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Income Distribution of PPP Mode )
in Transportation Infrastructure i
Construction

Chang Liu, Xuemeng Guo, and Hongchang Li

Abstract Under the background of the national planning strategy such as “One Belt,
One Road” and “Thirteenth Five-Year Plan”, China introduced PPP as a financing
model and used private capital to ease the government’s financial pressure on trans-
portation infrastructure construction. With the support of national supply-side reform
and mixed-ownership economy, PPP has already caused a wave of application in
China. However, due to the particularity of the PPP model, it is possible to make
appropriate arrangements for core stakeholders when establishing a cooperation
contract. The distribution of income largely affects the success of the project. Based
on the feasibility of the argument, this paper constructs the income distribution model
and mechanism, and designs and corrects the PPP model stakeholder the income
distribution model based on the Shapley value method. The X urban rail transit
project is taken as an example of empirical research. Analyze the influencing factors
and correct the income distribution model.

Keywords PPP model - Transportation infrastructure - Stakeholders * Income
distribution + Shapley model
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1 Introduction

With the peak of China’s railway investment, the demand for transportation equip-
ment has further expanded. The “13th Five-Year Plan” proposes that the state should
vigorously promote the new urbanization of the country. The gradual increase of the
urban population will expand the scale of existing cities, exacerbate the congestion
dilemma, and increase the speed of construction and development of transportation
infrastructure. The situation that the big market demand does not match investment
and financing.

The traditional financing model is gradually unable to meet the development needs
of transportation infrastructure. Because information asymmetry and human barriers
will produce problems that bear the risk and the corresponding income distribution
does not match. As the country’s demand for transportation infrastructure develop-
ment and investment scale increase, the economies of various regions have been
affected to a large extent, and regional governments are facing greater financial pres-
sure. In recent years, the supply-side structural reform strategy proposed by the state
has accelerated the application of the PPP investment and financing model in the field
of transportation infrastructure construction. The PPP model has become more and
more widely used in transportation infrastructure construction projects, but there are
few practical implementation cases. The possible reasons are the inefficient allocation
of resources caused by the asymmetry of public capital and private capital informa-
tion, or the external incentives of the transportation infrastructure PPP project. And
the constraint mechanism is lacking.

Therefore, the research question of this paper is: How should the projected
income under the PPP mode of transportation infrastructure construction be rationally
distributed? How is income distribution affected by the behaviour of both public and
private parties and the incentive system? What kind of income distribution design can
effectively realize the rational allocation of costs, benefits and risks among stake-
holders and improve the efficiency of transportation infrastructure PPP mode and
regional economic development?

2 Literature Review

In the academic field, researchers focus on the research of PPP models and the
mining of related concepts, as well as thinking about solving problems in practical
applications [1, 2]. China’s research in the field of PPP mode started late, but with
the increase in the popularity of the PPP model in China, it has in turn promoted
its development in the academic field. The research direction of the PPP model
at an early stage focused on the analysis of the popularization and application of
related concepts [3-5]. In the field of transportation infrastructure, Lei [6] focused
on the whole life cycle of the transportation infrastructure construction PPP project
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and discussed the key points of the optimization of the transportation infrastructure
government and the social capital cooperation system.

In the research on income distribution of the infrastructure PPP mode, some
scholars have conducted game analysis on the public sector and the private sector in
the PPP mode from three aspects: cooperation structure, core competitiveness and
balance of interests of related parties, combining the social attributes and the economy
of the two departments. Introduced a relatively effective, fair and reasonable project
income allocation program [7]. In the field of transportation infrastructure, Viegas
[8] analyzes the relevant factors in the project that may affect the income distribution
plan, such as contract duration, transaction costs, the attitudes of all parties, and
in-depth discussion of the stakes involved in the PPP model. The problem of income
distribution. In China’s research, based on the analysis of key influencing factors,
there are game theory models [9], Nash model [10], Shapley model [11], or based
on risk sharing [12, 13] to conduct research on income distribution. In the study of
transportation infrastructure, some scholars have used the Shapley model to analyze
the interests of the three stakeholders of state-owned investment companies, private
companies and relocated residents and construct a revenue distribution method [14].
In more in-depth research, some scholars have considered the impact of excess return
distribution on the level of investor effort. By taking into account the horizontal and
vertical fairness preferences of investors, the principal-agent model for constructing
the optimal distribution of excess returns of PPP transportation projects [15].

At present, the imperfect problem of PPP mode exists in the problem of not being
able to solve the problem of income distribution of relevant participants. No matter
in the theoretical field or the field of practical application, there is not much research
on this aspect, and the PPP mode for specific fields, For example, in the field of
transportation infrastructure, there are fewer related studies on the distribution of
income.

3 Construction of the Income Distribution Model Based
on Shapley Value

3.1 Model Design Ideas

The PPP model is a “full process” partnership between the government and social
capital to build infrastructure projects and provide public services. It is of great
significance to alleviate the pressure on government fiscal expenditures and reduce
the burden on the government. The basic characteristics of the transportation infras-
tructure PPP model include the diversification of the participants’ needs, the shared
revenue sharing risks, and the quasi-public product and special economic characteris-
tics. Choosing the Shapley value method to measure the income distribution plan for
core participants in the PPP model of transportation infrastructure construction can
avoid simple average distribution defects and enable the public and private sectors to
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take positive decision-making behaviors in the construction of transportation infras-
tructure. Conducive to the implementation of the overall project construction and
operation.

However, the basic Shapley value method cannot take into account the other influ-
encing factors in the traffic infrastructure PPP model and the fluctuations caused by
the incentive measures of all parties. The balance of the overall cooperation model
and the promotion of positive measures among the participants are The lack of it is
not conducive to the creation of the overall project revenue, and the direct applica-
tion of the underlying income distribution model is not sufficient and comprehen-
sive. Therefore, the basic model is adjusted, the influence of influencing factors is
analyzed, and the factor correction model is added to improve the scientific defects
of the basic model, to establish a fair and objective way to establish a PPP model
income distribution model that encourages participants to take active measures.

3.2 Shapley Value Method Foundation Model Establishment

Assume that I = {1, 2, ... n} is a set of n stakeholders in the PPP mode. For any
subset of 1, S € I, there is a corresponding function V(S), which satisfies:

Vie)=0 (D

VSIUS) =2 V(S + V(). 55 NS =9 @)

[/, V]is defined as a game with n stakeholders, and V is the corresponding special
diagnosis function mentioned above. This article is the income of the construction
project.

Use Y; to represent the maximum income distribution value that the i-th stake-
holder in the set I can obtain from the construction project income, so the income
of the construction project that the different stakeholders in the set I can allocate
with the vector Y = (Y, Y, ..., Y,,), and the establishment of the income distribu-
tion model needs to meet the individual rationality of the participants as well as the
overall rational requirements.

Overall rationality:

Yo Y=V i=12..n (3)
Individual rationality:

Y, >V(@) i=12,...n “)
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V(i) represents the income that stakeholders i can create if they are solely respon-
sible for project construction. V(1) represents the maximum benefit that can be created
in the case of many cooperation possibilities. The Shapley value of the overall revenue
of the project, defined as Y;(V):

Yi(V)=ZSi€S WASDIV(S) = V(S\D]  i=12,...n (&)

W(S]) = ((n = |ISDI(S] = D /n! (6)

S represents the case of all cooperation modes including individual factors, stake-
holders i, in the set 7, IS| is the number of stakeholders in cooperation mode S, and
W(ISI) represents a weighting factor. V(S) represents the income of the construction
project that can be created by the model S, and V (S\i) represents the project income
that can be created if the cooperation model S does not include the stakeholder i.

It is assumed that according to the cooperation mode formed by random condi-
tions, the probability of occurrence of each mode is equivalent, that is, 1/n!. Stake-
holder i forms an overall cooperation model S with other |S| — 1 stakeholders, so
the marginal contribution of stakeholder i to the overall project benefit is defined
as V(S) — V(S\i). There are a total of (n — |SD!(|S] — 1)! types of S\i and
N\S stakeholders randomly sorted. The probability of occurrence in each case is
((n — ISPDI(S] — DYH/n!. At this time, the marginal contribution expected value
created by stakeholder i is the assigned income value measured by the planning
model.

3.3 Revised Model Construction Mechanism

In the application of PPP model for transportation infrastructure construction,
according to the characteristics of PPP, the multi-stakeholder model of financing
mode and the special economic characteristics of transportation infrastructure
construction, the income distribution is mainly affected by three factors, namely,
subjective factors and systems. Sexual factors and social factors, and three factors
have a positive impact on income distribution.

The main factors include cooperation income, the proportion of capital invest-
ment, the degree of contract execution, the degree of innovation contribution and
risk tolerance; institutional factors include government intervention, the legal system,
transportation policy and market changes; social factors include social environment,
line restructuring, Fares fluctuations and quality of service. In this paper, the subjec-
tive factor is selected as the main influencing factor, and the institutional and social
factors are respectively classified into the risk-bearing evaluation index system of
the transportation infrastructure construction PPP project. As a risk factor, it has an
impact on the project income distribution, and its main influence. The mechanism is
shown in the Fig. 1.
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Fig. 1 Revised model construction mechanism diagram

The modified Shapley value method is not only simple in setting up the model and
correcting the solution process, but also ensures the uniqueness of the income distri-
bution plan, even if it is in a loss state. And given the characteristics of transportation
infrastructure construction, most of the projects that were handed over during the
construction and operation period are in a state of loss. The modified Shapley value
method can distribute income even in the case of losses. Also, such projects are
generally accompanied by factors such as the government’s feasibility gap subsidy,
and can also be considered by the influencing factors in the revised Shapley value,
and can be adjusted according to the implementation, so that the model can be more
in line with the actual situation.

4 Empirical Research

4.1 Empirical Case Selection

The total length of the X urban rail transit line is 233.6 km. Line 2 is the main skeleton
line in the north-south direction of the X city rail transit network. Line 2 can cover
the main north-south passenger flow tasks of X city, as the main city and the new
city. The north-south fast-track has become the largest passenger route in the X-city
rail transit network.

The first phase of Line 2 was laid south to north, with a length of 23.647 km and 23
stations. The preliminary design estimate for the first phase of X Urban Rail Transit
Line 2 is 205,167.83 million yuan, and the technical and economic indicators are
86,762,300 yuan/positive line kilometers. The capital ratio of this project is 35%. The
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first phase of Line 2 adopts the PPP operation mode, and the transaction structure is
A + B mode, that is, the electromechanical equipment (Part B) construction-
operation-transfer (BOT) mode. After the A and B projects are split, all the Part
B investments are made. The capital of 35% is estimated, and the total investment
of PPP projects is 6.316 billion yuan.

The X municipal government authorizes the implementing agency to determine
social investors through bidding. The government has a good understanding of the
project’s operating conditions, exercised its supervisory responsibilities, and appro-
priately participated in the project company. The social investor and the municipal
government investor signed a joint venture cooperation contract with X City Rail
Transit Development Co., Ltd. to establish a project company (SPV). After the
executing agency signs the contract agreement and other contract documents on
behalf of the government and the project company, SPV obtains the concession and
is responsible for investing in the construction of part B of the second phase of the
second line during the concession period, symbolically renting part A facilities and
conducting The operation of the first phase of Line 2 is responsible for the mainte-
nance of the project and the maintenance of operational investment. In the meantime,
to ensure the safety of project construction and operation, the quality of service, espe-
cially the provisions of the franchise agreement, the government must exercise the
right to supervise the industry for the project company. At the end of the concession
period, the project company ensures that the equipment and the charity are trans-
ferred to the X municipal government department or other organization designated
in the contractual agreement.

4.2 Shapley Value Income Distribution Without Considering
the Influencing Factors

(1) Project cost benefits

The financial analysis of the PPP project of X City Rail Transit Line 2 is 27 years,
of which the construction period is 2 years (2017-2019), and the trial operation
starts in July 2019, entering the 25-year franchise period, which is 2019~2044 years.
The project capital is temporarily considered as 35%. In the capital, the ratio of
government and social capital stocks is 5%: 95%. The government plans to invest
110,523,800 yuan and the social capital is planned to invest 209,995,600 yuan. Debt
funds totaled 410,516,500 yuan, according to 22-year loans (2 year grace period,
20 year repayment period).

