tinagli I (2008) Europe in the creative age. Available online: http://www.gmit.ie/
research

3. Charles L (2003) The creative city: a toolkit for urban innovators. Earthscan, London
4. KlimczukA (2014)Barriers to the development of creative industries in culturally diverse region.

Coactivity: philosophy. Commun Cent Renmin Univ Chin 22:145–152
5. The Home Affairs Bureau of the government of the Hong Kong Special Administrative Region

(2005) Creative index research. Technical report (in Chinese)
6. Industry Research Center of Renmin University of China C(2011) Chinese municipal cultural

industry index. Creative Industry Research, Beijing
7. Na T, Gao C (2009) The analysis and application of influential factors on competitiveness of

urban creative industry from the perspective of the organizational ecology. Contemp Finan Econ
5:76–80 (in Chinese)

8. Lin M, Yang Y (2012) Research on the factor and strategies of Chinese creative industries. East
China Economic Management, pp 8 (in Chinese)

9. Hu B (2007) Creative industry content and ways to promote the development of city. Urban
Problems, pp 2–5 (in Chinese)

http://www.gmit.ie/research
http://www.gmit.ie/research


Chinese New Generation Employees’
Turnover Intentions: Effects
of Person-Organization Fit, Core
Self-evaluations and Perceived Opportunities

Xiaoye Qian, Yao Shi and Hao Zhou

Abstract This study examines the effects of person-organization fit to Chinese New
Generation employees’ turnover intentions. We hypothesize that for the New Gener-
ation workers, core self-evaluations mediated the P-O fit-turnover intention relation-
ship and the perceived job opportunities moderated the core self-evaluations-turnover
intentions relationship. Surveying 267 data from New Generation employees in a Chi-
nese firm, we find that the New Generation employees reporting higher P-O fit show
lower level of turnover intentions. This study also finds support for the mediating
effect of core self-evaluations and the moderating effect of perceived opportunities.

Keywords New generation employee ·Turnover intention ·Person-organization fit ·
Core self-evaluations · Perceived opportunities

1 Introduction

The most recent cohort to enter workforce in China is named “the New Generation”.
In some literatures, they are also named “Generation Y”, Nancy [13]. Compared
with the earlier generational cohort, the New Generation employees born in 1980s
and 1990s demonstrate identifiable features in the way they react to authority, their
work-related values and what they will do to satisfy their values. On one hand, the
New Generation are very creative, willing to learn and open to challenges [13]. These
features lead to their high job performance. On the other hand, the New Generation
generally have higher requirement for work environment, such as latest technology,
regular feedback, fair reward and recognition system [12]. If they did not obtain what
they expected from the employer, they are more inclined to leave the organization
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[15]. Abundant studies report high turnover intentions of New Generation employees
[12, 15, 18, 19]. In China, according to a recent survey conducted by Mercer, 55 %
of the New Generation respondents reported that as long as other companies can
provide higher pay or better opportunities, they will not hesitate to leave [19].

The compatibility between individual and origination has long been important in
the organizational behavior studies [1, 4]. Nearly two decades of research consistently
support that poor P-O fit necessarily leads to turnover [16]. However, there is little
specific discussion regarding how P-O fit influence the New Generation’s turnover
intentions. In this study, we estimate the effect of person-organization fit as the
predictor of New Generation employee’s turnover intentions.

Existing literature on China’s New Generation employees is relatively small.
Among those studies, the effect of individual’s personality on New Generation’s work
outcomes (such as employee’s job performance and workplace creativities) has been
proved [18, 19]. This study will discuss the mediating effect of personality in the rela-
tionship between person-organization fit and New Generation employees’ turnover
intentions. Unlike previous studies [18, 19], we will adopt core self-evaluations to
measure the New Generation’s personality, because core self-evaluations is a “bet-
ter description of individual’s personality” and “has stronger predictive power in
explaining the variety of work outcomes” [8]. We will also discuss the moderating
role of perceived job opportunities.

2 Hypotheses

2.1 Person-Organization Fit and Turnover Intentions

Person-organization fit refers to the degree of compatibility in values between indi-
viduals and organizations [11]. According to Kristof [1], the supplementary fit per-
spective defined person-organization fit as compatibility of people and organizations,
which occurs when one party possesses characteristics similar to the other party.
Employees being compatible with the organization will find themselves sharing the
similar values, culture, goals and norms with others in the organization, hence are
more easily to build trusts with others. Also, working in a high P-O fit environment,
employees feel more comfortable, consequently report higher job satisfaction and
lower turnover intentions. For the New Generation who have high requirement for
work environment, a comfortable work climate is necessary to attract them [18].

The complementary fit perspective provides another explanation why employees
are less willing to leave. According to Kristof [1], the complementary fit occurs when
one party’s characteristics “make whole” the other party or add to it what is miss-
ing. For the New Generation who have strong self-concept and high self-realization
expectation, an organization that “make them whole” can provide resources to help
them display their talent and achieve their goals, therefore can satisfy their needs of
self-realization. On the contrary, working in an organization doesn’t fit them well,
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employees’ needs can hardly be satisfied, leading to strong intention to leave. The
existing research did find that higher person-organization fit can significantly reduce
employee’s turnover intentions [17]. As such, a positive relationship between P-O
fit and turnover intentions is predicted.

Hypothesis 1 Person-organization fit will be negatively related to the New Gener-
ation employees’ turnover intentions.

2.2 The Mediating Role of Core Self-evaluations

Core self-evaluations is a higher-order construct consisting of our individual traits:
self-esteem, neuroticism, self-efficacy, and locus of control [2], it refers to an indi-
vidual’s fundamental and enduring assessment of one’s own worth and competence.
Under the approach/avoidance framework [5], individuals with high approach tem-
peraments such as high core self-evaluations are more sensitive to positive stimuli,
and more likely to evaluate situations as favorable, hence are inclined to adopt pos-
itive ways to respond to outside stimuli. On the contrary, low core self-evaluations
person is more sensitive to negative information. Suggested by the coping resource
perspective [9], high level of core self-evaluations allow individuals to better cope
with the negative information, such as to endure relative more negative feedbacks or
to better tolerant the workplace stress, while lower core self-evaluations people have
less coping resources to deal with setbacks occurred during work. Consequently,
employees with low self-evaluations are more frequently unsatisfied with their jobs
and have stronger intention to leave.

As aforementioned, an organization with higher P-O fit is an organization that
can either share similar climate with or can provide complementary resources for the
employees. Working in a compatible organization, the New Generation employees
are more easily to accomplish job tasks and be recognized by their work group. Also,
their opinions and innovation ideas are more likely to be adopted by an organiza-
tion recognizing their worth and capabilities. Those success and positive feedbacks
obtaining from work will enhance the employees’ confidence of their own abilities,
increase their self-esteem. Therefore, employees working in a high P-O fit organi-
zation exhibit higher core self-evaluations. According to the above discussion, core
self-evaluations function as a mechanism through which the P-O fit help reduce
employees’ intent to leave. Thus, we predict the following moderation hypothesis:

Hypothesis 2 Core self-evaluations will mediate the relationship between person-
organization fit and the New Generation employees’ turnover intentions.
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Person-organization fit Core self-evaluations Turnover intentions

Perceivedopp
ortunities 

Fig. 1 Research model

2.3 The Moderating Role of Perceived Opportunities

Perceptive job opportunities were defined as the probability of finding a job similar
to or better than the current job in the local external labor market for the employees.
Perceived job opportunities is often considered as a contextual factor that influences
the turnover rate or intention [14]. According to Festinger’s cognitive dissonance
theory [6], employees with low level of core self-evaluations have a high likelihood
of confronting with setbacks from job, leading to cognitive conflicts between how the
environment evaluates one’s ability and how he values himself. Since the inconsis-
tency of cognitions motivates a person to change his cognition, attitude, or behavior
[6], employee will have high motivation to change from current environment to
another in order to reconcile the cognition. However, if employee has the knowledge
that it is not easy to find a similar or better job in the external labor market, he will
turn to other ways to deal with the cognitive dissonance, for example, to try to gain
new insight of himself, or forget the importance of those cognitions. In either way,
the employees who perceived less job opportunities will have less intention to leave.
Conversely, if the employees perceived many opportunities in external labor market,
it is more likely for them to consider changing to a new organization to reconcile the
cognition.Therefore, we put forward the following hypothesis:

Hypothesis 3 Perceived opportunities moderate the negative relationship between
core self-evaluations and turnover intentions, such that the relationship is stronger
for those perceived more job opportunities and is weaker for those perceived less job
opportunities.

Figure 1 demonstrates the research model of this study.

3 Method

1. Participants and Procedures
We collected data from a state-owned manufacturing enterprise in southwestern
China. In this firm, 91.5 % of the workers (N = 319) were born after 1980s. We
gathered the information from the New Generation workers (N = 292) via a survey.
Participants completed the self-report surveys anonymously during work time. 267
(84 %) usable questionnaires were returned. 82 % of the valid sample are male, and
71 % have received secondary education. Among the 292 new generation workers,
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60 % were born after 1980s and 40 % after 1990s. Most of the participants have a
tenure of 1–3 years (55 %), 16 % of the New Generation sample have job experience
more than 3 years.

2. Measures
Core self-evaluations
A12-item scale developed by Judge et al. [7] was adopted in this research. It directly
measures the four characteristics of positive feelings about self: self-esteem, general-
ized self-efficacy, emotional stability, and locus of control. A sample item is “Overall,
I am satisfied with myself” (α = 0.84). Responses were anchored on a five-point
scale ranging from 1 = I don’t agree at all to 5 = completely agree.
Person-organization fit
A three-item scale developed by Cable and Judge [3] was used to measure person-

organization fit (e.g., “To what degree do you believe your skills and abilities ‘match’
those required by the job”; α = 0.80). Responses were anchored on a five-point scale
ranging from 1 = not at all to 5 = completely.
Turnover intentions
Turnover intentions was measured by means of a Chinese translation of the widely

used five-point scale survey. The turnover intentions survey consists of four items.
An example item is “I intend to leave this organization this year” (α = 0.95).
Perceived opportunities
A four-item scale was used to measure how many job opportunities the employees

perceived [14] (e.g., “I have many jobs to choose from besides this job”; α = 0.87).
Responses were anchored on a nine-point scale ranging from 1 = not at all to 9 =
a lot.

In the models, we also control variables that may have impact on turnover inten-
tions, including demographic variables such as employee’s age, gender, marital sta-
tus, race, and other background variables such as educational level, tenure, political
status and Hukou status.

4 Results

1. Preliminary Analysis
The coefficient correlation matrix is displayed in Table 1 as well as the mean, standard
deviation and internal consistency alpha values of the constructs. Coefficient alphas
range from a high of 0.95 to a low of 0.80.

Table 1 reveals general support for the hypotheses. Person-organization fit is sig-
nificantly negatively correlated with turnover intentions (r = 0.388, p < 0.01). The
core self-evaluations has a significant negative correlation with turnover intentions
(r = 0.520, p < 0.01), and a significant positive correlation with person-
organization fit(r = 0.268, p < 0.01). Perceived opportunities is significantly cor-
related with turnover intentions, person-organization fit and core self-evaluations at
0.01 level.



1082 X. Qian et al.

Table 1 Correlations, alpha, mean, and standard deviation

Variables M SD 1 2 3 4

1. Turnover intentions 2.515 1.191 (0.95) – – –

2. Person-organization fit 3.083 0.948 −0.388∗ (0.80) – –

3. Core self-evaluations 3.773 0.637 −0.520∗ 0.268∗ (0.84) –

4. Perceived
opportunities

5.287 1.686 0.371∗ −0.129∗ −0.163∗ (0.87)

Notes ∗ p < 0.01; Constructs’ internal consistency alpha values are on the diagonal

2. Regression Analysis Results
Table 2 displays the regression results for each of our hypotheses. The dependent

variable is turnover intentions. The estimates of column 2 (M2) support the Hypothe-
sis 1. Overall, the P-O fit predicts the New Generation employees’ turnover intentions
(R2 = 0.27), the estimated coefficient of P-O fit is −0.428 (p < 0.001).

The four-step procedure for mediation [10] is used to prove the mediation rela-
tionship predicted in Hypothesis 2. In step 1, P-O fit needs to be related to turnover
intentions. This requirement is supported by the results of Hypothesis 1 in M2.
Step 2 requires P-O fit be related to core self-evaluations. The results in M6 reveal
that P-O fit is significantly related to employee’ score self-evaluations (β = 0.158,
p < 0.001). Step 3 requires the core self-evaluations be related to turnover inten-
tions. Suggested by estimates in M3, the core self-evaluations is significantly related
to turnover intentions (β = −0.903, p < 0.001). Finally, step 4 requires that the
significant relationship between P-O fit and turnover intentions will be deceased or
eliminated when core self-evaluations is introduced into the same model. The M4
results demonstrate that after introducing the core self-evaluations, the coefficient
of P-O fit on turnover intentions has decreased from −0.428 to −0.301. The above
results suggest that the core self-evaluations partially mediated the effect of P-O
fit on turnover intentions. A Sobel test confirms that the indirect effect is signifi-
cant (Z = −3.479, p < 0.001). The calculated ratio of mediating effect of core
self-evaluations on the total effect is 29.7 %.

The moderating effects of perceived opportunities on the relationship between
core self-evaluations and turnover intentions are tested in M5. Perceived opportu-
nities and the interaction terms of perceived opportunities and core self-evaluations
are introduced in M5. Regression results reveal that perceived opportunities and core
self-evaluations interacted negatively to predict turnover intentions (β = −0.131,
p < 0.001). Figure 2 shows the form and nature of the significant interaction graph-
ically, using a cut value of one standard deviation below and above the mean of
perceived opportunities. Figure 2 shows that perceived opportunities strengthened
the negative effects of core self-evaluations on turnover intentions. The relation-
ship between core self-evaluations and turnover intentions is more negative when
perceived opportunities is higher than lower.
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Table 2 The results of hypotheses test

Dependent variables

Model Turnover
intentions
(M1)

Turnover
intentions
(M2)

Turnover
intentions
(M3)

Turnover
intentions
(M4)

Turnover
intentions
(M5)

CSE
(M6)

Age 0.007 0.028 0.026 0.038∗ 0.028 0.013

Gender 0.433∗ 0.253 0.308 0.196 0.302 −0.071

Marriage −0.286 −0.363∗ −0.335∗ −0.384∗∗ −0.269 −0.026

Firstjob 0.178 0.145 0.191 0.167 0.089 0.027

Tenure 0.087∗ 0.058 0.068 0.05 0.055 −0.01

Race −0.32 −0.227 0.075 0.095 −0.105 0.402

Hukou 0.085 0.107 0.115 0.127 0.185 0.025

Education – – – – – –

Secondary −0.001 −0.136 0.162 0.048 0.106 0.231

Tertiary 0.155 0.16 0.209 0.206 0.196 0.058

Department2 0.215 0.248 0.32 0.331 0.285 0.104

Department3 0.917∗∗ 0.709∗ 0.518∗ 0.416 0.419 −0.366∗

P-O fit – −0.428∗∗∗ – −0.301∗∗∗ – 0.158∗∗∗

CSE – – −0.903∗∗∗ −0.801∗∗∗ −0.795∗∗∗ –

PO – – – – 0.185∗∗∗ –

CSE_PO – – – – −0.131∗∗ –

Observations 267 267 267 267 267 267

R-squared 0.162 0.268 0.381 0.431 0.459 0.113

Notes Standard errors in parentheses ∗ p < 0.05, ∗∗∗ p < 0.01, ∗∗∗ p < 0.001; P-O fit refers to
person-organization fit, CSE refers to core self-evaluations, PO refers to perceived opportunities

Fig. 2 The moderating role
of perceived opportunities
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5 Conclusion and Discussion

1. Summary of Findings
This study examines how and in what way the compatibility between individual
and organization influences the New Generation employee’s turnover intentions.
Although the turnover intentions is a topic that has been widely discussed [14, 17] and
recently been highlighted in the New Generation literature [12, 15, 18, 19], there are
less studies discussing the role of interaction between individual and organization on
the turnover intentions [17]. One reason P-O fit is not so well studied in the literature is
that the earlier born working cohort (before 1980s) are more loyal and self-sacrificing
employees, and more likely to spend long time in one same organization once they are
recruited [12]. On the contrary, for the New Generation employees, the compatibility
with the environment are more important in their decisions in choosing employers.
Findings from this study will extend earlier studies on the influential factors of New
Generation employee’s turnover intentions.

This study finds that person-organization fit will significantly reduce the New Gen-
eration employee’s intention to leave. It also provides evidence for the partial medi-
ating role of core self-evaluations in the relationship between person-organization
fit and turnover intentions. In addition, we introduce an external labor market factor,
the perceived opportunities into the model, and prove that high perceived opportuni-
ties will strengthen the negative relationship between P-O fit and turnover intentions.

2. Practical Implication
This study provides evidence on how person-organization fit negatively affects New
Generation employee’s turnover intentions. In an organization where the New Gener-
ation employees feel less compatible, they accumulated less positive appraisal about
their value and self-esteem. Employees with lower level of core self-evaluations
have difficulty coping with negative information with positive method, and are more
inclined to choose leave as a response. These findings suggest that in order to reduce
the turnover intentions, organizations should screen job applicants in the first place.
Those who match with organization’s culture and values should be considered as
candidates. Also, managers could put emphasis on improving person-organization
fit through reconstructing the culture and norm of the organization, or through effec-
tive communication between employer and employees. Specifically, methods such
as increasing job autonomy, providing positive feedbacks and fair reward system
will help to promote New Generation employees’ loyalty and reduce their turnover
intentions.
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Real-Time Scheduling Optimization
of Hierarchical Medical Equipment Based
on Simulation

Li Luo, Yong Luo, Chunrong Qin, Shijun Tang and Xian Chen

Abstract Considering the priority of patients and the hierarchies of the medical
equipment, combing with CT scan instance, we use Special Customers First real-
time scheduling rules, establish the current scheduling simulation model and the
optimized scheduling simulationmodel ofWestChinaHospital CT scan.Wediscover
that after optimization the utilization rates between hierarchical equipments are more
balanced, the utilization rate of high hierarchical equipment improved from 69.9 to
86.7%, and the average waiting time of patients are greatly shortened.

Keywords Hierarchical medical examination · Real-time scheduling · Simulation

1 Introduction

Large medical inspection equipments such as CT, MRI, X-rays are important parts
of medical resources. These equipments play crucial role in disease diagnosis and
treatment. Its large capital investment, high operating costs, complex operation and
technique increase the medical expenses. So in many countries, the purchase of
such equipment are strict in control [3]. Under the contradiction between limited
medical inspection equipment and increasing inspection demands, scheduling med-
ical inspection equipment is particularly important. Especially in certain medical
examination, there are different hierarchies of inspection equipment to check the
corresponding patients, such as enhanced scan and plain scan in CT scan. High hier-
archical equipment can be used to make low hierarchical examinations, but low
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hierarchical equipment cannot be used to make high hierarchical examinations.
Because the hierarchyof patients and themedical equipment are not the same, patients
and equipments cannot be unified scheduled. In order to usemedical resources evenly
and efficiently, hospital managers pay more attention to how to dispatch hierarchical
medical equipments. Researches about hierarchical medical equipment scheduling
are mainly using analytical method and simulation.

Application of analytical method to hierarchical medical equipment schedul-
ing include queuing theory and mathematical programming. Zhuang and Li [18]
researched hierarchical inspection equipment allocation between three types of
patient using Markov Decision Process. Schütz and Kolisch [11] using radiation
as an example, studied multi-service priority appointment scheduling. When there
are cancellations and no-shows, they established continuous time Markov decision
model and solved with approximate dynamic programming. Patrick et al. [9] focued
on examination scheduling with priority. By approximate dynamic programming
model, they scheduled multi-service priority patients in advance on a single CT aim-
ing to improve equipment utilization, reduce patients’ waiting time and minimize
costs. Kolisch and Sickinger [4] studied approximation algorithm of pre-scheduling
on two CTs. Cheng et al. [1] built a MIP based scheduling model and solve it with
CPLEX to get the optimization policy. Numeric example with real data from a large
general hospital inWest China are employed to do comparison between optimization
policy and manual policy to prove the effectiveness of the model.

Given the complexity of hierarchical medical equipment scheduling, there are
many studies using simulation, including the design of appointment rules, the influ-
ence of uncertain service time and process improvement. Granja et al. [2] presented a
case study of a conventional radiology workflow analysis in a Portuguese healthcare
provider. Ramakrishnan et al. [10] used simulation model to analyzed the efficiency
of CT examination with new workflow. Patrick and Puterman [8] using simula-
tion made appointment scheduling to patients’ with multi-service priority on single
CT. Sickinger and Kolisch [12] using simulation analyzed the scheduling results of
Baily-Welch rule for outpatient on two CTs. Vermeulen et al. [13] using simulation
studied dynamic capacity allocation and scheduling problem on two CTs. Li et al.
[6] developed a general strategy that allows for automatically, prospectively, and
objectively determining the optimal patient-specific CT simulation protocols based
on radiation-therapy goals.

Researchs about medical examination scheduling, overseas has been in the fore-
front of the field, and continue to move forward. By contrast, they are not mature
in domestic. And research problems mainly include the characteristics of medical
examination departmentmanagement, status and development. See related literatures
Yao and Han [17], Li [7], Wu et al. [16], Wang et al. [15], Wang et al. [14].

Whether in domestic or abroad, the current literatures about medical examina-
tion scheduling mainly focus in the assignment under the same level of equipment
between different types of patients. Researchs on medical examination real-time
scheduling of hierarchical equipment are few. In this paper, based on CT scan of
West China Hospital, we use simulation to study real-time scheduling of hierarchi-
cal CTwhen there are enhanced scan and plain scan patients.We compare the current
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scheme and the optimized scheme, making high hierarchical equipment to meet the
high hierarchical of inspections firstly, maximizing use of the equipments of different
hierarchies. It has reference to hospital hierarchical resource scheduling.

2 Background and Parameters

2.1 Background

There are twomainly CT scan typesenhanced scan and plain scan. The complexity of
the two types of scan is different, and therefore different types of scan corresponding
to different hierarchies of equipment. Enhanced CT scan equipment can be used to
make plain scan, but plain CT scan equipment cannot be used to make enhanced
scan.

In this paper, we study the CT1 and CT2 inWest China Hospital radiology depart-
ment. The CT1 can only make plain scan. CT2 mainly make enhanced scan, at the
same time, it also can make plain scan. In this study, CT2’s hierarchies higher than
CT1, and the hierarchies of enhanced scan patients higher than plain scan patients.
In the process of inspection, CT2 only consider to check the plain scan patients while
there were no enhanced scan patients in waiting queue. We adopt Special Customers
First (SCF) real-time scheduling rules.

2.2 Basic Hypotheses

Hypothesis 1 Patients arrive at examination room according to the appointments
their made.

Hypothesis 2 Ignoring other overtime, CT1 and CT2 serve patients from 7:30am
to 17:30pm every day.

Hypothesis 3 We only consider the patients who complete CT examination at
7:30am to 17:30pm.

Hypothesis 4 The unit revenue of plain scan on CT1 is c1. The unit revenue of plain
scan on CT2 is c2. The unit revenue of enhanced scan on CT2 is c3. According to
the real situation, the unit revenue of enhanced scan higher than plain scan, that is
c3 > c1, and c1 = c2. According to SCF rules, CT2 mainly make enhanced scan. In
order to limit plain scan patients unlimited occupyingCT2,we assume c1 > c2. But in
order to avoid the CT2 not serve plain scan patients, c2 also shoulds not be too small.
Therefore we assume that they meet this relationships: c3 > c1 > c2 > 2

3c1 > 0.
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Fig. 1 CT examinations from 7:30 am to 17:30 pm in July 2012

2.3 Simulation Parameters

In this paper, simulation data from radiology information system (RIS) of West
China Hospital. From the RIS we select 10470 effective records which inspection
equipment are CT1 and CT2 and booking date is July 1 to 31, 2012, appointments at
7:30 am to 17:30 pm. Daily inspection quantities as shown in Fig. 1. According to the
real situation, we eliminate the records on weekend then to get 8752 valid records.
(1) Arrival Rate
The arrival rates are different corresponds to the scan types and time intervals. There-
fore, we analyze arrival rate on different time intervals for plain scan and enhanced
scan respectively. It is generally believed that arrival rates of service system obey the
Poisson distribution. We use SPSS 17.0 make single sample Kolmogorov Smirnov
test to the collated data. The results obey Poisson distribution. And the corresponding
distribution parameters are shown in Table1.
(2) Inspection Time
Inspection time is the time interval from the patient arrive to the examination room
to leave the examination room, that is the time patient occupying CT equipment
and other medical resources. Although there has take the report time field in RIS
system, but by verification, the accuracy has much to do with the habit of doctor,
and take the report time is not the same as the end of examination time, therefore we
artificial collected 790 records of 7 consecutive days. Due to the samples by manual
observation, we use SPSS 17.0 to make explore analysis of the inspection time. The
frequency histogram is shown in Fig. 2.

Further eliminating mistaken records, we use box figure analyze the discrete
features. We get the inspection time of plain scan patients as shown in Table2.

According to Table2, we use triangular distribution Random. Triangular(1, 2, 4)
(unit: minutes) to simulate the plain scan patient’s service time. In the same way to
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Table 1 Patients arrival rates distribution and parameters

Time intervals Enhanced scan Plain scan

Distribution Parameters Distribution Parameters

7:30–8:30 Poisson λ = 32.45 Poisson λ = 6.23

8:30–9:30 Poisson λ = 30.05 Poisson λ = 12.27

9:30–10:30 Poisson λ = 20.55 Poisson λ = 13.45

10:30–11:30 Poisson λ = 22.95 Poisson λ = 13.05

11:30–12:30 Poisson λ = 24.00 Poisson λ = 10.36

12:30–13:00 Poisson λ = 21.91 Poisson λ = 5.59

13:30–14:30 Poisson λ = 24.59 Poisson λ = 8.73

14:30–15:30 Poisson λ = 54.73 Poisson λ = 10.82

15:30–16:30 Poisson λ = 33.00 Poisson λ = 10.68

16:30–17:30 Poisson λ = 25.82 Poisson λ = 16.59

Fig. 2 The frequency histogram of plain scan patients

Table 2 The inspection time of plain scan patients

Inspection time Frequency Percentage Valid percent Cumulative

(min) percentages

1 55 7.8 7.8 7.8

2 354 50.0 50.0 57.8

3 217 30.6 30.6 88.4

4 82 11.6 11.6 100

Summation 708 100.0 100
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analyze, we use triangular distribution Random. Triangular(2, 4, 6) (unit: min) to
simulate the enhanced scan patient’s service time.
(3) Run Times
In order to ensure the meaIn order to ensure the mean of the output indicators within
the 95% confidence interval, we need to calculate the minimum run times. The
running times can be calculated according to the iteration method proposed by Law
and Kelton [5]. The run times of this simulation model we set up are 200.
(4) Model Calendar
The model calendar of this simulation model we set up is 10h, that is from 7:30 am
to 17:30 pm every day.

3 The Simulation Results of the Current Scheme

The current scheme ofWest China Hospital’s is that CT2 assist CT1 make plain scan
at 7:30–8:00 everyday according to SCF rules. When the first batch of enhanced
scan patients entering CT2 examination room, CT2 only make enhanced scan or
serve ICU patients. Even if CT2 may be idle, it don’t help to make plain scan. Follow
the basic hypothesis, according to the data analysis results, we build the simulation
model of current scheme with Simio, and run the model 200 times. The results are
shown in Table3.

From Table3 we can get the following results:

(1) The arrival of plain scan patients are 290, among them served by CT1 are 244,
the revenue take by CT1 are 244c1. The arrival of plain scan patients served by
CT2 are 4, the revenue take by CT2 are 4c2. The total plain scan patients served
are 248.

(2) The arrival of enhanced scan patients are 106, served byCT2 are 102, the revenue
are 102c3.

(3) The total revenues take by both CT1 and CT2 are 244c1 + 4c2 + 102c3.
(4) The utilization rate of CT1 is 94.8%, The utilization rate of CT2 is 69.9%.
(5) The total waiting time of patients is 91.5 min.

Table 3 The simulation results of the current scheme

Patients
type

Total
arrival

Serves (person) Revenue (yuan) Utilization (%) Total
waiting

(person) CT1 CT2 CT1 CT2 CT1 CT2 time (m)

Plain scan 290 244 4 244c1 4c2 94.8 69.9 97.3

Enhanced
scan

106 – 102 – 102c3 – – –
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4 The Simulation Results of the Optimized Scheme

According to the current scheme, CT2 have not been utmost used, and the utilization
rate of CT1 is much higher than CT2. In order to alleviate the pressure of the CT1
and also can improve the utilization rate of CT2, We proposed optimized scheme:
as long as idle, CT2 can make plain scan. Follow the basic hypothesis, according to
the data analysis results, we build the simulation model of optimized scheme with
Simio, and run the model 200 times. the results are shown in Table4.

From Table4, we can get the following results

(1) The arrival of plain scan patients are 290, served by CT1 are 221 the revenue
take by CT1 is 221c1. The arrival of plain scan patients served by CT2 are 48,
revenue take by CT2 are 48c2. The total plain scan patients served are 269.

(2) The arrival of enhanced scan patients are 106, served byCT2 are 102, the revenue
are 102c3.

(3) The total revenues take by both CT1 and CT2 are 221c1 + 48c2 + 102c3.
(4) The utilization rate of CT1 is 86.2%. The utilization rate of CT2 is 86.7%.
(5) The total waiting time of patients are 43.1min.

Comparing the current scheme and the optimized scheme we can get the following
conclusion:

(1) Due to the same arrival rate, the arrival of plain scan patients and the enhanced
scan patients between two models are the same.

(2) After optimization, the plain scan patients served by CT1 are decreased from
244 to 221. And the plain scan patients served by CT2 are increased from 4 to
48. The total number of served plain scan patients increased 21.

(3) The enhanced scan patients served by CT2 remain the same.
(4) After optimized, revenue changes are (221c1+48c2+102c3)− (244c1+4c2+

102c3) = 44c2−23c1. According to the basic assumptions Hypothesis 4, 44c2−
23c1 > 442/3c1 − 23c1 = 19/3c1, So the total revenue increased.

(5) The utilization rate of CT1decreased from 94.8 to 86.2%. And the utilization of
CT2 increased from 69.9 to 86.7%. The utilization of CT1 and CT2 are more
balanced.

(6) The total waiting time of patients are decreased from 91.5 to 43.1min.

Table 4 The simulation results after optimized

Patients type Total
arrival
(number)

Serves (person) Revenue (yuan) Utilization (%) Total waiting
time (m)

CT1 CT2 CT1 CT2 CT1 CT2

Plain scan 290 221 48 221c1 48c2 86.2 86.7 43.1

Enhanced
scan

106 – 102 – 102c3 – – –
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In conclusion, the revenue of optimized scheme higher than the current scheme.More
important, the enhanced scan patients served by CT2 remain the same and plain scan
patients increased 21. The utilization rate of CT1 decreased from 94.8 to 86.2%, and
the utilization of CT2 increased from 69.9 to 86.7%, the utilization of CT1 and CT2
are more balanced. It means that the West China Hospital’s CT examination scheme
remains to be improved. If don’t restrict the time interval of CT2 to serve plain
scan patients, CT2 can get utmost used, the waiting time of patients shortened, the
utilization of CT1 andCT2more balanced andmore patients can complete inspection
the same day. Also from the simulation results, enhanced scan patients arrival a total
of 106, at the end of examination, enhanced scan patients did not complete inspection.
CT2 served plain scan patients, and the utilization rate of CT2 did not reach 100%.
It means that enhanced scan patients make an appointment near off hours. We can
see from Table1, the arrival rate of enhanced patients at time interval 16:30–17:30
is λ = 16.59. There is the same problem on CT1. From Table3 we can see CT1
can serve 244 plain scan patients at least, but it only serve 221 plain scan patients.
CT1 and CT2 work together, there are still 21 plain patients did not finish inspection
in normal working hours. And the utilization rate of CT1 and CT2 did not reach
100%. It means that the appointment of plain scan patients should be improved. So
we suggest to adjust appointment appropriately, as far as possible make appointment
before 16:30.

5 Conclusion

In this paper, we build the simulationmodels of the current scheme and the optimized
scheme with Simio. We find if the time interval of CT2 serve plain scan patients
is unlimited, CT2 can get better used, the waiting time of patients shortened, the
utilizationofCT1andCT2aremore balanced andmorepatients canfinish inspections
the same day. This simulation results is helpful to hospital management decisions,
they can according to the results weigh whether it is necessary to limit the time
interval of CT2 serving plain scan patients.
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Empirical Analysis of the Relationship
Between Brand Marketing Strategies
and Marketing Performance of Agricultural
Science and Technology Enterprises

Wensheng Li, Yu Ding, Daijun Deng, Wangwei Jiang and Zhenggang Liu

Abstract The theoretical relationship model of brand marketing strategies and
marketing performance of agricultural science and technology enterprises is con-
structed and research hypothesis is proposed with theoretical research method. It
is proved that four brand marketing Strategies combinations of agricultural science
and technology enterprises have positive effect on marketing performance. That
helps enterprises to select suitable brand marketing strategy and enhance strategy
application by strategy combinations with different dimensions so as to promote the
marketing performance.

Keywords Agricultural science and technology enterprises · Brand marketing
strategy · Marketing performance · Empirical analysis

1 Introduction

Nowadays, China’s food safety problems are very severe. As the pacemaker of
agribusiness, agricultural science and technology enterprises should make use of
resource capability and brand marketing strategy to improve the safe as well as reli-
able recognition of products so as to promote marketing performance. However, there
is limited research on influencing way and mechanism of brand marketing strategy
on marketing performance. Thus, specific and effective theory guidance to marketing
strategy of agricultural science and technology enterprises is in scarcity.
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Research on relationship between finance performance and marketing resources
has attracted attention in academic circle [12]. Currently, the relationship between
marketing especially for brand and remaining competitive advantages of enterprises
has been explained by theoretical models and empirical researches [8]. As incorporeal
capital, brand has significant effect on performance of enterprises. That is widely
accepted [2, 7]. Relevant brand strategies including brand combination, managing
incorporeal brand combination capital from strategic decision level have been carried
out in many corporate champions [1]. As little research on effect of brand marketing
strategies especially for combination strategy on performance of enterprises is done
[11, 13], further empirical study [3, 5, 9]. In China, documents about brand marketing
strategies are in scarcity, not specific and lack of empirical analysis as well as further
study on influencing mechanism of brand marketing strategies on performance of
enterprises.

In a word, brand has great effect on acquiring and remaining competitive advan-
tages. However, there exist kinds of brand marketing ways and influencing effect of
brand on performance changes with changing of marketing environments. So it is
necessary for enterprises to choose appropriate brand marketing strategies according
to market environments. What is the exact influencing mechanism of brand on per-
formance? In what way does brand marketing strategy combination affect marketing
performance from different dimensions? That is of great theoretical value and guid-
ance to enterprises in choosing brand marketing strategy combination and promoting
brand image strategy application form different dimensions of strategy combination
in order to enhance performance of enterprises.

2 Definition and Study Status of Agricultural Science
and Technology Enterprises

On the basis of study on agricultural science and technology enterprises, it is defined
as enterprises relating with agriculture, making use of hi-technology, integrating
research, management and service and applying modern management system. As
study shown, basic enterprises of agriculture, forestry, livestock farming and fishery
as well as downstream enterprises serving agriculture, forestry, livestock farming
and fishery are all included in agricultural science and technology enterprises. In this
paper, companies and corporate champions of agriculture, forestry, livestock farming
and fishery that listed in Shenzhen-Shanghai stock market are chosen as samples for
study. The existing study on agricultural science and technology enterprises mainly
focuses on technology innovation, social responsibilities, performance evaluation
and development. Thus, documents about brand are scare, providing research space
for the study.
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3 The Enlightenment of Brand Marketing Theory
for Choice of Brand Marketing Strategy

Brand marketing theory consists of brand image theory, brand location theory, brand
extension theory, brand capital theory and brand relations theory according to study
by Shen Pengyi and Hu Zhengmin in 2008 [10].

According to brand image theory, marketing should not only emphasize on prod-
ucts or service but also relevant image of products and service including customer
experience, customer perceived value, symbolic meaning as well as mutual expec-
tation realm of enterprises and consumers. By brand image strategy, agricultural
science and technology enterprises could create better brand memory to guide pur-
chasing behavior of consumers and further enhance brand loyalty of consumers to
enterprises. That is of great strategic significance in long term and important to new
product release and continual improvement of performance. So it is believed brand
image strategy is one of marketing strategies for agricultural science and technology
enterprises.

Brand location theory marketing strategies involving differentiation and diversi-
fication are based on competition among enterprises, consumers and competitors.
With location strategy, agricultural science and technology enterprises could avoid
homogeneous competition, meet different requirements of consumers and expand
space for different and diversified development. As brand location strategy is of vital
importance to development, it is believed brand location strategy is one of marketing
strategies for agricultural science and technology enterprises.

As brand extension theory says, the existing well-known brand could be used to
provide advantages for new product marketing. However, risk exists in brand exten-
sion. Bad market performance of extension may affect image and base of well-known
brands. Correspondingly, good performance is helpful for new product promotion,
reducing marketing cost and strengthening brand position in consumers. It is believed
brand extension strategy is one of marketing strategies for agricultural science and
technology enterprises.

As brand capital theory says, incorporeal capital is formed and reflected by capital
market performance with brand marketing. That may exert unconsciously guidance
to consumers and affect integral value formation of enterprises. It is not common
for agricultural science and technology enterprises to improve value by means of
brand marketing. At least, it is not shown in samples of the study. We don’t deny the
guidance of brand capital to enterprises. According to brand capital theory, effect
of brand capital strategy on enterprises is not embodied in positive guidance to
development and is not of realistic universality. So we think brand capital strategy
in not suitable for development and operation of enterprises and should not be taken
into consideration in brand marketing strategy combination.

Brand relations strategy is mainly dealing with the relationship between brand
and brand, consumer and brand, product and brand, marketing and brand, other
stakeholders and brand, etc. That means as a result of systematization, brand forms
networking structures together with products, marketers and consumers and mutually
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affects [4]. That brand relations is a good way for enterprises to deal with relationship
between stakeholders. By affecting value perception and satisfaction of customers,
brand relations strategy finally affect after-purchase behavior of customers [15]. It
is believed brand relations strategy is one of marketing strategies for agricultural
science and technology enterprises.

As mentioned above, we hold the idea that brand strategy combination including
brand image strategy, brand location strategy, brand extension strategy and brand
relations strategy are suitable for agricultural science and technology enterprises. The
above four brand strategies could promote brand marketing from different angles.

4 Meaning and Evaluation of Marketing Performance

1. Meaning of marketing performance
Marketing performance is defined from the following angles: result angle (Bermar
-din and Kane), behavior angle (Campbell and Murphy) and comprehensive angle
of result and behavior (Brumbrach) in existing documents.

In this paper, we emphasize on the effect of market strategy on market perfor-
mance. Namely, we studied on market performance of enterprises. We think market-
ing performance refers to operating result and efficiency of strategic marketing. That
means result of a series of work done by functional departments in order to achieve
strategic marketing aims.
2. Evaluation of marketing performance
Traditionally, marketing performance is mainly evaluated by finance index and sales
measurement index [6, 14].

Many adjustment factors including market occupation, service quality, customers’
satisfaction and customers’ loyalty existing in marketing productivity lead to ran-
domness of marketing input process to output process. Some scholars think “overall-
performance” should be considered in evaluating market performance.

Strategic marketing further promotes change from simple evaluation to multi-
dimensional evaluation in marketing performance evaluation. Typical research are
done by following scholars: Kumar [9] et al.

Key performance indexes and balance accounting card are applied in marketing
performance evaluation by many scholars. While some suggest marketing perfor-
mance classification for overall evaluation of performance on the basis of mentioned
two ways.

Considering research conditions and requirements of research angle, we mainly
evaluated the effect of marketing performance on brand cognition such as cognition
of consumers and marketing innovation. With balance accounting card, key per-
formance indexes and marketing performance classification, customers along with
studying, innovation and market performance are involved in performance evalua-
tion. Based on that, customers’ cognition, marketing innovation, market performance
and study capability are chosen as evaluation factors of marketing performance.
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5 Theoretical Model of Relationship Between Marketing
Performance and Marketing Strategy of Agricultural
Science and Technology Enterprises

On the basis of theoretical research and documents, we think brand image strategy
directly affect the image of products and service in consumers’ mind. By influencing
consumers’ cognition to products and service, brand image strategy has important
effect on brand marketing especially for cognition of customers.

With brand location strategy, agricultural science and technology enterprises could
segment market for products and service by targeting at different customers. That
is helpful for enterprises to provide better service, meet requirements of special
customers and improve customers’ cognition so as to promote sales of products and
service.

Brand extension strategy make customers purchase new products and service by
influencing customers with well-known brands. With extension strategy, economic
recognition way for enterprises and customers, convenience for new products and
service promotion as well as quality and credit guarantee for new products and service
is gained if information symmetry does not exist. That means extension strategy
could greatly consumers’ cognition to brands and improves marketing efficiency
from enterprises and customers.

Brand relation strategy affects marketing by establishing relationship between
brands and relevant main bodies. Marketing efficiency could be improved with rea-
sonable match of brands and products. Main bodies are diversified including con-
sumers, products, brands and marketers. If relationship between brands and main bod-
ies be well dealt with, marketing efficiency of enterprises will be greatly improved.
So, the following hypotheses are proposed:
Hypothesis 1. Brand image strategy has positive effect on marketing performance.
Hypothesis 2. Brand location strategy has positive effect on marketing performance.
Hypothesis 3. Brand extension strategy has positive effect on marketing performance.
Hypothesis 4. Brand relations strategy has positive effect on marketing performance.

Index systems are involved in developing model on the basis of theory and features
of study are as follows:

Brand Image Strategy: According to the connotation and function of brand image
strategy, the paper argues that function image, experiencing image and symbol image
are included in measuring brand image strategy.

Brand Location Strategy: According to the connotation and function of brand
location strategy, the paper argues that objective market division, product differ-
entiation and price difference should be taken into consideration in brand location
strategy measuring.

Brand Extension Strategy: According to the connotation and function of brand
extension strategy, the paper argues that brand popularity, product diversification and
product correlation should be taken into consideration in brand extension strategy
measuring.
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Fig. 1 Theoretical model of
relationship of agricultural
science and technology
enterprises’ brand marketing
strategy and marketing
performance
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Brand Relations Strategy: According to the connotation of brand relations strategy,
the paper argues that relation between brand and consumers, the relation between
brand and products, the relation between brand and brand, the relation between
brand and stakeholders should be taken into consideration in brand relations strategy
measuring.

The influencing mechanism of four strategy combination on marketing perfor-
mance is analyzed in this paper. Theoretical model of marketing performance and
brand marketing strategy is constructed on the basis of above analysis (Fig. 1). Four
dimensions including brand image strategy, brand location strategy, brand extension
strategy and brand relations strategy are involved in marketing strategy while only
one dimension for marketing performance.

6 Large Sample Analysis

1. Design of questionnaire
Theoretical dimensions of measuring variables are deducted or concluded with litera-
ture research. The following variables including brand image strategy, brand location
strategy, brand extension strategy, brand relations strategy and marketing perfor-
mance are measured in model. The measuring scale is made on the basis of existing
scales and actual situation of the study.
2. Pretest of primary questionnaire
Two professors and five masters engaged in strategy and marketing management
have been invited to modify the description of specific measuring items to enhance
validity of questionnaire after the primary design is finished. Pretest is done among
twenty relevant people only to test items of questionnaire without special choice
of sample type. And correction is done on the basis of problems raised by testers
to improve the validity of questionnaire. The questionnaire is in accordance with
requirements of large sample study with the above two corrections.
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3. Granting and taking-back of questionnaire
With agricultural science and technology enterprises as study subject, 296 people
from 37 enterprises in northwest, middle and southwest area of Xinjiang province
are chosen for investigation, with 8 people from different departments including
strategy planning, production and marketing departments of every enterprise. The
effective recovery is 87.2 % with 296 questionnaires delivered, 277 returned, 19
invalid and 258 valid.
4. Descriptive statistics of large samples
In survey, 194 male employees’ accounts 75.2 % of the overall, which is in accor-
dance with characteristic of agricultural science and technology enterprises. People
aged below 35 accounts 79.1 %, which complies with young trend of enterprises.
Considering education background, bachelors and masters occupy 80.2 %, which
meets requirement of study for knowledge level. The even distribution of enterprise
scale means development level is reasonable and samples are representative. Con-
sidering position type, marketing accounts nearly half and consists relevant subject
of marketing; people from middle-level and strategic planning account 37.6 % and
consist with investigation plan as set. And data of position constitution is reasonable.
Considering features of industries, food industry accounts for 43 %. That is relative
with marketing of study as marketing of food industry is representative. The result
of descriptive statistic of large samples shows investigation data is consistent with
sample requirement of the study (Table 1).
5. Correlation analysis of variables
As Table 2 shown, the correlation coefficient of main variables is significant on the
level of p < 0.01. That indicates the correlation of variables is better and needs
further analysis.
6. Factor and reliability and validity analysis
SPSS 17.0 is used for exploratory factor analysis and results are: KMO is 0.873,
Bartlett hemisphere inspection is significant on the level of p < 0.001. That indicates
data is suitable for factor analysis. 33 measurement items (including 12 items of 3
variables that has important effect on brand marketing) are analyzed into 8 principal
component factors, which suggests high quality of questionnaire design and sample
data that consists with hypothesis of the study.

Confirmatory factor analysis is done with AMOS7.0 to test reliability and validity
of exploratory factor analysis. The results are shown in Table 2.

As exploratory factor and confirmatory factor analysis shown, the questionnaire
is of good validity with factors loading of concepts are bigger than 0.5. The result
of reliability analysis shows cronbach α of each concept is greater than 0.7, which
means the questionnaire is reliable (Table 3).
7. Path analysis
The theoretical model of marketing performance and brand marketing strategy of
agricultural science and technology enterprises is studied by path analysis with
AMOS 7.0 and results are shown in Fig. 2.

Fitting indexes of Fig. 2, χ2 is 213.076, df is 108, χ2/ df is 1.973. RMSEA is
0.062, GFI is 0.913 and CFI is 0.931. That suggests fitting indexes are in conformity
with requirements of structure equation model. The path coefficient of brand image



1104 W. Li et al.

Table 1 Sample’s descriptive statistics (N = 258)

Variable Category Number Percentage (%)

Sex Male 194 75.2

Female 64 24.8

Age Not more than 25 64 24.8

26–35 years old 166 64.3

36–45 years old 26 10.1

More than 46 years old 2 0.8

Education background Associate degree 48 18.6

Bachelor 122 47.3

Master 85 32.9

Doctor 3 1.2

Scale of enterprise Less than 100 44 17.1

101–300 76 29.5

301–500 53 20.5

Over 500 85 32.9

Position type Marketing 112 43.4

Middle cadres 71 27.5

Strategic planning 26 10.1

Production 39 15.1

Others 10 3.9

Industry characteristic Food 111 43

Cultivation 58 22.5

Forage 41 15.9

Seed 16 6.2

others 32 12.4

Table 2 Correlation analysis of main variables

1 2 3 4 5

Brand image strategy 1

Brand location strategy 0.346∗∗ 1

Brand extension strategy 0.296∗∗ 0.304∗∗ 1

Brand relations strategy 0.360∗∗ 0.293∗∗ 0.208∗∗ 1

Marketing performance 0.547∗∗ 0.481∗∗ 0.418∗∗ 0.282∗∗ 1

Mean 5.14 5.31 4.9 5.01 5.04

Variance 0.65 0.62 0.74 0.7 0.65

Note ∗∗indicates significant on the p < 0.01’s level

strategy and marketing performance is 0.23 and is more remarkable when p < 0.01
proving Hypothesis 1. The path coefficient of brand location strategy and marketing
performance is 0.23 and is more remarkable when p < 0.05 proving Hypothesis 2.
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Table 3 Correlation analysis of main variables

Measurement item Factor
loading

Alpha

Brand image strategy

Emphasize on function image 0.83 0.824

Emphasize on experiencing image 0.79

Emphasize on symbol image 0.73

Brand location strategy

Emphasize on objective market division 0.67 0.763

Emphasize on product differentiation 0.84

Emphasize on price difference 0.66

Brand extension strategy

Better brand popularity 0.71 0.719

Products in diversification 0.78

Higher correlation among the products 0.55

Brand relations strategy

Better dealing with relation between brand and consumers 0.83 0.774

Better dealing with relation between brand and products 0.7

Better dealing with relation between brand and brand 0.59

Better dealing with relation between brand and stakeholders 0.6

Marketing performance

Better brand cognation 0.72 0.813

Innovative marketing activities 0.64

Better market performance of products and service 0.72

Better learning capability of marketing 0.82

Note Loading coefficient of factors are remarkable on level of p < 0.001

Fig. 2 Path analysis on
theoretical model of
marketing performance and
agricultural science and
technology enterprises brand location 

strategy

brand 
extension 

brand relations 
strategy

marketing 
performance

0.23

0.20

0.23

0.38

brand image 
strategy

The path coefficient of extension strategy and marketing performance is 0.20 and
is more remarkable when p < 0.01 proving Hypothesis 3. The path coefficient of
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relations strategy and marketing performance is 0.38 and is more remarkable when
p < 0.001 proving Hypothesis 4.

7 Conclusion

Theoretical model of relationship between marketing performance and agricultural
science and technology enterprises is constructed and four hypotheses are proposed
in this paper. Four hypotheses are proved by large samples with questionnaires, thus
proving the theoretical model.

The conclusions are:
Brand image strategy has positive effect on marketing performance; Brand loca-

tion strategy has positive effect on marketing performance; Brand extension strategy
has positive effect on marketing performance; Brand relations strategy has positive
effect on marketing performance.

It is proved brand marketing strategy has positive effect on marketing perfor-
mance. So marketing performance of agricultural science and technology enterprises
will be improved with proper marketing strategy. According to the model, perfor-
mance could be improved by enhancing application of image strategy from function
image, experiencing image and symbol image. Performance could be improved by
enhancing application of location strategy from objective market division, product
differentiation and price difference. And it could be improved by enhancing applica-
tion of extension strategy from brand popularity, product diversification and product
correlation. It is also could be improved by enhancing application of relations strategy
from relation between brand and consumers, the relation between brand and products,
the relation between brand and brand, the relation between brand and stakeholders.
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Research on Local Government Balanced
Policy Effect on the Citizens’ Satisfaction
of Public Service in China

Liming Suo and Zhufeng Zhang

Abstract Under the background of the Chinese urban-rural dualistic system is
developing, the gap of enjoying basic public services between urban and rural res-
idents is being enlarged. Whether citizens’ perception of the disequilibrium affects
their satisfaction with public services delivery in a certain extent or not is worth
exploring. The paper puts forward hypotheses: perception of disequilibrium has sig-
nificant effects on citizens’ satisfaction with public services; Urban and rural balanced
development policies of the provincial level government have less significant effects
on the municipal governments. This paper collects the research data of 2010–2011
citizens’ satisfaction with basic public services in 38 cities in China, as stated in the
Public Service Blue Book. Moreover, the number of local governments’ policies con-
cern urban and rural balanced development of 30 cities from the strategic documents,
notices, decisions, meetings and government affairs dynamic are stated. Moreover,
citizens’ satisfaction with public services is chosen as the dependent variable, unbal-
anced perception as the independent variable and sense of fairness as the intermediate
variable to build a model. Furthermore, an analysis of their relationship with Pearson
relationship is made and an estimation of simple linear regression equation to verify
the above hypotheses is conducted. Finally, a conclusion is attained.

Keywords Local government · Policy · Balance · Public service · Satisfaction

1 Introduction

Fairness has become a primary factor that is influencing social harmony of China.
Meanwhile, facilitating equalization of basic public services is an acting point to
improve people’s livelihood and promote social equality. Under the background
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where China’s city-countryside dualization system is developing, the gap between
residents in urban area and those in rural areas is being widened with regard to
enjoyment of basic public services, such as compulsory education and public health.
Therefore, whether citizens’ perception of such disequilibrium has to certain extent
influenced their satisfaction with public services or not is something worth discussing.

This paper has constructed a theoretical model of unbalance perception and public
service satisfaction and pointed out that there’s highly positive correlation between
balancing urban and rural areas of local governments relevant policies and citizen’s
satisfaction with public services, and municipalities with more degree of correlation
than common cities. Moreover, provincial policy’s influence for citizen’s satisfaction
with public services is less than city policies. It is favorable for local governments
to formulate relevant policies of public service more scientifically, especially for
municipal levels of governments.

The full text is structured as follows: firstly, to review related studies of China
and abroad about supply of public services, equalization and satisfaction. In the
next section, put forward the hypothesis of this paper that the unbalance perception
has influence for citizen’s satisfaction with public services; Following, elaborated
independent variables, dependent variables and substitution variables of this paper.
Eventually, to carry out the verification for the model by the analysis of descriptive-
ness and correlation.

2 Review of Related Studies

1. Public Service Delivery
The New Public Management emerged in the 1980s, and with it, research on pub-

lic service supply is increasing. Since the Second World Wartwo main approaches
have dominated the service delivery terrain–public sector delivery model and private
sector delivery model. By the mid-1990s, many governments leading to a mixed
model approach to service delivery. Frank et al. [14] examined the adoption of the
mixed model in the Canadian municipalities of Hamilton and Ottawa, they found
the model is better in enhancing the five variables when compared to solely public
or private services delivery. Malesky et al. [13] found that recentralization signifi-
cantly improved public service delivery in areas important to central policy-makers,
especially in transportation, healthcare, and communications. Nava et al. [1] con-
ducted a field experiment on incentives for public service delivery, they illustrated
that extrinsic rewards can improve the performance of agents engaged in public ser-
vice delivery, and that non-financial rewards can be effective in settings where the
power of financial incentives is limited. Clayton et al. [5] highlighted how emotions
are at the heart of the experiences of those delivering services in the North East of
England or private services delivery.
2. Equalization of Public Services

Bai [3] put forward that difficulty primarily confronted in the process of studying
equalization of public services is how to define “public service”. Since Wagher
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proposed the concept of basic public service, Leon Duguit has interpreted basic
public service from perspective of social public laws while Samuelson et al. from
perspective of public goods. Another issue that needs to be defined is the definition
and measurement of equalization. Hay [6] had defined equalization in distribution
of public services in foreign countries from 8 critical concepts, such as procedural
fairness, justice, formal equality, substantive equality, right and need.

With respect to studies of equalization of public services, some achievements
have been made. In content level, Jiang and Wu [9] proposed that domestic studies
are primarily on connotation of equalization of public services, how to measure and
evaluate, status quo of equalization of public services in China and existent prob-
lems, and theoretical approaches and mechanism for achieving equalization of public
services. On the other hand, foreign studies on equalization of public services focus
on different intra-city groups, classes, neighborhood and communities. Yu et al. [19]
developed a scientific and effective evaluation index system for equalization of basic
public health services. Basically, these studies can be reduced to problems put for-
ward by Lasswell [10], that is, “who gets what?”, “when to get?” and “how to get?”
Since public services are varying in social function and different social services are
influenced by external environment in different ways, the different degrees of mas-
tering public services by institutions that provide the services will directly influence
evenness of their distribution. Therefore, the definition of public service categories is
also a key point in foreign studies on equalization of public services. Among them,
Baer is a representative. Baer [2] had pointed out that definition of urban public
service should cover purposes of the services, service suppliers as well as ways to
provide services. Besides that, Smith [16] and Hero [7] had studied equalization of
public services from perspective of supplying subjects.
3. Satisfaction with Public Services

Satisfaction with public services is an extension and improved application of cus-
tomer satisfaction in the field of public services. In nature, it is evaluation of quality
and performance of public services. As with quality of public services of local gov-
ernments, it can be evaluated with citizen satisfaction. Meanwhile, CSI concluded
by quality research center of business school of University of Michigan is so far an
evaluation model that has been widely applied in various fields all over the world.
With the carrying out of “New Public Administration” and “Government Reinven-
tion” movements in western countries, customer satisfaction and its representative
model have been universally applied by government departments. Most studies on
satisfaction with basic public services in China have referred to results of researches
on customer satisfaction in foreign countries. For example, Zhu [20] had verified the-
ories for evaluating public satisfaction with basic public services and the evaluation
model (PSCI). Liu et al. [11] had applied structural equation modeling to design an
index model for evaluating satisfaction with basic public services as well as common
basic public service satisfaction indexes for administrative service centers.
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3 Research Hypothesis

1. Relationship between Disequilibrium and Fairness
Behavioral economics created by Matthew [15] had proved the decisive signifi-

cance of fairness to people’s behaviors and psychological needs. Since the nature of
equalization of public service is fairness and equality of social welfares, it is con-
ducive to equitable distribution. According to some scholars, Wang [18] had stressed
the efficiency while overlooking fairness in the process of striving hard to construct
economy; consequently, gaps between urban and rural areas, between industries and
between areas have been widened as the original pattern of interests had been bro-
ken. In other words, the issue of fairness has widened the gaps. When stated with
quantitative language, fairness is negatively related to disequilibrium between urban
and rural areas.
2. Relationship between Sense of Fairness and Satisfaction with Public Services

This paper is primarily on equilibrium between urban and rural areas and its
relationship with satisfaction with public services. It focuses on perception of fairness
between urban and rural areas. Due to regional differences in distance, citizens in a
region are most likely to make a horizontal comparison with people who are closest
to them in distance, which will generate perception of fairness.

Currently, scholars have made a lot of studies on factors that are influencing
citizens’ satisfaction with public services. For example, Lu [12] had studied rural
people’s satisfaction with public services by taking Changsha, Zhuzhou and Xiang-
tan as cases; he has verified that perception of fairness has positive influence on
rural people’s satisfaction with public services through analyzing elements that are
influencing rural people’s satisfaction with public services. Moreover, Chen [4] had
studied urban and rural citizens’ satisfaction with basic public services by taking
Changzhou city as an example; besides that, she has concluded that rural residents
of Changzhou city have felt the general gap between urban and rural areas. Those
research results have proved that perception of fairness is influencing people’s satis-
faction with public services.
3. Putting Forward of Hypothesis

Through above theoretical researches, this paper has put forward a hypothesis.
The idea that perception of disequilibrium is affecting citizens’ satisfaction with
public services is valid theoretically.

4 Research Design

1. Data and Dependent Variable
(1) Data

Data collection was undertaken using two methods:analysis of primary documents
and review of revelent academic sources. The two groups of data both came from
second-hand data.
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(2) Dependent variable
In July of 2011, research group of research office of economic and social construc-

tion of institute of Marxism of Chinese Academy of Social Sciences published Blue
Book of Public Service, Hou et al. [8] had established an evaluation index system for
China’s basic public services. In total, this system is consisting of 9 first-class indi-
cators, 35 second-class indicators and 77 third-class indicators. Moreover, 38 cities
(include the 4 municipalities directly under the central government, 22 provinces,
capital cities of 5 autonomous regions, 4 special economic zones and 5 municipali-
ties with independent planning status) in China and 9 fields (public transport, public
security, housing security, basic education, social security and employment, health
care, municipal environment, culture and sports, and public service) are selected for
attaining data. The evaluation system includes two aspects: first, the objective index
system for evaluating basic public services of local governments; second, the sub-
jective index system for evaluating basic public services of local governments, that
is, satisfaction with basic public services which is also the dependent variable of this
paper.
2. Independent Variable
(1) Disequilibrium perception

Disequilibrium perception is perception of the disequilibrium state with regard
to public services. Therefore, the research has to be made from perspective of dise-
quilibrium state, including the disequilibrium with regard to experience of providing
public services and ability of public management. In other words: from dimension
of time, disequilibrium in the process of providing public services is presented as
disequilibrium experience in the process of providing public services; from dimen-
sion of nature, it is in nature disequilibrium with regard to behavior of providing
public services or a kind of typical path dependence. Suo [17] put forward that the
disequilibrium in outputs and outcomes of public services is disequilibrium between
the urban and rural areas with regard to public management ability in the process of
trying to achieve balanced development in public services. Moreover, the disequi-
librium in output and outcome is presented as disequilibrium in public management
ability. Fundamentally, it is disequilibrium in quantity of public services and chance
to provide public services.
(2) Substitute variable-total policy score

Since disequilibrium perception is a subjective concept and disequilibrium
involves various fields and aspects, it is difficult to collect data on disequilibrium
perception. Considering that, author of this paper has tried to replace with a group
of objective data that are featured with quantifiability and high operability. Finally,
policy is found as a substitute variable.
Hypothesis 1. relevant policies issued by the government for developing public ser-
vices in urban and rural areas are effectively executed by governments of all levels
and relevant departments.

The author’s behavior of regarding objective government policies as a substitute
variable is based upon a hypothesis, that is: relevant policies issued by the government
for developing public services in urban and rural areas are effectively executed by
governments of all levels and relevant departments.
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Hypothesis 2. relevant policies issued by the government for developing public
services in urban and rural areas and executive outcomes of relevant departments
can be perceived by residents in urban and rural areas.

From the argument of disequilibrium perception in the third chapter, we can see
that the disequilibrium among governments in experience and public management
ability in the process of providing public services can be perceived by citizens.
Here, the policies issued by the government belong to experience category of public
service provision; meanwhile, the execution by governments of all levels and relevant
departments belongs to category of public management ability. Hence, it is safe
to assume that relevant policies issued by the governments for developing public
services in urban and rural areas and executive outcomes of governments of all
levels and relevant departments can be perceived by residents in urban and rural
areas.

5 Data Analysis and Result

First of all, this paper has divided policies in various cities for evenly developing pub-
lic services into three categories according to original data of those policies as well as
their degrees of authority and importance: the first category includes relevant policy
and strategic and general documents issued by provincial (municipal) governments,
government offices and so on; the second category includes relevant notifications and
announcements issued by provincial (municipal) governments, government offices
and departments directly under their control and relevant meetings; the third cate-
gory includes trends and news reports related to local governments. According to
provincial and municipal policies with different degrees of intensity, this paper has
attached with three scores (3, 2 and 1) and set provincial and municipal weights for
26 cities that are not directly under the central government (Fig. 1).

influence

Politicalpath dependence Economical path dependence System

Political,economic, 

historic reasons

path dependence

Disequilibrium in experience Disequilibrium in public management 

effects of public services  

influence

perception of disequilibrium in experience perception of disequilibrium in 

public management ability

Supply of public services 

Fig. 1 Two types of disequilibrium states and processes of perceiving them



Research on Local Government Balanced Policy Effect … 1115

5.1 Descriptive Analysis

Description of the two groups of variables is shown in Table 1.
The minimum value of satisfaction among the 26 cities is 50.26, the maximum

value is 57.55, the range is 7.29 and the values are quite concentrated; the mean
value is 54.38, the standard error is 0.38, and the degree of dispersion is low. The
minimum value among total policy scores among the 26 cities is 18.6, the maximum
value is 52, the range is 33.4, and the values are relatively dispersed. The mean value
is 37.12, the standard error is 1.49 and the degree of dispersion is high.

Since only municipal relevant policies are involved for the 4 municipalities directly
under the central government, this paper has separately considered the four munic-
ipalities directly under the central government. Description of the two groups of
variables of the municipalities directly under the central government is shown in
Table 2.

The minimum value of satisfaction of the four municipalities directly under the
central government is 50.87, the maximum value is 57.27, the range is 6.4, the values
are relatively concentrated and the range is smaller than that of the 26 cities. The
mean value is 54.47, the standard error is 1.44 and the mean value is higher than
that of the 26 cities, which means urban and rural residents’ satisfaction with public
services in the four municipalities directly under the central government is a little
higher than average level of other cities. The minimum value of total policy scores
of the 4 municipalities is 42, the maximum value is 55, the range is 13, the values are
comparatively concentrated and the range is obviously lower than that of other cities.
The mean value is 48.75, the standard error is 3.12 and the degree of dispersion is
high, which means the total policy score for evenly developing public services in
urban and rural areas in the four municipalities is significantly higher than that of
other cities.

5.2 Correlation Analysis

After that, SPSS is used to normalize satisfaction degrees and total policy scores to
attain two groups of data (Z satisfaction and Z policy).

First of all, a scatter diagram is made with two groups of data of the 26 cities by
regarding Z policy as the abscissa and Z satisfaction as the ordinate, as shown in
Fig. 2. Observe positions of all elements in the diagram to identify the strongly and
positively related linear relationship between the two groups of variables.

The distribution of all points is like a line with a slope bigger than 0. Hereby,
it is speculated in this paper that total policy score of a city is linearly dependent
on citizens’ satisfaction with public services. When the two variables are linearly
related, Pearson product-moment correlation coefficient can be used for making a
correlation analysis. Pearson product-moment correlation coefficients of the two
groups of variables of the 26 cities are shown in Table 2 as following.
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Fig. 2 Scatter diagram of satisfaction and policies of the 26 cities from 2010 to 2011

The above table has presented the correlation between the satisfaction (indepen-
dent variable) and total policy score (dependent variable). From that, we can iden-
tify significant correlation between satisfaction and total policy score. The Pearson
product-moment correlation coefficient between satisfaction and total policy score
of the 26 cities reaches as high as 0.792: (0.7 < r < 1), that is, the two are highly
positive related to each other (Table 3).

Similarly, 4 groups of data of the 4 municipalities directly under the central gov-
ernment are applied for making a Pearson correlation analysis of satisfaction and
total policy score, as shown in Table 4.

Table 3 Pearson correlation analysis table of satisfaction and policy data of the 26 cities from 2010
to 2011

Z score (satisfaction) Z score (total policy
score)

Zscore (satisfaction) Pearson correlation 1 0.792∗∗

Correlation bilateral 0.000

N 26 26

Zscore (total policy
score)

Pearson correlation 0.792∗∗ 1

Significance bilateral 0.000

N 26 26
∗∗Significant correlation above 0.01 level. (bilateral)
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Table 4 Pearson correction analysis table of satisfaction and policy data of the 4 municipalities
directly under the central government from 2010 to 2011

Z score (satisfaction) Z score (total policy
score)

Zscore (satisfaction) Pearson correlation 1 0.984∗∗

Correlation bilateral 0.016

N 4 4

Zscore (total policy
score)

Pearson correlation 0.984∗∗ 1

Significance bilateral 0.016

N 4 4
∗∗Significant correlation above 0.05 level (bilateral)

This group of variables of the 4 municipalities directly under the central govern-
ment are significantly correlated and their Pearson correlation coefficient is as high
as 0.984. Their correlation is significantly higher than that of the 26 cities.

Result one: the total score of relevant policies issued by local governments for
achieving balanced development between urban and rural areas is highly and pos-
itively related to citizens’ satisfaction with public services; moreover, degrees of
correlation among common cities are more significant than those among the munic-
ipalities directly under the central government.

5.3 Regression Analysis

(1) Regression analysis of relevant policies and satisfaction
After the correlation analysis is made, this paper assumes the satisfaction and

total policy score meet the linear regression model considering features of the data.
Assume the model as:

Y i = β1 + β2 Xi + μi i = 1, 2, · · · , n. (1)

The modified coefficient of determination of satisfaction model and total policy
score of the 26 cities is 0.612 and the Durbin-Watson value is 1.136. The D.W. test
signifies that first-order autocorrelation is absent in the residual term.

Therefore, the unary linear regression equation should be: satisfaction = 49.96+
0.2 × total policy score. Its standardized regression equation is: satisfaction =
0.792 × total policy score.

Similarly, the two groups of variables (the satisfaction and policy score of the
municipalities directly under the central government ) also meet features of the unary
linear regression equation and they are highly and positively related to each other.
When measuring the dependent variable and independent variable with SPSS, we
can see that the modified coefficient of determination of the model is 0.952 and the
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Durbin-Watson value is 2.821. The D.W. test signifies that first-order autocorrelation
is absent in the residual term.

Therefore, the satisfaction-policy score-unary linear regression equation of the 4
municipalities directly under the central government is:

Satisfaction = 32.271 + 0.455× total policy score.
Its standardized regression equation is: Satisfaction = 0.984 × total policy score.
Compared with that of the unary linear regression equation of the 26 cities, the

constant term decreases by 17.689. It means the satisfaction of the 26 cities is more
stable and differences among the cities are relatively small. The model coefficient of
the 26 cities is 0.2, the model coefficient of the 4 municipalities directly under the
central government is 0.455 and β1 of the 4 municipalities has a higher degree of
determination.

Result two: the coefficient and constant term of the regression equation between
total score of relevant policies issued by local governments for achieving balanced
development between urban and rural areas and citizens’ satisfaction with public
services are positive numbers which are positively related to each other. Moreover, the
degree of determination of total policy score of the municipalities directly under the
central government to satisfaction is higher compared with coefficients of common
cities. Furthermore, common cities are lower and more stable with regard to degree
of satisfaction.
(2) Regression analysis of provincial and municipal policies and satisfaction

To further point out the relationship between provincial and municipal policies and
satisfaction, the author has made a stepwise regression analysis of involved provincial
policies and municipal secondary policies to demonstrate whether any cause-result
relationship is existent between the variables or not. Assume the provincial policy
score as X1 and the municipal policy score as X2. Assume the model as:

Y i = β0 + β1 X1i + β2 X2i + μi i = 1, 2, · · · , n. (2)

Use SPSS regression analysis to attain a primary analysis table shown as Table 5.
From above table, we can see the modified coefficient of determination of Eq. (2)

is 0.616 and its fitting degree is the highest; the Durbin-Watson value is 1.23. The
D.W. test signifies that first-order autocorrelation is absent in the residual term.

From Table 6, we can see that municipal policy score is included into the Eq. (1)
as an independent variable and provincial and municipal policies are included into
Eq. (2) as two independent variables.

According to the outputs of the regression coefficient table, all regression coeffi-
cients have passed the test. From coefficients of partial correlation, we can see that
coefficients of Eq. (2) are higher and have more significant influence on dependent
variables compared with on independent variables of Eq. (1). Among them, the coef-
ficient of municipal policies reaches as high as 0.79 and that of provincial policies
is close to 0.7; meanwhile, municipal policies have more significant influence on
dependent variable compared with provincial policies.
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Therefore, the multiple linear regression equation should be:
Satisfaction = 46.284+0.1 × provincial policy score + 0.12 × municipal policy

score
Its standardized regression equation is:
Satisfaction = 0.64 × provincial policy score + 0.87 × municipal policy score
Result three: compared with relevant municipal policies issued by local govern-

ments for achieving balanced development between urban and rural areas, relevant
provincial policies issued by local governments for achieving balanced development
between urban and rural areas have less influence on citizens’ satisfaction with public
services.
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Study on Institutional Investors’
Shareholding, Free Cash Flow
and Dividend of Listed Corporations

Yong Liang and Shengdao Gan

Abstract Dividend is an important manifestation of investors’ return on investment.
The company dividends reflect the company’s profitability and operating conditions
in a certain degree, and it also reflects the company’s social responsibility. In recent
years, the government has continued to strengthen the supervision of dividend pol-
icy of listed Corporations, and dividend situation has gradually improved. However,
mandatory dividend policy still has its own shortcomings. Through the analysis on
the institutional investors’ shareholdings, the free cash flow and the dividends of the
A-Shares listed Corporations of the Shanghai Stock Exchange and Shenzhen Stock
Exchange, it show that there is a positive correlation between the shareholdings of
institutional investors and the dividends of listed corporations, we may find free cash
flow is the basis for the dividends. Soit is important to play the institutional investors
positive role in corporate governance, and supervise the listed Corporations to effec-
tive use of free cash flow under the ownership structure, and actively implement the
dividend policy, and the effective protection of shareholders’ interests.

Keywords Institutional investors · Free cash flow · Bonus · The interests of share-
holders · ‘Semi mandatory’ policy

1 The Summary and Analysis of Dividend Policies of Listed
Corporations in China

Dividends of listed corporations are one of essential methods for investors to achieve
reasonable return on investment. Sustainable and stable dividends objectively reflect
the listed Corporation’s profitability, reflecting the company’s social responsibility
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and the ability to maintain the interests of the investors. It is advantageous to achieve
the enhancement of corporate finance and investment attractions, and to create a
good social environment for the company at the same time. What’s more, dividends
will affect the long-term investment philosophy in the entire capital market and the
orderly development of financing and investment environment in the capital market.

For a long time, because of the slow development of capital market, many listed
corporations pay fewer dividends or no dividends to the shareholders. Because of the
agency problem coupled with information asymmetry and other factors, the state-
owned major shareholders have failed to play a role of supervisory in the operation
of companies. Shi [12] pointed out that China’s listed Corporations, paying great
attention to financing and little attention to dividends, have led to the higher risk
and less profit of Chinese investors. China’s dividend is mainly characterized as that
the dividend is only distributed among a few industries. The dividends account for
a very low percentage of the profit and the dividend rate is too low, leading to the
increasing contradictions between the listed Corporations and investors, who has a
strong demand for the dividends.

In order to guide and regulate the cash dividends of the listed Corporation, “semi
mandatory dividend” supervision mode has become increasingly outstanding in
China. Since 2001, many regulatory policies and measures have been made to direct
the dividend distribution of listed corporations. According to some relevant data
statistics, there were 856 listed companies using cash dividend in 2008, occupying
the 52% of listed companies. The dividend cash 342.3 billion yuan, occupying the
36.65% of the total net profit. In 2012, there were 1774 cash dividend listed compa-
nies, occupying the 68% of all the listed companies, which increased by 1.1 times
compared with 2008. The dividend cash 678.4 billion yuan, occupying the 34.7% of
the total net profit, increased by 98.19% compared with 2008.

2 Literature Review

Lintner [9] started to make researches on the dividend distribution behavior of listed
corporations in 1956, and later on the related theories which analyses the intrinsic
value of dividend distribution activities in a listed corporation from different perspec-
tives came into being gradually. The advancement of the dividend irrelevance theory
of Modiglian and Moiller [11], the theory of dividend signaling of Bhatta-chary [3],
the theory of dividend agency of Easterbrookzai [5], and the Catering Theory of
Dividends of Baker andWurgler [2], have given fully theoretical support for the div-
idend distribution activities. Kim et al. [8] found that there is a significantly positive
correlation between intuitional investors and dividends. Huo [1] studied the problem
that how the indictional investors influence on the cash dividends policy from cash
tendency and cash level. She found out that indictional investors was no significant
correlation.

Institutional investors prefer the firms which can share out dividends, a higher
level of distributed dividends in the firms will lead to the higher ratio of institutional
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investors’ shareholdings. Allen [7] thought that due to the influence of the prudent
principle and the tax advantages related to dividend, the institutional investors prefer
dividend distribution, and the ratio of Institutional holdings will increase with the
distributed dividends on each share. Grinstein and Michaely [6] found that cash
dividend would affects the percentage of institutional investors’ share-holding, and
the firms which pay cash dividends tend to those firms which can pay less cash
dividend, meanwhile, the proportion of institutional investors’ share-holding makes
no difference upon the dividend policy of listed companies.

Of course, different institutional investors, including securities company, social
security funds, insurance fund, QFII and so on, they affect the dividend distribution
of listed corporations in different ways for their the heterogeneity. Dong [4] demon-
strated that different types of institutional investors have somewhat different views
on the distribution of cash dividends.

3 Research and Assumptions

3.1 Data’s Sources and Samples’ Selection

Data in this paper is chosen from Shanghai and Shenzhen A-share companies from
2009 to 2012. In order to avoid the influence of outliers, we didn’t bring into con-
sideration all sorts of ST companies, listed corporations in financial and insurance
industries, and companies own negative or abnormal ROE. Therefore, we got 1961
samples, among which 473 samples are from the year of 2009, 595 samples from
2010, 475 samples from 2011 and 418 samples from 2012. Resources are fromChina
Tai’an (CMSAR) and Shanghai composite databases and some annual reports, and
we use Excel and SPSS 18.0 to analyze data.

3.2 Variables Settings

1. The selection of the dependent variable
This paper chooses companies’ dividends as the dependent variable. It assumes

that whether a listed company shares out dividends (DIT) represents the trend of the
listed companies’ dividends distribution and per dividend’s share (DIV) represents
the ratio of listed companies’ dividends distribution. The purpose of this paper is
intended to analyze the influence of institutional shareholdings upon the distribution
of dividend.We use all samples of every year to examine the influence of institutional
shareholdings upon the tendency of dividends distribution in a listed corporation and
when we examine the factors which influence the ratio of dividends distribution, we
eliminate samples which did not share out dividends every year, and as a result, we
finally got 1304 samples.
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Table 1 The schedule of variables

Name Variable symbols

The
dependent
variables

The tendency of
dividend

DIT = 1 dividend DIT

DIT = 0 no dividend

The ratio of dividends Dividends of per common share DIV

Explanatory
variables

Institutional investors The ratio of institutional
shareholdings

-Inst

Cash flow Free cash flow FCF

Control
variables

Growth opportunities Tobin-Q Tobin-Q

Financial leverage The ratio of liabilities to assets Lev

Profitability The return on net equity Roe

Company size Natural logarithm of total assets Size

Characteristics of
equity

The ratio of the largest
shareholder

Top1

Factors of industry Ind I = 1, 2, 3, · · ·a
aMeans various industries, based on manufacturing, if it belongs to which, we use 1, and if not, we
use 0

2. Explanatory variable
This paper mainly involves two variables: institutional shareholdings and FCF

(free cash flow). Institutional shareholdings will be used to analyze its influence
upon the distribution of dividends and the ratio of dividends in profits as a whole
in a listed corporation, while FCF is left after being deducted the required cash to
make sure t positive future expected NPV, moreover, it is also the main source of
companies’ dividends (Table1).
3. The selection of control variables
4. Research and assumptions

According to the theory of Agency costs of Free Cash Flow, the related practices
of Li [10], this paper makes the following assumptions:

• There is a positive correlation between institutional investors and the tendency of
Dividend, and institutional investors seek dividends on shares.

• The higher the institutional investor’ shareholdings is, the higher is the ratio of
dividends of a firm.

• Free cash flow is positively correlated with the distribution of dividends in a com-
pany. The larger the Free cash flow is, the more dividends per share be distributed
to investors in a listed corporation.

5. Model analysis

• The model of Dividend distribution tendency
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This paper adopts Logistic’s Regreesion approach to test how the proportion of
institutional investors’ shareholdings affects the distribution of dividends in listed
corporations. Assumed that the probability of IFD=1 is P , then the probability of
IFD = 0 is 1− P . After the Logit transform, we can get Logistic regression Eq. (1)
to test hypothesis 1:

L N

[
P

1− P

]
= β0 + β1Inst+ β2Fcf+ β3Tobin− Q + β4Lev

+ β5Size+ β6Roe+ β7Top1 +
∑

Industry+ ε. (1)

• The model of testing the ratio of dividends distribution

This paper selects the dividends of per common share as the dependent variable,
takes INSTOWN as the explanatory variable, adopts the corresponding control vari-
ables, and using the multi-factor linear regression model to test how the shareholding
structure affects the intensity of dividends in the meanwhile.

DIV = β0 + β1Inst+ β2Tobin− Q + β3Lev+ β4Size+ β5Roe+ ε. (2)

• The effect of free cash flow on the ratio of shared-out dividends

This paper selects the dividends of per common share as the dependent variable,
takes free cash flow as the explanatory variable, adopts the corresponding control
variables, and uses the multi-factor linear regression model to test how free cash flow
affects the intensity of dividends.

DIV = β0 + β1Fcf+ β2Tobin− Q + β3Lev+ β4Size+ β5Roe+
∑

Industry+ε.

(3)

4 Research and Assumptions

1. Descriptive Statistical Analysis
Using the software SPSS 18.0 to make descriptive statistical analysis on these

samples, we found that the average ratio of institutional shareholdings was 19.02,
the average shareholding ratio of largest shareholder was 37.6346, which means the
proportion of institutional shareholdings in the firms is higher and higher. And the
average of free cash flow is 0.05709, the maximum 0.6984, which means that the
free cash flow is relatively low. The ratio of liabilities to assets is 52.0798, which
means the debt levels is high.
2. T-Test and Analysis of Samples

Taking into account that the sample corporations are different, we use the
independent-sample T test for these sample firms to test if there were any signif-
icant differences in the proportion of institutional investors’ shareholdings in the
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Table 2 The descriptive statistics of variables in the sample

N Minimum Maximum Average Standard
deviation

Institutional shareholdings 1961 0.0200 90.5605 19.0184 18.1446

Free cash flow 1961 0.00004 0.6984 0.05709 0.05654

Tobin-q 1961 0.000375 50.2988 0.6269 2.7532

The ratio of liabilities to assets 1961 1.080 95.5400 52.0798 19.0151

The return on net equity 1961 0.0100 448.5200 13.6552 16.6764

The shareholding of largest shareholder 1961 4.488 110.1300 37.6346 15.8878

Company size 1961 18.1812 28.2820 22.14651 1.34244

Effective N list status 1961

Table 3 Independent T-test

Distribution
tendency

N Average Standard
deviation

SE
Mean

T Sig.

Instown 1 1347 20.86 18.6504 0.50816 6.739 0.000

0 614 14.97 16.2805 0.65703

Free sash flow 1 1347 0.0580 0.05579 0.0015 1.054 0.292

0 614 0.05509 0.05818 0.0023

Tobin-q 1 1347 0.5968 2.8409 0.0774 −0.718 0.473

0 614 0.6930 2.5515 0.1030

The ratio of liabilities
to assets

1 1347 49.9909 18.8932 0.5148 −7.301 0.000

0 614 56.6625 18.4847 0.7460

The return on net
equity

1 1347 14.9211 10.0672 0.2743 5.009 0.000

0 614 10.8783 25.6011 1.0332

Company size 1 1347 22.4060 1.3386 0.03647 0.354 0.024

0 614 21.5772 1.16406 0.04698

case of dividends distribution and no dividends distribution. After the test, we found
that in different dividend paying groups, there was a significant difference in the pro-
portion of institutional investors’ shareholdings, the ratio of liabilities to assets, the
return on net equity and the company size when Sig. values is less than 0.05, while
there was not obvious difference no matter how much Tobin-Q was (Tables2, 3).
3. The Results and Analysis of the Regression Model

By establishing a logistic regression model based on the sample corporations, we
test whether the holdings of institutional investors have an effect on the distribu-
tion of or not. The result reflects that holdings of institutional investors is positively
related to the dividend sharing-out tendency of the firms, and when the proportion of
institutional investors’ shareholdings is less than 0.05, it significantly correlated with
the distribution of dividends. The result confirms hypothesis 1, and also illustrates
that the holdings of institutional investors have an effect on the policy of dividends
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Table 4 The results of Logistic regression model (1)

B S.E Wals Df Exp (B)

Institutional
investor
shareholdings

0.011 0.003 10.301 1 1.011

Free cash flow 0.333 0.986 0.114 1 1.395

Tobin-Q −0.028 0.019 2.070 1 0.973

The ratio of
liabilities to
assets

−0.044 0.004 151.766 1 0.957

The return on
net equity

0.020 0.006 9.848 1 1.020

The ratio of
the largest
shareholder

0.010 0.004 6.717 1 1.010

Company size 0.823 0.061 183.299 1 2.276

Industry
characteristics

−0.012 0.112 0.012 1 0.988

Constant −15.715 1.223 165.035 1 0.000

Table 5 The result of Linear regression model (2)

Non-standardized Standardized T Sig. Collinearity

coefficient coefficient statistic

B Standard trial Tolerance VIF

error version

Constant −0.897 0.131 −6.857 0.000

Institutional
shareholdings

0.001 0.000 0.043 1.583 0.114 0.968 1.034

The ratio of
liabilities
to assets

−0.004 0.000 −0.298 −9.846 0.000 0.763 1.311

Company size 0.057 0.006 0.275 9.027 0.000 0.753 1.328

Tobin-q 0.005 0.003 0.049 1.846 0.065 0.995 1.005

distribution, and they played a positive role of shareholder activists. Dividend dis-
tribution tendency was negatively correlated with the ratio of liabilities to assets,
Tobin-Q and industry characteristics. The difference is l significant, but surprisingly,
the size of firms has an obvious effect on the distribution of dividends, when it is less
than 0.05, it is significantly correlated (Table4).

Table5 shows that there was a positive correlation between institutional investors
shareholdings and the ratio of dividends,but it isn’t obvious. In Eqs. (2) and (3),
there is a significant correlation between the ratio of liabilities to assets, company
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Table 6 The result of Linear regression model (3)

Non-standardized Standardized T Sig. Collinearity

coefficient coefficient statistic

B Standard trial Tolerance VIF

error version

(Constant) −0.928 0.124 −7.452 0.000

Fcf 0.280 0.127 0 .056 2.198 0.028 0.940 1.064

Lev −0.004 0.000 −0.243 −8.582 0.000 0.746 1.340

Roe 0.010 0.001 0.341 13.078 0.000 0.881 1.135

Size 0.049 0.006 0.237 8.328 0.000 0.742 1.348

Tobin-q −0.003 0.003 −0.028 −1.131 0.258 0.948 1.055

Ind 0.049 0.014 0.089 3.490 0.000 0.924 1.083

size and the ratio of dividends. The former is negatively correlated while the latter is
positively correlated. In the test formulti-collinearity, theVIF of every variable is less
than 2, which means that there does not exist multi-collinearity among explanatory
variables.

According to Table6, we can see that there was a positive correlation between free
cash flow and the ratio of dividends. When it is less than 0.05, there is a significant
correlation between free cash flow and the ratio of dividends, which is more signifi-
cant than the effect of holdings of institutional investors on the dividends distribution
of a listed corporation.

5 The Effective Measures to Promote the Dividends
Distribution of Listed Corporations

(1) Adhering to the Principle of “the Mandatory Dividend Distribution Policy along
with the Encouragement of Dividend Distribution”

The distribution of dividends is one of the important forms to reflect the return on
investment of a listed company, and it also relies on the company operation status and
development strategic positioning.Under the current background, theChinese capital
market is still yet to be developed, the limited financing channels and the big financing
risk must affect the decision of dividend distribution in a listed company Although
in recent years, the dividend policy in China gives priority to mandatory dividend
distribution, here is certain rigidity about the distribution of dividends. Therefore,
the dividend distribution is often regarded as a task by the listed company, which
they have to finish, or it will lose investors or violate the relevant regulation cannot
improve the financing environment of the listed company radically, and it will make
investors have not enough confidence to wait for gains without pains or wait for the
regular or irregular dividends of listed companies.



Study on Institutional Investors’ Shareholding, Free Cash Flow … 1133

Therefore, we should not only adhere to the mandatory share out bonus, but also
they should cultivate the ability to guide the dividends distribution. our country should
make greater efforts to develop those mature, well-run companies, especially the
monopolistic listed company should share out bonus actively to build a model. And
from the normative perspective, our country should guide the well-run companies to
share out bonus so as to stabilize the order of capital market.
(2) Cultivating the Environment for the Distribution of Dividends, and Creating a
Good Financing Environment for the Listed Company

Dividends and financing are two closely related markets. On the one hand, the
distribution of dividends in a company protects the interest of the investors. On the
other hand, it can also lay the foundation for the company financing. According
to the Signaling theory, dividend reflects the profitability of listed companies and
can attract the investors who prefer the dividend distribution to buy shares of the
company, and then the company can expand the scope of financing. According to the
Catering theory of dividend,when themarket investors prefer to protect their interests
in the form of distributed dividends, the company’s management should make more
choices to share out bonus to attract investors, which can form a long-term share out
bonus expectations for the investors, reduce the behaviors that investors are voting
with their feet, and change from the “short-term speculation” to “long-term value
investment”. In these ways both sides can achieve a win-win situation, and then they
can improve the financing environment of the company.
(3) Developing the Shareholder Activism of Institutional Investors, and Supervising
the Distribution of Listed Corporations

In recent years, the ranks of institutional investors grew up gradually, and they
became the major power of their companies’ shareholding. Institutional investors
rely on their professional talent team, professional financial strength, and the capa-
bilities in information gathering and powerful analysis, playing an active role in
corporate governance. Therefore, we should constantly improve the policy of cor-
porate governance in which institutional investors participate, and provide a strong
backing for their participation in companies’ dividend distribution decisions. Mean-
while, we should further standardize the investmentmarket for institutional investors,
strengthen the supervision of the industry, and overcome short-term investment
behaviors and herd behaviors of institutional investors. We should respect and make
full use of the shareholders’ difference of institutional investors, let the social security
funds and insurance funds play a long-term supervisory role, and guide securities
investment funds and other institutional investors whose shareholding duration is
short. In one word,we should work together to supervise and monitor the distribu-
tion of dividends in listed companies.
(4) Considering and Studying the Substitute Advantages of Preferred Stocks so as
to Meet the Needs for the Dividends Distribution of Companies and Investors

It is well known that the most outstanding characteristic of the dividends distri-
bution of preferred stocks is to ensure the shareholders who hold preferred stocks
to get the dividend. so, minority shareholders can be given priority over the rights
of ordinary shareholders to distribute company’s current property and income. As
for a company, the share capital is constantly expanding, and majority ownership
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remains unaffected, which untie the company’s policy of dividends distribution to
some extent. So both of them can get benefits. However, it is an urgent task for us to
consider how to improve the policies, such as the issuance settings, issuance terms,
issuance methods, issuance size, and conditions for making profits and so on of pref-
erence shares as soon as possible. Of course, it will take a long time to implement
such polices about the issuance of preference shares, and it will be a long process for
the management of the company and shareholders to accept such policies. However,
it is a new idea of solving the problem of dividends distribution, which is worth to
try and explore.

6 Conclusion

In conclusion, the institutional investors shareholdings is positively related to the
dividenddistributionpolicy of thefirms.But the connectionbetween the proportionof
institutional investors’ shareholdings and the ratio of dividends is weak, whichmeans
that institutional investors’ ability to supervise the dividends distribution of a listed
company is limited. The analysis also shows that there was a significantly positive
correlation between free cash flow and the ratio of dividends, so the supervision of
free cash flow is a key factor for the institutional investors to safeguard their own
interests and protect the interests of smaller shareholders.
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The Contribution Ratio of Electricity
Industry to Economic Development
in Yunnan Province

Lili Tan and Chongguang Jiang

Abstract As one of the five pillar industries in Yunnan Province, the electricity
industry promotes the local economic development directly and indirectly. This
empirical study focuses on that to what degree the electricity industry make such
promotion. Based on a database containing 12 indicators of electricity industry and
13 indicators of the local economy, from 2002 to 2011, we study the contribution
ratio of electricity industry to the local economic development in Yunnan Province
with the co-integration analysis, and get some positive and interesting results.

Keywords Supplier selection · Uncertain variable · Uncertain programming ·
Genetic algorithm

1 Introduction

Electricity industry is one of the five pillar industries in Yunnan Province, southwest
China. The development of the electricity industry promotes the local economic
development directly and indirectly [3, 4]. However, to what degree the electricity
industry make such promotion? The paper want to give a feedback to this ques-
tion. Our empirical study based on a database containing 12 indicators of electricity
industry and 13 indicators of the local economy of Yunnan Province, from 2002 to
2011.

The 12 indicators of electricity industry are Total Electricity Consumption, Sec-
ondary IndustryElectricityConsumption, Tertiary IndustryElectricityConsumption,
Generated Electricity, Urban Household Electricity Consumption, Rural House-
hold Electricity Consumption, Nonmetallic Mineral Product Industry Electricity
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Consumption, Ferrous Metal Product Industry Electricity Consumption, Nonferrous
Metal Product Industry Electricity Consumption, Heating Industry Electricity Con-
sumption, Oil and Coke Industry Electricity Consumption, Chemical RawMaterials
and Chemical Products Industry Electricity Consumption [5, 7].

The 13 indicators of the local economyareGDP, Secondary IndustryAddedValue,
Tertiary Industry Added Value, Fixed Assets Investment, Mineral Industry Added
Value, Nonmetallic Mineral Product Industry Added Value, Ferrous Metal Product
Industry Added Value, Per Capita Disposable Income, Per Capita Net Income, Non-
ferrous Metal Product Industry Added Value, Heating Industry Added Value, Oil
and Coke Industry Added Value, Chemical Raw Materials and Chemical Products
Industry Added Value [6, 8].

2 Quantitative Analysis on the Contribution Ratio
of Electricity Industry

With the help of the co-integration analysis, we quantitatively study the contribution
ratio of electricity industry to the local economic development in Yunnan Province,
and get some positive and interesting results [1].
1. The Contribution Ratio of the Development of the Electricity Industry to the
Economic Growth

We analyze the relationship between GDP and the total electricity consumption in
YunnanProvince from2002 to 2011.Wefind that as a pillar industry, the development
of electricity industry has a significant promoting effect on the GDP growth, and the
contribution ratio is as shown in Table1.

The table above shows a long-term and stable relationship between log(G D P)

and log(Y D):

log(G D P) = 9.83+ 0.961 log(Y D). (1)

Table 1 The contribution ratio of electricity consumption to GDP

Variable Coefficient Std. error t Prob

C 9383478 0.876052 7.929887 0.0001

LOG(YD) 0.959766 0.098219 20.68796 0.0000

R-squared 0.937584 F-statistic 180.8576

Adjusted
R-squared

0.923832 Prob (F-statistic) 0.000001

Dependent variable: LOG (GDP); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(G D P), log(Y D) are both integrated of order 1, and there exists a co-integration
relationship
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This means that the GDP grows 0.96%with every 1% increase of electricity con-
sumption. The reverse version of this relationship is close to the so called “electricity
elasticity coefficient”. According to our analysis, the electricity elasticity coefficient
is 1.048, which is within a reasonable range of the historic electricity elasticity coef-
ficient of Yunnan Province [2] (Tables2, 3, 4, 5, 6 and 7).
1. The Contribution Ratio of the Growth of Industrial Electricity Consumption to the
Growth of the Second and Tertiary Industry

We analyze the relationship between the added values of the second and tertiary
industry and the electricity consumptions of the two industries from 2002 to 2011.
We find that the industry electricity consumption has a significant promoting effect
on the development of the second and tertiary industry, and the contribution ratios
are:

The table above shows a long-term and stable relationship between log(DECY)
and log(DECYYD).

log(DECY) = 9.21+ 1.101 log(DECYYD). (2)

Table 2 The contribution ratio of the electricity consumption of the second industry to the growth
of the second industry

Variable Coefficient Std. error t Prob

C 9.205218 0.253618 36.29563 0.0000

LOG(DECYYD) 1.101071 0.040341 29.77271 0.0000

R-squared 0.991056 F-statistic 886.4142

Adjusted
R-squared

0.989938 Prob (F-statistic) 0.000000

Dependent variable: LOG(DECY) Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(DECY), log(DECYYD) are both integrated of order 1, and there exists a co-integration
relationship

Table 3 The contribution ratio of the electricity consumption of the second industry to the growth
of the second industry

Variable Coefficient Std. error t Prob

C 12.19358 0.655328 18.60684 0.0000

LOG(DSCYYD) 1.93532 0.174150 6.876424 0.0001

R-squared 0.855296 F-statistic 47.28521

Adjusted
R-squared

0.837208 Prob (F-statistic) 0.000128

Dependent variable: LOG(DSCY); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(DSCY), log(DSCYYD) are both integrated of order 1, and there exists a co-integration
relationship
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Table 4 The contribution ratio of electricity generation to the total investment in fixed assets

Variable Coefficient Std. error t Prob

C 6.806195 0.218703 31.12079 0.0000

LOG(FD) 1.123542 0.032619 46.70657 0.0000

R-squared 0.996346 F-statistic 2181.503

Adjusted
R-squared

0.995889 Prob (F-statistic) 0.000000

Dependent variable: LOG(TZ); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(T Z), log(F D) are both integrated of order 1, and there exists a co-integration relationship

Table 5 The contribution ratio of total electricity consumption to the added value ofmining industry

Variable Coefficient Std. error t Prob

C 3.919997 0.916321 4.277975 0.0027

LOG(YD) 1.221354 0.141814 12.13812 0.0000

R-squared 0.948498 F-statistic 147.3339

Adjusted
R-squared

0.942060 Prob (F-statistic) 0.000002

Dependent variable: LOG(KC); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(T Z), log(F D) are both integrated of order 1, and there exists a co-integration relationship

Table 6 The contribution ratio of total electricity consumption to the added value ofmining industry

Variable Coefficient Std. error t Prob

C 5.023580 0.852945 5.889685 0.0004

LOG(YD) 1.127571 0.132006 9.147868 0.0000

R-squared 0.912743 F-statistic 83.68348

Adjusted
R-squared

0.901836 Prob (F-statistic) 0.000016

Dependent variable: LOG(FJS); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(K C), log(Y D) are both integrated of order 1, and there exists a co-integration relationship

This means that the added value of the second industry grows 1.1% with every
1% increase of the industrial electricity consumption.

The table above shows a long-term and stable relationship between log(DSCY)
and log(DSCYYD).

log(DSCY) = 12.91+ 1.09log(DSCYYD). (3)

This means that the added value of the tertiary industry grows 1.09% with every
1% increase of the electricity consumption.
2. The Contribution Ratio of the Electricity Industry to the Total Investment in Fixed
Assets
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Table 7 The contribution ratio of the total electricity consumption to the added value of the ferrous
metal product industry

Variable Coefficient Std. error t Prob

C 4.224245 1.290994 3.272088 0.0113

LOG(YD) 1.20660 0.199800 7.110407 0.0001

R-squared 0.863383 F-statistic 50.55789

Adjusted
R-squared

0.846306 Prob (F-statistic) 0.000101

Dependent variable LOG(HJS); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(H J S), log(Y D) are both integrated of order 1, and there exists a co-integration relationship

We analyze the relationship between the total investment in fixed assets and the
electricity generation from 2002 to 2011. We find that the electricity generation
has a significant promoting effect on the total investment in fixed assets, and the
contribution ratio is: The table above shows a long-term and stable relationship
between log(T Z) and log(F D):

log(T Z) = 6.81+ 1.12 log(F D). (4)

This means that the total investment in fixed assets grows 1.12% with every 1%
increase of the electricity generation.
3. The Contribution Ratio of the Electricity Industry to the Growth of Major Pillar
Industries and the High Energy-Consuming Industries

We analyze the relationship between the added values of the mining industry,
the non-mental mineral product industry and the ferrous metal product industry
and the electricity consumption from 2002 to 2011. We find that the growth of
the electricity consumption has a significant promoting effect on the added values
of mining industry, the non-mental mineral product industry and the ferrous metal
product industry. The contribution ratios are:

The table above shows a long-term and stable relationship between log(K C) and
log(Y D):

log(K C) = 3.92+ 1.22 log(Y D). (5)

This means the added value of mining industry increases 1.22% with every 1%
increase of the electricity consumption.

The table above shows a long-term and stable relationship between log(F J S) and
log(Y D):

log(F J S) = 5.02+ 1.13 log(Y D). (6)

This means the added value of the non-mental mineral product industry increases
1.13% with every 1% increase of the electricity consumption.
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The table above shows a long-term and stable relationship between log(H J S)
and log(Y D):

log(H J S) = 4.22+ 1.02 log(Y D). (7)

This means the added value of the ferrous metal product industry increases 1.02%
with every 1% increase of the electricity consumption.
4. The Contribution Ratio of the Income Increase of Urban and Rural Residents to
the Growth of Electricity Consumption

We analyze the relationship between the income of the urban and rural residents
and the household electricity consumption from 2002 to 2011. We find that both
the increase of the urban per capita disposable income and the rural per capita net
income promote the growth of the electricity requirement in urban and rural areas,
and the contribution ratios are:

Table8 shows a long-term and stable relationship between log(CZYD) and
log(CZKZP):

log(CZYD) = −7.81+ 1.30 log(CZKZP). (8)

This means the urban household electricity consumption increases 1.3% with
every 1% increase of the urban per capita disposable income increases 1%. If we
take year 2011 as the base year, the urban per capita disposable income is 18576
RMB and the urban population is 1.704 million. Then the relationship above means
the annual household electricity consumption increases 4.38 KWH when the urban
per capita disposable income increases 100 RMB.

Table9 shows a long-term and stable relationship between log(NMYD) and
log(NMRJ):

log(NMYD) = −7.07+ 1.25 log(NMRJ). (9)

This means the rural household electricity consumption increases 1.25% with
every 1% increase of the rural per capita net income increases 1%. If we also take

Table 8 The contribution ratio of the urban income to the urban electricity consumption

Variable Coefficient Std. error t Prob

C −7.811281 1.030799 −7.577887 0.0001

LOG(CZKZP) 1.289073 0.110539 11.66174 0.0000

R-squared 0.944443 F-statistic 135.9962

Adjusted
R-squared

0.937498 Prob (F-statistic) 0.000003

Dependent variable: LOG(CZYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(CZYD), log(CZKZP) are both integrated of order 1, and there exists a co-integration
relationship
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Table 9 The contribution ratio of the rural income to the rural electricity consumption

Variable Coefficient Std. error t Prob

C −7.069953 0.751074 −9.413119 0.0000

LOG(NMRJ) 1.248874 0.095619 13.06097 0.0000

R-squared 0.955204 F-statistic 170.5889

Adjusted
R-squared

0.949605 Prob (F-statistic) 0.000001

Dependent variable: LOG(NMYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(NMYD), log(NMRJ) are both integrated of order 1, and there exists a co-integration
relationship

year 2011 as the base year, the rural per capita net income is 4722 RMB and the rural
population is 2.927million. Then the relationship above means the annual household
electricity consumption increases 2.45 KWH when the per capita rural net income
increase 100 RMB (Tables10 and 11).
5. The Contribution Ratio of Growth of the High Energy-Consuming Industries to
the Growth of the Electricity Consumption

Weanalyze the relationshipbetween the addedvalueof thehigh energy-consuming
industries and industrial electricity consumptions from 2002 and 2011. We find that
the increase of the added values of the high energy-consuming industries significantly
promote the growth of the industrial electricity requirement, and the contribution
ratios are:

The table above shows a long-term and stable relationship between log(FJSYD)
and log(F J S):

log(FJSYD) = −3.58+ 0.589 log(F J S). (10)

This means that the industrial electricity consumption increased 0.589% with
every 1% growth of the added value of the non-mental mineral product industry. If

Table 10 The contribution ratio of the added value of the non-mental mineral product industry to
the industrial electricity consumption

Variable Coefficient Std. error t Prob

C −3.576217 0.584616 −6.117209 0.0003

LOG(FJS) 0.589456 0.045599 12.92707 0.0000

R-squared 0.954314 F-statistic 167.1092

Adjusted
R-squared

0.948604 Prob (F-statistic) 0.000001

Dependent variable: LOG(FJSYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(FJSYD), log(F J S) are both integrated of order 1, and there exists a co-integration rela-
tionship
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Table 11 The contribution ratio of the added value of the ferrous metal product industry to the
industrial electricity consumption

Variable Coefficient Std. error t Prob

C −5.492993 0.880178 −6.240775 0.0002

LOG(HJS) 0.724446 0.065686 11.02900 0.0000

R-squared 0.938290 121.6388

Adjusted
R-squared

0.930576 Prob (F-statistic) 0.000004

Dependent variable: LOG(HJSYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(HJSYD), log(H J S) are both integrated of order 1, and there exists a co-integration
relationship

we take year 2011 as the base year, the relationship abovemeans the annual electricity
consumption increases 5550 KWH when the added value of the non-mental mineral
product industry increases 10 thousand RMB.

The table above shows a long-term and stable relationship between log(HJSYD)
and log(H J S):

log(HJSYD) = −5.49+ 0.724 log(H J S). (11)

This means that the industrial electricity consumption increases 0.724% with
every 1% growth of the added value of the added value of the ferrous metal product
industry. If we take year 2011 as the base year, the relationship above means the
annual electricity consumption increases 5802 KWH when the added value of the
ferrous metal product industry increases 10 thousand RMB.

Table12 shows is a long-term and stable relationship between log(YSJSYD) and
log(YSJS):

log(YSJSYD) = −5.42+ 0.735 log(YSJS). (12)

This means that the industrial electricity consumption increases 0.735% with
every 1% growth of the added value of the non-ferrous metal product industry. If we
take year 2011 as the base year, the relationship above means the annual electricity
consumption increases 6902 KWH when the added value of the non-ferrous metal
product industry increases 10 thousand RMB (Tables13, 14 and 15).

The table above shows a long-term and stable relationship between log(DLRLYD)
and log(DLRL):

log(DLRLYD) = −13.2+ 0.926 log(DLRL). (13)

This means that the industrial electricity consumption increases 0.926% with
every 1% growth of the added value of the production and supply industry of elec-
tricity and heat. If we take year 2011 as the base year, the relationship above means
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Table 12 The contribution ratio of the added value of the non-ferrous metal product industry to
the industrial electricity consumption

Variable Coefficient Std. error t Prob

C −5.415429 0.765019 −7.078816 0.0001

LOG(YSJS) 0.734646 0.054944 13.37082 0.0000

R-squared 0.957169 F-statistic 178.7789

Adjusted
R-squared

0.951815 Prob (F-statistic) 0.000001

Dependent variable: LOG(YSJSYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(YSJSYD), log(Y S J S) are both integrated of order 1, and there exists a co-integration
relationship

Table 13 The contribution ratio of the added value of the production and supply industry of
electricity and heat to the industrial electricity consumption

Variable Coefficient Std. error t Prob

C −13.19093 2.638383 −4.999625 0.0011

LOG(DLRL) 0.925639 0.185008 6.516679 0.0002

R-squared 0.841481 F-statistic 42.46711

Adjusted
R-squared

0.821666 Prob(F-statistic) 0.000185

Dependent variable: LOG(DLRLYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(DLRLYD), log(DLRL) are both integrated of order 1, and there exists a co-integration
relationship

Table 14 The contribution ratio of the added value of the oil processing industry and nuclear fuel
processing industry to the industrial electricity consumption

Variable Coefficient Std. error t Prob

C −3.958436 1.566964 −2.526181 0.0355

LOG(SY) 0.587571 0.131540 3.387353 0.0095

R-squared 0.589199 F-statistic 11.47416

Adjusted
R-squared

0.537849 Prob (F-statistic) 0.009537

Dependent variable: LOG(SYYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(SYYD), log(SY ) are both integrated of order 1, and there exists a co-integration relation-
ship

the annual electricity consumption increases 3452 KWHwhen the added value of the
production and supply industry of electricity and heat increases 10 thousand RMB.

The table above shows is a long-term and stable relationship between log(SYYS)
and log(SY ):

log(SYYS) = −3.96+ 0.588 log(SY ). (14)
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Table 15 The contribution of the added value of raw chemical material and chemical products
manufacturing industry to the industrial electricity consumption

Variable Coefficient Std. error t Prob

C −0.161815 0.319863 −0.505889 0.6266

LOG(HXYL) 0.356478 0.023546 15.13988 0.0000

R-squared 0.966275 F-statistic 229.2159

Adjusted
R-squared

0.962060 Prob (F-statistic) 0.000000

Dependent variable: LOG(HXYLYD); Method: least squares
Sample (adjusted): 2002 2011; Included observations: 10 after adjustments
Note log(HXYLYD), log(HXYL) are both integrated of order 1, and there exists a co-integration
relationship

This means that the industrial electricity consumption increases 0.926% with
every 1% growth of the added value of the oil processing industry and nuclear fuel
processing industry. If we take year 2011 as the base year, the relationship above
means the annual electricity consumption increases 1402 KWH when the added
value of the oil processing industry and nuclear fuel processing industry increases
10 thousand RMB.

The table above showsa long-termand stable relationshipbetween log(HXYLYD)
and log(HXYL):

log(HXYLYD) = −0.16+ 0.356 log(HXYL). (15)

This means that the industrial electricity consumption increases 0.356% with
every 1% growth of the added value of the oil processing industry and nuclear fuel
processing industry. If we take year 2011 as the base year, the relationship above
means the annual electricity consumption increases 2744KWHwhen the added value
of raw chemical material and chemical products manufacturing industry increases
10 thousand RMB.