The ticket system income refers to the A city operating fare rate and average
station spacing, average distance data, combined with the average distance and the
average station spacing of the passenger flow forecast of the project, and calculated
at the current price to obtain the initial, near and long term of the project. The
average fare rates are 0.2512, 0.2509, and 0.2541 yuan/person-km. The operating
income consists of ticket revenue and non-ticket revenue. Non-ticket revenue mainly
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includes advertising, communication, retail and other business development income
directly related to the project facilities. According to the operation of other cities,
the non-ticket net income is temporarily 10% of the ticket revenue. Calculation.
Calculated by profit and loss analysis, the net income totaled RMB 2,373,008,400.
The costs incurred by the project company include operating costs, amortization and
financial expenses. Operating costs are mainly composed of labor costs, electricity
costs, maintenance costs, operating expenses, and management fees. The total cost
of the project was estimated to be 1,545,202,500 yuan.

The discount rate is 2.93% (average coupon rate of X city local bonds in 2016),
the long-term loan interest rate is 4.9%, the reasonable profit rate is 10.98%, and
the annual average non-ticket net income is temporarily calculated at 10% of the
ticket revenue. Under the premise that the financial internal rate of return after the
project capital income tax is 6.5%, the total revenue of the project company during the
concession operation period is 22.573 billion yuan, the income from other businesses
is 2.257 billion yuan, the net income is 23.730 billion yuan, and the total costis 15.452
billion yuan. The total amount was 8.278 billion yuan, the income tax paid was 2.192
billion yuan, the net profit was 6.068 billion yuan, and the statutory reserve fund was
608 million yuan, and the profit available for distribution was 5.478 billion yuan.

(2) Estimation of the income distribution
The two core stakeholders in the PPP model of X City Rail Transit Line 2 can
form a cooperative game (N, V) under the PPP model, where N includes two core
stakeholders, namely the X city public sector and The private sector, while V refers
to the different benefits obtained from the implementation of different subsets, that
is, the eigenvalues derived from the established eigenfunctions.

According to the Shapley model, all the cases in which the X-city rail transit line
2 PPP model X municipal public sector E participates and the benefits that should
be distributed are:

Yp(V) = Z WASDIV(S) = V(S\E)]

EeS
=V(E)2+[V(E,T) —V(T)]/2 (7

X City Rail Transit Line 2 PPP mode Private sector T participation in all cases
and the benefits that should be distributed are:

Yr(V) =Y W(SDIV(S) — V(S\T)]

TeS
=V(T)/2+[V(T,E) - V(E)]/2 (®)

From the previous analysis, the construction and operation income of the PPP
model of X City Rail Transit Line 2 is available, V(E, T) = 547,771,100 yuan,
V(E) = 69,434,100 yuan, and V(T) = 3,864,105,900 yuan.
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Table 1 Changes in the income level of core stakeholders in the PPP model of X city line 2 (unit:
10,000 yuan)

Case project core Seize the Distribution Income increase | Income increase
stakeholders proceeds income in PPP (%)
separately mode
Public sector E 69,434.71 115,402.22 45,967.51 66.20%
Private sector T 386,401.59 | 432,369.10 45,967.51 11.90%
Total 455,836.30 | 547,771.32 91,935.02 20.17%

Therefore, the income distribution quotas Y (V) and Y 7(V) obtained by the public
sector E and the private sector T in the PPP model of the X-city rail transit line 2 are
(unit: 10,000 yuan):

Yp(V)=V(E)/2+[V(E,T) - V(I)]/2
= 69434.71/2 + (547771.31 — 386401.59)/2 = 115402.22 C))

Yr(V)=V()/2+[V(T,E)—-V(E)/2
= 386401.59/2 + (547771.31 — 69434.71)/2 = 432369.10  (10)

From the above calculations, after the PPP project of X City Rail Transit Line 2 is
completed, the public sector E can benefit 115,504,200 yuan in the corporation, the
income of the project, and the private sector T can cooperate in the corporation income
of the case project. The gain was 432,369,100 yuan. After using the PPP model, the
benefits have increased to some extent, which also proves the effectiveness of using
the PPP cooperation model (Table 1).

4.3 Shapley Value Return Distribution Considering
Influencing Factor Correction

(1) Revised model construction

According to the analysis of the factors affecting the income distribution of the
PPP model by scholars [16, 17], combined with the characteristics of transportation
infrastructure construction, the factors affecting the income distribution are summa-
rized. Institutional, initiative and social factors will have a positive impact on income
distribution. Capital investment, risk-taking, contract execution, innovation contri-
bution, financial subsidy, return method, incentive system and other factors are posi-
tively related to income distribution. Based on the impact mechanism constructed in
the previous section, this paper selects the four main influencing factors of capital
investment proportion, risk commitment degree, innovation contribution degree and
contract execution degree, and corrects the established income distribution model.
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Four factors affecting the PPP mode income distribution of X City Rail Transit
Line 2 are combined to establish a set of influencing factors J = {j}, j = 1, 2, 3, 4.
In the PPP mode of X City Rail Transit Line 2, the corrected measurement index
of the i-th core stakeholders on the factors affecting the j-th revenue distribution is
a;;. The correction coefficient matrix A is constructed according to the influencing
factor correction coefficient:

oy 0pp O3 &
Az[ 11 012 013 14:| (11)
o] Q22 023 24

Normalize matrix A to get matrix A’. In the calculation of the income distribution
plan for the PPP mode of the X city rail transit line 2, it will be applied to the relevant
experts, who use the traffic infrastructure construction as the special product field
to score the influencing factors, thus obtaining the factor matrix of the four impact
categories A = [xl N N3 g ]T, andA-N=8= [Bl B ]T calculates the income
distribution of the public sector and the private sector in the PPP model of X City
Rail Transit Line 2 by the previous article. The four types of influencing factors
mentioned are the combined effects of B and f,.

At this time, the adjusted income distribution of the PPP project alliances of the
public sector and the private sector in X City are:

YE(V) =Yp(V)+ (by —1/n) x V(E, T) (12)

Yr(V) =Yr(V)+ @B —1/n)- V(E,T) 13)

In the PPP model of X City Rail Transit Line 2, because of the complexity of
the capital investment in the PPP model proposed in the previous section, this paper
proposes to select the capital investment of the public and private sectors of X City and
the financial subsidies given by X municipal government departments as the basis for
calculation. Government departments accounted for 5% of capital investment, and
private sector capital investment accounted for 95%. According to the subsidy model,
X city government’s feasibility subsidy during the concession operation period was
about 10,796.43 million yuan, which can be used to calculate the public sector of the
X city and the private sector. The respective capital investment ratios are 0.36 and
0.64, that is, the capital input weight vector (a1, ap;) = (0.36, 0.64).

Determine the overall risk degree vector of both parties. This paper adopts the
analytic hierarchy process. According to the actual situation of X City Rail Transit
Line 2, the public sector and private sector of X City are the first levels, and the
risks identified in the whole cycle are divided into macroscopic. Level, market level,
project, level, force majeure, and each category contain multiple risk factors of three
levels, based on a total of 50 risk factors identified, filtered and combined, and then
determined by analytic hierarchy process The weight of the risk index of the X-ray
rail transit line 2 is calculated by the expert grading analysis method, and the weight
vector (a2, app) = (0.42, 0.58) of the risk-bearing degree distribution is obtained.
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The income distribution of the PPP mode of X City Rail Transit Line 2, the impact
of the sudden situation on the line construction and operation should be considered.
Before the end of the franchise period, the emergency is difficult to determine and
preliminary judgment is required. And estimate the overall revenue loss of the line
caused by the possible unexpected events. This paper tentatively sets the level of
innovation contribution of the two core stakeholders and can do everything possible
to cope with the emergencies in the line construction, operation, that is, the innovation
contribution factor (a3, ap3) = (0.50, 0.50).

Also, in the PPP model income distribution of X City Rail Transit Line 2, this
paper assumes that the public sector and private sector of X City are expected to
meet the requirements of quality and schedule by the contract documents in the whole
process of construction and operation of the line. Each phase completes its respective
mission objectives intact, that is, this paper assumes that the contract execution factor
(a4, az4) = (0.50, 0.50).

Each of the influencing factors has different impacts on different fields and even
different construction projects. Therefore, when determining the A\ coefficient matrix
of the influencing factors of income distribution under the PPP mode of X City Rail
Transit Line 2, it is necessary to consider the X city. The actual situation and the
characteristics of transportation infrastructure construction. This paper selects the
expert scoring method and obtains the income distribution effect . = (0.41 0.31 0.16
0.12)T of the four factors of capital investment, the degree of risk commitment, the
degree of innovation contribution and the degree of contract execution on the PPP
model of X City Rail Transit Line 2.

(2) Estimation of the income distribution

According to the formula, the overall affected degree B, f, and income distribution of
the public and private sectors of the Shapley model are corrected under the influence
mechanism of the revenue distribution of the transportation infrastructure PPP model
(unit: 10,000 yuan):

T
[BiB] =4
_ 0.36 0.42 0.5 0.5
~10.640.580.50.5

—[0.4178 0.5822]" (14)

] -(0.410310.160.12)"

YE(V) =Ye(V)+ B1—1/n)- V(E,T)
= 115402.22 4 (0.4178 — 1/2) - 547771.31 = 70375.42 (15)

Yr(V) =Yr(V)+ (B2 —1/n) - V(E, T)
= 432369.10 + (0.5822 — 1/2) - 547771.31 = 477395.90  (16)

Before the model was revised, the increase in the income allocated by the public
sector in X City was much larger than that in the private sector. The increase in income
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Table 2 Changes in income level of the core stakeholders of the PPP project of X city line 2 (unit:

10,000 yuan)
Case project core Seize the Distribution Income increase | Income increase
stakeholders proceeds income in PPP (%)
separately mode
Public sector E 69,434.71 70,375.42 940.71 1.35%
Private sector T 386,401.59 | 477,395.90 90,994.31 24%
Total 455,836.30 | 547,771.32 91,935.02 20.17%

made the government agencies in X City have the incentive to introduce social capital
into the PPP model while improving the overall line construction operating income.
Help develop emerging investment models and coordinate the allocation of govern-
ment budgets. However, after the model was revised, the private sector’s revenue
increased even more. As shown in the table, the private sector has a higher propor-
tion of investment and a higher risk than the public sector in the actual operation.
Require a higher return on earnings (Table 2).

5 Conclusion

Under the background of China’s current economic environment and policy system,
Part B of City Rail Transit Line 2 adopts a PPP financing model. After constructing
the income distribution model and correcting it, the income distribution plan of the
case will distribute the income of the PPP mode of transportation infrastructure
construction. It has good reference significance. The research conclusions of this
paper mainly include the following three points:

(1) The revised Shapley model income distribution is more scientific and fair. After
the revision, the Shapley revenue distribution model will actually allocate part
of the project revenue to the private sector. After considering the influencing
factors, the distribution model will be more in line with the actual situation of
the private sector investment and the high risk.

(2) The PPP model can bring about an increase in the revenue of the transporta-
tion infrastructure. Before considering the correction factors, the government’s
distribution income is higher than that of the private sector. After considering
the influencing factors, the efficiency changes before and after, and the private
sector obtains higher income distribution because of the high investment and
high risk. And its increase is greater than the government sector.

(3) The impact mechanism of the construction can provide the basis for adjusting
the income distribution. Based on the consideration of the factors affecting
the distribution of income, based on the impact mechanism constructed, the
principle of distribution of the private sector in terms of equity can be guar-
anteed, and the private sector can be selected to cooperate with government
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agencies in the process of construction and operation of transportation infras-
tructure. Effective behavioral measures in the direction of guidance can improve
the overall revenue, efficiency of transportation infrastructure construction and
operation, and ultimately create social and economic benefits for the area where
the transportation infrastructure is located.

However, there are still some shortcomings in the research of this paper. First of all,

the social benefits of the PPP model for transportation infrastructure construction are
difficult to quantify. Secondly, when constructing the PPP mode impact mechanism
of traffic infrastructure construction, it is difficult to quantify each factor by imple-
menting the influencing factors on the indicators. Also, because the relevant data of
transportation infrastructure construction is difficult to collect, in the research of this
paper, the internal data measurement and analytic hierarchy process are combined
with expert judgment. The method has certain empirical influence, and there may be
subjective bias and the scheme. The calculation results have a certain impact.
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in Guangdong Province
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Abstract The specialized town is one of the characteristic industrial organization
forms, the representative form of China’s industrial clusters and the main component
of the regional economy in Guangdong province. They are all in traditional manu-
facturing industries, which causes the significant competition among the specialized
towns. This paper adopts the complex network method and adds the geographical
distance into the general market model, aiming to optimize the measure of compe-
tition. It analyzes the network structures and the influence on the innovation perfor-
mance of specialized towns. The research results show that the competition network
of specialized towns in Guangdong has a small world effect; whether it is alone or
in combination with the intensity of inward points, there is a significant inverted
U-shaped relationship between the intensity of the outward point and the innovation
performance.
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1 Introduction

After the 1990s, the industrial clusters have been developing rapidly in Guang-
dong, Fujian and Zhejiang. In Guangdong, the specialized town is one of the promi-
nent forms of industries clusters [1] and became the important element of regional
economy in Guangdong [2]. Now there are 399 specialized towns in Guangdong,
mainly distributing in 30 traditional manufacturing industries. Moreover, the compe-
tition among these specialized towns is significant because of the existence of the
geographical proximity and the type similarity in industry.