3 Conclusion

In Yunnan Province, southwest China, the electricity industry is a pillar industry, and
promotes the growth of the local economy and development of other important local
industries.With the co-integration analysis,wefind that: The localGDPgrows0.96%
with every 1% increase of electricity consumption; The added value of the second
industry grows 1.1% with every 1% increase of the electricity consumption; The
added value of the tertiary industry grows 1.09%with every 1% increase of the elec-
tricity consumption; The total investment in fixed assets grows 1.12%with every 1%
increase of the electricity generation; The added value of mining industry increases
1.22% with every 1% increase of the electricity consumption; The added value of
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the non-mental mineral product industry increases 1.13%with every 1% increase of
the electricity consumption; The added value of the ferrous metal product industry
increases 1.02%with every 1% increase of the electricity consumption. Meanwhile,
the development of the local economy and industries also promote the consumption
of the electricity and certainly the development of the electricity industry. Taking
the 2011 as a base year, we find that: The annual household electricity consump-
tion increases 4.38 KWH when the urban per capita disposable income increase 100
RMB; The annual household electricity consumption increases 2.45 KWH when
the per capita rural net income increase 100 RMB; The annual electricity consump-
tion increases 5550 KWH when the added value of the non-mental mineral product
industry increases 10 thousand RMB; The annual electricity consumption increases
5802 KWH when the added value of the ferrous metal product industry increases
10 thousand RMB; The annual electricity consumption increases 6902 KWH when
the added value of the non-ferrous metal product industry increases 10 thousand
RMB; The annual electricity consumption increases 3452 KWH when the added
value of the production and supply industry of electricity and heat increases 10 thou-
sandRMB;The annual electricity consumption increases 1402KWHwhen the added
value of the oil processing industry and nuclear fuel processing industry increases 10
thousand RMB; The annual electricity consumption increases 2744 KWH when the
added value of raw chemical material and chemical products manufacturing industry
increases 10 thousand RMB.
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A Research of Implementation Effect
Measurement on Low-Carbon Economic
Policy in the Urbanization Processes: A Case
Study of Wenjiang District, Chengdu City

Yunqiang Liu and Fang Wang

Abstract Although the low-carbon economy is a relatively new concept, a large
amount of effective work has been done and a great number of supporting policies
and measures have been established inWenJiang district, stimulating the low-carbon
economy development. Based on the existing data of WenJiang district, the essay
simulates the policies needed to be further changed in that area via optimization
techniques,mathematicalmodels, etc., so as to comprehensively analyze and evaluate
the outcomes in detail.

Keywords Low-carbon economic · Evaluating indicator · Policy simulation · Cge
model

1 Introduction

Although the low-carbon economy is a new concept, it is closely related to the notion
of energy conservation and emissions reduction, recycling economy, and so forth. In
the recent years of economic and social development, the whole society have begun
to pay attention to energy conservation and emissions reduction as well as resource
recycling, which are directly related to sustainable development.

There were many researchers making progresses in low-carbon economy. They
can be broadly broken down into two key areas. One was about factors evalua-
tion research, especially the carbon emission, and the other was evaluation sys-
tem research. Mazzarino [5] applied comparative static approach and monetary esti-
mates to find the transport sector significantly contributing to energy consumption
and carbon dioxide emissions. The Data Envelopment Analysis (DEA) was applied
to research the relationships between economic growth, and, carbon dioxide emis-
sion [6]. Ugur et al. [7] used VAR model including energy consumption, carbon
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emissions, economic growth and granger causality to investigates the effect of energy
consumption and output on carbon emissions in the United States. Koji et al. [4]
developed a method formulating long-term scenarios towards a low-carbon econ-
omy at local level. Cheng et al. [1] used fuzzy goal programming based on grew
and inputłoutput theory to simulate three kinds of emissions strength and economic
impact under different carbon tax scheme. Jyoti et al. [3] evaluated the present carbon
emissions situation in Indian through IO and SAM.

Low-carbon economic security system is a significant supporting platform for
realizing the structure adjustment, industrial optimization, and technological inno-
vation of low-carbon energy.

2 Model Building

CGE model, the full name for Computable General Equilibrium model, originated
and developed from Walras’s abstract General Equilibrium Theory in western eco-
nomics, is a mathematical model of real economy [2]. After decades of development,
CGEmodel has become a very normative model. As a powerful tool for policy analy-
sis, CGEmodel has been increasingly used andhas becomea formal branchof applied
economics.

2.1 Basic Structure

The basic idea of CGE model is to simulate the cyclical process of production-
income- demand in macro economic operation, where assumptions satisfying the
behavior subjects include: producers, within certain production technology, attempt
to maximize profits by minimizing the cost; consumers, under the conditions of lim-
ited income, seek to maximize their consumer utility through selecting consumer
products according to their preference; merchants, within a certain level of output,
endeavor to maximize revenue both at home and around the world through price
conducting mechanism; and in terms of the supply and demand of elements, optimal
resource endowment allocation will be achieved in the process of production. The
behavioral optimization hypotheses above are demonstrated, in the CGE model, by
the four types of equation modules, which are the production optimization module,
the consumer demandmodule, the trademodule, aswell as the equilibrium andmacro
closure module, respectively. In addition to the above four modules, the income dis-
tributionmodule and the price formingmodule are included in this model, describing
the operation of the macro economy.
1. Production Optimization Module

Themodel assumes that a commodity is allowed to bemade bymultiple producers,
which reflects that it can be produced with different production technology and
the technology of all departments has the feature of constant returns to scale. The
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production demonstrated in the model uses the multilayer nested CES function to
describe the different alternatives among the production elements. On the first level,
output is eventually decided by the combination of synthetic intermediate input and
the synthetic added value. On the second level, using Leontieff function synthetic
intermediate input is described as the demand for intermediate products of each
department; and the synthetic added value is further decomposed into synthetic labor
input and synthetic capital. On the third layer, the synthetic capital is broken into
various capital requirements. On the fourth layer, by usingCES function the synthetic
energy is divided into fossil energy synthesis and electrical energy. On the fifth layer,
fossil energy synthesis is further decomposed into coal, oil, and natural gas by CES.
The extent of the substitution among various production elements depends on their
substitution flexibility and the base year share during the process of production. The
pollution emissions caused by production are based on the pollution discharge rates
of all departments.
2. Income Distribution Module

The national income generated from production and trade is allocated to three
principal institutions: enterprises, residents and the government. Income distribution
includes initial income distribution and income redistribution. During the primary
distribution of national income, all kinds of production factor holders obtain income
in linewith the contribution they offered in the process of production, namely laborers
earn income from work, capital owners receive capital income, and the government
levies an indirect tax on producers’ production behavior. In the process of income
redistribution, various income is readjusted and reallocated among residents, enter-
prises, and the government: after paying enterprise income tax, capital income (the
total capital returns of all departments) becomes receipts of the enterprise, a por-
tion of which is allocated to residents, while the rest of which becomes savings and
investment of the enterprise for expanded reproduction in future; the body of resi-
dents’ income is derived from the factor payments, that is, labor and capital income;
in addition, the residents also obtain transfer payments and subsidies from the gov-
ernment. The capital and enterprise income is allocated to residents in a fixed share.
The government’s revenue includes direct tax of enterprises, inhabitant income tax,
import tariffs, and all kinds of indirect taxes. Meanwhile, subsidies are considered
as negative revenue of the government.
3. Consumer Demand Module

The demand principally includes residents consumption demand, government
consumption demand, investment demand, and intermediate demand. Residents
demand function is expressed as ELES, which is derived from the Stone-Geary utility
function under the constraints of a certain income budget and theminimumconsump-
tion of commodities for residents. The model assumes that the residents’ marginal
saving tends not to change along with the change of residents’ income, and it is con-
sidered and saved as a fixed share of disposable income. Other final demands, such
as government regular expenditure, investment, and variable inventory demand, etc.
are described by LES, that is, LES is derived from the Cobb-Douglas utility function
under the condition of a fixed share of total expenditure and under the constraint of
certain commodity prices, in terms of their demand for awide variety of commodities.
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Armington assumption is adopted in this model to describe the incomplete substi-
tute relation between different import commodities and regional products, which is
determined according to the cost-minimized principle and under a certain relative
price, in terms of the demand for import commodities and domestic products among
the demand of various consumer goods.
4. Regional Trade Module

As a part of a country, apart from the import and export trade of general goods,
the regional trade includes the trade with other regions of the country. To distin-
guish two different approaches between domestic trade and international trade of a
region, the nested CET function of regular elastic transformation is utilized in the
model to describe the substitute relation of tradable goods sales in different regional
markets, and the nested CES function is used to describe the final consumption com-
position relationship of different regional commodities in the area examined. The
commodities purchased from each region become goods sold in that specific area,
and vice versa. Armington assumption is used in the model to describe the incom-
plete substitute relation between import commodities and domestic products, and
CES function is utilized to describe the optimal selection between synthetic pur-
chased commodities and regional products in line with the principle of minimizing
cost of final consumption. Furthermore, through CES function synthetic purchased
commodities are divided into the demand for commodities purchased from home
and abroad. According to the income maximization principle, products produced
by firms are allocated to both international and domestic market by using the CET
function. Small country assumption is adopted in this model, namely the fluctuation
of commodity price in the international market is not influenced by Chinese imports
and exports, and the price remains constant. Foreign demand for Chinese exports
is described by demand curve of constant elasticity, that is, it can be represented as
an exponential function about the ratio of international commodity prices and the
F.O.B. prices of goods exported from China.
5. Equilibrium Close Module

Equilibriummodule includes supply and demand equilibrium of all kinds of factor
markets and commodity markets. It also includes various labor supply equilibrium,
capital market supply equilibrium, and domestic and international market demand-
supply equilibrium. The supply and demand of various labor is balanced in themodel
through exogenesis of labor average wage and endogeny of labor demand quantity,
while that of capital is balanced in the capital factor market through endogenous
capital returns. The model assumes that labor flows fully among departments and
that capital is relatively fixed among internal departments in the short-run. The com-
modities in both domestic and international markets are balanced through the relative
price of endogenous goods. Macro closure in the module is reflected by three prin-
cipal macro identity relations, namely (1) saving-investment balance; (2) balance
of government revenues and expenditures; (3) trade balance, including the balance
of both domestic trade and current account of international trade. Saving drive from
“Neoclassical closed principle” is adopted in themodel to balance saving-investment;
endogeny of government saving surplus is utilized to balance government revenues
and expenditures; endogenous domestic trade surplus and foreign exchange reserve
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are used to balance domestic and international trade. In the model gross export
calculated by border price (including export taxes and subsidies) plus net foreign
transfer and foreign capital inflow equals gross import calculated by world (border)
price. Exchange rate of the model converts world price to domestic price. One of the
two variables, exchange rate and foreign exchange saving (trade surplus or deficit),
is exogenously fixed, and foreign account balance is realized through the relative
prices of tradables and non-tradables, that is, the actual exchange rate will change.
6. Pricing Mechanism

All prices in the model are relative prices. Aside from relation among each other
through a variety of nested CES or CET functions, the prices fluctuate under the
influence of various taxes or subsidies. Factors triggering price fluctuation include
production value-added taxes, production taxes, production subsidies, import and
export tariffs, and export rebates levied by the custom, and exchange rates.

The six modules above constitute a complete CGE model, and through compar-
ative static analysis, it can simulate the influence on the economic system via the
change of exogenous variables.

2.2 Variable Parameter

The name and meaning of all variables and parameters as well as the determination
of principal parameters in the model are listed in this section. It is noticeable that
the price variables in CGE model refer to the relative prices, and their value is not
equal to the prices of commodities produced in real life; quantitative variables in
this model are variables converted from relative price variables, and their quantity is
not equal to the number of commodities produced in real life. The variation of price
variables and quantitative variables in CGE model can reflect the variation of price
and quantity of commodities produced in real life. The markers and explanation of
the variables and parameters are shown in Table1. Table2 lists all variables.

Table 1 The variables and parameter markers in the model

Markers Meaning Details

i, j Production sector Departments merged in this model

e Energy sector Coal mining and processing industry, oil and gas exploration
industry, power generation and supply industry

ne Non-energy sector Other sectors except e

nele Fossil energy sector Coal mining and processing industry, oil and gas exploration
industry

p Contaminant CO2, SO2, etc.
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Table 2 Parameters in the production model

Parameters Parameters meaning

αnd
j CES share parameter of non-energy intermediate input synthesis demand in j

sector

αkel
j CES share parameter of capital-energy-labor synthesis demand in j sector

α
p
j Substitution elasticity between capital-energy-labor synthesis and non-energy

intermediate input synthesis in j sector

α
j
ne Direct consumption coefficient of non-energy sector in j sector

α1
j CES share parameter of labor demand in j sector

αke
j CES share parameter of capital- energy synthesis demand in j sector

σ kel
j Substitution elasticity between capital-energy synthesis and labor in j sector

αk
j CES share parameter of capital demand in j sector

αe
j CES share parameter of energy synthesis demand in j sector

σ ke
j Substitution elasticity between capital and energy synthesis in j sector

αnelec
j CES share parameter of fossil energy synthesis demand in j sector

αelec
j CES share parameter of electrical energy synthesis demand in j sector

σ e
j Substitution elasticity between electrical energy synthesis and fossil energy

synthesis in j sector

αnele
j CES share parameter of various fossil energy demand in j sector

2.3 Equation System

In this section each equation and its economic meaning in the specific model of each
module is demonstrated, based on which specific recycling economic policies can
be adjusted partially during simulation.
1. Production Equation

The model assumes that in each production sector exists a competitive enterprise,
producing a product. The nested 5 layer CES function is used to describe production
behavior, and the output level of each sector is decided bymarket equilibrium through
the input of six factors, namely capital, labor, coal, oil, natural gas, and power. In all
departments, technology presents the feature of constant return to scale.

Equations (1) and (2) reflect the nest of the first layer departmental production,
representing demand for synthesis of non-energy intermediate input and capital-
energy-labor, respectively.

nd j = αnd
j

(
px j

pnd j

)σ
p
j

xp j , (1)

kel j = αkel
j

(
px j

pkel j

)σ
p
j

xp j . (2)
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Equations (3)–(5) reflect the nest of the second layer.

xapne, j = αne, j nd j , (3)

ld
j = αl

j (λ
l
j )

σ kel
j −1

(
pkel j

φl
j w

)σ kel
j

kel j , (4)

ke j = αl
j

(
pkel j

pke j

)σ kel
j

kel j . (5)

Among them, Eq. (3) reflects non-energy intermediate input calculated via Leontief
function, which is equal to the fixed proportion of synthesis of non-energy interme-
diate input. Equations (4) and (5) respectively indicate demand for labor and capital-
energy synthesis after decomposing demand for capital-energy-labor synthesis via
CES function, among which the labor demand function includes efficiency factors,
which indicate the fluctuation of labor utilization efficiency, and wage adjustment
coefficient revealing wage differences among departments.

Equations (6) and (7) demonstrate the nest of the third layer, which respectively
indicate demand for capital and energy synthesis after decomposing demand for
capital-energy synthesis via CES function. Among them, capital demand function
contains efficiency factors indicating the fluctuation of capital utilization efficiency
and capital price adjustment coefficient revealing capital price differences among
departments.

kd
j = αk

j (λ
k
j )

σ ke
j −1

(
pke j

φk
j r

)σ ke
j

ke j , (6)

e j = αe
j

(
pke j

pe j

)σ ke
j

ke j (7)

Equations (8) and (9) exhibit the nest of the forth layer, respectively suggesting
demand for fossil energy synthesis and electrical energy after decomposing demand
for energy synthesis by CES function.

nelec j = αnelec
j

(
pe j

pnelec j

)σ e
j

e j , (8)

elec j = αelec
j

(
pe j

pelec j

)σ e
j

e j (9)

Equation (10) reflects the fifth layer nested, showing demand for coal, oil, and nat-
ural gas after decomposing demand for fossil energy synthesis with CES function.
Efficiency factors indicate the fluctuation of fossil energy utility efficiency in depart-
ments.



1156 Y. Liu and F. Wang

xapnele, j = αnele
j (λnelej )

σ nele
j −1

(
pnelec j

panele

)σ nele
j

nelec j (10)

2. Income Equation
Equations (11)–(14) describe income formation,

yh =
∑

j

φl
j w · ld

j + β × ye(1− te), (11)

yd = (1− th)yh + pindex× trgh, (12)

ye =
∑

j

φk
j r × kd

j , (13)

yg =
∑

j

t p j xp j px j+th×yh+te × ye +
∑

j

tm j xm j pm j −
∑

j

tex j es j pex j .

(14)

Among them, the Eq. (11) indicates residents’ income, equal to the sum of labor
remuneration and enterprise’s profit distribution;Eq. (12) shows residents’ disposable
income, equal to the gross income minus income tax for the government, and then
plus the government’s transfer payment for residents; Eq. (13) illustrates enterprise
income, equal to the capital return; Eq. (14) reavels the government revenue, equal
to the sum of production tax, inhabitant income tax, enterprise income tax, import
tariffs and export rebate which is negative income.

3 Data Processing

Comprehensive and detailed economic data is the foundation of effective policy
analysis as well as the precondition of modeling.
1. Data Base

Wenjiang district basic data in 2013, which are principally from sources such as
statistical yearbooks, are utilized in this report. Because some data are not detailed,
and even missing, sources, for instance, Sichuan input-output tables and Chengdu
statistical yearbooks in 2013, are fitted and data from each yearbook are calculated
according to a certain proportion and coefficient. In this report, all sectors inWenjiang
are grouped into 6 major ones: (1) agriculture; (2) industry; (3) construction; (4)
transportation post and telecommunication; (5) business and catering services; (6)
non-material production sector.
2. Parameter Calibration

Parameter calibration in CGE model refers to the determination of relevant para-
meters, and there are generally two parameter estimation approaches. One is to
utilize an econometric approach, namely to conduct regression analysis and to esti-
mate parameters via econometric methods based on many years’ historical statistics
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of a economic sector; while the other is calibration approach, in which a parame-
ter is determined by using benchmark balanced data sets and satisfying equilibrium
conditions in the CGE model.

The reliability of data estimated via an econometric approach is high; nevertheless,
data collection is difficult since many years’ time-series data are needed. Although
data collection of calibration approach is relatively easy considering its only need
for data of a benchmark year, its reliability is low due to the high dependence on
benchmark data. Given their merits and demerits, both approaches are combined.
Some parameters are determined via an econometric approach; some are determined
by estimating relevant data of Sichuan 2013 input-output tables via a calibration
method; and some are determined by consulting existing research achievements.

4 Policy Analysis

The principal objective of this model report is to evaluate the effect, benefit, and
potency of existing policies implemented, which are related to low carbon economy
development at Wenjiang. Policy effect evaluation at Wenjiang is to evaluate the
extent to which energy conservation and emission reduction are promoted as a result
of policies implemented, namely to analyze whether the expected energy-conserving
target is achieved through the comparison between actual outcomes of government
policies and ideal results. Policy benefit evaluation is to assess the relationship and
identify the ratio between policy effect and policy input. Policy effectiveness evalua-
tion in the report is to assess comprehensively the impact of low carbon agricultural
subsidy policy in the entire social system, including the analyses of positive and
negative, short-run and long-run, as well as direct and indirect effects of the policy.

The impact of the report on low carbon agricultural subsidy policy evaluation at
Wenjiang is to provide support for effective implementation and adjustment of the
policy. During policy evaluation, sound reasons for low carbon policy adjustment
at Wenjiang are provided through comprehensive analyses of the outcomes in this
area as well as accurate and appropriate assessment of the policy; and through pol-
icy evaluation residents’ recognition of this issue is unified and obstacles of policy
implementation are eliminated, thereby implementing the right policies effectively.
1. Status Quo of Policy

‘Three Rural Issues’ have been attached considerable importance, and the key
points in serving these issues have been highlighted in Wenjiang, where the people
show a strong sense of responsibility and urgency. Since 2008, people in charge of
agricultural and rural work at this district have been steadily strengthening agricul-
tural infrastructure construction, facilitating reform pilots on balancing urban and
rural areas comprehensively and vigorously, actively promoting the steady develop-
ment of agriculture and continuous increase in rural income, effectively resolving
the rural dwellers’ livelihood issues, steadily speeding up the building of a new
socialist countryside and the development of modern suburban agriculture, as well
as greatly enhancing the rural public service. They have been exerting great effort
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in strengthening agricultural policy guarantee, including grain subsidies, policy-
oriented agricultural insurance, grain for green, household appliances down to the
countryside pilots, etc.; they have been steadily promoting agricultural industrializa-
tion, rural infrastructure construction and service; In terms of significant projects, for
instance, key agricultural project construction and construction of a new countryside,
it should be ensured that the leaders are present, measures are implemented, clear and
reasonable objectives are set, and responsibilities are shouldered, thereby forming a
working pattern where things are taken care of by specific individuals, who have a
clear responsibility, which should be taken in a certain period of time.
2. Scene Design

Fiscal expenditure ofWenjiang in 2013 amounted to 541,870,000RMB, of which
the spending on agriculture, forestry, and irrigation works was 60,850,000RMB,
67.95% higher than that in 2012, which was 36,230,000RMB. According to the
agricultural policies at various levels , namely national, provincial, municipal, and
district level, ‘Three Rural Issues’ will be highlighted increasingly, and in terms of
expenditure on agricultural subsidy, an upward trend will be shown. Therefore, the
scenes are set as follows: scene 1, expenditure on agricultural subsidy increases 20%
of base value in 2007; scene 2, spending on agricultural subsidy increases 30% of
base value in 2007; expenditure on agricultural subsidy increases 40% of base value
in 2013.
3. Outcome Analysis

Adjusting the data above, scenario simulation of the impacts on relevant national
economic sectors has been conducted via CGE models of six sectors after imple-
menting agricultural subsidy policies. 5 evaluation indices, that is, actual GDP, rural
residents’ income, urban residents’ income, government savings, and government
subsidies, are selected, and the index changes under different agricultural subsidies
situation (compared with the baseline scenario) are demonstrated in Table3. With
the increase of agricultural subsidies, rural residents’ income ascends significantly
and their consumption grows as well. The beneficiaries of subsidies increased are
agricultural laborers. Due to the increase of agricultural subsidies, the government
savings falls slightly, and meanwhile the government public expenditure goes up.
Additionally, it has certain influence on the actual GDP.

Table 3 Change rate of macroeconomic indices

Scene 1 Scene 2 Scene 3

Actual GDP 0.21 0.34 0.45

Urban residents’
income

0.51 0.76 0.92

Rural residents’
income

3.52 6.86 8.22

Government savings −0.06 −0.29 −0.53

Government subsidies 1.43 2.68 3.47



A Research of Implementation Effect Measurement on Low-Carbon … 1159

4. Model Conclusion
Beginning with policy simulation, this study puts forward and analyzes a gen-

eral CGE model framework. In terms of agricultural subsidy policy in Wenjiang, the
impact of the subsidy policy variables’ changes on the national economy is simulated
viaCGEmodel and data calculation. Systemoperation and simulation outcomes indi-
cate that simulation system prototype can achieve its preliminary purpose expected
and can visually reflect the effects of policy variables on economic indices, thereby
providing support for decision makers.
5. Policy Suggestions

Agricultural subsidy is an indispensable section of the “Three Rural Issues” poli-
cies, and the current agricultural subsidies principally include direct subsidies to grain
producers, subsidies for growing superior crop varieties, and direct and general sub-
sidies for purchasing agricultural supplies. Practice has proved that these preferential
policies for the farmers play a role in promoting grain production and in increasing
farmers’ income. Nevertheless, there are still some demerits of the current subsidy
policies, for instance, insufficient and diversified funds, small scopes, and irrational
structures, which reducing the incentive effect. Therefore, feasible measures should
be taken to enhance the agricultural subsidy policies.

(1) Increase subsidies, adjust the structure. The increase in agricultural subsidies
should be continued annually and the structure of subsidies should be optimized
within local financial capabilities. A regularly-based and temporarily-supplemented
system should be constructed. In terms of temporary subsidies, the foreign experience
of counter-cyclical payments should be drawn on, and the severe and relatively
significant external supply shortage of agricultural products should be underlined
and addressed. The experience should be adopted carefully for the sake of avoiding
excessiveness. To maintain the stability and continuity, regular subsidies should be
related to the rise of agricultural production costs and prices level. Highlighting
regular subsidies is to provide stable expectation for market participants, thereby
promoting production of grain and other major agricultural products and enhancing
the capacity of the agricultural sustainable development.

(2) Perfect subsidy approaches, enhance efficiency, and strengthen supervision.
Direct subsidies distribution should be perfected, and agricultural allowance man-
agement should be strengthened. Through transforming “indirectness” into “direct-
ness” and “complicity” into “simplicity”, the organization is integrated, procedures
are simplified , and allowance is distributed directly and fairly, thereby cutting the
work cost of subsidy implementation. It is suggested that the significant sectors, for
instance, finance and agriculture, adhere to the open, transparent principle and further
establish and perfect the notice system of agricultural subsidy distribution. Before
subsidy distribution financial departments in towns should reveal to the public not
only the scope and approaches but also the items, amount, as well as deposit time. By
issuing notices or clear cards, farmers are informed timely, which facilitates mutual
supervision and enhances transparency.

(3) Develop the advantage of agricultural production scale, and consider appro-
priately the interests of farmers with small arable land. From the perspective of
development, it is inevitable that agriculture will be transformed into a large-scale
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andmodern sector. The guidance of agricultural subsidies policy should comply with
this change. Large grain growers should be supported and encouraged regarding agri-
cultural subsidy policies. Allowances should be distributed to them in line with their
actual land area which reaches a certain scale, and to farmers utilizing advanced
production technology as well. Given constructing a “harmonious society”, it is
suggested that the interests of farmers with small arable land, the impoverished, in
particular, be considered appropriately, and that co-operation be encouraged among
small farmers through a relatively higher subsidy rate.

(4) Agricultural subsidies lean towards popularizing advanced technology. The
government should support the innovation of agricultural high-tech through a variety
of approaches, for instance, setting up risk funds for agricultural hi-tech industry
and guiding the financial sector or enterprises’ agricultural high-tech investment via
interest subsidies; establishing agricultural high-tech information network to provide
information consulting service; funding private enterprises and professional farmers
to establish model base of new technology; supporting agricultural technological
enterprises through equity investment; increasing direct research funds for leading
enterprises, and so forth.

(5) Expand the scope of the subsidies. Based on the original itemized subsidies,
the government should constantly establish and perfect subsidies systems such as
creating agricultural insurance subsidy, ecological and environmental subsidy, and
educational subsidy, and so forth. As a weak and low benefit sector, there are huge
natural and unnatural risks of agricultural production in China. Therefore, to promote
the rapid and sound development of agricultural insurance the system of agricultural
insurance subsidies should be establishedpromptly.Agricultural environment protec-
tion subsidy is beneficial to protecting and enhancing farming structure, augmenting
arable land production efficiency, and boosting the competitiveness of agricultural
products. Education can effectively break the vicious cycle of poverty, improving
the laborers’ capability of obtaining higher income.
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Multi-Stage Dynamic Game Model
of Financing: On Reputation of Post-disaster
Reconstruction Project

Qilin Cao, Maomin Wu, Yun Chen and Anhua Yang

Abstract Reconstruction fund is essential to post-disaster reconstruction of private
firms. Based on the present studies, by using multi-stage dynamic game model of
financing, this paper calculated the optimal effort level of management fund institu-
tion with taking reputation into account. It helps to resolve the moral hazard problem
of fundmanagers and provides theory guide for raising of post-disaster reconstruction
fund.

Keywords Financing · Reputation · Game model · Post-disaster reconstruction
fund

1 Introduction

On April the 20th, 2013, Lu Mountain of Yaancity was struck by earthquake, which
is just as serious as the one in Wenchuan town. The earthquake caught unbalance
of ecosystem, social system and economic system in Lu Mountain and brought
serious damage to national economy and people. The affected population is about
1520 thousand; the affected area is as much as 12,500 km2 and over 99% houses in
Longmen town were destroyed.

Economic recovery is important for the full recovery of disaster area. Private
firm is an important part of national economy; its recovery can determine the future
economic development in some degree and should be paid more attention. Post-
disaster reconstruction is a complex project and need a great deal of money in terms
of economy, society as well as nature. Such a huge demand of money can’t be
raised easily. So comes the problem: how to raise the money. Unlike the traditional
“transfusion”model, this paper puts forward the hybrid fund financingmodel. Hybrid
fund consists of government funding, donating and venture capital (VC), among
which VC is the most important and the content of this paper.
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Based on the present studies, this paper offers the hypothesis of fund supervising
entity raising money from VC for reconstruction and studies multi-stage dynamic
financing problem by using multi-stage dynamic game model of financing on the
ground of reputation.

VCdoes not provide funddirectly to the affected private firms, but by intermediary,
namely the reconstruction fund management institution (FMI: built by government
in advance). This leads to principal-agent relation betweenVC and FMI. In our study,
FMI plays the role of VC and their mainly job is to raise money. These money flows
only to the post-disaster reconstruction project of private firms. We mainly study the
principal-agent problem between VC and FMI. VC choose post-disaster reconstruc-
tion project for not only the potential high return but also to make contribution to
post-disaster recovery. To making full use of their professional management ability,
FMI try hard to maximize their own profit when meeting the demand of investors.
FMI has a lot to do if they want to manage the fund well. If there is no way to mea-
sure their work and job cost, then FMI may seek private profit because of interest of
inconsistency and information asymmetry. What’s worse, moral hazard may follow.
Considering the reputation effect, FMI might begin to think about reputation effects
on VC and themselves. They may also work hard to improve reputation and lower
moral hazard level.

Generally speaking, VC is risk neutral and pretty sensitive to risk. Before invest-
ing, investors would always strictly assess FMI’s performance, ability, and reputation
by collecting information. FMI’s performance and reputation have great influence
on recovery of private firms. Post-disaster recovery is supported by government and
has several other particular characteristics. Investors may not think too much about
this, but moral hazard indeed exists. The Red Cross Scandal is an example.

FMI’s reputation and ability can be seen during work. This means that they can
improve reputation by hard working. To successfully raise the subsequent fund, FMI
should consider about reputation effects during all the process except the last stage.
Only by doing this can theymaximize the total utility. Based on the above, we analyze
multi-stage dynamic financing problem by using multi-stage dynamic game model
of financing on the ground of reputation.

2 Literature Review

2.1 Abroad Literature

There is little abroad literature, but papers about reputation effects on fund manager
start early and there is a lot empirical studies in both micro aspect and macro aspect.
Macro studies mainly focus on market efficiency problem. Kennes and Schiff [10]
held that reputation is a reflection of the past deal. Opportunistic behavior can impair
reputation in later days. Klein and Leffler [11] thought that reputation can help to
maintain the performance of contract. Micro studies seek to find the working system
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and influence factors basedonly. Fombrun [2] defined reputation as a kindof cognitive
function and sense description. Abroad experts’analysis about reputation builds the
foundation of further study.

Abroad studies show that great reputation means a lot to manager and it is a
kind of invisible inspiration. By building the agent-reputation model, Holmstrom [5]
found that FMI managers work hard under the reputation system. Fama [1] held that
incentive problem was exaggerated in the literature about principal-agent problem.
What Fama cared about is agent market’s rules on agents’ behavior. He thought
that manager’s market value depends on their past performance and they should be
responsible for what they do. For this reason, managers would still work hard even
without explicit incentive; and they can improve reputation and salary in the market.
Gompers’s analysis [3] found, in the aspect of VC, that VC investors can get not only
implicit incentive, but also explicit incentive that comes from profit.

Smith’s [18] and Scherler’s [15] empirical study found that private equity fund
managers build great reputation to attract more investors. Norton [13], Gompers
and Lerner [4], Janney and Folta [7] held that fund is positively related with their
reputation in mature market. Thus we take the amount of fund as proxy variable of
manager reputation. Abroad experts’ papers about reputation influence on managers
built the foundation of this paper and provided basis for the variables we chose.

2.2 Domestic Literature

Domestic literature about post-disaster reconstruction fund of multi-stage dynamic
gamemodel of financing is not somuch. Yu [14] held that reconstruction fund should
be led by fiscal resources and based on the public finance provided by government;
whereas, development fund should be raised worldwide by various of mechanisms.
By analyzing the related data about Wenchuan earthquake, Yuan [21] found that
reconstruction project face a funding gap of 1300 billion in the early stage. This
example proved that government financial support is not enough for reconstruction
project. External fund must flow into the market. Du [20] put forward to build our
own catastrophe risk management system and assurance system by combining gov-
ernment with market. Besides, we should also better catastrophe risk sharing system
and strengthen our bearing capacity. The above studies built the theory foundation
for VC to flow into post-disaster reconstruction fund.

Some domestic experts study reputation influence on fund managers. Jin [22]
held that effort level of stages with reputation influence is strictly higher than those
without. The longer the stage is, the bigger incentive on managers from reputation
and the harder they work. Wang [6] found that limited partnership contract can be an
effective incentive for managers and an exit way to external investors. Wang et al. [8]
found that efficiency lost from performance incentive system grow with the decrease
of information transparency in stock market and increase of invest duration. Wang
and Peng [17] found that factors affect mangers reputation are growth rate of net
value, dividends of the first quarter, fund liquidity and scale, investor structure and
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manager’s honesty. Chen [12] held that managers would work harder in whichever
situation for there is no hitch-hike. For the existence of prisoner’s dilemma, contracts
signed with two investors would not be chosen in reality, whereas, joint venture made
managers with high salary work less hard.

Investors hope to invest for more times and correct excessive investment in the
aspect of game. VC would lost its information advantage for this. An [16] found that
with the increase of asset and predict value of venture companies, equity financing
can lead to stock dilution of management and the dilution ratio would increase. Thus,
financing times of venture companies should be controlled if the fund is enough. Hu
[9] found that operating system in credit market of imperfect information make
it more difficult for small and medium sized companies to finance. By promoting
signal transmission, reputation effect restraint and building of credit mechanism,
information asymmetry problem can be relieved effectively and game environment of
small and medium sized companies can be bettered. Under repeated game condition,
reputation becomes a kind of implicit incentive for contracts and cooperation become
equilibrium. Wang [19] found that there are two Nash equilibrium in game between
banks and companies, which means that the two sides of the game have different
decision to maximize their own benefit. If banks press the debt is up to whether the
bank has loan and if companies pay the money back on time.

3 Model Design and Computing

1. Hypothesis Condition of Basic Game Behavior

(1) VC investors are all external fund providers and can provide fund by buying
bonds, stocks and loan.

(2) Whichever way is used to provide fund, it is individual reasonable behavior. So
the profit should be shared among the whole society, investors can turn to other
project otherwise.

(3) For the existence of FMI, reconstruction fund project make agreement with the
local government. The government has considered about its own benefit and has
no effects on the profit sharing system between company and other investors.
Because post-disaster reconstruction of private firms is led by government, and
government’s call can help to promote financing. During this game, government
is an external party and we would not think about its benefit.

(4) The game players are mainly FMI and external VC. Based on the project con-
dition and information collected, this game can be converted to a signal game.
In terms of post-disaster reconstruction of private firms, profit has two different
values: either greater than or equal to zero or negative (π ≥ 0, π < 0). Post-
disaster reconstruction project may lose money because of its own particular
characteristics. The project would carry on even though it loses money because
it is not caused by disaster. Post-disaster reconstruction project would stop in no
case. In this condition, VC seems like a kind of charity. But is the lost is caused by
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second disaster, the project would stop. We set the possibility of second disaster
happening as β.

(5) The total external fund needed is set as I (total fund demand minus government
fund, donation, etc.). Profit of VC’s project is set as u (profit of FMI is 1 − u).
Opportunity cost of VC is w.

2. Description of Game Theory
Profit is generally certain when reconstruction project is expected to begin. Tak-

ing all the risks into account, if total profit is and FMI promise to distribute u[0, 1]
to potential investors, these investors would decide whether to invest based on u
(Different from other project, reconstruction project is possible to lose money, set
the possibility as β and it is uncertain. But if the project indeed lose money, the con-
sequence is serious. So investor would consider both u and the possibility of second
disaster. Concerning the contingency of disaster and public welfare of reconstruction
project, we take the possibility of second disaster as rare event and β is set small.). If
investors investor to other project other than reconstruction project, the opportunity
cost is w and profit of FMI is 0. Opportunity cost of FMI that invests to reconstruc-
tion project is v. Profit of investors would be π × u if they make investment decision
based on the signal FMI provide. Profit of FMI would be π × (1 − u).
3. Analysis of Game Behavior

In the game theory of this paper, FMI give signal in a continuity interval u[0, 1]
(considering the public welfare of reconstruction project, data rang of u is narrow).
Investors can only choose between accept the signal or not. When investors get the
signal that profit rate is u, investor would accept u if and only if. For FMI, if profit
is π , it would distribute u to investors only if π > π × u.
4. Computing and Analysis of Multi-Stage Dynamic Game Model of Financing

To make the problem simple, we would not take disaster into account. Assume
that FMI invest for only two stages. Investors decide the volume of investment based
on other ways other than reputation in the first stage; and effort and operating ability
of the first stage in the second stage. Assume that VC investors and FMI are all
rational economic man and investors make decisions independently. FMI can carry
on the second stage only if the first stage is finished. We set It (t = 0, 1) as the initial
volume of investment, πt (t = 1, 2) is profit of the two stages and et (t = 1, 2) is
FMI managers’ effort level of each stage.
Output function of each stage is as follows:

πt = bTt−1 + cet + dθ + ξt , t = 1, 2.

In the function, b, c, d > 0 and they are all constant. θ is operation Eθ > 0 is a
certain number. var(θ) = σ 2

θ ; ξt (t = 1, 2) is exogenous environment variables.

Eξt = 0, var(ξt ) = σ 2
ξ , cov(ξ1, ξ2) = 0,

Eπt = bIt−1 + cet + d Eθ, t = 1, 2,

varπt = d2σ 2
θ + σ 2

ξ .
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Reputation of FMI is symbolized by operating performance. Past performance is
measured by profit u of reconstruction project to profit of other project ratio. It is as
follows:

f = uπt/wIt−1, t = 1, 2.

In the function, f is reputation coefficient of FMI, u is profit ratio of investors, w
is opportunity cost of investors.

General investors would decide the volume of investment of next stage based on
the reputation coefficient of FMI. Assume that the above two are positively related.
Tt = f It−1, t = 1, 2 · · · .
Profit structure of FMI

Assume that FMImanagers are cautious about post-disaster reconstruction project
and coefficient of risk aversion is ρ(ρ > 0). Profit structure of FMI would be as
follows:

Regular fee of the operating the fund is φ It−1, t = 1, 2 and profit is (1 − u)πt ,
t = 1, 2.Given discount rate of the second stage profit is and cost of FMI is increasing
function of effort level. The function if as: c(et ) = me2t , m > 0, c(et ) > 0. m is
constant total utility function of the two stages of FMI is: U = φ I0 + (1 − u) π1 −
C(e1) + δ[φ I1 + (1 − u)π2 − c(e2)].

Expected revenue of FMI is:

EU = φ I0 + (1 − u)Eπ1 − me21 − 0.5ρ(1 − u)(d2σ 2
θ + σ 2

ξ )

+ δ[φ I1 + 1−uEπ2−me22 − 0.5ρ(1 − u)(d2σ 2
θ + σ 2

ξ )].

It is the same as follows:

EU = (1 + δ f )(ϕ + b − bu)I0 + (1 − u)c(e1 + δe2) + (1 − u)d Eθ(1 + δ)

− m(e12 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σθ
2 + σζ

2).

For FMI, concerning the financing of the second stage, it must take the influence
of reputation of the first stage on the second stage into account. The total expected
profit is maximized if effort level of the first stage should be e1.

max

EU
EU = (1 + δ f )(φ + b − bu)I0 + (1 − u)c(e1 + δe2) + (1 − u)d Eθ(1 + δ)

− m(e21 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σ 2
θ + σ 2

ξ ). (1)

In the second stage, influence of reputation on subsequent financing is not our
concern and utility of the second stage is maximized if effort level is e2.

max

θ2
EU2 = φ f I0 + (1 − u)b f I0 + (1 − u)ce2 + (1 − u)d Eθ − me22

− 0.5ρ(1 − u)(d2σ 2
θ + σ 2). (2)
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Generally speaking, VC investor would agree to invest in the second stage if
reputation coefficient of the first stage f1 is more than 1. That is to say certain profit
of reconstruction project should be higher than opportunity cost of other project,
opportunity cost is too high otherwise and the project would be abandoned. For the
public welfare of post-disaster reconstruction project, f1 ≥ 1, f1 = uπ1/wI0 ≥ 1.
It is the same as follows:

e1 ≥ wI0
uc

− d Eθ

c
.

Assume that the minimum profit of FMI that invest to other project is v1 and v2.
Investors would choose post-disaster reconstruction project other than others only
if:

EU = (1 + δ f )(φ + b − bu)I0 + (1 − u)c(e1 + δe2) + (1 − u)d Eθ(1 + δ)

− m(e21 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σ 2
θ + σ 2

ξ ) ≥ v1 + δv2,

EU2 = φ f I0 + 1−ub f I0 + (1 − u)ce2 + (1 − u)d Eθ − me22

− 0.5ρ(1 − u)(d2σ 2
θ + σ 2

ξ ) ≥ v2.

Two stage dynamic game model of financing of FMI is as follows:

max

EU
EU = (1 + δ f )(φ + b − bu)I0 + (1 − u)c(e1 + δe2) + (1 − u)d Eθ(1 + δ)

− m(e21 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σ 2
θ + σ 2

ξ )

s.t.
max

e2
EU2 = φ f I0 + (1 − u)b f I0 + 1−uce2 + (1 − u)d Eθ − me22

− 0.5ρ(1 − u)(d2σ 2
θ + σ 2

ξ ).

EU = (1 + δ f )(φ + b − bu)I0 + (1 − u)c(e1 + δe2) + (1 − u)d Eθ(1 + δ)

− m(e21 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σ 2
θ + σ 2

ξ ) ≥ v1 + δv2,

EU2 = φ f I0 + (1 − u)b f I0 + (1 − u)ce2 + (1 − u)d Eθ − me22

− 0.5ρ(1 − u)(d2σ 2
θ + σ 2

ξ ) ≥ v2,

e1 ≥ wI0
uc

− d Eθ

c
.

In the second stage, reputation of FMI managers is not our concern. To make the
problem simple, we compute the first-order derivative for the profit function of FMI
managers in the second stage.

∂ EU 2

∂e2
= (1 − u)c − 2me2, set

∂ EU2

∂e2
= 0,

we get e∗
2 = (1−uc)/2m.
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We can see that the optimal effort level e∗
2 of FMI managers in the second stage is

positively related with profit ratio 1−u and output effort coefficient c, and negatively
related with effort cost coefficient m. The bigger 1− u, the bigger c and e∗

2 is. While
the bigger m, the smaller e∗

2.
Put f1 = uπ1/wI0 into Eq. (1),

max

EU
EU = uδ(φ + b − bu)(ce1 + bI0 + d Eθ)

w
+ (φ + b − bu)I0 + (1 − u)c(e1 + δe∗

2)

+ (1 − u)d Eθ(1 + δ) − m(e21 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σ 2
θ + σ 2

ξ ).

Partial derivative of e1 is as follows:

∂ EU

∂e1
= uδ(φ + b − bu)c

w
+ (1 − u)c − 2me1.

Set the value of the above function as 0,

e∗
1 = uδ(φ + b − bu)c

2mw
+ (1 − u)c

2m
>

(1 − u)c

2m
= e∗

2ζ. (3)

We can see that the optimal effort level of FMImanagers in the first stage is higher
than that in the second stage, and:

∂e∗
1

∂c
> 0,

∂e∗
1

∂b
> 0,

∂e∗
1

∂(1 − u)
< 0,

∂e∗
1

∂δ
> 0,

∂e∗
1

∂m
< 0,

∂e∗
1

∂w
< 0.

We can wee that the optimal effort level e∗
1 is positively related with output effort

coefficient c, output investment coefficient b. profit ratio 1−u and discount rate δ; and
negatively related with opportunity cost w of investors and effort cost coefficient m.

Combining function (2) and (3), we get that FMI can attract more investors on
the condition that FMI managers’ operating ability meets the following function:

Eθ ≥ wI0
du

− uδc2(φ + b − bu)

dmw
− (1 − u)c2

2md
.

It is clearly that investors would invest to the second stage if operating ability
meet the above condition, investors would reject to invest otherwise.

Above all, the optimal effort level of FMI is:

e∗
1 = uδ(φ + b − bu)c

2mw
+ (1 − u)c

2m
, e∗

2 = (1 − u)c/2m.
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The constraint condition is as follows:

EU = (1 + δ f )(φ + b − bu)I0 + (1 − u)c(e1 + δe2) + (1 − u)d Eθ(1 + δ)

− m(e21 + δe22) − 0.5ρ(1 − u)(1 + δ)(d2σ 2
θ + σ 2

ξ ) ≥ v1 + δv2,

EU2 = φ f I0 + (1 − u)b f I0 + (1 − u)ce2 + (1 − u)d Eθ − me22

− 0.5ρ(1 − u)(d2σ 2
θ + σ 2

ξ ) ≥ v2,

Eθ ≥ wI0
du

− uδc2(φ + b − bu)

dmw
− (1 − u)c2

2md
.

If the first two conditions is not met, FMI would exit in advance because its effort
and operating ability is not paidwell. If the third condition is notmet, investors enthu-
siasm would be damaged. The above result is get without considering the possibility
of second disaster; otherwise the optimal effort level would be as follows:

et
∗ =

{
e1∗(1 − β), t = 1
e2∗(1 − β), t = 2.

The smaller β, the higher effort level. Decrease of β is related with anti-disaster
behavior and measure of strengthening aseismic ability.

4 Conclusion

In the financingmodel of FMI, two parties are involved.Whether post-disaster recon-
struction project can successfully raise money depend on two aspects. The first,
opportunity cost of investors, which can affect profit ratio u. the higher w, the higher
u is. This means that profit ratio has great influence on fund raising of reconstruction
project. The second, to assure the reality of u, FMI should expose more information.

To encourage investors and FMI join actively in the investing, the government
should strengthen moral culture education and anti the ideology of maximizing per-
sonal profit. The government and news media can praise and award investors and
FMI to make compensation for their potential lost.

This paper can be perfected by taking more stages into account. Post-disaster
reconstruction project need a long period of time and a great deal of money. More
potential investors should involve in this process. In the further complex stage, profit
ratio need to be reset.

Seen from the model, output profit of private firms is the final determinant of
profit of investors and FMI. Operating performance of private firms can subjectively
reflect the effort level of FMI. The principal-agent relation between private firms and
FMI is a multi-stage financing problem, so we have more subsequent studies to do.
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Abstract Wind turbines (WT) maintenance management is in continuous
development to improve the reliability, availability, maintainability and safety
(RAMS) of WTs, and to achieve time and cost reductions. The optimisation of the
operation reliability involves the supervisory control and data acquisition to guaran-
tee correct levels of RAMS. A fault detection and diagnosis methodology is proposed
for large-scale industrial WTs. The method applies the wavelet and Fourier analysis
to vibration signals. A number of turbines (up to 3) of the same type will be instru-
mented in the same wind farm. The data collected from the individual turbines will
be fused and analysed together in order to determine the overall reliability of this
particular wind farm and wind turbine type. It is expected that data fusion will allow
a significant improvement in overall reliability since the value of the information
gained from the various condition monitoring systems will be enhanced. Effort will
also focus on the successful application of dependable embedded computer systems
for the reliable implementation of wind turbine condition monitoring and control
technologies.
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1 Introduction

1. Summary
The renewable energy industry is in a constant improvement in order to cover

the current demands. Companies are competing to take advantage of any evolving
opportunity presented. Nowadays one of those remarkable competitive advantages
focuses on maintenance management and some terms such as operating and main-
tenance costs, availability, reliability, safety, lifetime, etc. emerge.

Wind turbines (WT) are one of the fastest growing sources of renewable energy
production [14]. The number of WTs and their complexity has increased in recent
years, making difficult to maintain the level of reliability, and resulting in increased
maintenance costs due to the occurrence of non-monitored failures [26, 28]. There
are case studies that present specific faults and consequent maintenance activities on
WTs but they depend on the model considered, the geographic and environmental
changes that occur in different wind farms, etc.

Techniques such as condition monitoring (CM) are employed to detect and iden-
tify these failures/faults at earlier stages, maximising the productivity performance,
minimising possible downtimes of the WT, and increasing the reliability, availability,
maintainability and safety (RAMS) levels [15].

CM is implemented from basic operations of the equipment to study [14]. The
system provides the “condition”, the state of a characteristic parameter that rep-
resents the health of the component(s) being monitored. Reliable data acquisition
can be achieved with the optimal type and placement of sensors as well as employ-
ing the appropriate number of them. Conditioning also reduces the susceptibility to
interferences during the features transport. Data processing, sorting and manipula-
tion according to the objectives pursued, are usually performed by a digital signal
processor. Then it can be shown via a screen display, stored or transmitted to another
system.

As part of some fault detection and diagnosis (FDD) approaches, features are
extracted via CM. FDD is based on different methods employed to obtain the infor-
mation needed from these features [13]. For example, the most used technique for CM
in WTs is vibration, while the most studied components are mechanical components
such as gearboxes, blades or bearings.

FDD relies on the number and type of sensors used and the processing and simpli-
fication methods employed to extract the information from the signals. Once infor-
mation is obtained, an electronic measuring system provides the suitable data to an
observer or other technical control systems. Therefore the three main block functions
in a measurement system are data acquisition, data processing and data distribution.
The information about the variables measured is turned into an electrical signal. The
main advantages offered by these FDD systems are:

(1) The prediction, reduction and elimination of downtimes;
(2) The reduction of energy, maintenance and operating costs;
(3) The use of monitoring alert notifications.
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2. Objectives
A number of turbines (up to 3) of the same type will be instrumented in the

same wind farm. The data collected from the individual turbines will be fused and
analysed together in order to determine the overall reliability of this particular wind
farm and wind turbine type. It is expected that data fusion will allow a significant
improvement in overall reliability since the value of the information gained from the
various condition monitoring systems will be enhanced. Effort will also focus on the
successful application of dependable embedded computer systems for the reliable
implementation of wind turbine condition monitoring and control technologies.

2 Bearing Failures

Bearings are mechanical devices that reduce the friction between a shaft and other
rolling parts of a set, providing a continuous displacement. They can be found in
several rotating machines.

Bearings failures are mostly focused on improper maintenance policies. It is
assumed that only 10 % of the bearings complete their life cycle. These failures
are caused by a deficient lubrication in 30 % of the cases, by a poor assembly or
installation in 40 % of the cases, including misalignments; and focused on overloads,
manufacturing defects or other sources in the remaining cases (20 %).

If machines are properly aligned and balanced, if they operate at resonant fre-
quencies or if they are properly lubricated, the life cycle of a device can be higher.
A defective bearing will vibrate at non-multiple rotational speed frequencies. This
will be the first warning of an emerging failure.

3 Vibration (Fast Fourier Transform)

3.1 Introduction

The Fast Fourier Transform (FFT) of a function f (x) is defined as [6]:

∫ ∞

−∞
f (x)e−i2πxsdx . (1)

This integral, which is a function of s, may be written as F(s). Equation (2) is
obtained transforming F(s) by the same formula, where F(s) is the Fourier transform
of f (x):

∫ ∞

−∞
f (s)e−i2πωsds. (2)
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The use of the FFT is extended for analysis in the frequency domain, allowing a
spectral representation and a detail analysis [24]. It is helpful when periodic patterns
are studied [2]. Vibration analysis also provides information about a particular reason
of the fault origin and/or its severity [19].

3.2 Fast Fourier Transform Applications

Due to the entailment to vibration, the FFT is introduced into processes where there
are rolling elements such as engines or generators [16]. Although this is the main
connection, FFT can be used for other types of analysis or failure detection.
(1) Wind Turbines

The wide variety of existing WTs makes also diverse the inclusion of novel tech-
niques that ensure their correct operation. The FFT is one of the most frequent
analytical methods used for this purpose.

Within the WT engines, the main efforts are focused on bearings to detect the
occurrence of failures in early stages [17]. Diagnoses from generators can find incip-
ient faults on drive trains. The main advantage is that the signal to be analysed is easily
detectable. Some authors suggest the use of techniques such as FFT for the analysis
[5]. While in contrast, it must be taken into account the considerations of the method
since the operation is predominately non steady due the stochastic performance of
the wind speed [3].

The study of the storage capacity, the demand response and the ensemble of
generators is considered from a power spectrum and FFT [4]. Swartz et al. [29]
introduced it on WT structures to check the status of the tower from its vibration. The
monitoring is done using wireless communication systems. Therefore although the
area of study is ground-breaking, it can be observed that the technique is commonly
used.
(2) Other Applications

As aforementioned, the analysis of vibration signals is the most exploited tech-
nique for CM of rolling machines. However, sometimes the diagnoses are constrained
and additional features are needed to obtain accurate results. As a consequence, the
FFT is typically supported by other types of signals, e.g. acoustic signals, even when
it is well known that sound has inferences to be considered [20, 21].

On the other hand, there are other research fields where the FFT still achieves
the set objectives despite its less novel character and limitations, e.g. the engines,
employed as early diagnosis in diesel engines ensures reliable operation over its
lifetime. Fault detection in the crankshaft through the FFT has proved to be enough
effective for this purpose [9]. The effect of misalignment is studied to determine
the nature and extent of this phenomenon by FFT [25]. The analysis of the acoustic
radiation emitted from axisymmetric bodies is carried out using FFT [30]. Noise
tracking methods for non-invasive study of defective structures from acoustic signals
also introduces the technique [27]. Depending on the material, there are properties
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that directly affect the durability and safety of these structures and the consolidation
of the FFT for the study of ultrasonic suits with precision [8].

3.3 Results Employing FFTs

Frequencies appear in the 20–60 kHz range in a first damage phase. The higher
frequencies correspond to the natural frequencies. When damage becomes bigger,
they tend to cause a bearing resonance. This resonance appears as a bell at the
natural frequency. In a third stage, failure modes can be seen and harmonic peaks
are generated as the result of the bearing impacts. Vibration levels increase and
therefore more harmonics and sidebands will appear in a fourth stage. In most severe
stages, the amplitude of the natural rotational frequency (1X) and their corresponding
harmonics increases. These features can be attributed to the emergence of gaps due
to the failure. Finally, the natural frequency tends to be lessened, leading to noise
accumulations.

Based on the above, three sources of failure can be considered in this case study.
Each type is supported by a graphical representation of the signals taken at different
dates and loads (Table 1). Sensors collect axial, radial and non-radial signals. It must
be taken into account that the main failure mode does not always have a unique
nature, so frequency spectrum can overlap characteristics coming from different
sources, e.g., in the case of the gaps, they can be the consequence of failures in the
bearings.
(1) Rolling Element Bearing Wear

The first case is a summary of the aforementioned. Failures associated with rolling
element bearings follow a classic pattern, beginning with a high-frequency “ringing”
of the bearing. As the failure progresses, the spectrum will change in a characteristic
way. There will be peaks at non-synchronous frequencies, typically with harmonics,
and often with sidebands around the 1X or the cage frequency (Fig. 1).
(2) Cocked Bearing

This misalignment generates a considerable axial vibration. Peaks will often be
observed at 1X, 2X as well as 3X (see Fig. 2). The presence of peaks at 2X and
3X would indicate a cocked bearing condition. The strong axial vibration is often
confused with misalignment, and with imbalance in an overhung pump or fan.
(3) Journal Bearing Clearance

The spectrum shows very similar characteristics to rotating loosenesss. There
are strong harmonics. In most cases, the vertical axis of vibration will have higher
levels than the horizontal. In more severe cases, half-order and even one-third order
harmonics will be present in the spectrum (Fig. 3).

Table 1 Measurements

Date 11/04/2014 11/04/2014 13/04/2014 19/04/2014 26/04/2014 27/04/2014

Load 44 % 100 % 50 % 7 % 51 % 26 %
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Fig. 1 Fast Fourier
transform (100 % load)
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Fig. 2 Fast Fourier
transform (100 % load)
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Fig. 3 Fast Fourier
transform (51 % load)
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4 Vibration (Wavelet Transform)

4.1 Introduction

The wavelet transform is a method of analysis that identifies local characteristics of a
signal in the time and frequency domain, e.g. with the use of a series of decomposition
coefficients at different frequency bands [12]. Its use is recommended for large time
intervals where great accuracy is required at low frequencies and vice versa, e.g.
small regions where precision details are required at higher frequencies [11]. The
wavelet transform is also a useful method to characterize and identify signals with
spectral features, unusual temporary files and other properties related to non-standing
waves.

Some authors define it as an improved alternative to the FFT or the Short-Time
Fourier Transform since none of them are able to obtain good results in the time
domain [18, 22]. The signal processing from the time domain to the frequency
domain by these methods usually implies loss of information, making difficult to
determine the appearance of specific frequencies [23].

Wavelet transforms are commonly categorized as continuous wavelet transforms
(CWT), discrete wavelet transforms (DWT) or wavelet packet transforms (PWT).
The difference between them is that the CWT provides more detailed information
while the DWT is efficient with fewer parameters [10]. The PWT is an extension of
the DWT with a larger number of filtering levels.

The wavelet transform is an alternative representation of a signal. It usually repre-
sents the characteristics of the original signal in the time or space domain. It decom-
poses the original signal into several components at different frequency bands. These
levels are a linear combination of all the frequency components of the original signal
and their sum results in the original signal. In addition, one of the features of the
signal is the energy. In the time domain, the energy is defined as the integral of its
square over time.

E f =
∫ ∞

−∞
| f (t)|2 dt. (3)

For a Fourier signal representation, the energy can be characterized from the
Parseval’s theorem, providing an energy relationship. This energy distribution across
the frequency domain is the so called spectrogram and is used to estimate the power
spectrum of a signal. When this differential is integrated over all frequencies, the
energy of the signal is Eq. (4):

E f = 1

2π

∫ ∞

−∞
|F(ω)|2dω. (4)

The concept of energy can also be defined for the wavelet transform. The main
difference is that a scale-translation differential element will be required to obtain
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the energy in both domains. The energy is:

E f = 1

Cg

∫ ∞

−∞

∫ ∞

−∞
∣
∣Wg f (a, b)

∣
∣2 dadb

a2 , (5)

where Cg is an admissibility constant used to normalize the energy when required.
The mother wavelet-energy dependence will be always relevant: there will not be a
unique energy distribution for a particular signal.

Before continuing, it must be noted that the case study base their results in the
energy. The first phase of this research focuses on the selection of accurate fre-
quencies. It is important to choose a significant frequency range to use the wavelet
transform as in the case of the Fourier transform. The right selection of the levels
of decomposition will provide better findings in the signal processing and analysis.
Signals are decomposed in different levels employing the Daubechies wavelet fam-
ily. The approximated decomposition is called an , where n is the highest level of
decomposition. It is considered the low frequency component while d1 is the high
frequency component.

Signals are divided therefore into low frequency approximations (A) and high
frequency details (D), where the sum of A and D is always equal to the original
signal. The division is done using low pass and high pass filters (Fig. 4) [7]. In order
to reduce the computational and mathematical costs due to the data duplication, a sub-
sampling is usually implemented, containing the half of the collected information
from A and D without losing information. In the case of the multilevel filters, they
repeat the filtering process with the output signals from the previous level. This leads
to the so called wavelet decomposition trees (Fig. 5) [1]. Additional information is

Fig. 4 Decomposition
diagram

Fig. 5 Wavelet
decompositions tree
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obtained filtering at each level. However more decompositions levels do not always
mean accurate results.

4.2 Results Employing Wavelet Transform

Tables 2, 3 and 4 demonstrate the effectiveness of decomposing the signal at ade-
quate levels (it will be divided into 12 levels in this case study). When 4 levels were
initially chosen (Table 2), the most representative information was linked to the nat-
ural frequency, giving less importance to any contribution of mechanical nature. The
later choice of 12 levels indicated that there were low frequencies peaks associated
to the bearings and significant percentages appeared. Any “low frequency” citation
is related to the rotational frequency of the generator and must be the starting point
of the study.

Discussed frequencies are around the rotational speed (1X) and its multiples.
Therefore, a prefiltering is deemed necessary. However, to select appropriate decom-
position levels is relevant again, since more decompositions means more accurate
information for a specific frequency (Tables 3 and 4).

Table 2 4 levels energy decomposition

Device Load (%) Date a (%) d4 (%) d3 (%) d2 (%) d1 (%) Energy

Generator 44 11-abr 19.55b 65.30a 13.80b 1.26 0.09 111800c

Drive 100 11-abr 19.67b 65.01a 14.01b 1.23 0.09 50860c

End 50 13-abr 17.84b 64.93a 15.58b 1.54 0.11 17900c

Axial 7 19-abr 14.65b 64.85a 18.37b 1.98 0.15 7170c

51 26-abr 17.68b 66.67a 14.35b 1.22 0.08 44470c

26 27-abr 17.85b 66.16a 14.62b 1.28 0.09 39230c

Generator 44 11-abr 1.82 7.10 66.03a 22.84b 2.21 49500c

Drive 100 11-abr 2.47 5.30 66.04a 23.87b 2.31 40350c

End 50 13-abr 1.66 6.00 65.40a 24.61b 2.34 28520c

Radial 7 19-abr 1.99 6.54 66.79a 22.54b 2.14 18830c

51 26-abr 1.42 2.45 65.58a 27.81b 2.74 41320c

26 27-abr 1.21 2.91 66.08a 27.11b 2.68 53100c

Generator 44 11-abr 2.14 5.64 60.79a 28.57b 2.87 4151c

Non 100 11-abr 6.78 11.83 55.54a 23.45b 2.41 1580c

Drive 50 13-abr 6.30 11.40 54.89a 24.81b 2.59 1395c

End 7 19-abr 3.78 23.53 55.06a 16.05b 1.58 1837c

Radial 51 26-abr 2.02 7.41 58.86a 28.80b 2.91 5449c

26 27-abr 1.99 4.83 60.53a 29.63b 3.03 6911c

aHigh level of energy
bMedium level of energy
cLow level of energy
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Table 3 12 levels energy decomposition

Device Load (%) Date a (%) d12 (%) d11 (%) d10 (%) d9 (%) d8 (%) d7 (%)

Generator 44 11-abr 13.21b 0.99 0.50 0.60 0.89 1.01 1.53

Drive 100 11-abr 13.29b 0.99 0.82 0.40 1.26 2.16 1.37

End 50 13-abr 27.93b 0.47 0.19 0.11 1.30 2.29 1.06

Axial 7 19-abr 32.93b 1.16 0.67 0.82 1.27 1.78 1.24

51 26-abr 14.66b 0.84 0.34 0.72 0.93 1.47 2.05

26 27-abr 21.00b 1.25 0.67 0.94 1.95 3.17 1.78

Generator 44 11-abr 28.50a 5.29 2.35 1.85 2.88 10.39b 14.51b

Drive 100 11-abr 70.27a 0.84 0.51 1.24 0.65 3.98b 3.91b

End 50 13-abr 77.17a 1.75 1.54 0.85 0.70 4.40b 5.43b

Radial 7 19-abr 59.49a 5.70 1.90 0.86 0.64 5.76b 6.70b

51 26-abr 52.32a 2.36 1.86 1.20 1.55 11.47b 9.96b

26 27-abr 72.08a 1.40 0.41 1.02 0.95 6.81b 6.15b

Generator 44 11-abr 31.04a 6.17 0.71 1.07 5.55 14.27b 7.04

Non 100 11-abr 71.94a 0.51 0.86 0.62 3.16 4.47b 2.70

Drive 50 13-abr 74.23a 1.61 0.82 0.51 0.98 8.27b 3.72

End 7 19-abr 63.53a 5.27 1.52 1.48 2.41 13.06b 6.74

Radial 51 26-abr 52.72a 3.60 0.86 1.21 2.76 6.23b 5.29

26 27-abr 72.51a 0.94 0.84 0.47 1.83 7.38b 4.36
aHigh level of energy
bMedium level of energy
Table 4 4 levels energy decomposition (cont.)

Device Load (%) Date d6 (%) d5 (%) d4 (%) d3 (%) d2 (%) d1 (%) Energy

Generator 44 11-abr 9.27a 35.52b 31.09b 4.98 0.39 0.03 372.20c

Drive 100 11-abr 5.86a 40.47b 29.24b 3.83 0.30 0.02 233.70c

End 50 13-abr 9.68a 37.00b 17.26b 2.50 0.19 0.01 120.90c

Axial 7 19-abr 12.80a 37.05b 9.02b 1.17 0.09 0.01 116.20c

51 26-abr 6.98a 41.43b 26.35b 3.89 0.30 0.02 190.90c

26 27-abr 7.62a 27.73b 28.68b 4.80 0.38 0.03 118.40c

Generator 44 11-abr 7.37 19.85a 6.11 0.82 0.07 0.00 16.62c

Drive 100 11-abr 4.16 11.11a 3.00 0.31 0.02 0.00 46.64c

End 50 13-abr 2.75 3.24a 1.84 0.30 0.02 0.00 38.82c

Radial 7 19-abr 6.84 9.48a 2.35 0.26 0.02 0.00 33.18c

51 26-abr 6.62 9.33a 2.96 0.33 0.03 0.00 30.32c

26 27-abr 4.84 4.60a 1.51 0.21 0.02 0.00 37.33c

Generator 44 11-abr 5.64 22.83a 5.17 0.47 0.03 0.00 31.80c

Non 100 11-abr 2.58 10.28a 2.62 0.24 0.02 0.00 67.24c

Drive 50 13-abr 1.81 6.35a 1.54 0.14 0.01 0.00 65.37c

End 7 19-abr 2.42 2.93a 0.58 0.06 0.00 0.00 48.61c

Radial 51 26-abr 3.90 18.49a 4.53 0.40 0.03 0.00 46.56c

26 27-abr 2.05 7.60a 1.84 0.17 0.01 0.00 63.88c

aHigh level of energy
bMedium level of energy
cLow level of energy
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Vibration is collected by sensors placed in three different points of the generator:
drive end axial, drive end radial and non-drive end radial. Knowing the location of
the defective bearings in the generator, it can be considered that the non-drive end
radial signal is closer to the fault free operation since it is the farthest point from the
bearing. Failures will modify the original vibration signal.

Another interesting observation one can make on this study is that each signal
has been picked at different load and in several dates. The performance of the wind
turbine depends on the wind conditions so different behaviors for different workloads
should be expected. This information is presented with an example in Fig. 6, which
shows that despite the above-described; load changes do not modify significantly the
behavior of the signals, but they will depend on their location as expected. In general
terms, a pattern where the approximate signal and intermediate decompositions from
d5 to d8 are highlighted, is repeated.

If the study is further specified on the differences for the three signals taken at
the same time interval, then Figs. 7, 8 and 9 must be referenced. Their graphics

Fig. 6 Generator drive end
axial (performance per
decomposition in time)
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Fig. 8 50 % load (13th
April)
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Fig. 9 7 % load (19th April)
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provide information on possible operation anomalies for the generator in relation to
the bearings.

Sensors that collect information next to the bearings have a different performance
between them (drive end radial and axial). The radial components (drive end radial
and non-drive end radial) have a similar behavior, even with differences, despite
their different location regarding to the bearing. If this last comment is considered
for possible failures, one of the aforementioned features needs to be reviewed: the
load.

Figures from Figs. 7, 8 and 9 are examples that evidence the influence of the load,
especially when the set loads are below the 50 % of the total. For these cases, the
percentage of energy is distributed along different frequencies (from d8 to d4) when
the sensor is close to the bearing, while specific peaks are observed at the so-called
free fault conditions.
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This could be an expected situation since in the case of damaged bearings, it
was mentioned previously that noise is produced throughout the whole spectrum as
the result of gaps for advanced stages of deterioration, emphasizing that these gaps
become evident when the system load is lower. It is the authors’ opinion that this is
due to high load attenuating this effect.
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An Empirical Study on the Technological
Development Trend of China’s Strategic
Emerging Industries

Xue Yang, Xin Gu and Yuandi Wang

Abstract In 2010, China’s State Council promulgated the ‘Decision on Accelerating
the Cultivation and Development of Strategic Emerging Industries’ and pointed
out that ‘in 2015, strategic emerging industries should account for the proportion
of China’s gross domestic product (GDP) of around 8 %’. This study investigates
the technological development trend of these emerging industries from 1995–2012,
by using fuzzy comprehensive evaluation. The empirical analysis shows an overall
upward development trend of China’s seven strategic emerging industries. How-
ever, the technological development trend as well as technological input-output ratio
appear distinct among different industries. Energy conservation and environmental
protection industry, new generation of information technology industry, biotechnol-
ogy industry, and advanced equipment manufacturing industry will become pillar
industries of our national economy in the future.

Keywords Technological development trend · Strategic emerging industries ·
Fuzzy comprehensive evaluation · Entropy method

1 Introduction

As the competition around energy, talent, technology and standards is getting tougher
worldwide, many countries have introduced relevant industrial policies, hoping to
seize opportunities in the new round of technological and economic development,
in order to achieve their long-term sustainable development. In September 2010,
China’s State Council promulgated the ‘Decision on Accelerating the Cultivation
and Development of Strategic Emerging Industries’ (hereinafter refers to as the
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‘DECISION’) and explicitly proposed to ‘accelerate the development of strategic
emerging industries’. In other words, the government would ‘focus on strength-
ening the knowledge-and technology-intensive industries with less consumption
of materials, having growth potential and comprehensive benefits, based on sig-
nificant technological breakthroughs and development demands’. These industries
will play a major leading role in overall economic and social situation with long-
term development. The DECISION confirmed that there were 7 strategic emerging
industries in China, which are energy conservation and environmental protection
industry, new generation of information technology industry, biotechnology indus-
try, advanced equipment manufacturing industry, new energy sources industry, new
materials industry and new energy vehicles industry. This paper use statistical data
from National Bureau of Statistics of the People’s Republic of China to understand
the technological development trend of China’s seven strategic emerging industries
with the help of empirical research. We anticipate that the results and suggestions
will contribute to China’s industrial policy formulation and implementation.

2 Theoretical Background

‘Strategic emerging industry’ is a concept formally proposed by Chinese government.
This industrial classification system is similar to the ‘new industry’ in developed
countries.

The foreign scholars did related research to evaluate these industries’ technolog-
ical innovation. Liao [1] evaluated international research and development (R&D)
investment results of multinational corporations in Singapore’s electronics and IT
industry. The result shows that consistence with customer demands, achievement of
time-based competitiveness, training of R&D manpower and development of con-
ducive innovation environments are fundamental to the success of international R&D
projects. Staniskis et al. [2] analyzed the Cleaner Production (CP)/pollution preven-
tion concept application in Lithuanian companies by using technical, environmen-
tal, economic and financial information. Marin et al. [3] applied Sutton’s ‘bounds
approach’ to the chemical industry and predict that the lower bound on market con-
centration, the higher and faster growth of product concentration in markets with high
R&D intensities. Jayanthi et al. [4] presented a conceptual framework to classify and
identify the determinants related to technological and organizational variables in
realizing the potential of innovations. They apply data envelopment analysis (DEA)
model-based approach to conduct analysis of the potential of innovations in the U.S.
photovoltaic and related manufacturing industry system. Liu et al. [5] presented a
model for evaluation of technological innovation capability mutation in high-tech
industries by introducing the catastrophe progression method. Shiue et al. [6] estab-
lished a Markov Scenario analysis (MASA) model that integrates the concept of
vision, linking analysis planning, Markov chain, and SA with state of constancy,
disappearance, change and uncertainty in electric vehicle industry. Aydin et al. [7]
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used the Supply Chain Operation Reference (SCOR) model and Analytical Hierarchy
Process (AHP) to evaluate the performance attributed by retailers.

In China, strategic emerging industries had developed rapidly from 2008 to 2010.
The added value of strategic emerging industries had reached 2.6 trillion yuan in
2010 which accounted for 6.36 % of China’s GDP and increased by 0.54 % than that
in 2008 [8]. Many scholars have done research on the evaluation indexes for the
development of strategic emerging industries.

Zhang et al. [9] built an evaluation index system and the corresponding evalua-
tion model for biomedical industry which belongs to strategic emerging industries
according to grey system by using policy-oriented, economic efficiency, innovation
and development potential as indicators. He et al. [10] constructed four characteris-
tics of strategic emerging industries including overarching, leading, association and
dynamic nature. They take Hunan Province as an example to evaluate by making
use of Weaver-Thomas model. Yang et al. [11] proposed the new energy industry
developing capability index system and build comprehensive evaluation model of
industrial developing capability based on neural network. Huang et al. [12] selected
ratio of R&D personnel, R&D investment intensity and patent applications per 100
R&D personnel to describe the technical characteristics and make specific evaluation
standards of strategic emerging industries. Zhu et al. [13] proposed a grey relational
evaluation model and evaluate the innovation competency in the Yanliang Aviation
Industry Park. Xiong et al. [14] built corresponding indicator system and compre-
hensive evaluation model of the regional strategic emerging industry on the basis
of AHP and principal component analysis (PCA). Yu et al. [15] used professionals
input, technology and science funds input, technical achievements and economic
output to measure the efficiency of technological and scientific resource allocation
in strategic emerging industries. They also do empirical analysis by DEA method.
Li et al. [16] evaluated the marine high-tech industry’s technological capability using
Delphi Method and Fuzzy Comprehensive Evaluation Method. The result shows that
the evaluation model has scientific feasibility and is useful for the development of
marine high-tech industry and national economy. Wang et al. [17] used Mahalanobis
Distance to improve the traditional technique for order preference by similarity to
ideal solution (TOPSIS) and evaluate the competitiveness of Chinese high-tech indus-
try using data from 2011.

To sum up, from the above literature review, it can be seen that the current research
on China’s strategic emerging industries or new industries overseas are mostly done
qualitatively from certain industry or year. Although the overall situation of strate-
gic emerging industries in China has been evaluated in some studies, the empirical
analysis on technological development trend of seven strategic emerging industries
is still a gap. Based on existing research, this paper will use fuzzy comprehensive
evaluation to investigate the technological development trend of emerging industries
from 1995–2012.
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3 Data and Methodology

Till now, there hasn’t been any specific statistical yearbook of strategic emerging
industries in China. Therefore, the data used in this paper comes from publications
such as China Statistical Yearbook, China Statistical Yearbook on Science and Tech-
nology and China Statistical Yearbook on High-technology Industry published by
National Bureau of Statistics of the People’s Republic of China from 1996 to 2013.
These industrial data is collected and classified to seven strategic emerging industries
according to the contents and statistical standards of strategic emerging industries
tested and verified by Zhou et al. [18].

3.1 The Indicators

In existing research, the evaluation indicators of strategic emerging industries are
generally divided into two main factors, which are input factors and output factors.
1. Input Factors

The input factors include human resources input and capital input. On one hand,
the input of scientific and technical personnel, particularly R&D staff, is the foun-
dation of strategic emerging industries’ development and guarantees for sustainable
technological innovation. Human resources input is also considered to be the main
force to determine industrial innovation capability and technological progress. On
the other hand, as the driving force of industrial development, once capital input
appears lack of investment or raising difficulties, technological innovation in strate-
gic emerging industries will hit a bottleneck and form practical barriers in technolog-
ical innovation. Furthermore, among capital input, the investment on new products
development and technical renovation often directly affect the efficiency of indus-
trial innovation. Therefore, they are also commonly used as indicators to measure
industrial input.

In this paper, Full-time Equivalent of R&D Personnel (man-years), Internal
Expenditure on R&D (10,000 yuan), Expenditure on New Products Development
(10,000 yuan), Expenditure for Technical Renovation (10,000 yuan) are used as
technical input indicators to evaluate technological development trend of China’s
strategic emerging industries.
2. Output Factors

The output factors include achievements in scientific research and financial per-
formance.

Firstly, the number of patent applications is often used to measure the output of a
company or industry which represents the level of scientific or technical innovation.
Secondly, the financial performance of an industry is also an important factor in output
indicators. According to evaluation standard of Chinese government, the proportion
of gross industrial product to GDP is often used to measure the contribution of
strategic emerging industries to national economy. Thirdly, output value and sales
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revenue of new products reflect industrial market acceptance and ultimate benefit
of industrial technological innovation. Meanwhile, sales value of exports provides
product standards of technological innovation to strategic emerging industries as
well as offers driving force for industrial technological innovation. Finally, profits is
often used to measure sustainable development potential of an industry.

In this paper, Number of Patent Applications (piece), Output of New Products
(10,000 yuan), Sales Revenue of New Products (10,000 yuan), Sales Value of Exports
(100 million yuan) are used as technical output indicators, Profits (100 million yuan)
and Proportion of Gross Industrial Product to GDP (%) are used as economic benefit
to evaluate technological development trend of China’s strategic emerging industries.

3.2 The Model

Fuzzy comprehensive evaluation and entropy method are used in this paper to do
empirical research.
1. Fuzzy Comprehensive Evaluation

In 1965, professor Zadeh, an American automatic control expert, proposed a con-
cept of ‘Fuzzy Sets’ to express the uncertainty of objects. Based on this theory, Fuzzy
Synthetic Evaluation Model is widely used by fuzzy mathematics to do quantitative
evaluation with a variety of restraint factors. This model can better solve the problems
which are vague, uncertainty and difficult to quantify.

The fuzzy comprehensive evaluation matrix is:

R =

⎡

⎢
⎢
⎢
⎣

r11 r12 · · · r1 j

r21 r22 · · · r2 j
...

...
. . .

...

ri1 ri2 · · · ri j

⎤

⎥
⎥
⎥
⎦

, (1)

where ri j represents the figure of indicator j belonging to selected object i . R is a
m×n matrix. In this paper, the data of seven strategic emerging industries from 1995
to 2012 is collected as original sample with 10 indicators. Therefore, in this paper,
m is 18 and n is 10.

According to Fuzzy Synthetic Evaluation Model, in this paper, V = {ν1, ν2, . . . ,

ν18} is assessment set of strategic emerging industries in past 18 years. U =
{u1, u2, . . . , u10} is assessment set of 10 evaluation indicators. Among these indi-
cators, U1 = {u1, u2, u3, u4} is technical input indicators, U2 = {u5, u6, u7, u8}
is technical output indicators, U3 = {u9, u10} is economic benefit. Here, (U, V, R)

makes up a fuzzy comprehensive evaluation model.
2. Entropy Method

‘Entropy’ originally belongs to the thermodynamic concept. It was first intro-
duced by Shannon to information theory and has been widely used. Entropy method
is a method of objective empowerment, which calculates entropy weight by using
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information entropy according to the degree of variation of each index, and then gets
more objective index weights based on the correction.

On the basic principles of information theory, information measures the degree
of order in certain system while entropy measures the degree of disorder. If a system
might be in a variety of different status, the probability of each state’s appearance
is pi (i = 1, 2, . . . , m) , the entropy will achieve maximum when the probability of
each state appears the same, namely:

emax = ln m. (2)

Now that the original evaluation matrix R = (ri j )m×n has m objects to be evalu-
ated and n evaluation indicators. To certain indicator r j , it has information entropy:

e j = −k
m∑

i=1

pi j ln pi j , where pi j = ri j

/ m∑

i=1

ri j , k = 1/ ln m. (3)

A smaller entropy index e j indicates higher variation degree of this index and more
information it provide. It illustrates that this index has greater effect on comprehensive
evaluation and should has greater weight, vice versa. Hence, the entropy weight w j

of indicator j is:

w j = (1 − e j )

/ n∑

i=1

(1 − e j ). (4)

4 Results and Analysis

According to the latest data released by Chinese government, China’s strategic emerg-
ing industries accounted for about 4 % of GDP in 2010. Figure 1 shows the distribution
of these seven strategic emerging industries.

As shown in Fig. 1, among seven strategic emerging industries, new generation
of information technology industry had the highest percentage around 2.5 %. The
proportion of advanced equipment manufacturing industry, biotechnology industry,

Fig. 1 The proportion of
China’s strategic emerging
industries in GDP, 2010

new generation of 
information technology 

industry  2.5%

advanced equipment 
manufacturing industry

0.5%

biotechnology industry   
0.3% energy conservation and

environmental protection 
industry   0.3%

others   0.4%
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energy conservation and environmental protection industry were about 0.5, 0.3 and
0.3 % in turn. The rest 3 industries accounted for approximately 0.4 %.

In order to further study the technological development trend of China’s strategic
emerging industries, we made data processing in MATLAB with formulas Eqs. (2)–
(4). Tables 1 and 2 illustrate the weight of indicators in China’s seven strategic emerg-
ing industries.

In Table 1, 10 indicators are Full-time Equivalent of R&D Personnel (u1), Internal
Expenditure on R&D (u2), Expenditure on New Products Development (u3), Expen-
diture for Technical Renovation (u4), Number of Patent Applications (u5), Output of
New Products (u6), Sales Revenue of New Products (u7), Sales Value of Exports (u8),
Profits (u9), Proportion of Gross Industrial Product to GDP (u10). These indictors
are classified to 3 assessment sets, which are technical input (U1), technical output
(U2) and economic benefit (U3). The weight of the sets is listed in Table 2.

Based on fuzzy comprehensive evaluation and entropy method, we calculated
technological development trend evaluation single factor matrix of China’s strategic
emerging industries by using matrix processing function in MATLAB. Ultimately,
we can get the score of each industry in past 18 years on the basis of single factor
matrix multiplied by weight of indicators and sets though the method of weighted
mean.

The overall technological development trend of China’s strategic emerging indus-
tries from 1995 to 2012 are presented separately in Fig. 2.

0.00 

0.05 

0.10 

0.15 

0.20 

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

energy conservation and 
environmental protection 
industry

new generation of 
information technology 
industry

advanced equipment 
manufacturing industry

0.00 

0.05 

0.10 

0.15 

0.20 

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

biotechnology industry

new energy sources industry

new materials industry

new energy vehicles industry

Score

Year

Score

Year

(a)

(b)

Fig. 2 The overall technological development trend of China’s strategic emerging industries, 1995–
2012. a The technological development trend in three strategic emerging industries. b The techno-
logical development trend in other four strategic emerging industries
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Figure 2 reveals a steady upward trend in the overall technological development of
China’s seven strategic emerging industries from 1995 to 2012. Starting from 2003,
this trend began to accelerate and finally reached the highest in all industries in 2012.
However, the technological development trend in different industries varies slightly.
Among seven industries, the new materials industry was still growing robustly in
2012, followed by advanced equipment manufacturing industry. Meanwhile, the
growth rate of other 5 industries began to slow down in 2011. In 2012, relative
to new materials industry (0.2119), energy conservation and environmental protec-
tion industry (0.1930), biotechnology industry (0.1962) and advanced equipment
manufacturing industry (0.1898), the technological performance of new generation
of information technology industry (0.1650), new energy sources industry (0.1620)
and new energy vehicles industry (0.1610) appear weaker.

When we calculate input-output ratio by using scores of technical input and output
assessment sets, the technological development trend of China’s strategic emerging
industries from 1995 to 2012 is described separately in Fig. 3. The overall upward
development trend of seven industries is quite obvious despite the ups and downs.
However, the fluctuations in seven industries are significantly different.

Year

Technological 
input-output ratio

Year

Technological 
input-output ratio

Year

Technological 
input-output ratio

Year

Technological 
input-output ratio

YearYear Year

Technological 
input-output ratio

Technological 
input-output ratio

Technological 
input-output ratio

(a) (b)

(c)

(e) (f) (g)

(d)

Fig. 3 The technological input-output ratio development trend of China’s strategic emerging indus-
tries, 1995–2012. a Energy conservation and environmental protection industry. b New generation
of information technology industry. c Biotechnology industry. d Advanced equpment manufac-
turing industry. e New energy sources industry. f New materials industry. g New energy vehicles
industry
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In 1995, China’s seven strategic emerging industries’ technical input-output effi-
ciency were relatively low (less than 1). Among these industries, new generation of
information technology industry, advanced equipment manufacturing industry, new
energy sources industry and new energy vehicles industry had better technical foun-
dation, with technical input-output ratios greater than 0.5. However, after 18 years,
only in new generation of information technology industry and advanced equipment
manufacturing industry, the technical output exceeded input (output/input > 1) with
the peak appeared during 2006–2008. In 2012, the technical input-output ratios in
new energy sources industry and new energy vehicles industry were still slightly less
than 1. Although they outstripped 1 just a little in a small number of years from 2003
to 2011. Meanwhile, the technical foundations of energy conservation and envi-
ronmental protection industry, biotechnology industry and new materials industry
were weak in 1995 with technical input-output ratios less than 0.5. But at the end
of 2012, these ratios were all greater than 1. This trend indicates that the technolog-
ical development of these 3 industries are better than others. Especially in energy
conservation and environmental protection industry and biotechnology industry, the
technical input-output ratios have being exceeded 1 and maintained an up trend since
2004.

5 Conclusions

In certain country or region, strategic emerging industries are leading industries
to achieve sustained economic growth in the future. These industries have deci-
sive, action-oriented effect on economic development and industrial structure trans-
formation. Because of their broad market prospects and ability to guide scientific
and technological progress, strategic emerging industries are close related to the
country’s economic lifeline and industrial safety. In 2010, China’s State Council
promulgated the DECISION and enhanced the development of strategic emerging
industries to national level. Under this background, we investigated the technologi-
cal development trend of these emerging industries from 1995–2012, by using fuzzy
comprehensive evaluation together with entropy method. The empirical analysis
demonstrates an overall upward development trend of China’s seven strategic
emerging industries. However, the technological development trend as well as tech-
nological input-output ratio appear distinct among different industries. On the one
hand, new generation of information technology industry as well as advanced equip-
ment manufacturing industry start to accelerate development earlier than others,
and remain strong momentum of development due to their better technical founda-
tion. On the other hand, energy conservation and environmental protection industry
together with biotechnology industry set rapid pace of technological development.
From the above analysis, we can safely come to the conclusion that among China’s
seven strategic emerging industries, energy conservation and environmental pro-
tection industry, new generation of information technology industry, biotechnology
industry, and advanced equipment manufacturing industry will become pillar indus-
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tries of our national economy in the future and China’s industrial policy should
focus more on these four industries. Based on this study, we believe that additional
consideration such as data updated, indicators enriched and methods improved in
future research will further enhance a collective understanding of the technological
development trend of China’s strategic emerging industries.
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The Impact of Internal Control Quality
in Engineering Projects On the Corporate
Value: An Empirical Study in Construction
Industry

Yunchen Wang and Xuan Yu

Abstract Based on the “Application Guidance for Enterprise Internal Control:
Engineering Project”, this paper takes the listed companies in construction industry
as research samples. It has unscrambled the development rules of internal control
quality in construction enterprises from two aspects: self-evaluation & verification,
and goal achievement, and has further analyzed the impact of the internal control
quality on the corporate value. The study finds that: (1) The internal control quality
of the companies concerned has been improving from 2008 to 2012, especially after
2010; (2) the internal control quality of engineering projects has a significant positive
correlation with companies’ sustainability and their current market value. This study
would provide support to and serve as references for future efforts to strengthen the
establishment of internal control quality and to upgrade the corporate value.

Keywords Internal control quality · Corporate value · Construction industry

1 Introduction

In recent years, construction industry, as one of the pillar industries of national
economy, has been developed rapidly and extensively by relying on the proactive
fiscal policies and the continuously expanded scale of investment in fixed assets.
According to the statistics, the average annual growth rate of construction indus-
try’s total output value was more than 15% in last three years. By 2012, the total
output value had been more than 13 trillion yuan, and its year-on-year growth
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was 16.2%. However, along with the adjustment of economic structure and the
intensified market competition, the construction enterprises will encounter more and
more risks. Especially for those taking the construction of engineering projects as
their main business, the risks encountered in the construction process will directly
affect the enterprises’ sustainable development level and current market value. Gen-
erally speaking, lots of reasons lead to the “high-risk area” of economic crimes and
corruption [17]. The reasons include the enormous resources invested on the engi-
neering projects, the occupation of large funds, the long construction period, toomany
links involved and the various complicated interests relationship. According to the
“First Financial Daily” on October 29, 2010, China Railway Construction (601186,
SH) was reported to suffer from a huge loss of 4.153 billion yuan in the engineering
project of Saudi Arabia. This is the result of the problems in its internal control, like
bidding, the procurement of engineering equipment, the project management and so
on. Therefore, in order to effectively protect the investors’ interests and strengthen
the risk management capability in the construction of engineering projects, the Min-
istry of Finance and other four ministries and commissions formulated 18 pieces of
“Application Guidance for Enterprise Internal Control” about engineering projects
on April 26, 2010. It was after the promulgation of “Basic Norms of Enterprise
Internal Control”. Thereafter, our country has established a set of standard system in
enterprises’ internal control. That system is in consistency with the principal aspects
of COSO’s internal control framework which is internationally accepted.

Seen from its development history, internal control was generated from the con-
tinuous occurrence of enterprise financial frauds and failures. Besides, as Li Weian
and Dai Wentao pointed out [5], with the occurrence and development of such peri-
odic events, internal control, up to now, has been internalized in each process and
link inside the enterprises and related to all kinds of personnel, so as to control the
enterprises’ overall risk . Meanwhile, in order to protect the investors’ interests more
effectively, USA Congress passed “Sarbanes-Oxley Act” in 2002. This bill empha-
sizes specially on the full and effective responsibility for companies’ management
layer to establish and maintain internal control system and corresponding control
program. It even stipulates that the companies’ CEO and CFO must make a vow
for the authenticity of their financial report. Zhou and Zhang [23] stated that it also
strictly makes an unprecedented provision on how to establish, implement and eval-
uate the internal control of a listed corporation. In 2010, our country promulgated
“Application Guidance for Enterprise Internal Control–Engineering Projects” which
subdivided the main risk points in the business process of engineering projects and
established some effective control measures for the key links. This can assist the con-
struction enterprises on engineering projects to take more specific implementation
of internal control. It also contributes to the government departments’ supervision
and inspection for enterprises’ implementation of internal control standard system,
and enables the investors to make a reasonable evaluation on enterprises’ internal
control quality. Thereby, with the establishment and propulsion of enterprises’ inter-
nal control system, how exactly is the level of internal control quality in these listed
corporations, engineering-projects-oriented, in construction industry? Could their
internal control quality achieve some obvious improvement after 2010? Whether the
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upgrade of that quality would significantly promote the corporate value? All these
questions are worth our careful consideration and research.

2 Literature Review

Compared with that in other industries, the operating management of engineering
projects in construction industry has some distinctive characteristics. This is due
to its main duty in the construction of various engineering projects. In general, the
whole process of engineering projects mainly includes five stages: project approval,
design, bidding, construction and the final acceptance of completed project. Each
stage can be subdivided into a number of links. Some potential risks exist probably
in every stage. Specifically speaking, the potential control risks in the whole process
of enterprises’ project construction are as follows: (1) Risks in project approval.
(2) Risks in project design. (3) Risks in project bidding. (4) Risks in engineering
construction. (5) Risks in the final acceptance of completed project. In fact, in the
activities of these engineering projects, the major risks exist in the business process
and management layer’s opportunism. Faced with the two kinds of risks, internal
control should include correspondingly two aspects: firstly, how to achieve manage-
ment control of lower staff at the business processes level; secondly, how to realize
the balance of senior managers at the corporations’ governance layer.

Parveen and Nandkumar [13] put forward that the enterprises’ internal control is
an institutional arrangement to achieve efficient allocation of resources. In order to
comprehensively strengthen risk control of projects, improve the project quality, and
promote corporate value, Chinese government has formulated a series of manage-
ment measures. Particularly, in 2010 our country released “Application Guidance for
Enterprise Internal Control–Engineering Projects”. It has further enhanced the moni-
toring of whole process of engineering construction projects, and has established the
management system for the projects’ development and improvement. It has also clari-
fied the job responsibilities and authority of related institutions and positions. Liu [11]
suggested that the working procedures and control measures have been standardized
in each stage, such as project approval, tendering, construction cost, construction and
the final check and acceptance. Compared with the previous “Basic Norms of Enter-
prise Internal Control”, the supporting guidance released after 2010 is more specific
and operational: (1) In view of risk control in the process of project business. First
of all, enterprises should organize some professional persons to anonymously assess
the projects’ scientific nature according to the development strategies, and to make
decisions according to the authority. Some major projects must be submitted to the
board of directors and other similar institutions for collective deliberation, and any
person cannot make unauthorized decisions. Secondly, enterprises should select the
satisfied units via open tender, and should also regulate the procedures of bid opening,
evaluation and calibration of project tender. It is necessary for them to strengthen the
management of construction cost and clarify the compilation techniques and basis
of the cost in the whole process from a concept to a detailed case. Thirdly, in the
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process of engineering construction, strict tracking supervision is essential in whole
process in accordance with the budget and supervision system. If there is any change,
timely report and approval need to be made according to the authority. Finally, it is
about the compilation of the completed projects’ final accounts and audit and the
establishment of their post-evaluation system, so as to evaluate the projects’ actual
performance from expectation and clarify their lifelong accountability system. (2) In
regard to the governance risk control exposed from the engineering project manage-
ment. The construction enterprises would finally form effective conclusions about
internal control for the plan of operational control and the implementation of super-
vision and verification, which can not only provide additional useful information for
decision-making [3], and also form a powerful reputation restriction to the corpora-
tions. It will facilitate the corporations to recognize their defects in internal control
[6], and make rapid analysis of reasons and timely report to the board of directors
and other similar institutions. Therefore, internal control would be arranged under
both external and internal supervision. This enables the stakeholders to have more
objective evaluation on the performance of management layer’s entrusted economic
responsibility, and then helps themmake relevant decisions on dismissal, reward and
punishment for management layer. Ultimately, all of these could effectively restrain
the opportunism of management layer and protect the corporate value. As a result,
this paper proposes the first hypothesis: comparedwith that prior to 2010, the internal
control quality of listed corporations in construction industry has been significantly
improved since 2010.

Since 2008, our country has gradually established a system of internal control
in enterprises. Especially the release of “Application Guidance for Enterprise Inter-
nal Control” and other series of supporting guidance have made the construction
and implementation of enterprises’ internal control much more targeted and effec-
tive. Via the reasonable layout of organization structure, the appropriate agreement
of authorities between functional departments, the rational distribution of staffing
and the sound division of work procedures, the enterprises would internally form
an effective balance mechanism among right, duty and interests. For example, there
is separation containment, like “the separation of decision-making, execution and
supervision”, “government regulation separated from management”, “regular rota-
tion”, and cooperation containment, like “collective decision-making”, “joint delib-
eration and agreement” [7]. These contribute to the constraint and prevention of
various risks, including the risks of nominal governance structure, the inefficient
operation of internal organization and the failure of enterprises’ operation and strat-
egy. Thus, it will greatly drive the enterprises’ sustainable development and current
market value.

Furthermore, according to the signal transmission theory, the disclosure of internal
control informationwill not only act on the company itself, and also pass on the infor-
mation about specific implementation of company’s internal control to the capital
market [20], which will affect the information users’ decision-making in the capital
market. The market’s response to the disclosure of internal control information will
ultimately be reflected in the variation of corporate value. Studies have shown that
internal control quality displays a significant and positive effect on corporate value



The Impact of Internal Control Quality in Engineering Projects On the Corporate … 1205

[5, 9]. Specifically, corporate value is the discounted value of the future cash flow,
mainly depending on the company’s future cash flow and the discount rate. If the
internal control quality of the company is not high enough (such as the problems of
internal control defects or poor achievement of goals, etc.), the disclosure of internal
control information would convey to market the signal of company’s high market
risks and other special risks [1], and other signals, like the insufficient capacity of
enterprise sustainable development. Thus, the investors would realize that they have
been bearing a higher risk, and accordingly require higher risk compensation, thus
leading to a lower discounted rate of future cash flow followedwith reduced corporate
value.

However, the quality improvement of enterprises’ internal control is helpful to
alleviate and prevent uncertainty the enterprises will face in the future. Then it will
contribute to the prominent enhancement of corporate value [10, 22]. Studies have
demonstrated that high quality of internal control could restrain major risks in the
business process and management layer’s opportunism existing in business activities
such as R&D. Thereby, more corporate value would be achieved [19].

Based on the above analysis, this paper puts forward the second hypothesis: inter-
nal control quality of listed corporations in construction industry could significantly
promote the corporate value.

3 Research Methods

1. Sample Selection and Data Resource
Considering the construction and execution situation of internal control, this paper

selected 147 listed transportation companies in the main board of A-share from
2008 to 2012, deleting ST and PT companies as well as those without key variables.
Furthermore, the data reflecting enterprise internal control quality come fromDIBO;
Our country listed company internal control index is from internal control and total
risk management solution provider-Shen Zhen DIBO Enterprise risk management
technology Co., Ltd. The rest data are all from CSMAR data base.

Themeasurement of corporate value. Corporate value is reflected in the enterprise
sustainable development rate and its current market value. The latter includes the
market value of equity capital and debt capital: the value of equity capital in listed
companies can be calculated by shares, while that of debt capital by the closing
amount. Enterprises’ sustainable development rate originates from the researches by
Higgins [4] and Van Horne [18].

In 1997, Higgins put forward the viewpoint of enterprise sustainable growth and
initiated the research on it. Based on that, in 1988, Van Horne developed the enter-
prise sustainable model and regarded that SGR was decided by net profit margin on
sales, asset turnover ratio, equity multiplier and preserve return rate. Such formula
totally reflects the enterprise financial movement and business situation, manifesting
the enterprises’ best ascending ability under the constraint of internal and external
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environment. So, we have chosen this formula as measurement for the capacity of
enterprise sustainable development.

Van Horne’s sustainable growth model is as follows: SGR = ( net profit margin
on sales × asset turnover ratio × equity multiplier × retained earning rate)/(1 − net
profit margin on sales × equity multiplier × asset turnover ratio × retained earning
rate)

Themeasurement of internal control quality. This paper holds that internal control
quality can be divided into:

(1) Internal control quality based on the level of self-evaluation & verification.
According to the requirements in “Evaluation Guidance for Enterprise Internal Con-
trol”, the enterprises’ board of directors or similar decision-making institutions
should make a comprehensive evaluation and self assessment report on the effective-
ness of enterprises’ control internal design and operation. The corporations valuing
the implementation of internal control will further integrate the audit verification of
internal control, which is a powerful signal to the market of management layer’s
confidence in high performance of internal control [8]. Hereby, the self assessment
of internal control and its audit verification release the quality information about the
performance of enterprise internal control and reflect the actions taken during the
performance [21]. Therefore, that the enterprise evaluation of internal control is more
complete indicates that the enterprise management will emphasize more on internal
control and that internal control quality will be better refined. Accordingly, we set
the internal control quality as proxy variable, i.e. when one company discloses both
the self-assessment report and the standard audit report of internal control, it implies
that this enterprise internal control quality is the best, and the evaluation score is
2; if only disclosing the self-assessment report, the quality evaluation of enterprise
internal control is 1; if with neither report, it is 0.

(2) Internal control quality based on the level of goal achievement. The higher level
of effectiveness of enterprise internal control demonstrates the better internal control
quality. According to the interpretation on the “Evaluation Guidance for Enterprise
InternalControl” by theAccountingDepartment of theMinistry of Finance, the effec-
tiveness of internal control refers to howmuch can the internal control system control
the objects. It can be seen that the effectiveness can be measured by internal control
strategy, business, reports, legal compliance and asset security [14]. “DIBOlisted
company internal control index” released by Shen Zhen DIBO Enterprise risk man-
agement technology Co., Ltd. covers five aspects: strategy implementation (market
share and risk coefficient), business return (return on invested capital and net profit
margin), the integrity and authenticity of disclosed information (audit opinion and
financial restatement), the legitimacy of business (illegal operation and lawsuits), and
asset security (maintenance and appreciation of assets value), and it will replenish
and rectify the great defects in internal control. In fact, this index reflects the main
part of enterprise internal control objects and is also the specific manifestation of
effective execution of internal control. So we chose this index as the measurement
of internal control quality.
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2. Model

Yit = β0 + β1Xit + β2Dualit + β3Indratit + β4Zhshait + β5Levit + β6Roait

+ β7Growit +
∑

Yearit + εit. (1)

In this model, the variables to be explained (Y ) are current market value (Q1/Q2)
and sustainable growth rate (SGR), while the variable to be researched (X ) is internal
control (ICEAD/IC). Besides, in the reference to the previous papers [2, 12, 15, 16],
we also control the factors that reflect company’s finance and governance. To be
specific, they include: Dual, Indrat, Zhsha, Lev, Roa, Grow and Year. The specific
definitions of variables can be found in Table1, while the descriptive statistics of
main variables are given in Table2.

Table 1 Definitions of main variables

Symbols Variables’ definitions

Dependent
variables

Q1 RMB ordinary shares × current value of today’s closing price +
domestic listed foreign share B × current value of today’s closing
price × current exchange rate + (the total number of shares − RMB
ordinary shares − domestic listed foreign share B) × final value of
stockholder’s total equity/current final value of paid-in capital +
current final value of total liabilities

Q2 The total number of shares domestic listed foreign share B) × current
value of today’s closing price of share A + domestic listed foreign
share B × current value of today’s closing price × current exchange
rate + current final value of total liabilities

SGR (Net profit margin on sales × asset turnover ratio ×equity multiplier
× retained earning rate)/(1-net profit margin on sales × equity
multiplier × asset turnover ratio × retained earning rate)

Independent
variables

ICEAD If disclosing both self-assessment report and standard audit report of
internal control, the score is 2; if only disclosing the self-assessment
report of internal control, it is 1; if with neither report, it is 0

IC Reflected by the effectiveness of IC, standardized via the “DIBO ·
listed company internal control index” divided by 100

Control
variables

Dual 1 represents the combination of general manager and chairman of the
board; 0stands the opposite

Indrat The number of independent directors/the total number of the board of
directors

Zhsha The shareholding ratio of the first and second largest shareholders

Lev Debt-to-assets ratio

Roa Net profit/[(the total asset ending balance + the total asset opening
balance)/2]

Grow (Current year’s operating income − last year’s operating income)/last
year’s operating income
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4 Analysis and Results

4.1 Descriptive Statistics

This paper has evaluated the internal control quality of construction enterprises
from two levels: self-evaluation & verification (ICEAD) and goal achievement (IC).
From the internal control quality based on the level of self-evaluation & verification
(ICEAD), the descriptive statistics showed that the average level (Mean) of internal
control quality of construction industry is 0.7347. The standard deviation (SD) is
0.8466, and the maximum value (Max) is 2. These indicate that there are great differ-
ences in the level of internal control quality of individual construction industry. From
the internal control quality based on the level of goal achievement (IC), the average
level (Mean) of internal control quality of listed corporations in construction industry
is 6.7652. The standard deviation (SD) is 1.5251, and the maximum value (Max) is
9.7559. Compared with the full mark 10, it suggests that the internal control quality
of listed corporations in construction industry is generally at the passing level. In
addition, we have calculated the variance inflation factors (VIF) of each main vari-
able, all of which are less than 2, manifesting that the model does not possess the
feature of serious multicollinearity.

Seen from Table2, taking 2010 as a division point, we have analyzed the dif-
ferences in the enterprise internal control quality. On April 26, 2010, the Ministry
of Finance and other four ministries and commissions jointly issued 18 pieces of
“Application Guidance for Enterprise Internal Control”, such as the “Application
Guidance for Enterprise Internal Control No. 11–Engineering Projects”, which was
a critical approach to effectively enhance enterprise internal control quality. Based on
this, from Table3 we can find that: Compared with the numbers prior to 2010 (Year
≤ 2010), both mean (Mean: 1.2258 > 0.3765) and median (Median: 1.5000 > 0) of
the internal control quality from the level of self-evaluation & verification (ICEAD)
have been increased since then; Similarly, both mean (Mean: 6.8548 > 6.6999) and

Table 2 Analysis of difference in enterprise internal control quality: based on the comparison
between the quality before and after 2010

Variable Year N Mean SD Median Min Max

ICEAD ≤ 2010 85 0.3765 0.6358 0.0000 0.0000 2.0000

> 2010 62 1.2258 0.8574 1.5000 0.0000 2.0000

IC ≤ 2010 85 6.6999 1.6684 6.7932 0.0000 9.7180

>2010 62 6.8548 1.3113 6.8687 0.1675 9.7559

ICED ≤ 2010 85 0.0471 0.2130 0.0000 0.0000 1.0000

>2010 62 0.3710 0.4870 0.0000 0.0000 1.0000

ICRE ≤ 2010 4 0.5000 0.5774 0.5000 0.0000 1.0000

> 2010 23 0.9565 0.2085 1.0000 0.0000 1.0000
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median (Median: 6.8687 > 6.7932) of the internal control quality from the level of
goal achievement (IC) have also been upraised after 2010 (Year > 2010). Further
study has found that, compared with those before 2010 (Year ≤ 2010), the sample
enterprises have disclosed much more internal control deficiencies (ICED). In other
words, the ICED mean (0.3710) after 2010 is larger than that (0.0471) before 2010
(Year ≤ 2010). Besides, 95.65% of the sample enterprises have taken internal con-
trol rectificationmeasures (ICRE) after recognizing their internal control deficiencies
since 2010 (Year > 2010), while, those having taken the same action before 2010
(Year ≤ 2010) only account for 50%.

Seen from Table3, in order to further point out the changes of internal control
quality (ICEAD/IC) before and after the implementation of system, this paper has
tested the differences between the quality before and after 2010: the mean (1.2258)
of internal control quality (ICEAD) after 2010 (Year1112= 1) is significantly higher
than that (0.3765) before 2010 (Year1112 = 0). The result fromWilcoxon rank sum
test is similar to that from mean T test. On the other hand, the mean (6.8548) of
internal control quality (IC) after 2010 (Year1112 = 1) is larger than that (6.6999)
before 2010 (Year1112 = 0). However, the gap between the two means of IC is not
significant via the mean T test and Wilcoxon rank sum test. This may be related to
the different index measurement of internal control quality (IC), thus allowing the
weakened difference before and after the implementation of system. Nonetheless,
from the view of overall trend, the internal control quality of listed corporations in
construction industry has been upgrading since 2010. In summary, compared with
that prior to 2010, the enterprises’ internal control quality has been refined after the
release of “Application Guidance for Enterprise Internal Control No.11-Engineering
Projects” in 2010. Therefore, the first hypothesis has been verified.

Table 3 Test for the difference in enterprise internal control quality: based on the comparison
between the quality before and after 2010

ICEAD IC

Mean Median N Mean Median N

Year1112 = 0 0.3765 0.0000 85 Year1112 = 0 6.6999 6.7932 85

Year1112 =1 1.2258 1.5000 62 Year1112 = 1 6.8548 6.8687 62

Mean T Test −6.8987∗∗∗ Mean T Test −0.6068

Wilcoxon rank −5.8920∗∗∗ Wilcoxon
rank

−0.8080

Sum test Sum test

Notes (1) T value said T statistic after a Robust standard error correction; (2) ∗∗∗, ∗∗, ∗ respectively
1, 5 and 10% significance level
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Table 4 Test for the function of internal control quality on corporate value: based on the comparison
of different evaluation methods

Variable Total sample

Q1 Q2 SGR Q1 Q2 SGR

Regression1 Regression2 Regression3 Regression4 Regression5 Regression6

The dependent variable: corporate value

ICEAD 0.3908∗∗∗ 0.3784∗∗∗ 0.0121∗∗∗

IC 0.7330∗∗∗ 0.7248∗∗∗ 0.0070∗∗

Dual −0.2877 −0.2329 0.0229∗ −0.1565 −0.1033 0.0242∗

Indrat 9.9213∗∗∗ 9.8079∗∗∗ 0.0554 5.7365∗∗∗ 5.6625∗∗∗ 0.0226

Zhsha 0.0048∗∗∗ 0.0046∗∗∗ 0.0001∗∗∗ 0.0036∗∗∗ 0.0034∗∗∗ 0.0001∗∗∗

Lev −0.3234∗∗∗ −0.3591∗∗∗ −0.0589∗∗∗ 0.4746∗∗∗ 0.4300∗∗∗ −0.0513∗∗∗

Roa 5.7125 6.8037 2.1221∗∗∗ −9.7447∗∗ −8.4707∗∗ 1.9629∗∗∗

Grow 0.1453 0.1801 0.0109 −0.0970 −0.0589 0.0079

Cons 18.5821∗∗∗ 18.6858∗∗∗ 0.0285∗ 14.9915∗∗∗ 15.1360∗∗∗ −0.0069

R2 0.4884 0.4884 0.6336 0.7151 0.7103 0.6316

F 31.18∗∗∗ 31.99∗∗∗ 15.76∗∗∗ 63.85∗∗∗ 57.70∗∗∗ 13.31∗∗∗

Note ∗∗∗, ∗∗, ∗ denote the significant levels of 1, 5 and 10% respectively.

4.2 Regression Analysis

In Table4, we have first estimated model (1) and analyzed the impact of internal
control quality, evaluated by different methods, on corporate value. In the regression
of 1–3, no matter what the dependent variable is Q1, Q2 or SGR, the regression
coefficients of the internal control quality from the level of self-evaluation & verifi-
cation (ICEAD) are significantly positive (all the significance levels are P < 0.01);
in the regression of 4–6, no matter what the dependent variable is, Q1, Q2 or SGR,
the regression coefficients of the internal control quality from the level of goal
achievement (IC) are all significantly positive (the significance levels are P < 0.01,
P < 0.01 and P < 0.05 respectively). The above results demonstrate that, whether
from the level of self-evaluation & verification or goal achievement, the internal
control quality of listed corporations in construction industry has a significant and
positive correlation with the enterprises’ sustainable development level and market
value. Therefore, the second hypothesis has been verified.

5 Robust Tests

We have done the following robust tests: firstly, considering that the effectiveness
may be reflected on the companies in next batch, we adjusted the model (1) to
test the influence of L_IC in the companies in next batch on enterprise value.
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The results remain the same. Secondly, considering the potential negative influ-
ence of the extreme value in variables and the limitation of samples, this paper has
0.5% ofWinsorize on each variable and has redonemultiple regression analysis. The
results still stay the same. Thirdly, as for the internal control quality based on the
level of self-evaluation& verification, we adopt a newmeasurement. If it is measured
only according to the disclosure of internal control’s self assessment report or not,
or only based on that of its standard auditing report or not, by repeating the test for
hypotheses 1 and 2 as is stated above, the main conclusions remain unchanged.

6 Conclusions and Discussion

It is highly likely to trigger lots of risks, such as “bean curd residue” project, in the
process of advancing the engineering projects. Hence, the investors and government
supervision departments pay particular attention to the risk control problems of con-
struction industry. In 2010, in order to effectively protect the investors’ interests,
Chinese government purposefully released “Application Guidance for Enterprise
Internal Control-Engineering Projects” based on the promulgation of “Basic Norms
of Enterprise Internal Control” in 2008. It is aimed at strengthening the risk manage-
ment of engineering projects comprehensively and promoting the corporate value.
Based on this background, this paper has researched the quality change of inter-
nal control in the listed corporations of construction industry and its impact on the
corporate value. The study found that: (1) the internal control quality of listed com-
panies in construction industry has been improved continuously from 2008 to 2012.
Especially since 2010, the magnitude of improvement has been much more distinct
than before. (2) The internal control quality of engineering projects has a significant
and positive correlation with enterprises’ sustainable development rate and current
market value.

This study enlightens us that: (1) The supervision layer should integrate the special
situation of industry and enterprises, timely subdivide and generate some distinctive
application guidance for enterprise internal control, and urge relevant enterprises
to guide certain enterprise to guard against risks, thus effectively upgrading corpo-
rate value; (2) The managers in construction enterprises need to recognize that high
internal control quality can effectively restrain the enterprise risks and enhance the
enterprises’ sustainable development and the level of market value. Thereby, they
must attach much importance, in thought and action, to the construction of enter-
prise internal control and try to avoid the phenomena of being short-sighted in the
construction or having “two pieces of skins” in the execution, but to truly upraise
enterprise internal control quality; (3) It is necessary to intensify the guidance for
enterprises’ disclosure of self assessment and verification report on the internal con-
trol validity so as to promote internal control quality. It also requires the refining of
internal control effectiveness for the realization of goals. To sum up, this study is
the first to probe into the evolution and function of internal control quality of listed
corporations in construction industry by combining the implementation background
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of Chinese internal control system and industrial characteristics in its application.
The findings have provided direct evidential support for the practical application of
“Application Guidance for Enterprise Internal Control–Engineering Projects” and
theoretical guidance for these listed corporations in construction industry to enhance
their construction of internal control system and to upraise their corporate value.
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How to Measure Industrial Relations Climate
in Chinese Context

Jiayun Deng, Derwin King-Chung Chan, Sophie Xin Yang
and Kim M. Caudwell

Abstract The employees’ perception of the industrial relations climate is essential
to promote the development of enterprise,maintain social stability and human being’s
psychological well-being. With the development of China’s economy, the complexi-
ties exist in theChinesemarketmay lead to somepotential issues toward the industrial
relations. Therefore, the need to understand the nature of the industrial relations in
the Chinese market is crucial to the various stakeholders. The present study aimed
to develop a psychometric scale measuring the Chinese industrial relations through
three consecutive studies. The research was conducted from one hundred twenty-
two enterprises across four different industries including manufacturing, software
services, pharmacy and serving, with 3259 employees. The developed scale contains
five psychological factors including interactiveness, motivation, harmony, careness
and fairness, and the results supported the sound psychometric properties of the
Industrial Relations Climate Scale.

Keywords Industrial relations · Organization climate · Industrial relations climate

1 Introduction

Industrial relations climate is a concept that indicates what the staff’s perception of
organization’s industrial relations is. So we need to knowwhat is industrial relations.
Besides for the huge difference between China and western country in concept of
industrial relations, it is basis to classify what industrial relations is in China.

Industry relations is the relationship between owner of labor and holders of capital
in corporation. The essence of it is combing of labor andmeans of production in order
to produce. In western country, there are three objects which are employee, employer
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and union in industry relations. But in China, for the special nature of unions, it is
necessary to exclude union in considering the labor relations. Chinese labor relations
include only two parts these are labor and employer.

Since industrial relations climate was developed, there are a number of researches
about it and many scholars put out their understanding of it. Table1 shows the differ-
ent definition of industrial relations climate according to some researchers. In China,
industrial relations describes the relationship between employee and employer.
Union, as we know, is not such important in Chinese context. Therefore we applied
Dastmalchian’s [1] definition, on account of its excluding the influence of union and
it is more in line with China’s situation.

According to present study, Blyton et al. [5, 6, 10] applied organization climate
to industrial relations, and develop a complete industrial relations climate concept
and test it [1]. The concept of industrial relations climate is based on organization
climate theory. Reichers and Schneider [11] proposed that organization climate is
members’ common sense of the formal or informal organization policies, operations,
procedures and other aspects. Industrial relations is one of the most important rela-
tionship in enterprises, it offers another potential fruitful area for the application of

Table 1 Researcher and definition of industrial relations climate in past study

Researchers Definition

Nicholson [2] The status of labor getting along with employer,
such as friction, angle, conflict and poor
communication between labor and employer or
employees seek benefits with intense way

Gordon et al. [3] The developing trend of relationship between
unions and management

Katz et al. [4] Quality of industrial relations in the
organization

Dastmalchian et al. [5] The characteristics that affects the relationship
between employees and managers in the
workplace

Blyton et al. [6] It reflects organization’s members’ perception
to the practice of union—management relations

Dastmalchian et al. [1] Organization members’ perception to
enterprise’s industrial relations practice

Lee [7] Employees perceive the degree of cooperation
and shared interests of management

Kersley et al. [8] Members perceived organizational climate
characteristics, and the design of norms,
attitudes and behaviors among employees,
unions and management

Pyman [9] Describe the relationship between the state and
the quality of the manager-on union
organization
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the climate concept [6]. As a result, it is suggested that a firm’s industrial relations
activities generate a characteristic atmosphere in the organization. This characteristic
atmosphere, as perceived by the organizational members, is what we regard as the
industrial relations climate [1].

After reviewing existing organization climate, Campbell [12] found that there
are four factors in all studies, and put forward the four core dimension of organiza-
tional climate: (1) individual autonomy, which is the degree of employee retention
decisions; (2) job structure, that means the organization set clear goals and working
procedure for employees; (3) reward, which represents there are reasonable reward,
promotion and training for employees in organization; (4) understanding, warmth
and support, that’s the degree of organization’s caring for employees and colleagues’
caring about others.

Taking the concept of organizational climate, Dastmalchian [6] outlined six
dimensions of industrial relations climate, which are cooperation, trust, mutual
regard, joint participation, apathy and hostility. In Dastmalchian’s [1] empirical
research about industrial relations climate, he confirmed five factors relating to
industrial climate: harmony, openness, hostility, apathy and promptness. Later,
Dastmalchian [13] took a further study and pointed out six dimensions: union-
management cooperation, trust and fairness, mutual regard, joint participation, com-
munication and union support. Taking union into account, the factors pointed out in
studies above can’t explainChinese industrial relations issues.Besides there aremany
differences among all scholars about how to measure industrial relations climate and
few researches about measuring industrial climate in Chinese context. Therefore this
paper will present a study about how tomeasure industrial relations climate in China.

2 Study 1

The objective of Study 1 includes: (a) to generate a item pool gathered from previous
theory and research, and (b) to examine the content validity of the items via expert
panels.
1. Participants

The expert sample comprised 12 participants: 4 scholars, 4 human resource man-
agement practitioners and 4 labor inspectors.

Four academic expertswho come fromChengduUniversity of Technology, South-
western University of Finance and Economics, University of Macau and Sichuan
University have doctoral degree either in Management or Economics Education. 4
human resource management practitioners have 3–5 years’ human resource man-
agement work experience. Labor inspectors have 5–10 years’ labor dispute handling
experience. All experts’ age ranged from 29 to 45. Among them, there were 5 males
and 7 females.
2. Procedures

From a review of literature on industrial relations climate, quality of industrial
climate and harmonious labor relations, we sort out 55 items. For developing a



1218 J. Deng et al.

science and rigorous labor relations climate scale, and ensuring the validity and
reliability of the scale, based on the literature study, we draw up an initial manager
interview outline and one for staff. Then, after five discussion meetings and five
timesmodification, the testing interview outline was composed. Guiding with testing
interview outline, we interview 6 MBA students of Sichuan University Business
School. Table2 shows the information of them.

According to criticism proposed by the interviewers, the researchers conducted a
modification of interview outline further, and formed the formal interview outline.
Then, we took a semi-interview in 11 enterprises in High-tech District in Chengdu.
And we interview 59 staff, including 30managers and 29 employees. After transcod-
ing interview record, we took independent triangular coding method for encoding.
According to coding material, we figured out 108 items. Combing interview and
literature, removing some items these can not be measured from psychological per-
spective , we keep 33 items, these 33 items formed the initial scale. To assess the
content validity of the proposed items [14], the initial scale was sent to 12 experts
who include scholars, human resource management practitioners and labor inspec-
tors. The experts were then required to examine each item independently. Each item
was asked whether it is, “representative” (Does it represent industrial relations cli-
mate?, “clear” (Is it easily understood?), and “specific” (Is it focused enough and
not too general or ambiguous?). Experts present their opinion in terms of, “Yes”,
“No”, or “Unsure”. At last, they were asked to make any feedback or comments
about modifying scale, and list suggestions for alterations [15]. Then the data was
analyzed as following steps [15]: an item was retained if it was considered relevant,
representative, clear and specific by at least 9 experts. For some item that only 7
experts think it was relevant, representative, clear and specific, it was modified until
meet the requirements. Finally, we keep 25 items which formed pilot scale.
3. Results and Discussions

The findings from literature search and interviews with employees (N = 29) and
managers (N = 30) who were top managers (N = 10), middle managers (N = 12)

Table 2 Descriptive information of pre-interview participants

Interviewee Gender Age Ownership WEa Post EoMb

1 Female 20–30 Institutions 4 Examiner Employee

2 Female – Private
enterprise

3 Sales
manager

Manager

3 Female – Private
enterprise

1 Clerk Manager

4 Female – – 5 Sales man Employee

5 Male 30 State-owned
enterprises

10 Project
designer

Employee

6 Male – Private
enterprise

4 Designer Manager

aWork experience (years)
bEmployee or manager
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and seniormanagers (N = 8) contributed to the generation of an item pool (55 items)
that was conducted with clear and specific definition of the industrial relations. After
transcoding interview record, we obtained 108 items from interview and 56 items
from literature. After 3 meetings to discuss which item should be kept, we merger 31
items that appeared in both literature and interview and removed some items that can
not be measured by psychological scale, we finally figured out 33 items that were
highly related to industrial climate subjectively. The content validity of these items
was assessed by experts in the field (N = 12). A number of items were eliminated (7
items) because they were lacking clarity, specificity, and representation. Among the
remaining 25 items, there is a small number of items (5 items) needed consideration.
And on the other hand, based upon the experts’ suggestions, minor modifications
were made for 6 items. As a result, the analytical process generated 25 items for
industrial relations climate scale.

Based on organization climate theory, present study about industrial relations cli-
mate and our qualitative research in terms of interview, we figured out five factors
which should involve in Chinese industrial relation climate scale, that is interac-
tiveness, motivation, harmony, careness and fairness. In our research interactiveness
is related to openness and communication in Dastmalchian’s [1, 13] two study. It
reflects the effect of the communication between organization and employees and
degree of the openness of organization to employees. Motivation factor came from
interview with employees and managers in our study, which means the motivation
degree of material conditions and personal development opportunities to staff pro-
vided byorganization. It’s themost special one inChinese industrial relations climate.
Harmony means the extent of mutual aid, mutual trust and mutual understanding
between employers and employees [1]. Fairness represents the degree that organiza-
tion offers a fair and reasonable reward, promotion and training for all employees.
Careness means the degree of organization’s concerning for staff and colleagues
caring among them [12].

3 Study 2

The objective of study 2 was to examine the reliability of the items derived from
study 1. In study 2, 25 items were addressed to measure industrial climate and were
administered to employees to examine the reliability of the items contained in the
scale.
1. Participants

The employees (N = 98) who were working in private enterprise, state-owned
enterprises and joint venture came fromHigh-tech Zone in Sichuan province inChina
and comprised 39 males and 58 females. The average length of service is 4.32 years.
Their education range from elementary to master.
2. Procedures

According to the principle of convenience sampling, scholars sent the pilot ques-
tionnaire to Labor Department’s staff of High-tech Zone in Sichuan province, and
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the questionnaire was sent to some companies within their jurisdictions by the Labor
Department’s staff. Then inspectors retrieved the questionnaires filled by employees
and delivered them to scholars. So questionnaire recovery was assured. 110 ques-
tionnaires were handed out, the effective recovery is 98, and the recovery rate is
89%. Besides, the employees who participated in pilot study were asked to indicate
their thoughts about how to improve the questionnaire. Because 7-Point Likert scale
has better reliability, construct validity, and discriminant validity than 2-, 3-, and
4-point scale. Therefore the response scale ranged from 1 = strongly disagree to
7 = strongly agree. Then we used SSPS 19.0 to examine the reliability of the items.
3. Data Analysis

We used SPSS 19.0 to examine internal reliability of the scale. Cronbach Index
[16] was used to assess the internal reliability of the scale. Cronbach value more than
0.80 indicates good reliability.

Table 3 Reliability of pilot scale

Scale Cronbach’s alpha

Interactiveness 0.86

Motivation 0.91

Harmony 0.87

Careness 0.95

Fairness 0.51

Industrial relations climate 0.89

Table 4 Cronbach’s Alpha if item deleted in pilot study

Item Corrected
item-total
correlation

Cronbach’s
alpha if item
deleted

Item Corrected
item-total
correlation

Cronbach’s
alpha if item
deleted

IRC1 0.67 0.88 IRC14 0.646 0.88

IRC2 0.623 0.88 IRC15 0.659 0.88

IRC3 0.582 0.881 IRC16 0.644 0.882

IRC4 0.64 0.88 IRC17 0.707 0.88

IRC5 0.494 0.883 IRC18 0.676 0.881

IRC6 0.539 0.882 IRC19 0.688 0.881

IRC7 0.646 0.88 IRC20 0.676 0.881

IRC8 0.643 0.88 IRC21 0.693 0.88

IRC9 0.606 0.881 IRC22 0.766 0.879

IRC10 0.661 0.88 IRC23 0.649 0.881

IRC11 0.547 0.883 IRC24 0.674 0.881

IRC12 0.647 0.881 IRC25 0.364 0.952

IRC13 0.563 0.882
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4. Results and Discussions
As Table3 shows, the Cronbach’s Alpha of interactiveness sub-scale, motivation

sub-scale, harmony sub-scale and careness sub-scale are more than 0.80, which
indicates that interactiveness sub-scale, motivation sub-scale, harmony sub-scale
and careness sub-scale have a good reliability. For faireness sub-scale, we found that
if item 25 was deleted, the Cronbach’s Alpha would rise to 0.93, and if one of the
others was deleted, the Cronbach’s Alpha would drop down. As a result we removed
item 25, the Cronbach’s Alpha of whole scale rose to 0.95 (see Table4). Finally we
figured out 24 items to measure industrial relations climate.

4 Study 3

1. Participants
In study 3, there were 3159 (age = 16–65, M = 30, SD = 7.20) partici-

pants of 122 companies from High-tech Zone in Sichuan province. The compa-
nies were distributed in four sectors which were manufacturing, software services
industry, pharmaceutical industry and service industry. 1924 participants belong to
manufacturing, 205 of them came from software services industry, 730 of them
were in pharmaceutical industry, and the others were from service industry. Among
them, 1657 were male and 1429 were female. Participants focused on the following
posts: technology, administration, sales and operation. And the average work expe-
rience is 4.3 years. Their education covers elementary, junior high, high school,
undergraduate, master and doctoral. 42.7% of them joined union and 55.8%
didn’t do that.
2. Procedures

Study 3 was divided into three phases. Because it is the first time to do industrial
relations climate research in over 100 enterprises, there is no experience for taking
large-scale research. So in phase 1, scholars committed to exploring a method for
large-scale research. From July 2 to July 7, scholars selected Shiyang, Xiaojiahe and
Zhonghe Street which is near to town to conduct research first. After that, researchers
explored away that is “one researcher plus one labor inspector”. Firstly, the inspectors
called human resource manager, told them what is the research and the purpose of it,
and got permission to entry their company to do the research. Then the scholar went
to objective enterprise with an inspector whose role is leading researcher to company.
After going in company, the scholar hand questionnaires to manager. The manager
organized staff to complete questionnaires. During the time participants filled in
the questionnaire, the researcher helped them to complete it, which guarantees the
efficiency and quality of the research. The employees in objective firm take about
one hour to fill in questionnaires. After they completed it all, researchers gave their
appreciation for managers’ coordinating and left with completed questionnaire. In
phase 2, themain task is enteringHezuo Street which includes 74 research companies
to carry out research. It was taken from July 8 to July 15. Phase 3 was taken place in
July 17–August 1. During this period, researchers sorted questionnaires in order to
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acquire missing information of some participants and increase research enterprises
to ensure the number of integral questionnaire. All data is collected anonymously.
Thus authenticity of the data can be guaranteed. Then the data was analyzed using
EQS.6.1.
3. Data Analysis

To assess the adequacy of themodel’s confirmatory factor analysis (CFA) [17], we
used EQS.6.1 to examine it. We use indexes, like comparative fit index (CFI) [18],
non-normed fit index (NNFI) [19], standardized root-mean-square of the residuals
(SRMR) [20], and root-meansquare error of approximation (RMSEA) [20] and its
90% confidence intervals (90% CI), to assess model’s fit. The CFI and NNFI values
greater than .90 were considered acceptable for a good fit model [18]. SRMR and
RMSEAvalues equal to or less than .08 indicated adequatemodel fit [20]. In addition,
the lower bound value for 90% CI of the RMSEA close to zero, and its upper bound
less than .06 suggested a good fit to the model [21].
4. Results and Discussions

For the sample in study 3, the 24-item five factors model measuring industrial
relations climate displayed an acceptable fit to the data: CFI = 0.94; NNFI = 0.93;
SRMR = 0.044; RMSEA = 0.06 (90%CI = 0.058 − 0.063). The factor loadings
and error terms of items is shown in Table5. Factor loadings of any items are more
than 0.40 [22]. According to the result of confirmatory factor analysis, the industrial
relations climate scale we developed turn out to be a good one, which could measure
industrial relations climate appropriately.

Table 5 Standardized factor loadings, and error terms from the confirmatory factor analysis of the
industrial relations climate scale in study 3

Item Factor
loadings

Error terms Item Factor
loadings

Error terms

IRC1 0.75 0.67 IRC13 0.8 0.59

IRC2 0.78 0.62 IRC14 0.82 0.58

IRC3 0.78 0.63 IRC15 0.8 0.61

IRC4 0.71 0.71 IRC16 0.8 0.61

IRC5 0.72 0.7 IRC17 0.82 0.57

IRC6 0.86 0.52 IRC18 0.9 0.43

IRC7 0.86 0.52 IRC19 0.92 0.4

IRC8 0.85 0.52 IRC20 0.91 0.43

IRC9 0.75 0.67 IRC21 0.86 0.51

IRC10 0.8 0.61 IRC22 0.9 0.45

IRC11 0.66 0.75 IRC23 0.87 0.49

IRC12 0.77 0.64 IRC24 0.8 0.6
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5 Discussion

Confined available conditions, the sample of this research all come from High-tech
Zone in Sichuan Province. In the future, it is necessary to expand the sample to other
provinces and other countries whose culture and industrial relations are similar to
China. On the other hand, based on existing industrial relations climate scale, it is
meaningful to compare industrial relations climate from cross-cultural perspective.

In this study, main research question is developing a scale about industrial rela-
tions climate, the relationships between industrial relations climate and other organi-
zational variables were not investigated. As a contextual variable, industrial relations
climate will have a influence on organizational outcome variables. Investigating the
relationship between them will be a important research direction.

Dyadic and longitudinal research designs may be employed to examine the
processes involved in industrial relations climate exchanges and also their links with
other variables.
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Eco-Friendly Car Policy: Targeted
and Spillover Effects

Chenxi Li, Xueming Luo, Yiping Song and Chee Wei Phang

Abstract To bolster the automobile industry while stemming environmental
side-effects, governments worldwide have developed various institutional policies.
In this study, we examine the effectiveness of an institutional policy-Tax-reduction
for Low-emission Vehicles Policy-implemented in China automobile market. We
find that the institutional policy has positive targeted effect on small-engine cars
and negative spillover effect on big-engine cars. We also find the positive targeted
effect was driven by sales in smaller cities, while the negative spillover effect was
attributed to sales in largermetropolitan cities andoccurredmostly for non-indigenous
car brands.

Keywords Institutional policy · Automobile market · Targeted effect ·
Spillover effect

1 Introduction

Developments in the automobile industry can be either a boon or a bane. On one
hand, they can spur economic growth and fuel employment (Miravete and Moral
[14]). On the other hand, they can produce environmental pollution from greenhouse
gas emissions [9]. This double-edged sword may be particularly sharp in developing
countries such as China and India. In China, vehicular emission pollution is the main
source of dust-haze (Vehicle Pollution Prevention Annual Report 2013 [16]).

Thus, to bolster the automobile industry while stemming environmental side-
effects, governments worldwide have developed various institutional policies. For
instance, in 2009 the U.S. implemented the “cash for clunkers” program, formally
known as the Cars Allowance Rebate System. The program offered a rebate of
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3,500–4,500 USD for each old and low fuel-efficient vehicle that consumers traded
in for a newer, more fuel-efficient one [10]. While intended to reduce pollution
and stimulate sales of more fuel-efficient cars, the policy garnered doubts about its
effectiveness. Mian and Sufi [13] found that purchases stimulated by the policy were
offset by a dip in auto sales further down the road, and Knittel [10] found the program
to be too costly for tax payers. Thus, for institutional economies to effectively achieve
intended goals is a challenge.

Toovercome this challenge, the present study evaluates the impact of an alternative
institutional policy launched in China. The Chinese automobile industry plays a
critical role in the global economy as the world’s largest automobile producer and
consumption market. However, the pollution caused in China by automobiles is
enormous. To help curb this pollution, in 2009 China launched the Tax-reduction for
Low-emission Vehicles (TLV) policy, which reduced the purchase tax for cars with
small engines for two years, from 2009 through 2010 (In China, three categories
of automobile taxes, including the consumption tax, the value-added tax and the
purchase tax, are charged by the government. Among these three taxes, the purchase
tax is the only tax paid by consumers directly, while the consumption tax and value-
added tax will be paid by manufacturers and retailers respectively. TLV reduced
the purchase tax of small-engine cars (1.6 liter and below) from 10 to 5% in 2009.
The policy continued implementing in 2010 with a little revision, the reduced tax
rate changed to 7.5%, from January to December 2010. After the two-year TLV
policy period, the purchase tax rate for small-engine cars turned back to 10% in
2011. The purchase tax for big-engine (>1.6-liter) cars is 10% all the time.). The
implementation of TLV was intended to bloom the market of small-engine cars, of
which the market share dramatically decreased from 2004 to 2007. The proposal of
TLV policy was passed on January 14th, 2009 and implemented on January 20th,
2009.

TLV differed from “cash for clunkers” in two key ways: first, in the “cash for
clunkers” program the federal government provided a direct incentive via monetary
subsidy (up to 4,500 USD) for every qualified replacement of old vehicles, implying
a high pay-out for the policy-maker. As Tyrell and Dernbach [20] noting, the hard
reality about programs that depend on direct public subsidies (such as “cash for
clunkers”) is that they are difficult to support over time. In contrast, the TLV operated
by allowing consumers to pay a lower tax to the government if they purchased a small-
engine car (i.e., 1.6-liter and below). Thus, a large initial fund allocation was not
required for this program, which also means that it may be more financially feasible
for developing countries. Second, TLV represented policy measures that attempted
to influence consumers’ choice and decision, i.e., on whether to buy a smaller-engine
car to enjoy a tax reduction. This implies that all consumers who intended to buy
a new car would be affected by the policy. In contrast, Busse et al. [3] proposed
taht the “cash for clunkers” was only eligible for those who owned an old car that
met the program criteria. Thus, in the context of a developing country in China,
where most new car purchases are made by first-time buyers, TLV policy may have
a larger impact.
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Our identification hinges on the changes in car sales before, during, and after
the TLV policy. In terms of environmental aspects, we assess the change in sales
of more environmental-friendly cars with small-engines (≤1.6-liter) vis-à-vis less
environmental-friendly carswith big-engine (>1.6-liter). Our analyses reveal that the
TLV produced three key results: (1) the policy indeed boosted sales of small-engine
cars (a positive direct effect or targeted effect); interestingly, it also simultaneously
dampened sales of big-engine cars (a negative spill-over effect or untargeted sur-
prising effect). (2) Deeper analyses document that the positive direct effect of the
TLV policy was driven by sales in smaller rural cities with slower economic and
infrastructural developments. (3) The negative spillover effect of the TLV policy was
attributed to sales in larger metropolitan cities with faster economic and infrastruc-
tural developments. The dip in sales occurred mostly for non-indigenous car brands,
while indigenous car brands experienced increased sales.

Recently, research made by Parry et al. [19] has addressed how car policies may
curb pollution or “automobile externalities”. Varieties of car policies have been con-
sidered to limit automobile ownership, reduce automobile use, and promote more
eco-friendly vehicles. Policies limiting ownership involve bidding and lottery mech-
anisms implemented in China [5, 8] (In the former (bidding-based mechanism),
consumers who intend to purchase a car need to bid for a car license; in the lat-
ter (lottery-based mechanism), non-transferrable car licenses are allocated through
random draws among registered participants.). Policies that reduce automobile use
involve raising fuel taxes [2, 18] and prescribing the use of odd- or even-numbered
car plates on the road in some cities such as Beijing [4]. Policies changing auto-
mobile use patterns involve charging higher toll fees during times and places when
road systems are congested (to encourage people to travel during off-peak hours or
via less congested areas). Such measures may reduce vehicular emissions because
they help minimize trip durations and decrease speed variations (Daniel and Bekka
[6]). Though effective to varying extents, these policies often achieve their envi-
ronmental purposes at the expense of the automobile industry’s development, i.e.,
by discouraging car purchases due to the high costs of purchase or usage. Some
policies that promote eco-friendly vehicles specifically target automobile makers or
consumers’cars. Examples include imposing requirements to meet vehicle manu-
facturing standards such as the Corporate Average Fuel Economy (CAFE) program
in the U.S. and the system for controlling emissions of new vehicles in the E.U.
Policies that target consumers include the “cash for clunkers” program to address
environmental problems and stimulate the automobile industry [13] (As stated by the
U.S. Secretary of Transportation Ray LaHood on July 27, 2009, “with this program,
we are giving the auto industry a shot in the arm, and struggling consumers can get
rid of their gas-guzzlers and buy a more reliable, fuel-efficient vehicle. This is good
news for our economy, the environment, and consumers’ pocketbooks”.).

A series of studies have been conducted to assess the effectiveness of such
programs with respect to either automobile manufacturers or consumers, with
mixed results. For instance, such programs have been credited with “halo” sales of
another quarter million cars (Maritz Research 2010 [12]). In addition, an NHTSA’s
(National Highway Traffic Safety Administration). Report to Congress indicated that
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49% of the cars sold under such a program were manufactured locally, thus creating
over 60,000 jobs in automobile manufacturing and sales and related industries [20].
However, a more recent study by Mian and Sufi [13] suggests programs simply shift
purchases forward. Fewer autos were bought in the ten months after the U.S. pro-
gram expired in counties with a higher number of clunkers, thereby offsetting most
of the initial purchases made. They also found no evidence of the program’s effect
on employment in cities with higher exposure to the program. A study by Miravete
and Moral [14] on a comparable cash for clunkers program in Spain reached similar
conclusions-that these programs may simply accelerate intentions to change cars.
With respect to the program’s intended environmental effects, most studies have
provided affirmative evaluations. For instance, the NHTSA’s Report to Congress es-
timated that the program will lead to a reduction of greenhouse gas emissions by 9
million metric tons over 25 years. Also by replacing older vehicles with new ones,
the programmay reduce the emissions of other criteria pollutants. Yet, prior research
made by Knittel [10] and Li et al. [11] pointed out that the costs of attaining these
environmental benefits could be staggeringly high.

We contribute to the literature by showing that an institutional car policy may
be effective in several ways. At its fundamental level, the policy could indeed ori-
ent consumer purchases toward small-engine cars as intended, while at the same
inhibit the purchases of big-engine cars not targeted. In addition, Muller et al. [15]
pointed that automobile, which belongs to transportation or manufacturing industry,
is indeed a large source of air pollution; our empirical evidence demonstrates the
institutional policy could effectively reduce the air pollution by decreasing the pur-
chase of large-engine cars in large metropolitan, which are the area with the most
critical environment problems; on the other side, it could simultaneously increase the
sales of small-engine cars in middles size and small size cities, where the environ-
mental problem is gradually concerned, so as to pursue a long-term environmental
improvement. Our results also show that environmental policies could garner local
economic benefits by limiting the sales of big-engine cars of non-indigenous brands,
while stimulating sales of indigenous car brands. In 2006, Djankov et al. [7] claim
that the role of political institutions in fostering or restricting entrepreneurship is very
vital. Our study expand their study by improving the effectiveness of institutional
policy, that TLV policy helped indigenous car brands, especially for local entrepre-
neurs, who usually play a crucial role in the success of country’s economic growth
and innovation, fend off competition.

The rest of the paper is organized as follows. Section briefly overviews the
automobile industry in China prior to the implementation of TLV. Section reports the
data and empirical results. Finally, Section discusses the study’s contributions and
concludes with implications of the results.
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2 Background

The automobile industry in China has undergone rapid developments since the 1978
reform and opening up policy. In 1980, the number of motor vehicles in China was
only 1.8 million, but within 10 years the number grew to 5.1 million with an annual
growth rate of 11.1%. The period from 1990 to 1999 witnessed a relatively stable
growth of motor vehicles in the country, with the number reaching 14.5 million in
1999 (a 10.2% annual growth rate). More rapid growth subsequently followed from
2000 to 2009, with an annual growth rate of 14.5%; by 2009, the number of motor
vehicles in China had reached 62.1 million. As a developing country, the automobile
industry has played a key role in China’s economic development, contributing to
28.6% of the nation’s total GDP (based on reported statistics from 1978 to 2006)
while also significantly supporting the developments of a wide range of other indus-
trial segments, e.g., steel, manufacturing and service.

China has been actively cultivating the automobile industry during the past 30
years. In the early days, Chinese state-owned automobile manufacturers primarily
focused on producing large commercial trucks, and only a limited number of pas-
senger cars [1]. Starting from the early 1980s, joint venture partnerships with major
global automobilemanufacturerswere approved todevelopChina’s domestic produc-
tion capabilities through technology and knowledge transfer. The 1994 implementa-
tion of the Automobile Industry Policy took a significant step in this direction. The
policy allowed large global manufacturers to operate in China under a joint venture
with their ownership restricted to no more than half. Major local participants in these
joint ventures included Beijing-based First AutomobileWorks (FAW), the Shanghai
Automotive Industry Corporation (SAIC), and Hubei-based Dongfeng Motors,
which collectively were the so-called “big three”. Riding on the strong economic
growth in China at the start of the 2000s, automobile production picked up signif-
icantly, with new state-owned and private manufacturers (e.g., Geely, Chery, and
BYD) entering the market. In 2004 the Automobile Industry Policy was updated
with a greater emphasis on domestic research and development, as a key objective
was to develop a few famous indigenous brands and globally competitive automobile
groups (top 500) by Baker and Hyvonen [1]. Yet, given the extremely competitive
automobile market in China, indigenous brands occupy only a small percentage of
the market [17]

It is important to recognize that due to the wide disparity in the economic develop-
ment across the country, China constitutes a multi-tiered socio-economic landscape.
First-tier metro cities are the most developed with the best infrastructures and typ-
ically host larger populations, e.g., Beijing and Shanghai. In contrast, lower-tiered
rural cities lag in infrastructural development, and have smaller populations with
lower average income levels. Traditionally the sales of private cars had been concen-
trated in higher-tiered cities, but this trend is changing as economic growth nowdrives
personal income. According to a Nielsen report (2013) [16], more car purchases are
increasingly coming from lower-tiered cities, with 56% of potential buyers first-time
ones. Coupled with the estimation that the penetration rate of the auto market is only
5% in China overall, there is still much potential for theautomobile market.
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Concomitantly, the negative implications of automobile development such as
environmental pollution has also become increasingly striking. In 2009, vehicu-
lar emissions such as nitrogen oxide and hydrocarbon accounted for over 25% of
national total emissions in China. In large cities such as Beijing, Shanghai, and
Guangzhou, vehicular emissions have become a major source of air pollution [21].
It has also been noted that car emissions are the leading contributor of summer
problems in Beijing [22]. Against this backdrop, the TLV policy was initiated and
evaluated in terms of its effectiveness.

3 Empirical Analyses

3.1 Data

Our dataset contains the entire record of passenger car registrations in China. To
study the impact of TLV, we focus on the registration records from July 2008 through
June 2011, covering the policy implementation period and six months prior and six
months after the policy implementation. During this three-year observation window,
24,574,631 cars were purchased and registered in China. The registration records
contain the following information: time of purchase (month), brand, car model,
engine type, the city in which the car was purchased and car buyer’s demographic
data. There are 67283 missing values of demographic variables (age and gender) in
our data, which is about 1.13% of total 59,623,20 observations. We replace them by
mean values of car buyer’s age/gender proportion in specific month group, city-tier
group and price-tier group respectively. We also collected a number of variables as
controls from the China Statistical Yearbook, including GDP, average amount of sav-
ings, unemployment rate, and population. These variables have been considered in
other studies investigating car policy stimuli [13, 14], given that they may influence
consumer decisions to purchase cars vis-à-vis the cost of car usage.

Table1 presents the summary statistics of our dependent variables. Apart from the
statistics of total car sales during the study period, we split the records into the sales
of big-engine cars (>1.6-liter) and small-engine cars (≤1.6-liter), and separated the
statistics into three time periods (before, during, and after the policy period), and by
different city tiers.

Comparisons of monthly average sales sixmonths prior to, during, and sixmonths
after the policy (TLV) show significant differences in terms of the sales of all cars,
big-engine cars, and small-engine cars (see Table1): sales were significantly higher
during the policy implementation period, with a 124% increase in sales of small-
engine cars, and only a 52.3% increase for big-engine cars. Comparing with the
increase of total car sales (91.2%) from pre-policy period to policy period, it’s rea-
sonable to state that the sales of small-engine cars increased much more dramatically
than those of big-engine cars in general. These provide initial model-free evidence
for the impact of the TLV on car sales.
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Table 1 Panel A: summary statistics of car sales during the study period

(Thousand) Pre-policy Policy Post-policy

Mean SE Mean SE Mean SE P-Value

Monthly sales of automobiles 380.79 12.36 728.75 41 799.98 79.32 <0.0001

Monthly sales of automobiles
with Emission ≤1.6L

204.97 8.36 406.9 30.4 493.21 45.85 <0.0001

Monthly sales of automobiles
with Emission >1.6L

175.81 6.11 267.85 12.02 306.77 33.93 <0.0001

Table 2 Panel B: summary statistics on car data

Mean SD MIN 5% 95% Max

Policy 0.667 0.471 0 0 1 1

Post 0.167 0.373 0 0 1 1

Time 18.5 10.39 1 2 35 36

Consumption Rate 0.944 0.229 0 0 1 1

Scrapped 0.528 0.499 0 0 1 1

Truck 0.611 0.487 0 0 1 1

GDP 15.39 12.17 0.395 1.654 42.43 53.21

Saving 10.20 8.329 0.185 1.058 31.41 40.41

Unemployment Rate 3.668 0.498 1.37 2.6 4.27 4.57

Population 5.228 2.785 0.292 0.633 10.13 10.50

Price (ten thousand) 14.85 13.22 3.58 4.48 39.66 96.2

Besides, Table2 presents the summary of car related variables of our study.

3.2 Empirical Analyses

We first examine the change in car sales with the following regression model:

Salesijt = α0 + α1Policyt + α2Postt + ΔControlVarsit + Ωi + εijt, (1)

where i indicates the city, j indicates the car type, and t indicates the month. The
dependent variable, Salesijt , is the natural logarithmof sales volume.As the data cover
three periods, i.e., pre-policy, during-policy, and post-policy, we use two dummies,
Policyt and Postt , to identify the periods respectively. Policyt is equal to 1 if month t
is during the implementation of theTLVpolicy and 0 if otherwise. Postt is equal to 1 if
month t is after the implementation of the TLV policy, and 0 if otherwise. Thus, when
both Policyt and Postt are 0, month t should be before the policy implementation. As
previously mentioned, we also control the macro-economic impacts, including time
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trend, regional GDP (100 billion in RMB), regional savings per household (1000 in
RMB), unemployment rate (%), and regional population (10million), as well as other
policies which were being implemented during the observation period of our dataset.
Time trend is an important control because it helps rule out alternative explanation
of consumers’ ability to purchase cars in rural lower-tier cities over time, beyond
the income effects controlled for by other covariates. We separated the analyses into
the total car sales, the sales of big-engine cars, and the sales of small-engine cars,
and estimated the three models contemporarily by Seemingly Unrelated Regression
(SUR) method. Table3 presents the results.

As the results show, the TLV policy had a positive effect on total car sales in
general. However, when we refine the analysis by car types, we see that the policy
indeed has a positive effect on the sales of small-engine cars (direct effects as intended
by the policy). Interestingly, this policy also has a negative effect on the sales of big-
engine cars (a negative spill-over effect). These effects are robust to controlling for
the trends of growing car sales in China (denoted by the time trend variable), other
policies that were implemented during the study period (both of them, denoted by
Scrappage and Trucks), and other variables that may influence car sales: regional
GDP, regional savings per household, unemployment rate, and regional population.

The positive targeted effect is straightforward: the TLV policy decreased price of
small-engine cars and raised sales consequently. And about the negative spillover
effect, it might be caused by the substitution effect, especially for big-engine cars

Table 3 Detecting the effects of TLV

Dependent variable Total car sales Sales of small-engine cars Sales of big-engine cars

Policy 0.0183∗∗∗
(0.002)

0.0216∗∗∗ (0.002) −0.0037∗ (0.001)

Post −0.1194∗∗∗
(0.003)

−0.0811∗∗∗ (0.003) −0.0582∗∗∗ (0.002)

Time 0.0102∗∗∗
(0.000)

0.0077∗∗∗ (0.000) 0.0035∗∗∗ (0.000)

Consumption Tax −0.0196∗∗∗
(0.002)

−0.0096∗∗∗ (0.002) −0.0116∗∗∗ (0.001)

Scrapped −0.0034a

(0.002)
−0.0078∗∗∗ (0.002) 0.0001 (0.001)

Truck −0.0124∗∗∗
(0.002)

−0.0069∗∗∗ (0.002) −0.0084∗∗∗ (0.002)

Macro covariates Yes Yes Yes

Observations 5962320 5962320 5962320

R-square 0.029 0.017 0.014

Note Consumption tax indicates a change in the rate of consumption tax (in September 2008).
Scrappage indicates a car scrappage policy (from June 2009 to December 2010); Trucks indicates
a policy to promote light trucks and vans in villages (from March 2009 to December 2010)
ap < 0.1, ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001
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with emission closer to 1.6 L, which is the cut point. Our additional study on more
emission groups also provides an additional support to this explanation.

To gain deeper insights into these effects of the TLV policy, we segment the
data analyses by city tiers in China (see the Appendix). As previously mentioned,
China has different city-tiers with considerable variation in terms of development
levels. First-tier cities consist of sixteenmega cities, includingBeijing, Shanghai, and
main provincial capital cities (e.g., Hangzhou, Nanjing, and Chengdu). These cities
possess rich resources of economy, education, nature and have a relatively developed
economy. The 154 cities in the second-tier are usually the capital cities of small
provinces (e.g., Taiyuan, Fuzhou, and Guiyang) or important cities in medium-level
provinces (e.g., Datong, Dalian, and Erdos). Most of the second-tier cities have their
own pillar industries. Beyond the second-tier, China has cities that do not have well-
developed economies. 194 cities belong to such third-tier in our dataset. To ensure
the robustness of our study, we also checked the result of first-tier cities without
Beijing and Shanghai, where have additional limitation for car plate application.
Table4 presents the regression analysis across the three city-tiers.

The results show that the intended positive effect of the TLV on the sales of
small-engine cars actually occurred in the lower-tier cities (tiers 2 and 3), but not
in the first-tier cities. In contrast, the negative spillover effect of the policy on the
sales of big-engine cars occurred in higher-tier cities (tier 1), but not in the 2nd and
3rd tier cities at the bottom-end. As such, the direct, targeted positive main effects
of promoting smaller engine cars are driven by sales in lower-tier cities, whereas
the indirect, untargeted negative spill-over effects of limiting larger engine cars are
driven by sales in higher-tier cities.

A possible explanation for the existence of positive targeted effect on smaller cities
only is that citizens of smaller cities usually have a lower income and are more price-
sensitive. By and large, the public transportation in smaller cities is comparatively
inconvenient. Therefore, a lower price stimulates the sales of small-engine cars in
smaller cities. In contrast, citizens of mega cities are of less price-sensitivity, which
means the policy would not increase their willingness to buy small-engine cars to
a great extent. And the public transportation in larger cities is more convenient, so
citizens of larger cities might change the means of transportation to subway, bus and
some other kinds of public transportation.

We next assess the policy effects across car brands. As show in Table5, we find
that the policy stimulated the sales of small-engine cars of both indigenous and non-
indigenous brands but only reduced the sales of large-engine cars of non-indigenous
brands. As such, this TLV policy actually favors the growth of indigenous car brands
vis-à-vis non-indigenous counterparts, an interesting spillover effect not intended
by the policy. The occurrence of negative spillover effect on non-indigenous brands
is possibly caused by the fact that prices of non-indigenous brand automobiles are
generally higher than indigenous brands. Consumers preferring to buy cars with non-
indigenous brands might be influenced more by the TLV policy, and the substitution
effect thereby occurs more on non-indigenous brands.
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Table 4 The effects of TLV across city tiers

1st city tier 1st city tiera 2nd city tier 3rd city tier

Panel A: sales of small-engine cars ≤ 1.6 liter

Policy −0.0085 (0.015) −0.0103 (0.016) 0.0282∗∗∗
(0.003)

0.0244∗∗∗ (0.002)

Post −0.2619∗∗∗
(0.024)

−0.2231∗∗∗
(0.025)

−0.1083∗∗∗
(0.005)

−0.0330∗∗∗ (0.003)

Time 0.0210∗∗∗
(0.001)

0.0203∗∗∗
(0.001)

0.0107∗∗∗
(0.000)

0.0056∗∗∗ (0.000)

Consumption
Rate

−0.0340∗
(0.015)

−0.0328∗
(0.016)

−0.0153∗∗∗
(0.003)

−0.0072∗∗∗ (0.002)

Scrapped −0.0210 (0.013) −0.0142 (0.014) −0.0115∗∗∗
(0.003)

−0.0066∗∗∗ (0.002)

Truck −0.0171 (0.016) −0.0179 (0.017) −0.0113∗∗∗
(0.003)

−0.0061∗∗ (0.002)

Macro covari-
ates

Yes Yes Yes Yes

Observations 262080 229320 2522520 3177720

R-squared 0.012 0.012 0.013 0.014

Panel B Sales of big-engine cars > 1.6 liter

Policy −0.0479∗∗∗
(0.014)

−0.0392∗∗
(0.015)

0.0012 (0.003) 0.0021 (0.001)

Post −0.1415∗∗∗
(0.022)

−0.1098∗∗∗
(0.023)

−0.0720∗∗∗
(0.004)

−0.0289∗∗∗ (0.002)

Time 0.0098∗∗∗
(0.001)

0.0098∗∗∗
(0.001)

0.0052∗∗∗
(0.000)

0.0030∗∗∗ (0.000)

Consumption
rate

−0.0126 (0.014) −0.0081 (0.015) −0.0179∗∗∗
(0.003)

−0.0103∗∗∗ (0.001)

Scrapped 0.0087 (0.013) 0.0117 (0.013) −0.0006 (0.002) −0.0026∗ (0.001)

Truck −0.0152 (0.015) −0.0211 (0.015) −0.0122∗∗∗
(0.003)

−0.0081∗∗∗ (0.001)

Macro covari-
ates

Yes Yes Yes Yes

Observations 262080 229320 2522520 3177720

R-squared 0.008 0.007 0.009 0.010
aWithout Beijing and Shanghai
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Table 5 The effects of TLV on indigenous brands and non-indigenous Brands

Indigenous brands Non-indigenous brands

Panel A: sales of small-engine cars ≤ 1.6 liter

Policy 0.0134∗∗∗ (0.002) 0.0325∗∗∗ (0.003)

Post −0.0633∗∗∗ (0.003) −0.1029∗∗∗ (0.005)

Time 0.0075∗∗∗ (0.000) 0.0080∗∗∗ (0.000)

Consumption rate −0.0024 (0.002) −0.0186∗∗∗ (0.003)

Scrapped 0.0007 (0.002) −0.0184∗∗∗ (0.003)

Truck −0.0032 (0.002) −0.0116∗∗∗ (0.003)

Macro covariates Yes Yes

Observations 3313128 2649192

R-squared 0.015 0.020

Panel B: sales of big-engine cars > 1.6 liter

Policy −0.0002 (0.001) −0.0072∗ (0.003)

Post −0.0174∗∗∗ (0.002) −0.1085∗∗∗ (0.004)

Time 0.0010∗∗∗ (0.000) 0.0067∗∗∗ (0.000)

Consumption rate 0.0020 (0.001) −0.0285∗∗∗ (0.003)

Scrapped 0.0053∗∗∗ (0.001) −0.0063∗ (0.002)

Truck −0.0035∗ (0.001) −0.0146∗∗∗ (0.003)

Macro covariates Yes Yes

Observations 3313128 2649192

R-squared 0.006 0.025

4 Concluding Remarks

The automobile industry may buttress a country’s economic development, but may
also threaten the environment. We demonstrate that a policy measure designed to
influence consumer purchase of more environmental-friendly cars with a tax-cut
incentive could furnish both environmental and economical benefits. Environmen-
tally, such a policy could encourage ownership of low-emission, small-engine cars
and discourage ownership of high-emission, big-engine cars. Economically, the pol-
icy could favor the growth of indigenous brands, which is desired in a developing
country such as China that hopes to cultivate its own brands to decrease dependence
on non-indigenous companies.

Leveraging the uniquely huge and diverse markets of China, we also show that the
policy is beneficial for encouragingpurchases of small-engine cars in lower-tier cities,
which range from fairly well developed to poorly developed areas. Furthermore, such
a policy acted more to discourage the purchases of big-engine cars in higher-tier,
mega cities, where air pollution due to vehicular emissions is particularly severe
(For instance, Beijing has become one of the cities with the most severe vehicular
emission pollution. In Shanghai, although the amount of cars is only 1/12 of that in
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Tokyo, the air pollutants due to vehicular emissions are about equal to that of the
latter. In Guangzhou, vehicular emissions constitute 22% of the pollution sources
(the largest component), whereas the percentage even reaches 70% in Shenzhen.).

The heterogeneous results across the different city-tiers highlights a caveat of
the TLV policy - it turned out to be ineffective in inducing the purchases of small-
engine cars in first-tier mega cities in China to pursue a long-term environmental
improvement. While this does not negate the value of the policy given that it did
reduce large-emission big-engine cars in the first-tier cities, it does mean that pru-
dent policy-makers ought to ponder alternative policy designs if their objective is to
promote a fleet of more environmentally-friendly cars in their forerunner cities.

This study is limited because it does not use any environment index to directly
measure the impact of TLV on air pollution. However, environment is a long term
goal, which is hard to quantify in couple of years, especially by focusing on only
several years of data and limited influential factors. Based on the main finding of
our paper, it’s reasonable to claim that the TLV policy will consequently reduce
environmental pollution, to some extent, as it limits car sales of big engine and lifts
up sales of small engine in the same time period.
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Investigation into Logistics Outsourcing
Supplier Selection for Automobile
Manufacturers

Jiliang Liu

Abstract Automobile manufacturers generally pursue an automotive logistics
outsourcing strategy on account of fierce competition across the automotive indus-
try. Focusing on automakers’ selection of automotive logistics outsourcing suppliers,
this paper analyzes the characteristics of the logistics demand of an automaker by
establishing a performance index system for an automotive logistics supplier as well
as an evaluation model for the same supplier based on fuzzy AHP. A case study is
also conducted as a beneficial reference for the automaker to select an appropriate
logistics service provider.

Keywords Supplier selection ·Logistics outsourcing ·Automotive manufacturing ·
Index system · Multistage fuzzy comprehensive evaluation approach

1 Introduction

In recent years, China has witnessed very fast development of the automotive
industry. As indicated by the statistics released by China Association of Automobile
Manufacturers, automobile ownership in China had totaled 137 million by the end
of 2013; In 2013, the accumulative production came to 22.1168 million with year-
on-year growth of 14.76 %, while the sales is 21.9841 million with year-on-year
growth of 13.87 %; and the growth rate of production and sales rose by 10.2 and
9.6 % respectively on a year-on-year basis.

However, the competition in the automotive industry is also increasingly fierce.
A lot of Sino-foreign joint-venture brands, represented by Shanghai GM, and such
Chinese brands as Chery and BYD are stepping up efforts in technological rev-
olution and launching of new generations. In the background of fierce competi-
tion, automakers have been focusing more efforts to research and development
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and manufacturing while outsourcing automotive logistics service. Automotive
logistics concerns logistics service with regard to raw material, auto parts, fin-
ished vehicles, aftermarket accessories and other links on the automotive supply
chain, therefore functioning as a significant bridge on the same chain. As a strate-
gic decision-making step of the automakers, automotive logistics outsourcing has
occupied an important place in the industry chain. The selection of an appropriate
logistics outsourcing service provider plays a particularly important role in securing
unblocked value stream for the automotive industry and upgrading overall compet-
itiveness for the automakers. For an automaker, such selection must take account
of the function and utility of the logistics service provider in terms of the entire
automotive chain while making the logistics service supply chain as cost-efficient as
possible. Therefore, an investigation into the selection of automotive logistics service
providers is of very high realistic significance.

The investigation into logistics supplier selection comprises primarily the eval-
uation index system research and the evaluation model research. Xiang et al. [1]
derived such supplier selection indices as quality system, corporate performance,
production capacity and corporate environment. Xu et al. [2] succeeded in design-
ing five first-stage supplier indices, i.e. corporate qualities, management innovation
capability, financial quality, R&D capability and development prospect. In all of the
above researches, both the domestic and foreign scholars were of the same opin-
ion that quality, delivery period and price constituted the most important indices
for supplier selection. With the birth of the green supply chain management theory,
Noci [3] advanced a green supplier evaluation system based on environmental quality
factors in order for performance evaluation for suppliers’ environmental protection
efforts. Wang et al. [4] established a green supplier selection index system based on
basic corporate qualities, environmental protection capability, innovation capability,
cooperation capability and service capability.

There are many supplier evaluation models and they are featured primarily by the
combination of quality evaluation and quantity evaluation. Huang et al. [5] adopted
analytic hierarchy process (AHP) for multi-objective decision making (MODA) to
establish a supplier selection model. Li et al. [6] proposed an approach to mili-
tary product supplier selection based on a fuzzy AHP. Arpan [7] suggested that an
integrated fuzzy AHP should be used to perform a discriminant analysis of group
decision making (GDM) and fuzzy goal programming (FGP) as group decision sup-
port (GDS) for supplier selection. Wang et al. [8] combined rough set theory (RST)
and AHP to introduce a new method to research into the selection of logistics service
providers. Lin et al. [9] introduced a fuzzy evaluation model based on the combina-
tion of the TOPSIS method and AHP. The cost method is also a generally adopted
supplier evaluation method. Cheng et al. [10] discussed how to use the EOQ model
to select from multiple suppliers. Colin [11] took one step further in demonstrating
the advantage of the EOQ model and quantity discount in reconciling the interests of
the supplier with those of the purchaser. Multi-objective programming (MOP) can
coordinate the conflicts during supplier selection. Xia et al. [12] established a multi-
objective mixed integer programming (MOMIP) model targeting such objectives as
supplier numbers and order quantity between suppliers. Birsen et al. [13] established a
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MOP-based supplier selection model targeting such objectives as quality, cost and
delivery reliability. In empirical system evaluation, input indices are not always
independent of output indices; rather, there is a complicated correlation of influence
and feedback. In Ref. [14], an AHP-DEA supplier selection model was established.
Khoo et al. [15] suggested using an intelligent software agent for supplier selec-
tion. Cook et al. [16] suggested using a case analysis system for making purchasing
decisions, in which the mass information accumulated over time can be employed
to train system capability and select the proper supplier. Albino et al. [17] pro-
posed a decision support system (DSS) based on the artificial neural network (ANN).
Durson et al. [18] proposed a fuzzy-QFD supplier selection approach.

The author of this article proposed a selection model for automotive logistics out-
sourcing service providers which was based on the multistage fuzzy comprehensive
evaluation approach. The index system of the automaker’s logistics outsourcing ser-
vice provider was studied to establish a multi-index evaluation model as a reference
for automotive logistics outsourcing in practice.

2 Automaker Profile and Characteristics of Logistics
Demand

In the paper, a giant state-owned Chinese automaker is assumed which diversifies
widely into R&D, manufacturing and sale of automobiles. It is the holder of several
independently-developed car brands and has a joint-venture with a certain foreign
automaker. In terms of production and sales, the automaker leads on top of most other
domestic counterparts. In 2013, the company produced 2.11 million automobiles and
sold 2.12 million, respectively up by 21.1 and 20.7 % on a year-on-year basis and
exceeding the national average indices.

However, the company’s current logistics service deliverability is anticipated to
fall short of its future logistics service demand, a fact evidenced by an insufficiency
of its own transportation capability. In this regard, the main problem is that it doesn’t
have enough trailers and ro-ro ships to cater to the demand. Besides, the company
doesn’t have its own railway wagons. As a result of land requisition obstacles and
backward layout of warehousing-dedicated land, there is a shortage of warehouses,
prompting the spiraling cost of logistics. At present, the company is planning to
outsource its automotive logistics, i.e. finished vehicle transportation and supply
chain management for raw material and auto parts, to a third-party logistics service
provider. According to the car manufacturer’s strategic objectives, in cooperation
with automobile manufacturers logistics companies have an important role in the
supply chain, logistics companies have truckload, parts distribution expertise, and
the ability to respond quickly to market, while to meet the growing business needs
of automotive logistics.
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3 Evaluation Index System for the Logistics Outsourcing
Supplier

Evaluation index system selection is the key to successful evaluation; also, it’s the
crux of the problem. The establishment of an evaluation system is based primarily on
the automaker’s demand for logistics performance. Based on the foregoing discussion
of logistics service demand, the author provided the following diagram of outsourcing
supplier demand:

As shown in Table 1, the paper tried to establish an evaluation index system for
logistics outsourcing supplier selection based on logistics demand characteristics,
corporate development goal and four indices: financial performance, transportation
performance, warehousing performance and customer performance.

Table 1 Logistics outsourcing supplier evaluation index system

First level index Second level index Description

Financial performance Financing capability
profitability solvency

Financial performance reflects
the supplier is operating status.
Financing capability reflects
development potential.
Profitability and solvency
reflect operation performance
and sustainable profitability

Transportation performance Transportation cost control
punctuality incident handling

The main service of the
third-party logistics service
provider represents
fundamental performance.
Cost control and punctuality
reflect the quality of
transportation management

Warehousing performance Warehousing cost control
inventory availability
inventory damage control

Warehousing is an important
link in the logistics chain. Cost
control and damaged goods
percentage reflect management
quality. Availability reflects
service quality

Customer performance Customer satisfaction
complaint response and
handling response to market

Customer performance is the
ultimate goal of service.
Customer satisfaction is the
most direct representation of
customer performance.
Complaint response and
handling reflects the supplier’s
handling of market response
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4 Multistage Fuzzy Comprehensive Evaluation of the
Automotive Logistics Outsourcing Supplier

In the following paragraphs, the author adopted the multistage fuzzy comprehensive
evaluation approach to establish the logistics outsourcing supplier evaluation model
and conduct an evaluation of a certain potential logistics service provider. In fact,
supplier selection may be based on cost analysis, AHP, data envelopment analysis
(DEA), or grey relational analysis (GRA). However, there were a series of prob-
lems: the complexity of evaluation factors, the hierarchy of the evaluation object,
the fuzziness of the evaluation standard, the fuzziness or uncertainty of evaluation
influencing factors, and the difficulty with quantification of qualitative indices. The
introduction of multistage fuzzy comprehensive evaluation, which combined qual-
itative analysis and quantitative analysis, not only considered the complexity and
hierarchy of the evaluation object, but also the fuzziness of the evaluation indices;
furthermore, the evaluator’s knowledge and experience were incorporated in multi-
stage fuzzy evaluation to fit in with the practical situation and make a more reliable
evaluation (Fig. 1).

1. Set of evaluation factors.
The determination of the domains of discourse for the supplier evaluation factors

must consider the automaker’s logistics demand. Based on the demand analysis
and evaluation in the foregoing paragraphs, a set (U ) of supplier evaluation factors
was created: U = {financial performance, transportation performance, warehousing
performance, customer performance}.

Material 
provider

Transportation
performance

Auto part 
inflow logistics

Financial 
performance

Warehousing
performance

Customer
performance

Customer

Automaker

Finished 

vehicle 

Auto part 

aftermarket 

logistics

Third-party logistics service provider

Fig. 1 Analysis of the demand for the logistics outsourcing supplier
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2. Comments grade domain.
The set of the domains of discourse was expressed with V. According to the

automaker’s evaluation requirements, a four-stage set of the domains of discourse
was created. V = {very good, good, passable, bad}.
3. The weights were determined for the factors in the first-stage indices and second-
stage indices.

First of all, questionnaires were handed out to academics and senior executives
of the automaker’s logistics branch. 20 effective questionnaires were handed in.
The data were sorted out as indicated in Tables 2, 3, 4, 5 and 6. Then, the random
consistency ratio was worked out for the evaluation matrix (see Table 7).

Finally, judgment matrices were derived directly from Tables 2, 3, 4, 5 and 6.
The eigenvectors corresponding to the maximum eigenvalues of the various judg-

Table 2 The academics’ scores for first-stage indices

Financial
performance

Transportation
performance

Warehousing
performance

Customer
performance

Financial performance 1 1/7 1/3 1/5

Transportation performance 7 1 5 3

Warehousing performance 3 1/5 1 1/3

Customer performance 5 1/2 3 1

Table 3 The academics’ scores for second-stage indices in terms of logistics capability

Financing capability Profitability Solvency

Financing capability 1 2 3

Profitability 1/2 1 3

Solvency 1/3 1/3 1

Table 4 The academics’ scores for second-stage indices in terms of service quality

Transportation cost control Punctuality Incident handling

Transportation cost control 1 2 1/5

Punctuality 1/2 1 1/5

Incident handling 5 5 1

Table 5 The academics’ scores for second-stage indices in terms of pricing

Warehousing cost
control

Inventory
availability

Inventory damage
control

Warehousing cost control 1 1/9 1/5

Inventory availability 9 1 4

Inventory damage control 5 1/4 1
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Table 6 The academics’ scores for second-stage indices in terms of development potential

Customer satisfaction Complaint response
and handling

Response to
market

Customer satisfaction 1 3 5

Complaint response and han-
dling

1/3 1 3

Response to market 1/5 1/3 1

Table 7 Random consistency ratio

First stage
index

Financial
perfor-
mance

Transportation
performance

Warehousing
performance

Customer
performance

Random consis-
tency ratio

0.075 0.046 0.046 0.061 0.033

ment matrixes were the weights of the variously-staged indices. The eigenvalues
and eigenvectors could be worked out very easily with the Matlab built-in command
([V, D] = eig(A)). They could also be worked out using the so-called approxima-
tion algorithm (summation method or rooting method). The investigation showed
that the error among the results of these algorithms didn’t exceed 1 % and met the
evaluation precision requirements. In Table 8, the rooting method was used to derive
the results.
4. Single factor evaluation and establishment of fuzzy evaluation matrix (R).

The degree of membership of V was defined by proceeding from a factor. The first
step was a statistical analysis through questionnaires aimed to obtain the supplier’s
scores of the indices (see Table 9).

The second step was to normalize each first-stage index based on Formula before
calculation. The fuzzy evaluation matrices for second-stage indices (i.e. financial
performance) were listed as follows:

R1 =
⎧
⎨

⎩

0.7 0.3 0 0
0.8 0.1 0.1 0
0.1 0.7 0.1 0.1

⎫
⎬

⎭
, R2 =

⎧
⎨

⎩

0.6 0.2 0.2 0
0.2 0.1 0.6 0.1
0.4 0.5 0 0.1

⎫
⎬

⎭
,

R3 =
⎧
⎨

⎩

0 0.7 0.2 0
0.1 0.5 0.4 0
0.4 0.4 0.1 0.1

⎫
⎬

⎭
, R4 =

⎧
⎨

⎩

0.4 0.5 0.1 0
0.3 0.5 0.2 0
0.2 0.3 0.2 0.3

⎫
⎬

⎭
.

Finally, the single-factor fuzzy evaluation formula (Bi = wi × Ri ) was worked out
based on wi (see the following):

B1 = (0.6494, 0.2893, 0.0472, 0.0140), B2 = (0.2944, 0.1642, 0.4592, 0.0822),

B3 = (0.1633, 0.4889, 0.3186, 0.0291), B4 = (0.3532, 0.4791, 0.0726, 0.0951).



1246 J. Liu

Table 8 The weights of the variously staged indices

First-stage index Weight of first-stage
index

Second-stage index Weight of
second-stage index

Financial
performance (W1)

0.0535 Financing capability
(W11)

0.5278

Profitability (W12) 0.3325

Solvency (W13) 0.1396

Transportation
performance (W2)

0.5484 Transportation cost
control((W21))

0.1779

Punctuality (W22) 0.706

Incident handling (W23) 0.1161

Warehousing
performance (W3)

0.1146 Warehousing cost
control (W31)

0.0603

Inventory availability
(W32)

0.7085

Inventory damage
control (W33)

0.2311

Customer
performance (W4)

0.2835 Customer satisfaction
(W41)

0.637

Complaint response and
handling (W42)

0.2583

Response to market
(W43)

0.1047

(5) Calculation of the overall fuzzy comprehensive evaluation. B1, B2, B3 and B4
were introduced as elements of a second-stage fuzzy evaluation matrix (R).

R =

⎧
⎪⎪⎨

⎪⎪⎩

0.6494 0.2893 0.0472 0.0140
0.2944 0.1642 0.4592 0.0822
0.1633 0.4889 0.3186 0.0291
0.3532 0.4791 0.0726 0.0951

⎫
⎪⎪⎬

⎪⎪⎭
, W = (0.0535, 0.5484, 0.1146, 0.2835).

The weight (W) of the first-stage index is W = (0.0535, 0.5484, 0.1146, 0.2835).
The result of the final fuzzy comprehensive evaluation was derived as follows:

B = W × R = (0.3150, 0.2974, 0.3114, 0.0761).

According to the maximum membership principle, the potential logistics service
provider was evaluated as “very good”, which signified that it fulfilled the general
evaluation requirements of the automaker for logistics outsourcing suppliers in terms
of performance in finance, transportation, warehousing and customer service.
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Table 9 The academics’ scores of indices for the supplier

First-stage index Second-stage index Very good Good Passable Bad

Financial
performance (W1)

Financial performance (W1) 7 3 0 0

Profitability (W12) 8 1 1 0

Solvency (W13) 1 7 1 1

Transportation
performance (W2)

Transportation cost control
(W21)

6 2 2 0

Punctuality (W22) 2 1 6 1

Incident handling (W23) 4 5 0 1

Warehousing
performance (W3)

Warehousing cost control
(W31)

0 7 2 1

Inventory availability (W32) 1 5 4 0

Inventory damage control
(W33)

4 4 1 1

Customer
performance (W4)

Customer satisfaction (W41) 4 5 0 1

Complaint response and
handling (W42)

3 5 2 0

Response to market (W43) 2 3 2 3

5 Conclusion

As fierce competition prompts automakers to outsource automotive logistics, the
paper tried to address the selection of an appropriate logistics outsourcing supplier.
The author cited an automaker’s evaluation of its potential logistics outsourcing sup-
plier to conduct an investigation into the supplier selection index system and the
comprehensive evaluation model. By analyzing the characteristics of automotive
logistics demand, the author studied and established an evaluation index system,
which comprised four first-stage indices (financial performance, transportation per-
formance, warehousing performance and customer performance) and twelve second-
stage indices, as well as the supplier comprehensive evaluation model and cases based
on multistage fuzzy comprehensive evaluation. This investigation is anticipated to
be of use to Chinese automakers in logistics service supplier selection and core
competitiveness improvement.
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Sustainable Lean Implementation: An
Assessment Tool

Timo Schröders and Virgilio Cruz-Machado

Abstract The lean management philosophy is applied to improve the productivity
and customer satisfaction of anorganization.Besides themanufacturing sector,where
it has been a standard for a long time, it was adopted by other sectors like service,
administration, and research. Though lean implementations often fail or are not
sustainable. Failure reasons and success factors are namedbasedon literature reviews.
Furthermore, business models and awarding prizes for lean approaches are described
and analyzed. Based on this, an assessment tool is developed. It consists of 24 criteria
that are divided in the 4 categories: leadership, culture, knowledge, and process. The
category culture is subdivided in: improvement, empowering, and partnering. The
rating of each criterion works by interviews on the management and supervisor level,
and surveys on all levels of the company. To get an objective third-party feedback,
external experts can be consulted. The highest possible score is 10 and the lowest
possible 1. To improve the score of low rated criteria, different countermeasures
for each criterion are named. By gathering the knowledge of different research and
case studies, this tool can help companies to implement lean in a sustainable way.
Still it has to be considered, that every lean approach is individual and the proposed
countermeasures have to be used properly. This tool is not verified in practice yet
and needs of further research are mentioned as well.
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1 Introduction

In the past decades, lean as a process management philosophy has gained popularity
in the manufacturing sector, and became a standard in large scale enterprises. Dur-
ing the last years, Jørgensen et al. [16] proposed that the implementation of lean
increased also in small and medium-sized companies (SMEs), and the philosophy
was adopted by other sectors like service, administration, and research. Bhasin [3]
and Scherrer-Rathje et al. [25] discussed the goal of lean is to satisfy the customer
through on time delivery and high quality products by focusing on identifying and
eliminating waste throughout a product’s entire value stream (including the com-
pany’s supply chain network). Womack and Jones [30] defined waste as any human
activity that absorbs resources but creates no value. Ohno [22] identified seven types
of waste: defect, overproduction, transportation, unnecessarymotion, waiting, inven-
tory, and inappropriate processing. Later, Liker [19] added an eighth type of waste:
unused employee creativity. Environmental waste is considered the ninth. Vinodh et
al. [29] proposed that it embodies unnecessary or excessive usage of resources, as
well as substances released to air, water or land, that could harm human health or
environment.

Bhasin [3] proposed that the benefits of a lean state in a company are: shorter
cycle times, shorter lead times, lower work in progress (WIP), faster response time,
lower cost, greater production flexibility, higher quality, better customer service,
higher revenue, higher throughput and increased profit. Scherrer-Rathje et al. [25]
discussed that this is achieved through implementing a set of tools and techniques,
e.g. kaizen (i.e. continuous improvement), six sigma quality, visual displays, kanban,
and just-in-time supply systems. Vinodh et al. [29] and Jackson [15] proposed that a
detailed description of the lean tools is provided in further literature.

Though lean is being studied extensively for more than 30years, companies still
face difficulties in the implementation of lean in a sustainable way. Scherrer-Rathje
et al. [25], Liker and Rother [19], Miina [21] and Schlichting [26] discussed that
question why lean implementations fail is discussed in literature. This paper focuses
on finding a solution for these problems through developing an assessment tool. This
tool includes countermeasures based on literature and the combination of different
business models, tools/techniques and award systems.

2 Literature Review

The main problem of lean is that its implementation often fails or is not sustainable.
As Bhasin and Burcher [4] state, just about 10% of companies succeed at the imple-
mentation of lean practices. According to Pay [23] only 2% of companies in the U.S.
that have a lean program, achieved their anticipated results. Liker and Rother [19]
said that even many past winners of the Shingo Prize (SP), an award for excellence in
lean manufacturing, were not able to sustain their progress after winning the award.
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This leads to the question why lean implementation fails or is not sustainable.
Schlichting [26] for example names 7 categories of failure reasons: missing man-
agement support, lack of employee involvement, lack of customer focus, operational
stability, lack of money, use of wrong tools and rapid lean conversion. Shortcomings
in employee involvement and the lack of operational stability,which includes demand
leveling and standard work, are regularly named as major reasons for lean imple-
mentation failures. Schlichting [26] said that experts also mention, that missingman-
agement support and a rapid lean conversion without a long-term strategy, are often
responsible for problems during the lean approach. There is a lot of literature address-
ing this problem and offering possible solutions. Several success factors of a lean
approach are mentioned in case studies and assessments. Furthermore, institutions
developed business models to help companies during the implementation of lean.

2.1 Success Factors

According to Miina [21] and Liker [19] and Ohno [22] , the implementing of lean
principles has to be continuous, involve multiple cycles of improvement, and can not
be seen as a temporary and immediateworking tool to fixproblems.Consequently, the
approach has to be planned step by step and every company has to have a clear vision
and target about the implementation process. Liker and Rother [19] mentions that
leaders have to develop people progressively by coaching them to reach a lean state.

Companies have to focus on certain steps of lean implementation process more
than on others. Miina [21] proposed that these steps are named as critical success fac-
tors. Achanga et al. [1] mentioned 4 main critical success factors for a lean approach:
leadership and management, finance, skills and expertise, and culture of the organi-
zation. The result of the lean implementation depends to 50% on leadership, 30%
on finance, 10% on organization and culture, and also 10% on skill and expertise.

In a case study Scherrer-Rathje et al. [25] named 6 success factors for a lean
approach which broadly match Schlichtings failure reasons: visible management
commitment, autonomy of employees, openly disclose mid-to long-term lean goals,
mechanisms for long-term sustainability of lean, communicate lean from the outset,
and continual evaluation during the lean effort.

Hilton and Sohal [12] focued on success factors of lean itself and not on factors of
process of implementation. Their detailed list of success factors contains: leadership,
communication, behavior and awareness of Six Sigma; policies, culture and organi-
zational support and strategy; education, training and competency of the Six Sigma
experts; project improvement teams and project management; and performance eval-
uations based on quality criteria, information systems, data and measurement.

Beside the different success factors, there are business models that are developed
to help organizations to improve their performance.
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2.2 Business Models

Since most companies struggle with the implementation of lean programs, there is an
increased demand for models that assist organizations to improve their performance.
Most of these businessmodels refer to the total qualitymanagement (TQM)approach,
which embraces social and technical dimensions to achieve excellent results. The
ideas of lean and TQM overlap in many areas and both approaches can assist each
other. Duarte and Cruz-Machado [10] proposed that to facilitate the implementation
of these business models, several of them are converted in awards, standards, and
frameworks to analyze and assist companies during their journey to excellence. This
paper focuses on the Awards. Duarte and Cruz-Machado [6] said further information
about the other models can be found in literature.

Awards such as theDemingPrize (DP, in Japan),MalcolmBaldrigeNationalQual-
ity Award (MBNQA, in the USA), European Foundation for Quality Management-
Model (EFQM-Model, in Europe), Shingo Prize (SP) and the International Standard
ISO 9001 are frequently applied quality management models. While DP, MBNQA,
EFQM and the ISO 9001 are based on TQM, Torielli et al. [28] proposed that the SP
is designed to assess organizational lean management approaches.

Awards
In order to assess the improvement of organizations, professional institutions have
developed awarding prizes to acknowledge the best practices. These prizes are based
on models that provide guidelines and can be used for self-assessment during lean
approaches and others. The most common models or awards worldwide are [27]:

(1) The DP, established in 1951 by the Union of Japanese Scientists and Engineers
(JUSE).

(2) The MBNQA by the National Institute of Standards and Technology (USA),
established in 1987.

(3) EFQM-Model, founded in 1991 as a counterpart of the MBNQA in Western
Europe.

(4) The SP, established specifically for lean approaches in 1988.

Kumar [17] said that the assessment criteria differ by model: The DP for example
focuses mainly on “core quality systems”, while the other models focus on perfor-
mance results. Duarte and Cruz-Machado [10] discussed that a detailed comparison
of all models can be found in literature.

Since the EFQM-Model covers the most topics with its criteria of all TQM based
awards, and the SP is especially designed for lean approaches, both models were
chosen to be the basis for the tool developed in this project.
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3 Assessment Tool

The objective of this paper is to develop an assessment tool that helps a company to
implement lean in a sustainable way. This tool is based on the reviewed success fac-
tors, businessmodels, and further literature. As illustrated in Table1, the tool consists
of 24 criteria which are divided in 4 categories: leadership, culture, knowledge, and
process. Culture is subdivided in the subcategories: improvement, empowering, and
partnering. Each criteria can be rated on a scale from 1 to 10 (10 being the highest
possible score). This rating works by interviews on the management and supervisor
level and surveys on all levels of the company. Additionally, external experts can
be consulted for an objective third-party feedback. Furthermore, there are different
countermeasures for each criterion, which can be applied if its rating is low.

Table 1 Assessment tool—Leadership

Criteria Countermeasures

Business plans providing resources, encouragement and
time for improvement

- Analyze the whole company with
its stakeholders, strategic
objectives, business processes and
methods

- Hoshin kanri

- Develop lean house (how to
implement lean in the company)

- Lean accounting (focused on cost
reduction)

Visible management commitment, participation and finan-
cial support

- (Weekly) management walks on
floor level

- Participation in strategic meetings

- Include funding in business plan

Communication of the companies visions and values - Regular info/team meetings

- Info booklets/posters

Communication and measurement of improvement - Pilot projects

- Regular reviews

- Present improvements at
meetings/on posters/in newsletters

Philosophy that encourages and recognizes innovations and
improvement

- Improvement culture

Employee involvement in lean approach - Visual management
(info/production boards)

- Kaizen events

- Job rotation (“cross-trained
operator”)



1254 T. Schröders and V. Cruz-Machado

3.1 Leadership

The category leadership includes 6 criteria:

1. Business plans providing resources, encouragement, and time for improve-
ment
For a successful and sustainable lean approach, it is essential that the company has
clear visions and an elaborated long-term strategy. Beside the goal of every step, it
has to be clear how to reach it. Resources (human, financial, and material), encour-
agement of employees, and enough time for improvement are important factors in the
strategy. To achieve a high rating in this criterion,managers have to analyze thewhole
company with it stakeholders, strategic objectives, business processes, and methods.
The score can be increased by the application of hoshin kanri, a method devised to
capture and cement strategic goals. further information can be found in literature of
Jackson [15]. By developing a lean house, the company can interpret their individual
philosophy of lean in an own production system model. This concept is based on
the theory that every company has its own understanding of lean and should focus
on its own production philosophy. Miina [21] told that a detailed description of the
lean house is available in literature. Another approach is the implementation of lean
accounting where the focus lies on cost reduction, while standard accounting focuses
on cost maintenance. Schlichting [26] defined that a lean accounting approach offers
data that enables managers to create targets on the base of eliminating costs and track
target achievement.

2. Visible management commitment, participation, and financial support
Visible and active management commitment is crucial for the success of a lean
implementation. Scherrer-Rathje et al. [25] discussed that a lack of commitment may
lead to a set of other issues like limited access to resources, lengthy decision-making
processes, and communication breakdowns. Also, employees may not realize the
importance of lean, and participating sufficiently. The importance of financial support
is evident, since every change, especially an extensive one like a lean approach, is
related to investments thatwill take some time to pay off. Byweeklywalks on thefloor
level (frequency can be reduced after lean is implemented), including conversation
with the employees, the management can show their commitment and enhance the
internal communication. The participation in strategic meetings is crucial to obtain
information about all processes in the company and to show the importance of the
approach. To ensure enough financial resources, the funding of the lean approach
has to be appropriate and included in the business plan.

3. Communication of the company’s visions and values
It is important that every employee of the company understands its visions and values,
and identifies himself with them. It leads to an higher motivation, and changes in a
process can be understood and accepted easier. In the absence of this understanding,
workers could fall back to their old ways after changes, and the lean approach will
not be sustainable. This can be counteracted by regular info and team meetings in
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small groups, including all employees. Furthermore, the distribution or installation
of info booklets and posters can improve the communication of a company’s ideals.

4. Communication and measurement of improvement
The communication of lean benefits is important to motivate the employees and
indorse the management in the lean approach. It is a crucial factor to convince
everyone in the company that lean is the right choice, and tomake sure that employees
keep the new processes and do not fall back to old patterns. One way to measure
and communicate the improvement trough lean, is to implement a pilot project in a
small area of the company. Scherrer-Rathje et al. [25] said that the benefits can be
shown very quickly, facilitating the implementation of lean in other areas. Another
way to communicate the improvement, is to measure it by data in regular reviews
(e.g. productivity of workspaces before and after the implementation, cost reduction,
etc.) and present it at teammeetings or on posters in the company. E-mail newsletters
that communicate the improvement can also be applied.

5. Philosophy that encourages and recognizes innovations and improvement
An important aspect of lean is that it includes all employees. Dombrowski andMielke
[7] discussed that everyone should try to improve the process they are dealing with,
since theymight have the best impression of its weaknesses and failures. An improve-
ment culture is crucial to make sure the employees feel free to develop ideas and
innovations. It is based on a different understanding of failure: every failure shows
possibilities for improvement and learning. The goal is to find the root cause of
the failure and to make sure, it will not occur again. Furthermore, the employees
need support from the management in order to maintain improvement activities at
all levels and in all processes. Supervisors or Managers have to pick up the ideas and
help to apply them in practice. To ensure the recognition of innovations and ideas, a
recognition and reward system (see 3.2.1 in 3.2 Recognition and reward system) has
to be installed.

6. Employee involvement in lean approach
The involvement of employees is a crucial factor for the success of a lean imple-
mentation. Schlichting [26] said that a lean conversion can not be implemented in a
top-downmanner andmanagers have to recognize the knowledge of their employees,
and accept their input in problem solution processes. It keeps the workers motivated
and enhances their contribution to the lean approach. Improvement will only be sus-
tained, if the operators understand the reasons behind it and this can only be achieved
by involving them early in the process. To improve the employee involvement, infor-
mation about the lean conversion have to be made visual to the workers. Trough so
called visual management, the operators will be enabled to identify and understand
problems on the floor level and therefore feel the need to improve. It includes info
boards with daily data, which help the employees understand the situation on the
shop floor, and production boards, which shows the productivity per cell/unit and
make the production numbers transparent to everybody. Additionally, kaizen events
can be arranged. In these events, the operators, managers, and owners of a process
come together, map the existing process, and improve it with buy-in from all parties
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related to the process. Further information can be found in literature of Schlichting
[26] and Jackson [15]. Trough job rotation, operators will be promoted to be “cross-
trained” to work in more than one cell/process. Allwood and Lee [2] mentioned that
employees will increase their knowledge and feel focused, involved, and motivated
through job rotation. They will give up their daily routines which can improve their
problem solving skills trough their increased involvement in the daily production
problems.

Table 2 Assessment tool—Culture

Criteria Countermeasures

Improvement Continuous improvement - Kaizen and PDCA (plan-do-check-act system)

- Systematic measurement of quality and
non-quality costs

- Use of benchmarking techniques to establish
improvement standards

Self-assessment - Regular resumes and assessments of all processes

- Implement self-controlling interdisciplinary teams

Long term oriantation - Hoshin kanri

- Use short term measurement to support long term
development

Empowering Suggestion system - Regular surveys

- Suggestion meetings

- Forms for suggestions (+ mailbox)

Recognition and reward
system

- Assessment of work processes (by shifts or
workplace)

- View the results on posters

- Bonus system

Formal teams
(with autonomy)

- Meetings of interdisciplinary teams with
autonomy to make decisions

- Put up “decision rooms” (for team meetings)

Employees at all levels
meet with customers

- Events to connect staff with customers

Partnering Company and suppliers or
customers focus on
improvement

- Regular meetings focused on improvement of
interdisciplinary teams (suppliers/customers and
staff)

- Establish quality agreements

Community, in terms of
cooperative improvements

- Build up a network of different companies
(competitors, companies in comparable sectors)

- Exchange of information

- Assessment of practices and results

- Comparing results and discuss practices
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3.2 Culture

The category culture is divided in the subcategories: improvement, empowering, and
partnering. It includes 9 criteria in total (Table2):

3.2.1 Improvement

(1) Continuous improvement
The concept of continuous improvement is crucial to keep a lean conversion sustain-
able and ismentioned as being themost important step in a lean journey byMiina [21]
. It takes place in cycles, where a organization never stops to question its processes. A
basic part of continuous improvement is to make the need for improvement visible,
so it will be made with full conviction, to ensure it will take its full effect and be
sustainable. Kaizen can be used to systematically detect and eliminate waste accord-
ing to the Plan-Do-Check-Act-cycle (PDCA). There are different Kaizen activities,
for example, value stream design, continuous improvement process workshops, peri-
odic meetings, process reengineering, 5xWhy, or daily short stand-up meetings. A
more detailed description can be found in literature of Jackson [15]. By measuring
quality and non-quality cost systematically, needs for improvement can be illustrated
and eliminated by using the PDCA. The use of benchmarking techniques helps to
establish new improvement standards. By comparing processes, standards, or even
organizations, Miina [21] proposed that improvement benefits can be made visible
and they can be adopted to create new improvement standards.

(2) Self-assessment
As mentioned before, a company has to improve continuously to achieve a lean
state. Self-assessments and reviewing all processes in the organization is crucial.
Only by doing it regularly, mistakes or non effective processes can be eliminated
and the quality of the work kept high. Scherrer-Rathje et al. [25] discussed that the
implementation of self-controlling interdisciplinary teams gives a wide view from
different perspectives on a process, and ensures that mistakes are found and handled
in a proper way.

(3) Long term orientation
The management has to think in long term and devolve this type of thinking to the
whole company. A lean approach does not always pay off financially in a short time,
because every change is carried by investments. The productivity can also decrease
on the short run, since the employees have to get used to the new standards. But,
if an organization manages to keep lean sustainable and does not stop to believe in
it, it will benefit from it on the long run. This has to be included in calculation and
business plans, and everyone in the company has to be aware of it.
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3.2.2 Empowering

(1)Suggestion system
To encourage the employees to be an active element in the lean conversion, and
present suggestions, it has to be sure that these suggestions will be heard. If they
are, the processes will be improved and the motivation of the workers will be higher,
since they will feel as an important part of the company. Therefore, a suggestion
system has to be established. This can be achieved by regular surveys, regarding
improvement of processes, and meetings, where every employee can present his
ideas and suggestions to his superior. Furthermore, there should be suggestion forms
available at every workstation and a mailbox that is cleared and suggestions taken in
consideration at least once a week.

(2) Recognition and reward system
Beside suggestions, good work has to be reconditioned and rewarded. In this way the
employees keep their motivation and the productivity can be improved. The first step
is to assess and compare the work processes, for example, by shift or workstation.
The results should be presented on posters at the shop floor, to make them visible for
everyone, so as to increase the motivation of each employee. A bonus system should
be installed to reward good work. Losonci et al. [20] proposed that the employees
of the most productive shift of a month/year can be, for example, invited to a diner
or an extracurricular activity. Or each worker of the shift receives a bonus. Through
this, a positive competition will be initiated, teambuilding will be supported, and the
productivity of each shift or workplace will increase.

(3) Formal teams (with autonomy)
To ensure a fast decision making process, formal and interdisciplinary teams with
autonomy to decide (without the need to ask a superior) should be installed. By
regular meetings of these interdisciplinary teams, the problems in processes can be
assessed with different points of view. Afterwards, the best solution can be found and
directly implemented, without waiting days or weeks for the permission of a superior
or the management. This is the most effective way to solve problems and increase
the productivity. To encourage this process, “decision rooms” for these meetings can
be put up.

(4) Employees at all levels meet with customers
Lean focuses on the customer. To enable this, a company has to know the customer
and their needs in detail. Beside themanagement, which is usually in contact with the
customers, every employee should meet the customers if possible. Events to connect
the staff with customers can be arranged or different employees can be sent to fairs.
This ensures that the workers know the needs of the customers and can use this
knowledge to improve processes.
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3.2.3 Partnering

(1) Company and suppliers/customers focus on improvement
To achieve a high productivity, a company has to work together with its suppliers and
customers. As mentioned before, the needs of the customer have to be known by the
company. In the same way the supplier needs to know the needs of the company. By
cooperation, focused on improvement, the efficiency can be increased on both or all
three sides. Regular meetings of interdisciplinary teams (of both or all three parties)
ensure the exchange of knowledge and increase communication. Even special topics
and problems can be discussed since the teams are interdisciplinary and know the
subject matter. Based on these meetings, quality agreements should be established
to ensure that the outcomes will be sustainable.

(2) Community, in terms of cooperative improvements
Knowledge is one of the most important factors to achieve improvement. By shar-
ing information, practices, and experience with other companies that have similar
processes, problems and mistakes that occur on the way to improvement can be
avoided. Therefore, it is helpful to build up a community, for example, with competi-
tors or companies in comparable sectors and exchange information and knowledge
with them. To find the best method, the different practices and their results should
be assessed, compared, and discussed.

3.3 Knowledge

The category knowledge includes 4 criteria (Table3):

1. Skill of management
Themanagement and its skill is crucial for a lean approach. It has to lead andmotivate
all employees. Dombrowski and Mielke [8] mentioned lean leadership as a way to
make a lean implementation sustainable. For achieving this, the managers have to
develop themselves over years and have a deep knowledge about the whole company
with all of its processes. To get the skills necessary for becoming a good leader,
managers can participate inworkshops and trainings. Furthermore, self-improvement
can be achieved by self-reflection and literature study.

2. Knowledge of and experiences with lean practices
Adeep knowledge about lean and experienceswith lean practices on themanagement
level, are obligatory for a sustainable lean approach. It is necessary to make the
right decisions at the right time, and choose the suitable tools. If the knowledge
or experiences is not given, external experts can be hired to assist during the lean
approach. Taking into consideration that this help is temporary, managers have to
participate in workshops and trainings to improve in this field. Additionally, lean
literature should be studied and applied in consultation with the external experts.
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3. Skill of workforce/Training and improvement
Beside the management, also all employees of the company need to have the nec-
essary skills to implement lean and apply the lean tools. The skill of workforce is
another crucial factor, beside their motivation and understanding of the lean effort
and its benefits. Even if the workers want to apply the changes of the lean program, it
will not be sustainable if they do not have the necessary knowledge and capabilities.
The employees are expected to conduct the lean program, for example, by the use of
problem-solving skills, which requires long-term employee development. This can
only be achieved through daily development by coaching, and as far as possible,
every employee should be developed at its individual level. Dombrowski andMielke
[8] showed that these trainings should take place in short cycles based on PDCA.
Workers should be encouraged to learn from each other. This can be accomplished by
monthly communicationmeetingswithworkers from the sameworkplace or overlap-
ping shifts, where workers can exchange their knowledge and practical experiences
at a workstation. The development of employees is a never ending process, and the
trainings have to be continuous as well. Knowledge and skills should be regularly
reviewed to assess improvement and identify the training topic in need. A small
leader-to-employee ratio ensures that every worker will be developed in a proper
manner, because the leaders can pay attention to each single employee. Dombrowski
and Mielke [8] recommend a ratio of 1:5 at operational level, while it can be up to
1:10 at higher levels.

3.4 Process

The category process includes 5 criteria (Table4):

1. Systematic identification and elimination of all types of waste

Table 3 Assessment tool—Knowledge

Criteria Countermeasures

Skill of managagement - Deep knowledge about all company processes

- Trainings and workshops

- Self-improvement (literature)

Knowledge of and experiences with
lean practices

- External experts

- Trainings and workshops

- Self-improvement (literature)

Skill of workforce - Specific quality trainings and workshops (in short cycles)

- Encourage employees to learn from each other

Training and improvement - Review of knowledge and skills

- Small leader-to-employee ratio
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Table 4 Assessment tool—Process

Criteria Countermeasures

Systematic identification and
elimination of all types of
waste

- Comprehensive documentation about work methods and
organizational processes

- Quality manuals and organizational processes are periodically
revised

- Systems of indicators are in place to revise changes in processes

Standardization of processes - Meetings with workers to find the best process

- Training/poster of the standardized processes

- Check if the standardized process is applied

Cellular process arrangement
and improvement

- Analysis of workflow and workplace disposal

Just-in-time (JIT) - Fast, continuous and steady flow of information across all value
streams

- Pull system (customer orientation)

- Simultaneous engineering

- Quick changeover

Automation (Jidoka)
and multiprocess handling

- Analysis of processes focused on opportunities for automation

- In-station quality control

- Andon line

Asmentioned before, the nine types ofwaste are: over production, unnecessary stock,
inefficient transportation, unnecessary motion, waiting times, rejects & defects,
inappropriate processing. The basic idea behind lean is to eliminate all of them.
Therefore, they have to be identified systematically in a process. Bou-Llusar et al.
[5] said that all work methods and organizational processes have to be comprehen-
sively documented and verified. Furthermore, all quality manuals and organizational
processes have to be periodically revised, to keep the processes at its highest level.
If a waste is identified, there have to be changes made in the process. These changes
can be suggested by employees, found in literature, or developed in special meet-
ings. After this changes are implemented by teaching the employees and placement
of manuals at the workstations, they have to be made sustainable and reviewed reg-
ularly. A system of indicators should be installed to check if unwanted changes are
made in a process.

2. Standardization of processes
Duarte and Cruz-Machado [10] said that the standardization of processes is one of
the basics of lean and represents control of the process, constructing the process
as simply as possible. It reduces improvisation or ineffective actions, makes work
easier, and provides security. Dombrowski and Zahn [9] said that “standardization
in the context of working standards means that specific methods (e.g. construction
methods) have to be standardized, coordinated with suppliers, and be state of the
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art”. To define standards, the best possible process has to be found. This can be made
in meetings with workers, since they know their workplace and the process best. The
implementation of new standards can be conducted by training the affected employ-
ees, and installation of posters of the standardized process to ensure it stays in the
mind of the workers. Moreover, there should be reviews to check if the standardized
process is applied.

3. Cellular process arrangement and improvement
Cellular manufacturing is a workplace design model, which takes advantage of the
similarity between parts or processes. Similar machines are placed close together
or machines are grouped together, according to the similarity of the parts produced.
Bhasin and Burcher [4] discussed that Processes are more robust to machine break-
downs, the material flow improves (reduce of transport, waiting and process times),
and lead times are reduced. To be able to implement a cellular process arrangement
and improvement, Irani [14] proposed that theworkflowhas to be analyzed first. After
this, the workplaces can be organized according to cellular manufacturing principles
which can be found in literature.

4. Just-in-time (JIT)
JIT is one of the two pillars of the Toyota Production System (TPS), which is the
system lean management is based on. Cruz [6] said that it reduces the inner waste
of resources with the smallest investment achieving the biggest output. Santos [24]
proposed that its main objective is to produce the required number at the moment
the customer orders it (customer orientation). According to Haak [11], JIT means,
the parts needed reach the next processes step at the time they are needed in a flow
process. Furthermore, it is mentioned that a company which established this flow
throughout can approach zero inventory. It is obligatory to have a fast, continuous
and steady flow of information across all value streams, to be able to deliver the right
item at the right time. A pull system helps to deliver only what the internal customer
orders, by scheduling each step in the development process, and dividing the whole
process into uniform working phases. Another method is simultaneous engineering
(SE), where fixed contact persons in every department are responsible to ensure the
parallelizationof tasks.Dombrowski andZahn [9] discussed that detailed information
about the different methods can be found in literature. Quick changeover is a concept
to reduce the downtime of equipment. Therefore, it can maintain the JIT process. It
enables a company to produce small volumes of a large variety of products while still
maintaining the advantages of mass production. Further information are provided in
literature of Horbal et al. [13].

5. Automation (Jidoka) and multiprocess handling
The other pillar of the TPS is Jidoka, which can be translated as automation. It
includes the concept of automation and of autonomous monitoring for defects and
elimination of their causes. Every process has to be analyzed on opportunities for
automation, and if it is possible and useful, the process should be automatized. Since
a defect can cause an immediate standstill of the machines in automated processes,
Haak [11] proposed that the production workers have to be in a position to find the
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defect as soon as possible and fix it to minimize the production down time (in-station
quality control). Schlichting [26] said that the so calledAndon line, allows employees
to call for help if they notice a problem and even stop the production line if the
problem can not be solved directly. Multiprocess handling means that one operator
works across several machines in one process, rather than have different operators.
Since the product will flow with the operator, the workflow will be constant. There
can be more operators working across several machines and following each other
with their own work piece.

4 Discussion and Conclusion

The purpose of this paper is to develop an assessment tool that helps an organiza-
tion to implement lean in a sustainable way. Initially, the success factors of a lean
approach have been identified and different businessmodels have been reviewed. The
research has shown that there are 4 main categories of crucial factors (leadership,
culture, knowledge and process), including 24 criteria in total. Based on the litera-
ture, different countermeasures were chosen for each criteria. A company can rate
the criteria to reveal its needs for improvement, and react immediately by applying
the respective countermeasures. This tool gathers a lot of knowledge and informa-
tion, by combining various findings of different research and case studies. It helps
organizations to implement lean, but the management has to be aware, that every
lean approach is individual. The conditions and environment change from company
to company, thus the proper use of the proposed countermeasures.

The limitations of this developed tool, are related to the lack of experience. Though
the tool is partly basedon case studies and assessments, it is still a theoretical approach
and it has not been verified in practice. Further research is necessary to analyze the
impact of this tool on lean implementations. Additionally, focus could be placed on
the rating, and a model to measure the value of a criterion could be developed.
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One Year Substance Flow Analysis
of Copper Cycle in U. S.

Minxi Wang, Wu Chen and Xin Li

Abstract Copper and its alloy products are widely used in the world. Considering
of sustainable development, people are focusing on how to exploit and utilize copper
resource to meet the needs of global sustainable development. In this paper, we
attempt to use the Substance Flow Analysis (SFA) and Stocks and flows (STAF)
model to analyze copper flows and stocks through its all life cycle from production,
manufacture, use and recycling, based ondata fromU.S. in 2012.Themost interesting
results are the following: (1) The production of refined copper from electrolytic and
electrowon way is 491 and 471Gg/year. (2) In manufacture stage, domestic refined
copper production accounted for 62% of total copper consumption. (3) The most
of copper consumption in use stage is building construction, accumulation in 2012
is 1172.52Gg/year. (4) In waste management stage, American scrap generated is
587.48Gg/year, majority of them are exported. Domestic and imported scrap average
copper content is up to 82.69% which recycled in the stage of copper production
and manufacture.

Keywords Substance flow analysis (SFA) · Copper · Stocks and flows (STAF)

1 Introduction

Copper is a common metallic element in nature, which exists in the form of sulfide
deposits, sulfate deposits, silicate deposits and pure “native” copper. Copper and
its alloy products are widely used in building construction, electrical and electronic
equipment, industrial machinery equipment, transportation equipment and general
products, because of the excellent properties. Copper has made tremendous con-
tributes to the economies of the world. With the rise of industrialization in develop-
ing countries such as Asia, they have a huge demand of copper. With the increasing
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concern of sustainable development, the global people are focusing on how to exploit
and utilize copper resource to meet the needs of global sustainable development.

The United States is a representative of the industrialized countries, which has
hundreds of years history of exploiting and utilizing copper. Their copper supply and
demand structure and law of development is a reference for the emerging industrial-
ized countries.

In this paper, we attempt to use the Substance flow analysis (SFA) and Stocks
and flows (STAF) model to analyze copper flow and stock through its all life cycle
from production, manufacture, use and recycling, combining USGS (www.usgs.
gov) copper data in 2012. This paper try to reveal American copper flow law and
configuration structure through those analyses andfindout the rules tomake reference
for the development of new industrialized countries.

2 Literature Review

Material flow analysis (MFA) is a systematic assessment of the flows and stocks of
materials within a system predefined in space and time [1]. Leontief introduced this
method in the field of economics in the 1930s, but the early studies in the fields of
resource conservation and environmental management appeared in the 1970s [5].
MFA is based on the life cycle theory, following the law of mass balance and could
give a quantitative analysis of the condition about material input and output in each
stage of life cycle. On one hand, MFA can help people to find many hidden problems
from the material numeral change in different stages. On the other hand, it can help
people to observe the material change condition from the perspective of the whole
system.MFAwas appliedwidely, some researchers began to use SFA to trace noxious
or some specific element in each stage within the spatial and temporal boundary to
reduce pollution, improve efficiency and realize ecological civilization construction
better [7].Graedel [2]made a comprehensive description of definition and technology
of copper cycles. Spatairi [8] studied European copper flow situation by the STAF
model. The STAFmodel traced the copper flow and stock through its entire life cycle
qualitatively and quantitatively, clearly reflecting the copper source and destination
and estimate the copper stock in society. Kapur [4] had a research on Asian and Japan
copper cycle through SFA and found that Japan’s rates of use, waste generation, and
recycling of copper rank first in the whole Asia while that of Asia had large gap
compared with developed country in the world. Yue et al. [3, 6] gave a quantitative
analysis based STAF model and corresponding indicators on the situation of China’s
copper flow.

From the literature research we know: there are many researches on substance
flow analysis, which are the foundation of our study, but most of them didn’t real
obey the law of mass balance completely, because the data were difficult to get. For
example, the copper input was not equal to the output in some stages. There are three
reasons: one is the loss of some statistical data, and the other is researchers calculate
some data in accordance with internationally recognized experience ratio, the third

www.usgs.gov
www.usgs.gov
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is the data note for gross weight not the substance content. These calculated data and
gross weight data could not reflect the real situation of a specific element within the
spatial and temporal boundary.

3 Methodology and Data Acquisition

Material flow analysis (MFA) is a way to analyze the impact of material input and
output to the economy and environment from macro level. Substance flow analysis
(SFA) can help trace the copper flow through copper life cycle from natural exploita-
tion, production, fabrication andmanufacture and recycling of copper in the temporal
and spatial boundary.

In this paper, we use SFA method to give a visual display of copper entire life
cycle in U.S. in 2012, then use STAF model to give a quantitative description and
analysis of American copper flow and stock in each stage in 2012. Data was mainly
obtained from official website of USGS, other data less detailed in USGS was sup-
plemented by copper development association data. As shown in Fig. 1, according
to copper life cycle, copper flow analysis involves four primary stages: production,
manufacture, use andwastemanagement. Each stage can be divided into some branch
processes, e.g. production includes primary production and secondary production,
primary production includes mine, smelter and refinery. This paper don’t consider
copper influence on the environment through its entire life cycle, based on the fol-
lowing assumptions: first, the copper loss to the environment in each stages would
not be considered. Second, according to the law of mass balance in the SFA, the

Fig. 1 Copper flows and stocks of U. S. in 2012



1268 M. Wang et al.

input is equal to the output in each stage. Third, the output from the previous phase
is the input of the next stage. Fourth, data showed in this paper is not gross weight
but copper content except specialized.

4 Substance Flow Analysis

4.1 Production

Copper production includes primary and secondary production. Primary copper pro-
duction includes traditional methods and new technology. The traditional methods
has three stages. The first stage is mine and milling of ore, which produce con-
centrates and tailing. The second stage is smelting, which produce blister and slag.
The third stage is refinery, which produce refined copper. With the development
of new technology, a new way called SX-EW process appeared after 1960s, which
contains solvent extraction and electrowining. High purity copper can be obtained
from a low copper content of the tailing, slag and low-grade ore through the SX-EW
process and the output is the same as traditional refining way. Secondary copper
production includes new scrap from fabrication and manufacture, recycled old scrap
and imported scrap. These scrap is fed into smelter and refinery to produce refined
copper, then put into the fabrication and manufacture.

In order to quantify the relationship of various stages of production, we give
the mathematical expression of input-output relationship in the production stage as
Eqs. (1) and (2).

∑
Pin = Pmine + Ps + Pim − Pex + Stock1, (1)

∑
Pout = Pp + Ps, (2)

where, Pin is the whole input into the production, Pmine is the mine production,
Ps is the recycled scrap in the production stage, Pim , is the imported copper in the
production, Pex is the exported copper in the production, Stock1 is the stock change
in the production this year, Pout is the output of refined copper in the production of
refined cooper, Pp is the primary production of refined copper.

In 2012, the copper input in the production includes: American domestic mine
production contains copper 1170Gg/year, net exports copper is 342.356Gg/year
in the form of ore and concentrate, matte, ash and precipitates and blister, scrap
recovered into smelter and refinery includes new scrap 17.9Gg/year and old scrap



One Year Substance Flow Analysis of Copper Cycle in U. S. 1269

21.6Gg/year. The copper output from production includes: the amount of refined
copper from primary production is 962Gg/year, which includes electrolytic cop-
per production 491Gg/year and electrowon production 471Gg/year. The amount of
refined copper in the production is 39.5Gg/year. As shown in Eq. (3).

∑
Pin =

∑
Pout = 1101.5. (3)

4.2 Manufacture

Raw material in the fabrication and manufacture includes three parts. The first one
is the refined copper from domestic production. The second is the refined copper,
copper and its alloy semi-products imported from trade. The third part is recycled
scrap that includes new scrap such as leftover materials and lathed scrap retreated
from fabrication and manufacture stage,domestic recycled scrap and old scrap from
foreign trade. Considering the input and output in manufacture stage, the retreated
new scrap is not from the recycling from outside manufacture system, belonging to
the recycling of manufacturing system boundaries. So the following mathematical
equation of manufacture does not consider the new scrap retreated from fabrication
and manufacture stage.

Considering the input and output stages of manufacturing copper scrap recy-
cling, new manufacturing systems are internal recycling, not manufacturing system
boundaries outside of recovery, so the following mathematical Eqs. (4) and (5) are
not considered investment in new waste.

∑
Min = DRC + Ms +

∑
Mim −

∑
Mex + Stock2, (4)

∑
Mout = Mbm + Mwm + Mo, (5)

where, DRC is domestic refined copper, Ms is the recycled old scrap (including
imported old scrap), Mim is the import of copper and alloy products in the branch
process of fabrication and manufacture, Mex is the export of copper and copper alloy
products in the branch process of fabrication and manufacture, Stock2 is copper
and alloy products stock change in manufacture and fabrication stage, Mbm is the
production of brass mills in manufacture stage, Mwm is the production of wire-rod
mills in manufacture stage, Mo is the production of other copper products (including
ingot, chemical products and miscellaneous products in manufacture stage.

The input into manufacture stage includes: The domestic refined copper pro-
duction is 1001.5Gg/year. The imported copper in the form of refined copper,
brass mills, wire mills, powder products is 630, 413.43, 403, 403 and 8Gg/year
respectively. The exported copper in the form of refined copper, brass mills, wire
mills, powder products is 159, 189.63, 505 and 18Gg/year respectively. The total
scrap from domestic recycling and foreign trade is 116.5Gg/year. The exchange
stock of copper and alloy semi-products is 59.2Gg/year. The output from the
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manufacture stage includes 424Gg/year brass mills, 1270Gg/year wire-rod mills
and other copper products such as ingot, chemical products and miscellaneous prod-
ucts are 57.6Gg/year. As shown in Eq. (6).

∑
Min =

∑
Mout = 1760. (6)

4.3 Use

The copper and its alloy products are applied in building construction, electrical and
electronic equipment, industrial machinery equipment, transportation equipment and
other general consumer products. These products through the use of social circulation
turn to waste flows then going to the waste management stage. Waste flows includes
municipal solid waste (MSW) construction and demolitionwaste (C&D), waste from
electrical and electronic equipment (WEEE), end-of-life- vehicles (EOLV), sewage
sludge (SS), industrial waste (IW) and hazardous waste (HW).

The use stage includes two parts: use and stock. It is very difficult to have a direct
statistic of annual copper accumulation in the society because of different life of each
kinds of copper and its alloy products, so this paper tried to calculated American
copper accumulation in 2012 indirectly. Referring the thought of warehouse [6],
this paper regarded the use stage as an “hourglass”. We give the assumption: First,
annual copper input into the use stage was like newly added sand. Second, domestic
scrap generated each year was sand out of the hourglass during the period. Third,
copper accumulation this year that was also called stock in the use stage was the sand
remained in the hourglass. As shown in Eq. (7).

Stock3 = Mout − WF. (7)

Stock3 is the estimated copper accumulation in the society. WF is the scrap from the
use stage then into the waste management stage.