The competitive relationship among specialized towns is inter-industry relation-
ship. The research with traditional way on inter-industry competition originated from
SCP paradigm, especially in the industrial organization of special industries. Further-
more, the theoretical scholars have developed the industrial association research
under the input-output theory. Limited by the technical methods, above two types
research just can describe the mainstream competitive questions but not in more
complex industrial competition reality on the whole because of the small number of
competitive subjects and the simple measure. Recently, the emergence of complex
network analysis provides the possibility of the whole competitive relationship
research.

In the research of industrial organization and industrial association, the common
measures of competition are marginal profit [3], market concentration, profit elas-
ticity index [4] and Lerner index. Some scholars used such as corporate homog-
enization degree [5], enterprise competitive relationship network structural index
[6] to describe competition among enterprises. Yang [7] is the first to introduce
complex network analysis method into industrial organization study, separately
constructing the complex network of enterprise competition and product competition,
and conducting empirical research. Based on the existing research, the research on
competitive relationship from the perspective of complex networks mainly focuses
on two-mode networks among enterprises. Yuan [8], Ou [9, 10], Gao [11] studied
specific industries: home appliances, automobiles, logistics and further analysis of the
industry’s internal enterprises competition, enterprise-product competition network
relation.

Furthermore, with the development of the research objects and perspectives, a
small number research began the analysis of the inter-industry competitive relation-
ship. Li [12] studied the specialized town economy of the Pearl River Delta, the
same or related products as the link, and found the complex network characteristic
from the product competition network. Huang [13] proposed a two-dimension inter-
industry competition pressure model, composed of the resources and market compe-
tition component, and found the directional, heterogenous, symmetrical and propor-
tional feature in inter-industries competitive pressure on the basis of the input-output
competitive pressure measurement method.

Competition and Cooperation are two always being focused on and universal
relationship among enterprises and industries. Based on the idea of free market, the
motivation of competition to the organization among enterprises and industries is
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obviously more important than cooperation, and the mechanism and effect of this
motivation on the innovation of maintaining the organization’s sustainable devel-
opment are direct and obvious. The research on inter-enterprises competition to
innovation always is the point that the area of enterprises management, technolog-
ical innovation and the theory of industrial organization focus on. However, the
relationship among industries especially the competition got insufficient attention
because of the limitations of data acquisition, technology and methods. Specialized
town is a particular form of industrial organization and a significant perspective to
study inter-industry competition. Thus, this study selects some specialized towns
based on characteristic industries as research objects, uses the complex network to
measure the competitive relationship, and adds the geographic distance variation to
optimize the competitive relationship measurement model, aiming to enhance the
reality explanatory of the model, make it more suitable to explain the competition
among industries of the specialized towns and achieve the purpose of better revealing
the law of competition affecting innovation under this situation. Furthermore, data
acquisition has always been a major constraint on existing industries cluster research,
mainly adopting questionnaire and cases analysis. This study uses the only big data
about industries cluster in China to construct ten year specialized towns overall
networks, with certain innovation in data and perspective.

2 The Construction and Analysis of Competitive
Relationship Network in Specialized Towns

2.1 Data Sources

The source of data in this paper is from the big data application and service platform
of specialized towns in Guangdong Province. It’s the first database about specialized
towns with large amount of data and comprehensive industrial information in China.
This data is more accurate and comprehensive because it contains the overview of
characteristic industries in each specialized town, macro industry analysis, regional
industry analysis and comparison, town industry analysis and industry search analysis
for many years and so on.

This paper selects the top 10 specialized towns’ data in 20 characteristic industries
in Guangdong from 2006 to 2015, including the output value of each characteristic
industry of each specialized town, the total output value of characteristic industries
of each specialized town, the total output value in the province of each characteristic
industry and so on. The 20 characteristic industries are shown in Table 1.
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Table 1 20 characteristic industries in Guangdong province

Type Index
Industry
The primary industry Grain, seafood, aquaculture cash crop

The secondary industry | Ceramics, food, building materials, home appliances, handicrafts,
hardware, printing and packaging, textiles and garments, medicine,
footwear, electronics, machinery, furniture and lighting

The tertiary industry Logistics and tourism

2.2 Network Construction

This paper will construct a directed weighted competition network for specialized
towns in Guangdong. With the specialized towns as the nodes in the network, when
more than 1 common industry is developed between two specialized towns, they are
connected, thus obtaining the competitive relationship Boolean network model of
specialized towns in Guangdong. In addition, considering the actual market compe-
tition, the competitive relationship has asymmetry and strong heterogeneity, and
specialized towns mostly develop traditional industries with low added value and
high transaction costs, which the transport cost is the main chain affecting. Under
the condition of the same product quality, the closer the distance among the special-
ized towns, the more obvious the competition. Therefore, the geographical distance
is an important factor affecting the intensity of competitive relationship. In order to
describe the asymmetry and strong heterogeneity and geographical distance of the
competitive relationship, this paper combines the market commonality model and the
gravity model, while introducing the direction and weight on the edges, the distance
variation between each specialized town is innovatively improved to be added in.

According to the following formula, construct a specialized town directed
weighted competition network model:

« Pac _ Pge -
Miz= > |:AxPBi|di; (1)

P4
KesetyNsetp

M, is the market commonality that specialized town B relative to A. k is the type
of different characteristic industry. P, is the output value of the k™ characteristic
industry in specialized town A. P, is the total output value of characteristic industries
in specialized town A. Pg; is the output value of the k™ characteristic industry in
specialized town B. Py is the total output value of industry k in Guangdong. Pa;/P4
represents the importance that the characteristic industry & to specialized town A.
Pp/Py indicates that the output value of the k" characteristic industry in specialized
town B accounting for the proportion of the total output value of industry k in
Guangdong. d4p is the shortest distance between A and B.
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Fig. 1 The direction
weighted specialized town
competitive relationship
network in 2006

Through the improved directed weighted specialized town competitive relation-
ship network model, using Gephi to obtain 10 directed weighted competitive rela-
tionship network in Guangdong from 2006 to 2015 that the specialized towns as
the nodes, the competition among the specialized towns as the edges, the market
commonality M " as the weight (similar to Fig. 1).

2.3 Network Analysis

Observing the overall attributes of the competition network from several attribute
characteristics: From 2006 to 2015, the average weighted degree of the network
in Guangdong fluctuated around 0.01, indicating that the competition intensity is
relatively stable. The network density is maintained at 0.052, and the distribution
of competition is sparse and scattered. The specialized towns only compete with
that develop the same or similar industries for the same raw material. For example,
Xintang jeans industry and Lishui socks industry complete with each other for cotton,
polyester, dyes, needles, buttons, zippers and so on. Inter-industry competition in
Guangdong is not obvious, so the characteristic industries in Guangdong still have
a great development space. The average clustering coefficient is greater than 0.9
and the change is not large, so it is in a relatively stable state, indicating that the
agglomeration of competitive relationship in the network is strong, with obvious and
stable clustering effect. The change of average shortest path length in ten years is
small. It means that on average a specialized town can establish competition with
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Table 2 The overall attribute characteristics of the network

Year Attribute characteristics of the network
Average degree Graph density Average clustering Average shortest path
coefficient length
2006 0.013 0.06 0.926 1.252
2007 0.01 0.054 0.946 1.219
2008 0.011 0.052 0.982 1.133
2009 0.011 0.051 0.983 1.124
2010 0.01 0.052 0.977 1.172
2011 0.011 0.052 0.990 1.176
2012 0.011 0.051 0.990 1.317
2013 0.01 0.052 0.985 1.286
2014 0.009 0.052 0.985 1.283
2015 0.01 0.051 0.986 1.279

others just through 2 intermediate specialized towns. It reflects that the competitive
relationship is easily created in the network (Table 2).

In addition, according to the WATTS point of view, combined with the analysis of
the average clustering coefficient, the network in Guangdong from 2006 to 2015 has
a higher average clustering coefficient and a smaller average shortest path length.
Therefore, the competitive relationship network has a significant, stable small world
effect.

Because of the following research need, the analysis of the node structure proper-
ties only considered the index of the intensity of point. In directed weighted network,
the intensity of point is an indicator that measures the sum of the strength of the rela-
tionship sent and received by a single node in the network. It can be divided into
intensity of the outward point and intensity of the inward point. The later measures
the sum of the edge weight pointing to a node, representing the sum of the compet-
itive pressures that the node is subjected to by other nodes. The former measures
the sum of the edge weight that one node pointing to others, representing the sum
of the competitive pressures that this node applies to other nodes. The edge weight
represents the strength of the competition between two nodes.

By calculating the intensity of the outward point and intensity of the inward point
of each specialized town in the network from 2006 to 2015, the top 10 each year are
selected (Table 3).

From the perspective of the intensity of outward point, Beijiao Town is the special-
ized town with a high outward point intensity value in the competition network for ten
years, followed by Fengxi District, Guzhen Town, Dayong Town, Guxiang Town and
Xinjin Street. It shows that these six specialized towns have exerted great compet-
itive pressure on others in Guangdong in the past ten years. They are in a leading
position in their industrial fields and have relatively obvious competitive advantage.
Then from the inward point intensity, Fengtang Town and Dongfeng Town are the
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Table 3 2006-2015 high intensity of point of specialized town (descending order)

Year Attribute characteristics of the network
The intensity of outward Specialized town’s The intensity of inward point
point name-abbreviation
2006 FX, GZ, MB, YX, AB, DY, Fengxi District-FX, FT, GX, HT, LS, XJ, TY, YX,
SJ, XJ, DLI, BJ Guzhen Town-GZ, NT, BF, DF
2007 | GZ, YX,DY, AB,BJ, LB, | MabaTown-MB, HT, XJ, DF, BE, YX, TY, SW,
LL, XJ, DLL NT Yongxiang Street-YX, |1 g pr, ps
Anbu Town-AB,
2008 | FX,GZ YX,GX.BLDY. | payoneTown-py, |FTGX HLXJ, CC, YX,FX,
AB, XJ, DaL, LZ Shijie Town-sJ, | TY. BE,DF
2009 FX, GZ, YX, DY, BJ, GX, Xinjin Street-XJ, FT, GX, HT, XJ, YX, CC, BF,
DalL, AB, XJ, ZMT Dali Town-DLI, FX, TY, DF
2010 | XJ, GZ, BJ, FX, CP, YX, Dy, | Beijiao Town-BJ,  ['yx 'yt NT, DF, XJ, FT, BE,
GX, DaL, SW Lubao Town-LB, GX, SL
Leliu Street-LL,
2011 FX, RG, DaL, GZ, XJ, BJ, Nantou Town-NT. LJ, FT, NT, GX, DF, YX, HT,
ZMT, SW, GC, BN Guxiang Town-GX, RG, FX, CP
2012 FX, RG, GZ, DaL, BJ, GX, | Daliang Street-Dal, |FT, HT, NT, GX, DF, LJ, RG,
LJ, DY, SW, DLI Lezhu Town-LZ, FX, BF, ZMT
2013 | FX,RG, BJ, SW, LJ, GX, §J, | Zhangmutou FT, NT, GX, FXS, DF, RG,
CP, BN, AB Town-ZMT, NZ, FX, ZMT, SAW
Changping Town-CP,
2014 FX, LJ, SW, PG, BJ, MC, CP, | ghiwan Street-SW, FT, GX, NT, DF, ZMT, NZ,
GX, RG, LoJ Rongui Street-RG, SAW, DJ, FX, Y]
2015 FX, RG, BJ, LJ, PG, QX, Guicheng Street-GC, | FT, GX, NT, DF, RG, Y],

LoJ, CA, NT, MC

Baini Town-BN,
Lunjiao Street-LJ,
Sanjiao Town-SJ,
Pinggang Town-PG,
Machong Town-MC,
Longjiang Town-LoJ,
Qingxi Town-QX,
Changan Town-CA,
Fengtang Town-FT,
Hetang Town-HT,
Lishi Town-LS,
Tongyi Street-TY,
Banfu Town-BF,
Dongfeng Town-DF,
Dongsheng Town-DS,
Chencun Town-CC,
Shilong Town-SL,
Fengxin Street-FXS,
Nanzhuang
Town-NZ,

Daojiao Town-DJ,
Yujiao Town-YJ,
Shawan Town-SAW

ZMT, SAW, SW, FX
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specialized towns with high inward point intensity in the network in the past ten
years, followed by Guxiang Town, Fengxi District, Nantou Town and Hetang Town.
It reflects that these six specialized towns have suffered the competitive pressure
from others in the past ten years, and they are more constrained in the development
process.