Copper scrap generated in US is 1.2534 million tons (gross weight) in 2012. In
this paper, whole copper flows meant the copper content not gross weight while
the domestic scrap didn’t indicate copper content. So it is necessary to estimate the
amount of copper scrap generated in use stage. This paper assumed that price of
copper scrap was linear with that of refined copper and total imported scrap in waste
management was recycled in domestic copper production and manufacture. This
paper calculate the copper content according to the price of copper scrap and refined
copper. Through the calculation, assume that the copper content of unalloyed copper
scrap and alloyed copper scrap was 60 and 35% respectively. In 2012, American
export of unalloyed copper and alloyed copper was 479Gg/year (gross weight) and
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Table 1 The numeral amount of American domestic copper flow in each stage

Stage Amount

Production 867.144

Manufacture 1760

Use 1760

Waste management 138.1

716Gg/year (gross weight) respectively, so the copper content of American exported
copper scrap was total 538Gg/year. In 2012, the copper content of domestic copper
scrap recycled into production and manufacture was total 49.48Gg/year. So the total
domestic copper scrap was 587.48Gg/year. So

Stock3 = 1760− 587.48 = 1172.56. (8)

From the Eq. (8), we can know American social stock in 2012 was nearly 1180.26
Gg/year.

4.4 Waste Management

Previously mentioned waste flows, of which MSW, scrap C&D, WEEE, EOLV cop-
per products are also called old scrap. These old scrap is collected and separated
in the waste management stage. Some scrap is recycled into smelter or refinery in
the production stage and some is directly reused in the manufacture stage and other
is incinerated. In 2012, American total recycled copper scrap is 138.1Gg/year, of
which 21.6Gg/year is recycled into smelter or refinery to produce refined copper
in the production stage and 116.5Gg/year is directly reused in the fabrication and
manufacture stage. The foreign trade includes 88.62Gg/year imported copper scrap
and 538Gg/year exported copper scrap.

From above analyses, we have a detailed awareness of American copper flow in
each stage. Only copper flow occurred in the spatial boundary will have influence on
the predefined region. As shown in Table1.

5 Conclusions

This research showed:

(1) American copper production ranked second in the world, which 29% of ore and
concentrates are exported. The production of refined copper from electrolytic
and electrowon way are 491 and 471Gg/year.
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(2) In fabrication andmanufacture stage, domestic refined copper production account
for 56.9% of total copper consumption, which indicates that the U.S. is mainly
relying on domestic production in the phase of refined copper. Others in the
form of refined copper and semi-products is mainly relying on import. New cop-
per scrap accounts for a large proportion, indicate that American copper scrap
recycling rate is high in this stage.

(3) The most of copper consumption in use stage is building construction, fol-
lowed by electrical and electronic equipment. American copper accumulation is
1172.52Gg/year in 2012.

(4) Inwastemanagement stage, American scrap generated is 587.48Gg/year, major-
ity ofwhich are exported.Domestic and imported scrap average copper content is
up to 82.69%which recycled in the stage of copper production andmanufacture.

According to the numeral amount of copper flow,American domestic copper flows
indicate that the process happening in the spatial boundary look like a rugby. Domes-
tic larger copper flow in the manufacture and use stage is the middle of the rugby,
domestic less copper flow in the production andwastemanagement stage. The reason
for the situation of copper flow is the United States established the environmental
legal system after 1960s and paid more attention to domestic environmental protec-
tion, trying to reduce the pollution to the environment by shifting high polluting and
high energy-consuming industries, as more people are focusing on environment.
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The Real Engine of China’s Robust Economic
Growth-More Mass and Rapid Transmission
of Innovative Technology and Application

Hongchang Mei and Zhihua Zhang

Abstract This paper has built on the fact that the economy of China has been
growing with an increasingly rising speed, exploring the truth of driving forces behind
the economy. Paper measures empirical research method. It contrasts the differences
of results in economic development between technology innovation countries, like
America and technology application ones, like China. Besides, it also compares tech-
nology absorptive capacity between China and India which are both blessed with
large size of population. It tries to find the reason why the economic development
and technological innovation is not synchronous. Importantly, this paper has given
an outcome that innovative technologies demonstrated with wider acceptance and
more rapid spread are likely to be the real engine of China’s economy rising again.
Therefore, strengthening the cooperation between technology innovation states and
technology application countries and creating an open environment which is embrac-
ing and disseminating innovative technology could boost economic growth for many
nationalities.

Keywords National economics · China’s economy · Empirical research

1 Put Forward the Question

Before the reform and opening up in 1979, China had been in poverty for hundreds
of years. Statistics shows that, in 1978, Chinese per capita gross domestic product
(GDP) is only $155, which is less than one third of that in sub-Saharan African
countries. At that time, about 81 % of Chinese population were living in rural areas,
and 78 % of the population lived below the international poverty line, which is $1.25
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Table 1 Chinese and India GDP growth rate

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

China GDP growth
rate (%)

10.1 11.3 12.7 14.2 9.6 9.2 10.4 9.3 7.8 7.7

India’s GDP growth
rate (%)

7.9 9.3 9.3 9.8 3.9 8.5 10.5 6.3 3.2 4.68

Data source World Bank Database (data in 2004–2013)

per person per day. This situation sharply changed after 1979. The transformation
began in 1979 made the annual growth rate of Chinese economy reach 9.8 % and
lasted for thirty-five years. In 2013, Chinese per capita GDP reached $6800. Now,
China has entered the ranks of the upper-middle-income countries and its per capita
GDP is four times higher than that of the average number of sub-Saharan African
countries. In that way, why did the changes happen in China? What is the real engine
for solid growth of Chinese economy? (Table 1).

At present, TFP of the developed countries such as America, Japan, Britain and
Germany etc. is generally above 50 %. From the data, there is a large gap between
the total factor productivity of China and the developed countries. But it left some
more interesting problems to us. First, it is the consensus of China and even the world
that science and technology are primary productive forces. In the case that human
resource and physical capital is limited, science and technology is the real “late-
developing advantage”, so why big innovation-oriented countries such as America
whose IFP contributes more than 50 % to its economy for more than 30 consecutive
years failed to achieve about 10 % GDP growth and this situation lasted for thirty
years Secondly, compare China with India, both countries started under almost the
same economic conditions, and the populations equivalent. Please see the following
table for the GDP growth rate comparison in nearly ten years. Access to information
shows that India is slightly better in the aspect of nonagricultural TFP growth. Then
why higher innovation did not bring advantages for India’s GDP growth?

From my point of view, technology spillover plays an important role in the rapid
growth of Chinese economy. The use of technology at lower cost and larger-scale
extensive application of scientific and technological achievements are the real reasons
for the above phenomenon. The structure of the paper is as follows raise the question
in the first part; the second part are reviews of the domestic and foreign related theories
about the reasons of Chinese economic growth; The third part introduces the research
model will be used in this paper, including the calculation of indexes related to TFP
from 1980 to 2013 in China, the establishment of technology absorption model. The
fourth part is the analysis and the responding interpretation of model fitting results,
including through the comparison, propose likely causes of why GDP growth in
America and India not as steady as the Chinese economy.
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2 The Literature Review on the Reason of Chinese
Economic Development

The reasons why Chinese economy continued steady in recent years have been a
hot research, many scholars tried to explain. Chinese pioneering researcher Zou [20]
thought that the main reason was capital accumulation from 1952 to 1980. Hu and
Khan [13] extended the study of Chow [7] and pointed out that the accumulation of
capital is the main factor of economic growth from 1952 to 1994 and they improve the
TFP played a major role from 1979 to 1994. Total factor productivity increasing about
4 % a year made contributions to China’s economic growth rate of more than 40 %.

Maddison [15] argued that total factor productivity (TFP) growth can explain
Chinese growth (around 30–58 %) from 1978 to 1995. Hu and Khan [13] found that
3.9 % of the total factor productivity growth on average can explain China’s reform
and opening up more than 40 % in the early growth.

According to Young [19] series of growth factor calculation showed that the
growth of China and the east Asian tigers mode (collectively known as the east
Asian model) is very consistent. The growth factor is mainly the labor participation
rate, education level, investment rate, a large amount of labor across departments and
configuration (to non-agricultural sector and manufacturing transfer from traditional
department).

Garnaut [10] argued that as long as met relevant conditions, sustained and rapid
economic development will naturally occurring, rather than the miracle.

Perkins and Rawski [16] added the time trend of productivity and gave an empirical
analysis of the influence of each factor of Chinese economic growth which based
on the traditional Douglas production function, according to the 1953–2005 data.
According to the model, he predicted the development path of China’s economy will
continue along the rapid grow within the 2006–2015, and the GDP average annual
growth rate will be between 6 and 8 %.

Wang and Fan et al. [9] through reconstruction of the Lucas model, analyses how
the various elements made contribution to China’s thirty years of economic growth.
Through the analysis, they thought the change of Chinese economic growth mode is
happening, because the rate of GDP gradually increased when TFP was up.

Yifu Lin, World Bank vice president and chief economist (2010) said that the
efficient investment of Chinese government in the field of infrastructure and Chinese
urbanization process would ensure that Chinese economy continued to maintain rapid
growth over the next 20 years. Lin [14] argued that developing countries innovation
are mainly in imitation, in other words, it is the introduction of high income coun-
tries technology and industry. If developing countries knew how to make use of the
advantage of this potential, the risk and cost of innovation would be much lower than
higher income countries. Then the growth rate of the economy could reach several
times in high income countries.

After a lot of research can determine the effect of TPF on the economy is very
big, but what of TFP on the growth of China’s economy how to play the role is
still controversial, while in the following basic unity. First of all, after the reform
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and opening up, China’s TFP contribution to GDP growth was higher than before
the reform and opening up. Secondly, the contribution of TFP to economic growth
is prominent and it is worth to research. Finally, TFP are caused by the different
national income per capita differences the most important reason for the larger, and
is also a key factor of economic growth.

3 Parameters and Variables

1. The Establishment of Calculation of Relevant Indicators Chinese TFP Model
Suppose the production function of China economy:

Yt = A0eαT t K αK LαL . (1)

The αK represents the output elasticity of capital and the αL represents the output
elasticity of labor. In addition, we noticed this production function will change over
time.

Take the logarithm,

LnY = Ln A0 + αT t + αK LnKt + αL LnLt . (2)

When αK + αL = 1, namely, constant returns to scale at,

Ln

(
Yt

Lt

)
= Ln A0 + αT t + αK Ln(Kt

/
Lt

). (3)

In return, we may need to further consider some other factors, for example, we
can use a dummy variable to reflect the effect of China economic reforms on China’s
economy after 1978.

We use Di to represent the i dummy variables, then the Eq. (2) and (3) become
into,

Ln(Yt ) = Ln A0 + αT t + αK Ln(Kt ) + αL LnLt +
∑

βi Di , (4)

Ln

(
Yt

Lt

)
= Ln A0 + αT t + αK Ln(Kt

/
Lt

) +
∑

βi Di . (5)

Based on the Eq. (4) and (5) the regression, we can get the output elasticity of
capital and labor αK and αL , then regularize it,

α∗
K = αK

/
(αK + αL), α∗

L = αL
/
(αK + αL).
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Define total factor productivity is,

TFPt = Yt

K αK ∗
t LαL∗

t
.

So we have the TFP growth rate in the year t ,

t f pt = TFPt

TFPt−1
− 1.

TFP growth rates of between t1 and t2 are as follows,

t f pt1−t2 = t1−t2

√
TFPt2

/
TFPt1

− 1.

(1) Output data
According to the 1990 constant prices for conversion, this article uses the gross

domestic product (GDP) as the basic indicators of economic growth, and the basis
of data is from the China statistical yearbook of calendar year (Table 2).
(2) Labor input data

In TFP calculation, labor input elements depend not only on the inputs, but also
with elements of efficiency, quality and other factors. But considering the availability
and scalability of data, at the end of this paper USES the employment as the labor
input data to calculate.
(3) Capital input data

In this paper, according to the investment in fixed assets each year to calculate
capital data for 1998–2013.

According to the above methods and the data regression results are as follows:
The regression result shows that the non standardized regression coefficient of the

Y for two independent variables are K = 0.647 and L = 1.238 respectively. The
corresponding significance test, T value are 44.906 and 44.906, and two regression
coefficient significance level Sig. = 0.000 are less than 0.05 (Table 3).

Table 2 Anovab

Model Sum of squares Df Mean square F Sig.

Regression 36.652 2 18.326 5981.269 0.000a

Residual 0.098 32 0.003

Total 36.75 34
aPredictor variable, (constant), labour logarithmic, capital logarithmic
bDependent variable, output logarithmic
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3.1 Absorptive Capacity Calculation Model

The process of the transformation of scientific and technological achievements was
transformed into real productive forces are a very complex science and technology
economic activities. From the system point of view, the transformation of scientific
and technological achievements can be divided into several subsystems. They are the
subject system, support system, the policy environment system, intermediary system
and the macroeconomic regulation and control system. And the main system involves
participation in the transformation of scientific and technological achievements of the
units of production, scientific research institutes and institutions of higher learning.
Not only is the achievement transformation vector of the three is also the receptor.
Support system including funds, personnel, materials and achievements of maturity,
applicability, market prospects and so on. The policy environment system is through
policy guidance to encourage scientific research institutes for economic construction,
should develop appropriate preferential policies for the achievement of science and
technology personnel engaged in the transformation of in-service, treatment, incen-
tives and other aspects. Intermediary system is the bridge results of the transferor
and the transferee, or the medium of providing demand information of scientific
and technological achievements and the exchange, trade, scientific and technolog-
ical achievements transfer, diffusion. Department of government regulation is the
leaders and managers in the process of transformation of scientific and technolog-
ical achievements, but also the functional departments of macro-control system. It
mainly used economic, legal, administrative and other means to plan and guide.

Before proposing the variables and parameters we need emphasizes a concept—
the ability to absorb technology. The ability to absorb technology from the initial
level of human capital expansion into the comprehensive index of numerous factors
which Include the R&D level of host country, the efficiency of financial market, the
opening degree of trade etc. This part will make use of the system in the support
system, policy environment, intermediary and macro-control system to buildup the
index system to measure a country’s ability to absorb technology.

Because part of the data availability is limited, so the index system is not compre-
hensive. The solution is selected for the index to build index system of representative
(Table 4).

Suppose:
ROAD represents the total length of the highway network;
RAILWAY represents the total length of railway;
PHONE represents the number of mobile phone subscriptions;
INTERNET represents the number of Internet users per hundred;
APP represents the number of patent applications;
RESEACH represents the number of R&D and research personnel;
REDUG represents public expenditure on education as a percentage of GDP;
RRDU represents the research development expenditure as a percentage of GDP;
GDP stands for gross domestic product.
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Table 4 a-Coefficient

System Content Index

Support system Infrastructure ROAD

RAILWAY

Communication facilities PHONE

INTERNET

Human APP

Capital RESEACH

Money REDUG

PRDU

Financial market Economic freedom index

Policy environment system Government policy Ease of business environment

Intermediary system Legal environment International property rights
index

Macroeconomic regulation and
control system

Market system Press free domestic index Science
and technology journal articles

This paper will compare object as USA and India, Because USA as an innovative
country is recognized by the world, and India is the only developing country that can
be compared with China in population, resources and the growth of GDP. In addition,
there are many research results of the two countries is more easily available.Because
of limited space, here will not specifically numerated data. Data sources are the world
bank, the International Monetary Fund etc.

Through the comparison of the three countries we find that, there is a positive
correlation between indicators selected with GDP. That is to say when the index
value increases, will have a positive effect on GDP.

4 The Empirical Analysis

4.1 Empirical Research on TFP Calculation Results

The contribution rate of scientific and technological progress to economic growth in
developed countries today in the early 20th century was 5–20 %, rose to about 50 %
by the middle of the 20th century, in the 1980 s increased to 60–80 %. The develop-
ment of production of many knowledge intensive industries almost all rely on science
and technology. According to ‘Abramowitz balance method’, some foreign econo-
mists calculated that the national science and technology progress of America, Japan
and several western Europe in developed countries made contribution to economic
growth between 41–75 % in general in twentieth Century 50–70 years. In twenti-
eth Century 70 years later, the United States, Britain, France, Germany, Holland and
Japan six countries labor productivity 80 % of growth rely on progress of science and
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technology. For units according to the model and the formula above China indexes
related to TFP, we can get, α∗

K = 0.777, α∗
L = 0.223.

According to the above formula can calculate the TFP growth rate, growth rate
of output, capital growth rate, the rate of labor force growth.

TFP’s contribution rate of the economy = TFP growth rate/Output growth rate,
Contribution rate to economic growth = Capital growth rate* Capital elastic

coefficient/Output growth rate,
Labor contribution to economy = labor growth rate* the labor elasticity coeffi-

cient/ Output growth rate.
Then we can get the following Table 5.

Table 5 a-Coefficient

Year TFPa TFPb Outputc Capital( %)c Labord Capital Labor( %) TFP( %)

1986 0.30 0.02 0.09 0.08 0.03 67.30 7.10 24.20

1987 0.30 0.02 0.12 0.12 0.03 77.70 5.60 15.70

1988 0.31 0.03 0.11 0.10 0.03 66.70 5.80 25.80

1989 0.30 −0.03 0.04 0.09 0.02 167.90 10.10 −71.80

1990 0.29 −0.05 0.04 0.08 0.16 165.20 90.10 −140.50

1991 0.29 0.03 0.09 0.08 0.01 67.70 3.40 27.50

1992 0.31 0.06 0.14 0.09 0.01 50.70 1.80 44.60

1993 0.33 0.04 0.13 0.11 0.01 62.60 2.10 33.00

1994 0.34 0.03 0.13 0.12 0.01 71.00 2.20 25.20

1995 0.34 0.01 0.11 0.12 0.01 85.10 2.40 12.30

1996 0.34 0.01 0.10 0.11 0.01 92.10 3.10 5.20

1997 0.34 0.00 0.09 0.11 0.01 96.30 2.80 1.70

1998 0.34 0.00 −0.01 −0.01 0.01 71.00 −26.40 55.30

1999 0.35 0.03 0.08 0.06 0.01 55.30 3.10 40.10

2000 0.36 0.03 0.10 0.09 0.01 69.10 2.10 27.40

2001 0.36 0.00 0.10 0.13 0.01 100.40 2.30 −1.40

2002 0.35 −0.02 0.11 0.17 0.01 121.90 1.40 −18.90

2003 0.33 −0.06 0.12 0.25 0.01 168.30 1.20 −55.00

2004 0.32 −0.02 0.13 0.20 0.01 117.60 1.20 −14.30

2005 0.31 −0.04 0.14 0.24 0.01 136.70 0.80 −29.00

2006 0.30 −0.03 0.15 0.25 0.00 126.20 0.60 −20.00

2007 0.31 0.02 0.17 0.19 0.00 86.10 0.60 13.00

2008 0.30 −0.03 0.12 0.19 0.00 126.40 0.60 −21.50

2009 0.27 −0.11 0.09 0.31 0.00 257.70 0.80 −122.30

2010 0.26 −0.01 0.14 0.20 0.00 110.20 0.60 −7.50

2011 0.28 0.07 0.12 0.06 0.00 41.30 0.80 55.50

2012 0.27 −0.04 0.13 0.24 0.00 143.50 0.70 −34.60

2013 0.26 −0.04 0.10 0.19 0.00 156.00 0.80 −47.00
agrowth, bgrowth rate, ccontribution rate, dcontribution
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Probable error, In addition to the Solow model error defect itself may have the
following points: (1) Data processing error, which mainly includes human data(In the
analysis of total factor productivity, strictly speaking, the input data should be within
a certain period of time elements provide “service flow”, it not only depend on the
quantity of inputs from the elements, but also on the factors using factor efficiency,
quality and other relevant factors. In terms of labor input indexes measuring by the
standard labor intensity of labor time, it refers to the amount of labor input in the
process of actual production) and capital stock data(according to the investment in
fixed assets each year to calculate). (2) the error of the data processing (Figs. 1 and
2).

From the above table we can see the following contents,
Above graphic reflect capital’s and labor’s contribution of TFP to GDP. We can

find the following problems, capital and the TFP contribution to the economy is
basically in the backward state, which is when the economic contribution of capital
rate is relatively large, it will reduce TFP contribution to the economy. It is worth to
concern that China’s TFP to the economy pulling appeared negative pull from 2002
onwards, and the TFP contribution to Chinese economy fluctuates greatly. Next we’ll
explain the above phenomenon in stages.

The average TFP growth rate during the period of 1980–2000 was about 2.5 %, the
contribution of TFP growth in output growth is about 27.21 % (Neglecting the effect
of 1989 and 1990). This period was the golden period Chinese economic growth of
TFP. In the 21 years, in addition to 1989 and 1990, TFP has remained positive growth,
and made a significant contribution to output growth. This fully shows that China’s
reform from planned economy to market economy transformation is successful. TFP
growth is negative in 1989 and 1990 is likely to be in the late 80’s and early 90’s,
the Chinese government dealt with the increasingly serious problem of inflation
imposed as a result of tightening economic policy. In addition, the whole world
economy recession and export growth slowed may also be an important reason.

During 2001–2013, the TFP growth except 2007 and 2011 are negative growth
in the rest of the year. Refer to the development of China’s economy, we know that
China has been attracting FDI in the world most populous country since 2000, and
FDI accounted for Chinese total GDP average value is 2.32 % (Data from UNCTND
world investment report released). The 2007 financial crisis spread to global financial
markets, and the developed countries are generally affected by American economic
slowdown and financial market turmoil. In 2008, China plans to invest 4 trillion yuan
(accounting for the GDP 16 %) to rescue the market in two years. In 2012 the world
economy has been sluggish growth, the European debt crisis, a large fiscal deficits
in the United States are all the probable reasons for negative TFP growth (Fig. 3).
(2) The Explanation of Economic Phenomenon Between China and India, China and
the United States

Data from China and India above contrast diagram, we can more intuitively see that
China technology absorption capacity is stronger. We discuss the points in module.
The support system module is divided into infrastructure, communication infrastruc-
ture, human capital, money, financial markets in five parts. In the aspect of infrastruc-
ture, road and railway construction in terms of length of the gap between the two
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Fig. 3 The comparison
between China and America Capital Labor TFP Contribution

countries is very small, but India’s infrastructure efficiency and speed technology
level were significantly lower than in China. The Comparison in Communication
facilities, human capital, assets is able to clearly see in the picture. Financial markets
and the rest of several indicators were not involved in the diagram. Between China
and India only a few indicators such as the international property rights index and
business freedom degree difference are not large, the rest were significantly better
than India.

Infrastructure as a basic condition of social production and life on economy has
supply effect and also has the demand effect. So in the economic comparison of
China and India, I would also like to stress that the spread of Chinese scientific and
technological achievements and application with higher efficiency and lower cost,
which is the real reason that Chinese economy can maintain high speed and steady
growth (Table 6).

In each index contrast of China and the United States, we can find on the absorptive
capacity of corporation in China is far behind the United States, but China is poised
to pass on some indicators, such as patent number. Some indicators showed a rising
trend for ‘INTERNET’ and R&D accounted for the proportion of GDP. But in the
environmental assessment, Chinese international property index, business degree of
freedom, press freedomindex and so on are far behind the United States. So we need
to think about a problem, that is why the superior technology absorption ability and

Table 6 American wage (per hour) in different sector

Year Private sector pay
per hour ($)

Manufacturing sector pay
per hour ($)

2007 17.41 17.26

2008 18.07 17.75

2009 18.61 18.24

2010 19.06 18.61

2011 19.44 18.93

2012 19.73 19.08

2013 20.14 19.3

Data sources Chinese Economic Net OECD national database
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innovation ability cannot promote the growth of American GDP keep high-speed
steady?

For the cause of the slowdown in American economy growth, many scholars have
been explained. Some scholars believe that the size of the economic dimension have
an influence on economic growth, or have an impact on GDP growth. Empirical
studies show that the low level of income countries have higher economic growth
rate, but in poor countries and rich country’s level of economic development is not
necessarily absolute convergence trend, and we can see that developing countries
also appear the trend of a slowdown in economic growth. In addition, the slowing
economic growth and stag nation in developed countries performance as a kind of
economic structure to adapt to the stable. And the domestic demand for the role
of economic growth is always significantly larger than foreign demand. Therefore,
endogenous growth is relatively stable, and economic growth indicators can be at a
relatively low growth rate in a long time.

The author believes that a slowing U.S. economy mainly because of its failure to
promote and apply the low-cost, large-scale innovation and technological achieve-
ments. Its main reason is as follows. First, USA technological absorptive capability
is very strong, second, American wage level is very high.

In the same situation, for the same product paid labor costs in the United States is
about 9.84 times of China. (According to Chinese current exchange rate to calculate,
if you use the data corresponding to the year, we will see the distance between the
two will be further widened).

Through the relevant data of the consumption structure, domestic demand is bigger
than foreign demand in the United States, and the consumption of United States
residents and government is more than 40 % of GDP. It means that American GDP
pulling rely mainly on the domestic market. So the United States in such a high
human cost pressure chose the way to ‘go out’ and to find a broader international
market is very favorable.

5 Research Significance and Enlightenment

Through the above research, this paper argues that China should continue to encour-
age foreign investment in western region in China. After all, foreign capital on eco-
nomic growth has a positive effect on the whole. At the same time, we should be
effectively combined with independent innovation and the technology introduction
and absorption. So we can lower the cost of introducing and absorbing external
advanced technology so as to avoiding repeated development that leads to the waste
of resources, but also can cultivate their ability of independent R&D and innovation
system. On the other hand, we should create an appropriate environment to enhance
China’s ability to absorb technology, and enhance the level of human capital in China.

To the developing countries and the developed countries, open and free envi-
ronment is essential. For developing countries, the government should continue to
provide protection to certain industries in transition period on the other hand, the past
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is suppressed and accord with the comparative advantage of labor-intensive industries
open to all kinds of enterprises. In this way can we bring in advanced technology and
low cost of mass innovation application and promotion, simultaneously also increase
domestic employment and create benefits. For developed countries, in order to find
more low cost of mass innovation technology popularization and application of the
market, they must open, at the same time to strengthen its technical innovation and
enhance technical viability.
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Analysis of the Extension Chain
of Year-Round Production
Technology of Potato Industry

Xueshan Shen, Huijuan Qu, Gang Huang, Ran Hu and Hong Wang

Abstract Through the application of many measures such as the systematic
conformity of three science and technology recourses, construction of technology
chain with “five news linkage, six combined merits”, the exploration of base demon-
stration mode with “three drives and three breakthroughs”, the construction of coop-
erative mechanism with “six combination”, etc. Long-term cooperative mechanism
of close combination with Agricultural-Science-Education and Industry-University-
Research Institution has been constructed by Sichuan potato innovation team.Mean-
while, a technology extensionmodewith “innovation and transformation as a whole”
has been constructed that relying on multi-function core demonstration base, with
integrated demonstration of key technology as breakthrough, new advanced technol-
ogy training as vector, integral advance of core demonstration county as empha-
sis, Industry-University-Research Institution combined together to build modern
science-technology industrial chain of potato. Meanwhile, through the application
of some methods such as optimize the regional distribution, extend virus-free seed
potato, strength high-yield production, continuous radiating drive, and provide dis-
aster response capacity to strengthen the cooperative mechanism and technology
extension mode, then promote the potato area and total yield ranking at the first
position in China.
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Keywords Potato industry · Technology extension chain · Innovation team ·
Cooperative mechanism · Technology extension mode

1 Introduction

As one of fourth most major grain crops which are most important in the word, the
development of potato industry plays special roles on food security, poverty allevi-
ation and income increase in poor mountainous areas and ethnic areas in Western
China [1–3]. In recent years, potato industry was regard as dominant distinguish-
ing agriculture in Sichuan, and the Project of “Sichuan Potato Innovation Team of
National Modern Industry and Technology System” as the first action in the coun-
try [4, 5]. Since 2008, according to the main bottleneck in development of Sichuan
potato industry, with giving full play to advantages according to themselves’ features
thatAgricultural-Science-Education and Industry-University-Research collaborative
innovation, through collaborative innovation and demonstration promotion, Sichuan
Potato Innovation Team take the construction of potato plant patterns with multiple
cropping and efficient and year-round production technology system as centre, to
expand plant area of autumn and winter potato, increase yield and benefits of potato
in each season, through the implementation of innovation of plant model, variety,
key technology and extension mechanism, then formed year-round production tech-
nology system of potato with yield increase of spring, autumn and winter potato and
synergism in the whole year [6]. National agricultural statistical data showed that
the area and total yield of potato in Sichuan both were up to the first place in China
in 2012 while that was the seventh place and fourth place, respectively in 2004. The
rapid development of Sichuan potato has been based on the construction of long-
term cooperation mechanism with the close combination of Agricultural-Science-
Education and Industry-University-Research and formed technology extensionmode
of innovation and transformation as a whole, and five methods of strengthen the
demonstration and extension by Sichuan Potato Innovation Team [7]. The structure
of technology extension chain of year-round production and supply system of potato
industry were as Fig. 1.
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Fig. 1 Technology extension chain of year-round production and supply system of potato industry

2 The Construction of Long-Term Cooperation Mechanism
with the Close Combination of Agricultural-Science-
Education and Industry-University-Research

2.1 Realized Systematic Integration of Three Kind of
Technology Resources

In the progress of developing potato dominant industry, Sichuan Potato Innovation
Team effectively implements the systematic integration of three kinds of technology
resources such as technological system, project investment and science and technol-
ogy talents.
(1) To strengthen the integration of technological system

According to the problem such as the long chain of technological innovation,
multi-node of key technology, disperse of technological innovation strength, the
research project was difficult to adapt the urgent need of modern agricultural devel-
opment for the innovation of industry technology system, strengthen competitive of
potato industry was taken as the objective in this paper. Based on the value increment
rule of agricultural science-technology industry chain, to systematic design technol-
ogy innovation plan and organize related science and technology strength, ener-
getically promote organic combination of technology innovation chain and potato
industry chain, and form the effective interaction and orderly advancement of potato
technology innovation and potato industry innovation [8, 9]. Sichuan Potato Innova-
tion Team implements double creation strategywith technology innovation chain and
industry innovation chain close combination, construct double creation platform that
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scientific and technical personnel provide technology support such as new model,
new varieties, new technology, and new process for industrial department then sci-
entific research achievements were transformed into productivity and formed new
products, thus made the whole industry obtained upgrade. With the application of
“three-chain” theory [10], technological chain innovation guide industrial chain inno-
vation, industrial chain innovation promote technological chain innovation, then both
promote value chain, and the sustainable development of potato industry with “tech-
nological chain supportion, industrial chain extension and value chain promotion”
were constructed in Sichuan province.
(2) To strengthen the integration of science and technology project investment

According to the problem of broadening investment channel, decentralized invest-
ment, short operation period, higher proportion of inefficient and repeated work
exist in potato science and technology project, Sichuan Potato Innovation Team has
strength the integration of science and technology project investment, competed for
long-term and stable financial of provincial finance support to the potato industry
project, and improved technology innovation efficiency of scientific and technical
personnel and output efficiency of agricultural technology extension investment.
Besides existing potato special fund, in order to improve potato production ability
in project area, with practice of some projects such as “National modern agricul-
tural production development fund”, “New capital subsidies of agricultural input
was focused on the construction of food basic production”, “Construction of con-
version of cropland to forest and basic cropland”, the potato demonstration county
greatly improvemiddle and low yield field, develop thework of farmland flatting, soil
thickening, and topographic regulation, repair farmland and water source, improve
irrigation and drainage channels, etc. Through the application of “Cultivate soil
project”, strengthen the organic improvement of cultivated land, improve quality
and sustainable high production ability of cultivated land, and thus lay a foundation
for high yield and efficiency of potato.
(3) To establish high quality technology innovation team

Former research showed that regard improve industry core competitive as a goal
while key project as guarantee, organize and cultivate high quality technology inno-
vation team thatmulti-department,multi-organizations and interdisciplinary, develop
collaboration innovation around important key industry technology of industry devel-
opment, is the greatmeasure to promote the leaping development of agricultural tech-
nology [11, 12]. In the past five years, Sichuan Potato Innovation Team has organized
above 10 times important provincial activities per year, and the attendants of each
activity including post experts and cooperative expert of Sichuan Potato Innovation
Team, Sichuan experts of national potato industry system, technology directors of key
demonstration county and business representatives, all wisdoms and efforts for indus-
try development of Sichuan potato. During projects executing time, governments and
the Party branches of different levels of potato project area has established leading
group of potato project with in charge of the leadership as group leader, doing better
the coordination and service for personnel, fund,material, technology and seed potato
supply, and so on. Agriculture bureau of potato science and technology demonstra-
tion counties has established concrete implementation group and technical guidance
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group, taken motivation system of “more talents, achievement, yielding benefits,
and the result was tied to annual assessment, evaluation of professional titles and
bonuses”, and thus fully mobilize the activity and responsibility of all aspects, effec-
tively promoted the implement universal of technological measures.

2.2 Establish Technology Chain of “Five News Interaction,
Six Goods Matching”

With the technology guidance of Sichuan Potato Innovation Team, potato science and
technology demonstration counties bring the high yield construction as start point,
insist on using template to promote demonstration, using demonstration to promote
development. Establish high standard demonstration template, make efforts in scale,
quality, and scientific and technological content of demonstration field areas, give
all-out support to five news interaction (new model, new variety, new technology,
new products, newmechanism) and six goodsmatching (good soil, improved variety,
effective system, good method, good machinery and well irrigation). In the past five
years, there were 3435 high yield demonstration area were established while the
total area was 44.93 × 104hm2, among them, 98 demonstration areas were more
than 667hm2 and the total area was 7.70× 104hm2. Many typical high yields were
created in project areas which fully demonstrate the huge yield potential of potato.
For an example, “Potato/Maize” model was extension in the demonstration area in
Wanyuan and the average yield was 27,000kg/hm2 in 2008; in 2009, the average
yield of high yield demonstration area in Butuo county, that create high yield record
of potato production in Liangshan.

2.3 Explored Base Demonstration Measure of “Three Drive
and Three Breakthrough”

In the progress of extension in technology demonstration county, Sichuan Potato
Innovation Team explored base demonstration measure of “three drive and three
breakthrough”, that is to say, the science and technology service industry mode with
experts drive technicians to overcome technology barrier, specialized cooperatives
drive farmers to overcomeproduction barrier, and large household drive bases to over-
comemarket barrier. Establish the system of scientific and technological personnnels
contact specialized cooperatives and agriculture enterprise (owners), use themodel of
“scientific and technological envoys, specialized cooperatives (agriculture enterprise
(owners)) and farmer” to construct potato science and technology industry chain. At
the same time, Sichuan Potato Innovation Team active collaborate with local potato
processing enterprises, potato marketing household and association, offer service
for leading enterprises of potato processing and potato marketing household with
the model of “enterprise (marketing household), association and farmer”, organize
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order production for enterprise. In the past five years, 14 leading enterprises of potato
processing has signed 22.6× 10hm2, purchase fresh potato 432× 104 t, according
to each kilogram fresh potato could increase 0.2 Yuan, the total increase benefit was
864 million.

The implementation of project has driven the development of new variety breed-
ing, propagation base and seed potato enterprises. Nowadays, 25 expanding prop-
agation bases of free-virus potato have been established in mountain areas around
the sichuan basin while the area is 2.33 × 104hm2, 12 production and manage-
ment enterprises of seed potato and a great mount of professional cooperative of
seed potato such as Liangshan liangyuan potato seed industrial limited liability com-
pany, and Jiuzhaigou minshan agricultural science and technology limited company
have been cultivated. Potato propagation system was continuously constructed and
improved, thus laid a solid foundation for the extension of free viruses seed potato
in project area.

2.4 Construct Cooperative Extension Mechanism of Six
Combinations

With the cooperative extension mechanism of six combinations, that means the com-
bination of administrative promotion and planning guiding, the combination of tech-
nological innovation and high yield establishment, the combination of scale man-
agement and specialized service, the combination of technology popularization and
industrialization development, the combination of personnel training and industrial
chain innovation and the combination of popularization and application and large-
project-promoting, the extension and application of new model, new varieties and
new technology quickly and efficiently were guaranteed.

3 The Formation of Technology Extension Mode
with Innovation and Transformation
as a Whole

The Sichuan Potato Innovation Team surrounding important technological require-
ment of new food production ability of 10 billion catty, developing dominant distin-
guishing crops, speeding up construction of modern agricultural industrial base and
new demonstration area, stick on the working thoughts of innovation and transfor-
mation as a whole, experts and farmer face to face [13]. Sichuan Potato Innovation
Team regard the development of dominant distinguish in gas industry is supported
by science and technology as a goal, strengthen technology service for key county
mainly from 4 aspects, and format characteristic technology extension mode with
innovation and transformation as a whole, experts and farmer face to face.
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1. Based on Multifunctional Core Demonstration Bases
Sichuan Potato Innovation Team put forward the model principles of lead local

farmers to do so and help them make money, require every post expert according
to the rules of exemplary base, radiation zone and extension area combination, with
multiple cropping and efficient and year-round production technology system as
centre, do well in the construction of multifunctional core demonstration bases that
including scientific research test, presenting achievements, technological demon-
stration, technology training and personnel training. The core demonstration base
was mainly being constructed as the unit of administrative villages. Through the
technology diffusion channels of exemplary base, radiation zone and extension area,
the innovation and transformation achievements of core demonstration base provide
template for local science and technology extension. In the overall design scheme,
the chair expert of Sichuan Potato Innovation Team has made strict demand for the
experiment, demonstration, and training of every post expert in core demonstration
base. Sichuan Potato Innovation Team require the experts do well in “two termi-
nals, one process” of core demonstration base. One terminal is plant farmer (potato
farmer), solve key technology problems of high yield and efficiency, promote potato
farmer income increase, lay upstream foundation of potato industry chain and guar-
antee industry chain development. The other terminal is market, combine product
positioning, pricing and quality design the management model, economic and social
benefit of industry chain, and guarantee the industry chain developing excellent,
sustainable and healthy. One process means the processes of production, storage,
explore, processing of potato.
2. Key Technology Integrated Demonstrating as Breakthrough

The mission of Sichuan Potato Innovation Team is technology innovation and
formation of modern industry. The team require each post expert according to the
demand of system top design and own characteristics, make one to several key tech-
nology breakthrough innovation in key nodes of potato science and technology inno-
vation industry chain around the construction of potato plant patterns with multiple
cropping and efficient and year-round production technology system. That would be
the most important technology foundation of promote core competitive of dominant
industry and the important basis on checking post experts. Meanwhile, on the basis
of excellent key technology innovation, systematic integrate new technology and
existing advanced and mature technology and format one to several standardized
industrial technology system that suitable for the particular area, then make demon-
stration template in large area, that be beneficial to local science and technology
extension.
3. New Advanced and Practical Technology Training as Vector

The team requires eachpost expertmaking the construction of potato plant patterns
with multiple cropping and efficient and year-round production technology system
as center to design technology training plan. With the training focus on advanced
and practical technology, strengthen training professional farmers and agricultural
personnel in core demonstration county. At the same time, Sichuan Potato Innovation
Team collected the training material of every post expert and provide to extension
department, in order to promote latest achievements as soon as possible into three
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actions of agricultural science and technology in the whole province. In the progress
of the implementation of the project, the implement unit has make three agricultural
actions as vector. The first, by using the opportunity of rural working conference be
held by governments at all levels, to training rural grassroots leader during the period
of the conference. The second, governments and at all levels and agricultural sector
publicizing implement opinion and main technology points by making full use of
media instrument such as broadcast, TV, Board Newspaper, slogans and sciences
and technologies (market) days. The third, held technology pantomime, distribute
technology material, held sowing and cultivating pantomime in every potato sowing
time, thus guarantee the overall popularization of agent technology.
4. Promote the Whole Advancement of Core Demonstration County as Emphasis

Sichuan Potato Innovation Team long-term adherence to arrive at core demon-
stration county to provide all-round service of potato industrial technology, and
through the core demonstration county to radiate other county. The practice since
the developing job of Sichuan Potato Innovation Team showed that, regard improve
industry core competitive of dominant agriculture as a goal while core demonstra-
tion county as center, organize and cultivate high quality technology innovation team
that multi-department, multi-organizations and interdisciplinary, develop collabora-
tion innovation around important key industry technology of industry development,
is the great measure to promote the leaping development of agricultural technol-
ogy in Sichuan. Sichuan Potato Innovation Team take for 4 science and technology
demonstration county such as Chaotian, Zhaojue county, Wanyuan city and Ebian
county as emphasis, stick on holding many working conferences of Sichuan Potato
Innovation Team and docking conferences of core demonstration county, strengthen
the docking work with core demonstration county.

Sichuan Potato Innovation Team making the construction of potato plant patterns
with multiple cropping and efficient and year-round production technology system
as center, around the coordination of “five news” (new variety, new technology, new
model, new products and new mechanism), according to actual situation of 4 core
demonstration county, formulated “Dockingmeasures between Sichuan Potato Inno-
vation Team and core demonstration county”, developed “2010–2015 development
plan of potato in Sichuan Province” for each county, established leading group of
demonstration base construction with main leader of base county as group leader,
in charge of the leadership as vice-group leader and the main chief in the financial,
development and reform commission, supervision and agriculture sector as mem-
bers. Established technology guiding group of demonstration base construction be
consists of main chief of agriculture sector in base county as members, and the expert
and consultant group be consists of chair expert and post experts of Sichuan Potato
Innovation Team as members.

The project has carried out the working mechanism that expert team take respon-
sible for base, sector of county level take responsible for township while technology
personnel take responsible for farmer, according to the difficulties and problems
existing in potato industry implement, developing topic discussion and performing
working plan of Sichuan Potato Innovation Team, thus improve the influence power
of innovation team in potato industrial development.
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5. Industry-University-Research Institution Combined Together to Build Potato
Science-Technology Industrial Chain

Sichuan Potato Innovation Team adheres to government investment as guider,
enterprises as multiple investment and innovation subjects, combined scientific
research units, promote the research tackle on common key technology of potato
industrialization, construct potato science-technology industrial chain, develop
demonstration of technology innovation value industrial chain and promote the struc-
tural optimization, industrial upgrading and spanning development of potato science
and technology in Sichuan province. In the implement process, pay attention to the
combination of experiment and demonstration, and the corporation with enterprise,
local agricultural technology sector and farmer association, according to the exten-
sion model of “enterprise + base + peasant household” and “expert + enterprise +
peasant household”, pass the new variety and technology to farmers and drive them
to become rich. With the measure of enterprise leading peasant household, drive the
farmer increase yield and income, then format closely integrated demonstrating to
promote the development of industry chain.Meanwhile, the combination of Industry-
University-Research Institution improves enterprise competitive and realizes enter-
prise transformation, thus enable the enterprise from single vermicelli development
transformed into total nutrient development and promote industry upgrade. Enter-
prises pay more attention to science and technology while science and technology
pay more attention enterprises demand, and solve the disengagement problem of
technology and development.

4 To Strengthen Demonstration and Extension,
and Promote the Total Yield of Potato Leaps
into the Front Ranks in China

1. Optimize the Regional Distribution, and Realize the Year-Round Production and
Supplying of Potato

The eleventh development planning of potato industry in Sichuan had been
made. The potato industry in Sichuan was divided into three superiority areas that
spring potato region including southwest mountainous region and mountain areas
aroun basin, autumn potato region including plain and hill area, and winter potato
region including southest of Sichuan and the valley of Jinshajiang River (Yangtse
River) (Fig. 2).
2. Extend Virus-Free Seed Potato and Construct Three Generations Seed Potato
Breeding System

The quality control system of seed potato in the whole course at a provincial
level has been build firstly in China. The supply center of virus-free seeds potato has
been constructed with the implement of virus-testing certificate system of virus-free
seeds potato. In 2012, the extension area of virus-free seed potato in Sichuan was
21.62× 104ha while the extension rate of that was 30.4%. be compared with 2007,
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Fig. 2 Year-round production and supply system of potato industry

Table 1 Extension situation of virus-free seed potato in project area

Year Extension of virus-free seed Yield increase situation of

potato in project area virus-free seed potato

Area (104 ha) Extension rate (%) Yield increase
(Kg/667m2)

Total yield increase
amount (104 t )

2007 12.75 26.3 271 51.84

2008 13.88 27.0 285 59.34

2009 17.25 30.9 293 75.83

2010 19.52 33.4 300 87.84

2011 20.51 34.1 309 95.05

2012 21.62 34.6 279 90.48

Table 2 Potato data of main province in China (China agriculture information network, 2012)

Province Area (104 ha) Rank Yield (104 t) Rank

Sichuan 74.67 1 275.00 1

Gansu 68.49 2 239.50 2

Neimenggu 68.14 3 184.73 3

Guizhou 67.63 4 179.74 4

Yunnan 51.67 5 175.00 5

Chongqing 35.02 6 118.27 6

the extension area was added 8.87× 104ha while the extension rate was added 8.3
points (Tables1 and 2).
3. Strengthen High-Yield Production and High Yield Record was Constantly
Refreshed

The average yield of potato in project area was from 1743kg per 667 m2 in 2007
raised to 2135kg per 667m2 in 2012, with 22.49% increased. The spring, autumn
and winter all created high yield record. Such as in Wanyuan county, the highest
yield of spring potato reached 4931kg per 667m2 under sole cropping condition; in
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Chaotian district, the highest yield of spring potato reached 3928.3kg per 667m2

under sole cropping condition; in Rong county, the highest yield of autumn potato
reached 2505kg per 667m2 while in Jintang county, the highest yield ofwinter potato
reached 2851kg per 667m2 under sole cropping condition.
4. Continuous Radiation and Promote the Total Yield of Potato Leaps into the Front
Ranks in China

From 2008 to 2012, the extension area ofmain technologywas 3644.78×104 acre
in Sichuan, while the total new increased potato yield was 995.0×104 t, and the total
economic benefit was 0.69 million. Be compared with 2007, the total planting area
and yield of potato in 2012was increased 29.0 and 42.6%, respectively. Meanwhile,
from 2009 to 2012, the ranking of total potato area and yield in Sichuan among all
the provinces of China was from the seventh and fourth in 2004 increased to the
fourth in 2012.
5. Provide Disaster Response Capacity and Gain Significant Effect in Post-Disaster
Reconstruction

Potato is the important reseed crop of disaster prevention and relief in Sichuan.
After the “5.12”great earthquake inSichuan, the experts of SichuanPotato Innovation
Team had been positive into the rebuilding work of earthquake area refer to seed
potato system and potato production. For the past 5years, the potato production in 18
earthquake counties such as Beichuan, Pengzhou, Wenchuan, etc. has gain recovery
and development gradually. The planting area in 2012 was 3333ha higher than that
in 2007 while the yield was increased to more than 1100kg per 667m2 in 2012. The
seed potato production in earthquake area such as Beichuan, Pingwu, Pengzhou,
Chaotian, Qingchuan, Jiuzhaigou, Hanyuan all being recovery and development.

5 Promote the Rapid Development of Sichuan Potato
Industry

1. Production Scale Ranks the First in China
In 2012, the potato planting area and total yield was 79.13 × 104hm2 and

1523 × 104 t, respectively increased by 29 and 42.6% than that in 2007. The area
and total yield of potato in Sichuan both were up to the first place in China in 2012
while that was the seventh place and fourth place, respectively in 2004. Establish 3
centralized production areas with unique characteristics and advantages that compat-
ible type potato and seed potato in mountain areas around the Sichuan basin (spring
potato), processing type potato in southwest Sichuan (spring potato) and vegetable
use potato in plain and hilly area (autumn and winter potato), thus possesses distinct
characteristics of “year-round production and supply” [14]. In 2012, the propor-
tion of plant area of spring, autumn and winter potato was 66.2, 17.3 and 16.5%,
respectively.
2. Remarkable Effect on Increasing Yield and Income

In 2012, the proportion of potato yield in grain yield on the whole in Sichuan was
8.3%, while the contribution rate of potato to the increased grain yield on the whole
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in Sichuan was reached to 50.6%. the average output value was above 18,000 Yuan
per hm2 while the average pure income was above 10,500 Yuan per hm2, the pure
income of autumn and winter potato was reached to more than 15,000 Yuan per hm2.
3. Remarkable Result of “Three News” Combination has been Obtained

Around digging potato yield and quality potential, to popularize new variety, new
technology and new model of potato, provide solid science and technology support
for improving unit yield. The potato unit yield was form 17,400kg/hm2 in 2007
increased to 19,245kg/hm2 in 2012 while that was increased by 10.6%
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Study on Combination Forecasting Model
of the Industrial Added Value Combined
with PMI and Prosperity Index

Yue He, Jinxiu Tan and Yuting Liu

Abstract This paper first establishes GroupMethod of Data Handling (GMDH) and
Auto-regressive Integrated Moving Average model (ARIMA) for Chinese quarterly
industrial added value, then sets up the Auto-regressive Conditional Heteroskedas-
ticity model (ARCH) by the Purchasing Managers’ Index (PMI) and the industrial
prosperity index and finally uses the GMDH self-organizing modeling method to
establish the combination forecasting model. Empirical analysis shows that the fore-
cast effect of combination forecasting model is far superior to single model, and the
forecasting ability of ARCHmodel with PMI and industrial prosperity index is better
than that of GMDH model and ARIMA model.

Keywords Industrial added value · PMI · Prosperity index ·GMDH ·Combination
forecasting

1 Introduction

Industrial added value is the final money value of industrial production during a
reporting period. It is the balance of total contribution of all the enterprises’ activi-
ties after deducting the value of goods and services consumed or converted during
the production process. In other words, it is the increase in value when enterprise
produces products or services [4]. Scientific prediction of the industrial added value
can help analyze and evaluate the industrial production scale and developing rate
with more accuracy so as to provide government with a reference for regulating the
industrial development with macroeconomic policies.

PMI is another important comprehensive leading indicator in the macroeconomic
index system, which reflects the overall economic situation and the total change in
trend. It is an important basis for decision making in financial institutions and invest-
ment companies, helping them judge industry supply and overall supply in a timely
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manner. In addition to this PMI also serves as a tool for governmental agencies
to maintain control. Manufacturing PMI index is calculated by weighting five
indexes, which include production, new orders, employees, suppliers, distribution
and inventory [9].

Prosperity index is an important part ofmodern economic data in investigation and
statistics, and serves as a quantitative index for prediction of economic development
status and development trend of turning point [18]. It qualitatively reflects the chang-
ing trend of production and operation of enterprises as well as the macroeconomic
development.

Sentiment analysis can scientifically determine and forecast turning points in
economic operation and thenplay a significant role in helpingmacroeconomic policy-
making departments know and control the national economic operation situation
timely and accurately.

In recent years, many prediction methods have been introduced in the economic
field. Xu et al. [16] combined support vector machine and the differential evolution
algorithm to forecast the Chinese industrial added value data; Xu [15] established
ARIMA and GMDH auto-regressive model of Sichuan Province industrial added
value and constructed the combination forecasting model by using GMDH self-
organizing modeling method; Liu and He [12] established the combination forecast-
ing model of industrial added value by using a similar complex model, the GMDH
auto-regressive model and SPSS curve regression model; He et al. [8] applied a sim-
ilar synthetic prediction method in GMDH and added prosperity index to establish
industrial added value prediction model; He and He [7] combined with PMI index to
build the prediction model of self-organization for Chinese combination GDP; Han
and Gao [5] using seasonal ARIMA model and trend extrapolation to fit the CPI
sequence, then they combined two kinds of model to forecast Combination; Deng
et al. [3] established the GMDH forecasting model and GM(1, 1) prediction model of
Chinese total retail sales of consumer goods firstly, then established GM(1, N) pre-
diction model adding the consumer confidence index, finally combined both models
and established GMDH-GM(1, N) combination forecasting model; Li and Chen [11]
investigated a category of LASSO-based approaches and evaluated their predictive
abilities for forecasting twenty important macroeconomic variables, and the result
shown that the combined forecasts are significantly better than either dynamic fac-
tor model forecasts or the naive random walk benchmark; Lemke and Gabrys [10]
identified an extensive feature set describing both the time series and the pool of
individual forecasting methods in their work, and results shown the superiority of
a ranking-based combination of methods over simple model selection approaches;
Andrawisa et al. [1] researched on Forecast combinations of computational intelli-
gence and linear models for the NN5 time series forecasting competition, and results
shown the combination forecasting mode had a better effect. These studies have
proved that combination forecasting model is superior to the single effect, and the
introduction of leading indicators or prosperity index will achieve good results for
macroeconomic data forecast.
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It appears as if there is little research about combining PMI and prosperity index to
predict industrial added value, In this paper first of all we established GMDHmodel,
ARIMAmodel and ARCHmodel of Chinese industrial added value of quarterly data
sequence, then set up ARCH model introducing PMI index and industrial enterprise
prosperity index, and finally used the parameter type GMDH input and output model
to do combination forecasting, prediction and detection of their effects.

2 Research Design

The study is mainly divided into the following steps:
Step 1. Established GMDH model for Chinese industrial added value of quarterly
data sequence;
Step 2. Established ARIMA model for Chinese industrial added value of quarterly
data sequence;
Step 3. Then set up ARCH model introducing PMI index and industrial enterprise
prosperity index;
Step 4. Finally, combined the three single model using the parameter type GMDH
input and output model, and got the combination forecast model.

According to the previous four steps, we obtained three single models and a com-
bined model. Then, there are a comparative analysis for the GMDH model, ARIMA
model, ARCH model and combined model. Finally, we found that the prediction
effect of the combination model is better than the other three models, which sug-
gesting that the model will reflect the tendency of economic development very well
after the introduction of PMI and industrial enterprise prosperity index. The follow-
ing section will describe how to establish the four models in detail. Research ideas
shows as Fig. 1.

Fig. 1 Proposed the
framework of the
combination forecasting
model
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2.1 GMDH Model

Group method of data processing (Group Method of Data Handling, referred to
as GMDH) was first proposed in 1967 by Najafzadeha et al. [13] at the Ukraine
Academy of Science, since then it has become a very useful tool for data mining. It
is based on “evolution—genetic—variation—choice” evolution method, its biggest
advantage is its use of external criteria for intermediate candidate model selection,
which can guarantee achievement of optimal balance between the fitting precision
and prediction ability in a certain level of noise t , and won’t show the over fitting
phenomenon. The optimal GMDH model is obtained by least square method to get
the local regression model and screening, based on regression and self-organizing
algorithm [2].

The basic steps of GMDH algorithm:
Step 1. Putting the sample data into the training set A and testing set B;
Step 2. Establishing the function between input variables and output variables;
Step 3. Choosing one or several external criterion as the objective function;
Step 4. Using internal standards (least squares) in the training set for reference to
obtain middle selection model;
Step 5. Using external standards in the testing set to select Intermediate candidate
model;
Step 6. Repeat steps 4 and 5, until the outer criteria values can’t improve, and finally
obtain the optimal complexity model.

2.2 ARIMA Model

Auto-regressive Integrated Moving Average model, referred to as ARIMA [6], was
first proposed by Box and Jenkins in 1970. It is a short term prediction method
with high precision and has been widely used in the field of economics [6]. It is
essentially the understanding of the time series structure and characteristics, to attain
the optimum in predictions of minimum variance sense. But it may show collinearity
and over fitting phenomenon.

The basic steps of ARIMA model:
Step 1. The stationary test: Doing the stationary test for the sample data and deter-
mining the differential coefficient.
Step 2. Model identification: Determining the possible values of the auto-regressive
order P and the moving average order number Q of the ARMA model by the self-
correlation coefficient and partial correlation coefficient.
Step 3. Model establishment: To do regression analysis for models, determine the
parameter values, and determine the model according to the value of R-squared, AIC
and SC criteria.
Step 4. Diagnostic analysis: Testing the suitability of model, and judging whether
the residual sequence is independent or not.
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2.3 ARCH Model

Auto-regressive conditional heteroskedasticity model, referred to as ARCH [15]
was proposed by Engle in 1982. It is commonly used in the random disturbance on
the main model for modeling, which can effectively extract the information from
residuals. It has been widely used in each and every field of economics, especially
in the financial time series analysis. In constructing the ARCH model, we introduce
some economic data associated with GDP such as prosperity index, which can reflect
the influence of other economic factors on the GDP, so as to get a better forecasting
result.

Steps to establish the ARCH model:
Step 1. Establish time series data;
Step 2. Do LM test of time series to test whether the sequence ARCH effect exists
or not, only the ARCH effect exists can build the corresponding ARCH model;
Step 3. Do ARCH model order and parameter estimation;
Step 4. Diagnostic analysis: Testing the suitability of model and the independence
of residual according to the AIC criteria and SC criteria and then choosing the more
suitable model by comparison.

2.4 Combination Forecasting

Combination forecasting [14] refers to combine the different forecasting methods
properly, using information obtained by various methods to comprehensively im-
prove the prediction ability. The combination forecasting method currently known
mainly include the weight combination forecast method, the nonlinear combination
forecasting method and self-organizing combination forecasting method. Among
them, the weight combination forecast thought that it is shown a linear relationship
between prediction models. In combination forecast; Although Nonlinear combina-
tion forecasting method can solve the non-linear problem, but is prone to over fitting
phenomenon; Self organizing combination forecasting method will not only solve
this problem, but can also solve the nonlinear problem and the over fitting problem
effectively. Therefore, we have chosen the GMDH input and output model to do
combination forecasting in this paper.

Combination forecasting is based on GMDH input-output model. Each forecast-
ing method involved in combination is as the input of self-organization algorithm,
while the result of combination forecasting is as the output. In this paper, we choose
predictive values of GMDH, ARIMA and ARCH model as input, and combined
the results of each individual prediction model, finally selected the optimal model
through the multilayer iterative.
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3 Empirical Research

Thegrowth rate ofChinese industrial addedvalue, PMIvalue and industrial enterprise
prosperity index of all 28 groups of data were obtained fromChina’s National bureau
of statistics website in the first quarter of 2005 to the fourth quarter of 2011, and
convert the growth rate to quarterly industrial added value as the original data of the
combination forecasting model. 26 data groups from the first quarter of 2005 to the
second quarter of 2011 were used to fit the model while another 2 groups of data
from the third quarter of 2011 and the 4 quarter of 2011 data were used to test the
model. China has not counted the PMI index until 2008, so we could only choose
16 groups sample data from the first quarter of 2008 to the fourth quarter of 2011 to
establish the ARCH model with the PMI index and prosperity data.

1. Prediction of Industrial Added Value by GMDH Model

Chain index processing for the time series of industrial added value was done first
in order to eliminate the influence of dimensions, then GMDH model was set up
by using Knowledge Miner software, through continuous adjustment of Max. Time
lag, Model Type and other parameters, after several attempts and inspection of the
value of R-squared, the mean absolute error percentage and the square sum of error,
and comprehensive analysis of each model we got the best complexity model with
optimal fitting effect:

YGMDH = 0.9926YGMDH(t−4) − 0.01534. (1)

In the GMDH model, R2 is 0.9352, close to 1, the fitting effect is good; the mean
absolute percentage error is 2.1, <5%, which is in acceptable range; the sum of
prediction squared error is 0.069, less prediction errors.

2. Prediction of Industrial Added Value by ARIMA Model

From quarterly time series graphs of industrial added value of China, we found that
the industrial added value shows an upward trend on the whole, a certain periodicity
and non-stationary behavior. A series of processing for the data of the industrial
added value by using Eviews software [17] are shown below:

(1) Pre-processingof data.Doing thefirst-order differential treatment after taking the
logarithm of the industrial added value in order to meet the stationary condition;

(2) Determining the range of the order P and Q of ARMA models according to the
self-correlation coefficient and partial auto-correlation coefficient, constructing
multiple ARMA models and then estimating the parameters of each model
using the least square method. After several attempts, we compared each model
with AIC criterion, SC criterion and R-squared value and tested them with the
significant of parameters, the rationality of the model and whether the residual
series is white noise sequence or not. Finally we determined the optimal model
as ARIMA (2, 1, 4) and the specific model is shown below:
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Z = 0.035+ 1.457Zt−1 − 0.275Zt−2 − 0.314μt−1 − 0.296μt−2 − 0.267μt−3

+ 0.716μt−4. (2)

In Eq. (2), Z = ΔX, X = ln(YARIMA)
ln 10 , μ is the random error term, so it is converted

to the final math model of original data of the industrial added value as follow:

YARIMA = eX(t−1)+0.035+1.457Zt−1−0.314μt−1−0.296μt−2−0.267μt−3+0.716μt−4 . (3)

In theARIMAmodel, every parameter has passed test, themodel is reasonable; R2

is 0.989, sufficiently close to 1, the fitting effect is good; themean absolute percentage
error is 2.525%, the error is acceptable, the model achieves a better prediction effect.

3. Prediction of Industrial Added Value by ARCH Model

The ARIMA model is an auto-regressive model with itself as the foundation. It
pays more attention to time series’ inherent law and development trend. And when
modeling, it only takes the influence of a sequence of the industrial added value
has on its own into consideration while ignoring the relationship of industrial added
value with other economic factors. So we built the prediction model by using ARCH
model and some other economic data related with industrial added value.

Firstly we processed for the industrial added value, PMI and time series of indus-
trial enterprise prosperity index by the chain index and using Eviews software [8]
to do LM test for time series. The test results show that ARCH effect exist in the
sequence so ARCHmodel can be established; then, adjusting the lag order number of
industrial added value sequence, PMI sequence and industrial enterprise prosperity
index sequence and estimating the parameters of ARCH model with the maximum
likelihood estimationmethod; after several attempts we analyzed eachmodel accord-
ing to the AIC criterion, SC criterion and Adjusted R-squared value of each model
and tested the compatibility and the independence of the residuals of each model.
By comparison, the optimal model that was selected is the following:

YARCH = −487.8+ 0.986X1
t−4 + 0.257X2

t−1 − 0.192X3
t−4. (4)

In the ARCHmodel introduced PMI and industrial enterprise prosperity index, X1
t−4

is the Industrial added value lagged four, X2
t−1 is the value of PMI lagged one, X3

t−4
is the Industrial enterprise prosperity index lagged four, each parameter have passed
t test, the model is reasonable; R2 is 0.965, close to 1, the fitting effect is good;
the mean absolute percentage error is 2.239%, the error is acceptable, The model
achieves a better prediction effect.

4. Prediction by Combination Forecasting Model

The above three models were established from different angles: The single auto-
regressive of GMDHmodel is obtained from the optimal balance angle and the single
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auto-regressive of ARIMAmodel is developed from the angle of minimum variance
while processing multivariate modeling from the angle of the PMI index effecting
GDP. Therefore the combination of the above three models takes a holistic view and
comprehensively collects useful information on various aspects. In this paper, we
takes YGMDH, YARIMA, YARCH as the model input, and use the GMDH input
and output model to combine the three single models. After the model automatically
filters the ARCH model with the worst fit result, we get the final combined model as
follow:

Ycombined model = −52.68+ 0.822YGMDH + 0.677YARCH − 0.928YARIMA. (5)

In this combined model, R2 is 0.997, sufficiently close to 1, showing the fitting
effect is good; the average absolute percentage error is 0.56% and the sum of predic-
tion error square is 0.0045, which are both very small, indicting the model achieves
a better prediction effect.

4 The Comparative Analysis of the Predicted Results

As can be seen from the prediction, the predicted results of the four models are
satisfactory. The average error in prediction is controlled to 5%, and the specific
results as shown in Table1.

As can be seen from the prediction, the predicted results of the four models are
satisfactory. The average error in prediction is controlled to 5%, and the average
error in the combined forecasting model is only 0.885%.

It is seen from Table1 that the R-squared of combined forecasting model is the
largest, the average error of prediction is the smallest, indicating that the effect of the
fitting results andprediction of combination forecastingmodel is better than the single
model. In predictability, the average error of prediction of combined forecasting
model is not necessarily lower than single model at any time, but the average error
of combined forecasting model are lower than that of single model from the whole
observation. The fitting effect of the GMDHmodel is poor, but is better than ARIMA
model, and the prediction effect of the ARCH model have been greatly improved
with the introduction of PMI and industrial enterprise prosperity index, since the
error is only 1.127%, indicating when predicting industrial added value, the model
will reflect the tendency of economic development very well after the introduction
of PMI and industrial enterprise prosperity index.
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Table 1 The predicted results of the 3 4 quarter of 2011

Time
(Quarter)
actual value
(billion yuan)

2010.Q3 2010.Q4 R2 The average
error (%) of
prediction

43194.49 43803.03

GMDH model Predictive
value (billion
yuan)

42740.95 42852.50 0.935 1.609

Relative
error (%)

1.05 2.17

ARIMA
model

Predictive
value (billion
yuan)

43051.36 42203.04 0.989 1.992

Relative
error (%)

0.33 3.65

ARCH model Predictive
value (billion
yuan)

43617.79 44359.33 0.965 1.127

Relative error
(%)

0.98 1.27

Combined
forecasting
model

Predictive
value (billion
yuan)

42905.09 43321.20 0.997 0.885

Relative
error (%)

0.67 1.10

5 Conclusion

This paper establishes the GMDH model, ARIMA model, ARCH model and com-
bined forecasting model by using the data of the industrial added value from the first
quarter of 2005 to the second quarter of 2011. And predicts and test these models
with the data from third quarter of 2011 to the 4th quarter of 2011 data. The empirical
analysis shows that the forecast effect of combined forecasting model is far supe-
rior to the single models, and the forecasting ability of ARCH is better than that of
GMDHmodel and ARIMAmodel after the introduction of PMI and industrial enter-
prise prosperity index. Therefore, the application of the combined forecasting model
based on combining the leading indicators and the prosperity index is practically
more significant.

The paper suggests introduction of PMI index and prosperity index to the building
of prediction models of the industrial added value and achieves good prediction
effect by doing so. But in order to achieve better prediction effects, we still need to
continuously seek the index closely related with the index of GDP and improve the
fitting and prediction effect of the single model so as to improve the prediction effect
of combined forecasting model.
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From the comparison of the fitting and prediction effect of the each model, the
model with a good fitting effect is not necessarily one with a good prediction effect,
and vice versa. Each prediction model has its own advantages, disadvantages and
scope of application. Therefore, we should establish different models for different
problems in the process of practical application.
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Analysis of Capital Stock from Guizhou
Province

Hui Zhang

Abstract The capital stock’s estimation is the key indicator of analyzing economic
growth, and is the premise of understanding industrial upgrading in western regions
of China. In the actual measurement process, the way of calculating capital stock
is arguably different. By introducing the different capital stock estimation’s models,
the author recalculates the capital stock level of Guizhou Province with three kinds
of methods, compares and analyses the varied results by different approaches. For
Guizhou Province, the lowest of capital stock is 294.7 billion Yuan and the highest
of capital stock is 622.1 billion Yuan in 2011. As a result, on the premise of the
Perpetual inventory method, the main difference of different methods is how to
deal the previous actual capital stock (Kt−1) and the current actual net investment
(RNIt ). Especially, the key factors are the nominal total investment (GI), the nominal
depreciation (DS) and the price index of fixed assets investment (PIFt ) which consist
the RNIt . Therefore, this comparison study can help us to understand the capital
stock’s level of different regions, and provides some solid basis to undertake the
industrial transfer from east regions to the west regions of China.

Keywords Capital stock · Fixed-capital price index · Inventory · Depreciation ·
Guizhou

1 Introduction

Economic growth theories were the essential concern for economists for many less
developed countries post WWII era. There were large number of researches empha-
size the effect of capital is a key factor in economic growth. These thoughts were
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reflected in Harold-Domar model [18], poverty vicious spiral theory and big push
theory [16], Dual Sector model [8], Chenery [2] proposed double gaps model which
is based on the Keynes’ national income equilibrium and Harold-Domar’s growth
model, and emphasizes the impact of foreign exchange constraint and savings con-
straint on the economy. The new classical growth theory as the representative of
Solow [14] and the new economic growth theory as the representative of Romer
[13] developed further analysis on the role of capital. Above thoughts are well
received in the economic development practices in China, especially in the west-
ern regions. Hence, accurately measuring and analyzing the capital stock is the basis
of economic development become a very important work. Sun and Ren [15] cal-
culated the capital stock and capital flow of China from 1985 to 2005 and find the
speed of capital stock is normal, Jin [7] calculated the 31 provinces’ capital stock of
China and finds the rate of capital stock in west regions is faster than the east regions.
Cao and Qing [1] established the capital stock’s basic measurement framework and
calculate the capital of China from 1994 to 2010. In order to better understand the
actual situation, by using the different measurement methods, this paper calculates
the Guizhou province’s capital stock. This will provide useful theoretical support
for western regions to undertake the industries’ transfer from the eastern regions of
China.

2 The Method of Estimation the Capital’s Stock

How to decide the formula of calculation is the basic issue for the capital stock’s
estimation. Literally in the actual measurement, every scholar uses different method
although they follow same theoretical origins. This kind of situation can be explained
from the two aspects of the basic idea and the specific method.

1. The Basic Idea

The capital stock is the capital assets which is installed on a certain number of pro-
duction units in the certain time, it is generally used tomeasure the capital investment
that put into the process of production, especially is used on themeasurement of fixed
assets. There are many kinds of methods about the capital stock’s calculation, Ren
and Liu [12] pointed out the perpetual inventory method is the widely used method
in the world which is created by Goldsmith in 1951. Therefore, the basic principle is
that the previous actual capital stock and the current actual net investment compose
the current actual capital stock. The capital stock’s formula is:

Kt = Kk−1 + RNIt .

In the above formula, Kt means the current actual capital stock, Kt−1 means the
previous actual capital stock, RNIt means the current actual net investment. Li and
Tang [9] used this method estimate the China’s capital stock from 1978 to 2000, The
formula of RN It is:
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RNIt = NI/PIFt = (GI − DS)/PIFt .

NI is nominal net investment, GI is the nominal total investment, DS is nominal
depreciation, PIFt is the price index of fixed assets investment. Combined these two
formulas we can get:

Kt = kt−1 + (GI − DS)/PIFt .

In order to analysis the Kt by using the above formula, we will consider the
following variables: Kt−1, GI, DS, PIFt , as long as we know the specific values of
these variables, we can get a time series of the real capital stock.

2. The Specific Method

But in the actual measurement of the capital stock, there are different opinions in
the details of the scholars. The differences are mainly manifested in the following
scholars’ opinion:

(1) Chow [3] used the formula: Kt = Kt−1+ current year’s actual net investment.
In Chow’s article, the increasing of capital stock means the new productive and
new non-productive social fixed capital and liquidity after depreciation. So, this
method pays close attention to the depreciation.

(2) He [5] used the formula: Kt = Kt−1+ current year’s actual net accumulation.
In He’s article, the accumulation is RNIt , the accumulation is the ratio of current
accumulation index divide with the base period accumulation index andmultiply
by the base period accumulation, in which the concern of this method is the ratio
of accumulation index between the different period.

(3) Wang and Fan [17] used the formula: Kt (1952’s constant prices) = Kt−1 (1952
constant prices) + (current fixed capital formation−depreciation)/PK, in which
PK is price index of investment in fixed capital. In Wang’s article, the key of
calculate capital stock is price index of investment in fixed capital. By using this
price index, Wang and Fan adjust the current capital stock and make the amount
of capital stock more accurately.

From the above existing research results we can find: the main reason of why
measure a specific area’s capital stock has different results with above method is
how to determine the following several key variables: the capital stock of 1952s, the
specific price index selection, the level of investment (depreciation and inventory).
In order to understand the principle of calculating the capital stock and compare the
characteristics of different calculation methods, this paper discusses these issues and
gives the corresponding conclusion.
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3 Several Key Problems’ Disposal in the Calculation

In this part we discuss the following key questions.

3.1 How to Determine the 1952s Capital Stock

1. The basis of calculation

According to abovementioned studies, there are two base-years namely: newChina’s
established statistic year-1952 and, the Reform and Opening-up year-1978. Consid-
ering the data’s accuracy and availability, the beginning of calculating the current
capital stock is identified the capital stock level of 1952, and the price of 1952 is
determined as the constant price. In order to facilitate the analysis, we compare the
existing research results of 1952s capital stock level in the (Table1).

Because the early China statistical yearbooks did not report the fixed capital stock,
and we only get the fixed assets and net worth data of enterprise owned by the whole
people, so the capital stock of 1952 can be only estimated by calculating. Chow [3]
calculated the capital stock of 1952–1985 by using the state-owned enterprises, urban
collective enterprises, rural collective enterprises and individual fixed assets and
current assets’ yearly data, but he does not explain the way of calculation specifically.
At last, he gets the whole country’s capital stock is 103 billion Yuan without the land
value in 1952. He [5] considered the average growth rate of capital is equal because
of the stability of the economic system and national policy in 1964–1978, then he
gets the capital stock which calculates with 1990s constant price is 94.6 billion Yuan
in 1952. Wang and Fan [17] did not maintain the specific calculation methods but
they explain that according to the repeated calculation, the capital stock is 160 billion
Yuan in 1952 with same year’s price.

We can find there are obvious differences exist between these conclusions. The
key question is which one method is more correct when we use it to measure the
Guizhou province’s capital stock. According to analysis above different methods and
results, we find that every one of three methods has its advantages and disadvantages,
and if you fully trust or abandon any kind of method are not suitable. Finally, we
make a compromise: because we can’t find the best method, then we use each of the
method at the same time, so we can find a conclusion from the three different results
at last.

Table 1 The different scholars’ capital stock

Chow He Wang and Fan

1030 679 1600

Note 1952s constant prices, unit 100 million RMB
Data sources according to the China statistical yearbook 2012 and related documentation
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Table 2 The capital stock of Guizhou

Chow He Wang et al.

12.98 8.56 20.16

Note the Guizhou’s GDP is 623 million RMB in 1952, the GDP of China is 67,900 million RMB
in that year, unit 100 million RMB
Data sources according to the China, Guizhou statistical yearbook 2012 and related documentation

2. To determine the specific numerical of Guizhou province’s capital stock in 1952

Now the newquestion is thatwhen the capital stock of 1952’ is fixed inwhole country,
how can we decide the Guizhou province’s capital stock of 1952? By analyzing the
related empirical results, this paper proposes year 1952 as the base-year. In 1952,
the data of national capital stock is calculated from the different province’s capital
stock data, the formation of capital stock data in anyone province is closely related
on the level of local economic development. Therefore, we use the 1952s GDP of
Guizhou province in the proportion of whole country’s GDP in the same year as the
basis, we do the re-measure by using the above methods. The new results we get in
the (Table2).

3.2 How to Select the Price Index

For the accumulation of capital stock, the level of each year’s vested capital is
accounted with the current prices, and there are obvious differences based on the
different stages of economic development within these years. Therefore, it is neces-
sary to adapt a certain price index for processing the data of each year.

According the existing data, the statistical yearbook only shows the price indices
of investment in fixed assets from 1992, we cannot get the price indices from 1952
to 1991. According to this constraint, researchers choose other indices instead of the
price indices of investment in fixed assets or calculate the capital as proxies. Chow [3]
uses the remains indices to calculate the remains implicit deflator indices according
the data of statistical yearbook, but we cannot use this data directly because we
don’t get the raw data. According to comprehensive analyze the different scholar’s
research, we find there’re two kinds of price index can be used.

1. Shanghai price index

Zhang and Zhang [19] found the fixed capital of Shanghai since 1950–2000 and the
related index in the appendix of Yearbook of statistics in Shanghai 2001, they give
their interpretation by analyzing these data. As one of the most developed city in
China, the economic development of Shanghai can be regarded as the representative
for the level and speed of Chinese economic development. Therefore, because the
national capital price index is absent, we use the Shanghai’s existing price index is
reasonable.
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2. The GDP price deflator index

Although the Shanghai price index can reflect the change of the capital stock at
certain extent, but this index cannot completely reflect the gap between the regions.
Because the Shanghai price index cannot reflect the price changes completely, this
research also adopts a different method to make up this deficiency-the GDP price
deflator index. The calculation of GDP price deflator index as follows:

(1) First, We collect the Guizhou province’s actual value GDP and the GDP price
index from 1952 to 2011.

(2) Second, we use the GDP in 1952 as the base year and multiply the other year’s
GDP price index and then divides by 100, so we can get any one year’s real GDP
which is reflected by the 1952s GDP.

(3) Finally, we apply the actual GDP of each year divides the any one year’s real
GDP which is reflected by the 1952s GDP, so we can get the correct GDP price
deflator index.

3.3 How to Calculate the NI

Another key factor in the capital stock is how to calculate the RNIt , and how to
determine a more accurate current net investment is the biggest challenge before
calculate the RNIt . In the calculation of the annual new capital, most studies use the
way of deducting the depreciation from the total social investment in fixed assets.

He and Chow use the accumulation to reflect the new capital. The accumulation
is the material of product value which is used to expand reproduction and non-
productive construction and increase the social reserve, the amount of accumulation
equal the net national incomes which remove the consumption share of that year.
But this way can’t be used anymore because the new statistical system of China does
not publish the data of accumulation from 1993. Wang and Fan [17] considered that
there are huge wastes in the investment of China, so directly using the investment
in fixed assets will make the amount of capital higher. They calculated the current
fixed assets with fixed asset investment in the whole society investment multiplied
the deliveries ratio of fixed assets before 1980, and directly using the fixed capital
formation data are released by the National Bureau of Statistics after 1980.

Because of different understanding about the NI, three scholars’ opinions are dif-
ferent. Themain reason of this situation is due to the statistical data’s uncertainty. For
the sake of convenience, the question of how to calculate the NI will be summarized
as follows:

1. How to understand the meaning of GI

In the above three methods, the key element of understanding the GI is the definition
of the total investment, that means how to deal with the inventory. Because this
problem can’t be reflected in the above three scholars’ article, the total investment
will be defined as two types: the first method describes the total investment is directly
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represented by current fixed capital formation; the second way defines the total
investment composes by the current fixed capital and inventory. (Because the gross
capital formation = gross fixed capital formation + inventory).

2. How to decide the current fixed capital formation

Because we can only find the data of current fixed capital formation from 1985 to
2011, in order to get the data of 1952–1984, we use the data of expenditure approach
GDP to reckon the current fixed capital. By comparing the data we can find: the
mean of current fixed capital is very close, so we believe there is a relatively stable
tendency between the two data.

3. How to decide the inventory

The processing method of inventory is same as the current fixed capital. Because
the mean value of inventory is very close, so we believe there is a relatively stable
tendency between the two data.

4. How to decide the depreciation

Because the depreciation has the same problem with fixed capital formation, so we
take the same way to deal with: (depreciation of 1990–2011)/(total investment in
fixed assets 1990–2011)×(total investment in fixed assets 1952–1989). Because the
mean value of the depreciation is very close, so we believe there is a relatively stable
tendency between the two data.

3.4 The Summary of Above Methods

Through the above introduction we can find, the different factors can constitute
different conclusions. The specific combinations are as follows (Table3).

Table 3 The combination of methods

Method

Chow He Wang et al.

RNIt ➀ ➁ ➂ ➃ ➀ ➁ ➂ ➃ ➀ ➁ ➂ ➃

1 Y Y Y Y Y Y

2 Y Y Y Y Y Y

3 Y Y Y Y Y Y

4 Y Y Y Y Y Y

Note Y means the way which can be used
1 means: Depreciation = current fixed capital formation
2 means: Depreciation = the current fixed capital + inventory
3 means: Shanghai price index
4 means: GDP price deflator index
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According to the table we can see: when we calculate the capital stock with Chow,
He or Wang’s methods, based on the different understanding of NI and PIFt , we can
choose any kind of method from the above table and get different result. All of these
results are the key content in the follow-up study.

4 Results and Conclusions

1. Results

There are many different methods of calculation and coupled with the use of specific
differences of index, the main results show as follows (Table4).

(1) From the table we can see: due to the different definition of total investment the
result which uses the total investment composes by the current fixed capital and
inventory is bigger than the result which uses the total investment is represented
by current fixed capital formation regardless of which method you use.

(2) The result which uses the Shanghai price index is bigger than the result which
uses the GDP price deflator index.

(3) The different of capital stock in 1952 is one of the reasonswhy the abovemethods
have different result.

Table 4 The result of different methods

Year

1952 1961 1971 1981 1991 2001 2011

C 1 12.98 41.20 129.01 255.98 529.60 1288.35 6221.32

2 12.98 52.87 159.90 324.37 679.25 1553.46 5764.33

3 12.98 34.17 78.90 139.85 263.11 632.58 3229.14

4 12.98 44.37 98.78 178.27 339.49 722.34 3076.61

H 1 8.56 36.78 124.59 251.56 525.18 1283.93 5482.42

2 8.56 48.45 155.48 319.95 674.83 1549.04 6273.19

3 8.56 29.75 74.48 135.43 258.69 694.57 3142.28

4 8.56 39.95 94.36 173.85 335.07 722.65 2947.16

W 1 20.16 48.38 136.19 263.16 536.78 1295.53 6326.57

2 20.16 60.05 167.08 331.55 686.43 1560.64 7236.83

3 20.16 41.35 86.08 147.03 270.29 658.91 3369.46

4 20.16 51.55 105.96 185.45 346.67 800.53 3537.19

Note C-Chow, H-He, W-Wang and Fan, unit 100 million RMB
Data sources according to the Guizhou statistical yearbook 2012 and related documentation
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2. Other Matters Need to Be Explained

(1) The stock of agricultural capital
For the calculation of agricultural capital stock, most scholars only calculate the
short term data at the national level. For example: Pu and Chen [11] calculated the
data from 1998 to 2010 and He and Xiao [6] calculated the data from 2003 to 2012.
Although Li and Tian [10] gave the result of agricultural capital stock in Guizhou
province from 1952 to 2011, but there is no introduces about their method. So this
paper believes that the impact of the agricultural capital stock for the capital stock
of China can be negligible in 1952. The reason is that there is a fairly long period
of time after the new China established, most of the agricultural production process
also belongs to the labor-intensive, the mode of production is given priority with
simple labor and there are a few of fixed assets available for using. So we can deal
the relatively small agricultural capital stock level as the research error which can be
accepted in the study.

(2) The stock of human capital

The estimation of human capital is a very difficult thing, and we have to face a series
of problems when we estimate the human capital of China. These questions include:
the definition of human capital, the availability of data, the degree of full employment,
the level of unemployment, the method of aggregating and processing data. Even the
different ethnic minorities in Guizhou will have an impact on the formation of local
human capital. Considering Du and Yang [4] found the direct effect of human capital
on the economic growth is not obvious, so this paper does not analyze the question
of human capital stock deeply.

3. Conclusions

There are following conclusions can be drawn:

(1) PIFt is one of the key factors to decide the capital stock

All the data are divided into two groups, the data uses the Shanghai index are larger
than uses the GDP price deflator index. That means the most important thing on the
final result is the selection of index if other conditions are similar.

(2) The capital stock of 1952 is the main cause of difference between intergroup
results

By specific analysis of each group’s results, we will find the gap in the all groups
with same number’s method is simply due to the capital stock of 1952 which has
been determined.

(3) How to understanding the NI is another key factor in the calculation

When the capital stock of 1952 and P I Ft are determined, the key is how to decide
the impact of the net investment, which is used to calculate the inventory in certain
year. Therefore, the inventory becomes the key and influences each method’s result
when the index is the same.
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In conclusion, the capital stock is the important indicator to justify the level
of economic growth in the different region. However, due to different estimation
strategies and methods, the estimated results varied accordingly. Therefore, when
we want to calculate the capital stock in a particular area, the difference among the
different methods should be fully considered. Especially when considering particular
region with specific research objectives, selection of specific calculation methods is
of essence and value for the accuracy of explanation. Only in this way, we can get
the relative correct capital stock in different regions, and provide useful ideas and
suggestions to study the certain regional economic growth and questions of industries
transfer.
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Study on the Contribution Rate of Scientific
and Technological Progress to Economic
Growth in a Coal Enterprise

Lin Zhuo, Yi Lu and Xuexiang Deng

Abstract To calculate the contribution rate of the scientific and technological (S&T)
progress to economic growth in a coal enterprise, the improved production function
model and the Solow residual value method are adopted in this paper. This method
includes three steps: Firstly, according to the processed data, the unknown parameters
are estimated by SPSS. Secondly, the annual growth rate of each production factor
is calculated. Thirdly, the contribution rate of S&T progress to economic annually is
obtained based on the Solow residual method. In this paper, the highest contribution
rate of S&T progress to economic growth reaches 36.06%, and presents a rising
trend. Finally, based on the result, some suggestions and conclusions are provided
accordingly.

Keywords Contribution rate · Technological progress · Solow residual model ·
Coal enterprise

1 Introduction

In order to realize the economic development in a continual, stable, and highly effi-
cient way, we have to adjust the proportion of various input factors in the economy.
Since the economical growth way of coal industry is an extensive form, whose traits
are high investment, high consumption with low output and low quality. Transfor-
mation of the economic growth is the most important work in coal enterprise reform.
So, it is important to obtain the contribution rate of each factor to economic growth,
especially the contribution rate of S&T progress, which can help the managers make
reasonable macro policies. Ayres [1] proposed that the contribution rate of S&T
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progress to economic growth, broadly speaking, refers to the sum of contributions
rate of other factors to output increase, excluding those of the increase in labor force
and capital.

It is essential to seek higher returns for enterprise, we must analyze if the invest-
ment is reasonable so as to determine howmuch input we should increase or decrease
in the next round of production. Hence, the contribution rate of S&T progress to eco-
nomic growth is a reference standard to determine whether the resource is effectively
utilized. The configuration of science and technology resource mainly comprise two
aspects: input and output. Right configuration is a key factor to improve the con-
tribution rate of S&T progress. In coal enterprise, Science and technology input
includes financial resources input and human resource input. And the output level
can be measured either by raw coal production or gross industrial output value. The
contribution rate of S&T progress reflects the relative relationship among capital,
labor and technology progress in the economic growth.

Considering the contribution rate of S&T progress, some scholars conduct
research from the perspective of S&T resources allocation about the S&T progress,
such as Yu and Ju [2], Inekwe [3], Eddleston and Kellermanns [4]. Some scholars
do quantitative research. Guo et al. [5] used the Cob-Douglas production function
and the Solow residual value method to count thirty one Chinese regions at different
categories of levels of S&T progress contribute to economic growth. Durlauf et al. [6]
made contribute to a better understanding of the capacity of the Solow growth model
to explain cross-country growth patterns. Moreover, Wang and Yu [7] constructed a
agricultural production function of Anhui province agriculture, and measured each
input factor’s influence on total agricultural output, Li and Hu [8] made an empirical
study on the contribution rate of land to economic growth to Shanghai. Also, Guo
et al. [9] constructed a fuzzy neural networks to estimate the economic contribution
rate of education in China. However, these researches about the contribution rate to
economic growth rarely covered the coal field. Since the economic growth is influ-
enced by many factors, especially the non-quantifiable factors, such as the policy
factors, structural factors, market factors such as the information distortion, it is with
awith a high level of uncertainty and it is difficult tomake quantitative analysis by the
Cobb-Douglas only. Meanwhile, the same S&T progress may make different contri-
butions in different regions. Thus, Traditional statistic measures on the contribution
rate of S&T progress are deficient. In this paper, aiming at measuring the contribution
rate of a typical coal enterprise from the year of 2004 to 2013, the Cobb-Douglas
production (C-D production function) and Solow residual value method is adopted,
considering the three principal influence factors: production output, capital and labor
input, which can display the interaction to the economic growth specifically. Then,
on the basis of analysis of calculated results, corresponding countermeasures and
suggestions about improving the contribution rate of S&T to economic growth are
put forward.
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2 Problem Statement

For a long time, the measurement for the S&T progress to economic growth has
been active research area. But it is quite controversial about the calculation method.
Besides, the parameter selection in the calculation process can have great influence
on the final results, such as themeasurement way of labor input. From the perspective
of the enterprise, the right configuration of S&T resources plays an important role in
the operation. Thus, a straight way about how to compute the S&T progress to eco-
nomic growth and how to adjust the resource structure on the basic of comparative
and analysis these data are in needed. Only the perfection of resources allocation can
have their sustainable development really fulfilled. Moreover, through this approach,
the enterprise can make reasonable resource input plan according to the work target
(briefly speaking is the contribution rate in expectation). So, there is a need of con-
ducting a comprehensive study on the way to compute the contribution rate of S&T
progress and the extending researches.

3 Modelling

Coal production process is one to which various production resources are contin-
uously devoted. In order to make a better understanding of how to compute the
contribution rate of S&T progress to economic growth, the Solow residual model is
established on the basic of C-D production function. And the deduction of calculation
process is performed.

1. Assumption

To apply the Solow residual value approach, the following assumptions are made:

(1) The production factors only include capital, labor and time, which can be fully
utilized at any time;

(2) The S&T progress is assumed to be the neutral technological progress defined by
Hicks, namely the output-growth-oriented technological progress, which regards
the marginal product of capital and labor rate as fixed;

(3) In a perfectly competitive market.

2. The Model

Y = f (K , L) = A0eλt K α Lβ, (1)

a = y − αk − βl. (2)
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Equation (1) is the Solow neutral technical progress function, in which Y denotes
the output, K denotes the capital input, L represents the labor input, A0 indicates the
level of technology at base period, λ represents the rate of technological progress.
The value of α, β can be computed based on this Eq. (1).

Equation (2) is the Solow residual value method. Here, y is the growth rate of
output, k is the growth rate of capital input, l is the growth rate of labor input.
Equation (2) means that the contribution of S&T progress to economic growth is
equal to the sum effect of other factors excluding the increase of capital, labor and
human capital.

In the equation above, there are possibly three situations for β + β, if β + β > 1,
the scale economy is increasing returns to scale, if β + β < 1, it’s the decreasing
returns to scale, if β + β = 1, then, it satisfies the constant returns to scale in the
production process.

3. Production Factor Indexes

In the production above, the Y is measured by the gross value of industrial output,
the fixed assets is used to measure the capital input K , the labor input L is measured
by the number of the employers from the year of 2004 to 2013.

(1) The output Y

This paper calculates the contribution rate of the S&T in coal enterprise, considering
the time lag effect of money, the data on gross industrial output value from 2004,
which is also as the base year, are adjusted to the standard data.

(2) The fixed assets K

The net value of fixed assets refers to the total scale of fixed assets capital stock
at a given time. Due to the lags on the economic benefits of capital input [10], the
perpetual inventory method [11] is used to adjust the comparable prices of fixed
assets stock of each year. The adjustment equation is as below:

Kt = (1− δ)Kt−1 + Xt , (3)

where Kt is the initial value of fixed assets of the t th year after adjustment; δ is the
geometric depreciation rate of the fixed assets (δ = 5% in this paper); Xt is the
comparable price of the fixed assets investment in the t th year. Xt = the fixed assets
investment at the t th year × the price index of fixed assets investment at the base
period ÷ the price index of fixed assets investment at the t th year. The net value of
fixed assets stock of the base period (the year of 2004) is supposed to be equivalent
to the fixed assets investment, namely X0 = K0.

(3) The labor input L

The amount of the labor input refers to the process of the coal production. Current
researches about the method to measure the total actual investment of labor force at
home and abroad have the following categories: One way is to use the labor income.
But using the income to measure labor input is clearly affected by many factors,
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and the authenticity of the data is poor. Another way is to use the number of the
labor input, namely the number of the employed staff or the practitioners, which data
is adequate, systematic and standardized and with no necessary to adjust the price.
Therefore, the number of employees (million) of each year is directly used as labor
input index.

4 Case Study

Based on the above mentioned approaches, this paper evaluates the contribution rate
of S&T progress to economic growth of a coal enterprise. For the sake of confiden-
tiality, we call it company C here, and make a brief introduction about it. Company
C is an extra-large State-Owned-Enterprise (SOE) mainly engaged in coal min-
ing and sales, coal chemical industry, power generation and aluminum production
and machinery manufacturing. By applying the scientific outlook on development,
restructuring business and transforming growth patterns, the company has experi-
enced an extraordinary development for years. To achieve higher goals and measure
the ability to transform the competitive power of S&T into real productive forces,
we got the raw data. Due to the requirements of the model and confidentiality, ap-
propriate modification and adjustments were made. Data of production factors in a
typical coal enterprise is shown in Table1.

Table 1 Data in coal enterprise from the year of 2004 to 2013

Year Y Kt Ka L

2004 2214453 100.00 5573.14 98652

2005 2510112.304 101.58 11182.64 99147

2006 2579178.331 103.11 17343.05 99303

2007 2645134.563 107.14 23136.71 101271

2008 3315253.702 116.74 29132.2 94035

2009 3984615.303 113.95 33014.77 99970

2010 4299164.901 118.03 37283.1 93827

2011 4614493.888 125.82 51692.53 96238

2012 4984442.121 127.21 58632.54 97373

2013 5074703.099 127.58 66171.43 94441

Note Data is from a coal enterprise from the year of 2004 to 2013. Y denotes the gross industrial
output value after data smooth processing and the unit is ten thousand Yuan. Kt denotes the price
index of fixed assets investment and the base year is 2004, this data come from the China statistical
yearbook. Ka is the fixed assets after adjustment and the unit is million Yuan. L is the number of
employers and the unit is people
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4.1 The Estimation of the Parameters α, β, γ

The key point of calculating the contribution rate of S&T progress to economic
growth is to get the α, β, γ . Currently, there are three main methods to determine
the elasticity of output: the empirical estimation method, the ratio method and the
regression method. Here, the sample data in this paper is actually in line with the
requirements. So, the regression method is adopted. Seeking the partial derivative
on K , L in Eq. (1), we can get,

∂Y

∂K
= A0eλtαK α−1Lβ = α

Y

K
, (4)

∂Y

∂L
= A0eλt K αβLβ−1 = α

Y

L
. (5)

According to Eqs. (4) and (5), we can get Eqs. (6) and (7).

α = ∂Y

∂K
× K

Y
, (6)

β = ∂Y

∂L
× L

Y
. (7)

From the above, it is clear that α and β are respectively the output elasticity of
fixed assets stock, the output elasticity of labor. It indicates that the same level of
S&T, if the investment on labor is constant, 1% increase in fixed assets stock will
lead to α% increase in output, if the investment of fixed assets stock in constant, 1%
increase in labor will result in β% increase in output. Then the value of α, β and λ

are got by taking logarithm of both sides of the Eq. (1):

ln Y = ln A0 + λt + α ln
K

L
+ β ln L . (8)

We use the sample data of the indexes Y , K and L from 2004 to 2013 in Table1
and according to the Eq. (8), we use the SPSS software to do multiple regression
analysis on the sample data. And the results are shown in Table2.

From Table2, we can find that R2 is close to 1, fit is with high goodness and
good effect. Similarly, regression coefficients α, β and λ also pass their respective t

Table 2 Result of analysis on the sample data

Number
of
samples

R2 F α β λ

Coeffi-
cient

t-statistic Coeffi-
cient

t-statistic Coeffi-
cient

t-statistic

10 0.996 481.535 0.493 6.987 −0.054 −0.144 0.036 3.722
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test when α = 0.493. So, significance level of all indexes is high, which means the
models all pass the examination successfully.

4.2 The Calculation of Average Annual Growth Rate of Each
Index

Annual average growth rate is expressed as a multiple or percentage. It is equal to
the average rate of development minus 1 (or 100%). Here, we use the level analysis
method to calculate the average growth rate. And the calculation equation is listed
as follows:

The growth rate of output: yt =
(

t

√
yt

y0
− 1

)
× 100%. (9)

The growth rate of fixed assets: kt =
(

t

√
kt

k0
− 1

)

× 100%. (10)

The growth rate of labor: lt =
(

t

√
lt
l0

− 1

)

× 100%. (11)

yt , kt and lt denote the output, the fixed assets and the number of the practitioners
in the end of a period respectively. y0, k0 and l0 are the output, the fixed assets and
the number of the practitioners in the base period respectively (y0 = y2004).

4.3 The Calculation of Contribution Rates of the Factors
to the Total Output Growth

According to Eq. (3), the S&T progress rate can be calculated. By Eqs. (9)–(11), the
contribution rate can be got as is shown in Table3.

The contribution rate of S&T progress to economic growth during the period of
2004- t th year:

E A = at

yt
× 100%. (12)

The contribution rate of fixed assets to economic growth during the period of
2004–t th year:

Ek = αkt

yt
× 100%. (13)
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Table 3 The contribution rate of the production factors to economic growth

Year yt kt lt at E A Ek El

2004 – – – – – – –

2005 0.133513 0.223612 0.005018 0.023544 0.176339 0.616337 0.004961

2006 0.079214 0.131356 0.003294 0.014633 0.184731 0.610234 0.005489

2007 0.061029 0.095269 0.008772 0.014535 0.238161 0.574469 0.018973

2008 0.106146 0.168979 −0.01191 0.022196 0.209112 0.585836 −0.01481

2009 0.124667 0.194164 0.002658 0.029088 0.233323 0.573145 0.002814

2010 0.116914 0.178648 −0.00832 0.028391 0.242835 0.562316 −0.0094

2011 0.110583 0.160611 −0.00353 0.031211 0.28224 0.534484 −0.00422

2012 0.106735 0.144331 −0.00163 0.035492 0.332525 0.497622 −0.00202

2013 0.096519 0.124653 −0.00484 0.034804 0.360592 0.475267 −0.00661

The contribution rate of labor to economic growth during the period of 2004–t th
year:

El = βlt
yt

× 100%. (14)

According to the Eqs. (12)–(14), the contribution rate of the factors to the total
output growth can be calculated as in Table3. And in order to make an intuitive
understanding of contribution rate of each factors involved in the production process,
the trend chart is shown in Fig. 1. Also, the trend of the speed of output, capital input
and labor input is shown in Fig. 2.

According to Table3 and Fig. 1, we can see that capital contribution rate is the
highest, the huge fixed assets investment promote the economy growth for a long
time. And economy growth mainly depends on the S&T progress and the capital
investment. Meanwhile, the contribution rate of the labor is especially low, which
had reached below 0 for 5years, brings negative value. That is to say with blindly
increasing labor input, the production will not increase correspondingly. Besides, it

Fig. 1 The comparison of
the contribution rate of three
production factors from the
year of 2004 to 2013
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Fig. 2 The comparison of
annual growth speed of yt ,
kt , lt , at

is clear that the S&T presents a rising trend while the contribution rate of capital
investment shows a down trend, and during this period, the highest contribution
rate of S&T reached 36.06%. Which also means that the coal enterprise is going
through transform from quantity growth way to growth way of quality, the economic
growth changes from extensive growth way into the intensive growth way. What
enlightenment we can get from this phenomenon is that we should enhance the S&T
level and make full use of scientific technology.

FromTable1 and Fig. 2, we know that, during the period of 2004–2007, the annual
growth rate of each factor trending downward, this is because of economic crisis.
And the reason for low contribution rate of labor lies in persistent low growth rate of
labor, and it is in accordance with actual status. It must be made clear that the era of
simply increase the number has passed, and now, the efficiency is the essence, which
means personal output needs to be increased. In other word, the elasticity of labor
should be increased. One effective way is to establish incentive system.

From Table2 we know that α + β = 0.439 < 1. It indicates that company C is
at the decreasing stage of the scale return. So, business scale expanding cannot have
effective influence on economic efficiency. The economic growth is the mutual inter-
action and restriction among every factor, one resource alone increasing or decreasing
cannot achieve high returns. In order to maximize the effect of S&T progress on eco-
nomic growth, the investment on scientific research cost in universities and other
scientific organizations should be increased, such as the school-enterprise coopera-
tion mode. This can guide the enterprise construct a self-directed innovation system,
strengthen the cooperation of the scientific research organizations and enterprise,
promote the application of the latest S&T progress and achieve the economic
efficiency, thereby driving the growth of the contribution rate of other elements.
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5 Conclusions

The measuring of S&T progress to economic growth based on longitudinal data, on
certain countries or areas at certain period. But in fact, due to the lack of data sample,
the parameter estimation in the production function can be affected. Thus, in order
to avoid error and influence caused by different element selection in analyzing each
factor, the data is normalized, including the capital investment and the output value.
So, the proximity and comparability among various factors can be achieved. Through
the analysis of the reasons, the conclusions can provide corresponding advisement
to the enterprise.

In the process of estimation, there still exits three aspects that can be improved.
The first is that the gross capital input was not subdivide and the second one is that
the regression of explanatory variables is few, the third one exists in the methods of
measuring elasticity coefficient, different parameter selection and calculationmethod
will affect the accuracy of the result. If those three hard nuts are solved,more precisely
result such as which input item plays a significant role, upon which we can adjust
investment direction to improve capital utilization can be got.
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External Involvement and New Product
Performance: The Mediating Role
of New Product Advantage

Wei Liu, Huiying Zhang and Fan Yang

Abstract The focus of this study is on the effects of customer and supplier
involvement on new product performance, as well as the mediating role of new prod-
uct advantage.We established a conceptual framework inwhich external involvement
is linked to new product advantage and new product performance. Subsequently, the
model was tested by data collected from 124manufacturing companies in China. The
obtained results demonstrated that customer and supplier involvement can contribute
to the improvement of new product advantage. And the new product advantage com-
pletely mediates the relationships between two types of external involvement and
new product performance. These findings have valuable implications for academi-
cians and practitioners in both the external involvement and new product develop-
ment areas.

Keywords Customer involvement · Supplier involvement · New product advan-
tage · New product performance

1 Introduction

As the product markets are becoming increasingly competitive, the management of
new product development (NPD) is attracting more and more attention. However,
new product development is a complex and difficult process. Facing the reality of
dispersed resource, complicated technology and high-velocity environments, devel-
opment of new product can no longer be accomplished by a single firm [3]. Numerous
literature has highlighted the roles of external involvement in leveraging the knowl-
edge and resources of their customers and suppliers [4, 10]. Thus, customer and
supplier involvement provide opportunities for firms to reach high quality levels,
fast and reliable delivery, satisfactory service and sufficient flexibility.
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Despite the growing research interest in external involvement, previous findings
about the relationship between external involvement and new product performance
(NPP) are inconsistent. While some researchers provide empirical evidence for the
positive relationship between them [3, 12], other findings report a non-significant
or even negative relations [13, 17]. In addition, there is little empirical evidence
regarding how different dimensions of external involvement simultaneously affect
new product performance. A deeper understanding of these relationships may help
themanagers to establish amore complete picture of howmanufacturers benefit from
external involvement.

In order to further study the concrete interaction process between external involve-
ment and new product performance, we introduced new product advantage as amedi-
ator in this research. With the fast developing trend toward mass customization and
the growing heterogeneity of customer demand, the product advantage is emerging
as an important factor to obtain superior performance for firms [1, 5, 11]. A prior
meta-analysis suggests that, among the many drivers of new product performance,
product advantage has the most profound influence [5]. By involving suppliers and
customers into new product development, manufacturers can improve external inno-
vation capability and obtain complementary resources [10], thereby enhancing their
new product advantage. Consequently, new product advantage may act as an inter-
mediate outcome of external involvement, which leads to the improvement of new
product performance ultimately. To the best of our knowledge, detail report con-
cerning the mediating role of new product advantage has been overlooked so far.
In present work, we focus on obtaining deeper insights and understandings of the
relationships between the three variables.

This study contributes to new product development and external involvement lit-
erature and practices in several ways. First, our research provides valuable empirical
evidence on the relationship between different dimensions of external involvement
and new product performance. This fine-grained view offers a more detailed picture
of the relationship between external involvement and new product performance. Sec-
ond, most existing studies have ignored the role of new product advantage in the rela-
tionship between external involvement and performance, so we conduct an in-depth
theoretical examination which could move us from a simplistic understanding of the
external involvement to a more precise model. Third, more and more multinational
corporations have transferred their manufacturing bases to emerging economies such
as China. Improved knowledge about China has significant managerial implications
for them to operate here.

2 Literature Review and Conceptual Model

Drawing on the literature on external involvement, new product advantage and inno-
vation management, the four constructs of interest as well as a series of hypotheses
linking them are presented in this section. Figure1 depicts the conceptual model.
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Customer 
involvement

Supplier 
involvement

New product 
performance

New product 
advantage

Fig. 1 Conceptual model

2.1 External Involvement and New Product Advantage

For the sake of clarity, the core construct of new product advantage is defined before
proceeding. Among the various definitions of new product advantage, the defin-
ition proposed by Song and Montoya-Weiss [15] is adopted widely. This defini-
tion succinctly captures the essence of a cluster of traits setting anew product: a
product’s perceived superiority relative to competitive products. Product advantage
mainly encompasses quality, uniqueness, problem solving capability, technical per-
formance, innovativeness, and ability to meet customers’ needs compared to other
similar offerings [11].

The new product advantage is perceived as a key product characteristic in explain-
ing the adoption and success of the new product. More and more firms are recon-
sidering the fundamental ways in which they can enhance new product advantage.
Different factors influencing new product advantage have been investigated. Some
scholars focus on strategic characteristics and argued that strategic orientation and
product launch could provide guidelines for improving new product advantage [11].
Others highlight the role of project team structure such as product development team
stability and proficiency in improving new product advantage [11, 15]. The positive
effects of project characteristics (innovativeness and complexity) on new product
advantage have also been studied [6, 9]. While these studies substantially enrich our
understanding of new product advantage, the importance of external involvement
have been ignored.

External involvement is defined as the extent to which manufacturers involve
their external partners into new product development and subsequent improvement
projects [4]. There are two types of external involvement: supplier involvement
and customer involvement. Based on the perspective of knowledge-based view, the
knowledge required by NPD can not obtained within the firm entirely. Feng et al. [3]
and Menguc et al. [10] suggested that customer and supplier involvement represents
an important source of knowledge.
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Obviously, customers have information and knowledge about their own prefer-
ences and needs, which presenting chances to generate values for firms. The enter-
prise can broaden its knowledge’s depth and breadth by adsorbing customer’s knowl-
edge, and the acquired knowledge substantially enrich the product assortment [3].
Involving customer in NPD process also provide enterprise a better understanding
of the customer’ requirements, thus finding accurate market localization for new
product [16]. Meanwhile, customers offer firms complementary and first-hand infor-
mation, which greatly reduce the probability of poor design. Furthermore, customers
can share innovative and instructive ideas with the manufacturers when they specify
their requirements and co-design the products. In summary, we posit this tie:
Hypothesis 1a.Customer involvement has a positive effect on newproduct advantage.

Another important source of knowledge derived from suppliers. Generally, suppli-
ers possess greater expertise and knowledge concerning the specifications, parts and
components, which is essential to a manufacturing enterprise’s new product devel-
opment [7]. Chen and Paulraj [2] documented that supplier involvement may range
from giving minor design suggestions to engineering of a specific part of assembly,
even responsible for the complete NPD process. In the stage of conceptual design,
supplier involvement can provide relevant technical advice about products. Lawson
et al. [7] found that collaboration with suppliers is conducive to product innovative-
ness. In the detailed design and manufacturing stage, the participation of suppliers
can provide valuable solutions for the design of components and parts. It helps the
manufactures to select the appropriate materials and improve the product’s manufac-
turability and maintainability. Apart that, when a supplier directly participates in the
process of decision making phase, it means that the supplier can prepare materials
and other resources earlier, then the manufacturer can identify potential design prob-
lems and find solutions in advance. Undoubtedly, with the application of supplier’s
specialized technology resources and core competence, manufactures can develop
more special and competitive products. We thus suggest that:
Hypothesis 1b. Supplier involvement has a positive effect on new product advantage.

2.2 New Product Advantage and New Product Performance

Selecting the appropriate performance measures is full of challenge, since existing
literature has suggested a wide divergence of opinions. As recommended by new
product strategy researchers, we incorporated multiple dimensions for this construct
in terms of relative market share, relative sales, and relative profitability of all new
products. It measures how well the firm does routinely in launching a series of key
products through the product development process to become commercialized goods.
New product advantage has become increasingly important for product development
management in organizations due to providing a concrete picture of a firm’s ability
to meet customer needs. In other words, the degree to which a new product is per-
ceived as superior to those of competitors mainly determines whether or not it is a
marketplace winner [11].
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Newproductwith high quality is anticipated to positively influence customer satis-
faction. Thus increasing customer adoption and purchase repetition, further increas-
ing organizations’ market share and profits. Products with good performance can
substantially reduce the rate of return, which enhancing the product performance
from another side.

Products offering a significant advantage over competitors’ products also tend
to be attractive. Introducing highly-innovative products which offering “new-to-the-
world” functions that nobody can quickly compete with enables plants to achieve a
firstmover position in themarket.By improving customer satisfaction anddeveloping
customer loyalty continually, first movers usually possess a larger market share [18].
In addition, first movers usually achieve better financial performance, due to they can
extending sales life and charge a premium price. Therefore, in relation to innovation
efforts, when advantages are incorporated into new products, the products should be
better received in the marketplace. Accordingly, we propose:
Hypothesis 2. New product advantage has a positive effect on new product perfor-
mance.

2.3 The Mediating Role of New Product Advantage

At present, it has been hypothesised that external involvement have positive effects on
new product advantage, which in turn have influence on new product performance.
It is reasonable to propose that new product advantage mediate the relationships
between external involvement and new product performance. To better exploit the
information and knowledge gained from external involvement, the firm needs to
employ, internalize and transform them into the new product development process.
Based on the internalized external knowledge, firms can improve new product advan-
tage, and so further to achieve new product performance improvement. Secondly, the
mechanisms to support external involvement are costly and technology intensive [3].
Therefore, the costs of implementing external involvement may outweigh the bene-
fits contributed by customers and suppliers. If a firm can create products perceived
as superior to those of competitors, the costs related to external involvement may be
partly compensated.

Although the existing literature has established certain connexions between new
product advantage and new product performance, there are few studies investigat-
ing the mediating role of new product advantage in this involvement-performance
link. Some relevant hints has been mentioned by previous researches. For example,
Li et al. [8] reveal that product innovativeness mediates the relationship between
supply chain management practices and market performance. Akroush [1] stated
that product quality mediates the relationship between organization ability and new
product performance. These findings suggest that the association between exter-
nal involvement and new product performance might be mediated by new product
advantage.
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Hypothesis 3a. New product advantage mediates the relationship between supplier
involvement and new product performance.
Hypothesis 3b. New product advantage mediates the relationship between customer
involvement and new product performance.

2.4 Control Variables

To avoid any unjustifiable influence of alternative factors, other than these included in
our research model, on new product development performance, two control variables
are included while analyzing the model. First, there is a control for firm size. On
one hand, larger companies usually have more resources for supply chain activities.
Thus, they may achieve a higher level of external involvement in comparison to
small companies [18]. On the other hand, they might have larger resource pools to
invest in new product development technologies and consequently higher levels of
product development improvement. The second possible confounding effect relates
to R&D expenses. We measured firm size and R&D expenses by asking respondents
to indicate the sales volume and R&D costs of past year. Consistent with prior
research, the control variables were transformed by taking the natural logarithm to
alleviate univariate non-normalities and account for nonlinear effects [18].

3 Research Methodology

3.1 Sampling and Data Collection

To test the above hypotheses, we carried out a survey from 2013 to 2014 in China. As
China is a country with economic development level varying across different regions,
we strategically selected 5 cities for our sample to take geographic and economic
diversity into consideration. These 5 cities are Chongqing, Guangzhou, Shanghai,
Tianjin and Hong Kong, which are all important manufacturing centers with a wide
variety of NPD activities.

In order to ensure the completeness and accuracy of the responses, the sampled
companies were selected on the basis of recommendations from local government
and universities. As indicated in Table1, these companies represent a wide range
of industries. During the pilot-testing process of the questionnaire, 10 companies
was visited, and it was established that the optimal way forward was to get one key
informant, who is familiar with NPD, knowledgeable in supply chain and customer
and supplier relationship management [18].

Several methods were employed in this research to improve response rate. First,
we gave a call to each firm to introduce the research objectives and identify a key
informant. As an important participation incentive, we promised the respondent a
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Table 1 Respondent profiles (n = 124)

Characteristics of firms Frequency Percentage

Industry type

Arts and crafts 3 2.42

Building materials 7 5.65

Chemicals and petrochemicals 9 7.26

Electronics and electrical 17 13.71

Food, beverage and alcohol 6 4.84

Metal, mechanical and
engineering

35 28.23

Pharmaceutical and medical 4 3.22

Publishing and printing 5 4.03

Rubber and plastics 11 8.87

Textiles and apparel 23 18.55

Wood and furniture 4 3.22

Sales (million RMB)

<5 41 33.07

5–9 2 1.61

10–19 9 7.26

20–49 8 6.45

50–99 13 10.48

Over 100 51 41.13

R&D expenses (million RMB)

<1 57 45.97

1–4 24 19.35

5–9 12 9.68

10–19 9 7.26

20–49 12 9.68

50–99 5 4.03

Over 100 5 4.03

free report based on the results of this research. Then, questionnaires were sent out
to the respondents who agreed to take part in this study. Follow-up mailings and
calls were made to increase the response rate. Out of 300 companies, a total of
171 survey questionnaires were received, but 47 of these were deleted because of
excessive missing data. The data used in the following analyses contain 124 usable
questionnaires, yielding a usable response rate of 41.33%. By referring to several
similar studies, we concluded that the response rate is considered satisfactory.

The data derived from single informants can lead to potential common method
bias,whichmayartificially inflate observed relationships betweenvariables.Analysis
of Harman’s single factor test of common method bias revealed four factors with
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eigenvalues greater than 1.0 that accounted for 67.60% total variance. The first factor
captured 33.61%of the variance,which is not themajority of the total variance. These
results suggest that commonmethod variance was not a serious problem in this study.

3.2 Survey Questionnaire and Measures

According to previous researchers’suggestion, we employed two major dyadic rela-
tionships (manufacturer-customer and manufacturer-supplier) to represent the rela-
tional horizon of the manufacturer in the supply chain [4, 18]. Since a manufacturer
may have many customers and suppliers, the degree of involvement might be dis-
tinct for different customers and suppliers, the questions on external involvement
should be a response in reference to its key customer and supplier. The key cus-
tomer is defined as the customer who buys the highest dollar value products from
the respondent among all customers. Similarly, the key supplier refers to the supplier
who supplies the respondent the highest dollar value of supplies [18].

The research questionnaire was developed based on a relevant literature review
of customer and supplier involvement, new product competitive advantage, and new
product performance. Whenever possible, we adapted the measurement items that
have been validated in prior studies. When the constructs have not been validated in
previous literature, we developed new items on the basis of our own understanding of
the constructs, interviews with practitioners and observations during company visits.
In all these questions, a 5-point Likert scale was used with “1” for “not at all” and
“5” for “extensively”.

As the items were adapted from English literature, the standardised questionnaire
was translated from English into Chinese and back again to ensure the equivalency,
reliability and validity of the survey. Some survey questions were revised to improve
the accuracy of the translation. Before pre-testing the questionnaire, the question-
naire was carefully examined by authoritative academicians and supply chain execu-
tives. We conducted a pilot-test with 10 randomly selected companies through semi-
structured, in-depth interviews and then received their completed questionnaires.
Then we visited these companies and check every question with them to ensure
that they had understood them correctly. Based on the feedback, some revision and
refinement was made so that the questionnaire was more relevant to the practices
in China.

4 Data Analysis and Results

1. Assessment of Construct Measures
The hypotheses were tested using partial least squares (PLS) with the support of
Smart PLS 2.0 M3 software. Before testing the hypotheses from the research model,
an assessment of the constructs’ psychometric properties including reliability, con-
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Table 2 Construct measures assessment: reliability and validity

Construct Item code Cronbach CR Standardized
factor loading

AVE

Customer
involvement

CI1 0.841 0.881 0.91 0.606

CI2 0.886

CI3 0.874

CI4 0.573

CI5 0.568

Supplier
involvement

SI1 0.892 0.925 0.831 0.756

SI2 0.873

SI3 0.871

SI4 0.9

New product
advantage

NPA1 0.973 0.979 0.944 0.901

NPA2 0.963

NPA3 0.965

NPA4 0.951

NPA5 0.924

New product
performance

NPP1 0.938 0.96 0.915 0.89

NPP2 0.962

NPP3 0.952

Notes CR composite reliability; AVE average variance extracted

vergent validity and discriminant validity was performed. As presented in Table2,
the scales were all reliable, with Cronbach α values ranging from 0.841 to 0.973, and
composite reliability (CR) ranging from 0.881 to 0.979, which are all above 0.7. Con-
tent validity was established through extensive literature review, iterative construct
review by researchers and feedback from executives. The items indicated adequate
convergent validity as per their standardized factor loadings which are all above 0.5.
Another indicator of convergent validity is that the average variance extracted (AVE)
ranging from 0.606 to 0.901 (all above 50%), indicating that the items share at least
half of their variance with the construct (on average). As shown in Table3, the square
root of average variance extracted (AVE) value of each construct is greater than the
correlation between construct and the other constructs, providing further evidence
of discriminant validity (Fig. 2).
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Table 3 Correlations matrix for construct

Mean S.D. CI SI NPA NPP FS

Customer involvement (CI) 3.86 1.048 0.778

Supplier involvement (SI) 3.9 1.019 0.758 0.869

New product advantage
(NPA)

3.83 0.703 0.66 0.641 0.949

New product performance
(NPP)

3.64 0.769 0.64 0.637 0.805 0.943

Firm size (sales) (FS) 9.67 2.367 0.156 0.102 0.063 0.042 –

R&D expense (EXP) 6.51 1.821 0.12 0.023 0.074 0.054 0.624

S.D. standard deviation; Numbers in bold on the diagonal indicate the square root of AVE

Customer 
involvement

Supplier 
involvement

New product 
performance0.092

0.294*

0.009

0.412***

0.8412***

New product 
advantage

Fig. 2 Estimated structural equation model

Subsequently, we employed the ‘goodness-of-fit’ criterion (GoF) to assess the
global fit of our structural model. GoF is referred to the geometric mean of the
average communality, which equals AVE in PLS and average R2 (for endogenous
constructs). Our analysis reveals a GoF value of 0.712, which exceeds the suggested
cut-off value of 0.36 for large effect sizes of R2. Hence, we come to a conclusion
that our model performs well with regard to the GoF criterion. Likewise, to assess
the predictive performance of our structural model, we performed a blindfolding
procedure (omission distance of 7). Since all corresponding Stone-Geisser Q2 values
are positive, the hypothesized model indicates strong overall predictive power.
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2. Estimation of the Structural Model
Table4 shows the path coefficients and the explained construct variances. The vari-
ance explained for each of the endogenous variables is adequate with 82.54% for
new product performance and 46.30% for new product advantage.

The results indicate a positive and significant path between newproduct advantage
and new product performancewhich supports Hypothesis 2 (β = 0.842; p < 0.001).
The paths from customer involvement and supplier involvement to new product
advantage were all significant, providing evidence to support hypotheses Hypothesis
1a (β = 0.412; p < 0.001) and Hypothesis 1b (β = 0.294; p < 0.05).

In order to test the possible mediating effect, first, an assessment of the path
between customer involvement and the mediating variable (new product advantage)
is needed: that path is positive and significant (β = 0.414; p < 0.001). Then, we
examine the path between new product advantage and new product performance
(β = 0.906; p < 0.001). The third step is to assess the direct path from customer
involvement to new product performance when there is no path between customer
involvement and new product advantage in the model: the path is also positive and
significant (β = 0.355; p < 0.001). The result in Table4 indicates that the path
between customer involvement and new product performance in the full model (with
all the paths) is non-significant: when combined with the result of the steps above, it
can be concluded that new product advantage is completely mediating the impact of
customer involvement on new product performance. A Sobel test was conducted to
confirm the mediating effect. The Sobel test was significant (z = 4.230), providing
support for H2a.

A similar procedure was applied to supplier involvement. The path between sup-
plier involvement and new product advantage is positive and significant (β = 0.292;
p < 0.05). When the direct path between supplier involvement and new product
performance was assessed without any path to new product advantage, it is also
positive and significant (β = 0.341; p < 0.01). The direct path is non-significant
with the introduction of new product advantage in the model indicates that there is a
completely mediating effect. The Sobel test was significant (z = 2.189), supporting
the hypothesis H2b.
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5 Discussion and Research Contributions

1. Discussion
By analyzing the above results, we conclude that both customer and supplier involve-
ment have positive effects on new product advantage (Hypothesis 1a, Hypothesis 1b).
External involvement can play an important role in firm’s external knowledge search,
it enables firms to access more complementary resources and capabilities [4], thus
promoting the formation of new product advantage.

The results also support the claim that new product advantage has a significant
influence on new product performance (Hypothesis 2). This result is consistent with
several previous studies [3, 12]. Our research reinforces the importance of new prod-
uct advantage in the process of improving new product performance. This finding is
important since much of the existing literature has not included external involvement
and new product advantage in a holistic model.

The empirical results of product advantage’s mediating effects manifest that new
product advantage completely mediates the relationships between two types of exter-
nal involvement and new product performance (Hypothesis 3a, Hypothesis 3b). In
other words, customer and supplier involvement mainly promote new product per-
formance by reinforcing new product advantage. This study provides support for
the mechanisms of how customer and supplier involvement impact on new product
performance. It also provide valuable information for firms to achieve better perfor-
mance.
2. Research Contributions
The findings in this study contribute to both theory and practice. First, many
researches have focused on either customer involvement or supplier involvement
separately. We discuss the two dimensions of external involvement in one com-
prehensive model, thus obtaining a deeper understanding of the impact of external
involvement on new product performance.

Second, this study offers further evidence for the proposition that new product
advantage has impacts on new product performance. It extends literature by intro-
ducing new product advantage as a mediator for there relationship between external
involvement and new product performance. This finding provides preliminary evi-
denceof a significantmechanism for fully leveraging external involvement’s potential
and capacity to improve performance. In view of the doubt exists in the economic
justification of external involvement, particularly in the way of how external involve-
ment can generate new product performance for firms. This finding is valuable for
researchers and practitioners.
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Third, the data used for empirical analysis is collected from 124 Chinese manu-
facturing companies, which adds to research on sources of external involvement and
new product development in “developing countries, a context underlined as lacking
in such field of research” [11]. Recently, there is a growing tendency for schol-
ars to investigate these issues in China, whose dynamic competitive environment
and increasing economic status provide fertile ground for topic. In today’s highly
competitive and dynamic business world, acquiring a good understanding of external
involvement and new product performance has been necessary to sustain competitive
advantage.

6 Conclusion

The importance of external involvement has received considerable attention in both
literature and academic outlets. The reported benefits mainly include improvements
in new product performance and firm performance. A basic research question is
whether external involvement is indeed fruitful. This study examined whether and
how external involvement impacts on firm performance. Using a sample of 124
Chinese manufacturing firms, the findings indicate that customer and supplier
involvement can contribute to the improvement of new product advantage. And the
new product advantage completely mediates the relationships between two types of
external involvement and new product performance. In this fashion, we answered
the calls of researchers who have stressed the need for empirical study examining
the mechanisms of how external involvement enhances new product performance.

While this study enhances our understanding of the relationships among external
involvement, new product advantage, and new product performance, there are also
some limitations and more opportunities for future research. In the study, we mea-
sured external involvement by perceptual scales. Future research may operationalise
external involvement with some other measures such as the number of involving
customers, and supplier in new product development and the type of customers and
suppliers. Second, this study depended on cross-sectional data to test the concep-
tual model. Although surveying corporate managers become increasingly costly and
challenging, collecting data over time can offer more implications. Future research
may validate the findings of this study using a time-series data. Third, the findings of
our study are based solely on data from China. The roles of customers and suppliers
in new product development may be different in other emerging countries. Future
research should attempt to examine cross-cultural differences in the relationship
between product performance and external involvement.
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Appendix

See Table5.

Table 5 Construct measurement

Measurement items Mean S.D.

Customer involvement (adapted from Chen and Paulraj [2], Li et al. [8])

CI1: We often communicate with key customer and hear its opinions
on product prototypes when developing new products

4.34 0.816

CI2: We work with customers to design new products 3.98 0.965

CI3: We involve key customer in the product design and development
stage

4.21 0.941

CI4: Customer is indispensable in product design/development 3.37 1.045

CI5: We involve our key customer in new product and project planning. 3.51 1.026

Supplier involvement (adapted from Chen and Paulraj [2], Li et al. [8])

SI1: We often communicate with key supplier and hear its opinions on
product prototypes when developing new products

4.02 0.965

SI2: We work with suppliers to design new products 3.75 1.051

SI3: We involve key supplier in the product design and development
stage

3.51 1.049

SI4: Supplier is indispensable in product design/development 4.32 0.833

SI5: We involve our key suppliers in new product and project planninga – –

New product advantage (adapted from Nakata et al. [11])

NPA1: Our new product contained more useful functions than
competing products

3.76 0.727

NPA2: Our new product offered unique features or attributes 3.84 0.656

NPA3: Our new product offered better quality to customers compared
to competing products

3.82 0.677

NPA4: Our new product met established standards better than
competition

3.86 0.73

NPA5: Our new product had superior technical performance relative to
competitive products

3.89 0.728

NPA6: Our new product was highly innovativea – –

New product performance (adapted from Nakata et al. [11])

NPP1: Market share relative to competitors 3.73 0.795

NPP2: Profitability relative to competitors 3.59 0.77

NPP3: Return on investment (ROI) relative to competitors 3.62 0.742
aItems are deleted after reliability or validity analysis



1344 W. Liu et al.

References

1. Akroush M (2012) Organizational capabilities and new product performance: the role of new
product competitive advantage. Compet Rev: Int Bus J 22:343–365

2. Chen I, Paulraj A (2004) Towards a theory of supply chain management: the constructs and
measurements. J Oper Manag 22:119–150

3. Feng T,WangD (2013) Supply chain involvement for better product development performance.
Ind Manag Data Syst 113:190–206

4. Feng T, Sun L et al (2014) External involvement and firm performance: is time-to-market of
new products a missing link? Int J Prod Res 52:727–742

5. He Y, Lai K et al (2014) The impact of supplier integration on customer integration and new
product performance: the mediating role of manufacturing flexibility under trust theory. Int J
Prod Econ 147:260–270

6. Henard D, Szymanski D (2001) Why some new products are more successful than others. J
Mark Res 38:362–375

7. Ignatius J, Leen J et al (2012) The impact of technological learning on npd outcomes: the
moderating effect of project complexity. Technovation 32:452–463

8. Li S, Ragu-Nathan B et al (2006) The impact of supply chain management practices on com-
petitive advantage and organizational performance. Omega 34:107–124

9. McNally R, Cavusgil E, Calantone R (2010) Product innovativeness dimensions and their
relationships with product advantage, product financial performance, and project protocol. J
Prod Innov Manag 27:991–1006

10. Menguc B, Auh S, Yannopoulos P (2014) Customer and supplier involvement in design: the
moderating role of incremental and radical innovation capability. J Prod Innov Manag 31:313–
328

11. Nakata C, Im S et al (2006) Antecedents and consequence of korean and japanese new product
advantage. J Bus Res 59:28–36

12. NietoM, Santamaría L (2007) The importance of diverse collaborative networks for the novelty
of product innovation. Technovation 27:367–377

13. Primo M, Amundson S (2002) An exploratory study of the effects of supplier relationships on
new product development outcomes. J Oper Manag 20:33–52

14. Slotegraaf R, Atuahene-Gima K (2011) Product development team stability and new product
advantage: the role of decision-making processes. J Mark 75:96–108

15. Song M, Montoya-Weiss M (2001) The effect of perceived technological uncertainty on
japanese new product development. Acad Manag J 44:61–80

16. Stock R (2014) How should customers be integrated for effective interorganizational NPD
teams? An input-process-output perspective. J Prod Innov Manag 31:535–551

17. Villena V, Revilla E, Choi T (2011) The dark side of buyer-supplier relationships: a social
capital perspective. J Oper Manag 29:561–576

18. Zhao X, Huo B et al (2011) The impact of internal integration and relationship commitment
on external integration. J Oper Manag 29:17–32



Low Carbon Optimization of Industrial
Structure Based
on Economy-Energy-Environment System
Coordination

Lei Xu

Abstract Based on the sustainable development and low-carbon economic realities
background, this paper modeled for the coordinated regional industrial structure
optimization of Economic-Energy-Environment 3E system by utilizing of multi-
objective chance constrained programming model. A typical representative of con-
flict between economic development and environmental protection Leshan City, the
world’s natural and cultural “double inheritance” areas was chosen as an example
for the modeling, and the development trends of the key factors were analyzed and
compared before and after optimization. The empirical studies shows that the reason-
able optimization of industrial structure can realize an optimal and comprehensive
benefits of overall economic growth and environmental protection, and has a far-
reaching effect on the low-carbon sustainable development of economy and society
in the western region.

Keywords 3E system · Industry structure ·Optimization model ·Low-carbon econ-
omy · Sustainable development

1 Reality Background of Sustainable Development

China is the world’s largest developing country at present, whose economic agent
is still the second industry and high economic growth mainly relay on the invested
extensive growth, resulting in high carbon intensity and heavy environmental pollu-
tion. China is still in the process of industrialization, and the industrialization and
modernization process still relies on coal-based carbon energy and the requirement is
becoming higher, causing the increase in industrial economy high carbonation. China
has to solve an economic transformation and multiple tasks such as climate change,
and the new low-carbon growth model makes China’s social and economic sustain-
able development face many problems and challenges. Thus, new requirements of
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low-carbon transition regional industrial structure are proposed. Under the condi-
tions that global climate is changing, carbon emissions increase rapidly, and fossil
fuels are non-renewable, industrial development is the fundamental driving force
for economic and social progress and become the fundamental way of the sustain-
able development in regional low-carbon economy. Different industrial structures
and their adjustments have different effects on economic growth, natural resources
and ecological environment. Therefore, how to make industrial structure develop-
ment optimization decisions is one of the core problems related to the economic
transformation, low-carbon and sustainable development [9].

Compared to the east and south economically developed areas in China, the
west area faces dual pressures: accelerating economic development pressure and the
accelerating economic transition pressure. The economic development pattern led by
traditional industries in the western region and the long-standing investment-driven
and resource consumption causing energy supply shortage has not changed yet. The
overall ecological environment has improved but its overall governance problems re-
main daunting. With the economic development of the western region, the resource
constraints and demand will become increasingly significant. Therefore, adjusting
the structure and type’ was proposed as the western development goals, and the sus-
tainable development model for the low-carbon economy and circular economy was
explored actively [3]. According to the spatial distribution of resources, infrastruc-
ture and other economic conditions, the western region will also become a major
commitment to the country’s energy supply system construction in future. Huge
polarization effects generated energy development will make the very fragile eco-
logical environment in the western region face enormous pressure. Apparently, the
traditional industrial structure has not met the realization of sustainable development
objectives in the west, even the whole country. In a word, there is a need to ratio-
nalize and optimize the industrial structure, accelerate the adjustment of industrial
structure to achieve low-carbon transition in order to achieve the region sustainable
socio-economic development.

In this paper, the realistic background scenarios under low carbon economy
were firstly presented. Then, the industrial structure optimization connotation, and
the importance of achieving a low-carbon sustainable development of Economy-
Energy-Environment “3E system” Coordination in western area were explained.
Combined with the actual situation in the region, the regional multi-objective
constrained model for optimization of low-carbon industrial structure was built.
Empirical studies were carried out to do comparative analysis of before and after
optimization of industrial structure of the economic development and environmen-
tal protection at the same time. In the low-carbon industrial structure optimization
model, the typical representative in western area: Leshan city was taken as an
example to reach the relevant requirements of carbon emissions reduction and
regional economic development, and systems based harmony in optimization of
industrial structure in the social, economic, environmental entire area from the macro
level can be achieved. This studies can provide a theoretical and practical help for
the low carbon transition optimization decisions of industrial structure for regional
economy sustainable development.
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2 Low-Carbon Economy Based Industrial Structure
Optimization

The low-carbon economy refers to an economic form of economic and ecological
coordinated development through industrial restructuring, technological and institu-
tional innovation and other means to lower carbon energy consumption and green-
house gas emissions as possible under the concept of a is the framework of sustainable
development. As proposed before, low-carbon economy is urgently needed, because
it is significant for sustainable development of major socio-economic. Low-carbon
industrial restructuring is the core of low-carbon economy [6].

2.1 Industrial Structure Optimization Connotation

The industrial is a collection of enterprises, which have products and services, pro-
duction, or management and characteristics, and their activities in national economy
[7]. Industrial system needs classifying to manage industrial system scientifically.
Tertiary classification is the most commonly used industrial structure classification
and statistical method, and it has become an important basis for industrial structure
researches and decision-making guiding [12]. The industrial structure optimization
in this study is based on tertiary classification.

Tertiary industry structure, i.e. the total structure formation according to their pro-
portion, presents itself as centralization and rationalization of industrial structure two
aspects. The sophistication of the industrial structure refers to the industrial struc-
ture evolution from low to high, focusing on industrial restructuring strategic issues.
While the rationalization of industrial structure refers to overall performance capa-
bilities of the coordination between industries. Sophistication and industrial structure
rationalization of industrial structure in general is a dynamic process of evolution.
Under certain period of time and the industry sophistication, rationalization of the
industrial structure is the basis of industrial structure. Only the rationalization of
industrial structure reaches a certain level it will promote the sophistication of indus-
trial structure. The industrial structure evolves to a certain height after the rational-
ization of the industrial structure will have higher requirements for it. Therefore, to
optimize the industrial structure is to optimize the proportion of tertiary structure to
promote the rationalization of industrial structure in order to achieve the evolution
of industrial structure.
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2.2 Coordination of Environmental-Economy-Energy
3E System

Economic development, energy use and environmental protection form a mutually
interrelated but conflicting ternary (three systems), none of which can be neglected.
At the beginning, each of the ternary study was isolate. With the growing aware-
ness of economic, energy and environmental development, the researches of an
economy-energy-environment 3E system are rising to achieve the overall balance
and coordination between economy, energy and environment three subsystems’
development in the American and European countries. These researches focus on
methods and models related to interaction between the various subsystems, and the
latest researches were taken into the country’s long-term development strategy. China
is also increasing emphasis on researches related to 3E system [10, 13, 14]. 3E sys-
tem logic is shown in Fig. 1. The industrial structure adjustment theory has been
proposed for many years, and most related researches are completed by people in
developed countries. C. Klark firstly revealed the change in industrial structure and
its importance for economic development [2]. The industrial structure optimization
theory developed from the industrial restructuring management. In recently years,
more and more scholars began using statistical and econometric methods to solve
industrial structure prediction and optimization problems [5, 15]. These researches
bring new perspectives for the study of industrial structure, meanwhile, there are
some limitations. Firstly, these models emphasize economic reality factors while
ignoring other factors, and most of them don’t compare different scenarios. There
are very few theoretical models considering the dynamic equilibrium between the

Economy System:Low-carbon
transition

Intra-industry, inter-industry
restructuring,

departmental structure transition

Environmental System goals:
reduce carbon emissions intensity

and greenhouse gas emissions.

Energy Systems goals:
Adjust the energy structure and

increase the proportion of
renewable energy

Low-Carbon
Transition

Economy System

Energ
y Conser

vati
on

Carb
on Constr

ain
ts

Cleaner Production

Energy utilization

Ecological Needs

Constraints

Transitio
n Goals

Transition Objects

Transition Path

E
nergy System

E
nvironm

ental System

Regional Level

Fig. 1 Logic relationship of Economy-Energy-Environment 3E system



Low Carbon Optimization of Industrial Structure . . . 1349

economic growth and industrial, between energy and environmental constraints in
the modeling process. Therefore, the industrial structure optimization model based
on coordinated3E system is significantly necessary. For the industrial structure
optimization based on coordinated 3E system, it aims at maximizing the overall com-
prehensive benefits, and considers industrial restructuring-related constraints fully
to promote coordination between industries so that the final proportion of industrial
structure are more reasonable by adjusting the dynamic structure proportion of
tertiary industry.

3 Coordination of Environmental-Economy-Energy
3E System

Multi-objective planning techniques and chance-constrained models were utilized to
achieve a low-carbon industrial structure optimization of the coordinated 3E system.
To evaluate a planning program, multiple objectives comparison are required. Some-
times, these objectives are contradictory and even mutual conflicted. Multi-objective
optimization, i.e. study on the optimization problem of multi-objective function under
given constraints, has been applied in many areas, such as economic management,
systems engineering, military science and so on [4]. In this paper, for the multi-
objective optimization model of industrial structure, its objectives are to maximize
total economy GDP, minimize emissions and energy consumption so as to seek the
industry structure model with the best overall efficiency of economic growth, indus-
trial employment and environmental protection. The chance constrained method was
used to process the uncertain variables in the model. And the related variables are
listed in Table 1.

3.1 The Objective Function

The objective function of multi-objective optimization model is composed of three
parts: the economic benefits, energy consumption and pollution emissions.

1. The Economic Benefits The overall economic benefits are the economic benefits
of all industry, and the objective function is to maximize the economic benefits, noted
as max f3 = ∑3

i=1 bi xi , bi represents the unit economic benefits of industrial i .

2. The Energy Consumption
For the sake of minimizing energy consumption, the minimum objective under the
chance constraint is chosen to describe the total energy consumption, and is noted
as min f1, Pos{Pr{∑3

i=1 ẽi xi � f 1} � α1} � β1, where ẽi is the fuzzy random
parameter for unit energy consumption of industrial i , α1 is the feasible Interval,
β1 is the given confidence intervals, Pos are possible fuzzy measures, and Pr are
possible measures.
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Table 1 Related variables of the model

Name Symbol Notes

Decision variables xi The output of industrial i

The objective function f1 The energy consumption goal

f2 The emissions reduction goal

f3 The total economic benefits goal

Subscript factors j Time factor, j ∈ φ, φ = 1, 2 . . . , j − 1

i Industry type coefficient, i ∈ ϕ, ϕ = 1, 2, 3

Identify factors e Energy consumption coefficient

c Pollution emission coefficient

b Output coefficients of economic unit

p Employment coefficient

Uncertainties ẽi Fuzzy random coefficient of industrial i unit energy
consumption

c̃i Fuzzy random coefficient of industrial i unit emission

α1 The probability level of energy consumption

α2 The probability level of pollution emission

β1 The confidence level of energy consumption

β2 The confidence level of pollution emission

3. Pollution Emissions
The environmental objectives are set for minimizing environmental pollution, and
the objective function is min f2. Then, Pos{Pr{∑3

i=1 c̃i xi � f 2} � α2} � β2,
where c̃i is the fuzzy random parameter for unit emission of industrial i , β2 is the
given confidence intervals, Pos are possible fuzzy measures, and Pr are possible
measures.

3.2 Constraints

The constraints of the low-carbon industrial structure optimization model are as
follows.

1. Capacity Constraints
According to the national long-term economic data analysis, the GDP growth is typ-
ically less than 0.15. The second industry is the core composition of the industries in
developing countries, and there are many polluted enterprises in this industry. There-
fore, the capacity constraints can be defined by the second industrial development
speed as.

0.85x2( j−1) � x2 j � 1.15x2( j−1). (1)
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2. The Constraints of Energy Consumption Intensity
According to China’s relevant regulations, the annual energy consumption intensity
is required to maintain an annual reduction of 0.05 or more. Thus,

3∑

i=1
ei j xi j

x j
�

3∑

i=1
ei( j−1)xi( j−1)

x j−1
(1 − 5 %). (2)

3. The Pollution Emissions Constraint
The environmental pollution emission constraints must satisfy the expected value,
and the pollutant emissions should decline annually. Thus,

3∑

i=1
c j x j

x j
�

3∑

i=1
e j−1x j−1

x j−1
. (3)

4. The Unemployment Rate Constraint
The employment rate is an important indicator that has great impact on industrial de-
velopment and social stability. According to China’s policy, the urban unemployment
rate should be maintained at 0.05 or less. Thus,

Li −
3∑

i=1

pi xi < 5 %. (4)

5. The Industry Proportion Constraint
The industry data represents the proportion of three industries, and their sum is 1.
That is

∑3
i=1 xi = 1.

6. The Non-Negative Constraint
The regional output can’t be negative, then xi ≥ 0. Based on the objective function
and constraints proposed before, the chance constrained multi-objective optimization
model of low-carbon industrial structure is as Eq. (5).

By finding a series of solutions to reach the global optimum rather than a single and
local optimal solution. Decision makers often have different tendencies and choices
based on their characteristics. The decision makers’ different tendencies belong to
different objectives. To find the Pareto frontier, the two minimum objectives are de-
fined as min f1 = max − f1, min f2 = max − f2, and then max F = (− f1,− f1, f3).

4 Empirical Analysis

As proposed before, a very typical representative of conflict between economic
development and environmental protection, Leshan city was chosen as the exam-
ple. Three different scenarios were compared and analyzed to achieve the reduction
of environmental damage while economy developing.
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The data were got from Leshan’s local statistics for 2004∼2008, 2010 field
research and statistical yearbook. Observation, interviews and document research
methods were applied in getting the data. Some uncertainty parameters were
determined by experts and policy makers empirically, so expectations and values
of decision-makers were taken into account in the determination process of the pa-
rameters optimization. Partial correlation statistics are shown in Table 2.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min f1

min f2

max f3 =
3∑

i=1
bi xi

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Pos{Pr{
3∑

i=1
ẽi xi � f 1} � α1} � β1

Pos{Pr{
3∑

i=1
c̃i xi � f 2} � α2} � β2

0.85x2( j−1) � x2 j � 1.15x2( j−1)
3∑

i=1
ei j xi j

x j
�

3∑

i=1
ei( j−1)xi( j−1)

x j−1
(1 − 5 %)

3∑

i=1
c j x j

x j
�

3∑

i=1
e j−1x j−1

x j−1

Li −
3∑

i=1
pi xi 5 %

3∑

i=1
xi = 1

xi � 0.

(5)

In Leshan, the original proportion of tertiary industry structure in 2009 was
11.0:46.5:42.5. The optimal results for tertiary industry proportion of the objec-
tive optimization model solved using Lingo were 10.7:43.8:45.5. Then the statistics
were put into Vensim software and the system dynamics model [16] for 3E system to
get the original industrial structure and the optimized industrial structure. Therefore,
the main factors in the development trends before and after optimization of the 3E
system in next decade could be compared as shown in Fig. 2.

As shown in Fig. 2, the economic benefits of the industrial structure after opti-
mization are better than that of before optimization from the long-term perspective.
However, the GDP growth after optimization is lower than that before optimization.
In 2020, the GDP after optimization can reach 1000 trillion RMB, while the GDP
before optimization is only 750 trillion RMB. The emissions in the same amount
of carbon dioxide emissions intensity after optimization are much lower than that
before optimization with the increasing of the third industry proportion in industrial
restructuring process. It is apparently that the industrial structure optimization has
an important role in controlling pollution emissions. At the same time, the optimized
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Table 2 The correlation statistics

Variables Unit 2004 2005 2006 2007 2008

Population One 556223 560619 569107 575479 579982

Employment One 364536 381044 387219 392713 390549

The first industry employees One 161835 162520 163049 163524 164095

The second industry employees One 106855 111809 116954 119870 119437

The third industry employees One 95937 106729 107133 104928 107153

GDP per capita Yuan 9865 11362 13294 16078 19572

Emissions 104 ton 1629 1558 1421 1382 1146

Greening ratio % 31.5 38.57 40.18 40.68 41.28

Low-carbon industries proportion % 0.23 0.246 0.25 0.257 0.254

Unit energy consumption % 0.83 0.77 0.88 0.97 1.08

Carbon dioxide emissions Ton 301808 324863 438807 592180 805947

Carbon intensity Ton/104

Yuan
0.55 0.51 0.58 0.64 0.71

Fig. 2 The development tendency comparison of before optimization and after optimization

energy intensity after optimization is lower than that before optimization with the
increasing of the third industry proportion. This situation indicates that the optimiza-
tion model constraints on energy consumption aiming at reducing energy intensity
has a significant effect. The huge gap between before and after optimization can be
seen through the comparison results. The results also show that although the industrial
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structure optimization theory has been widely applied in all aspects of theoretical
and applied research, there is still in the lack of sufficient practical attention on this
model application.

5 Conclusion

As shown in the empirical analysis, for the economy development, the GDP growth
after optimization is lower than that before optimization in short term. Because the
proportion of secondary industry is reduced. However, in the long-term, the GDP
after optimization is much big than that before optimization. This discovery can be
explained by two aspects. First, China, as a typical developing country, is still in
the middle of industrial development, especially for the western China area and the
GDP growth there in the production relies heavily on the second industry which is
energy-intensive. Second, the environmental constraints in the optimization model
have some bad effect to GDP growth in the short term, but this effect is not signif-
icant. Because when the economy develops to a certain extent, the environmental
constraints don’t do adversely impact on the economy at all but make the economy
develop more healthy and rapidly. These findings are consistent with the researches
related to short-term and long-term relationship between the economic develop-
ment, energy efficiency and pollution emissions and other systems [1, 8, 11]. This
study indicates the reasonable optimization of the industrial structure can reduce
the damage to the regional ecological environment and its effect on economic de-
velopment is weak. In the long term, the reasonable optimization of the industrial
structure can ensure the sustainable development of low-carbon economy in the area,
meet the requirements of reducing carbon emissions and regional economic develop-
ment, and become comprehensively optimal of overall economic development and
pollution reduction. Then the harmony of the society, economy and environment can
be realized systematically from the industrial structure optimization in the entire
region. So a theoretical and practical reference for the industrial structure of regional
economy sustainable development and low carbon transition optimization can be
provided for decision makers.
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Analysis of the Recruitment and Selection
Process
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Abstract This research is based on the pure and practical facts which the HR
personnel’s deal with in their daily work routine, either it is regarding to salary
issues, personal issues or regarding any form of change in the staff’s own con-
tracts or anything regarding to job and organizations requirements. The purpose of
the research was to identify the problems relating to the recruitment and selection
methods and sources used in different ways by organizations. The finding of the
research was merely or purely based on the opinions and results from the Human
Resource Department of English Heritage. To provide the best available information
and research materials on the different procedures adopted by organizations on the
recruitment and selection methods and analyze their expectations and outcome of
the procedures. A design of questionnaire was produced and was given to different
executives in this field to provide us with the results based on that questions and a
questionnaire was used in it. The feedback from the questionnaire has findings which
are based on the primary and secondary researches. This Research study includes
the feedback from the HR personnel’s from the Organization’s and my own research
findings from previous and primary reports. This research is very practical study
which provides further insights for academics and managers of both large and small
organizations.
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1 Introduction

An analysis of HRM requires that some kind of a conceptual framework, general
one be defined, to better understand the complexity of such a context. HRM prac-
tices in companies can thus be seen as an amalgamation of foreign methods and
techniques rather than specifically developed tools. This is once an example of the
positive and negative aspects of the country’s pragmatism. The personnel function
must be analyzed both via its activities and the various structures within it work. The
personnel function has changed over the years and has followed a certain “chronol-
ogy” which can be accounted for by outside constraints affecting a company and
by inner conflicts which management has to resolve. Finally as well as the diversity
of situations affecting companies, the “limited rationale” of the agents (employers,
managers, personnel, unions) and the diversity of their respective strategies must
also be considered. Having in mind the above mentioned aspects and the fact that
the companies also tend to react strongly to current managerial practice and ideas,
several phases in personnel function may be following;

Personnel Administration: The formalization of personnel administration is
closely linked to the widespread development of the scientific organization of work.
Personnel manager’s initiatives were limited to social benefits (pensions, sick bene-
fits) and the correct management of social institutions.

Management of Human Resources: Economic growth and increased competition
combined with the troublesome development of dysfunctional behaviour (absen-
teeism, staff turnover, sabotage, vandalism) in large industrial and administrative
concerns made employers look for new concepts in management.

Organizational Management: The past ten years have been characterized by a
growing number of interactions between the company and other groups (competitors,
financiers, customers) and by dual need for flexibility and quality, the somewhat
contradictory role. It is essential that management master the internal interaction
among the various members of the organization.

Whether you eventually start working for a business self employed, you have
to see how business or companies uses HR department to recruit, select and man-
age their main key power which is people or employee’s if business are to achieve
their objectives, the organizations must be planning about their Human Resources
functionality so they can have the right number of employees with the right kind of
qualifications and training to meet the needs of the business. To develop/establish
a research on an understanding that those individuals who are recruited or selected
through the traditional and new methods are fit for the organization and the analysis
of the HRM team who undertake this responsibility of fulfilling this task. The main
idea of research is the analysis of the organizations gain’s and loss on the finance
used for the recruiting and selection of the persons and what have the outcome been
there for the organization. The aim of the research is to find out the main drawbacks
in the Recruiting and Selection processes involved in the HRM department in any
organization. The research conducted by me on this topic was quiet interesting and
I did came across a very vast area of these processes and tried to figure out how to
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have a solution to the problems faced by the HRM personnel’s. The main aim was
to gather information on my research work which has been stated and to find the
best possible answers to it. The aim is to target the organization and get the required
information and data in regard’s to the recruitment and selection procedures. Gath-
ered the sufficient amount of data through questionnaires and interviews and used it
in my research. The other aim of the research was to find the negative or unanswered
scenario’s happening in the department by itself as the procedures of recruitment and
selection were not up to the requirements of the organization, but still the work is
going on. The aim and objective of the research is thoroughly briefed and examined.
According to Biz Mag [6] businesses have to plan carefully to ensure they have the
right number of employees for their needs. To do this they need a good understanding
of the labour market and have the full use of Human Resources. Human Resources
planning also involve looking at how labour or workforce is organized within the
company or business.

2 Literature Review

2.1 Human Resource Management (HRM)

Human resource management is a unique term for the old version or Personnel man-
agement or we can say that to deal with the staff or manpower this new term has been
evaluated. According to Murad [7] “Human resource management is regarded as the
method in which the activities of the staff are monitored or to provide them with the
best efficient way of working in a friendly and good environment and to coordinate
between themselves and with the higher management”. The HR department in any
organization is the core of its existence and hence it is proved by other researchers as
well that without the HR department the multinational companies won’t be in exis-
tence. In addition to wages and salaries, organizations often spend a large amount
of finances on their human resources, selection and training and other major depart-
ments to enhance the productivity of the companyor organization. Taylor [11]Human
resource functions refer to those tasks and duties performed to provide for and coor-
dinate human resources. Human resource functions encompass a variety of different
methods that are or have influence on all the areas of the company or organization.
There are six major functions of human resource management: (1) Human resource
planning, recruitment, and selection; (2) Human resource development; (3) Com-
pensation and benefits; (4) Safety and health; (5) Employee and labour relations; (6)
Human resource research.

This research mainly focuses on the first and second functions i.e. recruitment,
selection sources or procedures. Training and development of employees is the
process or requirements of the organization after the selection of new employee’s.
In Kneeland [5] HR recruitment is defined as any practice or activity carried out
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by an organization with the primary purpose of identifying and attracting potential
employees. Recruiting and selecting new personnel are both complex processes.

2.2 Recruitment

The strategic needs of the organization are specifically designed and the implemen-
tations of it are to be taken by the departments by itself and there is a major role of
the HR section to provide the basic needs of the in self departments. As soon as the
needs of the organization are met the executives and managers take responsibility to
fulfil them. The next step in the staffing function is recruitment. This activity makes
it possible for a company to acquire the people necessary to ensure the continued
operation of the organization. In Roberts recruitment is the process which involves
the attraction of a span of people who are the potential candidates that or will be
chosen for the organization in the specific departments. This involves communicat-
ing with actual or potential job seekers, inviting them to have a go at the opportunity
and try to convince them to work for the organization in any means of the fields. The
target to achieve the best quality result is to have the best quality in the best way and
numbers. Recruitment is the process of discovering potential candidates for actual
or anticipated organizational vacancies. Or, from another perspective, it is a linking
activity bringing together those with jobs to fill and those seeking jobs. According
to Falcone [4], an organization can choose from a number of different sources to
recruit personnel depending on the type of job vacancy. There are different types of
recruitment to follow and fulfill management requirements. Once we get the require-
ment or job description from the technical person’s, we should not rely on one type
or one source rather search and implement the best type. Internal Sources, Existing
Employee’s, External Sources, Advertising, E-Recruitment According to Plumbley
[9], HR is perceived as a part of the administration that results in the formulation and
introduction of spontaneous and ad hoc human resource practices. This is against the
basic rule of independence of the policy makers from the executive. There is little
HR planning and forecasting. Recruitment criteria become hazy in the absence of a
proper job analysis; and no reliable information about job description and employee
specification is available.

2.3 Selection

Selection is a later stage of recruitment. It involves choosing not only new mem-
bers of the organization but also ensuring that the selection process can manage
to attract competent and qualified applicants suited to the job. The focus in the
selection process is on: (1) Selection methods and skills in terms of contribution
to the reliability of decisions made; (2) The criteria defined and applied (explicitly
and implicitly) by decision-makers. And how these reflect their comprehension of
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“necessary competence”; (3) How the selection processes encompass the assump-
tions and commitments, the generalities, truths and confusions—of decision-makers
about the imperatives of organization culture and how they seek to maintain and
change this.

Selection activities typically follow a standard pattern, beginning with an ini-
tial screening interview and concluding with the final employment decision. The
selection process may consist of following steps:

(1) Initial screening interview;
(2) Completing the application form;
(3) Comprehensive interview;
(4) Background investigation;
(5) Medical/Physical examination;
(6) Final job offer.

Eachof these steps represents a decision point requiring someaffirmative feedback
for the process to continue. Each step in the process seeks to expand the organization’s
knowledge about the applicant’s background, abilities, motivation, and it increases
the information from which decision makers make their predictions and final choice.
However, some steps may be omitted if they do not yield data that aids in predicting
success, or if the cost of the step is not warranted.

2.4 Orientation

According toWhiddett et al. [12], Orientation is the introduction of new employees to
the organization, their work units, and their jobs. Employees receive orientation from
their co workers and from the organization. An effective orientation program has an
immediate and lasting impact on the new employee and can make the difference
between his or her success and failure.

2.5 Employee Development

According to an article by Barnerjee [1], employee development, in sharp contrast to
training, is more future oriented and more concerned with education than employee
training. Development focuses on planting a sound reasoning process in employees.
It enhances their ability to understand and interpret knowledge rather than imparting
a body of facts or teaching a set of skills. A development path for an employee,
imparts in him analytical, human, conceptual and specialized skills. It makes him
able to think and analyze in different situations. Development, therefore, focuses
more on the employee’s personal growth. It is important to consider one critical
component of employee development: All employees, at no matter what level, can
be developed.
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2.6 Performance Appraisal

According to Murad [7] “Performance appraisal is the process of determining and
communicating to an employee how he or she is performing on the job and, ide-
ally, establishing a plan of improvement”. When properly conducted, performance
appraisals not only let employees know how well they are performing but also influ-
ence their future level of effort and task direction. Effort should be enhanced if the
employee is properly reinforced. The task perception of the employee should be
clarified through the establishment of a proper plan for improvement.

3 Methodology

1. Research Methodology
The research design and the methods used to conduct the research. It will discuss

the methods used in the research and the reasons of using such methods. Hence the
research comes to the part where the research methodology was to be selected.
2. Problem Statement

This research is based on the major problems faced by the HR department of an
organization in regards to the recruitment and selection methods or sources and these
are stated below:

(1) Do theHRpersonnel’s pay due attention to the recruitment and selectionmethods
or do they follow their own way of doing it?

(2) Analyze the outcome of the traditional and modern way of recruitment and
selection methods. The recruitment and selection of the person intended for the
job or not?

(3) Do the standards and requirements of the recruitment and selection sources or
methods turns out to be feasible or not?

3. Theoretical Framework
The theoretical frame work of the research is to find the best possible solution of

the problems stated above and to this some analysis and findings had to be done and
to do this the research methods were used to identify the problems and then analyze
it to find the conclusion and recommendations. The research method used is the
methods used to conduct the research are interview which is the qualitative method
of the research and questionnaire which is the quantitative method of conducting the
research. And the audiences for the research are the HR personnel and employees
from English Heritage and National Trust. Interviews were held and questionnaires
were given out to management and staff in the organizations, which were found
out to be very useful for the research and the outcome of the analysis and findings.
While we conducting the research, we used both primary and secondary data. The
questionnaire and its analysis is discussed and shown the analysis and discussion.
There were 10 questions asked to the respondents and the rate of return, analysis and
answers have been included.
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4. Methodology
The methodology used for this research is given below, it has been described

in brief and some other methods are also there. Methodologies can be classified
in different ways; some writers (e.g. Saunders et al. [10]) distinguished between
Qualitative andQuantitativemethodologies reflecting the distinction betweenvarious
paradigms.
(1) The Sample Size (Population)

The population or the sample size for this researchwas derived from theManagers
and staff of English Heritage and National Trust and some of the staff working on
the higher levels of management in the organization. The other respondents of the
research method were the new recruits who were recently appointed in the organi-
zation. The sample size was minimized due to the shortage and non availability of
members and hence still was able to find the answers to the most of the part of the
research.
(2) Measures of Variables

The variables involved in this research were the HR policies for the recruitment
and selection which was an independent figure and the other was the company’s
productivity after the recruitment and selection was done. The questionnaire was
based on 10 questions which were administered and distributed in the levels of
management and staff to find the results and put the results in the analysis phase, and
from the result it was analyzed that the HR policies implemented in the organization
in regards to recruitment and selection sources comes to the ratio of 75%.
(3) Data Collection Method

Table1 shows the close-ended questionnaires were given out and some interviews
were held with the managers and staff of English Heritage (E.H) and National Trust
(N.T). The questionnaire was finalised keeping in mind the nature of the job and the
organizations portfolio and culture.

The questionnaire was handed back in confidence of no material to be published
hence only for the use of the research, it comprised of about six parts and hence is
attached in the appendix. The three factors to keep in mind when collecting data are
the Validity, Reliability and Easy to use.
(4) Quantitative Data

What is quantitative data? The answer to this question comes in mind that the data
gathered in quantity depending upon the size of the sample used and the validity,
reliability and authentication of thematerial. There are levels of quantitative data used
now days. Denscombe [3], The lowest level of quantitative data used is the Nominal
Data which is commonly used; the next level of data is the Ordinal Data, which is
based on the counts of things or happenings and is used for specific categories, the

Table 1 Data collection
method

Primary data Secondary data

E.H & N.T managers Internet

E.H & N.T staff Books/magazines

E.H & N.T HR policies Articles/journals
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next level of data is the Interval Data; it is used on the scaling purpose; like in the
case of ‘more than’ or ‘less than’ scenarios. The next level is the Ratio Data which
is based on the scale of ’true zero’ and it is the highest level of data. The last of all
is the Discrete Data; it comes in the chunks and is naturally based in whole units.
(5) Qualitative Data

What is qualitative data? We say words or images either of them are the process
of interpretation, they become data if and if they are treated in the form of data; they
don’t exist as data until they are treated as data and a positive approach towards them
is needed. Qualitative data is concerned with meanings and how people perceive it
and thinks about it, they follow a way of a pattern which is the main quality of this
data. Hence qualitative data is the Tran scripted data which is used in the research
methods to produce more accurate and firm results after the analysis of the data
collected.
5. Questionnaire

Questionnaire is used in the variety of context in the research, the design and
method of obtaining data from the questionnaire depends upon the researcher by
itself, it is formally a data collection method for research or questioning which
formally sets a way of result orienting path. The questionnaire is based on three
major parts i.e. introduction, body of the text (questionnaire) and basic data. Graham
Birley et al. [2], The successful use of the questionnaire depends upon the time
spend on it in the initial stage of the research cause once printed and send there is
no return back, the planning from the initial stage means that the Costs, Production,
Organization, schedule, permission and feedback all should be kept in mind when
developing the questionnaire. It should have the information about the research and
researcher, purpose and confidentiality.
6. Interview

According to Nickols [8], “An interview is a verbal interchange, often face to face
or on the telephone, in which the one person (Interviewer) tries to elicit information,
beliefs or opinions from another person”. In the interviews I have collected the in
depth and comprehensive information from the managers and hiring staff of English
heritage and National trust

4 Findings

1. Research Findings
Recruitment and selection is the major part of any organization’s HR team or

department which has to justify the recruitment and selection for the desired post set
up by the organization. The problem statement is discussed below:

(1) Why Recruitment and Selection sources or methods are not up to the standard
required by the organization?

(2) The Recruitment and Selection methods or sources used by the HR personnel’s
nowadays: why is it changing day by day and getting complex not suitable?
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(3) The other problem to find out was the selection of the staff in regards to the job,
which is not his position to be.

2. Analysis
The data analysis is one of the most important and significant part of the study.

Without the data analysis it is very hard to learn from thedatawhichhas been collected
through research questionnaires and interviews. The research methodology chapter
has discussed the information on how the data has been collected. This chapter will
closely analyze and examine the data.
3. Analysis of Recruitment Procedures

The analysis of the recruitment procedures and methods is fairly adequate and
elaborated by theHRdepartment of EnglishHeritage. The analysis of the recruitment
methods in the organization came to the point where I saw that fairness is sometimes
not done with the employee while the positioning of the job ifs invalid and amount
of thinking and preference is not given in appropriate manner.
4. Analysis of Selection Procedures

The analysis of the selection methods is given below in the form of a chart which
I analyzed while researching on the organizations selection methods, the best thing
seen in this procedure was the detailed and thorough search on the candidate and
efficiency of the HR personnel’s to consult the relevant department.

The Fig. 1 selection process chart shows the detail way of selection in the English
Heritage organization, where the needs of the company are kept in mind and the

Fig. 1 Selection process
chart Initial Screening

Completed Application

Interview by the Head of

Concerned Department

Medical/Physical Tests

Background Checks

Final Job Offer

Interview by HR Manager

Reject
Applic

Interview by the Line
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formal way of selection is used. It is to be stated here that this is a formal way
of selection as well, but in my findings and analysis I found that sometimes the
boundaries have to be crossed and the methods and ways have to be amended for the
best to secure.
5. Analysis of the Challenges Faced by HR Departments of the Two Organizations

According to the findings through the interview’s there were some common chal-
lenges faced by the HR team’s in both the organization’s, which have been discussed
below.
6. Staff and Management Relations

One of the internal challenges faced by the HR department is the relationship
between the staff and management. The union and the management have to run good
terms for either of them to be secure.
7. Current Trends

The current new trends coming up in the HRfield is also one the internal challenge
to be faced, the newduties, environment, skills, future needs and current issues related
to the staff.
8. Conflict Management

The conflicts between the staff itself and conflicts between the management and
staff is a great issue internally which has to seen through and the diversification
should tendered to its minimum state to produce the best of the results.
9. Diverse Workforce

The diverse workforce or people from different cultures and understanding are
also an external problem or challenge faced by the HR department which has to
resolve within its limits so no one gets disturbed.
10. Skilled Workforce

This is also one of the external challenge faced byHR, the trainedworkforce is not
normally hired up in low levels other than the high levels with a substantial amount
of experience. The unskilled or untrained workforce also becomes a challenge for
the HR to tackle with, which is presumed to be taken up by the line manager to fulfil.

5 Government Policies

One of the other external challenge faced by the HR team which states that there
are some limitations and implications by the government which has to taken in
control and regards to fulfil the organizations needs and demands. These were some
challenges facedby thehuman resource departmentwhich I foundoutwhile gathering
the data and information and my findings are based on my organization which is
English Heritage and the findings gave me clue to start of my analysis and selecting
methodology to progress my research report.
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Fig. 2 On time selection
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5.1 Analysis and Discussion from the Questionnaire

Q.1: Please mark the following-
The interview process was: (1) Short & Quick; (2) Long waiting hours; (3) Panel
Member were non-cooperative.

This analysis would help us to know if the selection process took place on time or
candidates had to wait for long hours. There opinion about the panel members. The
Fig. 2 on time selection process shows that maximum number of respondents said
that they had to wait for hours before the selection process that constitutes of around
13 respondents, 4 respondents said that the interview process was short and quick,
few had an opinion of the panel members being non- cooperative, that constitutes of
5 employees.

Q.2: How would you rate the whole recruitment and selection process?
This analysis would help in knowing the opinion of employees regarding the

process. The new joiners have gone through it recently so this would tell us their
views about these processes.

The recruitment and selection process Fig. 3 show that when asked about the
Interview Process most of the employees said that the interview process was Strong,

Fig. 3 Recruitment and
selection process
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which constitutes of 82% of new joiners in last 6 months, 14% of respondents had
an opinion of interview process being Moderate and the rest 5% said it was mild.

Q.3: According to you what kind of selection procedure is best?
This analysis would help us in understanding Employees views about the selection

procedure. According to them what kind of selection procedure should be most
effective? This pie Fig. 4 depicts that around 50% of new joiners were satisfied with
existing selection process of having a panel interview, the next majority is formed by
those who believed Series of interview should take place by different interviewers
that forms 32% followed by 18% respondents who believed Individual Interview
would be most effective.

Q.4: Do you think that psychological testing is required?
This analysis would help us to know the views of new joiners and management

about requirement of Psychological Testing being part of the selection process. It
was made sure if they were aware what Psychological Testing is.

The Fig. 5 depicts that majority of respondents believed Psychological Testing
was not required to be a part of Selection Process, which constitutes of around 50%
of new joiners, 32% had new joiners opted for can’t say as they were not sure if it
would be useful in the selection process or not, as being a pharmaceutical company
it was difficult to say, 18% contributed saying yes Psychological testing should be a
part of Selection Process.

Fig. 4 Type of selection
procedure

Type of Selection Procedure
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Fig. 5 Psychological testing % of employees
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Q.5: Were you clear about your job role and responsibilities before joining the
company?

This analysis will help us in knowing if the HR of the division makes it clear to
the employees what is the job role and responsibilities of the post the employee is
joining in the company.

The Fig. 6 depicts majority of employees which is around 41%, employees said
that they were not aware of the job role and responsibilities before joining the com-
pany. Around 32%, employees said till an extent they were aware of the job role and
responsibilities before joining the company. 27%, employees said they were made
aware of job role and responsibilities before joining the company.

Q.6:According to youhas the organization placedyou at the right post andposition
according to your past experience and qualification?

This analysis helps in knowing according to new joiners what are their views
about the post and position they have got in the company, they think they are placed
according to their past experience or qualification or not.

The Fig. 7 depicts that majority of respondents are not satisfied with their current
post and position, this constitutes of 59% of new joiners of last 6 months. 41% were
satisfied with their post and position in the company.

Q.7: Today the work done by you is same as it was described in your offer letter?
This analysis would give an idea if the presently work done by the employees is

same as explained in the offer letter (Fig. 8).

Fig. 6 Job role and
responsibilities
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Fig. 8 Work analysis

The above figure depicts that majority of respondents believed that, to an Extent,
the work done by them presently was same as described in the offer letter; this
constitutes around 46% member of employee. Around 36% said NO the work done
by them presently is different from what was in the offer letter. Around 18% said
YES they were doing the work same way as was explained in the offer letter

Q.8: The organization has facilitated me in following areas. Listed below:-
(1) Administration; (2) Human Resource; (3) Finance.

This analysis will help us in knowing if the new joiners were facilitated with the
most important departments of the organization after joining the company.

The Fig. 9 depicts 59% of new joiners were facilitated with Administration, HR,
Finance and the remaining 41% new joiners said that they were not facilitated in the
following areas.

Q. 9: Does HR team take timely feedback from you regarding your performance
and satisfaction level at work? This analysis will give an idea if the HR department
keeps track of well being of new joiners and their performance at work.

The Fig. 10 depicts that majority of respondents said that HR didn’t take any
feedback from them regarding their satisfaction level atwork and performance,which
constitutes of around 64% of respondents; remaining 36% employees said HR takes
timely feedback regarding performance and satisfaction level at work.

Q. 10: Are you satisfied with the recruitment & Selection procedure carried out
with you?

Fig. 9 Analysis facilities % of Employees

Yes
59%

No
41%
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Fig. 10 Performance
feedback
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This analysis helps us to know if the new joiners are satisfied with the recruitment
and selection process carried out in the company.

The Fig. 11 depicts 59% of respondents are satisfied with the recruitment and
selection process carried out in the company, remaining 41% are not satisfied with
the process. They believe certain changes needs to be made for the effectiveness of
the process.

5.2 Measure of Central Tendency

The findings from the questionnaire were analyzed and then put into the correlation
and central tendency analysis and hence the result was generated. The relationship
between the HR personnel’s and the techniques of recruitment and selection methods
were then put into the tendency test and results were generated. The next step was
using the Pearson correlation where the skills of the recruits and the selection were
put up to test and result was generated. Hence they are shown below; the data for the
recruitment and selection level was put up in the Table2 below and hence the result
was driven out;

The response was good as highest mean of 5.32 was taken and the feedback from
the questionnaire was 4.86 which were lower than the expectations. The range of
standard deviation was between 1.25 and 1.35 was due to the sample taken mostly
from the management, hence the perceptions varies.
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Table 2 Measure of central tendencies

Skill variety: Task identity: Task
significance

Autonomy Feedback

Mean 5.17 5.18 5.32 5.20 4.86

Standard error 0.16 0.16 0.15 0.15 0.16

Median 5.30 5.40 5.60 5.20 5.00

Mode 7.00 7.00 7.00 7.00 7.00

St. Deviation 1.35 1.31 1.25 1.25 1.32

Sample
variance

1.83 1.72 1.56 1.57 1.75

Kurtosis (0.96) (0.03) (1.05) (0.68) (0.30)

Skew ness (0.33) (0.58) (0.29) (0.30) (0.18)

Range 4.60 5.60 4.20 4.40 5.20

Minimum 2.40 1.40 2.80 2.60 1.80

Maximum 7.00 7.00 7.00 7.00 7.00

Sum 361.80 362.60 372.20 364.00 340.40

Count 70.00 70.00 70.00 70.00 70.00

Table 3 Pearson correlation matrix

Skill variety Task variety Task
significance

Autonomy Feedback

Skill variety: 1.00

Task identity: 0.64 1.00

Task sign 0.63 0.76 1.00

Autonomy 0.63 0.58 0.69 1.00

Feedback 0.57 0.70 0.68 0.66 1.00

5.3 Pearson Correlation

This dimension of correlation was made to see the overall satisfaction of the recruit-
ment and selection methods, the summarized findings are down below in Table3.

The skill variety dimension is with higher correlation as compare to task identity;
task significance and autonomy have lower correlation with feedback. This shows
all matrixes dimension will increase the skill variety except the feedback.

Hence high correlation b/w task identity and task significancemeans task is signif-
icant enough to make its identity. The next is task significance has higher correlation
with feedback, which shows weaker link. Hence the selection and recruitment of
personnel’s in relation to the skill, tasks, autonomy and feedback are shown in the
correlation matrix.

The main factor lies with the best Recruitment and Selection methods to be used
and it has to in commitment from the Human Resource department or personnel’s
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to deliver the best out of them for the organization for its betterment and future
prospects. The need in the organization should be real and factual rather than being on
assumptions and statistics which sometime in future fail to respond, the commitment
towards the recruitment and selection procedures should be 100% as it is the main
core of the organization as if the right person for the right job is not selected the
organization may suffer on his hands. The other thing to discuss is that when the
recruitment and selection procedures are implemented or taking place the process
should be well defined and has a quick response so that the process and selection is
done on quick basis but keeping in mind the codes and policies of the organization
because actions taken in haste turn out to be nasty and disastrous too. In this market
of human workforce the organizations compete to get the best available workforce,
hence this should be implemented in policies and actions.

6 Conclusion and Recommendations

1. Conclusions
The Research has investigated or come to the point that the Recruitment and

Selection processes used in the Organization (s) is varying in nature. As per the
small firms are concerned the way of recruiting and selection is on a little scale and
sometimes have influence of others as well, but coming to large organizations the
influence is not there but the large scale or recruiting and selection is quiet lengthy
and time consuming. The available literature and discussion clearly supports that
the importance of having and following a well structured Recruiting and Selection
policy should be used and followed by the HR personnel’s in order to gain the
best of the staff and new recruits for the organization as the management of the
organization or company depends upon its HR department and it should not let the
company executives down, maximum benefits do also occur when these policies are
developed and implemented in the company’s policies and memo’s.

This study has revealed that the organization’s executives and line managers were
a little satisfied with the recruitments and selection process but still there is very
much to come in the future for the line managers and the personnel’s to tackle with,
which they are not aware of. Another point to be concluded is that there is no vast
way of recruiting the new staff as the large firm’s normally goes within the population
of its internal manpower and does not go out to recruit as it has got a lot of many
staff in their own organization to fulfil their needs. At the end the organization is
more confident in their mature staff rather than going out for a new recruit who
might take time to settle down and learn the outcomes. The line managers take a key
responsibility in training the new recruits after their selection and have to go through
this burden as the HR manager’s haven’t got anything to do with this, so it becomes
a little more complicated then it is thought to be.

If the Human Resource department is to be treated as the inimitable competencies
for the organization, then the recruitment and selection has a critical and good role
to play as it s part too. It does not mean that payroll and solution to different problem
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is the only job for the HR department but to convince for the best needs of the
organization is theirmain role to play. Several new and interesting things did occurred
while going through the research and new findings were found as well too, but this
does notmean that themain problem solvingwas let down. The end camewith a good
bang of knowledge and skills that the recruitment and selection in an organization
should be in measures to the policies made. The interviews and the questionnaire’s
feedback were good but it still did lack the knowledge of best and good judgment of
a new staff. Internal selections are widely held in a large organization and hence the
chance for new recruit to join the growing industry fails off and the selected personal
for the new post is already a member of the organization, but sometimes when his or
her post gets empty the chance for the new staff to join starts to grow up. The other
thing noticed in the research carried out was that the recruitment is done only on the
needs basis but still if there is an opportunity of a recruitment but the need is not
there, hence the HR would save the finance’s for the organization as the need is not
important then the finances.
2. Recommendations

The Following are some recommendations which I would like to make in my
research for further study to be taken by other researchers, hence the recommenda-
tions a purely on merit and is based on my findings and analysis and research and
would like to see some change in the recruitment and selection process when held
by the Human Resource department of any organization regardless of its choice and
organization’s policies and culture.

(1) The process of Recruitment and Selection should be well defined for a rapid
response from the person applying.

(2) The response time from the HR team should be quick and criteria should be
judged in accordance with time limit, hence they will not loose the employee to
rivals.

(3) he traditional recruitment and selection methods or procedures should be
changed and unconventionalmethods, likemoving towards universities and fresh
candidates would help in getting energetic and willing full recruits.

(4) Panel interviewing is most suitable for now days and is less time consuming so
by traditional means of different stages interview should be cut down and this
method should be implemented on regular basis.

(5) The amounts ofmoney spend on the recruitment and selection procedures should
be taken in account and more specialized and new ways of procedures should
be adopted, which will be beneficial for the organization.

(6) Staff with greater versatility and flexibility should be recruited to face the upcom-
ing market challenges and who can tackle the unexpected situations.

(7) The recruiting and selection of staff should be in accordancewith themanuals and
policies of the company rather than being in favouritism or lack of knowledge.

(8) The selection criteria should be broadened up and should be regulated and
updated regularly to monitor the desires of the company’s changing policies
and amendments.
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A Water Allocation Model for Qujiang River
Basin of China

Changting Wei and Zhineng Hu

Abstract With rapid development of economy and society, water deficit is a
worldwide problem now. As a consequence, water allocation managers face an
increasingpressurewhen theymake the decisions. This paper build a bi-levelmodel to
solve the water allocation problem in Qujiang river (running across Sichuan province
in southwestern China). First a allocation framework in Qujiang river basin, consi-
dering the principle of equality and stability for river basin, stress-based and economic
efficiency principle for subareas’ (Bazhong subarea, Nanchong subarea, Dazhou
subarea, Guangan subarea and Guangyuan subarea) managers, is development. The
concept of Gini coefficient and Power index, traditionally used in economic field are
introduced in this paper to measure equality and stability of water allocation strategy
of Qujiang river basin. The model results indicate that the bi-level model is suitable
and feasible to practice and it can help the managers to solve the difficult situation
well.

Keywords Water allocation · Bi-level programming model · Gini coefficient ·
Equality · Power index

1 Introduction

Water is a necessary resource for life and social, economic development for a country.
With rapid population rise, urbanization progress along with industry development,
water shortage has became a worldwide critical problem. Traditional water users,
domestic, agriculture, and industry water demands, has been increasing while other
water demands, such as ecology and tourism are getting people’s concern. As a
consequence, there is an ever-increasing pressure for river basin committee to decide
the water allocation strategies. Equality, stability and efficiency must be taken into
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consideration in the same time. As long as water is scarce compared to total water
demands, the conflicts of different water users are intense. A feasible and efficient
water allocation model is needed.

Variety research has been done on equality, stability, sustainable and efficiency
water allocation methodologies in the las few decades. As the demand for natural
resources intensifies, Suzukit and Nakayama put forward a cooperative game the-
ory to consider the fairness in water allocation problem. Cai et al. [2] used Benders
decomposition, the way to solve discontinuous quadratic programming problems
(many water allocation model often resulted in), to solve large nonconvex water
resources models. Moreover, mathematical and heuristic models have been con-
ducted to deal with water allocation problems in different region [1, 6, 12, 16, 17].
However, more works still to be done to meet the practice needs.

Economic efficiency concerns that with a given resource how much value can be
generated, while equality and stability concerns theway that resources are distributed
to the society. Tsur and Dinar [22] proposed that involving subjective judgement,
equality and stability get less attention than economic efficiency. Equitable access to
water, or to the benefits derived from using water, is critical to eradicating poverty
and promoting growth [7]. While stability measurers the feasibility (water users’
will to cooperate) of the water allocation solution. Both of equality and stability is
critical for social stabilization. Basically, single andmultiple objective model are two
approaches used in water allocation problems. Most of the existing plans are either
too theoretical or too complicated which makes then hard to be implemented. To get
over this difficulties, Gini coefficient and Power index, both applied in economic, are
be used to deal with the fairness and stable in water allocation problems [3, 17]. Even
Gini coefficient and Power index is most popular in economic, the theory of them
can be applied in other field. For example, Fellman [8] proposed Gini coefficient has
been used to measure the biodiversity in ecology. Owing to self-optimizing behavior,
Pareto-optimal (social optimal solution) solution may be hard to be implemented.
Read et al. [17] used Power index to show that optimality and stability can produce
different allocation solutions. As mentioned above, there has been already a lot of
literature studied economic efficiency. And varieties methods has been developed to
estimated the economic benefit of different water use sectors, namely agriculture,
domestic, industry, ecology and so on [4, 10]. However, those methods have many
parameters which is hard to obtain.

Equality, stability and economic efficiency are the target of this paper. This paper
aims at building a model to tackle the water deficit of Qujiang river basin. Thus a
bi-level model is build with the upper level having two objective-minimize equality
(measured by Gini coefficient) and stability (measured by Coefficient of variation).
And the maximize the economic benefit is the objective of five subareas (Lower
level),namely BaZhong county, Nanchong county, Dazhou county, Guangan county
and Guangyuan county. The rest of the paper is organized as follow: Section2 has
a brief introduction of Qujiang river basin; Section3 details the model component
and the framework of the water allocation problem of Qujiang river basin; Section4
shows the techniques to solve the model and the results of the model. Section5
concludes remarks and future research possibilities to extends the proposed model.
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Fig. 1 Location of the Qujiang River Basin

2 Study Area: Qujiang River Basin

The Qujiang River, running across three provinces in southwestern China, is the
largest tributary of the Jialinjiang River in the upper Yangtze River Basin (Fig. 1). In
Sichuan Province, Qujiang River basin supplies water to Bazhong subarea, Dazhou
subarea, Guangan subarea, and Nanchong sbu-basin with an area of 3,4151km2

(8,913km2 of irrigation area), covering 22 counties, 14.52 million people with GDP
RMB 12.48 billion Yuan in 2012.

The total runoff volume generated in Sichuan province is estimated at 19.3 billion
m3. The water in the Qujiang River Basin has a surplus during the wet season (May–
October) and a serious deficit during the dry season (November–April). This indicates
the limited available water should be managed efficiently for sustainable economic
development in the dry season. The water use of different sectors within the five
subareas are presented in Table1. The demand for various sectors has increased
rapidly in the last 5years with significant rise in Domestic and industrial sectors.

Because space-time location of the precipitation every year is not well balanced,
even there are much rainfall in wet season, sometimes the water demand exceed
the total available water. The water allocation plan of Qujiang river basin is always
done through a discussion process. The discussion process usually starts inDecember
every year to determinewater allocation in the next year for different sectors based on
the information provided by subarea water managers, departments/technical offices

Table 1 Water use of different sectors in Qujiang River Basin (103 m3, 2012)

Sub-basin Domestic Industrial Agricultural Ecological Total

Guangyuan 2550 5660 870 170 9260

Bazhong 47,690 76,290 40,860 2850 167,690

Dazhou 102,460 445,640 78,800 5980 632,870

Guangan 24,920 135,720 27,840 1490 189,970

Nanchong 23,190 48,710 7730 1630 81,260

Total 200,800 712,030 156,090 12,120 1,081,040
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and other stakeholders. Generally, the water is allocated with a priority to use sectors
in the following order: domestic, agriculture, industries, and ecological.

In recent years, in the midstream and downstream of Qujiang River basin, there
has been a great development in regional economy. Since the tenth five-year plan
period inChina, the industry, agriculture, and economy in these subareas have rapidly
developed, and the water demands have significantly increased during the last two
decades. Due to the growing population, urbanization, industrialization and more
irrigation, the seasonal water deficit in Qujiang River basin has become more severe.
As a result, the traditional water resource allocation plans cannot deal with the water
demand conflicts in the different subareas and therefore many problems relevant
to equity, efficiency, and stability and stainability have arisen. These change the
government planning water allocation mechanism to the combination of government
planning mechanism and market planning.

Qujiang River Basin Committee has several responsibilities: guarantee the basin
safety against flood during the wet season; guarantee the water supply for differ-
ent sectors of all subareas; operationalize the development of the sectors involving
the water and coordinate to solve the conflicts among subareas and different sectors;
maintain the sustainable ecological process. To achieve these targets, TheQRBCom-
mittee would allocate the water rights to the subareas under the equitable and stably
cooperation objectives in the river basin, and after obtaining these water rights, each
subarea water manager makes water allocation to different sectors with the aim of
achieving efficient water use.

3 Model Development

3.1 Conceptual Framework

The designed water allocation system is a bi-level decision making mechanism with
the upper-level decision maker (Qujiang basin management committee) deciding the
amount of water allocated to competing subareas based on equality and stability
principles and the lower-level decision makers (Bazhong subarea, Dazhou subarea,
Guangan subarea, Guanyuan subarea, and Nanchong sbu-basin water managers)
deciding the water volume for allocating to different demand sectors aiming at maxi-
mization its own economic benefits. And the designedmodel considers four different
demand sectors, namely agriculture, domestic, industrial and ecological.

As the conceptual framework of the designed model depicted in Fig. 2, the water
allocation plan depends on the available water (AW) and the sectoral demands.
Basically, two types of water demand are defined in the model: the actual demand of
a sector i (i = 1, 2, 3) is defined as normal demand dnor

i j and the minimum demand

as dmin
i j . If the total available water exceeds the sum of all normal demand, then there

in no optimal necessity and the water is supplied by (dnor
i j ) among various sectors.

If the total available water is less than the sum of minimum demands, the water is
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Fig. 2 Conceptual framework of water allocation model

allocated either or stressed or priority-based. If the AW fall between total (dnor
i j ) and

total (dmin
i j ), then the model would give a allocation plan which can let the subareas

to maximize its’ economic returns on the basis of Equality and stability principle.
To simply, clearly state the following modeling process, the frequently-used model
variables are presented in Table2.

Table 2 Description of the model variables

Variable Description

Index i Subarea i (i = 1, 2, · · · , 5)

Index j Sector j in each subarea ( j = 1, 2, 3)

EBi j Economic benefit of sector j in subarea i

MEBi Marginal economic benefit efficiency of sector j in subarea i

EBEi Economic benefit efficiency in subarea i

Qi Allocated water quota for subarea i

dmin
i j Minimum requirement of the water use of sector j in subarea i

dnor
i j Normal requirement of the water use of sector j in subarea i

β loss
i Loss ratio of water-transfer from the origin to subarea i

WSi Other water source such as the groundwater and precipitation in the subarea i

αi power index of subarea i
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3.2 Objective Functions

Gini coefficient.
Equality is defined as the state of being equal. Equitable access to water, or to the
benefits derived from using water, is critical to eradicating poverty and promoting
growth, so the river basin committee must consider the equality when established the
water allocation plan [7]. The Gini coefficient which was traditionally applied to the
measurement of income inequality is one of the most commonly used indicators for
measuring distribution [9]. Gini coefficient falls between 0 and 1, and the closer to 0,
the more equal is the distribution. The Gini Coefficient is calculated from un-ordered
size data as the “relative mean difference”, i.e., the mean difference between every
possible pair of individuals yi and y j , divided by the mean size y [3].

Gini = 1

2n2y

n∑

i=1

n∑

j=1

|yi − y j |, (1)

wheren is the total number of individual.UsingLorenz curve, theGiniCoefficient can
be displayed graphically as the distribution of the size fractions of ordered individuals
[3].

There has been plenty of studies attempting to approximation the Gini coefficient
with different techniques, but no one is always optimal under any circumstance. The
trapezium rule is the simplest and the most popular method, but yields a positive bias
for the area under the Lorenz curve and, hence, underestimated the Gini coefficient
[8, 11]. So in analogy to its application into the measurement of income inequality,
given an initial distribution program Eq. (1), the Gini coefficient for water allocation
is figured out as follow:

G = 1

2m
5∑

i=1

Qi
EBi

5∑

i=1

3∑

j=1

∣
∣
∣
∣

Qi

EBi
− Q j

EB j

∣
∣
∣
∣, i = 1, 2, 3, 4, 5, j = 1, 2, 3, (2)

where EBi is the economic benefit within the subarea i ; Qi/EBi is the allocated
water amount per unit economic benefit within subarea i .

3.2.1 CV : coefficient of variation.

Inwater allocation system, subareaswho base decisions on individual rationalitymay
find the social planner solution to not be directly proportional to it’s comprehensive
strength, and this could be an important barrier to an agreement. Thus it’s necessary
to consider the willingness to cooperate and practicality of a cooperative allocation
solution [19]. The power index originally was applied in economics literature to
identify stable solutions to cooperative problems in which the parties are negotiating
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agreement on the incremental benefits of cooperation [5, 14, 21]. Normalized power
index formulation is presented in Eq. (5) as [13]:

£ j = � j − v({ j})
∑

j∈N
(� j − v({ j})) , j ∈ N ,

∑

j∈N

£ j = 1, (3)

where pounds is the index value for player j from the set of N players; � j is the
ideal benefit allocation to player j , and v({ j}) is actual benefit amount allocated to
player j . The power index method can be rewritten in terms of allocation to measure
stability in a water allocation problems as [17]:

αi = wi (Qmax
i − Qi )

5∑

i=1
wi (Qmax

i − Qi )

,

5∑

i=1

αi = 1, (4)

where wi is the weight of subarea i ; αi is power index of sector i ; Qmax
i is the

ideal water allocation to sector i . The index compares the difference between the
ideal and the actual water allocation of a sector to the total gains of the group with
m(m = 5) sectors. Obviously, the power index method indicates that the most stable
and acceptable solution is one that distributes powermost equally between sectors [5].

Read et al. [17] proposed to measure the stability with multiple decision makers
water allocation problems as the coefficient of variation (CV ), which is presented as:

CV = δ

α
, (5)

where α is the mean power index value calculated across m(m = 5) players. Solu-
tionswith the lower values ofCV indicates the greater chance of stability (feasibility).

3.2.2 Lower-level objective function: maximize each sectors’ economic
benefit efficiency.

Being a key factor in local area development, water was optimally allocated to three
sectors, including domestic, industrial and agricultural sectors on the basis of eco-
nomic efficiency principle by every subarea. Economic benefit efficiency is defined
as the ratio of the total economic benefits value of subarea i to the maximum poten-
tial economic benefits value (maximum marginal economic benefit of the sectors in
subarea i products the total available water allocated to subarea i). And the objective
function is represented as:
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EBEi =

⎡

⎢
⎢
⎢
⎣

3∑

j=1
(MEBi j × qi j )

MEBi max((1 − αloss
i )Qi + WSi )

⎤

⎥
⎥
⎥
⎦

, i = 1, 2, 3, 4, 5, j = 1, 2, 3,

(6)
where EBEi is water economic benefit efficiency of subarea i ; MEBi j is the marginal
economic benefit per unit volume (US/m3) of water from sector j in the subarea i .
Maximization of economic benefit efficiency for subarea i ; MEBmax

i is the max
marginal economic benefit among sectors in subarea i .

For the lower-level decision maker, estimating the economic benefit of water use
of different sectors and allocating water to different sectors based on efficiency of
economic benefit criterion are their main job. Various literatures have studied the
economic benefit estimation of agriculture, domestic and industry [6, 15]. However,
too many subjective parameters was involved in those estimation method. To get net
economic benefit of different water uses more reasonably and more efficiently, on
the basis of historical data, economic benefit and marginal economic benefit MEBi j

can be estimated, their relationship is:

EBi j (qi j ) = MEBi j · qi j , i = 1, 2, 3, 4, 5, j = 1, 2, 3.

3.3 Constrains

Constrains of the upper level model
(1) Water availability constraint:

5∑

i=1

Qi ≤ AW. (7)

Apparently, the tota allocation water volume cannot exceed the resource avail-
ability at Qujiang River Basin. And the minimal ecological and environmental water
requirement in/out of the river should be excluded at first.
(2) Technique constraint:

Zmin
i ≤ Qi ≤ Zmax

i , i = 1, 2, 3, 4, 5, (8)

where Zmin
i and Zmax

i are the minimum and maximum capacities of the Watercourse
(from Qujiang river basin to subarea i).
(3) Water supply constraints:

Obviously, the total allocated water together with other water sourceWSi (such as
the groundwater and rainfall) in the i-th subarea should be no more than the maximal
store capacity of sector i ,



AWater Allocation Model for Qujiang River Basin of China 1385

(1 − β loss
i )Qi + WSi ≤ Smax

i , i = 1, 2, 3, 4, 5, (9)

where Smax
i donates the maximal store capacity.

Constrains of the lower level model
(1) Water availability constraints

The total water amount, the subarea allocated to different sectors, can not exceed
the summation of the available water (allocated by river basin committee) and water
from other resources WSi (ie.ground water and rainfall) in subarea i , and ecological
water needs and each sector’s demand should be taken into consideration by the
subarea water managers.

3∑

j=1

(qi j ) ≤ (1 − β loss
i )Qi + WSi i = 1, 2, 3, 4, 5. (10)

Obviously, the water allocated to each sector should fall between the minimum
demand and maximum demand of sector j in subarea i ,

dmin
i j ≤ qi j ≤ dnor

i j i = 1, 2, 3, 4, 5 j = 1, 2, 3. (11)

(2) Ecological water requirement
The subareas must consider the use of water for ecological and environmental

preservation,

(1 − β loss
i )Qi + WSi −

3∑

j=1

(qi j ) ≥ WECmin
i i = 1, 2, 3, 4, 5, (12)

where WECmin
i is the minimum ecological water requirement in subarea i .

3.4 The Optimization Water Allocation Model

In Qujiang river basin system, the river basin authority provides the upstream flow
to the subareas (Zigong, Zizhong, Dazhou and Nanchong). The subarea manager
need to allocate the water to three sectors: agriculture, industry and domestic under
the condition of satisfying the ecological water requirement first. The river basin
committee must consider equality and stability in the same time when the water
allocation plan was established. Under the situation of meeting the demands from
different sectors, the subareas water managers try their best to seek proper water allo-
cation to maximize the economic benefit in accordance with the river basin authority
allocation decision. Obviously, there is an interactive relationship between the upper
(river basin committee) and lower (subarea water managers) level decision makers.
Integrating above constraints and objective functions, a full model for optimizing the
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bi-level water allocation in a river basin system is represented as:

min
Q

G = 1

2m
5∑

i=1

Qi
E Bi

5∑

i=1

3∑

j=1

∣
∣
∣
∣

Qi

E Bi
− Q j

E B j

∣
∣
∣
∣

min
Q

CV = δ

α

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

αi = wi (Qmax
i −Qi )

5∑

i=1
wi (Qmax

i −Qi )

, i = 1, 2, 3, 4, 5

5∑

i=1
Qi ≤ AW

Zmin
i ≤ Qi ≤ Zmax

i , i = 1, 2, 3, 4, 5
(1 − β loss

i )Qi + WSi ≤ Smax
i , ı = 1, 2, 3, 4, 5

max
q

EBEi =
⎡

⎢
⎣

3∑

j=1
MEBi j ·qi j

MEBi max((1−β loss
i )Qi +WSi )

⎤

⎥
⎦ , i = 1, 2, 3, 4, 5

s.t.

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

3∑

j=1
qi j ≤ (1 − β loss

i )Qi + WSi , i = 1, 2, 3, 4, 5

(1 − β loss
i )Qi + WSi −

3∑

j=1
qi j ≥ WECmin

i , i = 1, 2, 3, 4, 5

dmin
i j ≤ qi j ≤ dnor

i j , i = 1, 2, 3, 4, 5 j = 1, 2, 3,

(13)

where Q = (Q1, Q2, · · ·, Qm), and q = (qi j )mn are decision variables.

3.5 Optimal Solutions

As mentioned above, priority-based and benefit-based water allocation principle
were applied by the subarea decision makers in terms of different amount of AW. If
(1−β loss

i )Qi +WSi <
∑3

j=1 dmin
i j +WECmin

i , the subarea need to allocate the water

priority-based. If (1 − β loss
i )Qi + WSi ≥ ∑3

j=1 dmin
i j + WECmin

i , the subarea will
meet every sectors’ minimum needs and allocate the water by principle of benefit.

If

Qi ≤
3∑

j=1

dmin
i j ,
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that means Qujiang river basin can not guarantee the minimum water demand of
each subarea, and the principle of priority will be implemented by subarea i . The
subareas’ allocation strategies will be considered before the Qujiang river committee
making the decision based on equality and stability. Usually, subarea i will consider
domestic demands, agriculture demands then industry demand sequentially. So with
every Qi , the rational reaction of the subarea i is:

q∗
i =

⎧
⎪⎪⎨

⎪⎪⎩

(0, 0, SQi )
τ , if SQi < dmin

i3
(0, SQi − dmin

i3 , dmin
i3 )τ , if dmin

i3 ≤ SQi < dmin
i3 + dmin

i2

(SQi − dmin
i3 − dmin

i2 , dmin
i2 , dmin

i3 )τ , if dmin
i3 + dmin

i2 ≤ SQi <
3∑

i=1
dmin

i j .

(14)
where SQi = (1 − β loss

i )Qi + WSi − WECmin
i .

If

SQi ≥
3∑

j=1

dmin
i j ,

subarea i could use the redundant water to achieve high economically benefit
efficiency on the basis of guarantee the minimum water demand and satisfying the
ecological requirement. Generally, assume MEBi1 > MEBi2 > MEBi3 (i1 donates
industry sector of subarea i , i2 donates agriculture sector of subarea i and i3 donates
domestic sector of subarea i). And the rational reaction of subarea i will be:

q∗
i =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(SQi − dmin
i2 − dmin

i3 , dmin
i2 , dmin

i3 )τ , if SQi < dmax
i1 +

3∑

j=2
dmin

i j

(dmax
i1 , SQi −dmax

i1 −dmin
i3 , dmin

i3 )τ , if dmax
i1 +

3∑

j=2
dmin

i j ≤ SQi <dmin
i3 +

2∑

j=1
dmax

i j

(dmax
i1 , dmax

i2 , SQi − dmax
i1 − dmax

i2 )τ , if SQi ≥
2∑

j=1
dmax

i j + dmin
i3 .

(15)
Taking the optimal allocation strategies of all subareas in to Eq. (2), the Gini coeffi-
cient can be rewritten as:

G(Q) = 1 −

5∑

i=1

5∑

k=1

∣
∣
∣
∣
∣
∣
∣

Qi

MEBi1qe
i1+

3∑

j=2
MEBi j dmin

i j

− Qk

MEBk1qe
k1+

3∑

j=2
MEBk j dmin

k j

∣
∣
∣
∣
∣
∣
∣

2m
5∑

i=1

Qi

MEBi1qe
i1+

3∑

j=2
MEBi j dmin

i j

. (16)

With this feedbacks, the upper-level model will be converted into a non-linear
programming with linear constrains. For instance, when SQi ≥ ∑3

j=1 dmin
i j , and

q∗
i = (dmax

i1 , dmin
i2 , dmin

i3 ), the optimal model is:
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G(Q) = 1 −

5∑

i=1

5∑

k=1

∣
∣
∣
∣
∣
∣
∣
∣

Qi

MEBi1qe
i1+

3∑

j=2
MEBi j dmin

i j

− Qk

MEBk1qe
k1+

3∑

j=2
MEBk j dmin

k j

∣
∣
∣
∣
∣
∣
∣
∣

2m
5∑

i=1

Qi

MEBi1qe
i1+

3∑

j=2
MEBi j dmin

i j

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

5∑

i=1
Qi ≤ AW

(1 − β loss
i )Qi + WSi − WECmin

i −
3∑

j=2
qi j ≥ dmax

i1

(1 − β loss
i )Qi + WSi − WECmin

i ≥
3∑

j=1
dmin

i j

1 − β loss
i )Qi + WSi ≤ Smax

i i = 1, 2, 3, 4, 5,
Zmin

i ≤ Qi ≤ Zmax
i i = 1, 2, 3, 4, 5.

(17)

4 Results and Discussion

4.1 Determining the Parameters

Estimation of the subarea decision makers’ weights wi is the most challenging step
in modeling the QRB water allocation based on the proposed methodology. In this
paper, all subareas are given equal weights in the calculation progress of CV (i.e.,
wi = 1 for all subareas).

For each subarea, two kinds of demand was defined, namely normal demand
and minimum demand. The normal demand was the total water amount put forward
by the subareas themselves. As mentioned above, every sector has self-optimizing
behavior so

∑3
j=1 dnor

i j is the ideal and maximum water demand (Qmax
i ). The EBi j

(economic benefit per unit volume of water from sector j in subarea i) and MEBi j

(Marginal economic benefit of sector j in subarea i) should be determined according
to the historical data. According to the history data in the resent five years (2008 ∼
2012) and reasonable forecast,the detail of parameters can be found in Table3 and
Table4.

4.2 Model Results

Asmention above, present availablewater inQujiang river basin is about 1.93million
m3. And basis on the equation: AW <

∑5
i=1(

∑3
j=1 dmin

i j + WECi − WSi )/(1 −
min{β loss

i }), it’s clearly that principle of priority allocation stratify will be applied by
subareas’ manager. In accordance with the importance of the equality and stability,
different weights should be given to those two objectives. The importance of equality
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Table 3 Parameters 1

β loss WSi (104m3) WSi (104m3) DIca(103m3) MEBi (Yuan/m3)

Zmin
i Zmin

i Industry Agriculture Domestic

BZ 0.45 42,764 50000 47905 53157 60.61 42.55 43.86

NC 0.38 23,870 40000 39514 45320 54.35 34.48 32.26

GA 0.3 33,997 40000 18622 46889 67.57 47.62 47.17

GY 0.5 2874 30000 12448 38543 74.07 31.25 37.88

DZ 0.32 115,382 60000 26308 67832 86.96 43.11 45.45

Table 4 Parameters 2

Industry Agriculture Domestic Ecology

dmax
i1 dmin

i1 dmax
i2 dmin

i2 dmax
i3 dmin

i3

BZ 48,848 11,715 76,465 51,917 15,510 11,410 285

NC 47,202 5643 42,032 36,349 7845 5675 163

GA 45,149 16,356 44,277 33,187 9616 6697 149

GY 35,988 653 4224 3422 812 659 17

DZ 78,174 52,444 141,104 104,172 28,092 21,702 598

and stability varying from a particular situation, and the two objective are given
equal weights (i.e., both the objectives assign the weight 0.5) which represented the
common case. Table5 reveals the allocation strategy of Qujiang river basin when
the bi-level model is applied. The Gini coefficient is 0.244 and the value of CV is
0.519, which means this allocation strategy is basically fair and stable. The result
shows that subarea Dazhou is assigned the largest volume of water and the economic
benefit of Dazhou is also the most.

5 Conclusion

The study develops a water allocation model which is a bi-level model with the
upper level aiming at maximum equality and stability of the allocation strategy and
lower-level aiming at maximum the economic efficiency of every subarea separately.
Therefor emphasis the importance of equality and stability in the decision making
progress of water allocation problem. With the appliance of this model the water
allocation problem is well solved. Therefore the Qujiang river basin water allocation
problem has demonstrated the suitable and feasible of this model, thus the use of this
model can help the manager the solve the water deficit pressure and conflict between
the competing water users. The wi in Eq. (4) are just presume to be equal, but in real
situation wi is varying from subareas for the sake of social, economic, population
and environment factors, so further study need to be done on how to estimated the wi

of every subarea. And the weights of the two objective and some other parameters
should be studied more deeply.
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Improving the Efficiency on Decision
Making Process via BDD

Alberto Pliego Marugán and Fausto Pedro García Márquez

Abstract For a qualitatively and quantitatively analysis of a complex Decision
Making (DM) process is critical to employ a correct method due to the large number
of operations required. This paper presents an approach employing Binary Decision
Diagram (BDD) applied to the Logical Decision Tree. LDT allows addressing a
Main Problem (MP) by establishing different causes, called Basic Causes (BC) and
their interrelations. The cases that have a large number of BCs generate important
computational costs because it is a NP-hard type problem. This paper presents a new
approach in order to analyze big LDT. A new approach to reduce the complexity of
the problem is hereby presented. It makes use of data derived from simpler prob-
lems that requires less computational costs for obtaining a good solution. An exact
solution is not provided by this method but the approximations achieved have a low
deviation from the exact.

Keywords Decision making · Efficiency · Logical decision tree · Binary decision
diagram

1 Introduction

DM processes are done continuously by any firm in order to maximize the profits
reliability, etc. or minimize costs, risks, etc. There are softwares to facilitate this task,
but the main problem is the capability for providing a quantitative solution when the
case study has a large number of BCs. The DM problem is considered as a cyclic
process in which the decision maker can evaluate the consequences of a previous
decision. Figure1 shows the normal process to solve a DM problem.
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Fig. 1 Decision making process

2 Defining the MP via LDT

This paper considers a new approach based on breaking down the problem into
different causes that could lead to non-desired situations. This disaggregation leads
to determine the number of BCs and also identifies the manner in which all these
BCs are logically interrelated. With this purpose, LDT are proposed in this paper as
a useful tool being able to addressing the MP. LDT is introduced as an alternative
method to draw a DM, considering the interrelation between each BC [11]), that will
take into account the logical operators ‘AND’ and ‘OR’ [13]. Annex 1 shows a LDT
case study composed by:

1. 1 Top event or MP.
2. 63 Logical gates: they determine the logical relation between BCs.
3. 6 Levels: it is related to the depth of each logical gate.
4. 64 BCs: possible causes of the MP.

It is showed only with OR gates because its topology will be changing in the exper-
iments in order to analyse different scenarios
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3 LDT to BDD Conversion

LDT conversion to BDD provides some advantages in terms of efficiency and
accuracy see [1, 5, 10, 15]. BDD helps to show the occurrence of a serious issue
in the business in a disjoint form, which indeed provides an advantage from the
computational point of view.

BDD is a directed graph representation of a Boolean function, where equivalent
Boolean sub-expressions are uniquely represented. A directed acyclic graph is a
directed graph with no cycles, i.e. to each vertex v there is no possible directed path
that starts and finishes in v. It is composed of some interconnected nodes in a way
that each node has two vertices. Each can be either a terminal or non-terminal vertex.
BDD is a graph-based data structure whereby the occurrence probability of a certain
problem in a DM is possible to be achieved. Each single variable has two branches:
0-branch corresponds to the cases where the variable is 0; 1-branch cases are those
where the event is being carried out and corresponds when the variable is 1.

The transformation from DT to BDD is achieved applying some mathematical
algorithms. Ite (If-Then-Else) conditional expression is one of the BDD’s corner-
stones [2], see Fig. 2:

Figure2 is defined as: “If BCi variable occurs, Then f1, Else f2”. The solid line
always belongs to the ones as well as the dashed lines to the zeroes. Having into
account the Shannon’s theorem it can be obtained the following expression:

f = BCi f1 + BCi f2. (1)

It can be also expressed as:

f = BCi f1 + BCi f2 = i te(bi , f1, f2). (2)

In the transformation from DT to BDD is necessary to establish a correct ranking
of BCs, further detailed information about the conversion and variable ordering
methods can be found in [8]. In this paper only AND and OR gates are used in the
LDTs presented to express the interrelation between the BCs. Figure3 shows the
conversion from LDT to its corresponding BDD using the following order for BCs:
BC1 > BC2 > BC3 > BC4. Once the conversion from DT to BDD is done, it is

Fig. 2 ITE applied to BDD

BCi

f1

1

f2

0
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Fig. 3 Conversion from LDT to BDD

possible to obtain an accurate expression of the probability of occurrence of the MP
(QMP) by assigning a probability value to each BC.

3.1 Cut-Sets and the Analytical Expression from BDD

Cut-sets (CS) turn into an important concept when referring to BDDs. They are
the paths “from the top to the ones” that provide significant information due to the
fact that the probability of occurrence of the MP could be achieved from them. The
following CSs have been obtained from the BDD in Fig. 3.

C S1 = {BC1,BC3},
C S2 = {BC1,BC3,BC4},
C S3 = {BC1,BC2,BC3},
C S3 = {BC1,BC2,BC3,BC4}.

The MP probability is possible to be achieved due to the fact that the different paths
(CSs) are mutually exclusive and may be expressed as the sum of probabilities of
all the BDD paths, i.e. an analytic expression consisting of the sum of each analytic
expression that forms the CSs. This expression will represent the utility function in
the DM process.

3.2 The Importance of a Correct Ranking of BCs

It is very important to set a proper ranking for the BCs before carrying out a conver-
sion from LDT to BDD. This ranking determines the size of the resulting BDD and,
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consequently, the number of CSs. An inefficient variable ranking usually produces a
large BDD. If the number of CSs increases, then the computational time required for
calculating the MP probability of will rise. The problem of finding the optimal vari-
able ranking is NP-complete and it cannot be solved on a reasonable time, therefore,
heuristic methods are widely used in order to find an efficient ranking. These meth-
ods do not provide an optimal solution but a good enough one. The main methods
are described below:

(1) The Top-down-left-right (TDLR) method generates a ranking of the events by
ordering them from the original FT structure in a top-down and then left-right
manner [3]. The listing of the events is initialized, at each level, in a left to right
path adding the BCs found in the ordering list.

(2) TheDepth First Search (DFS) approach goes from top to down of a root and each
sub-tree from left to right [6]. This procedure is a non-recursive implementation
and all freshly expanded nodes are added as last-input last-output process.

(3) The Breadth-First Search (BFS) algorithm begins ordering all the basic events
obtained expanding from the standpoint by the first-input first-output procedure
[9]. The LDT is read from left to right and the events are ranked according to the
order in which they are found. It must be stated that if a repeated event is found
it must be ignored.

(4) The “Level” method creates the ranking of the events according to the level of
them [4]. The level of any BC is understood as the number of the gates that has
higher up a tree until the MP. In case that two or more events have the same
level, the event will have highest priority if it appears early in the tree.

(5) The AND criterion establishes that the importance of the BC is based on the
“AND” gates that are between the k event and the MP, because these gates imply
that there are redundancies in the system [17]. Consequently, a BC under an
“AND” gate can be viewed as less important because it is independent to other
BCs occurrences. Furthermore:
BCs with the highest number of “AND” gates will be ranked at the end.
In case of duplicated basic events, the event with less “and” gates has preference.
BCs with the same number of “and” gates can be ranked as the TDLR method
approach.

(6) Other methods, such as Weights method, Method of flows, Method of fathers,
LevelMethod,Heuristicmethod based on the structural importance are described
in references [4, 7, 12, 16].

There is not a specific heuristic method appropriate for all the LDTs. Some meth-
ods are more appropriate than others depending on the logical function. The most
appropriate method should be chosen for each case. The heuristic methods described
hereby are static. There are also dynamic heuristic methods however, they are not
suitable for large or complex LDTs. They present some drawbacks such as they need
to store in memory the BDD or a part of it [14].
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Sensibility
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Fig. 4 Evaluation of BDDs

3.3 Evaluation of BDDs

The information that can be gathered from a BDD is:
•MCSs and Minimal Path Sets.
• Probability of occurrence of the top event.
• Sensitivity analysis and importance measures.

Figure4 shows the different steps required to carry out a complete LDT via BDD
analysis. The information that this analysis provides is very useful but not easy to
obtain. The computational cost of the evaluation of the BDDs is one of the most
important obstacles when a large LDT is required to be analysed. In the following
section, an estimation of the results of the LDT in Annex 1 is performed to find the
MP probability depending on the topology of the tree. It is important to remark that
this approach aims to reduce computational time when a large LDT has to be solved
but it can be useful only if an exact result is not required.

4 New Approach to Reduce Computational Cost

The DM problem described is a NP-hard type problem and, therefore, for a large
number of BCs, or a complex topology, it can be not recommended to find a solution.
This paper presents a novel approach for finding a good solution minimizing the
computational cost. This approach is based on the logical gates, especially the AND
gates, the number and the position on the tree (level), and their effects to the solution
and the computational cost of the system. The reference solutions, or experimental
solutions, are obtained in simple systems, where it can be extrapolated to complex
systems via polynomial regression functions. These functions are setting according to
the reference solutions, where it will be more precise with more reference solutions.

Figure5 shows the probabilities and CSs for different LDT cases studies in Annex
1. The probability of occurrence ofMPand theCSs are obtained for different amounts
of AND gates in each level.

The LDT has been calculated for the cases marked in black in Fig. 5, and red are
estimated results. The calculated results have been obtained using the aforementioned
AND criterion to ranking the BCs. The estimations have been obtained through
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polynomial expressions, where the polynomial degree depends on the number of
experimental points obtained. The experimental solutions have been obtained using
the algorithms developed by [2].

Figure6 shows the results of probabilities found exactly (E) by BDD and the
predicted (P) results found by new approach. It is observed that the probability is
indirectly proportional to the number of AND gates, and proportional to the level,
which is expected. Moreover, the consequences of adding a new AND gate is indi-
rectly proportional to the level. Figure6 is also plotted (black curve) the absolute
deviation expressed as abs((E − P)/P). The deviation is proportional to the number
of gates, and with values always inferior to 0, 45%. It demonstrates that the accuracy
of the solutions founds by the new approach is in every case very good.

The deviation has been estimated for different levels and number of AND gates. It
has been estimated through quadratic polynomial expression. It is useful in order to
know approximately the accuracy of the probability estimated and showed in Fig. 7.
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A similar to the study presented in Fig. 6 has been done taking into account the
number of CSs, and showed in Fig. 8. The number of CSs is larger in each level
when the number of AND gates increase, and the number of CSs is smaller when
the level is larger taking into account the same number of AND gates. The error is
not as relevant for CSs than for the probabilities, because is the same independently
of the number of CSs. It is relevant in order to estimate the computational cost for
solving the problem. Exponential expressions have been used to evaluate the size of
the CSs.

5 Conclusions

DM via LDT and the conversion to BDD is presented in this paper. This approach
often requires decision maker to obtain a complex analytic expression of the occur-
rence probability for a MP. The complexity of this expression depends of the number
of BCs and the topology of LDT.

An analysis of different scenarios regarding to the AND gates and levels is done
in this paper. It has been demonstrated that the number of CSs, and therefore the
computational cost, can increase significantly and do not viable to find a solution
in a reasonable time. One of the most influent factors in the computation cost is the
ranking of the BCs. In this paper, different heuristic methods are presented in order
to establish a proper order for them.

This paper also presents a novel approach for not complex topologies that allows,
employing simplex regression techniques, to estimate the solution of different sce-
narios for a LTD problem. Polynomial and exponential expression have been used
with this purpose. It leads solutions with very good accuracy associated to scenarios
associated to a large number of CSs. It leads therefore to reduce the computational
cost for solving the problem.
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Evolution Characteristics of Agricultural
Drought Disasters in China

Zongtang Xie and Hongxia Liu

Abstract Drought disaster is one of the severe meteorological disasters and causes
of serious losses for agricultural productions, and early evolution characteristics
of agricultural drought disasters is critical in management of farming. Based on a
series of drought data from 1952 to 2011, the evolution characteristics and changing
trend of agricultural drought disasters in China are analyzed by using quantitative and
qualitative methods in this paper. It is found that: (1) In terms of a long period of time,
droughts of various levels occur in successive years, during which, the frequency of
small-scale and mild droughts is the highest and severe calamity and catastrophic
disasters occur every 2 or 3 years after 1970; (2) Drought-affected area ratio and
drought-suffering area ratio take on high volatility in the time sequence. Light and
heavy agricultural droughts appear alternatively; (3) Anomaly indices of drought-
affected area ratio and drought-suffering area ratio appear periodic and isochronous
ascending and descendant, with episodic reverse fluctuation.

Keywords Drought disaster · Evolution characteristics · China

1 Introduction

Drought disaster is one of the most seriously natural disasters. It can have devastating
effects on water supply, crop production, and rearing of livestock. They may lead
to famine, malnutrition, epidemics and displacement of large populations from one
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area to another [1]. More importantly, its impacts on agriculture are enormous. The
drought events also have huge harm to economies, societies and environments [2].
It has an important impact on the development of world instability and becomes
bottleneck of the sustainable development of national economy. In recent decades,
the impacts of drought have escalated in response to population increase, environ-
mental degradation, industry development, and fragmented government authority
management [2]. The damage from droughts to agriculture in some countries was
extensive, and the amount of losses caused by drought ranks first in the list of all
natural hazards [3]. China is one of the countries where drought disasters occur
particularly frequently. China is a great agricultural country. A basic industry of the
national economy, agriculture is easily affected by agro-meteorological hazards (par-
ticularly drought). The frequent occurrence of drought, coupled with the impact of
global warming, poses an increasingly severe threat to the Chinese agricultural pro-
duction [4–7]. Especially in the recent years, drought disasters continuously happen
and cause serious impact to people’s production and life. For example, 2009–2010,
in the southwest of China, the five regions (Yunnan, Guangxi, Guizhou, Sichuan and
Chongqing) happened serious droughts. Therefore, it is significant to master the time
characteristics and distribution of agricultural drought evolution and adopt effective
disaster prevention measures.

2 Data and Methodology

Agricultural drought disaster index generally have the drought-affected area, drought-
suffering area, quantity of grain damage, etc., and various derived indicators, each
indicator reflects the intensity of drought disasters from different angles on the harm
of agricultural production system. This paper selected the area of drought disaster
affected and suffering and the total sown area of crops in China from 1952 to 2011. As
each year’s crop sown area is different, even the drought-affected area and drought-
suffering area are equal in different years, the relative loss and the harm caused by
disaster are distinct. Therefore, only using the absolute value of the drought-affected
area and drought-suffering area to analysis time of dynamics of disaster cannot really
reflect the characteristics of disaster. For ease of comparison time distribution char-
acteristics of Agricultural drought disaster, it is necessary to carry out data processing
appropriately.

Defined as the ratio of the drought affected area with the total sown area of crops
is drought-affected rate, it can reflect the effects of drought disasters basic scope
and scale. Similarly, the ratio of the drought-suffering area with the total sown area
of crops is drought-suffering rate, it reflects the degree of hazard-formative drought
disasters.

According to definition, the paper calculated the calendar year ratios of drought-
affected area and drought-suffering area; and on the basis of the calendar year
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drought-affected area ratio and drought-suffering area ratio and formula (1), the
paper calculated anomaly indices of drought-affected area ratio and anomaly indices
of drought-suffering area ratio.

ζi = Mi − M

δ
. (1)

In the formula, ζi is the anomaly indices of drought-affected area ratio and anomaly
indices of drought-suffering area ratio of the corresponding year; Mi is the drought-
affected area ratio and drought-suffering area ratio of the corresponding year; M
is the mean of drought-affected area ratio sand drought-suffering area ratio of the
corresponding year; δ is the mean square error.

When ζ ≺ 0 is small; when 0 ≤ ζ ≺ 0.5 is light; when 0.5 ≤ ζ ≺ 1.0 is severe;
when is ζ ≥ 1.0 catastrophic.