3 The Relationship Between Competition Network
and Performance of Specialized Towns

3.1 Model Construction

Now studies have shown that a certain degree of competition is good for the improve-
ment of corporate performance, but excessiveness will have a negative impact on
performance. Aghion et al. [14] put forward the model of gradual innovation, that
is, the Inverted U-type hypothesis of enterprise competition and innovation perfor-
mance. Jiao-ping Yang explored the impact of the degree of competition within the
industries on innovation performance, and concluded that competition among enter-
prises has the dual effect of promoting and hindering innovation. Li [15] found that
as the competition deepened, enterprises under pressure will increase the intensity
of innovation, but this will lead to the reduction of available resources, the decline
in innovation and have an inverted U-shaped impact on the innovation performance.

On the basis of existing research results, this study holds that competition among
specialized towns will also have an inverted U-shaped effect on their performance.
The competitive relationship among the specialized towns is described from two
indicators of outward and inward point intensity.

When a specialized town exerts appropriate competitive pressure on others, it
will form a certain degree of positive competition, promote the enterprises in this
specialized town to speed up the knowledge overflow, so as to improve its innovation
performance. However, when the competitive pressure exerted is too large, it will
induce vicious price competition, destroy the competitive environment and hinder
the improvement of innovation performance.

When a specialized town is subjected to appropriate competitive pressure from
others, in order to cope with market changes, the enterprises in this specialized
town will increase the intensity of innovation, so that innovation performance will
have been improved to a certain extent. However, when the competitive pressure
is too large, the risks faced by enterprises will continue to increase, resulting the
enterprises more conservative when making technological innovation decisions, and
increasing constraints, so that innovation performance will decline. Therefore, this
paper presents hypothesis 1 and hypothesis 2:

Hypothesis 1: The outward point intensity of a specialized town has an inverted
U-shaped effect on its innovative performance.
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Hypothesis 2: The intensity of the inward point in a specialized town has an inverted
U-shaped effect on its innovative performance.

The data selected 20062015 of specialized towns the amount of patent autho-
rization as the variable (Y7). The two independent variables are measured by outward
point intensity (X/) and inward point intensity (X2) in the directed weighted network.
The number of characteristic economic enterprises and the intensity of public science
and technology input are analyzed as control variables (Z).

First, study the impact of X/ on innovation performance (Y7). Build model one,
as follows:

Y1ie = a; +biX1is +b2(X150)* + b3Zis + ei 2

X1? represents the U-type relationship between X7 and Y1, if the coefficient b; is

significantly positive, there is a positive U-type relationship between X/ and Y1; if the

coefficient is significantly negative, for the inverted U-type relationship; i represents
one specialized town, t represents the year.

Secondly, the influence of X2 on Y/ is studied. Build model two similarly, as
follows:

Y1y = a; +b1X2i +b2(X20)* + b3 Ziys + iy 3)
Finally, under the joint action X/ and X2 impact on Y/. Build model three:

Y1, =a +b1 X1, +ba(X1;)* +b3X2i, + ba(X2i)* +bsZis + e, (4)

3.2 Empirical Analysis

First, fixed effect test and random effect test are performed on models one to three
(as shown in Table 4). The test results show that the F-values of fixed effect test
are all significantly greater than 0, and the P-values are 0, which indicates that the
fixed effect model is significantly better than the hybrid OLS model. The P-values

Table 4 Fixed effects test and fixed effects test

Equations in model Test result
Fixed effects test Random effects test
F-value P-value P-value

(1 16.59402 0 0

2) 13.25269 0 0

3) 15.82964 0 0




24 M. Liet al.

of random effect test are all 0, indicates that the random effect model is also better
than the hybrid OLS model. Therefore, the individual effect of model one to three is
significant, and the fixed effect model or random effect model should be selected.

Because of the lack of some data in the platform of specialized town, this study
selected 41 specialized towns with complete data as the empirical analysis object.
Compared with 399 specialized towns in Guangdong Province, the sample distribu-
tion has a great randomness, the effect related to the samples should be regarded as
random distribution. Therefore, in order to infer the whole through the sample, the
random effect model should be used first, then through the Hausman test to determine
whether to accept the hypothesis of individual effect is not related to other explana-
tory variables, if accept, the random effect model is used, otherwise, the fixed effect
model is used.

Based on the model 1, 2 and 3, this paper discusses the relationship between the
innovation performance and the inward and outward point intensity of the competi-
tion among specialized towns in Guangdong province. The random effect model is
first established (as shown in Table 5, 6, 9), followed by a Hausman test (as shown
in Table 7). From Table 7, the model 1, the P-value of the test results is 0.0007,
it means using random effect model will lead to endogenous problems, indicating
that the fitting results of the fixed effect model is better (as shown in Table 8). The
P-values of the four variable coefficient estimates of X7, X7?, QYS and TROD in
the model are less than 0.01, which shows that the model can explain the dependent
variable well. Among them, the coefficient of X/ is positive, the coefficient of X/ 2
is negative, so hypothesis 1 is established. The number of characteristic economic

Table 5 Random effects test rest in model 1

Explanatory variables Model 1
Coefficient Std. Error t-Statistic Prob.
C 15.11897 90.92080 0.166287 0.8680
X1 32934.09 5580.621 5.901510 0.0000
X2 —499930.6 71048.41 —7.036477 0.0000
QYs 0.259824 0.038054 6.827790 0.0000
TROD 35.48976 11.19547 3.170011 0.0016
Table 6 Random effects test rest in model 2
Explanatory variables Model 2
Coefficient Std. Error t-Statistic Prob.
C 238.0877 101.9606 2.335095 0.0200
X2 2350.410 5044.629 0.465923 0.6415
X2? —24246.57 44045.38 —0.550491 0.5823
Qvs 0.285197 0.040980 6.959365 0.0000
TRQD 34.88674 12.13479 2.874936 0.0043
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Table 7 Hausman test result in model 1, 2, 3

Model Hausman test result

Test summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
(1) Cross-section random 19.335423 4 0.0007
) 4.165863 4 0.3840
3) 34.430682 6 0.0000

Table 8 Fixed effects test rest in model 1

Explanatory variables Model 1

Coefficient Std. Error t-Statistic Prob.
C 74.28172 79.71331 0.931861 0.3520
X1 31449.10 6559.055 4.794762 0.0000
X1? —526903.8 80388.54 —6.554464 0.0000
QrYs 0.240702 0.047592 5.057563 0.0000
TROD 33.82171 11.66820 2.898623 0.0040

enterprises in specialized towns and the intensity of public science and technology
investment have a significant positive impact on innovation performance.

The accompanying probability of the model 2 test results is 0.3840, so used the
random effect model. The results are consistent with the hypothesis 2, but not signif-
icant. In addition, the results of control variables are the same as those of model 1.
Based on the model 3, arandom effect model is established (as shown in Table 9), and
through Hausman tested (as shown in Table 7), it can be seen that the accompanying
probability of the model 3 test results is less than 0.1, so used the fixed effect model
(as Table 10). From the fixed effect model 3, the coefficient of X/ is significantly
positive, the coefficient of XI? is significantly negative, and there is a significant
inverted U-shaped relationship between the intensity of outward point and the inno-
vation performance of specialized town, which validates the hypothesis 2. However,

Table 9 Random effects test rest in model 3

Explanatory variables Model 3
Coefficient Std. Error t-Statistic Prob.

C 36.34496 91.74522 0.396151 0.6922
X1 35360.75 5731.144 6.169929 0.0000
X1? —512008.3 71393.38 —7.171649 0.0000
X2 —3442.873 4743.420 —0.725821 0.4684
X22 7718.088 40909.81 0.188661 0.8505
Qrs 0.258364 0.036467 7.084959 0.0000
TROD 35.80786 11.15709 3.209426 0.0014
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Table 10 Fixed effects test rest in model 3

Explanatory variables Model 3
Coefficient Std. Error t-Statistic Prob.

C 64.61247 93.74325 0.689249 0.4911
X1 31785.78 6337.964 5.015140 0.0000
X2 —500676.7 76550.27 —6.540496 0.0000
X2 6805.549 5510.897 1.234926 0.2177
x2? —34370.58 44394.39 —0.774210 0.4393
QYs 0.114575 0.048120 2.381026 0.0178
TRQOD 29.45882 11.22075 2.625388 0.0090

the coefficients of X2 and X2? are not significant, but in terms of direction, there is
also an inverted U-shaped relationship between the intensity of inward and the inno-
vation performance. Under the combination of the intensity of outward and inward
point, the influence of former on the innovation performance is more obvious, and
both have inverted U-shaped relationship with innovation performance. In addition,
the control variables have a significant positive impact on innovation performance.

4 Conclusion and Discussion

The overall development of characteristic economy in Guangdong province is stable
and orderly, the competition among specialized towns is more and more solid, and the
network of competitive relationship in specialized towns has remarkable and stable
small world effect. On the whole, the competition relationship among industries in
Guangdong are relatively sparse, and there is great development space. Beijiao Town,
Fengxi District, Guzhen Town, Dachong Town, Guxiang Town and Xinjin Street
in ten years exerted greater competitive pressure to other specialized towns, with
a more obvious competitive advantage. Fengtang Town, Dongfeng Town, Nantou
Town and Hetang Town, which are more constrained in the development process and
in a position of relative disadvantage, bore the competitive pressure exerted by other
specialized towns in the past 10 years.

Whether under the individual action or the joint action, there is a significant
inverted U-shaped relationship between the outward point intensity and the innova-
tion performance of the specialized town. The influence of the inward point intensity
on the innovation performance is not significant, but in the direction of the inverted
U-type relationship. In terms of control variables, the intensity of public science
and technology investment, the number of characteristic economic enterprises have
a significant positive impact on innovation performance.

Therefore, some suggestions for the development of specialized town economy
in Guangdong Province:
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First, the establishment of specialized town communication platform. It will play
the role of industries association to promote the exchange of resources and infor-
mation, in particular to encourage the development of strong towns, such as Humen
Town, Chencun Town, Dalang Town, Changping Town and Qingxi Town, taking
the initiative to impart the experience of successful development and promote the
relatively backward towns under the leading of strong economic towns, to achieve
common development.

The second is to standardize the competitive behavior of specialized towns and
formulate effective coordination mechanism. Standardize the competitive behavior
of the towns with prominent competitive advantages such as Beijiao Town, Fengxi
District, Guzhen Town, Dachong Town, Guxiang Town and Xinjin Street. Formulate
effective coordination mechanism, quickly respond the phenomenon of excessive
competition and vicious competition, and maintain the healthy development envi-
ronment of Guangdong province’s characteristic economy. Step up the guidance of
unstable specialized towns, such as Genghe Town, Sanjiao Town and Zhanggang
Town, play to the intermediary role of specialized towns such as Humen Town,
Dalang Town and Chencun Town in the network.

Third, to assist in the development of relatively weak specialized towns for repo-
sitioning. In view of the actual situation of these towns, such as Fengtang Town,
Dongfeng Town, Nantou Town and Hetang Town, government should assist these
to reposition themselves in combination with local cultural traditions, resource and
geographical advantages.

Fourth is to improve the intensity of public science and technology investment and
guide the technological innovation of enterprises. Government should continuously
provide adequate funds and resources for the innovative development of specialized
towns with characteristic industries.
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Cluster Analysis of the Internet Industry )
Development in Different Regions i
of China Based on Improved K-means
Algorithm

Jian Ma, Runtong Zhang, and Xiaomin Zhu

Abstract Although the rapid development of the network technique and the Internet
economy, China’s Internet industry has exposed many problems such as imbal-
anced trend among China’s provinces. In this paper, we employ the concept and
method of improved K-means algorithm to establish a clustering analysis model of
Internet development level in various provinces of China based on the imbalance
of Internet popularization in China’s provinces, and analyze the shortcomings and
causes of Internet development in each province in detail. Finally, we recommend
the corresponding policy suggestions in view of addressing issues mentioned.