3 Evolution Features of Agricultural Drought in 60 Years

Agricultural drought disaster has distinct uncertainties, thus, up to a point, showing a
certain mutability (leap) and gradual variation (overall trend) within a specific range
of time and space. This paper uses anomaly indices of drought-affected area ratio
and anomaly indices of drought-affecting area ratio, both of which indicate drought
magnitude and degree, to analyze the evolution characteristics of China’s agricultural
drought disaster in recent 60 years.

3.1 The Frequent Occurrence of the Evolution
of Agricultural Drought Disaster

The frequency of drought disaster indicates the ratio of the occurrences of a certain
level of drought disaster and the number of years concerned in a series of drought
disaster samples. It shows the sparseness of the droughts disaster in time series and
reflects the change in the condition of drought disaster as well. As each period, during
which, the combinations of factors such as the construction condition of hydraulic
projects, socioeconomic levels and agricultural land type are diverse, the time series
of droughts disaster can be divided into six periods and the evolution process of
drought disaster frequency of different levels in time series is shown in Table 1. From
Table 1, the major manifestations of evolution features of drought disaster frequency
are as follows:

(1) In terms of a long period of time, droughts of various levels occur in suc-
cessive years, during which, the frequency of small-scale and mild droughts is the
highest and severe calamity and catastrophic disasters occur every 2 or 3 years after
1970. The reason behind this is that most part of China belongs to warm temperate
continental zone, and the precipitation is under the influence of land-sea contrast
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and topography and other factors. Also the distribution varies considerably in each
region and seasonal distribution is uneven within a year. The change from one year to
another is enormous. Most areas are affected by the southeast and southwest winds,
so a distinguishing feature comes into being that the southeast is humid and rainy
while the northwest is dry and with little rainfall. In eastern areas it rains a lot but
intensively, so seasonal droughts occur quite often.

(2) Looking at each period, during 1950s, 1960s and the first 11 years in 21st
century, the frequency of small-scale and mild droughts is relatively high while that
of severe calamity and catastrophic disasters is not. But from the year of 1959 to
1961 and in the year of 2000, the situation of drought disaster is extremely serious. It
gets much more severe during 1959–1961 which is known as the three year natural
disaster of China. During those years, there were large-scale droughts three years in
a row all over the country, which as a result led to a significant drop in agricultural
production. The market then was very tight and it was rather hard for people to
survive. The number of unnatural death increased sharply. According to statistics in
1960, there were 10 million less in total number of population. In the year of 2000,
it was the most serious drought disaster since the foundation of China. The drought-
affected area and the drought-affecting area are respectively 4054 × 104 hm2 and
2678 × 104 hm2.The most frequent occurrence of severe calamity and catastrophic
disasters is during 1970s, 1980s and 1990s, among which from 1978 to 1983 there
have been severe droughts continuously. The total affected area was 6.21 × 107 hm2

then. In 1978, the precipitation from January to October in some provinces was less
30–70 % than usual and it was more obvious in the mid-low reaches of Yangtze River
during summer drought. At that time the national affected area was 4 × 107 hm2 and
the damage area was 1.8×107 hm2, which is the highest value of statistical data. The
volatility of droughts from 1986 to 1999 became larger and every 1 or 2 years there
came a heavy-disaster disaster year of drought and the magnitude of the affected area
ratio over usual rate is bigger than that of suffering area ratio, which indicates that
the droughts tended to be aggravated further.

(3) The suffering area frequency of small-scale droughts, mild droughts, severe
calamity and catastrophic disasters tend to increase and decrease in tandem. Although
the frequency of suffering area and that of affected area is roughly equal in 2000–
2011, the ratio of suffering area is more than that of affected area, simultaneously, the
average of droughts-suffering area is 1335.40 × 104 hm2 during this period, which
is the highest average of all six stages. It means that the disaster-carrying capability
of agricultural hazard bearing body is relatively weak at this stage.

3.2 High-Level Volatility of the Evolution
of Agricultural Drought

Figure 1 shows that the agricultural drought disaster take on high volatility in the
time sequence, which mains that the tendency of the agricultural drought disaster
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Fig. 1 Variation of drought abnormal indices in China

alternate between the peaks and valleys. In terms of the ratio of affected area, the
ratio of affected area is at the stage of valleys from 1952 to 1959 and from 1960
to 1969, and the ratio of affected area is 0.0891 and 0.1134, which is lower than
the average 0.1458 of nearly 60 years. But, the ratio of affected area is at the stage
of peaks from 1970 to 1979, from 1980 to 1989 and from 1990 to 2001, and the
ratio of affected area is 0.1758, 0.1694 and 0.1796, which is higher than the average
0.1458 of 60 years. While the ratio of affected area is at the stage of valleys from
2002 to 2011. In terms of the ratio of suffering area, the ratio of suffering area is
at the stage of valleys from 1952 to 1959, from 1960 to 1969, from 1970 to 1979,
and from 2002 to 2011, and the ratio of suffering area is 0.0280, 0.0541, 0.0504,
and 0.0607, which is lower than the average 0.0652 of 60 years. Simultaneously,
the ratio of suffering area present two stages of peaks from 1980 to 1989, and from
1990 to 2001, and the ratio of suffering area is 0.0823 and 0.0928, which is higher
than the average of 60 years. It suggests that the ratio of affected area and suffering
area has the cyclical regular of synchronous rise or decline. In other words, the ratio
of suffering area is high, and the ratio of suffering area is high. But, in the process
of periodical evolution of drought disaster, the ratio of affected area and suffering
area take on opposite directions. For example, compared with the other six stages,
the stage of 1970∼1977 has significantly different characteristics that the ratio of
affected area and suffering area take on opposite directions. The ratio of affected area
is more than the average, on the other hands, the ratio of suffering area is lower than
the average. It may be related to the difference of the efficient ability of farmland
irrigation at different periods. In the aspects of frequency fluctuations, since the year
of 1986, the volatility of droughts disaster becomes larger and a heavy-disaster year
of drought existed every 1 or 2 years, and the magnitude of the suffering area ratio
over usual rate is even bigger than that of affected area ratio, meaning that drought
disaster render a more severe future. Take the most violated stage (1985–1999) as
an example, the absolute irrigated area in the four light drought year (1990, 1993,
1996 and 1998) increased with an average speed of 2.53 % annually, and relative
irrigated area (irrigation area and the total sown area ratio) increased 1.72 %. While
the absolute irrigated area in the seven drought disaster year grew 0.94 % and relative
irrigated area increased 0.53 %. The increment rate of absolute irrigated area of the
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former is 2.68 times as the latter while increment rate of relative irrigated area of
the former is 3.27 times as the latter one. Along with the lack of water and global
climate change, effective irrigation capacity increment is limited. Some parts of
China’s agricultural production may face even more severe drought challenges in the
future.

3.3 The Tendency of the Evolution of Agricultural Drought
Disaster

Trend is used to describe the inclination of drought disaster sequence with time
increasing, decreasing or remaining constant. So the paper uses the trend analysis to
reveal the general laws of agricultural droughts in the evolution of time series.

This article uses Mann-Kendall rank correlation test to examine the tendency of
China’s agricultural anomaly indices of drought-affected area ratio ζ and anomaly
indices of drought-affecting area ratio ζ . We use Kendall statistics τ , variance V ar ,
and standardized invariant U to get the formula as follows:

τ = 4Σ Pi

N (N − 1)
− 1, (2)

V ar(τ ) = 2(2N + 5)

9N (N − 1)
, (3)

U = τ

V ar(τ )
1
2

. (4)

We use anomaly indices of drought-affected area ratio ζ and anomaly indices of
drought-affecting area ratio ζ to analyze tendency. The degree of significance in
Table 2 is expressed as the ratio of U statistic in Mann-Kendall rank correlation test
and Uα/2 statistic at a level of significance of α = 0.05. When Uα/2 is positive,
it means the time series are on the rise. When Uα/2 is negative, it means the time
series show a decrease trend. That is to say, when the absolute value of U/Uα/2
is greater than 1, it means the trend is significant under the α = 0.05 significance
level. When the absolute value of U/Uα/2 is smaller than 1, it means the trend
is not significant. As the result of Mann-Kendall rank correlation test show, in the
recent 60 years, the general trend of China’s agricultural anomaly indices of drought-
affected area ratio ζ is not significant while it renders a growing tendency during
1952∼2011 (U = 1.5052 > 0). Except that there is an obvious trend in 1952∼1960,
the evolution trend of other stages is unstable, which means agricultural droughts
disaster show relatively strong randomness. While the general trend of anomaly
indices of drought-affecting area ratio is significant and it present a growing trend
in 1952∼2011 (U = 3.6069 > 0). And the evolution of each stage is quite obvious,
especially for the period from 2001 to 2011, during which ratio of suffering area and
ratio of affected area are on the decline while ratio of suffering area is always bigger
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than ratio of affected area, which means that the irrigation mechanisms are faulty at
that time. During this period, especially the drought in 2009, southwestern part of
China suffered the most. For example, this was the most severe drought disaster of all
the meteorological records in Yunnan Province lasting from autumn to spring, and the
recurrence period of integrated meteorological drought would be once in more than
80 years. In Guizhou Province it never happened in over 80 years or so throughout
autumn and winter, and the drought like this never occurred in centuries. The damage
was severe. Up to March 23rd 2010, the drought disaster has hit Guangxi, Chongqing,
Sichuan, Guizhou and Yunnan five provinces and affected 61,306 thousand people,
leaving 18,071 thousand people and 11,724 thousand livestock without adequate
water, affecting 5.034 million hectares of crops and 1.115 million hectares crop
failure. The direct pecuniary loss was up to 23.66 billion yuan.

4 The Causes of Agricultural Drought Disaster
and Strategy for Disaster Reduction

The uneven distribution of time and space distribution of precipitation, which is
caused by the special geographic location, is the major cause of agricultural drought
disaster. Being not portfolio balance of water and soil resource is another major cause
of frequent occurring natural factors of agricultural drought disaster. The unrea-
sonable development and utilization of water resources, water pollution, and some
inappropriate human activity factors have contributed to intensifying the extent of
agricultural drought disaster.

4.1 The Dominant Factors of Inducing Agricultural
Drought Disaster

1. The uneven distribution of time and space distribution of precipitation and being
not portfolio balance of water and soil resource.
The distribution trend of China’s water and depth of runoff decrease from southeast
coast to inland northwest and does not accommodate the distribution of population
and cultivated land. The 81 % of the total is intensively distributed in the Yangtze
rivers and the south of its, but the cultivated land area accounts for only 36 % of the
whole nation. However, the cultivated land area of the Huaihe River and north of its
accounts for 64 % of the whole nation, while the water resource account for only 19 %
of the country. Thereinto, the cultivated land area in the basin of the Yellow River,
Huaihe River, Haihe River and Liao River accounts for 42 % of the whole nation,
While the water resources accounts for only 9 %. Eventually, much less arable land
and abundant water in the south, much more arable land and water shortage in the
north. It makes agriculture appear severe drought disaster and catastrophic drought
disasters every 1–2 years, and increase drought disasters in this area.
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2. Water environment is worsening, the conditions of drought and water shortage is
aggravating
The deterioration of water environment in China is especially expressed in soil ero-
sion and water pollution. China is one of the most serious soil erosion countries in the
world. Soil and water loss leads to decrease ability to land water-fed and soil mois-
ture, intensifies the sedimentation of rivers and lakes, increases the harm of drought
disaster disasters. At present, the area of water and soil loss has reached 35600×104

hm2, which accounts for 31.7 % of the total land area. Among them, the area of soil
and water loss in Shanxi Province, Shaanxi Province and Hebei Province accounts
for 69.1, 65.5 and 43.6 % of its Province’s area. Eventually, the soil and water loss
makes the agricultural drought disaster more serious.
3. Social and economic factors
(1) Industrial and agricultural development and economic construction
Since the founding of the China, the area of arable land has been reduced, but there
is a growing trend in multiple cropping index. And the area of staple crops planting
grow rapidly, such as the national total sown area of China is 14125.6 × 104 hm2 in
the year of 1952. Among them, the area of rice is 2838.2×104 hm2, the area of wheat
is 2478.0×104 hm2, the area of oil plants is 488.2×104 hm2. While the national total
sown area of China is 16228.32×104 hm2 in the year of 2011. Among them, the area
of rice is 3005.7×104 hm2, the area of wheat is 2427.0×104 hm2, the area of oil plants
is 1385.5 × 104 hm2. Therefore, the demand of agricultural water increases rapidly.
On the other hand, the development of industry, which affected the agricultural
drought, is an important factor, too. Since 1952, China’s urbanization construction
and industry develops rapidly. The gross industrial production is 349.0 × 108 yuan
in 1952, while the gross industrial production is 844269 × 108 yuan. The total
population of the first nationwide population census in 1953 is 60193 × 104, the
urban population is 13046×104; while the total population is 134735×104 in 2011,
the urban population is 69079 × 104. With the growth of the industrial output value,
increase of population and improvement of living standards, the industrial water and
urban water increases correspondingly.
(2) Being insufficient of water conservancy irrigation facilities and difficult to play
their role to fight the agricultural drought
Timely irrigation is the most effective measures to reduce agricultural drought dis-
aster, the area of crops increase from 14125.6 × 104 hm2 in 1952 to 16228.32 × 104

hm2 in 2011, while the effective irrigation area increase from 1995.9 × 104 hm2

to 6168.16 × 104 hm2. The effective irrigation area accounting for the total grain
planting area increases from 14.1 % in 1952 to 38.01 % in 2011. By 2011, the effec-
tive irrigation area is less than 40 % of the total grain planting area. Namely, the
most of the national cultivated land is rain-fed and subject to the vagaries of weather,
the ability to withstand natural disasters is very low. The effective irrigation area
accounting for the total grain sowing area has reached 30 % in 1978, the reservoir
number increased from 84585 in 1978 to 88605 in 2011. It illustrates that the most
of the water conservancy facilities was built before 1978, which has been running
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40–50 years. By now, parts of the engineering facilities fall into disrepair or disuse.
When in case of continuous annual drought, the existing water conservancy facilities
is difficult to play their role in drought resistance.

4.2 Strategy for Disaster Reduction

Temporal distribution and trend prediction of agricultural drought disasters provides
an important reference for the effective work of disaster reduction, but this is only
one small step for a whole system of the work of disaster reduction. The work of
agricultural drought disaster reduction is a complicated system engineering, which
involved the coordination and cooperation of the government functional departments
and agricultural scientific research institution. In order to effectively deal with the
next 15 years tendency of increasing drought in China, this paper put forward the
measures of strengthening the prevention of agricultural drought disaster and the
reduction of agricultural drought disaster.

(1) Establishing and improving the network system of the agricultural drought
disaster integrated monitoring and early warning prediction, strengthening the agri-
cultural drought disaster monitoring and prediction, and improving the overall of
agricultural drought disaster prevention function. The monitoring and prediction of
agricultural drought disaster is the basis and prerequisite for effective work of agri-
cultural drought disaster reduction and relief. Therefore, Chinese government must
further strengthen observation of the environmental system of causing agricultural
drought disaster and monitoring of the process of agricultural drought disaster. One
step is to improve the warning accuracy, early and timeliness of agricultural drought
disaster forecast. The second step is to build the information system network of
agricultural drought disaster, especially, to build up the comprehensive network of
information and communication of the agricultural drought disaster. The third step
is to strengthen the monitoring of agricultural ecological environment, the accurate
control of soil erosion, grassland degradation, desertification and the decreasing of
the underground water level, acid rain and the other ecological environment situa-
tion. The aim is to provide the scientific basis for the protection and management of
agricultural ecological environment and the agricultural infrastructure construction.

(2) Improving and perfecting the management system of agricultural drought
disaster reduction, strengthening the society ability of agricultural drought disaster
reduction. Improving and perfecting the management system of agricultural drought
disaster reduction is fundamental guarantee for the work of agricultural drought disas-
ter prevention and mitigation. In order to ensure the comprehensive coordination and
unification of the management of department organization of the agricultural drought
disaster prevention and mitigation, China must carry out the policy of “prevention
first, combining prevention, resistance, save, with integrated agricultural drought dis-
aster reduction”, in the process of improving and adjusting the management system
of the drought disaster reduction. China must establish special management enti-
ties for the work of agricultural drought disaster reduction step by step, which is
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responsible for the planning, organization and coordination of agricultural drought
disaster. Secondly, China should refine the responsibility, right of the government
functional departments and scientific research institutions, establish strict responsi-
bility for the work of agricultural drought disaster reduction. Thirdly, China should
explore the sources of broadening the relief funds, gradually establish the structure
of financial allocation, civil administration, collective personal self-help reserves,
the social insurance investment, in order to ensure agricultural drought disaster pre-
paredness and mitigation.

(3) Strengthening regional and seasonal agricultural drought disaster research,
improving the efficiency work of agricultural drought disaster prevention and miti-
gation. Different climate zones have different types of agricultural drought disasters,
and the same types of agricultural drought disasters in different regions have different
characteristics and occurrence time. Based on this characteristic, in the prevention
and mitigation work of the agricultural drought disaster, China should plan different
disaster prevention and mitigation planning and set up different levels of management
in disaster relief funds, according to different regional natural climate characteris-
tics and social economic conditions. In view of this, China will minimize disaster
losses and improve the efficiency work of agricultural drought disaster prevention
and mitigation.
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Influence Mechanism Research of Store
Image for Consumer Brand Loyalty:
Empirical Study for Medicine Retail Industry

Gaofu Liu and Xiaohui Liu

Abstract That store image influences consumers’ brand loyalty has been a hot issue
in the drug retailing industry. Based on the background of the drug retailing industry,
this thesis establishes amechanismmodel on how store image influences consumers’
brand loyalty in the drug retail. It discovers that store image influences brand loyalty
through four different approaches, in which there are three mediating variables of
perceptive value, consumer satisfaction and brand trust. Thereinto, store image does
not remarkably and directly influence consumer satisfaction, brand trust and brand
loyalty. Consumers’perceptive value plays a key mediating role. At the same time,
brand trust is the most important variable of direct cause. The conclusion provides
the important guiding significance to optimize the marketing strategies of the drug
retail enterprises.

Keywords Store image · Perceptive value · Consumer satisfaction · Brand trust
and functional mechanism

1 Introduction

According to the statistics from Ministry of Commerce of the People’s Republic of
China Department of Market Supervision, there had been 16,300 drug wholesalers,
3107 drug retail chain enterprises and 423,700 retail pharmacy stores in China by the
end of 2012 [16]. The brand competition among drug retailers has been in the white-
hot stage. Because of drug being a special commodity, 62% of consumers will more
trust and rely on the brand and go to their favorite drugstores to consume, when they
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choose drugstores [8]. Therefore, it is a competitive key for a drug retail enterprise
to establish a good store image in the minds of consumers, make consumers trust the
drugstore brand and generate the drugstore brand loyalty.

How store image influences customers’ purchasing decisions is an important
research topic in the retail area. Store image is an important means for a retail busi-
ness to attract customers [3]. However, store image study is insufficient in the retail
marketing research. At first, the research on store image focuses on the relationship
between store image and perceptive value, customer satisfaction, decision-making
pattern and decision-making style [20, 24]. Secondly, an integrated framework is
lacked on how store image influences the several variables of perceptive value, cus-
tomer satisfaction, brand trust and brand loyalty. Again, the retailing research focuses
on hypermarkets and department stores, but the highly specialized retail formats of
drug retail stores are rarely involved. To compensate for the lack of these studies,
based on the background of the drug retailing industry, this thesis will establish a
research framework of store image, perceptive value, customer satisfaction, brand
trust and brand loyalty, and explore the mechanism on how store image influences
perceptive value, customer satisfaction, brand trust and brand loyalty. This thesis
will also provide theoretical support for drug retail enterprises to make marketing
decisions of store image.

2 Research Hypothesis and Model Building

1. Store Image
Store image is a sum of perceptive attributes for consumers’ experience in a store, is
a definition shop way in customers’ mind and is a consumers’ perception for shop
character. Store image influences consumers’ perception and subsequent behavioral
intention. Customers’ perception value is generated by impression or experience
related to product or non product in shop. Store atmosphere can strengthen the shop-
ping experience and increase customers’ shopping value. Customers will assess their
perceptive value for shop, according to the risk of shop image. The enterprises of
good reputation, large scale, high brand awareness and fine reputation will win more
consumers’ trust [21]. An active and positive shop image will reduce consumers’
perception risk to buy drugs. In the relationship research between financial services
industry enterprise image and consumer trust, Flavian et al. [9] discover that enter-
prise imagewould importantly influence consumer trust. Some important dimensions
in retail stores, such as price, commodity, environment or convenience, can establish
store image preferred by consumers, which easily increases customers’ satisfaction
and leads to consumers’ patronage behavior [20]. The functional properties and the
psychological characteristics of store image will be conducive to consumers’ loyalty
for store. Bloemer and Ruyter research to show that shop image would influence
store loyalty by store satisfaction [1]. Castro et al. [2] find that tourism destination
image would influence travelers’ future behavior intention by the two intermediary
variables of service quality and tourist satisfaction. In addition, Imran et al. [12]
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research to indicate that there is an active and positive impact between store image
and store loyalty. Therefore, we put forward the following hypothesises:

Hypothesis 1. Store image influences perceptive value directly and positively.
Hypothesis 2. Store image influences brand trust directly and positively.
Hypothesis 3. Store image influences customer satisfaction directly and positively.
Hypothesis 4. Store image influences brand loyalty directly and positively.

2. Perceptive Value
During customers’ process for purchase, consumption and service, customers’ value
perception is an experience for paid fee and actual benefit. Lin [14] found that per-
ceptive value directly and positively influences customer satisfaction and perceptive
value is an antecedent of customer satisfaction. There are few existing literatures
in the relationship research of value and trust. Jin [13] made his empirical research
to show that customers’ perceptive economic value would positively influence their
brand trust. Han [11] thought that online consumers’ different perceptive valuewould
influence different trust and faith. Before customers purchase, value perception will
affect purchase intention. Although customer satisfaction is necessary for customers’
loyalty, value would only and finally drive loyalty. Verma [19] found that the cus-
tomers’ value perception of a clothing retail store has an important impact on store
loyalty. Therefore, we put forward the following hypothesises:

Hypothesis 5. Perceptive value influences customer satisfaction directly and posi-
tively.
Hypothesis 6. Perceptive value influences brand trust directly and positively.
Hypothesis 7. Perceptive value influences brand loyalty directly and positively.

3. Consumer Satisfaction
After customers compare perceivable effect (or result) and expectation for product
or service, customer satisfaction is a feeling state of pleasure or disappointment [23].
Customer satisfaction importantly influences customers’ trust and loyalty. Trust is an
experience response of customer satisfaction. Customer satisfaction for one enter-
prise is an important prerequisite for customer trust in the study of the relationship
between enterprise and customer in the service industry. Delgado-Ballester [7] made
his empirical research to show that satisfaction is a powerful antecedent variable
to explain brand trust. Christou’s [5] study also showed that customer satisfaction
for hotel service actively and positively affects customer trust for hotel service. Luk
et al. [15] made his financial service industry study to find that customer satisfac-
tion significantly and directly influences the two dimensions of brand reliability
and brand intentionality. A high level of customer satisfaction can reduce service
providers’ marketing cost and improve customers’ repurchase intention. Customers’
repurchase and recommendation behavior intention is a positive role and result for
them to perceive service satisfaction and service quality. Debabi [18] found that
customer satisfaction influences customers’ attitude and assessment for store brand.
Therefore, we put forward the following hypothesises:

Hypothesis 8. Customer satisfaction influences brand trust directly and positively.
Hypothesis 9. Customer satisfaction influences brand loyalty directly and positively.
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Fig. 1 Research hypothesis model

4. Brand Trust
Consumers’ trust for brand will cause their positive actions. Trust can create the
exchange relationship of high value and brand trust can lead to brand loyalty. Chaud-
huri and Holbrook [4] made their empirical study to find that brand trust actively
and positively influences consumers’ two dimensions of brand behavior loyalty and
brand attitude loyalty. In addition, Delgado-Ballester et al. [6] made their empirical
research to show that brand trust actively and positively influences purchase intention
and brand loyalty. Therefore, we put forward the following hypothesis:

Hypothesis 10. Brand Trust influences brand loyalty directly and positively (Fig. 1).

Based on the above analysis, the following research model is proposed in this
thesis:

3 Study Design

3.1 Variable Measuring

This questionnaire items are from two main ways. The first is the focus group inter-
view and 20 students (including 10 marketing major students and 10 non-market
marketing major students, respectively) participate in the interview activity. Through
this interview, the students encode the vocabulary about store image as the refer-
ence to select the measuring item. The second is to extract the ready-made scale
in the related research literatures. Finally, the measuring items of this questionnaire
are formed after the semantic contents and the expression habits are appropriately
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modified according to the result of the qualitative interviewed students. Based on
the measuring scales of the store image models of Bloemer and Ruyter , Ryu et al.
[17] and CCSI, the store image questionnaire is appropriately modified. The revised
measuring scales are composed of the four measuring items. The perceptive value
questionnaire draws on the experience of the measuring scales of Ryu et al. [17] and
it is composed of the three items. The customer satisfaction questionnaire draws on
the experience of the measuring scale ofWang Xuhui and Xu Jian and it is composed
for the four items. The brand trust questionnaire mainly draws on the experience of
the measuring scales of Delgado-Ballester and JinYufang, and it is composed of the
four items. The brand loyalty questionnaire mainly draws on the experience of the
measuring scales of Imran et al. [12] and it is composed of the four items. The seven
point scale of LIKERT is adopted for the all measuring items.

3.2 Study Samples

AManagementConsultingCompany is cooperatedwith in this research.The research
data are collected through the combination of online survey and off-line actual
research. The online survey data show that the vast majority of the respondents
are basically all over the domestic provinces and cities, almost involving the main
occupations of all sectors. 262 questionnaires are collected altogether and 206 ques-
tionnaires are valid. Chengdu is the most competitive city for drug retail, where there
is the highest drugstore density per capita in China. Moreover, the domestic main
enterprises of drug retail all go into Chengdu. In order to facilitate the sampling, the
off-line research questionnaires aremainly issued in the downtown areas of Chengdu.
The total is 600 questionnaires, the recycling is 548 and the valid questionnaires are
397. Therefore, there are 603 online and offline effective questionnaires totally.

The descriptive statistics of the valid questionnaires is shown in Table1. From the
descriptive statistics of the samples, we can see that women, middle aged consumers

Table 1 The descriptive statistics result of the study sample

Statistical variables Sample distribution

Gender Male is 44.8% and female is 56.2%.

Age 5.6% is under 20 years old, 17.3% is between 20 ∼ 30 years old,
19.8% is between 30∼40 years old, 27. 2% is between 40∼50 years
old, and 30.1% is above 50 years old

Education background 18.3% is for high school and below high school, 61.5% is for technical
secondary school and junior college, and 20.2% is above junior college

Monthly income 16.1% is under1000 Yuan, 46.8% is between 1000 Yuan and 2999
Yuan, 20.5% is between 3000 Yuan and 4999 Yuan, and 16.6% is above
5000 Yuan

Work unit 19.6% is in foreign-funded enterprises, 10.3% is in government
departments, 19.2% is in institutions, 11.3% is in state-owned
enterprises, 33.9% is in private enterprises, and 5.7% is in the others
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and elderly consumers are too many. This sample characteristic basically conforms
to the basic feature of the drug consumption crowd in China to satisfy the need of
this study.

3.3 Statistics Method and Analyzing Thinking

In this research, SPSS 16.0 and Amos 7.0 are adopted for statistical analysis. The
specific statistical analysis includes as follows: SPSS 16.0 is used for the statistical
analysis of consistency reliability of descriptive statistics, correlation and interior;
Amos 7.0 is adopted tomake the verification factor analysis for the involved variables
in the research and to investigate the discrimination validity of the used scale; and the
path analysis of structural equation model is adopted to investigate the relationship
among store image, perceptive value, customer satisfaction, brand trust and brand
loyalty.

4 Inspection Results

1. Scale Reliability and Validity Analysis
(1) Reliability Analysis
In this thesis, the confirmatory factor analysis is adopted to inspect measurement
model, including internal consistency reliability analysis and inside collect validity
inspection. Reliability is measured with composite reliability (C. R.) and Cronbach’s
Alpha value. From Table1, all variables of C. R. value are greater than 0.7 and all
variables of Cronbach’s Alpha value are also greater than 0.7. The sample data show
that internal consistency is higher and reliability is better.
(2) Validity Test
Including convergent validity and discriminant validity, validity is the extent of psy-
chological or behavioral traits measured by measuring tools. The AVE (Average
Variance Extracted, called AVE value) quantity can be adopted to test convergent
validity and discriminant validity of each latent variable. Convergent validity is to
measure the correlation degree among the different items of the same dimension. If
the average variance extracted (AVE value) quantity is greater than 0.5, themore than
50% variance of the factor is explained in the measurement items and it indicates
that the latent variable has good convergent validity [22]. The AVE test results in
various research dimensions of this study are shown in Table2. The AVE values in
each research dimension are between 0.524 ∼ 0.611 and are greater than the mini-
mum standard value of 0.5. This indicates that each research dimension has a better
convergent validity.
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Table 3 The comparison between correlation coefficient matrix and average variance extracted
square root

Store image Perceptive
Value

Consumer
satisfaction

Brand trust Brand loyalty

Store image 0.7240

Perceptive
value

0.507 0.7545

Consumer
satisfaction

0.476 0.540 0.7702

Brand trust 0.452 0.438 0.479 0.7817

Brand loyalty 0.486 0.551 0.483 0.516 0.7113

Note AVE square root is above the diagonal. The correlation coefficients of all variables are on the
lower left of the diagonal

Because discriminant validity is the characteristics difference degree among the
items of measuring different concepts, Fornell and Larcker propose that the mea-
surement model has good discriminant validity, when the square root of AVE value
is greater than the correlation coefficient among other latent variables [10]. To test
the discriminant validity of each research dimension, the square root of AVE value
in this study and the correlation coefficient summary between this variable and the
other variables are the results shown in Table3. Thereinto, the number above the
diagonal is the square root of the AVE value of each variable. There is the correla-
tion coefficient between each variable and other variables on the lower left of the
diagonal. In Table3, it can be seen from the results that the square root of AVE value
in each research dimension is significantly greater than the correlation coefficient
among other latent variables. This indicates that there is good discriminant validity
in each research dimension, which is necessary for an independent existence.
2. Hypotheses Test
In this thesis, the structural equationmodelmethod is adopted to test the rationality of
the theory model. Store image is an exogenous variable. Perceptive value, customer
satisfaction, brand trust and brand loyalty are the endogenous variables to inspect the
relationship among the latent variables. The evaluation results are shown in Table4.
Except H2, H3 and H4 being not inspected, the other hypothesises have passed
the significance test. The model fitting indexes are as follows: χ2/d f = 1.936,
G F I = 0.915, AG F I = 0.908, RM SE A = 0.082, N F I = 0.925, RF I = 0.913,
I F I = 0.928, T L I = 0.909 and C F I = 0.926. From the fitting indexes, we can
see that the rest of the fitting indexes show good fitting model, in addition to RMSEA
value being slightly higher than the standard value. Therefore, the final inspection
results of this model are shown in Fig. 2.
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Store Image

Perceived
Value

 Customer
Satisfaction

Brand Trust

Brand Loyalty0.607***

0.148***

0.471***

0.547***

0.516***

0.238*

0.776***

Fig. 2 Research result model (Note: ∗ represents P < 0.05, ∗∗ represents P < 0.01 and ∗ ∗ ∗
represents P < 0.001)

5 Conclusions and Outlook

Based on the related study and the industry background of drug retail, this thesis
establishes a mechanism model, in which shop image influences consumers’ brand
loyalty and the empirical analysis is carried on. According to the empirical result of
this thesis, we draw the following research findings and management revelations:

5.1 Conclusions

Store image is an important antecedent of consumers’ perceptive value, customer
satisfaction, brand trust and brand loyalty. From Fig. 2, shop image influences per-
ceptive value significantly, directly and positively, and its standardization path coef-
ficient is 0.607. There is no direct and positive influence for customer satisfaction,
brand trust and brand loyalty (not pass the significance test), but they are indirectly
influenced through perceptive value. Thereinto, the indirect effect coefficients of
customer satisfaction and brand trust are 0.471 and 0.387 respectively. Store image
influences brand loyalty through four different mechanism paths, in which there are
three mediating variables of perceptive value, consumer satisfaction and brand trust.
The indirect coefficient of shop image influencing brand loyalty is 0.523. The above
research results show that shop image expands the traditional value-satisfaction-
loyalty research model, after shop image is introduced as an exogenous variable
model. Shop image further expands the influence factor of brand loyalty and bet-
ter explains the influence factor and the formation mechanism of consumers’ brand
loyalty.

Perceptive value influences customer satisfaction, brand trust and brand loyalty
significantly, directly and positively. The direct effect standardization path coefficient
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on customer satisfaction is the largest and 0.776. The direct effect coefficient on brand
trust is the second and 0.238. The direct effect coefficient on brand loyalty is the least
and 0.148. At the same time, via the first mediation function of customer satisfac-
tion and the second mediation function of customer satisfaction and brand trust,
perceptive value also influences brand loyalty indirectly. The total effect coefficient
of perceptive value influencing brand loyalty is 0.862. This indicates that percep-
tive value plays a very important intermediary role in the behavior of store image
influencing customers’ loyalty.

Customer satisfaction influences brand trust directly and affects brand loyalty
directly and indirectly. Customer satisfaction directly and positively influences brand
trust, and the direct effect standardization path coefficient is 0.516. Customer satis-
faction directly and positively influences brand loyalty, and the coefficient is 0.471.
There is indirect and positive influence by brand trust, and the indirect effect coef-
ficient is 0.282. Customer satisfaction’s total effect coefficient on brand loyalty is
0.798, which is the second only to perceptive value. This indicates that customer
satisfaction is another important intermediary variable for customers’ brand loyalty.

Brand trust influences brand loyalty directly and positively, and the direct effect
standardization path coefficient is 0.547. This indicates that customer satisfaction and
brand trust are the two most important direct antecedent variables for brand loyalty.
But in comparison, brand trust is the most important direct antecedent variable. This
conclusion is an important finding in this study. As a special commodity, there is a
certain degree of risk in purchase and use of drug.

5.2 Suggestions

The drug retail enterprises should invest a certain amount of capital to improve
hardware facilities and business environment of drugstores.By employee training and
continuing education, staff’s service awareness could be increased and employees’
professional service level could be improved. Tangible or intangible contact points
could be strengthened between drugstores and consumers. A unique and professional
store image could be established in customers’ mind.

In the pharmaceutical retail industry, customers’ perceptive value is very important
intermediary variable. If a drugstore wants tomake customers be satisfactory, trustful
and loyal, the drug retail enterprise must create value for customers. Only after
drugstore creates value for customers, customers’ brand loyalty for drugstore will
finally be driven. Drugstore needs to be more concerned about patients, tries to
consider for patients, and sincerely provides good service and safe, effective and
affordable medicines for patients. These will make patients feel and accept good
services and reasonable prices in the process of purchasing drugs. Then, patients
will taste a profound value for services and products in drugstore.

The drug retail enterprises should timely pay attention to monitoring customer
satisfaction, and analyze the reasons for customer satisfaction anddissatisfaction.The
factors of customer satisfaction should be continued to carry forward and optimize.



1430 G. Liu and X. Liu

The factors of customer dissatisfaction should timely be eliminated and improved,
and the remedial measures should be taken. As for drugstore, satisfied customers
not only have repurchase inclination and reduce to look for alternative drugstore, but
also make praise propaganda to others. It will be helpful for drug retail enterprise to
exploit new customers. In the same way, dissatisfied customers will bring a certain
negative impact for drugstore.

Finally, the drug retail enterprises should pay attention to shaping customers’
trust for enterprise brand. If consumers are satisfied with drugs and services in drug-
store, they will gradually establish a trust relationship with drugstore to form a good
emotion relationship for drugstore brand. Ultimately, consumers will produce their
loyalty of high reliability and high durability for drugstore brand. This loyalty is
the most precious resource for enterprises and is also an important target for enter-
prises’ marketing strategy. Therefore, the drug retail enterprises should try to make
customers be satisfactory and do the utmost to make consumers believe in drugstore
brand.

Although the drug retail industry is a background for this research, the action
mechanism of shop image influencing perceptive value, customer satisfaction, brand
trust and brand loyalty is explored. Some revelatory conclusions are obtained. How-
ever, this research also has the following limitations. First, the research samples of
offline survey mainly focus on the very competitive urban areas of drug retail in
Chengdu. There are relatively few samples from the other cities in China. Second,
although this data analysis results show that each measurement scale has good relia-
bility and validity on the whole, some individual indicators are not ideal. Third, the
function for consumers’ brand trust tendency and brand emotion regulating brand
trust and brand loyalty is not considered in this research. The above problems in this
field will be the focus of further research.
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Comprehensive Evaluation of Urban
Competitiveness in Chengdu Based
on Factor Analysis

Weiwei Zhang, Fumin Deng and Xuedong Liang

Abstract The main factor extending its influence on a city’s development in the rat
race is its comprehensive competitiveness. In this paper, the engineering theory of
“4M1E” method is selected to put forward a multi-level evaluation index system of
urban competitiveness. Then comprehensive evaluation on the competitiveness of the
19 districts and counties of Chengdu is performed based on factor analysis method.
Furthermore, with SPSS statistical software, the rankings of these regions are demon-
strated. Finally, some suggestions are presented for Chengdu’s future development
based on the research results.

Keywords Urban competitiveness · Factor analysis · 4M1E · Index system

1 Introduction

Many cities in China are facing a significant process of urbanization and market
economy transformation in the 21st century. It is a big problem for a city to find
its advantages and disadvantages for better development. Urban competitiveness
research can help learnmore about a city, and it is very helpful to a city’s development.

Evaluation of urban competitiveness has been a hot spot for academic research
in recent years in every nation [1]. The identification of the main factors of compet-
itiveness is proved very important in improving competitiveness of cities [2]. In the
definition of the urban competitiveness, scholars especially emphasized the ability of
cities about creating wealth and value. Porter pointed, competitiveness at the national
level only concerns the concept of the national productivity; to a city, competitive-
ness is productivity of the city, he regarded city competitiveness as the ability of
creating wealth, and increasing income [3]. Many scholars have already studied the
urban competitiveness from different levels. D’Arcy and Keogh reviewed the role
of the property market as a determinant of urban competitiveness [4]. Rutkauskas
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defined the competitiveness as a three-dimensional indicator, which depends on the
fields of activity, dominating in the country, international economic relations and
legal, financial, ecological, natural resources and geographical location environment
competitiveness [5]. What’s more, the competitiveness of milk processing sector by
macro environment (distant, general or social environment) and factors excluded in
Porter’s model were also studied by Startiene and Genyte [6]. In China, scholars
began to study urban competitiveness in 1990s, and they took urban competitiveness
as the ability of creating wealth in reality and potentiality [7]. There are more and
more researches about urban competitiveness in recently years. Jiang and Shen dis-
cussed urban competitiveness in economic determinants and strategic determinants
[8]. The measurement of urban competitiveness were discussed based on three-level
components: economic, social and environmental competitiveness [9]. What’s more,
Jia and Jia studied urban competitiveness of Sichuan province from the definition
perspective of urban competitiveness [10, 11]. However, previous researches studied
urban competitiveness mainly from an economic perspective, and few of them were
undertaken on urban competitiveness in transitional socialist economies in China.

First of all, this paper puts forward a multi-level evaluation index system by using
the “4M1E”method. Then, factor analysismethod is applied in the empirical analysis
of Chengdu, to make quantitative analysis on the index system to draw some possible
conclusion.

2 Methodology

2.1 Factor Analysis

The concept of factor analysis originated in the early 20th century in the statistical
analysis of intelligence test conducted byKarl Pearson,Charles Spearmen and others.
This analysis uses a matrix of association to reduce the correlation between variables
to reduce the amount of variables and data loss [10]. After that, all the rating data on
different attributes will be declined to several important dimensions.

The main method of factor analysis is to divide variables into groups by their
correlation. Each group represents a basic structure, which is called common factor.
Then a comprehensive evaluation function with common factors’ variance contribu-
tion will be built to reach an objective comprehensive evaluation. To simplify the
process of analyzing, it is advised to use factor analysismethod to find typical indexes
to reduce the number of variables.
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Table 1 Competitiveness evaluation index system

Index class Index items

Economic
strength

Gross Domestic Product (10,000 yuan) X1

Per Capita Gross Domestic Product (10,000 yuan) X2

Local Government Public-budgetary Expenditure (10,000 yuan) X3

Local Government Public-budgetary Revenue (10,000 yuan) X4

Total Investment in Fixed Assets (10,000 yuan) X5

Total Retail Sales of Consumer Goods (10,000 yuan) X6

Opening degree Total Export (USD 10,000) X7

The Proportion of Foreign Investment of Fixed Assets Investment (%)

Foreign Capital Actually Used (USD 10,000) X8

International Tourism Receipt (10,000 yuan)

Human resources
(Man)

Residence Population (10,000 persons) X9

Number of People Employed Persons (10,000 persons) X10

The Number of Professional and Technical Personnel (person)

Talent Density Index (%)

Infrastructure
(Machine)

Per Capita Using Space (square meter)

Per Capita Road Area (m2)

Main Services Revenue of Post and Telecommunication (10,000 persons)

The Local Gas Penetration Rate (%)

Number of Hospital Beds (unit) X11

Public transport vehicles (unit)

Material
resources (Mater-
ial)

Grain Yield (10,000 tons)

Output of Meat (ton) X12

Oil Bearing Crops Yield (ton)

Gross Output Value of Farming, Animal Husbandry

and Fishery (10,000 yuan) X13

Rules and regula-
tions (Method)

Legal System Perfect Degree (%)

Property Protection Degree (%)

Market Development Degree (%)

Individual Economic Freedom in Decision-making (%)

Environment
(Environment)

Urban Green Coverage Rate (%) Per Capita Public Green Areas (m2)

Industrial Waste Water Discharge (10,000 tons)

Industrial Waste Water Discharge Qualification Rate (%)

Comprehensive Utilization Rate of Industrial Solid Waste (%)

Sewage Treatment Rate (%)
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2.2 Index System and “4M1E”

Index system should be practical and scientific, which can illustrate the situa-
tion objectively. Since there are some similarities and differences between regions,
indexes should be representatively and have as large coverage as possible. How-
ever, there was not an uniform index system of urban competitiveness in relevant
researches. In this paper, the index system was set according to index systems in pre-
vious studies [10, 12], combined with the industrial engineering method of “4M1E”.

“4M1E” is short for five main factors influencing the quality of products in the
total quality management theory, which are “Man, Machine, Material, Method and
Environment”. Man means people in charge of manufacturing products; machine is
the indispensable tools affect the quality directly;materialmainly points thematerials
in the manufacturing process; method refers to the methods used in the manufac-
turing; environment stands for the environment of the manufacturing. In this paper,
“Man, Machine, Material, Method and Environment” in a city stand for human
resources, infrastructure, material resources, rules and regulations, and environment,
respectively. Then competitiveness index system was divided into seven parts in this
paper: economic strength, opening degree, human resources, infrastructure, material
resources, rules and regulations, and environment [10]. Considering some indexes
are uncounted soft indexes, some indexes are less correlated with others, and some
data is hard to get, these indexes are abandoned. Finally, 13 indexes (X1–X13) are
chosen in Table1.

3 Data Analysis and Results

1. Data Collection and Analysis
Chengdu, as the capital of Sichuan province, is the biggest city of southwest

China. In the year 2013, the economic aggregate of Chengdu ranked third among all
vice-province cites of China (only second to Guangzhou and Shenzhen) and ranked
8th in Mainland China. So this paper applied the factor analysis to Chengdu, to get
some helpful suggestions for the development of Chengdu and other cities in China.

All data is gathered from ‘Sichuan statistical yearbook 2013’ and ‘Chengdu statis-
tical yearbook 2013’. Because many indexes have different economic meaning and
different units of measurement, Z-score standardization can remove the influence
of different units. Therefore Z-score standardization is adopted to standardize the
original data. Then KMO (Kaiser–Meyer–Olkin) Test and Bartlett Test of Sphericity
are used to examine the appropriateness of data in factor analysis [13].

KMO Test can be adopted to assess the appropriateness of using factor analy-
sis. The values of KMO Test represent the correlativity between variables, higher
value represents better correlativity. Generally, the value is greater than 0.5 when
the sample is adequate. The value in this paper is 0.706, which is suitable for factor
analysis. Bartlett’s test of sphericity tests the hypothesis that the all the variables are
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uncorrelated, and the correlation matrix is an identify matrix. If the Sig. value of
this test is less than our alpha level, we reject the null hypothesis that the population
matrix is an identity matrix. The Sig. value of this paper is 0.000, which shows that
there are correlations in the data set. The value of KMO Test is 0.702 (>0.5), and the
Sig. value of Bartlett Test is 0.000. Both results show the data is suitable for factor
analysis.

After that, with SPSS17.0 statistical software, the rankings of these regions can
be demonstrated. According to principal component analysis, eigenvalue should be
greater than 1, and the contribution of the accumulated variances is 92.425 percent
of total variance. Some values of three common factors (F1, F2 and F3) are show in
Table2. The factors are extracted by principal component analysis and then rotated
by varimax. The rotated component matrix is shown in Table3.
2. Comprehensive Score and Rankings

The score of each factor can be achieved with regression method. The formula is
that F = (F1× 0.35067+ F2× 0.31498+ F3× 0.2586)/0.92425. Each region’s
comprehensive score and ranking is obtained and list as following in Table4.

Table 2 Some values of common factors

Common factor Eigenvalue The variance contribution
rate (%)

The cumulative variance
(%) contribution rate (%)

F1 8.471 35.067 35.067

F2 2.179 31.498 66.564

F3 1.365 25.860 92.425

Table 3 Rotated component matrix

Index Common factor

F1 F2 F3

X1 Gross Domestic Product 0.758 0.500 0.379

X2 Per Capita Gross Domestic Product 0.598 0.729 −0.197

X3 Local Government Public-budgetary Expenditure 0.848 0.232 0.456

X4 Local Government Public-budgetary Revenue 0.856 0.368 0.338

X5 Total Investment in Fixed Assets 0.977 0.101 0.170

X6 Total Retail Sales of Consumer Goods 0.276 0.727 0.560

X7 Total Export 0.681 0.319 0.522

X8 Foreign Capital Actually Used 0.360 0.801 0.271
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Table 4 Regional competitiveness score and ranking

District F Ranking

Jinjiang District 0.72 4

Qingyang District 0.77 3

Jinniu District 0.80 2

Wuhou District 1.05 1

Chenghua District 0.47 6

Longquanyi District 0.27 7

Qingbaijiang District −0.27 11

Xindu District 0.05 8

Wenjiang District −0.17 10

Jintang County −0.46 15

Shuangliu County 0.65 5

Pixian County −0.09 9

Dayi County −0.65 17

Pujiang County −0.76 18

Xinjin County −0.45 14

Dujiangyan City −0.34 12

Pengzhou City −0.44 13

Qionglai City −0.65 17

Chongzhou City −0.52 16

Table 5 Competitiveness classification of Chengdu

Classification Competitiveness
evaluation value

District

Very strong >1 Wuhou District

Strong 0− 1 Jinniu District, Qingyang District, Jinjiang District,
Shuangliu County, Chenghua District, Longquanyi District,
Xindu District

Weak −0.4− 0 Pixian County, Wenjiang District, Qingbaijiang District,
Dujiangyan City

Very weak <−0.4 Pengzhou City, Xinjin County, Jintang County, Chongzhou
City, Dayi County, Qionglai City, Pujiang County

4 Discussion

4.1 Regional Competitiveness Rankings

According to the regional competitiveness rankings, the 19 regions can be divided
into 4 grades as Table5 shows. Wuhou District is the region owns strongest
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comprehensive competitiveness in Chengdu; half of the strong-level districts
(Jinniu District, Qingyang District, Jinjiang District and Chenghua District) are cen-
tral urban areas which has obvious geographical advantages; as suburban areas,
Shuangliu County, Longquanyi District and Xindu District have strong competitive-
ness because of their tertiary industry and industrial development; only four regions
own weak competitiveness, but the government is spending greater efforts in devel-
oping their emerging industry; seven outer suburban districts have very weak com-
petitiveness compared with others, that is because of the disadvantages of their geo-
graphic position and infrastructure construction. However these places will develop
faster with more and more investments in industry and tourism [11].

4.2 Improvement Suggestions of Regional Competitiveness

1. Spatial Optimization
Central urban areas would better withdraw from manufacturing industry, tradi-

tional industry and low-end industries gradually. Instead, they should focus on high-
end service industry to raise the competitiveness of central urban areas and help
suburban districts’ development. In the meantime, suburban districts should take the
responsibility as main regions of advanced manufacturing industry, and be active in
developing corresponding modern service industry. As for outer suburban districts,
they should learn more from other regions, develop advanced modern manufacture
industry, and promote featured agriculture and advantaged tourism. Thus there will
be a clear divided multi-level development structure in Chengdu’s development.
2. Regional Coordination

According to the results above, production factors are not rational distributed
but gathered in several certain regions. Rational distribution will stimulate economic
development and be a catalyst for economic growth. To solve it, manufacture industry
in central urban areas should be removed to suburban and outer suburban districts, and
act asmotive force driving the city to higher-level urbanmorphology. In terms of outer
suburban districts, the cooperation with central urban areas and suburban districts
strengthened more tightly. That is helpful for Chengdu’s harmonious development.

5 Conclusion

On the basis of previous researches, this paper made an empirical analysis on the
competitiveness of 19 districts and counties of Chengdu. The innovation: this paper
introduced industrial engineering’s “4M1E” method to build comprehensive indexes
system. The key work:

(1) the paper adopted factor analysis method and worked out the rankings of 19
regions with SPSS statistical software;
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(2) the 19 regions were divided into 4 grades according to the rankings;
(3) the paper put forward spatial optimization and regional coordination suggestions

for 4 grades of regions.

Combined with theoretical analysis of urban competitiveness analysis, the paper
utilizedmulti-disciplinary knowledge to finish the empirical study of Chengdu. Hope
the research can provide some suggestions for Chengdu’s development, as well as
future studies about urban competitiveness.
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Research on Urban-Rural Income Gap
Influenced by Regional Urbanization
and the Upgrading of Industrial Structure

You Zheng, Liuliu Kong and Limin Yang

Abstract Using the constant coefficient model with random effects as well as the
error correction model, the paper empirically studies the urban-rural income gap
influenced by urbanization and the upgrading of industrial structure, from the three
levels of the East, Middle and West area, based on the Chinese provincial panel data
of 1993–2012. Results show that there is a long-term equilibrium relationship among
them. Urbanization helps to narrow the urban-rural income gap, and the impact is
most significant in West area, followed by the East and Middle areas. While the
upgrading of industrial structure will widen the urban-rural income gap and the
impact have significant regional differences in East, Middle and West areas.

Keywords Urbanization · Upgrading of industrial structure · Urban-rural income
gap · Constant coefficient model with random effects · The error correction model

1 Introduction

Since the opening reformation, China’s regional economic growth has made great
progress. However, with the prosperity of regional economy, the problems of unbal-
anced regional economic development and income inequality have become increas-
ingly prominent. As an important part of income gap, the urban-rural income gap
has caused widespread concern at home and abroad in recent years.

Using the constant coefficient model with random effects as well as the error
correction model, the paper aims to empirically study the urban-rural income gap
influenced by urbanization and the upgrading of industrial structure from three levels
of East, Middle and West area, based on the Chinese provincial panel data of 1993–
2012.
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2 Literature Review

The domestic and foreign literature fully revealed many factors that affecting the
urban-rural income gap. Greenwood and Jovanovic [3] found that, with the economy
and financial development, the income gap presented narrowing trend after the first
expansion. Li andZhao [5] showed that the level of rural human capital had significant
influence on the urban-rural income gap. Xu [10] studied the urban-rural income gap
since China’s reform and opening up, and found that the economic growth have the
long-term stable equilibrium relationship with the urban-rural income gap. While
this paper aims to analyze the regional differences of the urban-rural income gap
from the aspect of urbanization and upgrading of industrial structure.

At present, there are a lot of research literatures about the urbanization and urban-
rural income gap. Some believed that the urbanization can widen the urban-rural
income gap. For example, Li [4] found that urbanization has a positive correlation
with the urban-rural income gap. But there was a negative correlation between rural
financial development and urban-rural income gap. Others thought that the urbaniza-
tionwill narrow the urban-rural incomegap.Besides, there are about twoperspectives
on the upgrading of the industrial structure and the urban-rural income gap. One is
that it will widen the urban-rural income gap. For example, Xia [2] empirically stud-
ied the relationship between upgrading of industrial structure and urban-rural income
gap, the results showed that there was a positive long-term equilibrium relationship
between them. The other is that the upgrading of the industrial structure will nar-
row the urban-rural income gap. For example, Li [7] thought that as the rise of the
second and third industry ratio, the urban-rural income gap will be narrowed. While
Liu [8] also empirically studied the relationship among the first and second industry
development with the income gap, and the results showed that it will narrow the
urban-rural income gap. Zhang [11] studied that the total factor productivity will
contribute to the upgrading of industrial structure, which can also help narrow the
urban-rural income gap. Li and Luo [6] believed that urban-rural income gap had be-
come a prominent problem hindering economic and social development. Clarke [1]
thought that urban-rural income gap was expanding in China, due to the urbanization
development lags behind relatively.

The above analysis preliminary discussed the urban-rural income gap influenced
by urbanization and upgrading of industrial structure. Though different scholars have
different opinions, it is still difficult to determine the relationship among them. This
paper will introduce the urbanization, the upgrading of industrial structure and the
urban-rural income gap to research the relationship among them and its regional
differences in area of East, Middle andWest, based on the constant coefficient model
with random effect as well as the error correction model.
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3 Data Selection and Variable Description

1. Data Selection
All raw provincial panel data are from Economy Prediction System (EPS) global
statistics analysis platform from 1993 to 2012, and the portion of missing data was
obtained by the linear interpolation method. Besides, the Chongqing was separated
from the Sichuan province in 1997, its data is not complete, and so we merge it into
the Sichuan province.

The paper divides China into three areas: the East (including Beijing, Tianjin,
Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong, Shandong and
Hainan), the Middle (Heilongjiang, Jilin, Shanxi, Anhui, Jiangxi, Henan, Hubei and
Hunan) and the West (Guangxi, Sichuan (including Chongqing), Guizhou, Yunnan,
Tibet, Shanxi,Gansu,Qinghai,Ningxia,Xinjiang and InnerMongolia).Then it comes
to the comparative study on the three areas.

2. Variable Description
(1) Measuring index to the urban-rural income gap

We defined the index to measure the urban-rural income gap as. And it was
measured by the Theil index. According to the research, made by Wang [9], could
be measured by the following formula.

URIGi,t =
2∑

j=1

(Yi j,t/Yi,t ) ln

(
Yi j,t/Yi,t

Ni j,t/Ni,t

)
, (1)

where URIGi,t represents the Theil index in year t of i area, j = 1 represents
rural area, j = 2 represents urban area, Y means total income, N represents total
population. The greater to the value of Theil index, the greater the income gap
between urban and rural areas.
(2) Measuring index to the urbanization

As the urbanization means the population shift from rural area to urban areas, it
can be measured by the Eq. (2):

URi,t = UNi,t / Ni,t , (2)

where UR is the rate of urbanization, UN means the population in urban areas, while
N means the total population.
(3) Measuring index to the upgrading of industrial structure

In this paper, the upgrading of industrial structure refers to the optimization from
the first industry to the second and third industry. Therefore, ISU can be measured
with Eq. (3):

ISRi,t = (GDPSi,t + GDPTi,t )/GDPi,t , (3)
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where ISU is the measuring index to the upgrading of industrial structure, GDPS is
the gross domestic product of the second industry, while GDPT is the gross domestic
product of the third industry.

4 Model Estimation

4.1 Stability Test

In order to avoid spurious regression, and to ensure the validity of model results,
the stability test should be carried out for panel data. The results will be shown in
Table1.

From Table1, we can see that the Sequences of ΔURIG, ΔUR and ΔISU are all
stable. That is, the three variables are smoothly.

4.2 Panel Co-Integration Test

To determine whether there is a long-term equilibrium relationship among the urban-
ization, the upgrading of industrial structure and the urban-rural income gap, we need
to do the co-integration test. The Null Hypothesis is that there is no co-integration
relationship among them. The result was shown in Table2.

Table2 shows that the results of panel co-integration test are all rejects the Null
Hypothesis, which means there exist a long-term equilibrium relationship among the
three variables, not only in East area, but also in Middle and West areas.

Table 1 The results of stability test

Variables Area LLC Fisher-ADF Result

ΔURIG East −4.2102(0.000) 52.7999 (0.0002) Stable

Middle −4.5732(0.0000) 41.6805 (0.0004) Stable

West −5.5183(0.0000) 68.4501 (0.0000) Stable

ΔUR East −10.5711(0.0000) 74.5371 (0.0000) Stable

Middle −8.8996(0.0000) 51.0275 (0.0000) Stable

West −8.8697(0.0000) 68.4978 (0.0000) Stable

ΔISU East −9.8071(0.0000) 85.2421 (0.0000) Stable

Middle −6.7960(0.0000) 78.0976 (0.0000) Stable

West −7.0321(0.0000) 105.868 (0.0000) Stable

Note Δ represents the one order difference. The values in parentheses represent the P-value
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Table 2 The results of panel co-integration test

Pedroni test East Middle West

Panel v-statistic −2.3586 (0.0247) −2.7766 (0.0084) 0.8430 (0.2796)

Panel rho-statistic 1.9685 (0.0575) −0.2493 (0.3867) −3.7803 (0.0003)

Panel PP-statistic 2.5220 (0.0166) −2.9027 (0.0059) −5.7075 (0.0000)

Panel ADF-statistic 2.6997 (0.0104) −2.8746 (0.0059) −5.5163 (0.0000)

Group rho-statistic 3.6781 (0.0005) 0.7968 (0.2904) −2.4335 (0.0207)

Group PP-statistic 4.7129 (0.0000) −2.6738 (0.0112) −6.6939 (0.0000)

Group ADF-statistic 4.9269 (0.0000) −2.4988 (0.0176) −5.3394 (0.0000)

4.3 Model Specification

(1) Model test
Panel data contains information from three directions: cross-section, period and vari-
ables. To avoid deviation of model specification and improve the effectiveness of
parameter estimation, we, firstly, need to confirm the form of model specification.
The process is shown in Table3.

Table3 shows the models are all not declined to the hypothesis H2, which means
the constant coefficient model should be built. And there is no need to carry on the
F1 test. Besides, the values of Hausman-test show that the three models are all about
random effects. In conclusion, the models of East, Middle and West can be defined
as the constant coefficient models with random effects.

(2) Model specification
Based on above information, the constant coefficient models with random effects
can be stetted as follows:

DURIG j,i t = α j + β j1DUR j,i t + β j2DISU j,i t + μ j,i t , i = 1, 2, · · · , N j , (4)

where j = 1, 2, 3 represents the East, Middle and West areas, N j respectively
indicates the number of the cross-section in the East, Middle and West areas, t

Table 3 The result to the form of model specification

Statistics East Middle West

(N, K, T) (11, 2, 20) (8, 2, 20) (11, 2, 20)

F2 0.05 (1.00) 0.06 (1.54) 0.03 (1.00)

F1 2.44∗ (1.57) 3.18∗ (1.72) 1.89∗ (1.57)

Hausman test W 0.9369 3.0018 1.4725

P 0.6260 0.2229 0.4789

Note ∗means the tests are passed in the significant level of 5%. (N , T, K ) mean the number of
cross-sections, dependent variables and the periods
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represents the time period. α j is the average level of the income gap, β j is the
coefficient corresponding to each interpretation variable.μ j,i t is a random error term.
Setting residual sequence derived from estimation model (1) as the error correction
term, let

μ j,i t = ecm j,i t = DURIG j,i t − α j + β j1DUR j,i t + β j2DISU j,i t . (5)

Build the error correction model:

Δ DURIG j,i t = γ j0 + γ j1ΔDUR j,i t + γ j2ΔDISU j,i t + γ j3ecm j,i t−1 + ε j,i t ,

(6)

whereβ1, γ1 respectively represent the long- and short-term impact of urbanization to
urban-rural income gap.While β2, γ2 respectively represent the long- and short-term
impact of industrial structure upgrading to urban-rural income gap.

Equation (5) reflects the long-term equilibrium relationship between variables,
Eq. (2) reflects the short-term fluctuations of the urban-rural income gap. We could
find that the short-term fluctuations of the urban-rural income gap is not only related
to the short-term fluctuations of urbanization and the upgrading industrial structure,
but also related to the deviation degree from equilibrium trend.

4.4 Results of the Model Estimation

1. The long-term equilibrium relationship on urban-rural income gap
Using the method of GLS (cross-section weights) to estimate the Eq. (1), the results
were shown in Table4.

From Table4, we can draw the conclusions as follows: (1) The coefficient of
urbanization is negative, which means the urbanization will narrow the urban-rural
income gap. Besides, the effects is more obvious in west area, the possible expla-
nation is that the west development strategy makes the economic growth faster than
other areas, then it increases the employment opportunities and income. (2) The co-
efficient of upgrading of industrial structure is positive, indicating that the upgrading

Table 4 Long-term impacts on urban-rural income gap influenced by regional urbanization and
upgrading of industrial structure

Variable East
coefficient

P Middle
coefficient

P West
coefficient

P

α −7.34E−05 0.9200 −0.0013 0.2011 −0.0015 0.3422

β1 −0.0589∗ 0.0000 −0.0677∗ 0.0086 −0.1042∗ 0.0000

β2 0.3123∗ 0.0003 0.3728∗ 0.0000 0.4681∗ 0.0000

Note ∗indicates significant under 1% confidence level
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of industrial structure will widen the urban-rural income gap, and the effects is sig-
nificant in west area, followed by the middle and east areas. For the second and third
industries development has higher requirements of workers’ skills and quality, the
urban and part of rural residents become rich firstly, which widened the urban-rural
income gap. In addition, there is weak economic foundation and natural conditions
in West area, which doesn’t benefit to rural residents’ income, so the urban-rural
income gap in west area is more significant than east and middle areas.

2. The estimation of the error correction model
Firstly, make the stationary test for error correction term in Table5.

The results show that the data of error correction term are stable. so the error
correction model can be estimated based on the Eq. (6). The results are shown in
Table6.

We can draw the following conclusions based on Table6: (1) Urbanization has
significantly negative effect on urban-rural income gap in the short term, and it is
more serious in west area than in middle and east area. Possible explanation is that:
although the weak natural conditions and economic foundation, the west area had
obtained a series of government policy support, which improved health care and
people’s living standard, and eventually narrowed the urban-rural income gap. (2)
The upgrading of the industrial structure has a positive effect on urban-rural income
gap in the short term. And the effects are more significant in west area, followed
by middle and east areas. Because the level of economic development in west area
is lower than that in east and middle areas. (3) The coefficients of error correction
term have differences in three models, they are, respectively, −0.7289, −0.5969
and −0.8026 in East, Middle and West areas, which means that the deviations of
urban-rural income gap return to the equilibrium state at different rates.

Table 5 The results of the stationary test for error correction term

East Middle West

LLC −2.3523 (0.0093) −3.7052 (0.0001) −6.9550 (0.0000)

ADF-fisher 49.3309 (0.0007) 40.5395 (0.0006) 88.8123 (0.0000)

Results Stable Stable Stable

Table 6 The estimation results to the error correction model

Variable East
coefficient

P Middle
coefficient

P West
coefficient

P

β0 −0.0005 0.3839 −0.0004 0.6637 −0.0014 0.2669

β1 −0.0584 0.0000 −0.0538 0.0025 −0.1080 0.0000

β2 0.1977 0.0050 0.3247 0.0000 0.3901 0.0000

β3 −0.7289 0.0000 −0.5969 0.0000 −0.8026 0.0000
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5 Conclusion and Recommendation

Using the constant coefficient model with random effects as well as the error correc-
tionmodel, the paper aims to empirically study the urban-rural income gap influenced
by urbanization and the upgrading of industrial structure from the three levels of the
East, Middle and West area, based on the Chinese provincial panel data of 1993–
2012.

The results indicate that: there is a long-run equilibrium relationship between
urbanization, upgrading of industrial structure and the urban-rural income gap. In the
short term, the urbanization will narrow the urban-rural income gap, while from the
long-term trend of economic development, the urbanization have significant negative
effects on east, middle and west areas. In addition, the upgrading of the industrial
structure will widen the urban-rural income gap both in the long term and short term.
But the influence showed significant regional differences.

Based on the above conclusions, the policy implication of this paper is: (1) Ac-
celerating the modernization process of agricultural development, and increasing the
per capita net income of rural residents. For example, accelerate the process of ma-
chinery production in rural areas. (2) Improving the social security system, speed up
the process of urbanization to narrow urban-rural income gap. (3) The government
should create conditions to increase farmers’ income, for example, strengthen the
skill training to the rural labors.
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Research On Impact of Auto Recall
on Consumer Attitude

Hong Wang and Wei Li

Abstract In recent years, auto recall has happened frequently, and it has become
an important factor of affecting the consumer attitude towards brand. This paper has
analyzed attributes and features of different types of auto recalls-voluntary recall
and passive recall based on the product recall theory and the consumer attitude
towards brand. Moreover, we have done some research on empirical study. The
method of empirical study is experimental research. Similarly, we have analyzed the
three dimensions of consumer attitude towards brand-cognitive consumer attitude
towards brand, emotional consumer attitude towards brand and decisive consumer
attitude towards brand. Moreover, moderator has been introduced to study the rela-
tionship between voluntary auto recall, passive auto recall and cognitive consumer
attitude towards brand, emotional consumer attitude towards brand and decisive con-
sumer attitude towards brand under consumer expectation.

Keywords Auto recall · Consumer attitude · Experimental research

1 Introduction

Auto recall has been used as a type of remedial measures for the event of product
harm, and it has happened more andmore frequently. The earliest event of auto recall
happened in 2004. By the end of June of 2014, there have been more than 420 cases
of auto recalls in total, which involve 6 million vehicles and many brands like Geely,
Volkswagen, Volvo, Cadillac, Bentley and so on. It is very interesting that many
car brands are not afraid of auto recall, but to recall their own products voluntarily.
Their aim is to advertise their brand in an unconspicuous way and set up a good
image of being responsible. Under different consumer expectations, different auto
recalls cause different results. Therefore, the enterprises should take strategic action
to promote consumer attitude towards brand after auto recall.
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For one thing, auto recall are generally classified into voluntary auto recall and
passive auto recall [9], and brands take auto recall into consideration to make up for
their mistake. In addition, former scholar also notes that auto recall is able to comfort
consumers. However, the principle that auto recall is able to comfort consumers is
not clear enough. For another thing, the theory of attitude is very mature, and the
relationship among attitude, behavior willingness, behavior has been demonstrated
a lot. However, we have to say that the relationship between auto recall and brand
attitude has not been researched a lot, and the way how auto recall influences brand
attitude is valuable for us to study. Consequently, the main purpose of this study is
to find out the relationship between auto recall and brand attitude and the principle
how auto recall influences brand attitude.

Therefore, there are 3 issues for us to study deeply. First of all, we should know
different types of product recalls, and find out what influences consumer attitude
towards brand. Second, how many dimensions there are to influence consumer atti-
tude towards brand, and what kind of relationship between different dimensions?
Thirdly, what kind of action should brand take to deal with different types of product
recall? And which strategy should brand take to promote consumer attitude towards
brand? This research provides a more nuanced view of formulation of consumer
brand towards brand that is caused by auto recall. Conceptually, this research is the
first to link auto recall to to consumer attitude towards brand, and this is overwhelm-
ingly crucial because it is extremely helpful for brand to promote the appraisal from
consumer when auto recall happens.

In order to solve these problems, this paper reviews the theories about product
recall, consumer attitude towards brand and consumer expectation firstly. Secondly,
this paper puts forward the research hypothesis based on the theory review. Finally
this paper proves the research hypothesis and gets conclusion and revelation.

2 Literature Review

2.1 Product Recall

Considering the reason of product recall, product recall can be divided into 3 types.
The first type is product related recall, including product defects and product perfor-
mance; the second type is sales related recall including the violent way to sell and
nonviolent but threatening way to sell; the third type is other product recall, including
the damage of intellectual property rights, issue of product trademark, obeying rel-
evant law and so on [4]. According to the recall of post-processing method, product
recall can be classified as returned to the factory repair recall, unconditionally cancel
recall, product switch recall and destruction recall [12]. According to the willingness
of product recall, we could divide product recall into voluntary recall and passive
recall. Voluntary recall refers to after manufacturer and distributor finding out the
product defects, they could declare the product defects to relevant authorities and



Research On Impact of Auto Recall on Consumer Attitude 1453

recall product voluntarily. Passive recall refers to the fact that manufacturer deny the
product defects intentionally and refuse to undertake the responsibility. Given these
findings, we formally explore the fact that the willingness of product recall could
explain the phenomenon that is caused by auto recall. What is more, the willingness
of product recall is the reflection of brand behavior. Based on the research needs,
this paper will utilize the theory of willingness of product recall, and it means that
auto recall can be divided into voluntary recall and passive recall.

2.2 Consumer Attitude Towards Brand

Consumer attitude towards brand is about consumer’s overall impression of a brand.
According to the outstanding characteristic and value, consumerswill judge the influ-
ence and form their impression of the brand. Thus it can be seen that consumer attitude
towards brand comes out of comprehensive evaluation of a variety of attributes [5].

Garretson and Fisher [8] held that brand attitude has three main characteristics:
the first characteristic is that brand attitude is a relative concept, and the reason why
consumer choose a certain brand is relative and convertible. The second characteristic
is that brand attitude consists of cognitive factor and emotional factor, and the two
factors could affect consumer brand collectively. We can see that cognitive factor
leads action and emotional factor stimulates action. The third characteristic is that
cognitive factor is not attitude but the reason that leads attitude to change. Based
on the above analysis, we can see that attitude is a kind of tendency that measures
degree of emotion [3]. For another, attitude is long-term stable and doesn’t change
without the influence of outward things. In the last place, attitude is the reflection of
action, and attitude will change with the feedback of action [6].

Among the lots of models that measure brand attitude, Fishbein model and TRA
model have been widely accepted. TRA model is also called Multi-attribute model
of attitude. This model refers to the fact that consumers form brand attitude through
brand attribute. If a brand means a positive image and the image of brand is deep in
consumer’s heart, it is much more probable that consumers are fond of this brand.
According to Fishbein [7], attitude is learned disposition to respond to an object or
behavior. It is one of the critical factors in explaining consumer behavior and become
as one of the most studied concepts. The concept of attitude has been considered
important inunderstanding human behavior.

TRA model originates from social psychology, and the scholar of social psychol-
ogy believes that attitude includes cognitive factors and behavioral factors, attitude
and behavior have a positive correlation. Allport [1] also mentioned that attitude and
behavior is a multi-dimension system, and it consists of belief, feeling and tendency
of object.

Consequently, we can take attitude as individual a kind of affection toward aspe-
cific object or a willingness to respond to certain stimuli. Later on the meaning of
attitude has evolved to refer to individual evaluations of an object. Since Fish be in
assumed a causal relation between attitude and behavioral intention in the theory of
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reasoned action, researchers have investigated the attitude-intention relationship in
various contexts including that of auto recall. Furthermore, TRA model tells us that
behavior originates from attitude. Therefore, we are aware of the fact that attitude
comes from affection in the first place. Secondly, emotion comes into being cogni-
tion, and it gives rise to behavior willingness. On the basis of behavior willingness, it
will lead to behavior in the condition of unstable environment. In a sense, the reason
why different types of auto recall would cause different outcome comes out, and we
can tell the difference between emotion and cognition. Based on the above analy-
sis, we can get a conclusion: consumer attitude towards brand consists of cognitive
brand attitude, emotional brand attitude and decisive brand attitude. Cognitive brand
attitude refers to the fact that when consumers get influenced by influencing factors,
consumers analyze these influencing factors and form the perception and knowledge
of object. It represents that consumers believe the object has some characteristics.
Emotional brand attitude means that the emotion of consumer would change imme-
diately when it comes to the appearance of various influencing factors, and emotional
brand attitude would influence on inner feeling and assessment of consumers. In the
last place, decisive brand attitude refers to the consumers’ willingness of purchasing
goods.

2.3 Consumer Expectation

Consumer expectation refers to the inherent expectation and understanding that con-
sumers have, and the inherent expectation and understanding would maintain the
same in the long term [11]. From the perspective of psychology, consumer expecta-
tion is the concrete representation of “halo effect”. In fact, it means that everybody
adopts a prejudiced attitude towards everything, and people would judge objective
things by their prejudice [10]. It is undeniable that due to the differences of company
strength, position and technical strength, the psychological gap of “top grade, inter-
mediate grade, low grade” do exist in consumer’s mind. This kind of psychological
gap forms consumer expectation and affects their judgement about the auto recall
events. Even more, This kind of psychological gap would affect the formation of
consumer attitude towards brand. Foreign car brands are usually historical and aim
high, and foreign car brands positioning is usually higher. So under the psychological
expectation of Chinese consumer, the expectation of foreign car brands is usually
higher. As the base of Chinese car brands is poor, and Chinese car industry aims
to support planned economic system before the policy of reform and opening. The
expectation of domestic car brands is usually higher in terms of foreign car brands.

Currently, auto recall has happened more and more frequently, and lots of brands
are confused with product harm crisis. Previous studies of auto recall fail to solve the
problem that what brands should do after product harm crisis. In addition, Studies
of brand attitude suggest that such analogies might not be broadly applicable, and it
is necessary that new method should be found to connect auto recall with the theory
of brand attitude.
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3 Hypotheses

When consumers get the information and stimulation of brand attitude, consumers
would base on information and stimulation to form new brand attitude. Since con-
sumers get affected by influencing factors, cognitive brand attitude and emotional
brand attitude would be constrained by the inherit consumer attitude towards brand.
Voluntary auto recall is a kind of emotional positive behavior. under strong consumer
expectation, voluntary auto recall could easily fix cognitive brand attitude and emo-
tional attitude with the help of “halo effect”. Accordingly, this paper put forward
hypothesis 1 and hypothesis 2:

Hypothesis 1. Under strong consumer expectation, voluntary auto recall would not
have negative effect on cognitive brand attitude.
Hypothesis 2. Under strong consumer expectation, voluntary auto recall would not
have negative effect on emotional brand attitude.

In contrast, Great Wall Motors which is under weak consumer expectation
declared on June 21, 2012 that 8970 HAVAL H5 which were manufactured between
March 12, 2012 and March 25, 2012 would be recalled. After that, the industry and
consumers argued a lot on this event. Some experts hold a opinion that the series of
events of recall are a result of engine defect. In other words, the essential reason of
it is the technical strength of Great Wall Motors is not strong enough. The technical
strength of Great Wall Motors could not come up with the speed of market, and
the technical gap between Great Wall Motors and other famous brands is still huge.
Under the condition of weak consumer expectation, the event of auto recall could
easily make consumers associate quality problem with poor technical strength and
corporate strength. As voluntary recall is a kind of measure that acknowledge the
product defects and try their best to solve this problem, voluntary recall could evoke
the sympathy of consumers. Accordingly, this paper put forward hypothesis 3 and
hypothesis 4:

Hypothesis 3. Under weak consumer expectation, voluntary auto recall would have
negative effect on cognitive brand attitude.
Hypothesis 4. Under weak consumer expectation, voluntary auto recall would not
have negative effect on emotional brand attitude.

On the premise of passive auto recall, the event of product harmwould cause long-
term and deep harm to consumermentality.Whatever kind of consumer expectation is
could not comfort consumer mentality completely. Therefore, no matter under what
kind of consumer expectation the emotion of consumers would get hurt anyway.
However, cognitive brand attitude is about inherit awareness like brand strength and
technical strength, and it is hard to change. Thus it can’t be changed by the event
of passive auto recall. Strong consumer expectation stands for inherit and long-term
belief that the quality of product is reliable [2], and it won’t easily change with
the change of something else. Accordingly, this paper put forward hypothesis 5 ∼
hypothesis 8:
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Fig. 1 Concept model

Hypothesis 5. Under strong consumer expectation, passive auto recall would not have
negative effect on cognitive brand attitude.
Hypothesis 6. Under strong consumer expectation, passive auto recall would have
negative effect on emotional brand attitude.
Hypothesis 7. Under weak consumer expectation, passive auto recall would have
negative effect on cognitive brand attitude.
Hypothesis 8. Under weak consumer expectation, passive auto recall would have
negative effect on emotional brand attitude.

The concept model of this paper is shown in Fig. 1.

4 Experimental Design and Hypothesis Testing

4.1 Experimental Design

This paper use experimental method to test hypothesis. In the experimental method,
experiment is used to dictate and control consumer expectation, voluntary auto recall
and passive auto recall. In real life, there is a big chance that consumers have already
had inherit consumer expectation and attitude. In order to prevent this problem, this
research decides to adopt fictional brand. One reason why we adopt fictional is that
we can make equal the consumer expectation, and the other reason is that we can
test whether the explanation based on consumer expectation is effective.

This research is divided into 2 groups (strong consumer expectation VS weak
consumer expectation) × 2 groups (voluntary recall VS passive recall), and 4 exper-
imental groups in total (Table1).
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Table 1 Item of measuring consumer attitude towards brand

Variable Measuring item

Cognitive brand attitude I still trust the quality of product series of x . This event of auto
recall is just a small accident

I still trust the quality of other product series that belongs to the
same brand that product series x belongs to. This event of auto
recall is just a small accident

I still trust the quality of other series that belongs to A (or B) . This
event of auto recall is just a small accident

Emotional brand attitude After this event of auto recall, I like A (or B) better than before

After this event of auto recall, I trust A (or B) better than before

After this event of auto recall, I am more interested in A (or B)
compared with the same product series

Decisive brand attitude After this event of auto recall, I am more likely to purchase A (or B)

Strong consumer expectation can be described as the following: brand A is an
enterprise that comes from Europe and have a long history, and the user of product
is around the world. In Chinese market, the product of brand A is usually higher
than the product that belongs to domestic manufacture. The consumers of brand A
consider its product as a symbol of identity. So far, the product of A haven’t had any
quality problems during many years.

Weak consumer expectation can be described as the following: brand B is an
enterprise that is domestic and just establish after the reform and opening up policy
and its product users are mainly in China. In Chinese market, the price of its product
is usually lower than the import product. Because of the lower price, many consumers
choose to buy the product of brand B. So far, the quality of brand B has been praised
for many years.

The event of voluntary auto recall can be described as the following: brand A (or
B) recalled product x and tested, fixed, replaced product x before consumers found
any issues of product x.

The event of passive auto recall can be described as the following: according to
the report of media, product x that was produced by brand A (or B) had quality
problem. Brand A (or B) had to recall product x and test, fix, replace product x.

In terms of measuring consumer attitude towards brand, this paper curtail and
amend some index in order to prevent respondents from being tired and annoyed
by lots of questions and promote the accuracy of the answers. We also added the
measurement of decisive brand attitude, and all the items are measured by Likert
scale level 5. The measuring items are as following:

Experimental method requires the number of sample around 50. So this exper-
iment requires 200 samples approximately. The samples come from website and
acquaintance (Website occupied 80%, and acquaintance occupied 20%. They dis-
tributed evenly in the four groups of experiment). Samples are chosen randomly, and
it is not influenced by demographic factors. Under this situation we can consider the
sources of sample meet the requirements. In order to test the reliability, we retest the



1458 H. Wang and W. Li

Table 2 Effective questionnaire distribution

Effective questionnaire distribution

Strong consumer expectation and voluntary auto recall 48

Strong consumer expectation and passive auto recall 40

Weak consumer expectation and voluntary auto recall 36

Weak consumer expectation and passive auto recall 42

Table 3 Effective questionnaire distribution

Kappa Gradual standard
error

Approximate
value T

Approximate
value Sig.

Kappa
consistency
coefficient

0.471 0.257 2.000 0.046

Effective case
number

40

acquaintance, and there are five days between the two experiments. Randomness,
comprehensiveness and integrity can be guaranteed in this way, and data reliability
also can be guaranteed in this way. What they have to do is to follow their heart and
willingness to give the most realistic idea. We issue 214 questionnaires at first time,
and the number of invalid questionnaires is 48, so the efficient of questionnaires is
77.6%.

The scale used in this paper is a mature scale that many researches have used
before. Therefore we don’t test validity in this paper. Before we test hypothesis, we
must test reliability of the questionnaires. Reliability test comes from repeating the
questionnaires, namely test-retest reliability. The method adopted is to test whether
the answers’ frequency distribution of test-retest is the same. Under this situation,
we can use Kappa consistency coefficient to test reliability.

We can see from the Table2. That the Kappa consistency coefficient is 0.471,
that is greater than 0.45 (general standard), so we can say that this questionnaire has
eligible reliability (Table3).

4.2 Hypothesis Testing

As we have mentioned before, independent variables of this paper are voluntary
recall and passive recall, and dependent variables are cognitive brand attitude, emo-
tional brand attitude. Therefore, we calculate the average of the three questions that
represent each brand attitude. Above all, we match the same event of auto recall that
is under different consumer expectation with the same brand attitude. We make use
of contrasting hypothesis to test hypothesis. The contrasting hypothesis group 1 is
hypothesis 1, hypothesis 3, hypothesis 5 and hypothesis 7.
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Table 4 Effective questionnaire distribution

Quadratic sum df Mean square F Sig.

Interblock 2.220 1 2.220 0.825 0.045

Intra-class 10.764 4 2.691

Sum 12.984 5

Table 5 One-way ANOVA of hypothesis 5 and hypothesis 7

Quadratic sum df Mean square F Sig.

Interblock 10.323 1 10.323 1.563 0.032

Intra-class 1.035 4 0.259

Sum 11.358 5

In the first place, we use One-Way ANOVA to contrast hypothesis 1 with hypoth-
esis 3. Here is the result (Tables4, 5):

Under strong consumer expectation, the averageof three subordinative dimensions
of cognitive brand attitude that is under the situation of voluntary recall are: Q1-
4.066, Q2-4.618, Q3-4.324. Under weak consumer expectation, the average of three
subordinative dimensions of cognitive brand attitude that is under the situation of
voluntary recall are: Q1-1.518, Q2-1.342, Q3-1.452. They exist significant difference
(F = 0.825, P = 0.045 < 0.05). This shows that consumer expectation has a strong
influence on cognitive brand attitude under the premise of voluntary recall. Consumer
expectation does have adjustive effect on cognitive brand attitude. As we can see that
the average of three subordinative dimensions of cognitive brand attitude that is
under the situation of voluntary recall are: Q1-4.066, Q2-4.618, Q3-4.324, and they
are all greater than 3 which means the average of Likert scale. Thus we can get the
conclusion that under strong consumer expectation voluntary recall would not have
negative effect on cognitive brand attitude. Under weak consumer expectation, the
average of three subordinative dimensions of cognitive brand attitude that is under
the situation of voluntary recall are: Q1-1.518, Q2-1.342, Q3-1.452, and they are all
less than 3 which means the average of Likert scale. Thus we can get the conclusion
that under weak consumer expectation voluntary recall would have negative effect
on cognitive brand attitude.

Next step is to continue to take One-WayANOVA to test hypothesis 5 and hypoth-
esis 7. Here is the result:

Under strong consumer expectation, the average of three subordinative dimen-
sions of cognitive brand attitude that is under the situation of passive recall are:
Q1-4.082, Q2-4.641, Q3-4.761. Under weak consumer expectation, the average of
three subordinative dimensions of cognitive brand attitude that is under the situation
of passive recall are:Q1-1.091,Q2-1.323,Q3-2.342. They exist significant difference
(F = 1.563, P = 0.032 < 0.05). Hypothesis 5 and hypothesis 7 are tenable.
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Table 6 Interaction of hypothesis 3 and hypothesis 5

Quadratic sum df Mean square F Sig.

Calibration
model

10.251a 1 10.251 59.381 0.078

Intercept 65.259 1 65.259 378.032 0.000

Table 7 Interaction of hypothesis 1 and hypothesis 7

Quadratic sum df mean square F Sig.

Calibration
model

6.120a 1 6.120 47.077 0.086

Intercept 67.742 1 67.742 521.104 0.000

We continue to take advantage of Two-Way ANOVA to analyze the interaction
between different consumer expectation and different kinds of auto recalls and its
influence on cognitive brand attitude. First of all, we compare H3 with H5. The
result shows that there is no significant difference among groups (P = 0.078 >

0.05). It proves that consumer expectation influences cognitive brand attitude in its
way, and auto recall influences cognitive brand attitude in its way. The interaction
between different consumer expectation and different kinds of auto recall influence
on cognitive brand attitude is not obvious. Therefore, hypothesis 3 and hypothesis 5
get support from data (Tables6 and 7).

In order to test result further, we continue to take advantage of Two-Way ANOVA
to compare hypothesis 1 with hypothesis 7. It comes to the fact that there is no
significant difference among groups (P = 0.086 > 0.05), and we can tell from
the data that different consumer expectation and impacts that different kind of auto
recalls have on cognitive brand attitude have no significant interaction.

Contrasting hypothesis group 2 is hypothesis 2, hypothesis 4, hypothesis 6 and
hypothesis 8. In the first place, we take advantage of One-Way ANOVA to test
hypothesis 2 and hypothesis 6. The result is shown as Table8.

Under strong consumer expectation, the average of three subordinative dimen-
sions of emotional brand attitude that is under the situation of voluntary recall are:
Q4-4.122, Q5-3.882, Q6-4.198. Under strong consumer expectation, the average of
three subordinative dimensions of emotional brand attitude that is under the situation

Table 8 One-Way ANOVA of hypothesis 2 and hypothesis 6

Quadratic sum df Mean square F Sig.

Calibration
model

1.378 1 1.3780 0.419 0.026

Intercept 13.170 4 3.293 521.104

Sum 14.548 5
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of passive recall are: Q4-1.462, Q5-1.846, Q6-1.821. The difference is significant
(F = 0.419, P = 0.026 < 0.05). As we can see that the average of three subordina-
tive dimensions of emotional brand attitude that is under the situation of voluntary
recall are: Q4-4.122, Q5-3.882, Q6-4.198, and they are all greater than 3 which
means the average of Likert scale. Thus we can get the conclusion that under strong
consumer expectation voluntary recall would not have negative effect on emotional
brand attitude. Under strong consumer expectation, the average of three subordi-
native dimensions of emotional brand attitude that is under the situation of passive
recall are: Q4-1.462, Q5-1.846, Q6-1.821, and they are all less than 3 which means
the average of Likert scale. Thus we can get the conclusion that under strong con-
sumer expectation passive auto recall would have negative effect on emotional brand
attitude.

Next step is to continue to take One-WayANOVA to test hypothesis 4 and hypoth-
esis 8. The result is shown as Table9.

Under weak consumer expectation, the average of three subordinative dimensions
of emotional brand attitude that is under the situation of voluntary recall are: Q4-
4.2122, Q5-4.0892, Q6-4.362. Under weak consumer expectation, the average of
three subordinative dimensions of emotional brand attitude that is under the situation
of passive recall are:Q1-1.091,Q2-1.323,Q3-2.342. They exist significant difference
(F = 0.192, P = 0.015 < 0.05). Hypothesis 4 and hypothesis 8 are tenable
(Tables10 and 11).

We continue to take advantage of Two-WayANOVA to test the interaction that dif-
ferent consumer expectation and different kind of auto recall influence on emotional
brand attitude. First of all, we compare hypothesis 2 with hypothesis 8. The result
shows that there is no significant difference among groups (P = 0.083 > 0.05). It
proves that consumer expectation influences emotional brand attitude in its way, and
auto recall influences emotional brand attitude in its way. The interaction that dif-
ferent consumer expectation and different kind of auto recall influence on emotional

Table 9 One-Way ANOVA of hypothesis 2 and hypothesis 6

Quadratic sum df Mean square F Sig.

Calibration
model

0.179 1 0.179 0.192 0.015

Intercept 3.722 4 0.930

Sum 3.901 5

Table 10 Interaction of hypothesis 2 and hypothesis 8

Quadratic sum df Mean square F Sig.

Calibration
model

5.857a 1 5.857 55.456 0.083

Intercept 74.193 1 74.193 702.514 0.000
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Table 11 Interaction of hypothesis 4 and hypothesis 6

Quadratic sum df Mean square F Sig.

Calibration
model

6.410a 1 6.410 16.044 0.073

Intercept 37.928 1 37.928 94.930 0.001

brand attitude is not obvious. Therefore, hypothesis 2 and hypothesis 8 get support
from data.

In order to test result further, we continue to take advantage of Two-Way ANOVA
to compare hypothesis 4 with hypothesis 6. It comes to the fact that there is no
significant difference among groups (P = 0.086 > 0.05), and we can tell from the
data that the interaction that different consumer expectation and different kind of
auto recall influence on emotional brand attitude is not obvious. hypothesis 4 and
hypothesis 6 get support from data.

5 Conclusion and Revelation

1. Conclusion
We get 4 main conclusions from this research. First of all, under strong consumer
expectation, voluntary recall would not have negative impact on cognitive and emo-
tional brand attitude. The main reason is that voluntary recall has something special
to dilute the feeling of getting hurt. To some extent, it can minimize the degree of
mistake that is caused by quality problem. Secondly, under strong consumer expec-
tation, passive recall would not have negative impact on cognitive brand attitude.
When it comes to cognitive brand attitude, consumer usually consider cognitive
brand attitude under rational thinking, and it is a kind of inherit attitude and wouldn’t
easily change. Thirdly, under weak consumer expectation, voluntary recall would
have negative effect on cognitive brand attitude. However, under weak consumer
expectation, voluntary recall would not have negative effect on emotional brand atti-
tude. The main reason is that people would have mercy on the brand which is under
weak brand expectation. If the brand recalls the cars voluntarily, it is very possible
that consumer wouldn’t have negative impression on brand on the premise of hav-
ing mercy. Fourthly, under weak consumer expectation, passive recall would have
negative effect on cognitive and emotional brand attitude. In a sense, the event of
passive auto recall is somehow impressive and unmodifiable. No matter what action
the brand takes, it is hard to cure the pain of brand’s irresponsibility. The passive
recall means unwilling to admit mistake. Therefore, under the situation of passive
recall, consumer expectation wouldn’t have strong influence on brand attitude.
2. Revelation
Revelation 1: The brand should take responsibility voluntarily. Find out defect and
fix it.



Research On Impact of Auto Recall on Consumer Attitude 1463

The event of voluntary recall has something special to dilute the feeling of getting
hurt, and it could save the image of brand in consumer’smind.When a brand finds out
defect, it should recall product voluntarily on the basis of economy and responsibility.
Recalling product voluntarily could not only promote trust but fix the problem of
getting hurt. Eventually, brand loyalty could be established in this way.

Revelation 2: Various ways should be tried to promote consumer expectation, and
the strategy of brand occupying should be adopted.
Similarly, we are aware of the fact that there exist a kind of phenomenon named halo
effect. When the event of product harm happens, “halo effect of strong consumer
expectation is able to ease the product harm crisis. Therefore, it is significant for us to
occupy a high place in consumer’s mind and have strong consumer expectation. The
strategy of brand occupying means a brand should change the image and position in
consumer’s mind through marketing activities, operating strategy and so on.

Revelation 3: Establish mechanism of crisis prevention and reaction
Perfect merchandise doesn’t exist in this world, and product harm can’t be avoided
sometimes. Accordingly we should establish mechanism of crisis prevention and
reaction. When the event of product harm happens, the brand should respond imme-
diately and handle this problem in a fair and just way. If a brand takes passive action,
it’s pretty possible that consumers would not forgive this brand. Consumers would
be angry and disappointed at the time of realizing being cheated. Thus, the brand
should show the attitude that the brand is with consumers no matter what happens,
and this is the key to get sympathy from consumers. In order to test and deal with
various events of product harm at once, the brand should establish mechanism of
crisis prevention and reaction on the basis of comprehensive assessment of the cost.
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A Fuzzy Multi-Criteria Group Decision
Making Model for Measuring Risks
in a Supply Chain Using Extended
VIKOR Method

Muhammad Nazam, Jamil Ahmad, Muhammad Kashif Javed,
Muhammad Hashim, Adnan Sarwar and Shahid Rasheed

Abstract In this paper,we quantify risks in a supply chain process froman aviation’s
perspective. Due to globalization, supply chains are getting more and more risky
than before. As risk is inherent and uncertain activity, if it occurs then all of the
supply chain partners will be impacted with a significant loss. To deal with this
problem, a comprehensive risk evaluation index system has been proposed, which
captures the level of risk faced by a supply chain in a given situation. For measuring
risks in a supply chain we formulated a fuzzy multi-criteria group decision making
model based on extended VIKOR method to determine the best feasible solution
according to the selected risk parameters. A practical case study is conducted to test
the applicability of the proposed methodology. Finally, we discuss the effectiveness
of the proposed framework and rank the risk alternatives in descending order.

Keywords Supply chain risk management ·Multi-criteria group decision making ·
Fuzzy VIKOR · Risk index · Aviation sector

1 Introduction

In todays scenario, supply chain risk management has become a significant issue
for supply chain management [4]. An important factor of the rapidly evolving
global business environment, spurred on by significant technology shifts, innovation,

M. Nazam (B) · J. Ahmad · M.K. Javed · A. Sarwar
Uncertainty Decision-Making Laboratory, Sichuan University,
Chengdu 610064, People’s Republic of China
e-mail: nazim_ehsas@yahoo.com

M. Hashim
Department of Business Administration, National Textile University,
Faisalabad 37610, Pakistan

S. Rasheed
School of Economics and Management, Beijing University of Posts and Telecommunications,
Beijing 100876, People’s Republic of China

© Springer-Verlag Berlin Heidelberg 2015
J. Xu et al. (eds.), Proceedings of the Ninth International Conference
on Management Science and Engineering Management, Advances in Intelligent
Systems and Computing 362, DOI 10.1007/978-3-662-47241-5_122

1465



1466 M. Nazam et al.

communication technologies and globalization, is the increasing prevalence of risk
in almost every aspect of our lives. The companies face so many risks because they
can never know exactly what will happen in the future. With the ever-increasing
push for efficiency, supply chains environment recently are getting more and more
risky [7]. An important element of the risk management procedure is the identifi-
cation, evaluation and mitigation of risk. The procedure of risk assessment involves
understanding the reasons that give rise to potential problems, and then evaluating
the likelihood and severe impact of such kind of problems [11]. The major hurdles
in evaluating risks comes from the fact that there is a lot of subjectivity involved [9,
10]. The observations and input of the experts on the subject mainly comes in the
form of subjective assessments. Therefore, this necessitates the application of theo-
ries such as fuzzy or grey analysis which are useful tools of dealing with uncertainty
and subjectivity. To deal with this kind of problem, most of the previous researchers
used multi-criteria decision making techniques. Liou et al. [5] proposed a modi-
fied VIKOR multi-criteria decision method for improving domestic airlines service
quality but did not consider the risk of whole supply chain.

In this study, we applied the extended VIKOR method, which was developed
for multi-criteria optimization for complex systems, to find a compromise prior-
ity ranking of supply chain risks according to the risk parameters in supply chain
environment of aviation industry. Linguistic variables, expressed in trapezoidal or
triangular fuzzy numbers, are used to assess the ratings and weights for each risk
against three selected criteria, namely probability of occurrence, impact of the risk
on supply chain if it occurred and how easily the mitigation would be for the impact
of that risk. The extended VIKOR method is used to quantify risks in a supply chain
and consolidate the values into a comprehensive risk index. Consequently, a new
fuzzy multi-criteria group decision-making model based on fuzzy sets theory and
VIKOR method is proposed to deal with the risk measuring problems in a supply
chain system.

The rest of this paper is structured as follows. Following the introduction, in
Sect. 2, the key problem for the aviation industry with different kinds of risks in a
supply chain under uncertain environment is described. The formulation of a fuzzy
(MCGDM) model for measuring risks in a supply chain and its conversion into a
crisp value can be explained in Sect. 3. In Sect. 4, a practical case study is presented
to demonstrate the applicability of the proposed model. In the final section, the
conclusions and directions for future research are discussed.

2 Key Problem Statement

In this problem, we classified supply chain risks into ten major types. One simple
classification can be external or internal risks but another classification can be of
strategic, tactical or operational risks. Based on the literature review, supply chain
risks can be categorized in many different ways with different perspectives [1, 2]. In
this study, a comprehensive risk index has been proposed inmanufacturing facility of
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Fig. 1 Classification of supply chain risks

an aviation industry. Major potential risks are identified by a group of supply chain
risk management team in the manufacturing process of high-tech products. The
experts categorized most important supply chain risks (SCR) such as: outsourcing
risk (SCR1), global risk (SCR2), disruption risk (SCR3), logistics risk (SCR4), market
risk (SCR5), financial risk (SCR6), process risk (SCR7), technology risk (SCR8),
terrorism risk (SCR9), environmental risk (SCR10). The detailed classification of
risks is structured in Fig. 1.

3 Formulating a Fuzzy MCGDM Model
for Measuring Risks in a Supply Chain

Multi-criteria decision making problems are mostly consider under fuzzy environ-
ment. In the fuzzy environment, the uncertain parameters are the decision maker
(DM)s degree of optimism, which has a significant effect on the results. It has been
extensively argued that supply chain risks are not easy to be precisely evaluated and
traditional techniques take no account of relative importance of the risk parameters
[8]. In this paper the risk parameters and their relative importance weights are taken
as linguistic variables. A systematic approach to apply the VIKOR is proposed to
determine risk priorities of supply chain risks under a fuzzy environment [6]. The
general framework of our proposed model is shown in Fig. 2. The VIKOR method
is started with the following form of Lp-metric.
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Identify risk assessment objectives

Classification of supply chain risks

Compute the criteria weight

Evaluate risks and risk parameters weights

Assign experts inputs in linguistic form

Aggregate the expert’s subjective opinion

Defuzzify Determine best and worst values

Compute S, R and Q values

Formation of risk index

Rank risks indescending order

Recommend corrective

actions and modifications

Risks Ranking

Apply VIKOR approach

Aggregation

Group working

D&W˜ ˜

D&W˜ ˜ ˜f*j f j&

Fig. 2 The general framework for the fuzzy MCGDM model of supply chain risk evaluation

L p,i =
n∑

j=1

[w j ( f ∗
j − fi j/( f ∗

j − f −
j ))

p]1/p, 1 ≤ p ≤∝, i = 1, 2, . . . ,m. (1)

In order to sum the risk priorities of supply chain risks, following are the steps
which we determined:
Step 1. Defining the problem importance and identifying the objectives of the deci-
sion making process. Firstly, our objective is to categorizing risks in a supply chain
and then consolidating the the values into a comprehensive risk index.
Step 2. Forming the group of decision-makers and state a finite set of relevant
attributes. For our measuring risks in a supply chain problem we have three dif-
ferent risk criterion and ten different alternatives.
Step 3. In this step, the appropriate linguistic variables for the importance weight of
criteria, and the fuzzy rating for alternatives with respect to each criterion these lin-
guistic variables can be expressed in positive trapezoidal fuzzy numbers, as in Figs. 3
and 4 must be defined. The decision makers use the linguistic variables shown in
Figs. 3 and 4 to evaluate the importance of the criteria and the ratings of alternatives
with respect to qualitative criteria.
Step 4. To construct a fuzzy decision matrix, pull the decision makers? advices
to get the aggregated fuzzy weight of selected criteria and rating of alternatives:
Let the fuzzy rating and importance weight of the kth decision maker be x̃i jk =
(xi jk1, xi jk2, xi jk3, xi jk4) and w̃ jk = (w jk1,w jk2,w jk3,w jk4); i = 1, 2, . . . ,m and
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Fig. 3 Membership function for rating the weight of risk parameters
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Fig. 4 Membership function for rating the supply chain risks

j = 1, 2, . . . , n respectively. Hence, the aggregated fuzzy ratings (x̃i j ) of alterna-
tives with respect to each criterion can be computed as: x̃i jk = xi j1, xi j2, xi j3, xi j4,

where xi j1 = min{xi jk1}k , xi j2 = 1
K

∑K
k=1 xi jk2, xi j3 = 1

K

∑K
k=1 xi jk3, xi j4 =

max{xi jk4}k . The aggregated fuzzy weights (w̃ j ) of each criterion can be calculated
as:

w̃ j = (w j1,w j2,w j3,w j4), (2)

where w j1 = min{w jk1}k , w j2 = 1
K

∑K
k=1 w jk2, w j3 = 1

K

∑K
k=1 w jk3, w j4 =

min{w jk4}k .

D̃ =

⎡

⎢
⎢
⎢
⎣

x̃11 x̃12 · · · x̃1n

x̃21 x̃22 · · · x̃2n
...

...
. . .

...

x̃m1 x̃m2 · · · x̃mn

⎤

⎥
⎥
⎥
⎦
, W̃ = [w̃1, w̃2, . . . , w̃n], (3)

where x̃i j the rating of alternative Ai with respect to C j , (w̃ j ) the importance weight
of the j th criterion holds, x̃i j xi j1; xi j2; xi j3; xi j4 and (w̃ j ) w j1; w j2; w j3; w j4; i =
1, 2, . . . ,m and j = 1, 2, . . . , n are linguistic variables can be approximated by
positive trapezoidal fuzzy numbers.
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Step 5. Defuzzify the fuzzy decision matrix and fuzzy weight of each criterion into
crisp values: This calculation is done by using center of area defuzzification method.
The centroid defuzzification method can be expressed by following relation:

x̄0( Ã) =
∫

xµ Ã(x)dx∫
µ Ã(x)dx

, (4)

where x̄0( Ã) is the defuzzified value. For trapezoidal fuzzy number (a1, a2, a3, a4),
the centroid-based defuzzified value turns out to be [3].

x̄0( Ã) = 1

3

[
a1 + a2 + a3 + a4 − a4a3 − a1a2

(a4 + a3) − (a1 + a2)

]
. (5)

Step 6. Determine the best f ∗
j and the worst f −

j values of all criterion ratings,
j = 1, 2, . . . , n and i = 1, 2, 3, . . . ,m

f ∗
j = {max xi j , for benefit criteria, min xi j , for cost criteria}, (6)

f −
j = {min xi j , for benefit criteria, max xi j for cost criteria}. (7)

Step 7. Compute the values Si and Ri , i = 1, 2, . . . ,m, by the relations:

Si =
n∑

j=1

w j ( f ∗
j − xi j )/( f ∗

j − f −
j ), (8)

Ri = max w j ( f ∗
j − xi j )/( f ∗

j − f −
j ), (9)

where w j are the weights of criteria, expressing their relative importance.
Step 8. Compute the values Qi , i = 1, 2, . . . ,m, by the relation

Qi = v(Si − S∗)/(S− − S∗) + (1 − v)(Ri − R∗)/(R− − R∗), (10)

where S∗ = mini Si , S− = maxi Si , R∗ = mini Ri , R− = maxi Ri and v is
introduced as a weight for the strategy of maximum group utility, whereas 1 v is the
weight of the individual regret. The value of v is set to 0.5 in this study.
Step 9. Rank the alternatives, sorting by the values S, R and Q in descending order.
The results are three ranking lists.
Step 10. Propose a compromise solution, the alternative (A(1)), which is the best
ranked by the measure Q (minimum) if the following two conditions are satisfied:

QA(2) − QA(1) ≥ DQ (11)

where A(2) is the alternative with second position in the ranking list by Q; DQ =
1/(m1). C2 (Table1).
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Table 1 Linguistic variables for rating the supply chain risks and weight of risk parameters respec-
tively

Linguistic variables Trapezoidal FNs Trapezoidal FNs

Very low (VL) (0, 0, 1, 2) (0.0, 0.0, 0.1, 0.2)

Low (L) (1, 2, 2, 3) (0.1, 0.2, 0.2, 0.3)

Medium low (ML) (2, 3, 4, 5) (0.2, 0.3, 0.4, 0.5)

Medium (M) (4, 5, 5, 6) (0.4, 0.5, 0.5, 0.6)

Medium High (MH) (5, 6, 7, 8) (0.5, 0.6, 0.7, 0.8)

High (H) (7, 8, 8, 9) (0.7, 0.8, 0.8, 0.9)

Very high (VH) (8, 9, 10, 10) (0.8, 0.9, 1.0, 1.0)

• C2. Acceptable stability in decision making: The alternative A(1) must also be the
best ranked by S or/and R. This compromise solution is stable within a decision
making process, which could be: voting by majority rule when v > 0.5 is needed,
or by consensus v is 0.5, or with veto v < 0.5. Here, v is the weight of decision
making strategy of the maximum group utility. If one of the conditions is not
satisfied, then a set of compromise solutions is proposed, which consists of:

• alternatives A(1) and A(2) if only the condition C2 is not satisfied.
• alternatives A(1), A(2), . . . , A(M) if the condition C1 is not satisfied; A(M) is deter-
mined by the relation Q(A(M)) Q(A(1)) < DQ for maximum M (the positions of
these alternatives are in closeness).

4 Practical Application

The proposedmodel has been applied in aviation industry to the understand the status
of supply chain risk management. A supply chain management or logistics team of
five decision makers, DM1, DM2, DM3, DM4, and DM5, has been formed to provide
the desired information on supply chain risk management. We analyze the internal
or process risk of aviation industry because its higher level of risks. The steps of the
risk measuring process can be defined as follows:
Step 1. The manufacturer desires to identify several most serious supply chain risks
during production process to take appropriatemeasures. After preliminary screening,
ten supply chain risks (SCR1, SCR2, SCR3, SCR4, SCR5, SCR6, SCR7, SCR8, SCR9,
and SCR10) remain for further evaluation.
Step 2. Each risk is measured against three parameters, namely probability of occur-
rence, impact of the risk on the supply chain if it occurred and how easily the miti-
gation would be for the impact of that risk.
Step 3. A team of five decision-makers use the linguistic weighting variables shown
in Fig. 3 to assess the relative importance of the risk parameters. The importance
weights of the risk parameters determined by these five decision makers are shown
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Table 2 Importance weight of risk parameters from five supply chain team members

Risk parameters Decision maker

DM1 DM2 DM3 DM4 DM5

Probability M VH H MH MH

Impact MH H MH VH H

Mitigation H M MH MH M

in Table2. The experts also use the linguistic rating variables shown in Fig. 4 to eval-
uate the ratings of supply chain risks with respect to each risk parameter. The ratings
of the ten supply chain risks by the decision makers under the three risk parameters
are shown in Table3.
Step 4. The linguistic evaluations shown in Tables2 and 3 are converted into trape-
zoidal fuzzy numbers. Then the aggregated weight of risk parameters and aggregated
fuzzy rating of supply chain risks are calculated to determine the fuzzy weight of
each risk factor and construct the fuzzy decision matrix, as in Table4.
Step 5. The crisp values for decision matrix and weight of each risk parameters are
computed as shown in Table5.
Step 6. The best and the worst values of all risk parameters ratings are determined
as follows:

f ∗
P = 4.000, f ∗

I = 4.889, f ∗
M = 2.600, f −

P = 6.778, f −
I = 6.900, f −

M =
4.933.

Step 7. The value of S is calculated by Eq. (8) for all risks as shown in Table6.
Step 8.The value of R is calculated by Eq. (9) for all risks as shown in Table6.
Step 9. The value of Q is calculated by Eq. (10) for all risks as shown in Table6.
Step 10. The ranking of the alternative supply chain risks by S, R and Q in decreasing
order is shown in Table7.

From the Table7, it can be seen that the supply chain risk SCR3 is apparently the
most serious supply chain risk according to Q values and should be given the top
risk priority by the the company, this will be followed by supply chain risks SCR6,
SCR9, SCR10, SCR2, SCR7, SCR8, SCR1, SCR4 and SCR5.