Keywords The Internet industry - K-means algorithm - Clustering analysis

1 Introduction

The Internet industry refers to engaging in Internet operation services, application
services, information services, network products and a general term for the develop-
ment and production of network information resources and other industries related
to Internet research, education, and service.
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The development of China’s Internet started in the late 1980s. The development
process can be roughly divided into four stages: the initial exploration stage, the
basic network construction stage, the content active network popularization stage,
and the current network prosperity stage.

With the popularity of the Internet and the advancement of technology, various
forms of network applications are constantly emerging, and the field of Internet appli-
cations is constantly expanding. Internet applications range from early information
browsing and e-mail development to online entertainment, information acquisition,
communication, business transactions, and government services.

With the development of the economy and the advancement of society, under the
guidance of technological innovation, the Internet has penetrated into all aspects of
social and economic life and is bringing profound, unimaginable and unexpected
changes to human society. As of 2013, global Internet users exceeded 2.2 billion;
according to the 33rd Internet report released by China Internet Network Information
Center CNNIC, as of the end of 2016, the number of Internet users in China reached
731 million, ranking first in the world; Internet penetration rate reached 53.2%.
However, as a developing country with a large poverty gap, the Internet penetration
rate in some regions is still not high, and it is necessary to conduct a detailed analysis
of the development level of the Internet industry in various provinces in China.

Liu believes that the Internet has a unique advantage for social science popular-
ization. How to make full use of the Internet as a platform to play its role in the
popularization of social sciences has become a major issue in adapting to the trend
of the times and exploring new channels for popularization of social science [1]. Bao
et al. believe that although the Internet penetration rate in China has exceeded the
world average, due to low coverage, low tariffs, and information security, there are
still gaps with developed countries, and there is still much room for development.
Due to the high demand of users on the Internet, the popularity of the Internet in
different categories of population in China is not the same [2]. Sun has quantitatively
analyzed this in five aspects: gender, marriage, age, education level and industry
[3]. Wang et al. judged the stage of Internet penetration in various provinces and
cities, and based on the inter-provincial panel data from 2005 to 2016, conducted
d-convergence and B-convergence tests on Internet popularity [4]. Xue et al. use the
method of principal component to construct an indicator system for traffic evaluation
in various provinces in China [5].

Clustering analysis is an important part of data mining. The K-means clustering
algorithm is a basic partitioning method in cluster analysis method, and it is also an
unsupervised machine learning method. It has the advantages of high efficiency, easy
understanding and implementation. At the same time, it can cluster a variety of data
types and is widely used in many fields, such as applied mathematics, pattern recog-
nition, image segmentation and bioengineering. In this paper, the machine learning
algorithm is applied to the analysis of Internet penetration rate in various provinces
of China, and the unsupervised learning method is adopted. Improved K-means
cluster analysis is carried out on the Internet data of each province in 2016, and
corresponding policy recommendations are given.
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2 Improved K-means Clustering Analysis Model

2.1 Selection of Optimal K Value—Contour Coefficient
Method

The core indicator of the method is the Contour Coefficient. The Contour coefficients
of a sample point x; are defined as follows:

b—a
S§=—— (1

max(a, b)

where a is the average distance between Xi and other samples of the same cluster,
called the degree of cohesion, and b is the average distance between x; and all samples
in the nearest cluster, called the degree of separation. And the definition of the most
recent cluster is:

1

C;, = i —§ — x|’

j = argmin — lp — xi 2
peCy

where p is a sample in a cluster Cy. In fact, the average distance from all samples of
X; to a cluster is used to measure the distance from the point to the cluster, and then
the cluster closest to x; is selected as the nearest cluster.

After obtaining the contour coefficients of all the samples and then averaging, the
contour coefficients are obtained. The average contour coefficient has a value range
of [—1, 1], and the closer the distance between the samples in the cluster, the farther
the distance between the samples, the larger the average contour coefficient, and the
better the clustering effect. Then, naturally, the k with the largest average contour
coefficient is the optimal number of clusters.

2.2 K-means Algorithm Model

The K-means algorithm takes distance as the standard for the measure of similarity
between data objects, usually using the Euclidean distance to calculate the distance
between data objects.

Euclidean distance calculation formula:

D

dist(x;, xj) = Z (Xia — Xj.a)* 3)

d=1

Using Sum of the Squared Error (SSE) as the objective function of clustering,
defined as J. Where D represents the number of attributes of the data object. In the
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clustering process of K-means algorithm, each iteration, the corresponding cluster
center needs to be recalculated (updated): in the corresponding cluster, the mean of
all data objects is the cluster center of the cluster after the update. The center of the
cluster that defines the kth cluster is Center &, and the cluster center is updated as
follows:

1
Center, = C_k Z X; 4

x;eCk

where K represents the number of clusters. When the difference between two itera-
tions J is less than a certain threshold, that is, AJ < 8§, the iteration is terminated, and
the obtained cluster is the final clustering result.
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The K-means algorithm can be described as:

Initialize K class cluster centers.

Calculate the distance of each data object to the cluster center, and divide the
data object into the clusters of the cluster center closest to it.

Update the cluster center based on the resulting cluster.

Continue to calculate the distance of each data object to the cluster center, and
divide the data object into clusters in the cluster center closest to it.

Continue to update the cluster center based on the resulting cluster.

Iterating until the maximum number of iterations T is reached, or the difference
between two iterations J is less than a certain threshold, the iteration is terminated,
and the final clustering result is obtained.

The detailed process of the algorithm is described as Fig. 1.
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Fig. 1 K-means clustering algorithm flow chart

2.3 K-means++ Algorithm Model

® K-means++ algorithm is an improvement of k means algorithm. The basic idea
of K-means++ algorithm to select initial seeds is that the distance between the
initial cluster centers should be as far as possible.

Randomly select a point from the set of input data points as the first cluster center.
For each point x in the dataset, calculate its distance D(x) from the nearest cluster
center (referring to the selected cluster center).

e Select a new data point as the new cluster center. The principle of selection is: the
point where D(x) is larger, the probability of being selected as the cluster center
is larger.

® Repeat 2 and 3 until k cluster centers are selected.

Random = sum(D(x))* (8)

Compared with the traditional algorithm, the improved algorithm has better
stability, higher computational efficiency and lower time complexity.
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3 Analysis Process

3.1 Constructing the Indicator System of Internet
Development Level in Each Province

It is very important to select the evaluation index in the evaluation of the Internet
development level in aregion. Based on the principles of system, comprehensiveness,
effectiveness and data availability, we select indicators to build an index system of
Internet development level analysis, a total of 5 indicators are selected. Those are VI
Number of Internet users (10,000 people), V2 Number of domain names (10,000),
V3 Internet dial-up users (10,000 households), V4 Urban broadband access users
(10,000 households) and V5 Rural broadband access users (10,000 households).

3.2 Sample Data Source

According to the evaluation index system of Internet development level constructed
above, the samples of 31 provinces and regions in the mainland of China except
Hongkong, Taiwan and Macao are selected. The data in this article are mainly from
the Chinese Statistical Yearbook 2017.

3.3 Results

In order to remove the influence of the population base, the four variables outside V2
are replaced by the ratio of the indicator value to the total population of the region.
The correlation coefficient matrix of each variable is shown in Fig. 2.

There is no correlation between the four factors selected in the clustering process,
which can eliminate the phenomenon that the factors are correlated and the result is
distorted.

Then, the contour coefficient method is used to select the optimal K value. When
the K value is selected, the data is first normalized to the four factors, and then the
K is evaluated. Since the general K is not too large, the traversal K is 3 to 8. Since
K-means has a certain randomness, it does not converge to the global minimum every
time. Therefore, for each k value, it is repeated 30 times, and the contour coefficients
are calculated and finally averaged as the final evaluation criterion. The optimal K
value is shown in the Fig. 3.

The results show that when K is 3, the average contour coefficient is much larger
than other values.

Table 1 shows the center vectors for each category. And the clustering results are
shown in Table 2 and Fig. 4.
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Table 1 Clustering mean
Category | Internet Number of | Internet Urban Rural Quantity
penetration | domain dialup user | broadband broadband
rate names ratio access users | access users
0.795 570.633 0.0101 0.2123 0.0648
2 0.558 191.101 0.0016 0.1979 0.0652
3 0.526 33.664 0.0016 0.1477 0.0378 21




36 J. Ma et al.

Table 2 Provincial cluster

Area Category Area Category Area Category
Beijing 1 Hebei 3 Chongging 3
Fujian 1 Shanxi 3 Guizhou 3
Guangdong 1 Inner Mongolia 3 Yunnan 3
Shanghai 2 Liaoning 3 Tibet 3
Jiangsu 2 Jilin 3 Shaanxi 3
Zhejiang 2 Heilongjiang 3 Gansu 3
Shandong 2 Anhui 3 Qinghai 3
Henan 2 Jiangxi 3 Ningxia 3
Hunan 2 Hubei 3 Xinjiang 3
Sichuan 2 Guangxi 3
Tianjin 3 Hainan 3
o~ i 2
s o 2 3
9
i
=1 1
al ﬁl 10 1la

dc1

Fig. 4 Two-dimensional clustering map

Figure 4 shows the cluster analysis of each category in a two-dimensional space.
It can be seen that the categories 2 and 3 have few differences, but they are very
different from category 1.

It can be seen from Table 1 that the Internet penetration rate and domain name
number of Category 1 are significantly higher than the other two categories. It can be
seen that the overall development level of the Internet in the three regions of Category
1 is a leading level in China. Category 2 represents the level of China’s medium
Internet development, except that the above two indicators lag behind Category 1.
The broadband penetration rate of cities and villages is not behind. It can be seen
that among the seven cities in category 2, the popularity of the Internet has reached a
leading level, but there is still room for improvement in the commercial application
of the Internet. There are 21 provinces in category 3, accounting for two-thirds of the
provinces in China. The overall penetration rate of these regions and the popularity
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of urban broadband users have reached a medium level. However, the network access
in the countryside is very backward, and the commercial application of the Internet
is far below the medium level.

According to the specific province categories in Table 2, we find that the provinces
in Category 3 contain almost all the western regions, while in Category 1, Beijing,
Guangdong and Fujian are the most developed regions in China’s domestic economy.
It can be seen that the level of development of the Internet also reflects the overall
economic level. In addition, Shanghai is the top two cities in China, but in the cluster,
it is classified as the second file. The detailed data found that the Internet penetration
rate in Shanghai is slightly lower than that in Beijing, but the number of domain
names is much lower than Beijing. It can be seen that companies in Shanghai do not
focus on the application of the Internet.

4 Discussion

4.1 Lag Development of the Internet in Western China

The backwardness of the economic level in the western region has led to the lag of the
development of the Internet. The central cities such as Chongqing have advantages
such as strong traditional industrial base, rich population resources and superior
geographical position, but they also generally face narrow development space and
lack of natural resources, to realize the development of small space, developing the
Internet industry is an inevitable choice for the development strategy of the central
city of the western city. It is possible to support these cities with better economic
bases to fully popularize the Internet and play an overall leading role in the western
region. In addition, a major reason for the low rural penetration rate is that there
are fewer new types of professional farmers in the western region who have culture,
management, and technology. For this reason, cultural cultivation is needed. Only
with a large number of new professional farmers who have culture, management and
technology, the “Internet 4 agriculture will be implemented.
The specific countermeasures are as follows [6]:

Scientific planning and rational layout

Well-equipped and powerful science and Technology Park
School-enterprise cooperation and innovative services

Policy and system support, necessary environmental and financial security.
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4.2 The Internet Industry Development Gap Between
Shanghai and Beijing

In response to this problem, we analyze the gap in Internet development between
Shanghai and Beijing. In the history of China’s Internet development, Shanghai
once took the leading position. Before 2010, Shanghai was the capital of online
games in China. From the perspective of the current scale of Internet companies,
the giants in Beijing are everywhere, whereas, in Shanghai, it is smaller market
scale and performed sophisticated. Behind the scale difference is the gap between
the Internet talent pools in the two places. The stabilizing and balanced aspect of
Shanghai culture has limited more top talents from the top 500 office buildings to
the basement startups. There are more idealistic colors in Beijing’s urban culture.
There are a lot of “Northern drifters” who do not have Beijing registered residence,
and they are longing for “Poetry and Distance”. Every brightly lit office building in
Zhongguancun, Wangjing, and Shangdi is a soulful, imaginative and ambitious soul.
Secondly, the Shanghai government’s response may act too slow, and the support
for the Internet companies is not sufficient in policies. Shanghai has not existed as a
large platform for the Internet companies for a long time, so it is difficult to obtain
the talent agglomeration effect. Consequently, no talents, no active atmosphere, and
no development in this area.