5 Conclusions and Future Research

In this study, we proposed a new comprehensive risk index under uncertain envi-
ronment and can be applied in any industry situation. To formulate this risk index
we take experts opinion as its input and delivers a crisp number as the risk score.
In the proposed model, we first categorize the risk status for the said environment,
secondly identification of the weights of the supply chain risks, then computation
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Table 4 Aggregated fuzzy rating of ten supply chain risks and aggregated fuzzy weight of risk
parameters

Supply chain Riks Probability Impact Mitigation

SCR1 (2, 4.2, 4.6, 6) (2, 5.2, 6, 8) (2, 3.8, 4.4, 6)

SCR2 (2, 5.4, 5.8, 8) (2, 5.6, 6.2, 9) (2, 4.4, 5, 8)

SCR3 (2, 6.2, 6.8, 10) (5, 6, 7, 8) (2, 5, 5.6, 8)

SCR4 (1, 3.6, 4, 8) (2, 5, 5.6, 8) (0, 3.2, 3.8, 8)

SCR5 (2, 4.6, 4.8, 6) (2, 4.8, 5.2, 8) (0, 2.6, 3.2, 6)

SCR6 (2, 5.6, 6.2, 9) (5, 7.2, 7.6, 9) (1, 2.4, 2.8, 5)

SCR7 (2, 5.8, 6.6, 10) (2, 4.8, 5.2, 9) (1, 3.2, 3.2, 6)

SCR8 (1, 3.4, 3.6, 10) (1, 5.2, 5.4, 9) (1, 3.8, 4.4, 8)

SCR9 (4, 6.6, 7, 10) (2, 5.4, 5.8, 9) (0, 3, 3.4, 8)

SCR10 (4, 6.2, 6.8, 9) (4, 6, 6.4, 9) (0, 1.8, 2.2, 6)

Weight (0.58, 0.68, 0.74, 0.82) (0.64, 0.74, 0.80, 0.88) (0.50, 0.60, 0.64, 0.74)

Table 5 Crisp values for decision matrix and weight of each risk parameter

Risk
parameters

Supply chain risks

SCR1 SCR2 SCR3 SCR4 SCR5 SCR6 SCR7 SCR8 SCR9 SCR10 Weight

Probability 4.000 5.089 6.017 4.181 4.167 5.476 5.867 4.793 6.778 6.240 0.705

Impact 4.978 5.476 5.778 4.933 4.899 6.900 5.229 5.058 5.429 6.227 0.765

Mitigation 3.833 4.733 4.933 3.733 2.867 2.767 3.400 4.238 3.667 2.600 0.621

Table 6 The values of S, R and Q for all supply chain risks

Compromise
value

Supply chain risks

SCR1 SCR2 SCR3 SCR4 SCR5 SCR6 SCR7 SCR8 SCR9 SCR10

By S 0.362 1.067 1.471 0.364 0.113 1.184 0.816 0.702 1.194 1.077

By R 0.328 0.568 0.621 0.302 0.071 0.765 0.474 0.436 0.705 0.568

By Q 0.277 0.709 0.896 0.259 0.000 0.894 0.549 0.480 0.855 0.713

of the scores of the supply chain risk and finally consolidation of the weights and
scores into one single crisp value, which is the risk index. The addition of a main
supplier is a major change in the supply chain, therefore the determination of the
risk index should be carried out at regular intervals. Being notified of the risk status
of the chain, the companies can decide on when risk management in supply chain
needs more attention. This will allow them to free up available resources for the risk
management team and thus can reduce the redundancy being built into the system.



A Fuzzy Multi-Criteria Group Decision Making Model … 1475

Table 7 The ranking of the supply chain risks by S, R and Q values

Ranking Supply chain risks

SCR1 SCR2 SCR3 SCR4 SCR5 SCR6 SCR7 SCR8 SCR9 SCR10

By S 9 5 1 8 10 3 6 7 2 4

By R 8 4 3 9 10 1 6 7 2 4

By Q 8 5 1 9 10 2 6 7 3 4

In this article, the integration of fuzzy linguistic VIKOR with the support of
trapezoidal fuzzy set theory is proposed for the prioritization of measuring risks in a
supply chain of aviation industry. Some steps of the extended fuzzy VIKOR method
are discussed to show there are other possible extensions. It is an effective and simple
tool to solve the imprecise, vague, intangible information forMCGDMproblem. The
verified example concerning the aviation supply chain risk shows that the proposed
method is very useful for measuring of risks and also applicable to other management
decision problem.

In the future, our research plans to develop new risk indexes by incorporating
the new frameworks incorporating the various artificial intelligence modeling tech-
niques, multi-agent, petri net, graph theory, gray theory, game theory and so on, and
then comparing the performances of these risk indexes with the propose one.
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Research on Negative Effect of Controversial
Slogans on Tourism Marketing

Xinzhu Wang, Yongge Niu and Wei Li

Abstract Controversial slogans in tourism marketing often exist, and they always
lead to hot debate among consumers. This study conducted an experiment to explore
the negative effect of controversial slogans on tourism marketing based on inves-
tigation of 197 consumers. The result shows that controversial slogans can lead
to negative attitude towards advertising and lower travel intention. It implies that
controversial slogans should be employed with prudence, because they go against
consumers’ values and morals. Tourism marketing should use inspiring slogans to
enhance the persuasion of tourism advertising.

Keywords Controversial slogans · Advertising attitude · Travel intention

1 Introduction

Advertisers often employ salient slogans to help attract targeted segments, and good
slogans actually can serve to enhance consumers’ attitudes toward the advertising,
whichmay carries over effect on the brand or product [1]. However, an advertisement
should be very prominent to get consumers’ attention before it is remembered, and
advertisers therefore tend to employ every means to attain this end [2], for example,
they often use controversial slogans to stand out from the advertising jungle.

Controversial slogans can also be encountered sometimes in tourism marketing
in China, and they have got much pros and cons from commonplace people. The
following table portrays two examples of such slogans.

These two slogans serve well as the epitome of controversial slogans. Firstly, they
have led to much hot debate in the public successfully, being appraised as clever, also
being criticized as breaching morals at the same time. Secondly, they have plain sex
suggestions perse; take the first one as an example, “Wo kao ChongQing” in Chinese
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Table 1 Example of controversial slogans in recent years

Slogana Source Features Web pages in Baidub

Wo kao Chongqing,
Lichuan is yet so cool

Xinhua Net Sex association, moral
contradiction

237,000

Yichun, a City with
the name of Jiao Chun

Xinhua Net Sex association, moral
contradiction

104,000

aThese two slogans implies much sexual suggestions and vulgarity in Chinese
bThe quantity of relevant web pages searched in Baidu with this slogan as the keyword (data of
February 13, 2014)

means “I sit near the city of ChongQing” but at the same time the wording of “Wo
kao” implies much vulgarity and sex suggestion (Table1).

No doubt those slogansmake themarketed destinations known, but can they really
enhance the positive images of the destinations? Can they really produce effective
marketing persuasion? This investigation is conducted to explore the negative effect
of controversial slogans on tourism marketing.

This paper is constructed in six parts, i.e., introduction, literature review, experi-
ment method, results, discussion and implication.

2 Literature Review

In this part extant literature is reviewed and controversial slogans are defined, and,
hypotheses for this study are developed on the basis of other investigations’ findings.

1. Controversial Slogans
Controversial slogans are also called provocative slogans, and are sometimes

employed to make the advertising message more prominent or salient than many
other competing advertisements [3]. Controversial slogans always produce much
debate or complaint about their breach of morals, though they often can be known
by the public. Vézina [4] proposed that controversial slogans carry two distinct
chiropractors, on one hand, such slogans use inappropriate appeals including sex
appeals or fear appeals, and on the other hand they often can acquire a plethora
of pros and cons, which means that the public has very divergent opinions on them.
Some controversial slogans, though not harmful plainly in short run, are publicized by
advertisers with much endeavor, they have the potentiality of misleading persuasion
in the long run, hence they can be protested against by some consumers [5].

Arrington [6] maintained that when advertising messages were in disagreement
with societal tastes or customs, they would be in danger of being treated as provoca-
tive advertising, for example, some slogans in advertising described smoking as the
behavior of peer hero, or praised female image of skeleton thin.

Congenial with the views of literature above mentioned, controversial slogans are
defined as those that run counter to societal taste or even mores, such as conveying
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overt sex suggestions or fearful associations, and at the same time that can attract
much attention of general audiences. In marketing practice such slogans may lead to
(or have led to) audience complaints or even protests [7].

2. Slogans and Marketing Persuasion
Slogans in advertising constitute an important part of advertisingmessages, hence

are relevant to marketing persuasion, specifically, slogans may have impact on the
advertising attitude [3].When receiving advertising messages targeted audience tend
to conduct evaluations both in cognition and emotion, thus advertising attitude occurs.
Effective marketing persuasion will be produced only when the advertising attitude
is positive in valence, and advertising audience will vent out their anger and concerns
via internet or othermeans ofmediawhen the advertisingmessages harm theirmorals
or beliefs [8]. Advertising with controversial slogans usually go against established
morals and lead to negative advertising attitude, hence may result in ineffective
marketing persuasion [9].

Sengupta [10] documented that salient sex appeals in advertising slogans can
result in negative emotion such as disgust or contempt in audiences, and be criticized
by conventional groups, hence harm perceived quality of the brand by consumers.

Advertising slogans can conveymessages of how the product or service can satisfy
the need of consumers, also is an attempt to sell an image or lifestyle. Appropriate
slogans always impress audiences deeply with both positive feelings and delightful
imaginations and enhance their purchase intention. Successful advertising slogans,
for example, often can inspire potential purchaser to look for more information of
the product, including price, purchase place and so on [11].

Consumers are more willing to purchase a product or service advertised with
interesting slogans, because interesting messages in advertising can bring delight
or pleasure to consumers. Avraham [12] illustrated that when tourists saw brief
and humor slogans (vs. provocative slogans) in marketing campaign for tourism
destinations, they tended to have stronger travel intentions.

Wen [11] proposed that provocative advertising could be more eye-catching and
be more accessible in audience memory, but it usually made detriments to the image
of brand, and decrease the purchase intention as well, for provocative advertising
oftentimes produced negative feelings in audience.

In tourism marketing delicate slogans can portray brief and key messages about
the destinations and help tourists to remember the destinations and increase their
interests in making a trip. On the contrary, unfit slogans in advertising can alienate
tourists and harm the perceived images of the resorts. Avraham [13] conducted a
survey and found that tourists were more interested in the destinations with beautiful
slogans introduced in tourism handbook, and were more willing to pay more to have
a sight of the places.

Glover observed [14] that the most popular tourism destinations usually employ
prudently designed slogans to impress tourists and tomake themselves different from
their competitors.

Based on the review of extant literature, hypotheses are framed as follows:
Hypothesis 1. A controversial slogan (vs. a general slogan) tends to produce lower
attitude toward advertising.
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Hypothesis 2. A controversial slogan (vs. a general slogan) tends to produce lower
tourism intention.

3 Method

In this part the experimental stimuli, relevant measurements, experiment process and
subjects are introduced with detail.

1. Experiment Stimuli and Measurements
In the experiment a controversial slogan was designed as “Wo kao Chongqing,

Lichuan is yet so cool” and a general sloganwas designed to serves as a control which
read as: “Wo lin Chongqing, Lichuan is yet so cool”, in which “Wo lin” means that
“I am near to”.

When the experiment was conducted, subjects were asked to imagine that they
were looking for a tourism destination and met with the advertisement with one of
the slogans above mentioned.

Then three measurements were presented using a 7-point Likert scale, one mea-
surement contained a single item to ensure the manipulation of slogans was to our
end; one measurement that included three items was for advertising attitude (Cron-
bach’s alpha was 0.89) and the last measurement which had a single item was for
travel intention (See Table2).

2. Subjects
Via internet survey service called “Wen Juan Xing”, 197 subjects were enrolled,

in which 80 including 45 males read the controversial slogan, and 117 including 67
males read the general slogan. The other demographics of subjects were presented
in Table3.

Table 2 Measurements used in the survey

Manipulation
check item

It conveys no
sex insinuation

1 2 3 4 5 6 7 It conveys much
sex insinuation

Advertising
attitude

This advertising
is bad

1 2 3 4 5 6 7 This advertising
is good

This advertising
is of bad taste

1 2 3 4 5 6 7 This advertising
is of bad taste

I don’t like this
advertising

1 2 3 4 5 6 7 I don’t like this
advertising

Travel Intention I don’t want to
see this place

1 2 3 4 5 6 7 I want to see
this place
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Table 3 Sample demographics

Gender 48.7% female and 51.3% male

Age Mean age is 31.45 with a standard deviation of 7.32, ranging from 18 to 69year of age

Education 5.3% senior high school or below

17.4% with junior college diploma

71.1% with Bachelor’s degree

6.3% with master’s or doctor’s degree

4 Results

SPSS 18.0 was employed to process the data.
Firstly, statistical analysis was conducted to check the manipulation, and then

compare the levels of advertising attitude and travel intention as well between the
controversial slogan and the general slogan. Results are presented in Table4.

There is a significant disparity in the level of sex suggestion (Mcontraversial = 5.11,
SDcontraversial = 1.82, Mgeneral = 3.78, SDgeneral = 2.25, t = 4.09, d f = 97,
p < 0.01) between two types of slogans, which indicates that the experimental
stimuli are to our end.

There is a significant disparity in the level of advertising attitude (Mcontraversial =
3.72, SDcontraversial = 1.98, Mgeneral = 5.84, SDgeneral = 1.02, t = 9.66, d f = 97,
p < 0.01) between two types of slogans.

There is a significant disparity in the level of travel intention (Mcontraversial = 3.36,
SDcontraversial = 1.25, Mgeneral = 5.41, SDgeneral = 1.08, t = 13.34, d f = 97,
p < 0.01) between two types of slogans as well.

To examine whether advertising attitude mediated the effect of types of slogans
on travel intention, we followed the procedure recommended by Muller [15]. Using
level of travel intention as the dependent variable, we created a dummy variable for
types of slogans, specifically, a controversial slogan is represented with +1, and the
a general slogan is represented with −1 (Fig. 1).

Table 4 Results of statistical comparison

M SD t df Sig.

Manipulation Controversial slogan 5.11 1.82 4.09 97 0.000

Check item General slogan 3.78 2.25

Advertising Controversial slogan 3.72 1.98 9.66 97 0.000

Attitude General slogan 5.84 1.02

Travel Controversial slogan 3.36 1.25 13.34 97 0.000

Intention General slogan 5.41 1.08
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Travel Intention

Advertising Attitude

Controversial Slogan

Note. ** means that the parameters are significant at the .01 level; ns means no
significant effect exists.

Fig. 1 Mediation of advertising attitude

A series of regressions showed that:

(1) A controversial slogan (vs. a general slogan) had a direct significant negative
effect on the level of travel intention (β = −0.32, t = −3.19, p < 0.01);

(2) A controversial slogan (vs. a general slogan) had a direct significant negative
effect on the level of advertising attitude (β = −0.72, t = −7.43, p < 0.01);

(3) When including the level of advertising attitude as a predictor, the negative
effect of the controversial slogan became insignificant (β = −0.11, t = −1.16,
p > 0.05), while the positive effect of advertising attitude was significant on the
level of travel intention (β = 0.52, t = 6.87, p < 0.01).

Hence, the level of advertising attitude was found to explain fully why controversial
slogans (vs. general slogans) lead to negative travel intention.

5 Discussion

Based on the statistical analysis results, this part offers deed discussion from two
aspects, one focuses on attitudes toward advertising, and the other focuses on
travel intention.

5.1 Controversial Slogans Lead to Lower Advertising Attitude

With the results of statistical analysis, we found that subjects under the condition
of the controversial slogan (versus that of the general slogan) reported significant
lower level of advertising attitude, which lends support to our first hypothesis. This
result is congenial with many other empirical researches, for example, Izquierdo
[16] found that consumers were inclined to dislike the advertising which offered
messages against the context of their culture and ethics, for such messages often
produce negative emotions. In mainland of China, the majority of people still cherish
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traditional and conservative mores though differing values and beliefs are beginning
to change the established mores. In fact, advertisings serve as a means of public
communication tool, and are expected to broadcast good taste in line with traditional
mores. Therefore, when advertisings contain controversial slogans they can result in
negative advertising attitude.

Apparently controversial slogans in advertising carry lots of messages that go
against traditional mores, and therefore tend to produce negative cognitional associ-
ation and negative feelings by some audience. Extant literature has documented that
messages from advertising should conform to values and morals that targeted audi-
ence hold, or else the advertising may risk alienating the targeted segments or even
lead to severe protest and anger from them [2]. In this investigation, the slogan “Wo
kao” implies sexual suggestions and vulgarity in Chinese certainly it goes against
traditional mores and lead to lower attitude toward advertising.

In fact, among many factors in advertisings which result in lower advertising atti-
tude controversial slogans are a salient one, because languages are an important tool
to convey opinions and thoughts [16]. In the process of marketing, well-designed
slogans mean that the advertisings endeavor to communicate appropriate messages
that consumers like to know, and on the contrary, unethical slogans may bring psy-
chological harm to consumers.

5.2 Controversial Slogans Lead to Lower Travel Intention

The statistical analysis results show that controversial (vs. general) slogans led to
lower tourism intention, which supports the second hypothesis. Advertising plays a
major role in persuading consumers, and only when the messages it communicates
cater to the consumers’ interests can effective persuasion ensues. Controversial slo-
gans in advertising, however, infringe on consumers’ beliefs and values, hence lead
to negative marketing persuasion.

With furthermediation analysis of the effect of advertising attitude on travel inten-
tion, we found that advertising attitude can fully account the effect of controversial
slogans on travel intention, which means that a controversial slogan can produce
harm to advertising attitude, thus leads to lower travel intention.

Extant literature shows that tourists’ intention are driven partly by their internal
needs, and partly by the external stimulus, and they are more likely to make a trip
to the places when advertising messages are in line with their internal needs and
good taste. Fullerton [17] found that coarse slogans in tourism advertising can make
detriments to the perceived images of the destinations, and hence decrease tourists’
intention, for course slogans usually make tourists have negative associations about
the marketed destination. Kyoungtae [18] proposed that strong controversial mes-
sages in advertising are more likely to inspire audiences’ negative emotions such
as disgust, contempt or even fear, which will lower their willingness to purchase
this brand.
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Dual process model of persuasion proposed the idea that when consumers
encounter an advertising, they are inclined to process the messages via tow routes,
i.e., cognition path and emotional pathand then make evaluations of the advertising,
and only when they have positive advertising attitude that will they have the high
probability of making a purchase [16]. Obviously, advertisings with controversial
slogans are disadvantaged in both routs: it leads to negative cognition association
and destructive feelings in audiences. A plethora of researches have documented that
good slogans lead to good persuasions, and vice versa [19].

6 Implications

In the process of tourismmarketing, slogans constitute a major part of the promotion
messages, and link with the image of the tourism resorts. Good slogans actually can
impress the tourist positively and facilitate their decision making process. According
with the results of this investigation, controversial slogans in tourism promotion can
harm tourists’ attitude toward the advertising, and lead to lower tourism intention as
well. Hencewhen slogans are designed in tourismpromotion, controversialmessages
should be used very carefully.

Extant findings maintain that advertising should convey the messages focusing
on the strengths of the tourism resorts, such as distinct cultures, natural resorts and
so on; few tourism promotions were successful to abstract floods of tourist with the
eye catching provocative advertising, for it cannot at all communicate information
to add to the image of the resorts.

Overall, controversial slogans in tourism advertising can lead to lower attitude
toward advertising, and lower travel intention as well compared to well-designed
slogans. When tourism destinations are marketed, controversial slogans should be
avoided as much as possible.
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Research on the Formation Mechanism
of Metro Emergency: A Case Study
of Rear-End Accident on Shanghai
Subway Line 10

Xiuquan Deng, Zhu Lu, Bing Bai and Dehua Gao

Abstract By exploring the formation mechanism of metro emergencies, theoretical
support is offered for the prevention and management of emergencies. Using a case
study of rear-end accident onShanghaimetro line 10, this paper introduces theTropos
goal risk framework to model the chain of risk transmission in the subway system.
On the basis of the model, the emergencies’ formation mechanism is researched by
analysing the specific conditions and path of risks transmission and development
into the emergency. Then the countermeasures to mitigate risks are proposed in
order to prevent the risks from becoming the emergency. And theoretical support and
methodological guidance are thereby provided for subway emergency management.

Keywords Subway · Emergency · Formation mechanism · Risk transmission

1 Introduction

In recent years, metro emergencies that frequently occurred have caused heavy loss
of life and property and adversely affected city’s public security and social stability.
It exposes the weak points of metro emergency management. With the suddenness,
uncertainty and complexity of emergencies, predicting and controlling metro emer-
gencies faces difficulties. Merle Jacob and Tomas Hellstrom [8] have shown that the
cognitive degree of emergencies’ occurrence mechanism has a profound influence
on the efficiency of handling and controlling emergencies. Therefore, it is worth
finding the cause of occurrence as well as discovering the law of formation. And in
order to minimize the damage, it is beneficial to develop reasonable and practicable
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strategies based on the formation mechanism in an embryonic stage. Obviously the
effective way of strengthening the subway’s emergency management is exploring
the formation mechanism of subway emergency.

But so far, there are few studies on formation mechanism of the metro emer-
gency except for the issue about the evolution mechanism of public emergency that
is brought into sharp focus. Public emergencies’ evolution mechanism that cov-
ers the laws of occurrence, development, derivation and spread provides guidance
for research on formation mechanism of the metro emergency. But the correlation
between risks and emergencies is not considered in the research above. Risks caused
by the uncertainty factors exist objectively in the subway system and will become
an emergency when the damage approaches a certain level of severity owing to a
lack of effective countermeasures dealing with the risks. Furthermore, the Metro,
a system that consists of passengers, staffs, trains, tracks, subway stations as well
as equipment and facilities and so on, is a socio-technical system. And in order to
accomplish the common goals, the parts of the system are banded together closely.
With the interdependence among the parts, risks existing in one part will impact
others and even adversely affect the whole system. It is shown that risks can be trans-
mitted and interact with each other in the system and may lead to the emergency.
Thus, analysing the law that risks grow into the emergency is a way of exploring the
formation mechanism of the metro emergency.

However, the studies on the emergencies which introduce the risk analysis are
mainly found in the work about emergency management. The uncertainty of the
emergency’s outbreak is perceived [2, 7] and there exists some academic research
considering the risk decision taken in the emergency management. For example,
Korte [9] suggested that traditional risk analysis was of little use under complex
and variable circumstances and proposed a risk decision analysis method to deal
with emergencies. Liu et al. [10, 11] considered that emergency response was gener-
ally a risk decision-making problemwith the uncertainty of decision information and
dynamic evolvement of emergency scenarios. And twomethods based on cumulative
prospect theory (CPT) and Fault Tree Analysis (FTA) respectively have been pre-
sented for emergency response to support the risk decision-making. In summary, the
process that risks evolve into emergencies is ignored and there is a lack of a detailed
and systematic analysis for the formation mechanism of subway emergencies from
the respective of risk transmission in the subway system.

Accordingly, our research introduces the Tropos Goal-Risk framework to model
the network chain that represents the path of risk transmission in the subway system.
Based on the model, the emergencies’ formation mechanism is researched by dis-
cussing the specific conditions and ways of risks transmission and development into
the emergencies. Under the guidance of the formationmechanism, the effective coun-
termeasures are proposed for prevention and management of subway emergencies.
As a result, method guidance and a supporting tool are provided to the emergency
management of subway. In this paper, we simply explore the formation mechanism
by using an example of rear-end collision on Shanghai subway line 10. And on the
basis of this case study, the relevant theories will be concluded and the research
findings will be further applied to practice in our future work.
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2 Risk Transmission Chain Model Building
for Rear-End Collision

The rear-end collision on Line 10 of the Shanghai subway occurred on Tuesday
afternoon, September 27, 2011. On that day the trains had to be directed via phone
by subway staff rather than by electric signals and run at slower speeds owing to
a failure of the signal system. Then a subway train rear-ended another. That day
was regarded as the darkest day in the history of Shanghai Metro. 275 passengers
suffered minor injuries and 20 passengers were seriously injured in this accident.
And it caused great harm to the citizens of Shanghai. According to the investigation,
what directly caused the crash were the errors of manual operation. Actually, there
are hidden dangers behind the crash.

According to the actual situation, this paper introduces the Tropos Goal-Risk
framework to model the risk transmission in the subway system.

2.1 Tropos Goal-Risk Framework

Tropos Goal-Risk framework [4], which extended the Tropos goal modeling frame-
work [5], is a goal-oriented framework formodeling and analysing risk in the require-
ments analysis phase of software development. It was proposed by the researchers
from Department of Information Engineering and Computer Science in Italian Uni-
versity of TRENTO. Initially, the frameworkwas developed for analysing the risks of
single actors. Asnar et al. [3] later had extended it to model risks by considering the
interdependency among the actors in organizational settings. As a social-technical
system, the subway system’s parts rely heavily on each other in order to fulfill their
respective objectives and collaborate for reaching common goals [6]. And risks can
be transmitted in the subway system along the dependencies among the parts. So it
is suitable to adopt the Tropos Goal-Risk framework which able to describe risks
also based on the relationships among the actors within the organization to model
and analyse the subway system. Meanwhile, this framework is also a goal-oriented
approach that state the why [1], besides what and how by clearly defining the depen-
dencies. It helps study the mechanism of risk transmission.

Tropos Goal-Risk framework is composed of a set of nodes, dependency rela-
tions, impact relations and relationships among constructs. The nodes comprise
actors, goals, tasks, resources and events. The relationships among constructs are
partitioned into decomposition, means-end, contribution and alleviation relations
[4]. The dependency between two actors denotes that one actor depends on another
actor to attain goals, execute tasks, or furnish resources for some reason. This frame-
work consists of three conceptual layers (i.e., asset, event, and treatment layer) [4].
In the asset layer, the actors and their interests can be identified and refined. And
the relations of these elements are analyzed. Uncertain events defined as a potential
circumstance that could cause harm or loss along their impacts to the asset layer can
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be identified and analyzed in the event layer. The countermeasures to be introduced
in order to mitigate risks can be analyzed in the treatment layer. A detail description
and analysis about the constructs of framework and the modeling phases will be
illustrated according to the specific example of accident later in this paper.

2.2 Subway Social-Technical System Model

Risks, gathering and transmitted in the subway system, can finally become the emer-
gency. According to the background of the case, this paper firstly models the subway
system which gives rise to the accident by applying the Tropos Goal-Risk frame-
work. In the subway system model, the parts and the dependencies among them as
well as the risks are captured and described. And the subway system model involves
the first two layers of the framework, namely asset layer and event layer.

Modeling the asset layer aims to identify the parts of system and model them
as actors and presents the actors’ intentions based on the concept of framework
including goal, task and resource. And the dependencies among the actors can be
modeled by adopting the constructs such as goal, task and resource dependency.
In this case, the actors which are related to the collision in the subway system are
operation organizations (i.e. , dispatching control center and station), vehicle system,
signal system, power system as well as passenger. By analyzing the actors’ goals and
tasks, the analysis proceeds to identify the dependencies among actors: Actors may
not be able to fully achieve their goals or execute the task by themselves for some
reasons such as the lack of the resources, so they can either appoint other actors
to fulfill them entirely or decompose themselves and assign part of them to other
actors [4]. In particular, actor passenger takes the subway and is associated with
two relevant goals prevention of loss of life and property (G3) as well as the timely
arrival (G4). In order to fulfill these goals, other actors cooperate with each other
in the system and it brings about a set of strategic dependencies among actors as
described in Table1. In Table1, an actor (the depender) depends on another actor
(the dependee) for goals to be achieved, tasks to be executed, and resources to be
delivered (the dependum).

Once the asset layer has been modeled, the uncertainties that could cause harm or
loss can be identified in the actor and denoted by events in the event layer. Then the
events’ impact on the asset layer is depicted. So the risk is modeled with two parts
that are event and impact relation on the goals or tasks. For the actor station, in Fig. 1
the events obstruct the finish of task monitor and organize the train operation (T4).
It affects the quality of work and even probably leads to the failure of task, thereby
impacting the security of subway operation.

The events existing in the actors of this accident are described in Table2. The
model for the subway system where the collision happened is presented as the first
two layers in Fig. 2. And based on the Tropos Goal-Risk framework presented in [4],
the constructs that compose the model are specified in Table3.
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Table 1 Dependencies among the actors in the accident

Type of dependency Depender Dependum Dependee Explanation

Goal dependency Passenger Goal: prevention
of loss of life and
property; the
timely arrival

Vehicle
system

The vehicle system
directly carries
passengers, so it is
important to ensure
that the trains safely
work

Task dependency Vehicle
system

Task: dispatch
and control

Signal system The traffic on
Shanghai subway
line 10 is
automatically
controlled by CBTC
system
(Communications
Based Train Control
System)

Signal system Task: supply
electric power

Power system The operation of the
signal system needs
electricity supply

Resource
dependency

Dispatching
control center

Information:
location of trains

Vehicle
system

To keep the running
safe, the information
of the trains’ location
needs to be offered

Dispatching
control center

Information:
situation of block
section

Station Before giving the
telephone block
commands,
dispatching control
center needs to
confirm that the
block section is free

Vehicle
system

Information:
traffic
dispatching
orders

Dispatching
control center

The manual
operation will be
adopted in case of
failures of signal
system.

2.3 Risk Transmission Chain Model

As shown in Fig. 2, the actors cooperating with each other form the network chain
structure to support the operation of the metro system. It is obvious that risks can be
transmitted in the system due to the dependencies and the path of risk transmission
is also the network chain. Accordingly, the risk transmission chain can be modeled
by being extracted from the the network of the metro system.

Based on the system model, it is shown that the uncertain events existing in an
actor may lead to the deviation from the objectives. It poses a risk to the actor. In
order to identify and control the risk transmission effectively, this paper extracts the
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The objects affected by risk, denoted 
by the nodes of assetlayer impacted 
by the events, will bear the loss if 
the risk occurs.

Environment of risk formation that 
consists of the elements of asset 
layer linked with the nodes 
representing the objects affected by 
risk.

Uncertainties, denoted by the nodes 
of event layer that impact the 
elements of the asset layer, 
probably damage the objects in the 
asset layer.

Fig. 1 Elements of the risk unit

Table 2 Uncertainties identified in the actors of this accident

Actor Uncertainties

Dispatching control center 1. Not clearly define the requirements for check and monitor
during the dispatching process

2. Not add the related requirements for operation management
such as telephone block working to the contingency plan

3. Low-level vocational skills of dispatcher

4. Low-level security management ability of dispatcher

Station 1. Low-level vocational skills of station operator

2. Low-level security management ability of station operator

3. Not conduct the emergency drilling under the circumstance of
signal interruption

Power system 1. Not consider the hazards existing in the maintenance on the
power supply facilities under the circumstance of subway
operation

2. Lack of the plan for the maintenance during the subway
operation

3. Not take precautions

relatively independent parts that probably cause risks within the actor, defining them
as the risk unit. The components of the risk unit are illustrated by taking the actor
station for example (Fig. 1). The risk, considered as a property of the unit, results
from the interactions of the elements.
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Fig. 2 Subway system and risk transmission chain model for rear-end accident including risk
treatments. Note “-” simply presents that the event negatively affect the asset layer rather than
accurately describes the degree of damage

The risk units are not always at risk. In this accident, there are uncertainties in the
unitswithin the actors of vehicle system, passengers and signal system, but these units
are in the state of safety before affected by the impact of risk transmission because
the uncertainties do not cause risks. With the limit of length, all the elements of the
risk units that are safe are not presented in Fig. 2. And the risky units, bordered by the
red dotted lines, form inside the actors involving dispatching control center, station
and power system. We number all the risk units in Fig. 2.

On the basis of the proposed concept of the risk transmission from the researches
on other fields, this paper defines the risk transmission as the process that the uncer-
tainties or the results caused by risk are transferred from some risky units to other
units (either risky or safety) through the carrier under the necessary conditions.
According to the definition, it is seen that a basic process of risk transmission within
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Table 3 Constructs of model

Type Name Icon Description

Nodes Actors Parts of the subway system which have
strategic goals and achieve them by
performing tasks

Goals Objectives that actors intend to fulfill

Tasks
Sequences of actions which are used to
achieve goals in the asset layer or to treat
events in the treatment layer

Resources A physical or an informational entity that can
be used to perform the task or achieve the goal

Events
Event

Uncertain circumstances which can have a
negative impact on the achievement of goals
or execution of tasks in the asset layer

Dependency
relations

Dependency relations represent relationships
among actors

Relationships
among
constructs

OR
decomposition

Alternatives for the satisfaction of goals,
execution of tasks, or the occurrence of events
can be modeled by OR decomposition

AND
decomposition

Objects (i.e., goals, tasks, and events) can be
decomposed in subobjects by using AND
decomposition

Means-end
relations

Means-end relations identify the tasks used to
fulfill goals

Contribution
relations

Contribution relations denote the effects of a
node (i.e., a goal, a task, and an event) on
another. Contribution relations can be of 4
types: ++, +, –, and-, which respectively
present the positive and negative influences

Alleviation
relations

Alleviation relations, which can be
distinguished into: - and –, are used to model
the reduction of the severity of events by
adopting the treatments

Impact
relations

Impact relations depict the severity of an
event on the asset layer which can model
opportunities or risks. In this paper, only the
events with negative impacts (i.e., –,-) are
considered
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the subway system consists of the risky units serving as the transmitter, propellants
for transmission (i.e. the necessary conditions) and the risk units as the receiver.

Then we extract the path of risk transmission from the subway system. The trans-
mitters and receivers are identified firstly. For example, in Fig. 2 the risk unit 6©
within the actor power system serves as the transmitter and the risk unit 4© of the
actor signal system is the receiver. Next determine the propellants for transmission.
The actors relying on each other in the subway system creates the ideal conditions
for risk transmission. Therefore, the dependencies between the two actors are the
propellants for transmission. The dependencies can be classified according to the
dependum. In this case, there are three types, namely goal dependency, task depen-
dency and resource dependency. The risk transmission between the risk units 4©
and 6© bordered by the blue dotted lines in Fig. 2. And the specific process of risk
transmissionwill be analysed in the following research on risk transmission’s modes.

Propelled by the dependencies among actors, risks are exported from the risky
unit and transmitted against the direction of the dependency relations. It forms the
network chain structure namely the risk transmission chain of the collision. And
the direction of dependency relations is indicated by the arrow and the path of risk
transmission is denoted by the red lines in Fig. 2. And according to the Tropos Goal-
Risk framework presented in [4], the constructs that compose themodel are described
in Table3.

3 Research on the Formation Mechanism
of Rear-End Collision

The subway emergency is the realization of risks. The emergencies’ formationmech-
anism can be researched by exploring the condition and the path of risk developing
into the emergencies from the respective of risk transmission. The law that risks are
transmitted in the subway system can be studied by analysing the formation mech-
anism of risk transmission chain. Based on the model of the risk transmission, it is
seen that the chain is actually a combination of various types of transmission relations
among the risk units. Therefore, the formative modes of transmission between the
risk units are analysed starting from the parts of the chain. Based on this, we discuss
the mechanism of risk transmission and the process that risk became the accident
through studying the path of risk transmission as a whole.

On the basis of the model for risk transmission chain, we analyse and summarize
the transmission modes of risk in this case which include six types, namely risk
transfer, overlap, control, mutation, many to one and one to one, as shown in Table4.

1. Risk transfer
The way of risk transfer is that the objects affected by risk or the uncertainties

are transferred from the transmitter to the receiver (e.g., from 1© to 3©). And the
uncertainties are transferred via the objects affected by risk. For instance, the events
(i.e., E1, E2, E3 and E4) of the risk unit 1© obstruct the performance of the task
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Table 4 Modes of risk transmission in this case

Mode of risk transmis-
sion

Transmitter Receiver

Risk transfer ➀ ➂

Risk overlap ➁ ➀

Risk control ➃ ➂

Risk mutation ➅ ➃

➀ ➂

➂ ➄

Risk transmission
from many to one

➀ and ➃ ➂

Risk transmission from Including all the transmission modes except for the risk transmission

one to one from many to one

dispatch and control (T1): the dispatcher gives false orders under the circumstance
that all the trains in the block section are not accurately located. The vehicle system’s
demand for the information of dispatch pushes the objects affected by risk (i.e., wrong
dispatching command) to transfer.

2. Risk overlap
The risks in the receiver overlap those from the transmitter (e.g., from 2© to 1©). For

example, there are potential dangers existing in the risk unit 1© of actor Dispatching
control center. The risk adds to the unit 1© through getting the inaccurate information
about the situation of the fault section from the risk unit 2© of actor station. It results
in the actor dispatching control center making the wrong decisions. And these risks
impact the finish of task dispatch and control (T1) jointly.

3. Risk control
The risks are controlled after moving to the other units (e.g., from 4© to 3©). For

instance, the event a loss of power (E8) which causes the failure of signal system
obstructs the finish of the task dispatch and control (T6). But this risk does not impact
the task operate the trains (T5) because the automatic control system can be insteaded
by the manual operation.

4. Risk mutation
As the uncertainties and environment of risk formation change, a safety unit can

be transformed into a risky unit and vice versa (e.g., from 6© to 4©, from 1© to 3©
as well as from 3© to 5©). For example, the failure of the task supply electricity (T7)
caused by the events of the unit 6© affects the actor signal system along the task
dependency between the actor signal system and power system. It adds the event a
loss of power (E8) to the the unit 4© that changes its environment of risk formation
and obstructs the goal automatic traffic control (G5). It converts the safe unit 4© into
the riskty unit.
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5. Risk transmission from many to one
The risks are transmitted from several units to one another (e.g., from 1© and 4©

to 3©). The risks received by the units serving as receiver involve various types.

6. Risk transmission from one to one
The risks are transmitted from one unit to another. According to the analysis

above, all the transmission modes belong to this type except for the risk transmission
from many to one in this case.

The way of risk transmission is not out of order. The risks are transmitted along
certain path with obvious directivity. During the process of transmission, risks are
transmitted against the direction of dependency relations among the actors from the
initial risky units to the last receivers. According to the categories of transmission
modes and thedirectionof risk transmission in this case, the risk transmissionnetwork
chain of this example is a hybird network. A sudden loss of power caused by the
maintenance lead the signal system to fail, forcing the trains to be operated manually.
And then the dispatching control center fail to follow relevant management rules,
which led two trains to rear end. Its negative impact spread to a certain range and the
risks finally became the actual emergency.

4 Countermeasure Analysis

Under the guidance of the formation mechanism of this subway trains rear-end acci-
dent, the countermeasures to mitigate risks are proposed based on the structure and
features of risk transmission chain to model the treatment layer that is the third layer
of the Tropos Goal-Risk framework. The treatment layer aims at blocking the path
of risks becoming the emergency so as to prevent and control the emergency.

Transmitting risks successfully depends on some basic conditions. So the treat-
ments can be elicited through controlling the basic elements constituting the process
of risk transmission.

1. Controlling the risky units severing as transmitters
The transmitter may not be the risk source because its risk can come from other

risk units. In this paper, we focus on the risk units that internally generate risk.
Risks are caused by the uncertainties. Thus a treatment may impact on a risk in the
way of reducing its likelihood which is modeled using a contribution relation to the
event. For instance, in risk unit 2©, the countermeasure organize training for staff
(C5) negatively affects the event low-level vocational skills and securitymanagement
ability of station operator (i.e., E5 and E6) in order to result in a less likely event.

2. Controlling the propellants for transmission
The dependencies between the two actors are the propellants for transmission.

Therefore, this paper takes measures that can loosen the dependencies to forbid risks
to proceed. For example, in case of a sudden loss of power, the signal system can
continue to work by adopting alternatives such as using UPS (Uninterrupted Power
Supply) which can provide the emergency power like a storage battery.
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3. Controlling the risk units severing as receivers
If risks are received by the risk units, risks can be mitigated by reducing its

severity. This type of countermeasure is modeled as the alleviation relation which
can mitigate severity of an event to the asset layer. For instance in Fig. 2, the relation
between the countermeasure guarantees that the signal systemwill be supplied power
uninterruptedly (C7) to the impact relation between the event a loss of power (E8)
and goal automatic traffic control (G5).

5 Conclusion

This paper uses a case of Shanghai subway trains rear-end collision to explore the for-
mation mechanism of metro emergency through analysing the transmission of risk.
With Tropos Goal-Risk framework, the subway system and risk transmission chain
related to the accident are modeled. On the basis of the model, the law of risk trans-
mission is researched and the countermeasures that prevent risk from becoming the
emergencies are proposed. Our work not only provides the emergency management
with theoretical analysis tool, but also has certain guiding significance in practice.
But there is a lack of the combination of model and risk evaluation. Therefore, we
will consider the assessment of the likelihood and severity of risk in our future study.

Acknowledgments The work of this paper is supported by National Natural Science Foundation
of China under Grant No. 91224007, BeijingNatural Science Foundation under Grant No. 9142013,
and the Fundamental Research Funds for the Central Universities under Grant No. YWF-14-JGXY-
013.

References

1. Ali R, Dalpiaz F, Giorgini P (2010) A goal-based framework for contextual requirements
modeling and analysis. Requir Eng 15:439–458

2. Apel H, Thieken A et al (2006) A probabilistic modelling system for assessing flood risks. Nat
Hazards 38:79–100

3. Asnar Y, Moretti R et al (2008) Risk as dependability metrics for the evaluation of business
solutions: amodel-driven approach. In:Third international conference on availability, reliability
and security, ARES 08. IEEE, pp 1240–1247

4. Asnar Y, Giorgini P, Mylopoulos J (2011) Goal-driven risk assessment in requirements engi-
neering. Requir Eng 16:101–116

5. Bresciani P, PeriniA et al (2004)Tropos: an agent-oriented software developmentmethodology.
Auton Agents Multi-Agent Syst 8:203–236

6. Bryl V, Giorgini P, Mylopoulos J (2009) Designing socio-technical systems: from stakeholder
goals to social networks. Requir Eng 14:47–70

7. DaleM,Wicks J et al (2014) Probabilistic flood forecasting and decision-making: an innovative
risk-based approach. Nat Hazards 70:159–172

8. Jacob M, Hellstrom T (2000) Policy understanding of science, public trust and the BSE-CJD
crisis. J Hazard Mater 78:303–317



Research on the Formation Mechanism of Metro Emergency … 1499

9. Korte J (2003) Risk-based emergency decision support. Reliab Eng Syst Saf 82:235–246
10. LiuY, Fan Z et al (2014) A FTA-basedmethod for risk decision-making in emergency response.

Comput Oper Res 42:49–57
11. Liu Y, Fan Z, Zhang Y (2014) Risk decision analysis in emergency response: a method based

on cumulative prospect theory. Comput Oper Res 42:75–82



An Allocation Strategy in Cooperative Game
Based on Multiplayer Decision

Jianzhong Chen

Abstract Based on the importance analysis for the context of win-win cooperation
in the knowledge economy era, several classic allocation strategy under conditions
of multiplayer cooperation game is discussed, and an allocation strategy basedmulti-
player evaluation decision is proposed. It can effectively integrate the various interests
in preference to choose the kinds of trade-offs, distinct ideas, simply computationally
and strong economic sense. Finally an example presented to prove the feasibility of
this method.

Keywords Cooperative game · Allocation strategy · Group decision-making

1 Introduction

“Profitmaximization” is the best state inwestern economics to pursue. In a fully com-
petitivemarket assumptions of classical economics, profitmaximization in touchwith
rational economicman concept together, constitute the foundation ofmodernWestern
economics. Under this theoretical guidance enterprise used typical non-cooperative
zero-sum game to maximize economic benefits as its own business objective. It
becomes the only option of simply focusing on competitive strategy and the forma-
tion of a non-win-lose competition. Therefore achievement two win or multi-win
game is theoretically possible in the actual social and economic reality [1, 2].

However, in the knowledge and information economy era, the traditional pattern
of business decisions are being broken, the competitiveness of enterprises and other
economic entities are increasingly intertwined reflecting the characteristics of com-
petition and cooperation, in their existed principles the “exclusive” has been replaced
by the “cooperation”.
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Exclusive competition only considers themselves interests, which is only relied
on their own resources, andwill not only increase the cost of the competition, but also
difficult to play to their strengths; otherwise cooperation between entities can bring
union 1+1 > 2 synthetic benefits and achieve optimal utilization of resources [3, 4].

The consistency of maximizing social benefit and individual interests in fully
competitive market is Pareto optimal achieved by transacting through maximizing
behavior of the parties. In the promise of classical assumption that a perfectly com-
petitive market cannot be satisfied, inquiry and design various effective incentive-
restraint mechanisms to translate the traditional zero-sum game competitive strategy
into that of a non-zero sum and cooperative game to make the maximum the balance
approaching the Pareto optimal is important research topic of modern management
science [5].

In the gamewith incomplete information the two sides select the dominant strategy
from the perspective of individual rationality will result in adverse selection, the two
sides fall into Prisoner’s Dilemma. The participants cannot form alliance and joint
actions could lead to not being able to communicate, and there is a conflict of interest
between them, or they could not reach a binding agreement. It showed that the key of
cooperative games is forming the opportunity of binding agreements and eventually
unifying individual and organization rationality, efficiency and fairness.

Therefore in the premise of the imperfectly competitive market realities and infor-
mation asymmetry multi-aspect transaction, human emotions and moral constraints
existed by using system constraints legal, moral and other limited personal opinion
rational side of the game while providing more complete information, to optimize
the benefits and win-win economic and social beneficial result is hotspot of cooper-
ative game.

This article discusses how to achieve a reasonable distribution of co-operation, in
the first part introduction distribution of a cooperative game in the individuals with
individual rational, in the second part discussion three classical distribution method
to analyze the process of cooperative games, in the three part for the stability of
players’ cooperation income distribution alliance, a method is proposed based on
multiplayer decision-making to achieve Pareto optimal allocation and maximize and
personal interests and in the fourth part an example presented to prove the feasibility
of this method.

2 Distribution of a Cooperative Game

Game theory is involved in two or more acts of human decision-making process,
where each person’s behavior depends not only on the outcome of their actions, but
also on the actions of other actors. Game involves players, game strategies, informa-
tion, pay off, the outcome, equilibrium and other elements. A fundamental assump-
tion is implied that the participants conducted a rational choice are to maximize the
benefits of self-seekers and supporters.
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In the game model, two type of division as cooperative game or non-cooperative
can be determined by the player‘s behavior. The main difference between this two is
that when the behavior of game player interaction, game parties can reach a binding
agreement. If the game is cooperative (Cooperative Game), with a gain of more than
interest of the members of each separate internal business, at the same time for a
Pareto improvement within the Commonwealth should have the characteristics of the
allocation rules. Compared with non-cooperative game that it stressed individuals
rational and maximize income decision, the result is often inefficient. In cooperative
game it is to emphasized that a organization rational sense, efficiency, impartiality,
fairness, exclusive competition actually reflected in the “win-win” or “more win”
strategy, finally achieve higher efficiency or effectiveness.

A classic research case discusses the A, B, C three companies facing operational
issues of cooperation or independent. Income of cooperation or independent operat-
ing showed in Table1 [6].

Table1 shows that any two alliances will get additional income and caused the
third reduction but the total operating revenue in excess of independence. When the
same three coalition, total revenue will exceed separate operations revenue so that
there is a joint net income. The rational decision of the three actions is cooperation
to obtained Pareto optimal result. But whether format alliance and alliance stability
mainly depends on that the distribution of alliance income is reasonable or accepted
or not. With x , y, z represents income then a necessary conditions for the A, B, C
three companies for the successful cooperation alliance should be met to: x + y ≥
59, z ≥ 5; x + z ≥ 45, y ≥ 22; y + z ≥ 38, x ≥ 30; x + y + z = 77.

According to the solution set of the above conditions can be drawn as shown in
Fig. 1.

And indicating that meet the above conditions are not the only solution, but also
the need for further allocation.

Table 1 Income of different ways of operating three companies

Coalition way Coalition order Operating befits

Alone operation A 32

B 23

C 6

Two coalition AB, C 59, 5

AC, B 45, 22

BC, A 39, 30

Three coalition ABC 77
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Fig. 1 Assigned Pareto
optimal solution set

3 Cooperation Game Allocation Strategy

Let N the set of participants, S is a coalition N (S ∈ N ), V (N ) is defined function in
a joint set, indicating regardless of how other people act, coalition members through
cooperation in S the maximum income that can be achieved, if there is no net gain
cooperative game cannot exist because of the lack of intrinsic motivation to form a
coalition. Only the presence of

V (N ) >
∑

V (i)(i ∈ N ) or V (N ) >
∑

V (S)(S ∈ N ),

in this cooperative game the case of the combined net income can exist alliance.
Cooperative game solution is essentially a rational allocation of each partici-

pant total receipts V (N ). An assignment of participants can be showed as x =
(x1, x2, . . . , xn), where xi is the share of income of the i th player. A reasonable
distribution should satisfy the following two conditions:

Collective rationality:
∑

xi ≥ V (S),∀S ∈ N . (1)

Overall rationality:
∑

xi = V (N ). (2)

Satisfy Eqs. (1), (2) the allocation x collection called core, in most cases there
is a cooperative game solution nucleus, it means set of non-dominated solutions to
meet Pareto optimal [2, 7]. C is further set of n-person cooperative game core, the
necessary and sufficient conditions are x ∈ C , for any S ∈ I , has

∑
xi ≥ C(S).
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It means that in the stable distribution, any participant combinations have no
willingnesswithdraw from the union, because the formation of a new coalition cannot
obtain greater benefits. Since theremay bemultiple allocation scheme in cores, which
need to meet the collective rationality and reasonableness of the overall condition of
the solution set, according to some “fair” rule to coordinate among the participants
in order to select a way to make everyone satisfied the allocation scheme.

For solving such cooperation game problems have the following classical
methods.

Shapley proposed alliance is calculated according to the order of the members
and then average earnings method, called Shapley value [2]:

xi =
∑

S∈N

(s − i)!(n − S)!
n! [V (S) − V (S − i)] . (3)

It calculated benefits according to the order of the alliance members, the advan-
tages that the proceeds be apportioned in accordance with all the marginal con-
tribution, participants benefit equal to the corresponding average of the marginal
contribution of each person involved in an alliance of his involvement.

Howard Raiffa according to earnings starting to join the alliance, and the sub-
sequent formation of conduct in order to allocate the distribution alliance to work
together for the benefit, taking into account both the upper and lower distribution, but
also draws on Shapley thought, and it needs known Union case only (n + 1) species,
low information collection difficult [2].

xi = (n − 1)

n
x j + 1

n

⎡

⎣ x j

2
+ 1

2(n − 1)

∑

j �=i

x j

⎤

⎦ . (4)

Nash-Hasanyi negotiation programming model for solving optimization model
places:

max
n∏

i=1

(xi − ci ) (5)

s.t. xi ≥ ci , i = 1, 2, . . . , n, X ∈ R.

In this ci is state of negotiator for the status, xi is its consequences and R is the
feasible region.

With these three classic example of cooperative game on the allocation of income
for the program in Table2.

These three methods can obtain the allocation result of Pareto optimal, but there
are complex and difficult of collection information and decision-making criteria too
simple to adapt various different situations of decision-making problems, especially
not in line with the individual maximize the benefits, leading to the risk of an unstable
coalition and not win final results.
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Table 2 Income distribution of three classical methods

Allocations Initial value x y z Total

1© Nash–Hasanyi C = (32, 23, 6) 37.33 28.33 11.33 77

2© C = (30, 22, 5) 36.67 28.67 11.67 77

3© Shapley 36.83 28.33 11.67 77

4© Raiffa 36.58 27.92 12.5 77

4 Multiplayer Evaluation Decision Allocation Strategy

In a socio-economic issues complex decision-making, through cooperation and partly
cooperation to process the problem of interest multi-conflict, and thus meet the
precondition of ensuring the interests of others and their own interests, eventually
achieving a win-win. It contains the essence concept of cooperative game on col-
lective rationality and maximum the individual benefits. It can be provided as a new
method of the distribution cooperative game interest.

Participates in the group evaluation decision-making methods can fully express
their individual preferences, multiple participants select together to solve single deci-
sion maker information incompleteness and get the solution with more group sat-
isfaction, which has a wide range of theoretical and applied value [6]. To solve
the cooperative game with multiplayer allocation problem we have the following
premise:

Decision-makers have individual part rational, so they have the ability and experi-
ence to judge the decision-making problems through comparing to select a different
situation in the effective decision time;

Thegroup composedby a limitednumber of decision-makers is cooperative, group
preferences can be formed based on collection the basis of personal preference;

In the groups decision-making cooperative game process, information asymmetry
of in participants decline and finally it can be reached effective groups decision-
making result with certain group satisfaction.

Multiplayer decisions quintuple system can be expressed as: GDS = {M, O, W,

S, C}. Among them,
M denotes the set of decision-making members, the player set in cooperative

game, denoted by N = (1, 2, . . . , m), m participant’s right weight α = (α1, α2, . . . ,

αm), can be set according to marginal contribution of participants or other criteria;
S is the set of a finite number of solutions, when the number of parties involved

in m increases, the number of possible different league to grow rapidly, we may
assume that the actual effective alliance formation is limited, then the decision-
making program number is possible effective alliances plus the full cooperation and
uncooperative, denoted by n, a program set x = (x1, x2, . . . , xn);

W represents the set of decision criteria, assumption decision-makers collecting
all of possible net income as efficiency utility consequence of the decision-making,
and the parties have agreed to participate in the criteria for revenue divided. The
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positive natural number sequence used as the level of decision-makers evaluate the
effectiveness of scores, and the negative natural numbers used as loss assessment
scores in the league outside, final evaluation and decision matrix Akn , where ai j

represents the i th decision-making participants for j th effective program evaluation.
O represents the target set of decision problem, the participants are rational means

that they will select overall revenue satisfaction program in a limited set to meet their
preference, that is, Pareto optimal and individual benefits maximum balance.

So that multiplayer final evaluation and decision expressed as:

O = α × A = (α1, α2, . . . , αk)

⎛

⎜
⎝

a11 · · · a1n
...

. . .
...

ak1 · · · akn

⎞

⎟
⎠ = (o1, o2, . . . , on). (6)

Finally, sorting oi according to its synthetically value we can get the final solution
order, that is, the Pareto optimal result.

5 Digital Cases

The above case expressed the issues there are three makers, five decision-making
problems, allocation strategy is to maximize net income and average allocation in
the league, decision-making criteria are allocated to maximize or satisfy their own
interests, and the final distribution of earnings income is calculated as Table3.

The table shows in the five programs, participant A got utility distribution for (32,
33.5, 35, 30, 37.33), B’s utility is (23, 24, 5, 22, 27, 28.33), C’s utility for (6, 5, 9, 10,
11.33); according to their utility maximization sorting, sorting A program is (4, 2, 3,
5, 1), the program is the sort of B (4, 3, 5, 2, 1), C is the sort program (4, 5, 3, 2, 1).

Table 3 Five benefits different distribution scheme

Scheme Coalition
way

Coalition
order

Operating
income

Net income Income
distribution

Actual
income

X1 Alone
operation

A, B, C 32, 23, 6 0 0 32, 23, 6

X2 Two
coalition

AB, C 59, 5 3 1.5 33.5, 24.5, 5

X3 Two
coalition

AC, B 45, 22 6 3 35, 22, 9

X4 Two
coalition

BC, A 30, 39 8 4 30, 27, 10

X5 Full
coalition

ABC 77 16 5.33 37.33,
28.33, 11.33



1508 J. Chen

Decision-makers take into account the weight to set fair competition within three
separate companies, the weight set as the same of the α(1/3, 1/3, 1/3); evaluation
value converted to a positive natural number sequence as a utility level of decision
makers, a negative natural numbers in the league outside evaluation equal to the loss
scores, the players A, B, C each evaluation of the program is (1, 2, 3, −1, 4), (1, 2,
−1, 3, 4) and (1, −1, 2, 3, 4).

The final group evaluation value:

O = αA = (1/3, 1/3, 1/3)

⎛

⎝
1 2 3 − 1 4
1 2 − 1 3 4
1 − 1 2 3 4

⎞

⎠ = (1, 1, 1.33, 1.67, 4).

Sort by size evaluation value, t three decision-makers on the five program’s set is
priority as follow: X5 > X4 > X3 > X1 = X2.

The group decision-making select the final program as X5, namely tripartite coop-
eration program, this program can achieve Pareto optimal, the total maximum effec-
tiveness, while also protect their own interests, can be compared with the operating
method alone in tripartite negotiations with Nash allocation under negotiation results
are consistent starting point, but with different starting negotiations Nash have differ-
ent allocation schemes, Shapley and Raiffa allocation strategy also only some certain
rationality.

6 Conclusion

In the knowledge economy era social and economic decision making issues are more
and more transformed from traditional single exclusive mode to win-win coopera-
tion, but only if cooperation is to generate new revenue and a reasonable distribution
of constraints can be formed in participants. It can be said that the participants in
the decision-making process is a measure of cooperation, some alliances and non-
cooperation. So multiform allocation criteria should be provided for participants to
choose their diversity in a satisfactory manner, which is the key to stability col-
laborative decision-making. In this paper we propose a different decision-making
processes ideas and methods in conflict management and distribution of cooperative
game, can effectively integrate the various interests in preference to choose the kinds
of trade-offs, distinct ideas, simply computationally and strong economic sense, the
classic case calculation is proved its feasibility and effectiveness, and can be used in
the actual allocation and conflict cooperative game.
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Evaluation of New Media’s Influences
on College Students Based
on Factor Analysis

Qisheng Chen, Haitao Liu, Lu Cao and Chan Han

Abstract This study applied the factor analysis method to evaluate new media’s
influences on college students. Firstly, it elaborated new media’s influences on col-
lege students and highlighted the importance of new media in carrying out student
works. Then, an evaluation index system was established to assess new media’s
influences specifically. The factor analysis method was applied to evaluate the influ-
ences of 5 types of currently-popular new media, and based on the research findings,
countermeasures and recommendations were proposed with regard to the use of new
media in propagation and student works.

Keywords New media’s influences · College students · Factor analysis

1 Introduction

With the continuous advancement of digital technology and the escalating demand
for network applications, new media has undergone considerable development in
recent years. In the face of globalization and informatization, how to provide an
objective and scientific evaluation on new media’s influences has become not only a
commercial but also a social issue [1].With the popularization ofmobile network and
the progress of college informatization, new media has produced significant impacts
on the daily life and learning activities of both teachers and students. There is a great
significance to explore the propagation regularity of college newmedia, to investigate
students’ user behaviors and habits, and to evaluate newmedia’s influences on college
students. The research findings will be helpful for the college management to apply
new media effectively in propagation and student works, to build a healthy campus
network culture, and to promote the construction of campus informatization.

New media propagation has become a hot issue in recent years. Many schol-
ars have carried out research to evaluate Internet and new media’s influences.
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Christakou and Klimis [2] discussed the impact of blogs and social media on the
reputation of banks and on their profitability. Bresinger et al. [3] gave the point
that viewing news media online seems to increase one’s feelings of having the abil-
ity to dissent. Juliana [4] analyzed innovative pedagogies and learning strategies
in Massive Open Online Courses (MOOCS). Van Dusen [5] addressed how cost
and affordability impact on universal access, noting that current virtual and distance
education options will result in a digital divide. Yin [6] believed that people have
stepped into an age called “MicroAge” and then bring some effective suggestions
to the use of new media. Qiao [7] used AHP to evaluate the soft power of China
media, which revealed that new media was developing rapidly, represented by SNS
sites and microblogs, and its social influence had bypassed traditional print media
and was almost comparable to the Internet. Yan [8] discussed the public’s evaluation
of networks and traditional media, through the data analysis of an urban and rural
residents survey from China’s 31 provinces, municipalities and autonomous regions
in 2010.

This paper, on the basis of the influence perspective, proposed a concept to eval-
uate the influences of different types of new media on college students. Firstly, an
evaluation index systemwas established, and 5 types of currently-popular newmedia
were selected as the evaluation objects from the empirical point of view. A survey
questionnaire was conducted in Sichuan University for data collection. Then, the
factor analysis method was applied to rank the various new media in terms of the
influence on college students. The results would provide important reference for the
improvement of college student works, and the construction of informatization and
campus culture. Meanwhile, pertinent recommendations were proposed with regard
to the application of new media in network ideological and political education as
well as in student works.

2 Establishment of the Evaluation Index System on New
Media’s Influences

2.1 Classification of New Media

Cao [9] suggested that, from the perspective of expression form, new media can be
generally classified into three categories: instant messaging, forum, and exhibition.
According to the college students’ new media user behaviors, this paper classified
new media into five categories: instant messaging (represented by QQ and Wechat),
microblogging (represented by Sina and Tencent micro-blog), social media (repre-
sented by Renren and Kaixin), blog (represented by Sina blog), and post bar & forum
(represented byBaidu Post Bar and Tianya forum). Based on the classification of new
media, the influences of different types of new media could be objectively evaluated
in order to analyze their commonness and uniqueness.
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2.2 The Evaluation Index System on New Media’s Influences

New media’s influences refer to the force that dominates public ideas and behaviors
through dissemination of information or other approaches. On one hand, media’s
influence means that media produces impacts or effects on audience’s behaviors,
beliefs, attitudes or knowledge structures. On the other hand, it also involves the
impacts of mass media on the entire society and cultural system. This part of influ-
ences mainly refers to the influences of the media contents.

In this paper, the construction of the evaluation index system on different types of
new media was mainly based on the relevant research of the following institutions
and scholars: Qiu [10] proposed an evaluation index system for network information
resourceswhich consisted of 4 aspects, information contents, layout design, degree of
user-friendliness and other indicators. Ren [11] suggested that the network media’s
influence is specifically expressed as the popularity index of the website and the
loyalty and adhesion of the website users. Chen [12] proposed an evaluation system
for newmedia’s influences. Cyberstacks, a well-known newmedia evaluation service
network, referenced to the traditional database evaluation method and established a
new media evaluation index from 4 aspects, the authority, accuracy and clarity of
the network information, the uniqueness and novelty of the contents, the relevant
comments, and the community demand.

On the basis of above research and combining with empirical research and the
Delphi method, this paper constructed an evaluation index system on new media’s
influences from four dimensions, InformationQuality, Propagation, Layout&Design
and Website Operation. The details are as follows:

(1) Information Quality (B1): mainly including Relevance (C1); Accuracy and
Authority (C2)—the accuracy and scientificity of the contents provided; Novelty
(C3)—the higher the ratio of original information in the total information, the
higher the standard of this media is; Breadth of Information (C4)—whether the
information provided canmeet the user demand;Depth of Information (C5)—the
degree of detail about a certain subject.

(2) Propagation (B2): including Accessibility (C6); Update rate of content (C7)—
good media should be featured with high update frequency, short update period
and fast update speed; Interactivity (C8)—the correlation between the infor-
mation released and the media itself; Hyperlinks (C9); Frequency of Usage
(C10)—the higher the frequency of usage, the better the user stickiness is.

(3) Layout & Design (B3): including User Interface (C11)—the interface design
should make the operation simple, comfortable and free, and fully reflect the
positioning and personality of the software application; Information Organiza-
tion (C12)—whether the combination of texts, pictures and videos is reasonable
and nice-looking.

(4) Website Operation (B4): including Login Convenience (C13)—whether the web-
site is adaptable to different mobile phone platforms and systems; Privacy
(C14)—the degree of protection on user information; Update Frequency of appli-
cations (C15); Free Resources (C16).
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3 Evaluation Analysis of New Media’s Influences on College
Students

New media’s influences were evaluated following four steps: questionnaire design
and distribution, reliability analysis, validity analysis, factor analysis and conclu-
sions.

Students of Sichuan University were targeted as the survey subjects in this study.
The questionnaire contained the basic information of survey subjects, questions on
new media satisfaction, as well as open questions. Satisfaction was evaluated by the
Likert Scale. Questionnaire data were collected from September to November 2013.
A total of 450 copies of questionnaire were distributed through random sampling,
and 427 valid questionnaires were returned. The effective recovery rate was 94.8%.

The consistency reliability coefficient—Cronbach α reliability coefficient—was
used in this study in order to ensure the reliability and validity of the questionnaire.
The Cronbach α reliability coefficient was 0.785, and the Cronbach α reliability
coefficient after standardized evaluation project adjustment was 0.810. The number
of evaluation project was 15. As the reliability coefficient was between 0.80 and
0.90, the internal consistency of the questionnaire was relatively high.

Factor analysis was performed to examine the scale validity. The sample KMO
value obtained from SPSS 17.0 was 0.855; the chi-square test value was 1338.27;
the significance level was 0.000, which is less than 0.05, suggesting that the scale
had a high validity and was suitable for factor analysis.

The questionnaire used in this study involved a total of 15 evaluation indexes, for
which the R-type factor analysis was suitable. The mathematical model of R-type
factor analysis was as follows:

Assuming there are P original variables, the mean of each variable (or after
standardization processing) is 0 and the standard deviation is 1. Each of the original
variables is expressed as the linear combination of k(k < p) factors, i.e.:

x1 = a11 f1 + a12 f2 + · · · + a1k fk + ε1,

x2 = a21 f1 + a22 f2 + · · · + a2k fk + ε2,

...

xn = an1 f1 + an2 f2 + · · · + ank fk + εn .

The basic procedure of factor analysis is as follows:
(1) Variance analysis;
(2) Construction of factor variables;
(3) Improving the interpretability of the factor variables using the rotation method;
(4) Calculating the scores of factor variables in all samples.
Next, factor analysis was performed following the four steps above.
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Table 1 Outcomes of variance analysis

Com-
ponent

Eigenvalue Extraction of the square sum Rotation of the square sum

Total Vara Accub Total Vara Accub Total Vara Accub

1 8.935 59.569 59.569 8.935 59.569 59.569 8.051 53.671 53.671

2 4.065 27.098 86.667 4.065 27.098 86.667 3.584 23.896 77.568

3 1.498 9.988 96.656 1.498 9.988 96.656 2.863 19.088 96.656
aVariance %
bAccumulation %.

1. Variance analysis
SPSS 19.0 was used to perform factor analysis on the evaluation index system of
new media’s influences. Firstly, the outcomes of variance analysis were obtained as
shown in Table1.

The results showed that: the eigenvalues of the first three factor variables were
greater than 1 (8.935, 4.065 and 1.498). With variance maximization rotation, their
contribution rates to variance were 53.671, 23.89 and 19.088% respectively, and
the accumulated variance contribution reached 96.656%, far greater than 85%. It
suggested that the first three factor variables contained sufficient information of the 15
evaluation indexes of the original data. Therefore, three public factors were selected.

2. Naming of factor variables
The principle component method was applied to calculate the factor loading matrix
A, which could indicate the loading of each factor in all variables, i.e., the degree
of influence. Since the coefficients of the initial factor loading matrix were not sig-
nificant enough, variance maximization rotation was performed on the initial factor
loading matrix to make the factor loading coefficients differentiate to 0–1 (Table2).
Then, the original indexes were classified according to the relative coefficients.

The first factor variable includes: Frequency of Usage X1, Login Convenience
X2, Layout & Design X3, Update rate of content X6, Interactivity X9, Relevance
X10, Information Organization X12, Privacy X13, Update Frequency of applications
X14. This factor mainly reflected the design and operation standard of new media,
for which it was named as Design & Operation Factor.

The second factor variable includes: Accessibility X11 and Free Resources X15.
It mainly reflected the degree of convenience of information acquisition and the
abundance of free resources, for which it was named as Free Resource Abundance
& Accessibility Factor.

The third factor variable includes: Breath of Information X4, Depth of Information
X5, Accuracy and Authority X7 and Novelty X8. It mainly reflected the quality of
information, for which it was named as Information Quality Factor.

3. Calculation of factor scores
In order to understand the development of all types of new media and evaluate their
influences comprehensively, the regressionmethodwas applied to calculate the factor
score function. The SPSS19.0 output function coefficient matrix is shown in Table3.
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Table 2 Rotation of the component matrix

Components

1 2 3

Frequency of Usage 0.976 0.090 −0.199

Login Convenience 0.987 0.158 −0.008

Layout & Design 0.965 0.085 0.235

Breath of Information 0.710 0.660 0.241

Depth of Information −0.494 0.587 0.623

Update rate of content 0.760 0.596 0.254

Accuracy and Authority 0.110 0.102 0.932

Novelty −0.357 0.473 0.805

Interactivity 0.997 0.034 −0.040

Relevance 0.986 0.048 −0.080

Accessibility 0.171 0.917 0.192

Information Organization 0.949 0.229 0.214

Privacy 0.421 0.029 0.769

Update Frequency of applications 0.788 0.569 0.236

Free Resource Abundance 0.184 0.976 0.051

Table 3 The component score coefficient matrix

Components

1 2 3

Frequency of Usage 0.128 −0.002 −0.092

Login Convenience 0.127 −0.015 −0.018

Layout & Design 0.135 −0.096 0.110

Breath of Information 0.051 0.165 −0.016

Depth of Information −0.108 0.153 0.153

Update rate of content 0.063 0.131 0.005

Accuracy and Authority 0.026 −0.167 0.413

Novelty −0.075 0.055 0.265

Interactivity 0.139 −0.061 −0.006

Relevance 0.135 −0.046 −0.028

Accessibility −0.049 0.328 −0.105

Information Organization 0.120 −0.030 0.069

Privacy 0.073 −0.189 0.359

Update Frequency of applications 0.069 0.121 0.003

Free Resource Abundance −0.055 0.382 −0.183
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Table 4 The comprehensive scores of new media’s influences on college students

New media Factor score Comprehensive score

F1 F2 F3

Instant messaging 1.43063 −0.74964 0.1748 0.68956

Microblogging 0.19243 1.40894 1.05096 0.622227

Social media 0.27066 −0.06139 −1.08743 0.037235

Blog −1.10484 −1.09595 0.8454 −0.90084

Post bar & forum −0.78888 0.49803 −0.98373 −0.44818

The coefficient matrix expressed the three factors as the linear combination of 15
indexes. The factor score functions are as follows:

F1 = 0.128X1 + 0.127X2 + 0.135X3 + 0.151X4 + · · · + 0.055X15.

4. Calculation of the factor variable score in each sample
The factor scores of the 5 types of new media were calculated according to the factor
score function. Meanwhile, on the basis of factor analysis, the 5 types of samples
were evaluated comprehensively. The variance contribution rates of the 3 selected
factor variables were taken as weights, and the comprehensive scores of newmedia’s
influences were calculated as follows (Table4):

F = λ1

λ1 + λ2 + λ3
f1 + λ2

λ1 + λ2 + λ3
f2 + λ3

λ1 + λ2 + λ3
f3.

As shown in Table4, the comprehensive scores of the 5 types of new media’s
influences on college students can be ranked in descending order as: instant mes-
saging, microblogging, social media, blog and post bar & forum. The new media of
instant messaging achieved the highest comprehensive factor score due to its excel-
lent performance in the Design & Operation Factor. The influence of microblogging
was second after instant messaging. Its scores in all three factors were greater than
0, and the Free Resource Abundance & Accessibility Factor achieved a particularly
high score. Social media obtained a high score in the Design & Operation Factor,
only after instant messaging. Blog achieved a good performance in the Information
Quality Factor, while post bar & forum achieved a good performance in the Free
Resource Abundance & Accessibility Factor.

4 Analysis and Recommendations

The influences of the 5 types of new media on college students can be ranked based
on the evaluation scores as follows: instant messaging, microblogging, social media,
forum and blog. Instant messaging, microblogging and social media are more in
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line with students’ characteristics and user habits, as they fit the needs of utilizing
fragmented time to obtain and disseminate information.

Based on the evaluation of new media’s influences on students, college manage-
ment should:

(1) Take the initiative to understand students’ user behaviors and habits and capture
the operation regularity of campus new media in order to apply new media in
propagation and student works more effectively;

(2) Construct a multi-channel integrated new media platform to improve the perti-
nence, scientific and systematic of the propagation and student works; strengthen
the construction of campus network culture and enhance the overall network
media literacy of both teachers and students.
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Multiple Criteria Group Decision Making
Problem Based on VIKOR Method Under
Hesitant Fuzzy Environment

Jamil Ahmad, Muhammad Kashif Javed, Muhammad Nazam
and Muhammad Nazim

Abstract Allmultiple criteria decisionmaking (MCDM)methods are depends on an
aggregation representing by closeness to the ideal which is generated by compromise
methods. The VIKOR method of compromise ranking determines a compromise
solution. It is an effective tool in multiple criteria decision making, especially in a
situation where the decision makers are not able to express his or her preference.
And the hesitant fuzzy set is also very useful tool to deal with uncertainty and
hesitancy. It can be described in terms of the opinions of decision makers. In this
paper we develop the traditional VIKOR method to solve the multiple criteria group
decision making problem under hesitant fuzzy environment. Firstly, hesitant fuzzy
set information and corresponding concepts are described, and the traditionalVIKOR
method is introduced. Then the problem of group decision making is described and
also proposed the steps of extended VIKORmethod. A numerical example of energy
project selection is proposed as an application of VIKOR. In the end conclusion and
discussions are made.

Keywords Multiple criteria group decision making · Hesitant fuzzy sets extension
of VIKOR · Energy project selection

1 Introduction

Making decision and selection is an important part of everyday life; In decision
making process the most of the decision issues have multiple, even incomputable
criteria. So themultiple criteria decisionmaking (MCDM) techniques arewell known
and well accepted method using to prioritize set of alternative [8]. Therefore, these
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techniques or methods has been used to provide a better aspect to solve a practical
problems in daily life. In general, the decision makers used different layout and
descriptions to express their preferences or choices for each alternative in a group
decision making problem [6, 12, 15].

In decision making process, many MCDMmethods have been investigated, such
as ELECTRE method [1], the VIKOR method [7], the TOPSIS method [4] and so
on. But Opricovic and Tzeng [8] pointed out that the VIKOR method based on the
distance of an alternatives to the ideal solution and also determines the compromise
solution which is established by mutual concession. This method focused on ranking
and selecting from a set of alternatives and determines a compromise solution for a
problem with conflicting criteria. There exist a large amount of literature involving
VIKOR theory and application. Ju and Wang [5] proposed an extension of VIKOR
method formulti-criteria group decisionmaking problemwith linguistic information.
Wan et al. [10] presented an extended VIKOR method for multiple attribute group
decision making with triangular intuitionistic fuzzy numbers. Chang [2] integrated
a fuzzy VIKOR method: A case study of the hospital service evaluation in Taiwan.

Dealing with uncertainty and hesitancy has been a long term research challenging
that has originated from different methodologies and theories. A new extension of
fuzzy set is called hesitant fuzzy sets and it has been introduced to deal with hes-
itant situation. In a short period of time, HFSs has attracted the attention of many
researchers. It was first introduced by Torra and Narukawa [9], and they permit the
membership degrees of an element to be a set of several possible values between
zero and one. More and more multiple attribute group decision making theories and
methods under hesitant fuzzy environment have been developed. In the past few
years there are a lot of work had been published, Wang et al. [11], presented an
interval-valued hesitant fuzzy linguistic sets and their applications in multiple crite-
ria decision making problems. Farhadinia [3], proposed a series of score functions
for hesitant fuzzy sets.

From the above analysis, we can observe that the HFS is a powerful tool to deal
the hesitancy and uncertainty of decision makers decisions. many multiple criteria
decision making theories and methods has been developed in hesitant fuzzy environ-
ment. In this paper, we extend the traditional VIKORmethodwith hesitant Euclidean
distance in fuzzy environments to solve the multiple criteria group decision mak-
ing problem. The rest of this paper is described as follows. Some preliminaries of
hesitant fuzzy elements and corresponding concepts are given in Sect. 2. In Sect. 3,
the traditional VIKORmethod is introduced. The extension and principal of VIKOR
methodology has given for MCGDM problem in Sect. 5. In Sect. 6, proposed a nu-
merical illustration as an application of an extended VIKORmethod. In the end some
conclusion and discussion are made.
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2 Preliminaries

In this step some preliminaries are given.
Hesitant fuzzy sets (HFS), which consent themembership of an element to a given

set by different possible values between the interval [0, 1] and firstly it was introduce
by Torra and Narukawa [9]. It is very powerful tool to obtain the membership degree
especially when we have different values between 0 and 1.

Definition 127.1 ([9]) Let X be a fixed set, a HFS on X is in terms of a function
that when applied to X returns a subset of the values between 0 and 1. For better
understanding a mathematical form can be presented in the following terms:

E = {< x, hE (x) > |xεX}, (1)

here, hE(x) denotes the set of some different values between 0 and 1 and it is also
denoting the membership degree of elements xεX to the set E . For comfort we can
say h is equal to hE(x) a hesitant fuzzy elements.

Let h, h1 and h2 be a three hesitant fuzzy elements then their some operations are
defined as follows, here λ is a positive real number.

(1) Lower bound: h−(x) = min h(x) or min{γ |γ εh};
(2) Upper bound: h+(x) = max h(x) or max{γ |γ εh};
(3) Intersection : h̃1

⋂
h̃2 =

⋃
γ1εh̃1,γ2εh̃2 min{γ1, γ2};

(4) Union : h̃1
⋃

h̃2 = ⋃
γ1εh̃1,γ2εh̃2 max{γ1, γ2};

(5) hλ = ⋃
γ1εh{γ λ};

(6) λh = ⋃
γ1εh{1 − (1 − γ )λ};

(7) h1 ⊕ h2 = ⋃
γ1εh1,γ2εh2{γ1 + γ2 − γ1γ2};

(8) h1 ⊗ h2 = ⋃
γ1εh1,γ2εh2{γ1γ2}.

Definition 127.2 ([14]) Let h A and hB be two hesitant fuzzy sets on the values
X = {x1, x2, x3, . . . , xn}, then the hesitant Euclidean distance of HFEs:

d(h A, hB) =
√√
√
√1

l

l∑

j=1

|h Aσ( j) − hBσ( j)|2, (2)

here, l is a number of values in the HFEs of h while hσ( j)
A and hσ( j)

B are the jth
largest values in h A and hB . In many situation or cases, l(h A) �= l(hB) for better
understanding we can write, let l = max l(h A), l(hB) . For obtaining the correct
results we’ll extend the shorter or greater element until all of them have same length.
By adding any value we can extend shorter set, but the best way is to add the same
value several time. The selection of these values depends on decision makers if the
decision makers are optimistic then they will increase the greater value while if the
decision makers are pessimistic then they will increase less value.
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Example 127.1 Let h A = (0.3, 0.4, 0.5) and hB = (0.6, 0.7) be two HFs. Here, the
length of both’s sets are not equal so we can extend hB set by increasing the shortest
value and the new hB = (0.6, 0.6, 0.7). The Euclidean distance of h A and hB are
calculated as follows:

d(h A, hB) =
√

|0.3 − 0.6|2 + |0.4 − 0.6|2 + |0.5 − 0.7|2
3

= 0.23804.

3 VIKOR Method

AVIKORmethod is a persuasive decision approach for solving a complexMCGDM
problem. This technique is used to make the ranking list, give the weight and pro-
vide a compromise solution. A compromise solution is an agreement established by
mutual adjustment. The compromise ranking is developed from the Lp-Metric used
an aggregation function in a compromise programming method.

Let Dt , (t = 1, 2, 3, . . . , k) be the committee of various decision makers. The
C j ( j = 1, 2, 3, . . . , n) and Ai (i = 1, 2, 3, . . . , m) represent the different criteria
and alternatives respectively. The fi j is a value of j th criteria function for the i th
alternatives and n is the number of criteria. The VIKOR method is started with the
following form of Lp-Metric.

L p,i =
n∑

j=1

[{w j ( f ∗
j − fi j )/( f ∗

j − f −
j )}p]1/p, (3)

here, 1 ≤ P ≤ ∞. The measure L p,i shows the distance between alternative Ai and
the positive-ideal solution.

The traditional VIKOR method has following steps:
Step 1. In this step calculate the best values f ∗

j and theworst values f −
j for all criteria.

When j is associated with benefit criteria, if follows that f ∗
j = max xi j , f −

j =
min xi j .

When j is associated with cost criteria, if follows that f ∗
j = min xi j , f −

j =
max xi j .

Step 2. Calculate the index Si ,which refers to the separationmeasure of i th alternative
with the best value and also calculate the index Ri , which refers to the separation
measure of i th alternative to the worst value. w j is the weight of the j th criteria.

Si =
n∑

j=1

w j [( f ∗
j − xi j )/ f ∗

j − f −
j )], (4)

Ri = max
j

[w j ( f ∗
j − xi j )/ f ∗

j − f −
j )]. (5)
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Note that from (3), Si is L1,i and Ri is L∞,i . The solution obtained by Ri is with
a minimum individual regret while the solution obtained by Si is with a maximum
group utility.
Step 3. Calculate the values Qi , with the following equation.

Qi = v
Si − Smin

Smax − Smin
+ (1 − v)

Ri − Rmin

Rmax − Rmin
, (6)

where Smax = maxi Si , Smin = mini Si , Rmax = maxi Ri , Rmin = mini Ri , and
v is a strategy weight of “maximum group utility”( or “The Majority of criteria”)
while 1 − v shows the weight of individual regret, here we suppose v = 0.5.
Step 4. Rank the alternatives sorting by the crisp values S, R and Q in ascending
or descending order. The results are in three ranking lists {A}S , {A}R , {A}Q . The
index Qi which implies the separation measures of the i th alternative Ai from the
best alternative. The smallest value Qi is the best alternative in the ranking list.
Step 5. Propose a compromise solution. The alternative denoted as A(1) which is the
best ranked by the measure Q (minimum) is considered as a compromise solution if
the following two conditions are satisfied:

Cond1: Acceptable Advantage: Adv ≥ DQ, Adv = Q(A(2)) − Q(A(1)) ≥
1/(m −1),where Adv is the advantage of the alternative A(1) ranked first, A(2) is the
alternative with the second position in {A}Q and DQ = 1/(m − 1) is the threshold.

Cond2: Acceptable Stability in decision making: The alternative A(1) must also
be the best ranked by S or/and R.

If one of the two conditions is not satisfied, then a set of compromise solution is
proposed, which consists of:

(1) Alternative A(1) and A(2) if only the condition Cond2 is not satisfied;
(2) Alternative A(1), A(2), . . . , A(M) if the condition Cond1 is not satisfied.

A(M) is determined buy the relation Q(A(M)) − Q(A(1)) < DQ for maximum M .
This implies that the positions of these alternatives are “in closeness” and therefore
A(1), A(2), . . . , A(M) are the set of alternatives to be further considered.

4 Extended VIKOR Method for Group Decision Making
Problem with a Hesitant Fuzzy Elements

In decision making process, some time it is very difficult or impossible for decision
makers or experts to determine the exact values of the criteria because of uncertainty
and hesitancy. In this situation the hesitant fuzzy sets are very powerful tool to deal
the uncertainty and hesitancy. According to Torra andNarukawa [9], to avoiding such
type of issues in which each criteria can be described as a hesitant fuzzy set in term of
the opinion of experts and having a set of possible values to permit the membership
function. So there is more appropriate to consider the values of the criteria as hesitant
fuzzy element, where the hesitant fuzzy elements are the benefit criteria (Table1).
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Table 1 Decision making matrix

C1 C2 · · · Cn

A1 h11 h12 · · · h1n

A2 h21 h21 · · · h2n

A3 h31 h32 · · · h3n

· · · · · · · · · · · · · · ·
Am hm1 hm2 · · · hmn

In our study we extend the VIKORmethod in hesitant fuzzy environment to solve
the MCGDM or MAGDM problem with the hesitant fuzzy set information.

Suppose that decision making matrix is shown in following form by the hesitant
fuzzy elements.

Here, A1, A2, A3, . . . , Am and C1, C2, C3, . . . , Cn are the possible alternatives
and criteria of decision making respectively while, hi j is the rating of alternatives
Ai with respect to criteria C j and it is exactly unknown. We only know the hi j =
(hE(x)i j ) and W j is the weight of criteria.

The extended VIKOR method with Euclidean distance having a following steps:
Step 1. Arranging the committee of decision making group and defining a finite set
of criteria and alternatives.
Step 2. Determine the best values f ∗

j and the worst values f −
j for all criteria. When

j is associated with benefit criteria, it follows that :

f ∗ = {h∗
1, h∗

2, . . . , h∗
n}, (7)

where h∗
j = ⋃m

i=1 hi j = ⋃
γ1 j εh1 j ,...,γmj εhmj

max{γ1 j , γ2 j , . . . , γmj }, j = 1, 2,
. . . , n.

f − = {h−
1 , h−

2 , . . . , h−
n }, (8)

where

h−
j = ⋃m

i=1 hi j = ⋃
γ1 j εh1 j ,...,γmj εhmj

min{γ1 j , γ2 j , . . . , γmj }, j = 1, 2, . . . , n.

Step 3. Compute the normalized hesitant fuzzy difference di j , i = 1, 2, . . . , n, j =
1, 2, . . . , m. For benefit criteria di j is calculated from definition 2 as follows:

di j =
√

|h∗
j − hi j |2

|h∗
j − h−

j | . (9)
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Step 4. Compute the index Si and Ri over the benefit criteria as follows.

Si =
n∑

j=1

{w j × di j }, Ri = max
j

{w j × di j }. (10)

The index Si represent the hesitant fuzzy group utility measure and the index Ri

represent the hesitant fuzzy individual regret measures.
Step 5. Calculate the values Qi , with the following equation.

Qi = v
Si − S−

S∗ − S− + (1 − v)
Ri − R−

R∗ − R− , (11)

where S∗ = maxi Si , S− = mini Si , R∗ = maxi Ri , R− = mini Ri , and v is a
strategy weight of “maximum group utility”( or “The Majority of criteria”) while
1 − v shows the weight of individual regret, here we suppose v = 0.5.
Step 6. Rank the alternatives sorting by the crisp values S, R and Q in ascending
order. The results are in three ranking lists {A}S , {A}R , {A}Q .
Step 7. Propose a compromise solution. The alternative denoted as A(1) which is the
best ranked by the measure Qi (minimum) is considered as a promise solution if the
following two conditions are satisfied:

Cond1: Acceptable Advantage: Adv ≥ DQ, Adv = Q(A(2)) − Q(A(1)) ≥
1/(m − 1), where Adv is the advantage of the alternative A(1) ranked first, A(2)

is the alternative with the second position in {A}Q and DQ = 1/(m − 1) is the
threshold.

Cond2: Acceptable Stability in decision making: The alternative A(1) must also
be the best ranked by S or/and R.

If one of the two conditions is not satisfied, then a set of compromise solution is
proposed, which consists of:

(1) Alternative A(1) and A(2) if only the condition Cond2 is not satisfied;
(2) Alternative A(1), A(2), . . . , A(M) if the condition Cond1 is not satisfied.

A(M) is determined by the relation Q(A(M)) − Q(A(1)) < DQ for maximum M .

5 Application of the Proposed Method

Energy is an important factor for the social and economic development of any country
or societies. The correct energy policy play an important role in economic develop-
ment. The most appropriate energy policy selection is very important. Suppose that
there are four energy projects Ai = 1, 2, 3, 4, and four project criteria, C1 = Envi-
ronmental, C2 = socio-political, C3 = Technological and C4 = Economical. Several
decision makers are invited to evaluate the performance of the four alternatives under
these different criteria. All of the decision makers are provide their evaluation values
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Table 2 Crisp values for decision matrix and weight of each criteria

C1 C2 C3 C4

A1 (0.2, 0.5, 0.7) (0.1, 0.6, 0.8) (0.2, 0.8, 0.9) (0.3, 0.5, 0.6, 0.7, 0.8)

A2 (0.2, 0.3, 0.6, 0.7) (0.2, 0.3, 0.4, 0.6) (0.3, 0.5, 0.6, 0.7, 0.9) (0.4, 0.5, 0.8, 0.9)

A3 (0.3, 0.5, 0.6, 0.7) (0.2, 0.5, 0.7) (0.2, 0.4, 0.7, 0.8) (0.3, 0.5, 0.6, 0.7)

A4 (0.3, 0.4, 0.6) (0.3, 0.5) (0.5, 0.6, 0.7) (0.8, 0.9)

Table 3 Crisp values for decision matrix and weight of each criteria

C1 C2 C3 C4

A1 (0.2, 0.5, 0.7, 0.7,
0.7)

(0.1, 0.6, 0.8, 0.8,
0.8)

(0.2, 0.8, 0.9, 0.9,
0.9)

(0.3, 0.5, 0.6, 0.7,
0.8)

A2 (0.2, 0.3, 0.6, 0.7,
0.7)

(0.2, 0.3, 0.4, 0.6,
0.6)

(0.3, 0.5, 0.6, 0.7,
0.9)

(0.4, 0.5, 0.8, 0.9,
0.9)

A3 (0.3, 0.5, 0.6, 0.7,
0.7)

(0.2, 0.5, 0.7, 0.7,
0.7)

(0.2, 0.4, 0.7, 0.8,
0.8)

(0.3, 0.5, 0.6, 0.7,
0.7)

A4 (0.3, 0.4, 0.6, 0.6,
0.6)

(0.3, 0.5, 0.5, 0.5,
0.5)

(0.5, 0.6, 0.7, 0.7,
0.7)

(0.8, 0.9, 0.9, 0.9,
0.9)

and some of theses values maybe repeated. However, a value repeated more times
does not indicate that it has more importance than other values repeated less time.

The HFEs is just a tool to deal with such cases, and all possible evaluation for an
alternative under the attributes can be considered as a HFEs. The results are evaluated
by the decisionmakers contained in a hesitant fuzzy decisionmatrix shown inTable2.
For accurate results, calculate the distance between two hesitant fuzzy sets, we should
extend the shorter one until both of them have the same length when we compare
them. According to the regulations mentioned above, we consider that the decision
makers are optimistic. The Table3 represent the hesitant fuzzy data by adding the
maximal value.
Step 1. Making a committee of decision makers and then describing a finite set of
criteria and alternatives. In the specified selection problem, we have four criteria,
C1, C2, . . . , C4 and four alternatives, A1, A2, . . . , A4 and three decision makers
D1, D2, D3.
Step 2. From Table3, calculate the best value and the worst value of each criteria
according to Eqs. (7) and (8). The results are shown as follows: {h∗

1 = 0.7, h∗
2 =

0.8, h∗
3 = 0.9, h∗

4 = 0.9 h−
1 = 0.2, h−

2 = 0.1, h−
3 = 0.2, h−

4 = 0.3}.
Step 3. Compute the normalized hesitant fuzzy difference di j , i = 1, 2, . . . , n, j =
1, 2, . . . , m. For benefit criteria d11 is calculated from (9) as follows:

d11 =
√|0.7 − 0.2|2 + |0.7 − 0.5|2 + |0.7 − 0.7|2

|0.7 − 0.2| = 1.077.



Multiple Criteria Group Decision Making Problem Based … 1527

Table 4 The values of S, R and Q for all alternatives

A1 A2 A3 A4 The ranking order

S 0.7079 0.9195 0.9392 0.7677 A1 	 A4 	 A2 	 A3

R 0.2506 0.3021 0.3360 0.2703 A1 	 A4 	 A2 	 A3

Q0.1 0 0.6342 1.000 0.2334 A1 	 A4 	 A2 	 A3

Q0.5 0 0.7589 1.000 0.2446 A1 	 A4 	 A2 	 A3

Q1.00 0 0.9148 1.000 0.2585 A1 	 A4 	 A2 	 A3

Step 4. The values Si and Ri are calculated respectively according to Eq. (10).

S1 = w1 × d11 + w2 × d12 + w3 × d13 + w4 × d14 = 0.7079,

S2 = 0.9195, S3 = 0.9392, S4 = 0.7677.

R1 = max
4

{w1 × d11 + w2 × d12 + w3 × d13 + w4 × d14} = 0.2506,

R2 = 0.3021, R3 = 0.3360, R4 = 0.2703.

Step 5. Compute the values Qi for each alternative with Eq. (11), and the result are
given in Table4, Q1 = 0, Q2 = 0.7589, Q3 = 1.000, Q4 = 0.2446.
Step 6. According to Table4, rank the alternatives sorting by the crisp values S, R
and Q in ascending order and the the results are shown in Table4.
Step 7. Since Q(A(2)) − Q(A(1)) = 0.7589 ≥ 1

4−1 = 0.333, the Cond1 is satisfied.
And the alternative A1 is also the best ranked by S or/and R and therefore A1 meets
the acceptable stability. Since both Cond1 and Cond2 are verified, it is suggested
that the alternative A1 has better performance rather than A2, A3, and A4. From the
ranking values of Si , Ri and Qi values, we can get the priorities of alternatives as
the weight v changes which are shown in Fig. 1. From the Table4 and Fig. 1, we can
find that if the weight v increase then the value of Qi also become increase. So the
decision makers can choose the weight v according to their preference.

Fig. 1 The ranking graph of
Si , Ri and Qi values
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6 Conclusion

Hesitant fuzzy set is very useful tool to dealwith hesitancy and uncertainty especially,
when themembership degree of element are given. Themain difficulty of establishing
the membership degree is not because we have some possibility distribution on the
possibility values or margin of errors because we have several possible values. From
avoiding such type of issues each criteria can be describe as a hesitant fuzzy set
defined in terms of the opinions of decisionmakers. Therefore, we extend the concept
of traditional VIKOR method for solving MCGDM problems under hesitant fuzzy
set information. A numerical illustration of extended VIKOR method are presented.
From the illustrative example, we showed that the change trends of the results derived
by the extended VIKORmethod with the increase of the weight v. As a future scope,
a consensus reaching process can be incorporated into the hesitant fuzzy VIKOR
method under GDM setting to obtain a more robust version of VIKOR model.
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Creative Industries Incubator Knowledge
Service Research Based on KIBS-Case
of Tianjin Eco-City Animation Incubator

Wenjun Wu, Huiying Zhang and Dan Sun

Abstract With the rapid development of the cultural and creative industries, the
cultural and creative industrial incubators-the aggregation of the companies-are also
playing an increasingly important role. Based on the characteristics of the cultural
and creative industries, the paper explores the composition of the content of knowl-
edge service in the cultural and creative industrial incubators. Rooted in the Tianjin
Eco-city animation incubator, and with the relevant personnel in Ecological city,
incubator and incubated enterprises as subject, it establishes theoretical models from
the perspectives of three groups of audience, namely the incubator, the incubated
enterprises and the government, and uses ALTAS qualitative analysis software to
explore the factors that may impact the knowledge service in the culture and cre-
ative industrial incubators. It concludes by pointing out the problems existing in
the knowledge service in the eco-city animation incubator while putting forward
its responding measures and suggestions, in order to provide a reference for the
development of knowledge service in the culture and creative industrial incubators.

Keywords Cultural and creative industries · Incubator · Knowledge service

1 Introduction

In the context of blooming global economy, the cultural and creative industries have
become pillar industries which stimulate the domestic economic demand and expand
employment. At present, the global creative industry creates a wealth of tens of bil-
lions of dollars every day, especially in Western developed countries, for instance,
the United-States-created video product export has exceeded the aerospace industry

H. Zhang · D. Sun (B) · W. Wu
College of Management and Economics, Tianjin University, Tianjin 300072, People’s
Republic of China
e-mail: crystal8819@126.com

W. Wu
Tianjin Foreign Studies University, Tianjin 300204, People’s Republic of China

© Springer-Verlag Berlin Heidelberg 2015
J. Xu et al. (eds.), Proceedings of the Ninth International Conference
on Management Science and Engineering Management, Advances in Intelligent
Systems and Computing 362, DOI 10.1007/978-3-662-47241-5_128

1529



1530 W. Wu et al.

and become the largest export category, while in the UK, the cultural and creative
industrial output value ranks the second in the major industries of its national econ-
omy [19]. During the decade since its inception, the added value of the Chinese
cultural and creative industries has increased from 20.762 billion RMB Yuan in
1999 to 166.514 billion RMB Yuan in 2012, an increase of nearly 10 times, and the
creative industry is becoming one of China’s rapid-developing emerging industries
[16]. Its clusters he creative industrial parks and incubators whose functions include
incubating business , expanding employment, encouraging innovation and pooling
of resources and others, are developing mushroomed.

As a “Flex” integrated system, creative industry incubators are different from
the general technological business incubators, not only providing hardware services
such as common venues and facilities, but also the professional knowledge services,
including the software services needed in the development of creative companies,
such as management support and resource network [5]. Laws of the cultural and
creative industries in China is still under exploitation, various parks or incubators
mainly provide hardware service for the industry, hence the knowledge service has
a lot of room to improve.

2 A Literature Study and the Theoretical Framework

2.1 Summary of Study on Incubator Knowledge Service

There are quite some theoretical researches on incubators; relevant service researches
are also not uncommon. Viewing domestic and international research, incubator ser-
vices are summarized as supporting infrastructure and business services, as well as
high-level professional advice and services [12], with its specific content demon-
strated in 6 core services, namely the property services, agency services, project
declaration or identification services, investment and financing services, information
services, intermediary services and training services [18].

Most of the knowledge services are classified into soft information and consult-
ing services. Researches on the incubator knowledge services in China and other
countries are divided into three categories, 1© content-perspective-based incubator
Knowledge ServiceResearch: Building of the systemof incubator knowledge service
[1, 7],incubators knowledge service evaluation [8, 11], incubators knowledge ser-
vice innovation [15]. 2© capability-perspective-based incubator Knowledge Service
Research: capacity building and enhancement in incubator knowledge service [14],
network construction and evolution in incubator knowledge service [17], incubator
knowledge service evolutionmechanism [13] and so on. 3©pattern-perspective-based
incubator Knowledge Service Model: Incubator Knowledge Service business model
[10, 13], incubators-incubation business interactive model in knowledge service [3].
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The incubator knowledge service is considered to be a process of service to meet
the knowledge need at different stages of the incubated company’s growth and of
different types, which relies on the external knowledge resources the incubators have
to acquire, integrate knowledge or to provide sources of knowledge, and helps the
incubated enterprises to accumulate knowledge and enhance capacity in an inter-
active way [4]. The knowledge involved mainly includes these aspects: company
organization and management knowledge, policies and regulation knowledge, finan-
cial operation knowledge, technical expertise and marketing knowledge.

2.2 Commentary and Research Ideas

John Hawkins in the “creative economy-how people create money from the mind”
points out from the perspective of intellectual property rights: the creative industry
is the “intellectual property”, and this knowledge industry, constituted by the intel-
lectual capital while owning the nature of “intangible industry” often correspond to
intangible value such as cultural and spiritual value, etc. [2]. The knowledge-based
services are divided into three categories byChinese scholars: technical services (hard
knowledge services), advisory services (soft knowledge services), e-commerce ser-
vices (mixed knowledge service) [9]. The knowledge-based services play an impor-
tant role in the production and dissemination of knowledge [6]. In contrast with the
previous reviews, the manage knowledge, technical expertise and marketing knowl-
edge required by the nascent corporates in culture and creative industries must be
different from those needed by the general manufacturing companies and high-tech
research and development enterprises.

Therefore, the cultural and creative industrial incubator knowledge service has
unique contents and patterns, which is worth sufficient attention and in-depth study.
The creative industry itself is a new industry; the incubated companies urgently need
high-intense and high-added-value professional knowledge service, which is just the
feature expected in the creative industrial incubators in their knowledge service. Due
to the lack of knowledge of the creative industries incubator knowledge service, such
as what are the contents of knowledge service, how to achieve service objectives?
This article uses the case study method. The new eco-city animation incubator is a
well-known creative industrial incubator with its typicality and representativeness.
Through the case study on the new eco-city animation incubator, an integrated model
of incubator knowledge service is formed, which is of universal significance to the
cognition of the creative industrial incubator knowledge services.
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3 Case Selection and Data Encoding

3.1 Case Description

Seated in Tianjin Binhai NewArea, the new eco-city animation incubator is a nation-
level incubator, covering one square kilometer with a total construction area of about
770,000 squaremeters. There aremore than 200 incubated companies here, including
the excellent animation companies such as Green Tree Animation and CPT planet.
With them, the number of registered companies now has exceed 900. With the basic
industrial infrastructure such as the animation public technical service platform, the
animation experience hall, the large-scale animation experience center, the anima-
tion museum and the product exhibition center, it is an important platform for the
animation industrial cluster and development.

The animation incubator in cooperationwith theNational Supercomputing Center
has established a “Super Render Center”, which, relying on the “Milky Way One”
super computing power, establishes the nation’s largest and fastest rendering cluster
system, greatly improves the production efficiency of animation and film, introduces
the professional incubator management team and provides multiple services such as
business start-up counseling, intermediary service, policy consulting, technological
innovation support and project financing services so as to build an industrial chain
service model, enhance the incubation capacity and gradually improve the industrial
environment. It also builds up an industrial service system with a public technical
service platform, an original project incubation platform, a training platform and a
copyright trading center as the core. It provides full service for the tenant companies
and creates a good business incubation environment.

3.2 Data Sources

In order to improve the validity of the conclusions of the case study, this paper uses
“the triangulation method” that acquires first-hand information and second-hand
information through a variety of ways, making the various data sources complement
and cross-validate each other. The different data sources constitute a triangle and
avoid the errors in the common method, which can help to verify the same facts and
improve the structural validity of this case.

Due to the large number of the incubated companies, data is not easy to collect.
Therefore, we collect data primarily through three channels: text data, field study
visits, and interviewswith important figures. For the data the author collected between
2013 and 2014, please see Table1.
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Table 1 Data sources of the case

Data sources Practice and content

Text information Internally-distributed publications “Eco-Way five exploration and
practice in SSTEC”, and so on, about 300,000 words

Fieldwork visit Investigate SSTEC animation Park Tower for two days, and interview
the employees in the incubated enterprises employees and refine the
interview recording immediately after the interview to compile a
25,000-word report

Important interview Interview the main persons in charge of multiple incubators such as
the legal bureau of the Eco-City Administrative Committee and the
Eco-City Bureau of Commerce, have a 4-h in-depth interview with
the typical entrepreneurs, and refine the recordings immediately after
the interviews to compile a 28,000-word report

4 Data Encoding

This paper uses the content encoding analysis, with the help of the qualitative analysis
software ATLAS. Qualitative research has two main coding processes, one is the
completely open coding process and the other is to set the encoding variables in
strict accordance with existing theories. In this paper, the first encoding process is
used. First, the four members of the research team read through all the case materials
respectively to encode the data fromdifferent sources, following these encoding rules:
(1) the entries are relevant to the case and unambiguous; (2) the expressions from the
same source or of the same or similar meaning are treated as one entry; (3) consistent
coding entries are adopted directly into the database while the inconsistent ones are
adopted or deleted after the group discussion; (4) the same entry can subordinate to
different categories; and (5) new problems discovered in the coding process should
be corrected immediately. At the same time, the second-hand information can be
used as verification evidence, to enhance the validity of the findings. Below is an
example of the encoding process (Table2).

Table 2 Encoding process example

First-hand information Encoding process

1© Audience category 2© Encode

Entry one: “We (the incubated enterprises) hope incubators
providemotion capture room, studio, review rooms, record-
ing studios and other related aids and teach us using them”

Incubated enterprises Technical
expertise

Entry two: “We (incubators) can set up our own knowledge
base website. If the companies encounter problems in the
development process, they can check on the website them-
selves in order to get find the answers they need”

Incubators Self-
service



1534 W. Wu et al.

Using this analysis and the inductive method, the four members of the group give
the first-hand information an initial coding, resulting in an entry library containing
225 entries, with some entries subordinate to two categories. Then they discuss over
the results of the preliminary coding, excluding the 25 entries that have inconsistent
comments or unclear meaning, and retaining 200 valid entries. Finally, according to
the research framework, the subordinate dimension of individual entries is arranged.

4.1 Data Analysis and Case Studies

According to the results of coding, an in-depth analysis is conducted on the issue
discussed in this study with the following findings obtained:

4.2 Audience One-Incubated Enterprises

Based on the coding result, the analysis from the perspective of incubated enterprises
includes 90 factors that impact the creative industrial incubator knowledge, cover-
ing five dimensions. Sorted by the strength, the dimensions as well as the entries
contained are as follow: technical expertise service (32), marketing knowledge ser-
vice (22), organization and management knowledge service (16), financial operation
knowledge service (12), policy and regulation knowledge service (8).

The technical expertise is the most notable feature of the eco-city animation
incubator which is different from other typical creative industrial incubators. In the
process of the incubated companies’ product R&D, the incubators provide relevant
technical supporting knowledge. Its content is mainly related to: incubators obtain
the latest technical information of the animation industry; incubators’ testing service
for the late derivative items of the anime, animation, games and other products; hire
excellent animation guru and animation experts who will provide critical technical
and advisory services in the incubated enterprises to inspire their creativity; incuba-
tors create functional platforms such as public technical service platform, technical
trade information and publishing platform, training platform, the original project
incubation platform; incubators provide motion capture room, studio, review rooms,
recording studios and other related supporting technologies (Table3).

Marketing knowledge is the knowledge that helps the incubated enterprises’ prod-
ucts or services better enter the market, playing an important role in the creative
industrial incubator knowledge service. Only by entering and being accepted by the
market can the products and services developed by the incubated companies help
them achieve profits and development. According to the product features, its con-
tents involve: providing services such as animation market development, product
display and promotion animation industry market access and other services; anima-
tion materials and equipment suppliers (good authors, good animation equipment
providers, etc.) incubated enterprises, animation product buyers (such as television
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Table 3 Dimensions under each audience and typical entry

Audience
category

Dimensions The
number of
entries

Percenta

(%)
Typical entries

Incubated
enterprises

Service of
company
knowledge
organization
and
management

16 17.80 We hope to cooperation establish and
communication with other co-incubated
enterprises

Service of
financial
operation

12 13.30 Our companies hope the incubators or the
government will help us apply for loans

Service of
policy and
regulation
knowledge

8 8.90 Our companies hope the government will
apply the supporting policies on us at the
first moment

Technical
expertise
service

32 35.60 We (incubated enterprises) hope
incubators provide motion capture room,
studio, review rooms, recording studios
and other related aids and teach us to use

Marketing
knowledge
service

22 24.40 Our companies hope incubators or the
government help us to recommend
products to television or book publishers

Incubators Smart service 22 33.30 Incubators take their initiative to provide
guidance according to the condition of
enterprise development

Self service 14 21.20 We (incubators) have our own knowledge
base site so that incubated enterprises can
find answers in appropriate modules if
they have any questions

Expert
consulting
service

30 45.50 We (incubators) have our own team of
consultants who talk with companies face
to face on a regular basis

Government Building of
knowledge
network

14 31.80 Government helps with the regular
knowledge exchange and sharing between
incubated enterprises, research institutes
and universities

Policy
support

18 40.90 The Government will provide employees
of incubated companies with preferential
housing prices, with corresponding
transport subsidies

Talent
building
service

12 27.30 Government establishes cooperation with
art colleges and universities which
introduce the appropriate artistic talents
every year

a: Percentage of dimensions in the category percent.
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station, Internet, and publishers) to form a network; fully control the marketing of
the derivative products (is peripheral products).

Business organization and management knowledge refers to the knowledge the
eco-city animation companies use in carrying out their operation activities such as
the organization of their management staff and their financial management. It mainly
involves: the foundation of the basic knowledge of the animation business (such as
business registration, tax registration); the organization of the animation team (such
as managers and technical staff) and the training of professionals; structural and
operative knowledge in the incubated companies, in particular, the project-oriented
structure in the knowledge-intensive industry of animation; the incubators help the
incubated companies know more about the professional services associated with the
animation business, such as rendering centers; the establishment of cooperation and
communication between the animation business.

As for financial operation knowledge, the growth and operation of companies
cannot be achieved without the support of sufficient funding. The knowledge of
financial operationsmainly includes two aspects, namely finance and investment. The
financial knowledge refers to the requirements, processes and document preparation
of each financial source in the funding channel of the animation business (including
loans, risk investment, etc.). The investment knowledge, whereas, Investment in
knowledge is mainly used to help the incubated companies allocate and use the
funding and develop their financial use plan.

The policy and regulation knowledge only relates to the policies and regulations
pertaining to the organization and management of the animation business; the most
important advantage for incubated companies is their policy advantage as well as
the preferential policies which play an important promoting role in the companies’
growth. Therefore, knowledge of policies and regulations is the most basic knowl-
edge which mainly relates to the animation industrial regulations, such as those of
supporting the originals and combating plagiarism and piracy; the preferential and
supporting policies in the animation industry, such as the subsidiary policies launched
by the cultural department to the animation and other creative industries.

4.3 Audience Two-Incubators

According to the encoding results, the analysis from the incubator perspective
includes 66 factors that impact the creative industrial incubator knowledge service,
covering 3 dimensions. Sorted by the strength, the dimensions and the number of
entries contained are as follow: expert advisory service (30), smart service (22), and
featured school-running model (14).

As for the expert advisory service, in order to meet the needs of the incubated
enterprises, the incubators establish professional teams or consultant teams (business
incubators counselor). From the requirement analysis in the incubated enterprises to
the achievement of the requirements, both parties participate in thewhole process and
have face-to-face communication, or organize salons to help with the growth of the
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incubated companies. Parties have a high-level interaction, they give high attention
to the process and results of service, and the service has a high cost.

In terms of smart services, the incubators classify and categorize the required
knowledge at the different stages of the incubated companies ,according to the knowl-
edge needs in business growth and the experience of providing knowledge service, so
as to provide guidance for the incubated companies proactively and be informed of
the companies’ requirements and development. In this way, both parties interact with
each other in an indirect and targeted manner; according to the feedback from the
incubated companies, the incubators continuously improve their knowledge service
and enrich the knowledge service.

The self-service mainly refers to the fact that the incubators offer a wide range
and a large number of special knowledge and successfully set up their knowledge
base website so that the companies can search the answer to the questions they
encounter on the website or in the knowledge base. Though this approach is effective,
both parties do not have a high-level interaction; the incubators do not know much
about the incubated companies’ requirements, hence they cannot obtain the timely
feedback.

4.4 Audience Three-Government

According to the encoding results, the analysis from the government point of view
includes 44 factors impacting the creative industrial incubator knowledge service
over 3 dimensions. Sorted by the strength, the dimensions and the number of entries
contained are as follow: policy support (18), the construction of knowledge network
(14), personnel development (12).

The government’s policy support is the most direct and effective service the incu-
bated companies expect from the government, and the very service they concern the
most. Incubated companies and projects enjoy the government’s preferential poli-
cies, which mainly focus on financial support, project declaration, talent import, tax
rebates and other aspects. The government has earmarked funding for the incubators
and fund some incubated projects free of charge; its tax-related support to the incu-
bated companies are demonstrated as the return of financial expenses. In addition,
there are special policies available to include the incubated companies and projects
in the local technical plan, project declaration and talent importation.

The knowledge network of the creative industrial incubators is based on infor-
mation, capital, research and development, training, intermediary service and other
resources, and effectively connect corporates, the government, universities, research
institutes, intermediary institutions and other relevant entities. These elements syner-
gize with each other, exchange and supply relevant knowledge and information, and
form a network structure, which is a complete system integrating various incubation
resources. The government helps to establish such knowledge networks between the
incubators and incubated companies to form a good knowledge sharing and improve
the utilization of knowledge service.
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Human resources are the most important and scarce resource. Currently China’s
cultural and creative industries are in a good rise, either from the national perspec-
tive or on the local level, high-level innovative talents will always be the focus of
competing by between local governments, incubators and the incubated enterprises.
To introduce and cultivate high-level talents is undoubtedly one of the highlights of
incubators, which play a key role in enhancing the competitiveness of the compa-
nies. Therefore, personnel development is the very concern of the government and
thewhole society. The government should strengthen the cooperationwith s to attract
talents, and strengthen the talent development inside the incubators as well.

5 Conclusions

The theory of the creative industrial incubator knowledge service herein selects the
SSTEC creative industrial incubators as a typical carrier, uses the standardized case
study approach, start from the incubated enterprises, incubators and the government
audiences, analyze the contents of knowledge service respectively, put forward rel-
evant suggestions to the SSTEC creative industrial incubators in a targeted manner,
and broaden the application prospect of knowledge services. It provides important
reference and guidance for the future development of the creative industrial incuba-
tor knowledge service. As for the limitations of this paper, first, the number of cases
is limited, hence the findings can only be partial reference and guidance for other
creative industrial incubators; Second, although this study quantifies the different
dimensions of knowledge service, yet it has not until later.

6 Management Implications

6.1 The Disadvantages of the SSTEC Animation Incubator
Knowledge Service

Currently, the neweco-city animation incubatorKnowledgeService has the following
disadvantages:

(1) The service is provided in accordance with the existing contents of the incu-
bators which loose, and the systematicness and comprehensiveness need to be
strengthened.

(2) Few incubated companies ask for service proactively; most of them receive ser-
vice passively, hence they do not know well their real knowledge requirements.

(3) In the process of offering service for incubated companies, the incubator fails
to achieve self-learning. With the continuous development of the incubators,
they cannot effectively accumulate knowledge, thus the overall effect of the
knowledge accumulation is not good enough.
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6.2 Suggestions

Based on the above shortcomings, a number of recommendations is made:

(1) The incubators share knowledge internally andmake the knowledge servicemore
systematic and comprehensive. After acquiring certain knowledge, a company
may improve the utilization of knowledge through the spread of knowledge
sharing among companies. When common difficulties are discovered through
the knowledge sharing among incubated enterprises, answers can be obtained
from the incubators’ knowledge sharing, which is also helpful for the knowledge
accumulation of incubators and incubated companies.

(2) Toprovideproactive service, combine avariety of knowledge service approaches,
turn passiveness into proactiveness, and proactively offer the knowledge service
required at different stages of the companies.

(3) Strengthen the incubators’ self-learning capacity and establish a successful grad-
uation base. All companies that graduate successfully must experience common
stages and important processes, hence in order to strengthen the incubators’
self-learning capacity, it is necessary to establish and share a base of successful
company cases, which should be used as a teaching material to develop new
incubated companies and incubator managers.
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Stakeholders’ Harmonious Integration
of Construction Project Based on Game
Theory

Yibin Ao, Yongxiang Wu, Yan Wang and Yuan Zhang

Abstract Construction project usually involves multitudinous stakeholders. How
to balance the interest and reduce the conflicts among them to construct a more
harmonious teamhas become a critical factor to reduce construction resources’waste.
With the use of game theory, this paper established disintegrating disharmonious
construction alliancemodel first and then further integrating harmonious construction
alliance based on the first model. It concluded conditions and priorities of the two
Unions and provided policy suggestions.

Keywords Construction project · Stakeholder · Harmonious integration · Game
theory

1 Introduction

It needs many multitudinous stakeholders and passes through many different stages
to complete a construction project. However, due to the finiteness of construction
resources and the interest conflict among the stakeholders, they always don’t cooper-
ate with each other and their behaviors are not always consistent. Some stakeholders
evendamageothers’ interest or thewhole project construction system’s interestwhich
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finally affects the time, cost, quality and safety of the construction project [9]. So it
becomes a serious and vexatious problem to create a harmonious built environment
to minimize or avoid such risk.

Mitchell considers that Stakeholder Identification and Stakeholder Salience is the
core of Stakeholder theory [8]. And Harmonious Management Theory is proposed,
improved and enriched by the famous professorXiYou-min inChinawho has formed
abundant research achievements [2, 6, 7, 10, 12]. In this paper “Stakeholders’ Har-
monious Integration of the Residential Construction System”, the author has defined
“stakeholders” and identified the path of harmonious integration. Furthermore, it
conducted studies on stakeholders’ harmonious integration with the use of game
theory for example [3, 4, 11] and so on.

This paper had created disintegrating disharmonious construction alliance model
and integrating harmonious construction alliance and concluded conditions and pri-
orities of the two Unions. According to the study, it can easily find that all the
stakeholders must integrate Harmoniously the construction will be completed better.

2 Harmonious Integration System Model

According to “A Study on Harmony Integration of Stakeholders of Residential Con-
struction System Based on Game Theory” [1], there are harmonious and disharmo-
nious status of residential Construction System. Accordingly, Residential Construc-
tion System also contains harmonious and disharmonious construction unions. The
purpose of the stakeholders to integrate of harmonious residential construction sys-
tem is collapsing disharmonious construction union while developing harmonious
construction union. Relative authority draws up the construction laws and regulations
and the rules of the game, whose purpose is restricting construction action of stake-
holders to accord with harmonious construction requirements. However, there is no
absolute or perfect harmony. There are inharmonious phenomena in the residential
constructionmarket. Therefore, the aim of the integration is seeking for transfer from
disharmonious to harmonious system. It is widely accepted that stakeholders pursuit
their own interests in the residential construction system. Development of certain
regulations and laws will help standardize and guide the stakeholders’ behavior and
ultimately achieve harmonious system.

In the process of crumbling disharmonious construction union, one efficient way
is to collapse the stakeholders with greatest behavior to restrict other stakeholders.
As everyone knows, relative authorities are the initiator and guide for establishing
rules of system game. They will automatically make their stand to stay away from
the disharmonious union and propose a harmonious construction. Among the other
stakeholders, the greatest binding is construction unit. If relative authorities want to
collapse disharmonious construction union, their first priority should be construction
unit, followed by supervision companies, contractors and material suppliers.

Similar as collapsing the disharmonious construction unit, one of themost efficient
ways for the government departments to expand the harmonious construction unit, is
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to drag the most influential stakeholders into the system. Therefore, the priorities for
the authorities to integrate the other stakeholders should be: Construction Company,
SupervisionCompany, contractors and suppliers.Above all, ResidentialConstruction
System andHarmonious IntegrationHierarchyDiagram are showed as following [1].

3 Developing a Harmonious Integration Game Model

1. Constructing Strategy Set and Payoff Matrix
This paper selects the relevant government departments, owners, supervisors,

builders and suppliers as the game participants, in order to simplify, the five players
will be recorded as 1, 2, 3, 4, 5 respectively [5].

In the project construction process, government is responsible for developing and
implementing the related construction laws and regulations. Not only will it develops
the regulations to constrain all the participants, the government also supervises the
construction practical carried out under certain rules. Therefore, the relevant gov-
ernment departments play a critical role in the community construction system. It
is also assumed that harmonious construction is the pursuit of those government
departments. Based on the hypotheses that the community construction system con-
tains two statuses, one is pursuing a harmonious system which means improvement
of the regulations and standardize the rules, another is a disharmonious construction
process. Thus all the stakeholders will have two strategic choices (harmonious and
disharmonious construction). The players will have a corresponding payoff when
they choose a strategy in the game process (Fig. 1).

In order to analyze clearly and simply, It simplified strategies as S(S = 1, 2),
and assumed 1 represented harmonious construction and 2 represented disharmo-
nious construction, the stakeholders’ strategy sets separately are (A1, A2), (B1, B2),
(C1, C2), (D1, D2) and (E1, E2). And the payoff of stakeholder denotes, where
represents strategy, (i = 1, 2, 3, 4, 5) represents the player. If one of the players

Fig. 1 Residential construction system and harmonious integration hierarchy diagram
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chooses strategy 2 (disharmonious construction) will lead to a loss of all the players
which result in time delays, quality problems cost increase and safety problems, etc.
So it is assumed that i chooses strategy 2 will make the payoff reduce as f2i , and∑5

i=1 f2i .

2. Solving the Characteristic Function
In the payoff matrix, I represents all players set, U represents alliance set, the

players who are out of the alliance set are denoted as IU, V is characteristic function,
MINi means the minimum value of each line and MAXr represents the maximum
valueof each column.According tomatrixmaximumandminimum theory, the payoff
matrix has a saddle point value which mean that the strategy has an optimal solution
when MINi is equal to MAXr . Otherwise the optimal strategy will be determined by
Strategy priority relationship. And i, j, k, l, m = 1, 2, 3, 4, 5, when they appeared
at the same time i �= j �= k �= l �= m, the subscript of i, j, k, l, m considers any
three players have consensus to choose represent strategy choice. And represents the
optimal strategy.

(1) Solving the Characteristic Function of Single Union
First, if all 5 players are independent, it is defined as Single Union, which means

the game analysis between the individuals with no alliance. In this case, no matter
the individual chooses harmonious or disharmonious construction; they don’t have
awareness of alliance. Each type of payoff matrix and optimal strategy for double
Game composed of Single Union is shown as Table1. The other four types of payoff
matrix and optimal strategy for double Game composed of Single Union is similar
as the one illustrated, so they will not be discussed here.

Through the above analysis, when payment of the stakeholders of the residen-
tial building system adopting the harmonious construction is greater than loss of
adopting disharmonious construction, single union’s optimal strategy is choosing the
harmonious construction, while other stakeholders choose disharmonious construc-
tion. When payment of the alliance player adopting the harmonious construction
is less than loss of adopting disharmonious construction, the players will choose
disharmonious construction and so will the stakeholders out of the alliance. In this
case, optimal strategy of the whole residential building system stakeholders is dishar-
monious construction, residential building system will maintain the current status.
Above all, function specification and strategy selection for residential building sys-
tem stakeholders of Single Union are as follows:

v({i}) =

⎧
⎪⎨

⎪⎩

p1i −
5∑

j=1
f2 j , if p1i − p2i − f2 j ≥ 0, OS: (i1 j2k2l2m2),

p2i − F, if p1i − p2i − f2 j < 0, OS: (i2 j2k2l2m2).

(1)

In the Eq. (1), p1i means the net incomes that i get when they choose harmonious
construction, and if i choose disharmonious construction, the net income they will
win is p1i − p2i + f2i .
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Table 1 The payoff matrix and optimal strategy for double game composed of Single union (take
government departments for example)
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(2) Solving the Characteristic Function of Duo Union
In the process of two players Union which wewill call DuoUnion, the perspective

will be that any two players can cooperate and have consensus to choose harmonious
or disharmonious construction. Therefore, if any of the two stakeholders choose the
alliance, the decision of the alliance will be either harmonious or disharmonious. The
other stakeholders out of the Duo Union can choose harmonious or disharmonious
construction at random, ignoring the choice of the other parties. Then payoff matrix
of any Duo Union can be presented in Table2.

The game analysis of any other Duo Union is as the same as showed above, thus
will not be discussed here.

Based on the above analysis, for any alliance, if for both players’ individual
interest and also for the alliance’s total interest, the benefit from harmonious con-
struction is larger than disharmonious construction, theywill choose harmonious con-

Table 2 The payoff matrix and optimal strategy of double game of Duo union (take government
departments, owners for example)

U {3, 4, 5}

{1,2} C1D1E1 C1D1E2 C1D2E1 C1D2E2

A1B1 p11 + p12 p11 + p12 − 2 f25 p11 + p12 − 2 f24 p11 + p12 −
2 f24 − 2 f25

A2B2 p21 + p22 p21 + p22 − 2 f21 p21 + p22 − 2 f21 p21 + p22 −
2 f21 − 2 f22

−2 f21 − 2 f22 −2 f22 − 2 f25 −2 f22 − 2 f24 −2 f24 − 2 f25
If p11 + p12 − p21 − p22 + 2 f21 + 2 f 22 ≥ 0, and p11 − p21 + 2 f21 ≥ 0, and

p12 − p22 + 2 f22 ≥ 0, the maximum value is the first line and the minimum

value of the first line is p11 + p12 + p13 − 3 f24 − 3 f25
MAXr If p11 + p12 − p21 − p22 + 2 f21 + 2 f 22 < 0, and p11 − p21 + 2 f21 < 0, and

p12 − p22 + 2 f22 < 0, the maximum value is the second line and the minimum

value of the second line is p21 + p22 − 2F

{3, 4, 5} MINt

C2D1E1 C2D1E2 C2D2E1 C2D2E2

p11 + p12 − 2 f23 p11 + p12 − 2 f23 p11 + p12 − 2 f23 p11 + p12 − 2 f23 p11 + p12 − 2 f23
−2 f25 −2 f24 −2 f24 − 2 f25 −2 f24 − 2 f25

p21 + p22 − 2 f21 p21 + p22 − 2 f21 p21 + p22 − 2 f21 p21 + p22 − 2F p21 + p22 − 2F

−2 f22 − 2 f23 −2 f22 − 2 f23
− 2 f25

−2 f22
− 2 f23 − 2 f24

If p11 + p12 − p21 − p22 + 2 f21 + 2 f22 ≥ 0, and p11 − p21 + 2 f21 ≥ 0, and V = p11 + p12
p13 − p22 + 2 f22 ≥ 0, the maximum value is the first line and the minimum −2 f23 − 2 f24
value of the first line is p11 + p12 + p13 − 3 f24 − 3 f25 −2 f25
If p11 + p12 − p21 − p22 + 2 f21 + 2 f 22 < 0, and p11 − p21 + 2 f21 < 0, and

p13 − p22 + 2 f22 < 0, the maximum value is the second line and the minimum V = p21 + p22
value of the second line is p21 + p22 − 2F −2F
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struction. Meanwhile, the stakeholders out of the alliance will choose disharmonious
construction. If the benefit of harmonious construction is less than the loss, the
alliance will choose disharmonious construction while the others will do the same
choice. Then disharmonious construction will be the optimal strategy of the Resi-
dential Community Construction System. Therefore, payoff matrix for double Game
composed of any Duo Union can be described as follows:

v({i, j}) =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

p1i − p1j − 2 f2k − 2 f2l − 2 f2m, if p1i − p2i + 2 f2i ≥ 0,
p1j − p2j + 2 f2 j ≥ 0,
OS: (i1 j1k2l2m2).

p1i + p1j − 2F, if p1i − p2i − f2i < 0,
p1j − p2j f2 j < 0,

OS: (i2 j2k2l2m2).

(2)

In the Eq. (2), p1i( j) means the net incomes that i( j) get when they choose harmonious
construction, and if i( j) choose disharmonious construction, the net income theywill
win is p2i( j) − 3 f2i( j).

(3) Solving the Characteristic Function of Tri Union
Take the Tri Union government departments, owners and supervisors for example,

it ignores the possibilities of any three stakeholder alliance first, and construction
any three players have consensus to choose harmonious construction or disharmo-
nious, the other players can choose any strategy arbitrarily. Then Double Game has
constituted by any kind of Tri Union, and the payoff matrix is presented in Table3.

The game analysis of any other three union is as the same as showed in the Table3.
The conclusion of the analysis is that any three-stakeholder unionwill choose harmo-
nious construction if the union’s gross earning of this choice is equal or greater than
the earning of choosing disharmonious construction. And the other players outside
the union will choose disharmonious construction. Otherwise the union will choose
disharmonious construction which is the optimal strategy. Then the characteristic
function of Tri Union Game can be described as follows:

v ({i, j, k}) =

⎧
⎪⎪⎨

⎪⎪⎩

p1i + p1j + p1k − 3 f2l − 3 f2m, if p1i( j,k) − p2i( j,k) + 3 f2i( j,k) ≥ 0,
OS: (i1 j1k1l2m2) .

p2i + p2j + p2k − 3F, if p1i( j,k) − p2i( j,k) + 3 f2i( j,k) < 0,
OS: (i2 j2k2l2m2) .

(3)
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Table 3 The payoff matrix and optimal strategy of double game of Tri union (take government
departments, owners and supervisors for example)

U {4, 5} MINt

{1,2,3} D1E1 D1E2 D2E1 D2E2

A1B1C1 p11 + p12 + p13 p11 + p12 + p13
− 3 f25

p11 + p12 + p13
− 3 f24

p11 + p12 + p13
− 3 f24 − 3 f25

p11 + p12 + p13

−3 f24 − 3 f25

A2B2C2 p21 + p22 + p23 p21 + p22 + p23 p21 + p22 + p23 p21 + p22 + p23 p21 + p22 + p23
−3 f21 − 3 f22 −3 f21 − 3 f22 −3 f21 − 3 f22 −3F −3F

−3 f23 −3 f23 − 3 f25 −3 f23 − 3 f24

If p11 − p21 + 3 f21 ≥ 0, and p12 − p22 + 3 f22 ≥ 0, and p13 − p23 + 3 f23 ≥ 0, V = p11 + p12
the maximum value is the first line and the minimum value of the first +p13 − 3 f24

line is p11 + p12 + p13 + p14 − 3 f24 − 3 f25 −3 f25

MAXr If p11 − p21 + 3 f21 < 0, and p12 − p22 + 3 f22 < 0, and p13 − p23 + 3 f23 < 0,

the maximum value is the second line and the maximum value is the V = p21 + p22
second line is p21 + p22 + p23 − 3F +p23 − 3F

In the Eq. (3), p1i( j,k) means the net incomes that i( j, k) get when they choose
harmonious construction, and if i( j, k) choose disharmonious construction, the net
income they will win is p2i( j,k) − 3 f2i( j,k).

(4) Solving the Characteristic Function of Quad Union
Quad Union of the residential community construction system is defined as

that any four stakeholders can reach to agreement and have consensus to choose
harmonious or disharmonious construction. The other stakeholders out of the alliance
will choose either harmonious or disharmonious construction. This will establish
“two-person zero-sum game” with the payoff matrix presented as Table4.

The game analysis of any other Quad Union is as the same as showed above, thus
will not be discussed here.

Based on the above analysis, for any Quad Union, if for all players’ individual
interest and also for the alliance’s total interest, the benefit from harmonious con-
struction is larger than disharmonious construction, they will choose harmonious
construction. Meanwhile, the stakeholders out of the alliance will choose disharmo-
nious construction. If the benefit of harmonious construction is less than the loss,
the alliance will choose disharmonious construction while the others will do the
same choice. Then disharmonious construction will be the optimal strategy of the
Residential Community Construction System. Therefore, payoff matrix and optimal
strategy of double game of any Quad Union will be:



Stakeholders’ Harmonious Integration of Construction Project Based on Game Theory 1549

Table 4 The payoff matrix and optimal strategy of double game of Quad union (take government
departments, owners, supervisors and builder for example)

U {5} MINt

{1,2,3,4} E1 E2

A1B1C1D1 p11 + p12 + p13 + p14 p11 + p12 + p13 + p14 − 4 f25 p11 + p12 + p13 + p14 −4 f25
A2B2C2D2 p21+p22+p23+p23− 4 f21 p21 + p22 + p23 − 4F21 p21 + p22 + p23 − 4F21

−4 f22 − 4 f23 − 4 f24
If p11 − p21 + 4 f21 ≥ 0, and p12 − p22 + 4 f22 ≥ 0, and V = p11 + p12 + p13 + p14
p13 − p23 + 4 f23 ≥ 0, the maximum value is the first − 4 f25
line and the minimum value of the first line is

p11 + p12 + p13 + p14 − 4 f25
MAXr If p11 − p21 + 4 f21 < 0, and p12 − p22 + 4 f22 < 0, and V = p21 + p22 + p23 + p24

p13 − p23 + 4 f23 < 0, and p14 − p24 + 4 f24 < 0 the − 4F21

maximum value is the second line and the minimum

value of the second line is p21 + p22 + p23 + p24 − 4F21

v ({i, j, k, l}) =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

p1i + p1j + p1k + p1l − 4 f2m, if

p1i − p2i + 4 f2i ≥ 0,

p1j − p2j + 4 f2 j ≥ 0,

p1k − p2k + 4 f2k ≥ 0,

p1l − p2l + 4 f2l ≥ 0,
OS: (i1 j1k1l1m2).

p2i + p2j + p2k − 3F, if

p1i − p2i + 4 f2i < 0,

p1j − p2j + 4 f2 j < 0,

p1k − p2k + 4 f2k < 0,

p1l − p2l + 4 f2l < 0,
OS: (i2 j2k2l2m2).

(4)

In the Eq. (4), p1i( j,k,l) means the net incomes that i( j, k, l) get when they choose
harmonious construction, and if i( j, k, l) choose disharmonious construction, the
net income they will win is p2i( j,k,l) − 3 f2i( j,k,l).

(5) Solving the Characteristic Function of Five-Union
Solving the characteristic function of Five Union, the whole residential building

system is viewed as an alliance. Then this alliance could choose either harmonious
or disharmonious construction, and the payoff matrix and optimum strategy can be
described in Table5.

Based on the above analysis, for all players’ individual interest, if the benefit
from harmonious construction is larger than sum of the benefit and loss caused by
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Table 5 The payoff matrix and optimal strategy of double game of five-union

{1, 2, 3, 4, 5} {φ} MINt

A1B1C1D1E1 p1i + p1j + p1k + p1l + p1m p1i + p1j + p1k + p1l + p1m
A2B2C2D2E2 p2i + p2j + p2k + p2l + p2m − 5F p2i + p2j + p2k + p2l + p2m − 5F

MAXr If p11 − p21 + 5 f21 ≥ 0, and
p12 − p22 + 5 f22 ≥ 0,

V = p1i + p1j + p1k + p1l + p1m

p13 − p23 + 5 f23 ≥ 0,
p14 − p24 + 5 f24 ≥ 0 and

p15 − p25 + 5 f25 ≥ 0, the
maximum value is the
first line and the minimum value
of the first line is

p1i + p1j + p1k + p1l + p1m
If p11 − p21 + 5 f21 < 0, and
p12 − p22 + 5 f22 < 0,

V = p2i + p2j + p2k + p2l + p2m − 5F

p13 − p23 + 5 f23 < 0,
p14 − p24 + 5 f24 < 0 and

p15 − p25 + 5 f25 < 0, the
maximum value is the
second line and the minimum
value of the second line

is p2i + p2j + p2k + p2l + p2m − 5F

disharmonious construction, they will choose harmonious construction, vice versa.
Therefore, payoff matrix and optimal strategy for Five Union will be: let V (I ) =
v({i, j, k, l, m})

v ({i, j, k, l, m}) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

5∑

i=1
p1i , if p1i − p2i + 5 f2i ≥ 0, OS: (i1 j1k1l1m1),

5∑

i=1
p2 − 5F, if p1i − p2i + 5 f2i < 0, OS: (i2 j2k2l2m2) .

(5)

In the Eq. (5), p1i( j,k,l,m) means the net incomes that i( j, k, l, m) get when they
choose harmonious construction, and if i( j, k, l, m) choose disharmonious construc-
tion, the net income they will win is p2i( j,k,l,m) − 3 f2i( j,k,l,m).

Through the above analysis, we can see that either for One Union or Multiplayer
Union, if p1i > p2i − n f2i , they will choose harmonious construction, vice versa.
p1i means the benefit got from the choice of harmonious construction. p2i means the
benefit got from the choice of disharmonious construction, while n f2i means the loss
when choosing disharmonious construction.

The method of solving characteristic function of One Union, Duo Union, Quad
Union and Five Union is showed as above, and the characteristic functions of any
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other unions are described as follows:

v({i}) =

⎧
⎪⎨

⎪⎩

p1i −
5∑

i=1
f2i , if p1i − p2i + f2i ≥ 0, OS: (i1 j2k2l2m2),

p2i − F, if p1i − p2i + f2i < 0, OS: (i2 j2k2l2m2).

(6)

v({i, j}) =

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

p1i + p1j − 2 f2l − 2 f2m , if p1i( j) − p2i( j) + 2 f2i( j) ≥ 0,

OS: (i1 j1k2l2m2) ,

p2i + p2j − 2F, if p1i( j) − p2i( j) + 2 f2i( j) < 0,

OS: (i2 j2k2l2m2) .

(7)

v ({i, j, k, l}) =

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

p1i + p1j + p1k + p1l − 4 f2m , if p1i( j,k,l) − p2i( j,k,l) + 4 f2i( j,k,l) ≥ 0,

OS: (i1 j1k1l1m2) ,

p2i + p2j + p2k + p2l − 4F, if p1i( j,k,l) − p2i( j,k,l) + 4 f2i( j,k,l) < 0,

OS: (i2 j2k2l2m2) .

(8)

v({i, j, k, l, m}) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

5∑

i=1
p1i , if p1i − p2i + 5 f2i( j,k,l) ≥ 0, OS: (i1 j1k1l1m1),

5∑

i=1
p2i − 5F, if p1i − p2i + 5 f2i < 0, OS: (i2 j2k2l2m2).

(9)

From all analysis above, it is easy to understand that the union will choose harmo-
nious construction if the net income benefit from this choice is equal or greater than
their gross earnings of choosing disharmonious construction. Otherwise, the union
will choose disharmonious construction.

The characteristic function of the whole construction system can be calculated
according to theprevious analysis, and the construction systemcharacteristic function
value can be described as follows:

5∑

i=1

v ({i}) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

5∑

i=1
p1i − 4F, ∀p1i − p2i + 2 f2i ≥ 0,

5∑

i=1
p2i − 5F, ∀p1i − p2i + 2 f2i < 0.

(10)

5∑

i, j=1

v ({i, j}) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

4
5∑

i=1
p1i − 12F, ∀p1i( j) − p2i( j) + 2 f2i( j) ≥ 0,

4
5∑

i=1
p2i − 20F, ∀p1i( j) − p2i( j) + 2 f2i( j) < 0.

(11)
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5∑

i, j,k=1

v ({i, j, k}) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

6
5∑

i=1
p1i − 12F, ∀p1i( j,k) − p2i( j,k) + 3 f2i( j,k) ≥ 0,

6
5∑

i=1
p2i − 30F, ∀p1i( j,k) − p2i( j,k) + 3 f2i( j,k) < 0.

(12)

5∑

i, j,k,l=1

v ({i, j, k, l}) =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

4
5∑

i=1
p1i − 4F, ∀p1i( j,k,l) − p2i( j,k,l) + 3 f2i( j,k,l) ≥ 0,

4
5∑

i=1
p2i − 20F, ∀p1i( j,k,l) − p2i( j,k,l) + 3 f2i( j,k,l) < 0.

(13)

Oder:

V (I ) =
5∑

i=1
v ({i}), V (I I ) =

5∑

i, j=1
v ({i, j}), V (I I I ) =

5∑

i, j,k=1
v ({i, j, k}),

V (I V ) =
5∑

i, j,k,l=1
v ({i, j, k, l}), V (V ) =

5∑

i, j,k,l,m=1
v ({i, j, k, l, m}),

P1 =
5∑

i=1
p1i , P2 =

5∑

i=1
p2i .

According to the assumptions and the calculation above, the order of the con-
struction system characteristic function value can be concluded as follows:

{
V (III) ≥ V (IV) ≥ V (II) ≥ V (V) ≥ V (I) , ∀P2 > 5F,

V (V) ≥ V (I) ≥ V (IV) ≥ V (II) ≥ V (III) , ∀P2 ≤ 5F.
(14)

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

V (III) ≥ V (IV) ≥ V (II) ≥ V (V) ≥ V (I) , ∀P1 > 4F,

V (IV) ≥ V (III) ≥ V (V) ≥ V (II) ≥ V (I) , ∀P1 ≤ 4F < 3/
2P1,

V (IV) ≥ V (III) ≥ V (V) ≥ V (I) ≥ V (II) , ∀3/2P1 ≤ 4F < 5/
3P1,

V (IV) ≥ V (V) ≥ V (III) ≥ V (I) ≥ V (II) , ∀5/3P1 ≤ 4F < 5/
2P,

V (V) ≥ V (IV) ≥ V (I) ≥ V (III) ≥ V (II) , ∀P1 ≤ 4F.

(15)

4 The Result of Game Analysis and Policy

The conditions of establishing harmonious construction union, the order of integrat-
ing it and disintegrating disharmonious construction union are not difficult to generate
from the results of game analysis above. And several basic conclusions can be drawn.
The responsibility of construction relevant departments is to regulate the construc-
tion market and improve the construction rule. And establishing and maintaining a
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harmonious construction environment are the final goal of government department.
Based on this reality, the government department must disintegrate disharmonious
construction union first.

Based on the above analysis, the conditions of establishing harmonious construc-
tion union, the order of integrating it and disintegrating disharmonious construction
union can be summarized. Firstly, the responsible construction related authorized
departments are regulating the construction market and trying to improve the con-
struction rule. Secondly, establishing and maintaining a harmonious construction
environment are the ultimate goal of government department. We can see that the
most important issue for this is the role and impact of government department.
Therefore, the government department has to disintegrate disharmonious construc-
tion union first.

4.1 The Formation of Harmonious Construction Alliance

Based on Eqs. (1)–(5), we can conclude that, when the net income benefit of harmo-
nious construction is greater than the average net income benefit of disharmonious
construction which is the current status, the union, whether it is single, Duo Union,
Tri union, Quad union or five union, will intend to choose harmonious construction
strategy.

The smaller the average net income benefit of maintaining the current status of
disharmony construction, the greater the net income benefit of harmonious construc-
tion, and the easier it is to form the harmonious construction union, vice versa.

So the relevant government departments that intend to construct harmonious con-
struction system should focus on improving the net income benefit p1i , and reduce
the net income benefit p2i − f2i resulted from disharmonious residential construction
system.

Without taking other factors into consideration, in order to improve the net income
benefit of harmonious construction, the relevant government departments should
coordinate various stakeholders’ construction behavior, regulate construction inter-
ests objectives of each stakeholder, reduce the loss of conflict, and at the same time
increase the penalties of disharmonious builder and reduce its net income benefit
from disharmonious construction.

4.2 Disintegrating Disharmonious Construction Union

Construction project always goes along under a certain level of laws, regulations and
game rules. Some conclusion can be summarized according to the disharmonious
construction characteristic value order of Eqs. (3)–(10) and the integration path in
the paper of “Stakeholders’ Harmonious Integration of the Residential Construction
System”:
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(1) The order of disharmonious construction union is Five Union, One Union, Four
Union, Two Union and Three Union, if the interests are less than the loss of
choosing disharmonious construction. In this situation, the Five Union will col-
lapse of itself if government department strengthens the position of harmonious
construction. Then project construction system will achieve the best status of
collapsing disharmonious construction.

(2) The order of disharmonious construction union is Five Union, One Union, Three
Union, Four Union, Two Union, and if the interests are equal or greater than
the loss of choosing disharmonious construction. The government department
must increase punishment of disharmonious construction to collapse the union
psychology of choosing disharmonious construction.

4.3 Integrating Harmonious Construction Union

Whatwe need to do is tomake the process of construction projects turn to harmonious
point from disharmonious point for there is no absolute harmony in the process of
project construction process, only relative harmony exists. In the process of project
construction turning to harmony, the gross loss of all the players will increase and
this is caused by any player who chooses disharmonious construction. And the F is
greater; the construction market is more harmonious.

(1) The best harmonious integration union is Five Union in which all the players
will choose the strategy of harmonious construction. And if 3p1 ≤ 4F, the Five
Union will be formed easily. So the government department needs to distribute well
between the earnings and losses and try to make p1

F ≤ 4
3 .

(2) If p1 ≤ F ≤ 3p1, the most harmonious construction union is Four Union. The
government department should integrate the owners, the supervisors, the builders, and
the suppliers will be controlled easily for the sanction of the other four stakeholders.

(3) If p1 > 4F, the most harmonious construction union is Three Union. The
owners and the supervisors should be brought into the harmonious union. The gov-
ernment department should make use of the duties of the stakeholders in the union
to constrain other stakeholders’ behaviors.
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The Allocation of Carbon Emission
Allowances for Power Plants with Gini
Coefficient

Xin Yang and Lurong Fan

Abstract The “cap-and-trade” mechanism, an effective way to control emissions,
is a market-based approach focused on the efficient allocation of initial emissions
allowances. The equality principle is established to make most allocating objects be
satisfied with the allocation, which could promote emission reduction. This paper
employs the Gini coefficient, a measurement of inequality in economics, to imple-
ment the equality principle, and build relative mathematical model for the alloca-
tion problem. Two indicators, output and investment, are chosen to calculate the
Gini coefficient, because the output stated for its contribution to the society, while
the investment implied its scale and attitude towards the environment. Finally, an
example in Guangdong ETS was taken to demonstrate the efficiency of the method
proposed in this paper.

Keywords Carbon emission allowance allocation · Power plants · Equality · Gini
coefficient

1 Introduction

The climate is changing across our planet [7]. For example, global mean surface air
temperatures over land and oceans have increased over the last 100 years, the extreme
weather and climate events have an increasing trend. Many changes can be explained
by the natural variability of the climate system. Human activities, however, also affect
the climate by changing the emissions and resulting atmospheric concentrations of
greenhouse gases (GHGs) and aerosols and by changing land surface properties
[7, 14]. Specially, carbon emission (short for GHGs emission) is regarded as one of
the largest contributors to long-term climate change [10]. Due to the harmful impact
of excessive carbon emission brings, various methods were proposed to control car-
bon emission. The Emission Trading Scheme (ETS), a market-based approach by
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providing carbon allowances as economic incentives, was put forward for the first
time in Kyoto Protocol in 1997 [2, 3, 5, 12, 13]. One of the most controversial issues
in the ETS is how to allocate the allowances.

Research on carbon emission allowances allocation problem has attracted plenty
of attentions in the last few decades. Some are focus on allocations between nation and
nation, some are in a nation, and the others are among entities. A key for this problem
is to ensure the equity of the allocation [8]. Especially allocation for the power
plant, on the biggest emitters. An inequitable may not only fail to encourage plants
to reduce emissions but also cause electricity shortage. There have been a variety
of acceptable ways proposed based on equity principles, such as “grandfathering”
(allowances based on historical emissions), “benchmarking” (allowances based on
energy input or product output) and some others like per capital allocation and land
area-based allocation [1, 16, 17]. Several researchers have proposed a series of more
comprehensive and complicated allocation methods. For instance, Groenenberg et
al. [4] extended the Triptych approach presented by Phlipsen et al. [11] to the global
differentiation of emission reduction, which is a kind of allocation among countries,
emphasizing the mitigation of contradictions between developed and developing
countries. Wang et al. [15] applied data envelopment analysis (DEA) to reginal
allocation of carbon emission allowance over provinces in China by 2020 for realizing
China’s national mitigation targets. Park [9] described a new method using Boltzmann
distribution, which is available to allocate among any entities. Aimed to develop a
decision support model for establishing benchmarks as a tool for free allocation in
the construction industry. Taehoon et al. [6] developed a decision support model for
establishing benchmarks as a tool for free allocation in the construction industry. In
this paper, we introduce the Gini coefficient so as to ensure the equity of allocation.
In economics, the Gini coefficient is a measure of statistical dispersion intended to
represent the income distribution of a nation’s residents. It was developed by the
Italian statistician and sociologist Corrado Gini and published in his 1912 paper
“Variability and Mutability”. Now it has been widely used in many fields such as
sociology, health science, ecology and engineering, not only in economics. One of
the factor we select to calculate the Gini coefficient is the cost of emission reduction.
An entity with high cost implies it already has advanced equipments or technologies,
leading to little reduction space. In this case, allowances the entity got may be a
bit more in a suitable range. On the contrary, the entity with low cost ought to get
relatively few allowances so that it is promoted to make efforts on emission reduction.

This research put an eye on the carbon emission allowance allocation for the
power plants, and try to make it to be as fair as possible so as to be helpful for
the emission mitigation while guarantee the electricity supply. The remainder of
this paper is organized as follows. Section 2 is the methodology part, focusing on
employing the Gini coefficient in the allowance allocation and then constructing
mathematical model. In Sect. 3, an application in Guangdong ETS is presented to
explore useful results and prove the validity of the model proposed in Sect. 2. Finally,
Sect. 4 gives our conclusions and future research.
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2 Method

In this section, a model for the allocation problem through Gini coefficient is con-
structed. The mathematical description of the problem is given as follows.
1. Notations
In order to facilitate the description of the problem, the following notions are intro-
duced.

i : index of the coal-fired power plants, i = 1, 2, · · · , I
emii : the historical emission of the i th plant
to_qut : the total allowances for allocation
outi : the annual electricity output of the i th plant
inv : the historical investment of the i th plant
ω1 : the weight of the output-index for the Gini coefficient
ω2 : the weight of the investment-index for the Gini coefficient
y0

i : the initial carbon emission allowances allocated to power plant i
�yi : adjustment coefficient of plant i’s allowances
yi : the carbon emission allowances power plant i obtained

2. Allocation Model with Gini Coefficient
The key issue for local government is how to allocation the carbon emission
allowances. Since electricity is one of basic energies, its production is crucial to
the development of the whole society. If the power plants produce negatively duo to
the few allowances, it is bound to cause a series of social problems. Oppositely, if the
allowances are too many, it would not reach the purpose of emission reduction. To
balance the two questions above, a multi-objective model is established in this paper
to supply policy for the local government. What we take into account are the emission
reduction target and the electricity supply, besides the equality and efficiency of the
allocation. The mathematical description in detail is shown below.

Firstly, we choose emission-based allocation approach named “grandfathering” to
allocate the initial allowances. The emission-based allocation is to take the previous
years emission proportion as the standard used for setting emission allowances in
the following year, which is the current allowance allocation mechanism in the EU
ETS. Power plant i’s initial allowance, y0

i , can be calculated by Eq. (1).

y0
i = emii

n∑

i=1
emii

× to_qut. (1)

Under this free allocation method of grandfathering, most allowances are assigned
to the entities that have emitted most. In this regard, grandfathering is potentially
problematic [17]. To make the allocation more faire and effective, we take reduction
investment and production output called “benchmarking” into consideration to make
some adjustments on the initial allowance.



1560 X. Yang and L. Fan

To guarantee the balanced development of the power plants and satisfy the elec-
tricity demand, the local government needs to consider the equity of the allocation.
In economics, there is a measure of statistical dispersion intended to represent the
income distribution of a nation’s residents, known as the Gini coefficient. Here, we
introduce it to measure the equity of the carbon emission allowances allocation.

We take the Gini coefficient of income as an example to present it. The Gini coef-
ficient is defined mathematically based on Lorenz curve, which plots the proportion
of the total income of the population (y axis) that cumulatively earned by the bot-
tom x% of the population (see Fig. 1). The line at 45 degrees thus represents perfect
equality of incomes. GI can be thought of as the ratio of the area that lies between
the line of equality and the Lorenz curve (marked A in Fig. 1) over the total area
under the line of equality (marked A and B in Fig. 1); i.e., G = A/(A + B). It can
theoretically range from 0 to 1. The lower it is the more equal the distribution is, with
0 corresponding to complete equality and 1 corresponding to complete inequality.

Choosing the evaluation index, like income, is a very important link, when apply-
ing the Gini coefficient to measure the fairness. There are various factors needed
to be considered in the carbon emission allowances allocation, such as the power
plants size, its contribution to public and its influence on environment. Considering
the indexes need to be quantifiable, two representative factors, the annual output and
the investment on carbon reduction, are selected to calculate the corresponding Gini
coefficient for measuring the equality of the allocation.

How to calculate the coefficient is another important issue. The main problem is
to compute the area A or B shown in Fig. 1. In practice, the mathematical expression
of the Lorenz curve is not known. As a result, area B and A cannot be computed.

Fig. 1 The Gini coefficient
based on the Lorenz curve
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Only the discrete values at certain intervals on the abscissa are given. In this case, the
Gini coefficient could be approximated by using various techniques for interpolating
the missing values of the Lorenz curve. One of them is to approximate area B with
trapezoids. The formula is as follows:

Gini = 1 −
M∑

m=1

(Um − Um−1)(Vm + Vm−1), (2)

where Um means the cumulative percentage of the evaluation index, and Vm indicates
the cumulative percentage of the carbon emission allowance. And when m = 1,
(Um−1, Vm−1) is regarded as (0, 0).

(1) Output-based: For a power plant, its output reflects its contribution to society.
Allocating the plant with higher output more allowances can help maintain the total
electricity supply. Meanwhile, output-based allocation also satisfy the principle that
more pay for more work. The output-based Gini coefficient is defined as:

G1 = 1 −
∑

i

(out pπi
− out pπi−1

)(ypπi + ypπi−1), (3)

where out pπi
and ypπi stand for the cumulative percentages of output and allowances

of the first πi plants, respectively. Thy are calculated by Eq. (4):

out pπi
= out pπi−1

+ outπi∑
i outπi

, ypπi = ypπi−1 + yπi∑
i yπi

, and out pπ0
= ypπ0 = 0.

(4)

Here π indicates a sorting order in output/allocation, and satisfies the following
formula:

yπ1

outπ1

≤ yπ2

outπ2

≤ · · · ≤ yπI−1

xπI−1

≤ yπI

xπI

.

(2) Investment-based: The investment on carbon reduction of a power plant reflects
its concern degree on environment. The more the investment is, the more attention
it pays on environment. The more carbon allowances should be allocated as encour-
agement. Moreover, this investment can also indirectly reflect the cost of continuing
reduction. The more the investment is, the more the cost of going on reduction will
be. The more carbon allowances should be got as a reward. Besides, it can also
stimulate plants with little attention on environment to make investment on emission
reduction, that reflects the efficiency of the allocation. Then the investment-based
Gini coefficient is defined as Eq. (5):

G2 = 1 −
∑

i

(invpτi
− invpτi−1

)(ypτi + ypτi−1), (5)
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where invpτi
and ypτi means the cumulative percentages of investment and allowance

of the first τi plants, respectively. They are shown as Eq. (6):

invpτi
= invpτi−1

+ invτi∑
i invτi

, ypτi = ypτi−1 + yτi∑
i yτi

, and invpτ0
= ypτ0 =0. (6)

Here τ indicates a sorting order in investment/allocation, satisfying the following
formula:

yτ1

invτ1

≤ yτ2

invτ2

≤ · · · ≤ yτI−1

invτI−1

≤ yτI

invτI

.

To assess the equity of the allocation, the comprehensive Gini coefficient, a com-
posite reflection of output and investment, is taken into consideration as the objective
function. It is defined by weight-sum approach as below:

CG(yi ) = ω1G1 + ω2G2, where ω1 + ω2 = 1.

Objective: According to the regulations of the United Nations organizations, 0.4
is usually regarded as the “cordon” of the Gini coefficient. The lower, the better.
Here, considering many other influences on the allocation, we cannot promise the
coefficient to stay below 0.4. What we can do is to minimize it, that is:

min CG(yi ).

Constraints: The final allowance allocated to each power plant is the sum of the
initial allowance and the adjustment. Additionally, to make sure total amount of the
allowances allocated to be the same, the sum of the adjustments equals to zero. What’
more, In order to make every plant to reduce emission, the allowance it get can not
exceed its emission in previous year. At last, no matter the initial allowance or the
final one every plant got are positive.

yi = y0
i + �yi ,

∑

i

�yi = 0, y0
i > 0, and 0 < yi ≤ emii . (7)

2.1 Global Model

To control the emission of carbon, the government has to allocate the carbon emission
allowances to the enterprises participated in emission reduction action. As one of the
major emitters, the coal-fired power plants are included with no doubt. In this paper,
the government takes the “cap-trade” mechanism and allocates the allowances freely
to the plants first. When allocating, the government should consider the equity and
efficiency of the allocation. The Gini coefficient, a measure of income inequality in
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economics, is applied to make the allocation as equitable as possible, and the detailed
mathematical expression for this two models are show below.

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

minyi ω1G1 + ω2G2

s.t.

⎧
⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

yi = y0
i + �yi

y0
i = emii

I∑

i=1
emii

× to_qut

∑I
i=1 �yi = 0

0 < yi ≤ emii , i = 1, 2, · · · , I.

3 Application

In this section, the carbon reduction planning of Guangdong province in China is
used as a practical application example for the proposed optimization method.
1. Background
Up to now, China has been the second largest greenhouse gas emitter throughout the
world, with enormous pressures in the international negotiation on carbon emissions
control and climate change mitigation. At the Copenhagen climate conference in
2009, China government pledged that China would cut down carbon emission inten-
sity (i.e. carbon emissions per unit GDP) by 40–45 % based on 2005 level by 2020.
To achieve this target, China still employs CET mechanism adopted by many other
countries. In 2013, Guangdong as well as Beijing, Tianjin, Shanghai, and Shenzhen
has set up carbon emission trading center.

Guangdong province locates on the bank of the South China Sea, bordering
on Hongkong, Macao, Guangxi, Hunan, Jiangxi and Fujian. It is one of the most
developed provinces in China. On 19th December of 2013, carbon emission trading
launched in Guangdong, and 7 deals accomplished on the first day with 120,029 ton
of carbon trading volume. In its carbon emission management system, there are 3
participants as well as 4 systems, with the relationship between them is shown in
Fig. 2. At present, hundreds of enterprises with annual carbon emission 20,000 ton
and above are taken as the targets, relating to 9 kinds of industry. There’s no doubt that
most coal fired and LNG fired power plants are included. The detailed information
about the parameters involved in the proposed model in shown in Table 1.
2. Results
To verify the practicality and efficiency of the model with Gini coefficient for the
allowance allocation problem for the power plants in this paper, the example in
Guangdong ETS is applied. Here the weights are chosen as ω1 = 0.6 and ω2 = 0.4.
The final optimal results are shown in Fig. 3. It can be seen that under this alloca-
tion plan, the “output-allowance” curve almost coincides with the curve of absolute
equality, which makes the output-Gini coefficient (i.e. G1) very low at 0.0125. The
situation for the investment-Gini coefficient is the same as G2 = 0.0187. It indicates
this allocation plan could reach equality to some extent on these two dimensions.
This result demonstrates the efficiency of the method proposed in this paper.
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Fig. 2 The carbon emission management system

Table 1 The basic information for power plants involved

Index Fuel type Unit type Emissions-
base (104
Tonne)

Output-base
(109 KWh)

Investment
(109 CNY)

i = 1 Coal-fired 2*1000 Ultra
supercritical

1109.6190 134.81 82.81

i = 2 Coal-fired 2*600 Ultra
supercritical

684.3463 80.37 50.42

i = 3 Coal-fired 2*600
Supercritical

680.2186 78.49 46.79

i = 4 Coal-fired 2*300
Subcritical

340.8804 37.67 23.42

i = 5 Coal-fired 2*200 CFB 240.0019 24.31 15.28

i = 6 LNG-fired 2*190 S209E 58.6186 13.35 10.83

i = 7 LNG-fired 2*390 S209F 167.0058 42.95 22.51

i = 8 LNG-fired 2*260 S209E 111.2421 26.73 17.14
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Fig. 3 The allocation plan and results

4 Conclusions and Future Research

This paper studied the carbon emission allowance allocation problem for the power
plants. Our focus is on how to make the allocation achieve a certain degree of fairness.
So we employed the Gini coefficient, a measurement of inequality in economics,
to build mathematical model for the allocation problem. Further, two indicators,
output and investment, were chosen to calculate the Gini coefficient, because the
output stated for its contribution to the society, while the investment implied its
scale and attitude towards the environment. Finally, an example with background in
Guangdong ETS was taken to demonstrate the efficiency of the method proposed in
this paper, and the results indicated that the idea of employing Gini coefficent could
indeed make the equality principle of allocation come true. Since the allocation
activity can also be regarded as an interaction between the regional authority and the
entity. In the future research, we may take the reactions of the entity for the allocation
into consideration when make allocation plans and construct a multi-level model. It
might yield substantially different results.
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Dynamic Group Decision Making Approach
Based On Aggregating Intuitionistic Fuzzy
Cross Entropy and Lattice Order Preference

Chunxiang Guo, Yaqin Ling and Junjie Chang

Abstract We propose a dynamic group decision approach with intuitionistic fuzzy
entropy and lattice order preference, where preference relations’ possibility with
respect to decision makers is represented by intuitionistic fuzzy number. Firstly, the
preference characterization of decision makers is extended from four variety rela-
tions to seven variety preference relations. Then, considering the dynamic weight of
decision-makers, the comprehensive intuitionistic fuzzy decision matrix is built by
aggregating intuitionistic fuzzy preference matrix of decision makers at each time.
Further, combined with the concept and property of intuitionistic fuzzy entropy and
cross entropy, the ER nonlinear optimization model to reflect the nearness between
personal preferences and group preferences based on preference entropy is con-
structed, and the individual preferences are aggregated by solving the model, gives
the specific steps of the decisionmaking. Feasibility and effectiveness of the proposed
method are illustrated using a numerical example.

Keywords Dynamic decision-making · Lattice order preference · Intuitionistic
fuzzy number · Preference entropy · Nonlinear optimization

1 Introduction

Group decision making (GDM) is used to obtain the best solution(s) for a problem
according to the information provided by some decision makers. Group decision-
making has been extensively applied in fields such as society, economy,management,
industry and engineering system in recent years. In GDM problems, the decision
maker should provide decision objectives and preference information of alterna-
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tives based on different decision-making environment. The preference information
provided by decision makers can be expressed in multiple formats, such as weight
model, paired comparison, sequence table, order relation, utility value, fuzzy prefer-
ence relation, multiplicative preference relation, interval number and mixed mode,
they are determined by decision-making environment and ability. Research results
have been achieved based on GDM problems of the above preference information
at home and abroad. Chiclana [4] presented a novel visual information feedback
mechanism for GDM problems with TFCPRs; Guo [5] developed an approach to
solve the random lattice order group decision-making problem, where the prefer-
ence information on alternatives pair provided by experts is in the form of uncertain
binary preference relations; Through a combination of multigranulation rough sets
with intuitionistic fuzzy rough sets, Huang and Guo [12] developed a new multi-
granulation rough set model, called an intuitionistic fuzzy multigranulation rough
set (IFMGRS); Yager and Alajlan [20] investigated the role of stochastic dominance
as tool for comparing uncertain payoff alternatives; Fan [8] developed an approach
to solving group decision-making problems, where the preference information on
alternatives provided by experts is in the form of uncertain preference ordinals.

Studies had shown that when decision makers expressed their preference for
alternatives, the simplest and most direct methods was pairwise comparison of alter-
natives, comparison results are presented using binary preference relations, such as
González-Pachón et al. [9], Fan [8], Kou et al. [15] and Greco et al. [10]. In the pair-
wise comparison of alternatives, decision makers utilized binary preference relations
to express comparison results [5, 11, 13]. Xu [18] presented a comprehensive survey
of preference relations, point out that Mathematical concepts and language on binary
relations were widely used in decision maker preference model of decision theory.
For example, in criterion importance theory, the multi-criteria decision support was
based on binary relations [16]. Scholars believed that binary preference relations
included superior, inferior, and no difference, or four kinds of relations-superior,
inferior, incomparability and indifference. Namely, preference of decision makers
had the property of total or partial order [1, 14].

In fact, decision makers may not compare some decision alternatives for some
reason. But in most major decisions, the supremum and infimum of alternatives pairs
can be derived through datamining. Therefore, describing decisionmaker preference
only in the form of ordinal number is vague and general. Lattice structure is more
realistic to describe preferences of decision makers. In uncertain decision making
problems, random preference relation of decision makers should be better described
and expressed to make decision-making consequences clear. So it is necessary to
extend preference description from four kinds of preference relations (superior, infe-
rior, no difference and incomparability) to seven kinds of relations-superior, inferior,
indifference, incomparability, as well as incomparability due to supremum, infimum
and both of them.
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In addition, due to the lack of information, decision-making environment, knowl-
edge background and ability of decision makers, they are often difficult to give
a clear preference relation. At this point, experts usually indicate their estimation
of the alternatives pair with uncertainty preference relations. They think that the
occurrence membership or probability of binary relation between alternatives pairs
is uncertain. Therefore, uncertain binary preference of decision problems is particu-
larly important.

More importantly, most of the previous studies focused on static decisions, which
did not consider the natural state, decision-making objectives and the time sequence
of decision makers’ preference. In fact, static decision problem is few in real life,
because most situations of decision making are dynamic. In many areas of deci-
sion making, such as multi-period investment decision, medical diagnostics, per-
sonal dynamic evaluation and military system efficiency dynamic evaluation, origi-
nal decision-making information is usually collected at different periods. Therefore,
ways to develop and address these problems are very necessary.

In dynamic intuitionistic fuzzy environment, this work combined with intuitionis-
tic fuzzy set theory and preference theory, studying dynamic group decision-making
problems with lattice order preference based on cross entropy. In the problems, a
number of experts will give the possibility of binary relations between alternatives
pairs at different times. And they describe the possibility of binary relations between
alternatives pairs in the form of intuitionistic fuzzy numbers. Generally, there may
be different decision makers or experts during the decision making process in each
period. Based on the former’s researches, this work assumed that at each period,
decision-makers or experts independently obtain their own assessment results.

2 Preliminary Knowledge

This section includes a brief review of intuitionistic fuzzy sets and binary relation.

2.1 Intuitionistic Fuzzy Set (IFS)

Fuzzy set theory, proposed in 1965 by Zadeh, has been widely used among the fuzzy
decision problems. To dealwith uncertain information, Atanassov [2, 3] proposed the
concept of intuitionistic fuzzy sets in 1983, and studied its operations and properties.
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An intuitionistic fuzzy set (IFS) A in X is defined as:

A = (x, u A(x), νA(x))|x ∈ X ,

where u A : X → [0, 1] and νA : X → [0, 1], with the condition 0 ≤ u A(x) +
νA(x) ≤ 1,∀x ∈ X .

The numbers u A and νA denote the degree ofmembership and non-membership of
x ∈ X inA, respectively. For each IFSA in X , the numberπA(x) = 1−u A(x)−νA(x)

denotes a hesitancy degree of x ∈ X in A. Obviously, for 0 ≤ πA(x) ≤ 1 each x ∈ X .
In this work, IFS(X) indicates that all intuitionistic fuzzy sets related to X . For

every A1 and A2 ∈ IFS(X), the following operations are defined:
(1) A1 ∈ A2 if and only if ∀x ∈ X, u A1(x) ≤ u A2(x) and νA1(x) ≥ νA2(x);
(2) A1 = A2 and only if ∀x ∈ X,μA1(x) = μA2 (x) and νA1(x) = νA2 (x);
(3) A1 + A2 = {〈x, μA1(x) + μA2

(x), νA1(x) + νA2(x)〉|x ∈ X};
(4) A1 × A2 = {〈x, μA1(x)μA2

(x), νA1(x)+ νA2(x) - νA1(x) × νA2(x)〉|x ∈ X}.

2.2 Preference Relations

Definition 1 ([5]) A (non-strict) partial order is a binary relation in set P, the binary
relation “	” is anti-symmetric, transitive and non-reflexive. I.e., ∀a, b, c in set P has
following properties: a 	 a (reflexivity);
If a 	 b and b 	 a, then a ≈ b (anti-symmetric);
If there is a 	 b and b 	 c, then a 	 c (transitive).
�,≈ represents the “superior” and “indifference” relation of alternatives in set A.
Correspondingly, there are “ 	” = “�” � “≈”.

Definition 2 ([5]) Partial-order set L is a lattice. For any alternatives pairs x and y
has a minimum upper bound x ∨ y (and operation), and a maximum lower bound
x ∧ y (intersection operation). That is, z 	 x ∨ y ⇐⇒ z 	 x and z 	 y; x ∧ y 	
z ⇐⇒ x 	 z and y 	 z .

As mentioned above, in an uncertain decision-making environment, only four
relations-superior (�), inferior (≺), indifference (≈) and incomparability (||) are not
enough to describe the preference situation of decision-makers. In order to better
express random preference relation of decision-makers and make the decision con-
sequences clear, preference description of decision makers needs to be broadened.
The four preference relations are changed into seven relations.
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For example, a manufacturer plans to choose green technology for a green product
and there are five types of candidate green technology (A1, A2, A3, A4, and A5).
The decision maker considered that A1 is superior to A2 (denoted as A1 � A2); A2

is incomparable to A3, A2 and A3 have an l.u.b. (denoted as A2
∨
|| A3); A3 is incom-

parable to A1, A3 and A1 have a g.l.b. (denoted as A3 ||∧ A1); A4 is incomparable

to A5, A4 and A5 not only have an l.u.b., but also a g.l.b. (denoted as A4
∨
||∧ A5); A2

is incomparable to A4 (denoted as A2||A4); and the decision maker is indifferent
between A1 and A5 (denoted as A1 ≈ A5).

Binary relations “
∨
||, ||∧ and

∨
||∧” are added into preference relations, providing

reasonable borders and analysis basis for decision-makers.Decision-makers think the

binary relation between alternatives pairs Ai and A j (Ai , A j ∈ X ) may be�, ||, ∨
||, ||∧,

∨
||∧, ≈ or ≺, denoted as H = {rg|g = 1, . . . , 7} = {�, ||, ∨||, ||

∧
,

∨||
∧
,≈,≺}. These seven

kinds of binary relations are completely and mutually independent, constituting the
set that is the recognition framework.About each alternatives pairs Ai , A j , preference
values of decision-makers Dl(l = 1, 2, . . . , m) are represented by intuitionistic fuzzy
sets. IFS mode is defined as Dl(Ai , A j ) = {〈rg, μ

rg
ij (l), ν

rg
ij (l), π

rg
ij (l)〉|rg ∈ H}.

μrg
ij
(l) and vrg ij(l) denote membership and non-membership degree of AirgA j ,

respectively. Accordingly, 0 ≤ μrg
ij
(l), vrg ij(l) ≤ 1

√
b2 − 4ac, 0 ≤ μ

rg
ij (l) +

ν
rg
ij (l) ≤ 1, π

rg
ij (l) = 1 − μ

rg
ij (l) − ν

rg
ij (l). Example 1: (Ai , Ak) is an alternatives

pairs. Assume that there are three modes expressed by IFS as follows:

Dl(Ai , Bk) ={〈(�, 0.1, 0.1), (||, 0.5, 0.2), (∨||, 0.1, 0.9), (||
∧
, 0.5, 0.5), (

∨||
∧
, 0.7, 0.1),

(≈, 0.3, 0.1), (≺, 0.2, 0.5)〉},
D2(Ai , Bk) ={〈(�, 0.1, 0.3), (||, 0.4, 0.2), (∨||, 0.6, 0.1), (||

∧
, 0.5, 0.3), (

∨||
∧
, 0.4, 0.3),

(≈, 0.3, 0.4), (≺, 0.2, 0.5)〉},
D3(Ai , Bk) ={〈(�, 0.7, 0.1), (||, 0.5, 0.4), (∨||, 0.1, 0.4), (||

∧
, 0.5, 0.5), (

∨||
∧
, 0.4, 0.2),

(≈, 0.5, 0.1), (≺, 0.5, 0.4)〉}.
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3 Interaction Method of Dynamic Lattice Order Group
Decision Making Problem with Intuitionistic Fuzzy
Number

3.1 Entropy of Intuitionistic Fuzzy Decision Preference
System

Besides IFS, there are two important concepts, entropy and cross entropy. These two
concepts are widely used in mode recognition, medical diagnosis, image segmenta-
tion, etc.

Entropy of fuzzy sets, originally proposed by Zadeh, is an effective tool for mea-
suring the information fuzziness. Szmidt and Kacprzyk [17] expanded the axiom of
De Luca and Termini, eventually forming the following definition of IFS(X) entropy
measurement.

Definition 3 ([6]) The entropy of IFS (X) is a real-valued function H: IFS(X) →
[0, 1], which meets the following several axioms:

(1) H(α) = 0, if and only if α = (0, 1) or α = (1, 0);
(2) H(α) = 1, if and only if μα = να;
(3) H(α) ≤ H(β), if μα ≥ μβ ≥ νβ ≥ ν α or μα ≤ μβ ≤ νβ ≤ ν α

(4) H(α) = H(ᾱ), whereα = (μα, να) andβ = (μβ, νβ) ∈ V ,α is a complement
of set α.

Cross entropy is used to measure the difference of information. Based on the
inequality principle proposed by Shannon, Vlachos and Sergiadis defined the intu-
itionistic fuzzy cross entropy.

Definition 4 ([17]) For two intuitionistic fuzzy sets α and β, if the following con-
ditions are satisfied, H(α, β) is the cross entropy of α and β:

(1) H(α, β) ≥ 0
(2) H(α, β) = 0 if and only if α = β.

Above measurements can describe entropy and cross entropy of intuitionistic
fuzzy sets.

Definition 5 ([7]) For two intuitionistic fuzzy sets α and β, α = (μα, να) and
β = (μβ, νβ). Setting

H(α, β) = μαln
2μα

μα + 2μβ

+ ναln
2να

να + 2νβ

,

H(α, β) is the intuitionistic fuzzy cross entropy between α and β.
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In terms of parameters, is asymmetric. Therefore, symmetry measurement is
defined as follows.

Definition 6 ([7]) For two intuitionistic fuzzy sets α and β, let I (α, β) = H(α, β)+
H(β, α), where I (α,β) is symmetrical identifying information of intuition fuzzy sets.

It’s easy to prove that I (α, β) ≥ 0; I (α, β) = 0 if and only if α = β.

According to the above properties, the cross entropy of α and β can be used
to measure their conformity. When α has the same preferences with β, the cross
entropy is minimum. Therefore, the cross entropy can measure the conformity of
decision-makers’ preferences in group decision.

Definition 7 Decision preference system S = (H, D), H = {rg|g = 1, . . . , 7} =
{�, ||, ∨||, ||

∧
,

∨||
∧
,≈,≺} is the identification framework. For alternatives pairs (Ai , B j ),

Dl(Ai , B j ) is an intuitionistic fuzzy set mode in H ,

Dl(Ai , A j ) = {rg, 〈μrg
ij
(l), vrg

ij(l), π
rg

ij(l)〉|rg ∈ H}

denoted as, (rg ∈ H = �, ||, ∨||, ||
∧
,

∨||
∧
,≈,≺}), where 0 ≤ μrg

ij
(l) + vrg ij(l) ≤ 1.

Definition 8 In decision preference system S = (H, D), H = {rg|g = 1, . . . , 7} =
{�, ||, ∨||, ||

∧
,

∨||
∧
,≈,≺} is the identification framework. For any alternatives pairs

(Ai , B j ), Dl(Ai , A j ) and Dl ′(Ai , A j ) are two intuitionistic fuzzy modes in H :

Dl(Ai , A j ) = {rg, 〈μrg
ij
(l), vrg

ij(l), π
rg

ij(l)〉|rg ∈ H},

Dl ′(Ai , A j ) = {rg, 〈μrg
ij
(l ′), vrg

ij(l
′), πrg

ij(l
′)〉|rg ∈ H}.

H(Dl , Dl ′) is the intuitionistic fuzzy cross entropy between Dl and Dl ′ :

H(Dl , Dl ′) =
∑

rg∈{�,||,∨||,||
∧
,
∨||
∧
,≈,≺}

[
μ

rg
Ai ,A j

(l) ln
2μ

rg
Ai ,A j

(l)

μ
rg
Ai ,A j

(l) + 2μ
rg
Ai ,A j

(l ′)

+ ν
rg
Ai ,A j

(l) ln
2ν

rg
Ai ,A j

(l)

ν
rg
Ai ,A j

(l) + 2ν
rg
Ai ,A j

(l ′)

]
. (1)
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H(Dl , Dl ′) indicates the difference between Dl and Dl ′ , also called as IFS dif-
ference information. According to Shannon Inequality Principle, it is easy to prove
H(Dl , Dl ′) ≥ 0, and H(Dl , Dl ′) = 0 if and only if A = B.

Besides H(Dl , Dl ′) = H(Dc
l , Dc

l ′) Where Dc
l , Dc

l ′ are the complement of set Dl

and Dl ′ , then

Dc
l (Ai , A j ) = {rg, 〈vrg

ij(l), μ
rg

ij(l), π
rg

ij(l)〉|rg ∈ H},

Dc
l ′(Ai , A j ) = {rg, 〈vrg

ij(l
′), μrg

ij(l
′), πrg

ij(l
′)〉|rg ∈ H}.

Therefore, intuitionistic fuzzy cross entropy can be defined by Eq. (1) as follows.
Entropy H(S) of System S is defined as: H(Dl) = −(2 ln 2)−1 I (Dl , Dc

l ) + 1. That
is

H(Dl) = −(ln 2)−1
∑

rg∈{�,||,∨||,||
∧
,
∨||
∧
,≈,≺}

(μrg ln 2μrg

μrg +2vrg + vrg ln 2vrg

vrg +2μrg ) + 1. (2)

It is a measurement of intuitionistic fuzzy entropy, and meets the definition of
Szmidt andKacpraczyk [17]. Functionsμrg

ij
(l) and vrg ij(l) indicatemembership and

non-membership degree of AirgAk . H(Dl) is the preference entropy of intuitionistic
fuzzy preference vector DlAi, Ak). H(D) reflects the granularity of decision classi-
fication and the impact of the decision-making classification on uncertainties. Finer
classification of decisions means the smaller granularity and greater uncertainty in
decision making.

3.2 Decision Making Method

In group decision making problem with dynamic intuitionistic fuzzy lattice order
characteristics, preference values of all the decision makers (DMs) are expressed in
the form of intuitionistic fuzzy numbers (IFNs) during different periods.

Firstly, a detailed description is given on DIFGDM problem:
(1) X = {a1, a2, . . . , ai , . . . , a j . . . , am} is a discrete set of feasible alternatives.
(2) H = {rg|g = 1, . . . , 7} = {�, ||, ∨||, ||

∧
,

∨||
∧
,≈,≺} is a finite set of seven kinds

of binary relations.
(3) D = {D1, . . . , Dl , . . . , Dq}: at each moment tk(k = 1, 2, . . . , p), weight

vector of the same q decision makers (DMs) is w(tk) = (w1(tk), . . . , wl(tk),
. . . , wq(tk)), where wl(tk) ≥ 0; l = 1, 2, . . . , q and

∑q
l=1 wl(tk) = 1.



Dynamic Group Decision Making Approach Based On Aggregating Intuitionistic … 1575

A decision maker cannot have sufficient expertise to evaluate all aspects of the
problem. For them, to make the evaluation part of the problem is permissible. There-
fore, different decision-makers should be allocated with different weights, particu-
larly when the decision problem involves changes of policies, guidelines and envi-
ronment.

In the past few decades, people have developed a number of methods to deter-
mine the weights of decision-makers. Generally, the weights should be determined
according to their knowledge, skills and experience.

(4) For the periods tk(k = 1, 2, . . . , p), the weight vector of tk is w(t) = ((w(t1),
w(t2), . . . , w(tp)), where w(tk) > 0, k = 1, 2, . . . , p;

∑p
k=1 w(tk) = 1.

(5) At time tk(k = 1, 2, . . . , p), decision makers Dl(l = 1, 2, . . . , q) provide
preference values between alternatives pair (ai , a j ), and construct intuitionistic fuzzy
decision matrix V (t l

k) = (υ
rg
ij (t l

k))C2
m×7.

Accordingly, any alternatives pair has an intuitionistic fuzzy number about
binary relation rg provided by the decision makers, expressing as: υrg

ij(t
l
k) =

(μrg
ij
(t l

k), v
r g ij(t l

k), π
rg ij(t l

k)), the decision maker considers that the possibility of

airga j is an intuitionistic fuzzy number. Where μrg
ij
(t (l)k ) indicates the member-

ship degree of airga j by decision-maker Dl ; vrg
ij(t

l
k) indicates the non-membership

degree of airga j by decision-maker dl ; πr
ij(t

(l)
k ) indicates the uncertainty degree of

airga j by decision-maker dl .

Where, μrg
ij
(t (l)k ) ∈ [01], vrg

ij(t
l
k) ∈ [0, 1], πrg

ij(t
l
k) ∈ [0, 1], urg

ij(t
(l)
k ) +

vrg
ij(t

(l)
k ) ≤ 1, πrg

ij(t
(l)
k ) = 1 − μrg

ij
(t (l)k ) − vrg

ij(t
(l)
k ).

(6) Weight vector of decision makers Dl(l = 1, 2, . . . , q) at different time tk(k =
1, 2, . . . , p) is: wl(tk) = (wl(t1), wl(t2), . . . , wl(tp). The evaluation of expert Dl at
time tk is Dtk

l (ai , a j ) = {(rg, 〈μrg
iji j

(t l
k), ν

rg
ij (t l

k), π
rg
ij (t l

k))〉| rg ∈ H}, an intuitionistic
fuzzy preference vector.

Based on the above decision-making information, the dynamic intuition fuzzy
weighted average operator (DIFWA) is utilized to establish the optimal model, in
order to achieve optimal group preference. Then satisfactory binary relationship
between alternatives pair can be determined.
Step 1. We introduce DIFWA operator related to IFNs [19].

υ
rg
ij (l) = (μ

rg
ij (l), ν

rg
ij (l), π

rg
ij (l))

= DIFWAw(tk)(υ
rg
ij (t l

1), υ
rg
ij (t l

2), . . . , υ
rg
ij (t l

p))

= w(t1)υ
rg
ij (t l

1) ⊕ w(t2)υ
rg
ij (t l

2) ⊕ · · · ⊕ w(tp)υ
rg
ij (t l

p)

= (1 −
p∏

k=1

(1 − μ
rg
ij (t l

k))
w(tk ),

p∏

k=1

v
rg
ij (t l

k))
w(tk ),

p∏

k=1

(1 − μ
rg
ij (t l

k))
w(tk )

−
p∏

k=1

(v
rg
ij (t l

k))
w(tk )). (3)
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Individual’s intuitionistic fuzzy matrices at tk(k = 1, 2, . . . , p) are gathered to
form integrated intuitionistic fuzzy decision matrix for each decision maker Dl(l =
1, 2, . . . , q), where w(tk) > 0, k = 1, 2, . . . , p;

∑p
k=1 w(tk) = 1.

Step 2. Using DWA operator [19] obtain decision makers’ combined weights.

wl = DW Aw(tk )(wl(t1), wl(t2), . . . , wl(tp) =
p∑

k=1

w(tk)wl(tk). (4)

Decision makers’ weights w(tk) are gathered during p different periods (k =
1, 2, . . . , p) to form their combined weight wl(l = 1, 2, . . . , q).
Step 3. The relative closeness degree between individual preference and group pref-
erence is calculated for each alternatives pair.

According to the properties of cross entropy, the cross entropy of group preference
to individual preference should be theminimum tomaximize consistency of decision-
making group preference, establishing the following optimization problems:

min
q∑

l=1

wl H(D, Dl) = min
q∑

l=1

wl

( ∑

rg∈{�,||,∨||,||
∧
,
∨||
∧
,≈≺}

ul
ij(rg) ln

2ul
ij(rg)

ul
ij(rg) + 2uij(rg)

+ υl
ij(rg) ln

2νl
ij(rg)

νl
ij(rg) + 2νij(rg)

)

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0 ≤ μl
ij(rg) + vl

ij(rg) ≤ 1
0 ≤ μl

ij(rg) ≤ 1
0 ≤ vl

ij(rg) ≤ 1
0 ≤ μij(rg) + νij(rg) ≤ 1
0 ≤ μij(rg) ≤ 1
0 ≤ νij(rg) ≤ 1
0 ≤ νij(rg) ≤ 1

q∑

l=1
wl = 1 and 1 ≥ wl ≥ 0.

(5)

Constraints in the model are linear and bounded, so they have their feasible solu-
tion sets, as bounded convex set; the objective function is continuously differentiable
function, namely, themodel have the optimal solution. In addition, the objective func-
tion is strictly concave function, so the solution exists and is unique. The optimization
problem can be solved by direct calculation with Lingo8.0 software. Evidence D is
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the group preference. Preference vector for group distribution follow as that can be
obtained with Lingo8.0 software.

D(Ai , B j ) = {(rg, 〈μij(rg), νij(rg), πij(rg)〉)|rg ∈ H}.

Step 4. Determining the groups’ preference for the alternatives pair.
Setting 0 < σ < 1, the binary relationship between the alternatives pair is deter-

mined, the steps as follows.
Assume that the group preference on alternatives pair (ai, a j ) is:

rg, rg′ ∈ {�, ||, ∨||, ||
∧
,

∨||
∧
,≈,≺},

where υij(rg) = (μij(rg), νij(rg), πij(rg)), υij(rg′) = (μij(rg′), νij(rg′), πij(rg′)) and
the binary relation set of the group preference about alternative pair (ai, a j ) is denoted
as R∗(ai, a j ):

(1) About rg , if ∀rg′ ∈ {�, ||, ∨||, ||
∧
,

∨||
∧
,≈,≺}, then |υ(rg) − υ(rg′)| ≥ δ satisfied, so

rg ∈ R ∗ (ai, a j ), or to the next step;

(2) About rg , rg′ , if ∀rg′ ∈ {�, ||, ∨||, ||
∧
,

∨||
∧
,≈,≺}, (where, g �= g” �= g’ ) there are

|υ(rg′′)−υ(rg′)| ≥ δ and |υ(rg′′)−υ(rg)| ≥ δ, moreover |υ(rg′)−υ(rg)| ≤ δ,
then rg , rg′ ∈ R ∗ (ai, a j ).

4 Examples

The 21st century is highly information-oriented era, the network has gradually
become the main channel for people to obtain information, become an indispensable
part of Daily life, and the online shopping has also been integrated into the ordinary
people’s life. With the advent of 4G era, the competition in e-commerce markets is
becoming more and more intense. In this case, the merchant by the consumer’s shop-
ping experience, online surveys to understand the consumer’s dynamic preference,
providing consumers with satisfactory products is particularly important.

A group of customers D = {D1, D2, D3} is organized to estimate a batch of
similar online products X = {A1, A2, A3, A4, A5} by Amazon, the online products
with different brands. It is necessary to comprehensively consider the brand, quality,
cost, and other factors. The estimation is divided into three stages, and the information
of customer group is collected in these stages.

Without loss of generality, the weight vector at time tk(k = 1, 2, 3) is assumed
as w(t) = ((w(t1), w(t2), . . . , w(tp))

T = (0.2, 0.3, 0.5)T , weight vector of decision
makers Dl(l = 1, 2, 3) at period tk(k = 1, 2, 3) are w1(tk) = (0.5, 0.3, 0.2), w2(tk)
= (0.20, 0.35, 0.45), w3(tk) = (0.25, 0.30, 0.45), respectively. Considering the
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influence of different decision-making environments and customers’ abilities and
range of knowledge, preference of the customer to product has partial order struc-
ture. Recognition frame of customers is denoted as H = {rg|g = 1, . . . , 7} = {�
, ||, ∨||, ||

∧
,

∨||
∧
, ≈,≺}, H is the set of limited binary relation.

Experts give their preferences for the product at different times, preferences in the
form of intuitionistic fuzzy distribution preference vector. Their degree of support for
the product is shown in the appendix (Table1). For example, the data in the second
row and rank of Table1 are: Expert D1 thinks membership degree of A1A2 A1 � A2
is 0.25 at the moment of T = 1; non-membership degree is 0.74; hesitation degree
is 0.01. Because of space, experts’ other preferences are not shown.

Considering the views of each customer, selling products were selected from five
candidate products. Solving process is as follows.
Step 1. Based on Eq. (3), integrated intuitionistic fuzzy decision matrix of decision
makers Dl(l = 1, 2, 3) at tk(k = 1, 2, 3) by using DIFWA operator [20], forming the
comprehensive intuitionistic fuzzy matrix V (l) = [υrg

ij(l)]C2
m×7. The expert D1’s

comprehensive intuitionistic fuzzy matrix is shown in Table2. Because of space, the
comprehensive intuitionistic fuzzy matrix of expert D2 and D3 are not shown.
Step 2. Based on Eq. (4), a combined decision maker weight wl(l = 1, 2, 3) was
formed using DWA operator [19] and decision-makers’ weights (k = 1, 2, 3) of at
p different periods. w1 = 0.29; w2 = 0.37; w3 = 0.365.
Step 3. Based on Eq. (5), the relative proximity between preferences of individuals
and groups was calculated for each alternatives pair (Ai , A j ). And group distribution
preference vector was DAi, Aj) = {rg,〈μij(rg),νij(rg)〉)|rg ∈ H} (See Table3).
Step 4. Determining the group preference for the alternatives pair. σ = 0.01 Setting,
the binary relation between alternatives pair was determined:

A1||A2, A1 ≈ A2; A1
∨|| A3; A1 � A4, A1 ≺ A4; A1

∨||
∧

A5, A1 ≺ A5; A2
∨||
∧

A3;

A2
∨||
∧

A4, A2 ≈ A5; A3||A4, A3
∨|| A4; A3 � A5; A4

∨||
∧

A5.

If there is one element in set R∗, namely there exist the only collective preference
relation so that the sum of conflict degrees between group and individual suggestions
reaches minimum. Then the preference relation is the preference of groups [5]. If
group preference relation R∗ is more than one element, then the preference relations
are determined in accordance with the gathering principle or priority principle [5].
For example, if A1 � A4, A1 ≺ A4, then the binary relation of A1, A4 will be

determined by the gathering principle, as A1
∨||
∧

A4. And if A1||A2, A1 ≈ A2, the

binary relation is determined with principle of priority, as A1 ≈ A2.
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Finally, the preferences of decision-making group for the product were obtained
as follows:

A1 ≈ A2; A1
∨|| A3; A1

∨||
∧

A4; A1 ≺ A5; A2
∨||
∧

A3; A2
∨||
∧

A4;

A2 ≈ A5; A3
∨|| A4; A3 � A5; A4

∨||
∧

A5.

5 Conclusions

With the development of modern society, actual group decision making process has
become increasingly complex and uncertain. At different times of group decision-
making environment, decision-makers can express their different preferences.
Dynamic group decision making can be utilized in many fields, including military,
medical, management, sports and emergency situations.

For dynamic uncertain lattice order group decision-making problem in view of the
intuitionistic fuzzy dynamic uncertain environment, this paper proposes a dynamic
intuition lattice ordered group decision making interaction method based on prefer-
ence entropy .

At this point, decision-makers’ preferences had the feature of uncertain lattice
order.Besides, a number of experts provided the possibility of binary relationbetween
pair-programs at different times, which was described in the form of intuitionistic
fuzzy number (IFNs).

To achieve this goal, the types of binary relations were extended. The binary

relationship between Ai and A j ∈ X was assumed as �, ||, ∨||, ||
∧
,

∨||
∧
,≈ or ≺; based

on preference features of lattice order, the concept of entropy and cross entropy
of intuitionistic fuzzy set modes was defined; DIFWA operator [19] was also uti-
lized to determine the preferences and weight indicators of decision makers. Then
each decision maker’s intuitionistic fuzzy decision matrix at different periods was
integrated into combined intuitionistic fuzzy decision matrix. Based on intuitionis-
tic fuzzy mixing entropy, optimization model was established to reflect differences
between the preferences of individuals and group, determining the group preference.
Results showed that preferences of decision-making groups had characteristic of
lattice order, which can more truly reflect the preferences of decision makers.
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Appendix

Table 1 The intuitionistic fuzzy distribution preference vector under expert D1 (T = 1)

D1 � || ∨|| ||
∧

(A1, A2) (0.25, 0.74, 0.01) (0.74, 0.26, 0) (0.41, 0.58, 0.02) (0.65, 0.30, 0.05)

(A1, A3) (0.5, 0.4, 0.1) (0.5, 0.3, 0.2) (0.4, 0.4, 0.2) (0.4, 0.4, 0.2)

(A1, A4) (0.6, 0.3, 0.1) (0.7, 0.3, 0.0) (0.6, 0.2, 0.2) (0.6, 0.2, 0.2)

(A1, A5) (0.5, 0.4, 0.1) (0.4, 0.5, 0.1) (0.5, 0.3, 0.2) (0.3, 0.4, 0.3)

(A2, A3) (0.6, 0.2, 0.2) (0.7, 0.2, 0.1) (0.4, 0.2, 0.4) (0.5, 0.2, 0.3)

(A2, A4) (0.5, 0.3, 0.2) (0.6, 0.2, 0.2) (0.5, 0.1, 0.3) (0.6, 0.4, 0.0)

(A2, A5) (0.5, 0.5, 0.0) (0.6, 0.2, 0.2) (0.5, 0.4, 0.1) (0.5, 0.3, 0.2)

(A3, A4) (0.5, 0.4, 0.1) (0.6, 0.2, 0.2) (0.6, 0.3, 0.1) (0.7, 0.3, 0.0)

(A3, A5) (0.5, 0.5, 0.0) (0.3, 0.5, 0.1) (0.4, 0.4, 0.2) (0.2, 0.5, 0.3)

(A4, A5) (0.6, 0.3, 0.1) (0.7, 0.2, 0.1) (0.4, 0.2, 0.4) (0.7, 0.2, 0.1)

D1
∨||
∧

∼ ≺
(A1, A2) (0.4, 0.54, 0.06) (0.33, 0.62, 0.05) (0.7, 0.23, 0.07)

(A1, A3) (0.6, 0.3, 0.1) (0.5, 0.5, 0.0) (0.8, 0.1, 0.1)

(A1, A4) (0.5, 0.4, 0.1) (0.6, 0.2, 0.2) (0.4, 0.4, 0.2)

(A1, A5) (0.7, 0.2, 0.1) (0.6, 0.3, 0.1) (0.8, 0.1, 0.1)

(A2, A3) (0.6, 0.4, 0.0) (0.5, 0.4, 0.1) (0.7, 0.1, 0.2)

(A2, A4) (0.5, 0.5, 0.0) (0.5, 0.3, 0.2) (0.6, 0.2, 0.2)

(A2, A5) (0.7, 0.2, 0.1) (0.6, 0.3, 0.1) (0.7, 0.3, 0.0)

(A3, A4) (0.6, 0.4, 0.0) (0.5, 0.4, 0.1) (0.5, 0.4, 0.1)

(A3, A5) (0.6, 0.3, 0.1) (0.8, 0.1, 0.1) (0.6, 0.3, 0.1)

(A4, A5) (0.7, 0.2, 0.1) (0.4, 0.4, 0.2) (0.7, 0.3, 0.0)
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Table 3 The group distribution preference vector

D � || ∨|| ||
∧

(A1, A2) (0.607, 0.393) (0.813, 0.187) (0.555, 0.455) (0.677, 0.323)

(A1, A3) (0.733, 0.267) (0.775, 0.225) (0.796, 0.204) (0.716, 0.284)

(A1, A4) (0.766, 0.234) (0.597, 0.403) (0.758, 0.242) (0.759, 0.241)

(A1, A5) (0.731, 0.269) (0.745, 0.255) (0.592, 0.408) (0.762, 0.238)

(A2, A3) (0.718, 0.282) (0.748, 0.252) (0.627, 0.373) (0.758, 0.242)

(A2, A4) (0.633, 0.367) (0.759, 0.241) (0.496, 0.504) (0.629, 0.371)

(A2, A5) (0.649, 0.351) (0.735, 0.265) (0.639, 0.361) (0.741, 0.259

(A3, A4) (0.615, 0.385) (0.773, 0.227) (0.774, 0.226) (0.619, 0.381)

(A3, A5) (0.863, 0.137) (0.752, 0.248) (0.758, 0.242) (0.598, 0.402)

(A4, A5) (0.725, 0.275) (0.771, 0.229) (0.633, 0. 367) (0.741, 0.259)

D
∨||
∧

≈ ≺
(A1, A2) (0.725, 0.275) (0.797, 0.203) (0.655, 0.334)

(A1, A3) (0.568, 0.432) (0.678, 0.322) (0.756, 0.244)

(A1, A4) (0.694, 0.306) (0.725, 0.275) (0.771, 0.229)

(A1, A5) (0.876, 0.124) (0.506, 0.494) (0.869, 0.131)

(A2, A3) (0.782, 0.218) (0.52, 0.48) (0.694, 0.306)

(A2, A4) (0.809, 0.191) (0.499, 0.501) (0.662, 0.338)

(A2, A5) (0.593, 0407) (0.824, 0.176) (0.752, 0.248)

(A3, A4) (0.675, 0.325) (0.589, 0.411) (0.711, 0.289)

(A3, A5) (0.703, 0.297) (0.535, 0.465) (0.761, 0.239)

(A4, A5) (0.784, 0.216) (0.673, 0.327) (0.692, 0.308)
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Work-Family Conflict and Decision Making
Styles: Study of Higher Education Sector of
Pakistan

Rana Rashid Rehman, Komal Mushtaq and Ajmal Waheed

Abstract This study examines the impact of work-family conflict on decision
making styles of faculty members in higher education sector of Pakistan. Study
also highlights the moderating role of decisional intelligence (a part of emotional
intelligence) in predicting the relationship among work-family conflict and decision
making styles. Two hypotheses are generated for the present research work includ-
ing; (i) work-family conflict has significant impact on the decision making styles of
facultymembers; and, (ii) decisional intelligencemoderates the relationship between
work-family conflict and decision making styles of faculty members. Questionnaire
method is utilized to collect data from the sample of 352 faculty members employed
in federal chartered universities of Pakistan. Results for H1 suggest that work-family
conflict negatively predicts rational and intuitive decision making; and, positively
predicts avoidant and spontaneous decision making styles while no association is
found with dependent decision making style. Results for H2 suggest that decisional
intelligence moderates the relationship among work-family conflict, rational, intu-
itive and dependent decision making styles. This research work describes both aca-
demic and professional issues and its findings can be comprehensively utilized for
the betterment of higher education sector of Pakistan.

Keywords Work-family conflict ·Decisionmaking styles ·Emotional intelligence ·
Higher education institutions

1 Introduction

Getting education has become the necessity for endurance in the present era while
higher education institutions play the role of leadership in this regard. However, the
rapid economic development during last few years has led the organizations towards
several challenges. Change in work setups is one of these challenges. It lead the
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employees towards complex jobs requiring more involvement as compared to last
decades. The demanding jobs, long working hours, struggling job tasks, work pres-
sure and use of rapidly changing technologymakes it difficult forworking individuals
to maintain a balance between work and family life. Creating a balance with fam-
ily and job responsibilities is a dilemma for the employees and almost impossible
due to tempestuous work environment. This state of affairs leads towards a greatest
challenge i.e., work-family conflict (WFC) for human resource management. Work-
family conflict can be defined as incompatibility between work and family life or as
push and pull between family and work responsibilities.

In the span of life, a working individual perform dual type of role which include
role from family as being father/mother, sibling, friend, spouse etc.; and, role from
work such as being employer, worker etc. In performing these roles, individuals
have to take many routine decisions as well as strategic decisions which have long
lasting impacts on their role performances. However, a quality decision making by
an individual leads him/her towards satisfied life while poor decision making in
performing work or non-work roles may result in certain incompatibilities such as
work-family conflict. Therefore, this research work mainly focuses on examining
the impact of work-family conflict on different decision making styles along with
the role of decisional intelligence in faculty members of Pakistan.

2 Literature Review

During the last few years, a great pact of attention according to Carlson and Perrewe
[1] had been given to study work-family conflict and its sway on various outcomes.
Work-family conflict is reflected as a potential source of stress that has negative
impact on behavior and well-being [2]. A cross sectional study by Kinnunen and
Mauno [3] identified that work-family conflict is associated with various negative
work and stress related outcomes. Researchers such as Amstad et al. [4]; Bellavia
and Frone [5] categorized the consequences of work-family conflict in three ways
i.e., (a) family related; (b) work related; and (c) domain unspecific outcomes. Both
directions i.e., WIF and FIW of work-family conflict are linked with family related
outcomes such as family satisfaction [6], family related stress [7], decrease in family
well-being [8], marital satisfaction [9]. Work related outcomes such as job satisfac-
tion [8, 10], organization commitment [11], absenteeism [12], intention to quit [13],
turnover [8, 10]work-related strain [37], occupational burnout [10, 14] and organiza-
tional citizenship behavior [38]. Lastly, domain unspecific outcomes of work-family
conflict are also found to be related with both directions of work-family conflict such
as psychological strain [15], life satisfaction [10, 16], depression [17], somatic com-
plaints and abuse [18]. However, little attention has been given to study work-family
conflict in relation to individual or group level decision making for comprehensive
understanding that is; howwork-family conflicts can affect individual/group decision
making behaviors.
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It is argued that individuals and couples often develop habits for how they will
respond to work-family conflict that arises in everyday life [19]. However, not every
decision to settle work-family conflict is covered by these routine decisions.When an
individual establish an ongoing and complex nature of work-family conflict related
decision making and the influence of these decisions [19, 20], researchers may pro-
vide value to explore these decisions made by individual on that particular inci-
dents of work-family conflict. Past researchers such as Greenhaus and Powell [21]
have focused on the phenomenon of ongoing work-family conflict and the decision
processes through which people manage work-family conflict incidents [22] while
slight attention has been given to study consequent effects of work-family conflict
on individual decision making processes.

Further to this, Nelissen and Zeelenberg [23] found that emotional state of an indi-
vidual acts as motivational factor in decision making where as according to Bechara
et al. [24]; Bechara et al. [25], emotional instability results in poor quality decisions.
Abraham [26] found that an emotionally intelligent individuals have high organiza-
tion commitment, high success rate [27], and use positive emotions to enhance their
decision making capability. From this, it is clear that emotional intelligence is a cru-
cial factor for effective decision making and emotionally intelligent individual is a
better decision maker than his counterpart.In relation to work-family conflict, minor
attention has been given to study this variable with emotional intelligence. Lenaghan
et al. [28] found that emotional intelligence and work-family conflict are negatively
associated variables while Panorama and Jdaitawi [29] established no significant
relationship between work-family conflict and emotional intelligence due to which,
more comprehensive studies are needed to understand the association between these
constructs.

In the past studies, researchers such as Medved [20] and Shumate and Fulk [21],
argued that work-family conflict of an individual influence their decision making
and emotional intelligence of a person associated with enhanced decision making
capabilities [30] and helps him/her in effective conflict management. Though, lit-
tle consideration has been given to quantify the relationships among work-family
conflict, decision making and emotional intelligence. Due to which, there is lack
of proper framework and present literature is slightly unable to effectively manage
the problem associated with these factors such as the teaching quality is decreasing
gradually in higher education institutions of Pakistan [31].

In order to further highlight this issue, a small survey is conducted to access
the decision quality of faculty members (through quality of decision making scale)
[32] and to magnify the significance of work and family related conflicts and the
intelligence of an individual. Forty-three faculty members participated in the survey
which are from the public sector universities including Quaid-i-Azam University,
Islamabad and COMSATS Institute of Information Technology, Islamabad; and,
from the private sector such as Riphah International University, Islamabad, Pakistan.

Results of the survey supplement the research problem. It is found that decision
making quality of faculty members in Higher Education Institution is not up to the
mark. Item wise responses regarding the quality of decision making are depicted in
Table1. In nutshell, results of the survey conclude that quality of decision making
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Table 1 Items wise responses of the survey

Items NAT (%) NT (%) ST (%) VT(%)

1. I took into account the full range of goals I
want and what’s important to me

– 39.5 32.6 27.9

2. I carefullyweighed the points for and against
each option

– 7 74 18

3. I thought very carefully about any new infor-
mation and what experts said

– 41.9 23.3 34.9

4. I took a second careful look at all of my
options, even those I had earlier thrown out,
and focused on the points for and against them
one more time before making my final choice

– 46.5 30.2 23.3

5. I made detailed plans for carrying out my
choice, with special attention to backup plans
that might be needed

– 53.5 7.9 18.6

6. Intelligence of an individual helps him
in making effective decision making and in
resolving conflicts

– 2.3 32.6 65.1

7. Rank the following factors from high to low that affect your decision making. Family rela-

ted conflicts (66.6%); Conflicts with supervisor (23.3%); Conflicts with peers (2.6%); Conflicts

with subordinates (7.5%)

NAT = Not at all true; NT = Not true; ST = Somewhat true; VT = Very true; Sample size = 43

of faculty members is not satisfactory and work and family related conflicts are
important factors that affect their decision making behavior while intelligence of an
individual helps him/her in making better decisions and in resolving conflicts.

Based on the above literature, initial survey findings and in-depth analysis of
the stated problem, this study will determine the impact of work-family conflicts
on decision making styles of faculty members. Role of emotional intelligence (most
particularly decisional intelligence) will also be quantified in this regard so that com-
prehensive framework can be developed regarding the effective management of the
identified problems.

Hypothesis 1. (H1) Work-family conflict has significant impact on the decision mak-
ing styles of faculty members.
Hypothesis 2. (H2) Decisional intelligence (a part of emotional intelligence) mod-
erates the relationship between work-family conflict and decision making styles of
faculty members.

3 Measurements

Validated scales are used to measure the study variables, however, scales are adapted
to little extent according to the need of the present research work.
1. Work-Family Conflict
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Work-family conflict for the present study is defined as a form of conflict that devel-
ops through stress, time constraint and changes in individual behavior, causing an
imbalance between work and family life [33]. It is measured through 18 items scale
developed by Carlson et al. [33]. Each item is measured on 5 point Likert rating scale
with 1 representing strongly disagree to 5 representing strongly agree. Results of the
Cronbach’s alpha reliability tests show that work-family conflict scale have alpha
reliability of 0.770 including 0.642 for WIF and 0.653 for FIW.
2. Decision Making Styles
Individual decision making styles is defined as how an individual acts in decision
making scenarios or individual characteristic mode during which he/she observe
decision making situations and respond accordingly. It is further elaborated by iden-
tifying the individual decision styles. Normally, an individual responds towards such
decision tasks by utilizing any of the five styles that are rational, intuitive, dependant,
avoidant and spontaneous styles [34]. A 25 items adapted scale originally developed
by Scott and Bruce is utilized to measures the individual decision making styles.
Five decision making styles including rational, intuitive, dependent, avoidant and
spontaneous decision making styles are quantified by using this scale. Five items
are utilized to measure each decision style that are rational, intuitive, dependent,
avoidant and spontaneous decision making styles. All the responses are measured
using 5 point Likert scale with 1 representing strongly disagree to 5 denoting strongly
agreewith the given item.Decisionmaking styles scale have alpha reliability of 0.595
for rational decision making style; 0.619 for intuitive decision making style; 0.574
for dependent decision making style; 0.611 for avoidant decision making style and
0.610 for spontaneous decision making style.
3. Decisional Intelligence (A Part of Emotional Intelligence)
Based on the findings of Panorama and Jdaitawi [35] and Biggart et al. [36], it
can be stated that emotional intelligence is not fully correlated with work-family
conflict and by considering the perspective of utilization of emotional intelligence
in conflict and decision making processes, it can be defined as individual emotional
mental control in the process of decisionmaking, awareness and control of emotional
perspective of self and others, and employing these identified emotional information
in the process of decision making. Decisional intelligence is measured through 8
items scale extracted from short GENOS emotional intelligence inventory which
measure three adapted facets including emotional awareness and control, emotional
mental control and emotional reasoning. All the items responses are rated on 5 point
scale representing 1 for “almost never” and 5 representing “almost always” with
0.597 alpha reliability for the entire.

4 Sample

Population for the present study consists of the permanent facultymembers of Higher
Education Institutions (HEIs) chartered by the Government of Pakistan and mainly
located in two cities i.e.; Islamabad and Rawalpindi, Pakistan. A total of 4378 perma-
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nent faculty members are employed in these HEIs as per the latest survey conducted
in 2008 by Higher Education Commission, Pakistan. Base on this, a statistically
justified sample size of 352 faculty members has been taken as calculated by utiliz-
ing the method proposed by Bartlett et al. [36]. Information regarding participants
denotes that seventy-two (72.2%) percent of the respondents are male while rest i.e.,
27.8% are the female faculty members. Reason being, in Pakistan, men is consid-
ered as bread earner therefore less female contribute in workforce. Similarly, sample
consists of 47.4% single, 50.9% married and 1.7% of others (divorced, widows and
separated faculty members). All of these faculty members have job position ranges
from lecturer to Professor. Comparatively, a smaller amount of participants from
the private sector universities (N = 82) are due to less number of private sector
universities chartered by federal government in Pakistan.

5 Results

5.1 Testing of H1: WFC and Decision Making Styles

To study the impact of work-family conflict on decision making styles of the faculty
members, simple linear regression model is utilized. The results of the regression
analysis are depicted in Table2.

Regression Eq. (1) is calculated by taking work-family conflict as predictor vari-
able and rational decisionmaking style as criterion variable. Results of the regression
analysis suggest that 4.2% variance in rational decision making style is explained
by work-family conflict as R2 = 0.042, F(1351) = 16.048. It is determined that
work-family conflict has negative impact on rational decision making style of an
individual. The regression equation for this relationship suggest that the rational

Table 2 Regression analysis of work-family conflict and decision making styles

Model B SE B T F R2 P

Constant 19.353 1.214 15.937 16.408 0.042 0

Rational −0.082 0.02 −0.212 −4.051

Constant 14.018 1.04 13.475 7.948 0.019 0.005

Intuitive −0.049 0.017 −0.149 −2.819

Constant 8.886 0.754 11.791 0.241 −0.002 0.624

Dependent −0.006 0.013 −0.026 −0.491

Constant 8.775 1.066 8.232 64.101 0.152 0

Avoidant 0.142 0.018 0.393 8.006

Constant 11.825 1.137 10.404 41.153 0.103 0

Spontaneous 0.121 0.019 0.324 6.415

Significance level is at 0.05, Sample size = 352
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decision making style will decrease by 0.082 with per unit increment in WFC.

Rational DMS = 19.353 − 0.082WFC. (1)

Similarly, results of the regression analysis calculated by taking work-family
conflict as predictor and intuitive decision making style as criterion variable sug-
gest that work-family conflict negatively predicts intuitive decision making style as
β = −0.049, t (351), p = 0.005. Results of the analysis further reflects that
WFC caused significant variance of 1.9% in dependent decision making style as
R2 = 0.019, F(1351) = 9.148, p = 0.005 and regression equation for intuitive
decision making style are depicted in Eq. (2). While, results of the regression analy-
sis indicates thatwork-family conflict has no influence on dependent decisionmaking
style as β = −0.006, t (351), p = 0.624.

Intuitive DMS = 14.018 − 0.049WFC. (2)

Equation (3) entails that work-family conflict significantly and positively predicts
avoidant decision making style such as one unit increase in WFC caused 14.2%
increase in avoidant decision making style as β = 0.142, t (351), p = 0.000.
Statistical data for the regression analysis further reflects that a total of 14.4%
variance in avoidant decision making style is explained by WIF as R2 = 0.152,
F(1351) = 64.101, p = 0.000.

Avoidant DMS = 8.775 + 0.142WFC. (3)

It is determined that work-family conflict also positively predicts spontaneous
decision making style. Regression equation for this decision making style is given
in Eq. (4).

Spontaneous DMS = 11.825 + 0.121WFC. (4)

Based on the above results, it is determined that work-family conflict significantly
predicts rational, intuitive, avoidant and spontaneous decision making styles and do
not predicts dependent decision making style which shows that hypothesis H1 is
partially supported.

5.2 Testing of H2: Decisional Intelligence, Work-Family
Conflict and Decision Making Styles

Multiple hierarchal regression analysis is utilized to measure the moderating effect
of decisional intelligence on the relationship among work-family conflict and deci-
sion making styles as depicted in Table3. Regression equation as provided in Eq. (5)
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is computed by taking work-family conflict as predictor variable, rational decision
making style as criterion variable while decisional intelligence serves as moderating
variable. To analyze themoderation effect, a product termofwork-family conflict and
decisional intelligence is introduced as an interaction term. Results of the regression
model summarizes that decisional intelligence moderates the relationship between
rational decision making styles and work-family conflict as β = −0.015, t (348),
p = 0.001 for the interaction term. The values of �R2 for rational decision mak-
ing style as given in Table3 also define the change in the model variance with the
introduction of interaction term.

Rational DMS = −6.145 + 0.335WFC + 0.919 DI − 0.015WFC × DI. (5)

Hierarchal regression model is calculated by utilizing decision intelligence as a
moderator on the relationship between work-family conflict and intuitive decision
making style. The results of the analysis indicates that decisional intelligence mod-
erates the relationship between the work-family conflict and decisional intelligence
as β = −0.009, t (348), p = 0.020 for the interaction term as shown in Table3. To
further analyze this moderation effect, regression equation is computed as shown in
Eq. (6).

Intuitive DMS = 0.254 + 0.191WFC + 0.495 DI − 0.009WFC × DI. (6)

In the same, regression equation as shown in Eq. (7) is computed to study the
moderating effect of decisional intelligence on the relationship between dependent
decision making styles and work-family conflict. Analysis shows that decisional
intelligence moderates the relationship and causes reduction in the work-family con-
flict. The values of �R2 for dependent decision making style as depicted in Table3
also defines the significant change in themodel variancewith the introduction of inter-
action term. By following the same, hierarchal regression analysis is computed by
considering avoidant and spontaneous decision making styles as predictors, work-
family conflict as criterion and decisional intelligence act as moderating variable.
Results of the analysis suggest that decisional intelligence notmoderates the relation-
ship among dependent decision making style (p > 0.05) and spontaneous decision
making styles (p > 0.05) as given in Table3.

Dependent DMS = −4.591 + 0.225WFC + 0.485 DI − 0.008WFC × DI. (7)

Based on the moderation analyses, it is found that decisional intelligence moder-
ates the relationships among work-family conflict, rational, intuitive and dependent
decision making style while not moderates the relationships among work-family
conflict, avoidant and spontaneous decision making styles. The hypothesis H2 is
partially supported.
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6 Discussion and Conclusion

In relation to the influence of work-family conflict on decision making styles, it is
examined that work-family conflict negatively predicts rational and intuitive decision
making style and has no effect on dependent decision making style. Results show
that work-family conflict directly influences rationality and intuition of an individual
during the process of decisionmaking. Usually, individuals during the phase ofwork-
family conflict take avoidant and spontaneous decision. It is also supported by the
results of H1. Findings of the present research complement the findings of Medved
[20] and Shumate and Fulk [21]. They highlighted that work family conflict affects
the decision making process of an individual.

In the present study, decisional intelligence serves as a moderator to study its role
in predicting the relationship among work-family conflict ad decision making styles.
Hierarchal multiple regression with the insertion of interaction term is utilized to
examine the moderating effect of decisional intelligence. It is found that decisional
intelligencemoderates the relationships amongwork-family conflict as predictor and
rational, intuitive and dependent decision making style as criterion variables. It is
concluded that decisional intelligence has same kind of moderating effect on all of
these relationship among predictor and criterion variables. It is clear from the analy-
sis of moderation effect, that if an individual has high level of decisional intelligence
than this will decrease the intensity of work-family conflict and individuals can make
better rational, intuitive and dependent decisions during the phase of decision mak-
ing. Findings of the present study on decisional intelligence by complemented by
results of Nelissen and Zeelenberg [26], Bechara et al. [28], Bechara et al. [29] and
Abraham [30]. They argued that emotional intelligence acts as motivational factor
for an individual and enhances his/her decision making capability. With respect to
work-family conflict and decisional intelligence, this study findings are also sup-
ported by Lenaghan et al. [33] who argued that work-family conflict is negatively
associated with emotional intelligence of an individual due to which decisional intel-
ligence decreases the intensity of work-family conflict during moderation analysis.
In the same pattern, moderation effects of decisional intelligence are analyzed on the
relationship among work-family conflict, avoidant and spontaneous decision making
styles. The findings of the current study indicate that decisional intelligence has no
impact on the relationship among work-family conflict, avoidant and spontaneous
decision making style. During the occurrence of work-family conflict, if an indi-
vidual make spontaneous decisions or avoid decision making process at all, there is
no need of decisional intelligence as the individual deny involving in the process of
decision making.
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7 Recommendations

Certain improvements in higher education sector of Pakistan can be made, based on
the findings of this study. At first, there may be proper capacity building programs
for faculty members employed in higher education of Pakistan related to conflict
management, decision management and emotional intelligence. These programs can
be initialized in these higher education institutions with the coordination of psy-
chology and management faculties along with financial contribution from higher
education commission, Pakistan. In addition to these long term programs, trainings,
work-shops and seminars can be conducted to signify the importance of conflict and
emotions management in predicting positive contribution towards decision making.
These short-term trainings programs can be started in these HEIs with the coordi-
nation of private sector organizations. The assistance in financial terms can also be
obtained from professional organizations in exchange of providing training opportu-
nities to their human resource in the sameprograms. Finally, university administration
need to consider the constraints faced by faculty members and make suitable adjust-
ments in the policies so that employee satisfaction is enhanced. These policies can
be defined/amended with the consent of boards of faculty members and employee
societies in these HEIs.
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