In 2015, the State Council passed the “Internet 4+ Action Guidance Opinion,
which clarified the promotion of “Internet 4+, promoted entrepreneurial innovation,
collaborative manufacturing, modern agriculture, smart energy, inclusive finance,
public services, efficient logistics, e-commerce, Convenient transportation, green
ecology, artificial intelligence and other key areas of development that can form a
new industry model, and identify relevant support measures. Shanghai should keep
up with the situation and use policy support to make up for the shortcomings in the
Internet industry [7].

The specific countermeasures could be concluded and listed as follow:

To adopt a top-down design and system implementation related support policies;
To focus on key areas and cultivate leading enterprises in the Internet economys;
To develop industrial internet with the help of industrial capabilities and traditional
industry advantages;

e To focus on the construction of science and technology innovation center,
vigorously implementing industrial basic technology and model innovation;

e Attracting and cultivating industry talents and strengthen industrial intelligence
construction.
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5 Conclusion

In this paper, the improved K-means algorithm is used to cluster the Internet index
data of various provinces in China, and all provinces are divided into three categories.
It also analyzes the characteristics of each category, which leads to the shortage of
China’s Internet development, and analyzes the problems of Internet penetration rate
in the western rural areas and the underdeveloped Internet industry in Shanghai.
Finally, some policy recommendations are given. Further research can provide more
detailed data for in-depth analysis of the Internet penetration in rural areas in western
China.
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Financial Agglomeration and Regional )
Economic Development: Double i
Threshold Research Based on Spillover

Effect and Boundary Effect

Jiaqi Yuan

Abstract Financial agglomeration affects regional economic development by stim-
ulating innovation to generate spillover effects. At the same time, the boundaries
of the spillover process cannot be ignored because of the contractual and intensive
nature of the financial industry itself. Based on the consideration of the spillover
effect of agglomeration and the boundary effect of diffusion, this paper studies the
double threshold of the impact of financial agglomeration on regional economic
development in order to improve the related research of regional economy. Firstly,
the paper uses the factor analysis method to measure the level of financial agglomer-
ation. Then, the paper uses the panel data of 30 provinces from 2001 to 2015 to test
the double threshold of financial agglomeration affecting regional economic devel-
opment. It is concluded that with the increase of the level of financial agglomeration,
it has played a leading role in promoting regional economic development, and the
role of promotion has gradually increased. Therefore, maintaining a certain level
of financial agglomeration is conducive to the stable development of the regional
economy.

Keywords Financial agglomeration *+ Regional economic development + Spillover
effect - Boundary effect - Double threshold model

1 Introduction

The deepening of financial marketization reform has made the allocation of financial
resources more and more unbalanced. The phenomenon of financial agglomeration
has become more and more obvious. Financial agglomeration can effectively reduce
transaction costs, improve the efficiency of cross-regional allocation of financial
resources [1, 2]. At the same time, it can share infrastructure in the agglomera-
tion area, realize economies of scale [3-5], and generate spatial spillover effects of
economies of scale [6], at last promote regional economic development [7, 8].
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The financial industry has a low cost of information acquisition. The development
of Internet technology has enabled financial functions to gradually overcome the limi-
tations of geospatial space. The low cost and efficiency of financial activities do not
change with the increase of geographical distance. This form is called the end of geog-
raphy. Due to the contractual and intensive characteristics of nonstandardized infor-
mation and financial industry, certain regional boundaries have emerged in financial
activities [9]. But the role of financial agglomeration in promoting regional economic
development also has boundaries. Existing research pays more attention to the impact
of regional economic development due to the spatial spillover of financial agglomer-
ation. Li et al. [8] found that China’s financial agglomeration has spatial correlation
and certain radiation ability, but it is not strongly affected by China’s administrative
system. Sun and Wang [10] studied the spatial spillover effect of financial agglom-
eration based on the data of the five northwestern provinces, and believed that the
government’s macroeconomic policy support is conducive to the role of spillovers.
Li and Wang [6] studied the role of financial human capital, financial agglomera-
tion scale and financial output density in promoting urban economic growth from the
perspective of spatial spillover. The spillover effect of financial agglomeration can not
only promote regional economic development, but also promote industrial upgrading
and improve industrial efficiency [9]. Although there is no shortage of research on
the spillover effect of financial agglomeration in academic circles, it ignores the
boundary of spillover effect. Although the literature mentions the boundary effect of
financial activities itself, it has not been included in the impact on regional economy.
Due to the difference in the level of financial agglomeration in different cities, the
initial spillover effect is different, and as the spatial distance increases, the spillover
effect will gradually weaken. Therefore, there are both spillover effects and boundary
effects in financial agglomeration. Based on the consideration of the spillover effect
of agglomeration and the boundary effect of diffusion, the paper studies the impact
of financial agglomeration on regional economic development, which is divided
into the following sub-goals: (1) How does the technology spillover effect of finan-
cial agglomeration and the boundary effect of proliferation affect the development
of regional economy? What is its internal theoretical mechanism? (2) Under the
premise of considering the technology spillover effect of financial agglomeration
and the boundary effect of diffusion, is there any inflection point in the impact of
financial agglomeration on regional economy?

The paper has the following two innovations:

(1) Perspective innovation. The existing research on the role of financial agglomer-
ation in regional economic development mostly studies the regional economic
impact of financial agglomeration from the perspective of spatial spillover,
ignoring the boundary characteristics of the financial industry itself. This paper
considers the spillover effect and the boundary effect to study the regional
economic impact of financial agglomeration, and comprehensively considers the
effect of financial agglomeration. In theory, it has improved relevant research on
regional economic development, and in fact provides relevant policy guidance
for regional economic development.
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(2) Method innovation. It is assumed that the whole economy is in a state of
constant returns to scale in the previous study of financial agglomeration liter-
ature. However, the agglomeration problem studied has its own characteristics
of economies of scale. This characteristic will lead to an increase in the scale of
returns. So the scale will be adopted. The assumption that the pay is constant
will make the theoretical mechanism of the research problem inconsistent with
the empirical model. In this paper, the traditional C-D production function is
improved to adapt to the assumption of increasing returns to scale, avoiding the
problem with inconsistencies in theory and experience in previous studies. It
can also make the research more rigorous.

2 Theoretical Analysis of the Influence of Financial
Agglomeration on Regional Economic Development

Since financial agglomeration has both spillover effects and boundary effects, the
analysis of its effects on the regional economy should combine these two effects.

2.1 Spillover Effect of Financial Agglomeration

In the early stage of financial agglomeration, the spillover effect is more obvious. The
spillover effect of financial agglomeration is mainly reflected in the spatial spillover
effect of technology and knowledge generated by economies of scale. Financial
agglomeration enables regional financial activities to be concentrated. In the process
of agglomeration, scale effects will be generated, the cost of technological innovation
will be reduced, the willingness of technological innovation will be enhanced, and
technological innovation will be promoted. As innovation activities continue, more
new technologies are widely used in production and life. And innovation knowledge
is also rapidly circulating in the agglomeration area. Financial activities have spilled
new technologies into other regions through the extensive nature of their clients.
Knowledge has also accompanied the outward flow of technology to promote the
economic development of these regions.

In addition, the main activities of the financial industry involve investment and
financing and credit. Agglomeration accelerates the flow of information between
financial institutions, reduces information barriers between financial institutions,
and allows information to be fully circulated, reducing the degree of information
asymmetry. For financial industry, information is a very important input. Reducing
the degree of information asymmetry and accelerating the speed of information flow
are conducive to improving the efficiency of the financial industry. The efficiency of
financial activities in a region will overflow into other regions through the flow of
capital. The flow and overflow of such efficient capital can effectively promote the
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development of capital markets in the surrounding areas. It plays a role in promoting
regional economic development. Based on this, the paper gets hypothesis 1.

Hypothesis 1: With the gradual increase of the level of financial agglomeration,
the role of financial agglomeration in promoting regional economic
development has gradually increased.

2.2 Boundary Effect of Financial Agglomeration

Financial gatherings generate spillover effects and promote regional economic devel-
opment. But the spillover effect is not endless. The boundary effect of financial
agglomeration will hinder the impact of spillover effects to a certain extent. With the
rise of financial agglomeration levels, the effect is becoming more and more obvious.
The financial industry is different from other industries in that it is mainly subject to
capital transactions and has strict contractual nature and intensive characteristics, so
it is greatly affected by spatial distance. The contractual nature means that when a
deposit and loan business is completed, a contract is required to complete the contract
required to complete the contract, which means that the contract and the performance
contract must be in the same place. As the level of financial agglomeration increases,
the requirements for the “co-location” of such compliance are getting higher and
higher. From the perspective of space, the scope of services for financial activities
will be reduced. Therefore, if the spatial distance increases, the difficulty of signing
and completing the contract at the same place will gradually increase, which will
hinder the outward spread of the financial agglomeration results. The intensive nature
means that intensive financial institutions can reduce information costs, increase the
speed of information flow, and improve the efficiency of capital operations. With
the increase of the level of financial agglomeration, the intensive nature of financial
activities makes the spatial distribution of financial institutions not spread, and the
closeness of the financial institutions within the financial agglomeration is increasing,
which will weaken the agglomeration. The connection between the center and the
outside area. The contractual and intensive characteristics of the financial industry
together lead to the financial agglomeration showing a weaker promotion effect on
the regional economic development as the level of financial agglomeration rises.
When the concentration level reaches a certain level, financial agglomeration will
inhibit regional economic development. Based on this, the paper gets hypothesis 2.

Hypothesis 2: When the level of financial agglomeration reaches a certain threshold,
as the level of financial agglomeration rises, it has a depressing effect
on regional economic development.

The above two effects can be represented by Fig. 1.

Since financial agglomeration has both spillover effects and boundary effects,
when the level of financial agglomeration is gradually increased, its impact on
regional economic growth plays a role of promoting and then suppressing.
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Fig. 1 The theoretical mechanism of financial agglomeration affecting regional economic
development

3 Measurement of Financial Agglomeration

The level of financial agglomeration refers to the degree of concentration of a regional
financial industry. The gatherings have an impact on the surrounding areas due to
their externalities. The measurement methods for the level of financial agglomeration
are diverse.

3.1 Variable Selection and Data Source

The measurement methods of financial agglomeration levels in the existing research
can be divided into two methods: single index method and comprehensive index
method. Single indicator refers to the measurement of regional financial agglomera-
tion level with a certain indicator, specifically location entropy [11, 14], spatial Gini
Coefficient, HI Index, industry concentration [15]. The indicators make the calcu-
lation of indicators relatively simple, but it is difficult to comprehensively reflect
the concentration of financial industry in a region. Therefore, many scholars use
the comprehensive indicator method to study financial agglomeration. The compre-
hensive index refers to the comprehensive representation of the level of financial
agglomeration through multiple indicators. It is used in the current study are mainly
divided into two types. One is to use several indicators at the same time to indicate the
level of financial agglomeration. Sun and Wang [10] use the location entropy coeffi-
cient, financial scale, deposit-loan ratio and the product of the three together repre-
sent financial agglomeration to study its spatial spillover effect on regional economic
growth. The other is to comprehensively express the level of financial agglomera-
tion by establishing an indicator system, many scholars Relevant researches. Ding
etal. [15], Yang [2] constructed a rating system for financial agglomeration from the
perspective of the financial industry itself. Liang [16], Hu and Yang’s Research [17]
have been carried out from the perspective of macro motivation. However, the clas-
sification of these studies is too general to lack the indicators of economic impact of
financial agglomeration. Ru et al. [18] have established urban financial agglomera-
tion level measurement indicators from four aspects: financial background, financial
scale, financial density and financial depth. The system, which comprehensively



46 J. Yuan

measures the level of financial agglomeration from the perspective of financial activ-
ities and it’s economic impact. It can make up for the shortcomings of previous
research. Therefore, this paper draws on its indicator system to measure the level
of financial agglomeration. Among them, the financial development background
reflects the overall economic scale and development level of the city. The size of the
financial sector reflects the volume of activities in the financial industry. The density
of financial activities is examined from the level of per capita financial activities and
the density of regional financial activities. The depth of finance, that is, the level
of service activity, reflects the degree of urban economic monetization and capital
activity (Table 1).

Table 1 The indicator system of regional financial agglomeration level

Factor layer Indicator layer Measure
Financial environment | Total economic activity GDP
The level of economic Per capita GDP
development
Financial scale Financial institution deposit scale | Balance of various deposits of
financial institutions at the end of
the year

Financial institution loan scale Balance of various loans of
financial institutions at the end of

the year
Resident savings scale Balance of urban and rural
residents’ savings at the end of the
year
Industry practitioner size Total number of employees in the
financial industry
Financial strength Per capita financial development | Balance of deposits and loans of
level financial institutions at the end of
the year/total population at the end
of the year
Financial depth Financial activity density Balance of deposits and loans of

financial institutions at the end of
the year/land area of urban
jurisdiction

Financial service activity Balance of deposits and loans of
financial institutions at the end of
the year/regional GDP

4The data required for the calculation of the above indicators are derived from the 1995 to 2016 China
Urban Statistical Yearbook and the China Economic and Social Development Statistics Database
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3.2 Factor Analysis

This paper uses factor analysis to measure the index system of regional financial
agglomeration level. Before the factor analysis, each variable should be unitized
first, and then the independence between the variables should be tested. The test
results are shown in Table 2. The coefficient of KMO test and Bartlett sphericity
test is 0.778, and the test P value is 0.000 less than 0.05. It can be considered that
each variable is independent of each other to some extent, which is in line with the
premise of factor analysis.

Figure 2 shows that when the number of factors is greater than 4, the trend of the
factor eigenvalue tends to be flat. So the final number of factors is 4. At the same time,
in order to better name the extracted factors, the maximum variance method is used
to rotate the factors. The rotated factors are consistent with the structure shown in
Table 1. Finally, the weights of each factor layer and indicator layer are established,
and the weights of the income and the weight of each factor are used to calculate the
financial agglomeration level of each province over the years.

Table 2 KMO and Bartlett

il KMO sampling coefficient 0.778
sphericity test

Bartlett sphericity test | Approximate chi square | 3129.653
Degree of freedom 36
Significant 0.000

Fig. 2 Factor gravel map 5
Eigenvalues

Number of factors
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4 An Empirical Analysis of the Impact of Financial
Agglomeration on Regional Economic Development

4.1 Benchmark Model

This paper is based on the C-D production function. The specific model
is shown as (1).

GDP, = ALK2L! (1)

As financial gatherings promote industrial structure upgrading through innova-
tion, and promote regional economic growth through spillover effects and industrial
transfer, the core of the impact of agglomeration is the spillover effect of innova-
tion. Therefore, A (technology) in C-D production function is regarded as financial
gathering. In the previous studies, it is assumed that the scale returns are the same.
But the externalities of agglomeration have the characteristics of increasing returns
to scale. Therefore, this paper modifies the model as (2):

GDP, = Ag/to+y1XK;);o+mXLgo+ﬁ1Xe;S?+5|X )
where A represents the level of financial agglomeration, K represents fixed asset
investment, and L represents the number of laborers. Correlation analysis shows that
the Pearson correlation coefficient and the Spearman correlation coefficient of LnL
and Ln K are 0.433 and 0.683, respectively, and their correlations are significant at the
significant level of 1%, so LnL and Ln K have strong correlation. The data show that
there are 14 million people in China’s cities and towns to be employed, and there
are 150 million surplus laborers in the rural areas, which have huge productivity.
If the capital investment increases, a large number of jobs will be created, thus
increasing labor input. Therefore, there is a strong relationship between capital and
labor. Alternative, it can be argued that capital is the main driver of China’s economic
growth. And the increase in labor input is due to capital accumulation. So the model
can be simplified as (3):

GDP, = Ag/;]erlxKaUmlxeaUHlx 3)

it it
Logarithmic linearization of the model:

LnGDPy; = 8o+ (o + nX)LnAy
+ (0o + 1 X)LnK; + 6, X “4)

where X represents the variable that affects the scale of financial agglomeration and
the scale of investment. The index selected in this paper is the financing scale, which
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is represented by the sum of the balance of deposits and loans of financial institutions
at the end of the year divided by the total investment of fixed assets at the end of the
year.

4.2 Threshold Model

Because of the spillover effect and boundary effect of financial agglomeration, the
effects of these two effects are opposite but interact with each other, so that there is
a “threshold effect” under the dual influence of financial agglomeration. Therefore,
this paper adopts the level of financial agglomeration. For the object of the threshold
test, refer to Hansen [19] for the setting of the threshold model. The specific model
is shown as (5):

LnGDP;; = 8o+ (vo + viX)LnA;, - I(LnA; < y)
+ (o + 7 X)LnAy - I(LnAy > y)
+ (g + o1 X)LnK;; + 61X (®)]

where i is the province, ¢ is the year, Ln A;; is the threshold variable; y is the specific
threshold; I (LnA;; < y) and I (LnA;; > y) are the explanatory functions, 8y, Yo,
Y1, 7/6, y{ , g, 1, 8 are the estimated parameters respectively.

Considering the lag effect of capital investment, the capital investment of the year
will have an impact on the economic growth in the next few years. Therefore, the
lag term of LnK;; and XLnK;, is added to the model. The specific lag order is
determined by the threshold estimation. The model is shown as (6):

LnGDP;; =30+ (Yo + nX)LnA; - I(LnAi, < y)
+ (g + v X)LnAy - 1(LnA;, > y) + (2o + a0 X)LnK;,
+ (o + a1 X)LnKy 1+ -+ 8 X (6)

In order to ensure the availability of data, this paper uses data from 30 provinces
(excluding Tibet) in China from 2001 to 2015. The sample data are from the 2002 to
2016 China Urban Statistical Yearbook, and the value of LnA;; is calculated from
the previous article.

4.3 Results

Since the specific number of threshold values cannot be determined, the test is
performed under the assumption that there are one, two and three threshold values.
In this paper, LnA;; is selected as the threshold variable, and XLnA;; is the core
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explanatory variable, indicating that the finance is under different financing scales.
The level of agglomeration and the results of the threshold test were obtained using
Stata 14.1 software. The calculation results are shown in Table 3. The result of the
single threshold test is that there is a significant threshold. The result of the double
threshold test is that there are two threshold values, negating the result of the single
threshold. The result of the triple threshold test cannot effectively reject the original
of the double threshold. Assume, therefore, that the optimal threshold is 2. Based on
this, the paper uses the double threshold model as the research model.

The results of the threshold test show that there are two threshold values. The
estimated values of the two threshold values and their confidence intervals are shown
in Table 4 and Fig. 3. The red horizontal dashed line in Fig. 3 indicates a significant
level of 95%. When the two threshold values are within their confidence intervals,
the image is below the red dotted line.

Parameter estimation can be performed after the threshold value is determined.
In this paper, the double threshold model and the linear fixed effect model are used
for estimation. The robustness of the double threshold model is tested at the same
time. The estimated results are shown in Table 5. It can be seen that the sign and
magnitude of the explanatory variable coefficients of the double threshold model
and the linear fixed effect model are basically the same. From the significant point of
view, the coefficient of the double threshold model has a higher level of significance,
indicating that the threshold model is used to describe the problem effectively.

After adding two thresholds, the coefficients of the three-stage core explanatory
variables are significant at the significant levels of 1% and 10%, respectively, that
is, the impact of financial agglomeration on regional economic development is at a
threshold. When the financial agglomeration level is lower than —0.2643, financial

Table 3 Threshold effect test

Threshold variable Hypothetical Number of thresholds F P
LnA;; HO: liner model One threshold 41.38%* 0.050
HI: one threshold
HO: one threshold Two thresholds 70.54%%%* 0.000

H1: two thresholds

HO: two thresholds

H1: three thresholds

Three thresholds 14.26 1.000

4The P value is obtained by repeated sampling 100 times using the ‘self-sampling method’. ***,

**_* indicate a significant level of 1%, 5%, 10%

Table 4 Threshold estimates and confidence intervals

Threshold estimates

95% confidence intervals

The first threshold

—0.2643

[—0.2672, —0.2642]

The second threshold

—0.2319

[—0.2327, —0.2318]
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Fig. 3 Double threshold estimation and confidence interval of financial agglomeration level

Table 5 Threshold model estimation result

Variable Double threshold model Linear fixed effect model

do 3.900853#** 1.636727
(4.40) (1.66)*

X 824.1288*** 150.2041
(5.40) (1.56)

LnKj_ 0.3039838*** 0.4206603%**
(6.06) (7.50)

LnAj 0.4718194** 0.4043345%*
2.72) (2.08)

XLnAj - 1 1817.166%** -

(LnAj; < —0.2643) (3.37)

XLnAj - 1 6260%#* -

(—0.2643 < LnAj < —0.2319) (10.18)

XLnAj -1 —359.7886* -

(LnAj > —0.2319) (—=1.91)

XLnAj - 228.7203*%**

(3.61)

Remarks: t statistics in parentheses: * p < 0.1, ** p < 0.05, *** p < 0.01

agglomeration has a positive effect on regional economic growth. However, due to
the low level of agglomeration, the spillover effect is relatively small, so this promo-
tion is not large. When the financial agglomeration level between —0.2643 and —
0.2319, with the further increase of the level of financial agglomeration, the scale
of financial agglomeration is getting larger and larger. So the promotion of regional
economic development is also stronger, and the enhancement of this promotion exists.
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The obvious jump indicates that the rise of the level of financial agglomeration will
have a huge change in regional economic development. When the level of financial
agglomeration further rises to more than —0.2319, the financial gathering has a nega-
tive impact on regional economic development, which is related to the assumption
that there is a boundary effect is consistent.

Due to the existence of the financial agglomeration boundary effect, the impact
of financial agglomeration on regional economic development has been “truncated”.
When the level of financial agglomeration is strong, it should have a stronger promo-
tion effect on regional economic development. It also can be generated for further
regions. The positive action, but the existence of the boundary effect makes the
benefits of agglomeration difficult to spill out. The higher concentration means the
higher dependence on the agglomeration center. So the stronger the level of financial
agglomeration, the stronger the connection with the center The connection with the
outside world is relatively weak. In addition, the original economic development
gap between the regions makes it difficult for the local economic development level
to adapt to the technological level of financial agglomeration spillover, which will
hinder the development of the regional economy to a certain extent.

5 Conclusion

Technological advances arising from financial agglomeration will promote regional
economic growth through spillover effects. At the same time, the boundaries of finan-
cial agglomeration cannot be ignored due to the contractual and intensive nature of
the financial industry itself. The paper considers the spillover effect and boundary
effect of agglomeration, and believes that the impact of financial agglomeration on
regional economic growth will have a threshold effect under the combined effect
of the two effects. Using the national data of 30 provinces from 2001 to 2015,
the factor analysis method was used to measure the level of financial agglomera-
tion. Then the threshold effect of financial agglomeration was tested by the double
threshold model. The conclusions were drawn: (1) Financial agglomeration There
are double thresholds for the impact of economic growth; (2) The level of finan-
cial agglomeration of a certain scale can promote the regional economic growth; (3)
The boundary effect of the impact of financial agglomeration on regional economic
growth with the distance between the gathering center and the surrounding area.
When the increase and increase, the boundary effect is strong, the gap between the
financial agglomeration level and the level of economic development of the two
places plays a decisive role in the relationship between financial agglomeration and
regional economic development. Based on the above conclusions, the paper proposes
the following recommendations:

For the area where the financial agglomeration center is located, reduce the admin-
istrative barriers to financial industry agglomeration, encourage financial industry
innovation, simplify the complicated procedures for deposits and loans of financial
institutions, and promote the realization of financial agglomeration of a certain scale.
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Different policies should be adopted for regional economic development to
encourage economic development in various regions. Specifically, it can appropri-
ately reduce the economic growth rate of developed regions, increase the economic
growth rate of relatively underdeveloped regions, and narrow the gap between the
level of financial agglomeration and the level of economic development.
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The Impact of China’s Structural )
Monetary Policy on Monetary Inflows i
into the Real Economy

Tongya Yang

Abstract At present, the entity economy in our country is weak, the investment
yield declines and the real economy internal risks escalating problems show that in
our country’s current capital in the economic operation “to take off the real to virtual”
trend. With the deepening of the process of “de-reality” of funds, the financing cost
in China’s real economy will gradually increase, which will cause the difficulty of
financing and the risk of financial system are growing increasingly, and the difficulty
of transformation and upgrading of the real economy will increase. This paper anal-
yses that structural monetary policy changes market expectations through signaling,
and verifies the impact of structural monetary policy on real economy through event
studies. Finally, we put forward the following suggestions: firstly, we should differ-
entiate the interest rate and quota of monetary policy according to the counterparty;
secondly, we should improve the information disclosure of central bank when imple-
menting monetary policy; finally, when implementing monetary policy, we should
first adjust the open market operation, then the deposit reserve ratio, and finally the
interest rate adjustment in the process.

Keywords Real economy + Event studies + Structural monetary policy

1 Introduction

China’s economy is now entering a “new normal”, which means the growth are
from the past pursuit of quantitative to the pursuit of high-quality growth. This
transformation also shows that China’s future economic growth will depend more
on the efficiency of capital operation than on the accumulation of quantity. However,
at present, although the overall economic situation is stable, under the background
of the current economic restructuring and industrial transformation and upgrading,
the virtual economy can not serve the real economy well and lead to the imbalance

T. Yang (X)

School of Economics and Management, Beijing Jiaotong University, Beijing,
People’s Republic of China

e-mail: 18120506 @bjtu.edu.cn

© The Editor(s) (if applicable) and The Author(s), under exclusive license 55
to Springer Nature Singapore Pte Ltd. 2020

M. Li et al. (eds.), IEIS2019,

https://doi.org/10.1007/978-981-15-5660-9_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5660-9_5&domain=pdf
mailto:18120506@bjtu.edu.cn
https://doi.org/10.1007/978-981-15-5660-9_5

56 T. Yang

of the relationship between themselves, and the hollowing of the real economy is
becoming more and more prominent. Since the global financial crisis in 2008, the
decline of economic growth in some emerging market countries and the sovereign
debt crisis in Europe has cast a shadow on the global economy. In order to cope with
the deterioration of the global economic and financial environment, countries began
to actively seek structural monetary policy.

Signal channel refers that the central bank’s positive impact on the price of finan-
cial assets by issuing information and taking certain measures to release signals to
the market to enhance overall market confidence and reverse market expectations,
and then reduce risk premiums and uncertainties within the financial system, thereby
reducing the credit conditions of enterprises, increasing capital gains of enterprises
and individuals, and ultimately reaching the target. To enhance the investment and
consumption goals of the whole society. In recent years, with the extensive using of
structured monetary policy, many scholars have found that the signal transmission
of structured monetary policy in European and American countries has a significant
impact on the financial indicators such as stock market prices, market interest rates,
bond yields and real exchange rates. Due to the widespread existence of uncertainty
and information asymmetry, a large number of decisions in financial markets are
based on rational expectations [1, 2]. Therefore, the key to the role of monetary
policy lies in its impact on market expectations, rather than its change in the current
economic situation. During the economic depression, the central bank can boost
market confidence and change market expectations by issuing announcements and
taking measures to release signals to the market, thus reducing risk premiums and
uncertainties in financial markets and reducing financing costs for enterprises and
households [3—5]. Only when the central bank makes a credible commitment to keep
monetary policy loose for a long time can key indicators such as long-term bond
yields be significantly affected [6].

Our study is based on the starting point of monetary policy, from the perspective
of structural monetary policy, merger of fiscal policy and financial instruments to
guide the monetary flow into the real economy.

The following part is carried out in accordance with the following framework:
The second part analyses the causes of the downturn of China’s real economy by
considering the existing research and combining with the current economic situation,
and puts forward the internal causes of the economic slowdown and the reasons from
the perspective of generalized virtual economy; the third part, based on the analysis
of the above reasons, puts forward the conformity with China’s real economy from
the perspective of structural monetary policy. The fourth part considers the current
monetary policy of our country and puts forward suggestions on the implementation
of relevant policies. Finally, the fifth part of the article makes a summary of this
study.
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2 Reasons for the Decline of Real Economy Growth

In a stable market, the average return rate of dominant industries of social entities is
higher than that of financial assets. At this time, in essence, some of the financial assets
participate in the distribution of the economic value created by the real economy;
while under the condition of market bubble, the rate of return on financial capital
investment is obviously higher than that of the real industry, when financial capital
takes the label of “financial services in the real economy”. This behavior will not
only occupy the capital of the real economy. Investment, or even because the return
on financial assets is higher than that of the real industry, the industry investment
needs to be dominated by financial transactions. This criterion has become one of
the main reasons for the rapid expansion of financial capital and the financial bubble
in recent years.

2.1 Internal Causes

In recent years, the average growth rate of M2 in China is about 17%, while the
average annual growth rate of GDP and CPI is only about 9 and 3%. The growth rate
of money supply M2 is much higher than that of economic growth (GDP) and price
level (CPI). There is a significant deviation between money supply and economic
growth. At present, the global economic growth rate is slowing down, while the
domestic economy has entered the transition period. Although the inflation risk is
not obvious in a short period of time, China’s current financial industry can not serve
the real economy very well. There is a disconnection between the two. At present,
the domestic real economy is facing severe challenges such as increasing production
costs, excess capacity and breaking of capital chain, which directly results in the
decline of profits of all kinds of enterprises, especially the small and medium-sized
enterprises in the low-end industrial chain, mainly manifested in the difficulty of
obtaining funds, the lack of orders, the rising cost of labor force and raw materials,
etc. The following figures show growth rates of MO, M1, M2 and GDP.

The gap between M1 and M2 can be regarded as an important tool to measure
the amount of money in circulation. From Fig. 1, we can see that the gap between
M1 and M2 has changed from negative to positive and the gap has decreased. We
can see that the demand for cash for transactions and settlement has decreased, the
activity of monetary funds has declined, and a large amount of money has not really
entered the real economy.

(1) The overall level of real economic profits: Under the circumstance that financial
services are increasingly divorced from the real industry, the outflow of produc-
tive capital is increasing while the investment of capital is decreasing. Finally,
the real economy is flat, the financing ability of enterprises from the financial
market is weakening, and the development expectation of enterprises in the real
economy is declining. At the same time, due to the impact of the international
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financial crisis, the economic downturn of large foreign economies has directly
led to a sharp reduction in foreign trade orders of Chinese enterprises, and the
expected increase in the main business income. In addition, the rising prices of
domestic labor, land and raw materials, together with Vietnam, Thailand and
other emerging countries in Southeast Asia by virtue of their own advantages to
depress prices to seize orders in China, the external demand slump has gradually
become the norm. From the point of view of domestic demand, although the
retail sales of social commodities are growing steadily, the average contribution
rate of consumption to GDP in China is only about 60%. Compared with the
proportion of consumption to GDP in western developed countries, the average
contribution rate of consumption in China is obviously low. From the perspec-
tive of household income, as of early 2017, reports show that China’s wealth
Gini coefficient is 0.73, much higher than the international warning line of 0.4.
Gini coefficient indicates the degree of inequality, and the high Gini coefficient
in China limits the development of domestic demand to a certain extent. At
the same time, the bubble of the real estate industry is constantly increasing,
the imperfection of the social security system and the low expectations of the
residents will inhibit the growth of domestic demand to varying degrees.

Production factors: Capital investment, technology input, various social
resources, labor force, enterprise management and financing capabilities and
other productive factors jointly promote the development of the real economy.
However, the common squeeze of asset bubbles and inflation has led to the
loss of a variety of factors in the development of the real economy, resulting in
the hollowing of the real economy industry. On the one hand, the constraints
of resource reduction lead to the increase of the cost of employing manpower
and purchasing raw materials. Compared with the per capita wage of the real
manufacturing industry, the per capita wage of the financial industry is not only
higher than that of the real enterprises, but also rising rapidly in recent years.
With the continuous use of factories, energy products have limited production
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capacity in the natural environment, and the supply is reduced under the condi-
tion that demand remains unchanged or even expands. As the price of resource
products rises, the investment cost of enterprises increases day by day.

Reasons for Economic Downturn Caused by Virtual
Economy

Cost of Social Financing: The increasing cost of social financing has become the
most prominent reason why it is difficult for our country’s capital to flow into the
real economy. That is to say, the real economy has to pay a higher price to absorb
the stock funds in the market than before. With the development of economy,
although the sources of financing in real economy are becoming more and
more extensive, the costs of different financing channels are different, and their
rising rates are also different. According to the survey report of China’s social
financing cost index, the average cost of corporate social financing in China
is 7.60%. Among them, the lowest average financing cost of bank acceptance
draft is 5.19%; the highest average financing cost of small loan companies is
21.9%; the average financing cost of bank loans is 6.6%; the average financing
cost of corporate bonds is 6.68%; the average financing cost of financing trust
is 9.25%; the average financing cost of factoring services is 12.1%; the average
financing cost of Internet finance is 21.0%; The average financing cost of lease
is 10.7%, and the average financing cost of equity pledge of listed companies
is 7.24%.

The reasons for the rising financing costs of real enterprises can be summarized
from the following four aspects. Firstly, the process of interest rate marketization
is deepening gradually, and the adjustment of bank customer loan structure leads
to the rise of loan interest rate. In order to cope with the competition of interest
rate marketization and absorb more deposits in time, major banks have to adopt
the way of floating and rising deposit rate. At the same time, they have to
design and develop some financial products pricing by market interest rate. At
the same time, the trend of financial disintermediation of large enterprises in
China is increasingly apparent. Banks begin to provide more loans for SMEs.
Generally speaking, the credit of SMEs is lower than that of large enterprises,
so the risk premium on credit is increased, which is ultimately reflected in the
rise of bank credit interest rate. Secondly, the macroeconomic downturn has
pushed up risk-free interest rates. Thirdly, the extension of financing chain,
such as agency fee, trusteeship fee and commission fee, has increased the chain,
leading to the increase of financing cost and ultimately reflected in the rise of
interest rates.

Financing supervision: Taking the United States as an example, in the 1980s, the
crisis of the American Savings and Loan Association led to the collapse of alarge
number of small and medium-sized financial institutions. The reason for this
phenomenon was that the American enterprises were in the process of financial
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disintermediation and the lack of government supervision, which magnified the
risk of assets and liabilities of the Savings and Loan Association. At present,
through strengthening supervision of local financing platforms, off-balance-
sheet financing of banks, private lending and other financing businesses, off-
balance-sheet risk and credit risk have been initially controlled. However, in the
critical period of economic growth slowing down and economic restructuring,
some financing modes in China still exist such phenomena as rigid payment and
lack of transparency. Therefore, it is necessary to strengthen financing supervi-
sion to further mitigate risks and prevent the phenomenon of continuous default
caused by the rupture of the capital chain. If credit risk and off-balance-sheet
risk can not be detected and solved in time by the regulatory authorities, it may
affect the stability of economic and financial markets.

3 Data and Methodology

3.1 Signal Transmission Mechanism of China’s Structural
Monetary Policy

The mainstream view in society holds that when the transmission of traditional
monetary policy is in trouble, structural monetary policy begins to be implemented.
Its goal is to guide the flow of funds, especially to the real economy of small and
medium-sized enterprises or some key industries, and then to open the transmission
channel of monetary policy. In the process of implementing structural monetary
policy, the transmission of signal channels is needed to ensure the effectiveness of
monetary policy implementation.

At present, China’s structural monetary policy has an impact on macro-economy
mainly in three aspects: (1) According to the demand of economic growth in some
regions or industries and the amount of assets held by banks themselves, the central
bank provides short-term, medium-term and long-term liquidity currencies by using
SLO, SLF, MLF and PLL monetary policies respectively to alleviate the increasing
downward pressure of macro-economic growth on financial institutions. As a result,
the liquidity is reduced, leading the financial sector to release liquidity to the entity
enterprises in line with the current policy-oriented in China, so as to reduce financing
costs and promote the investment and consumption capacity of enterprises and indi-
viduals; (2) In order to invest credit resources in key areas of development and weak
links, the central bank directly reduces the financing of rural and small and medium-
sized enterprises by implementing policies such as PSL and directed refinancing. At
the same time, it can also achieve the purpose of supporting key strategic industries,
thus promoting the economic system reform; (3) By implementing the policy of
differential deposit reserve ratio, it can help to improve the liquidity of agricultural-
related financial institutions and other commercial banks with a certain proportion



The Impact of China’s Structural Monetary Policy ... 61

of loans from agriculture, rural areas and small and micro enterprises, to expand the
credit scale of financial institutions, and effectively guide the flow of funds into the
real economy.

3.2 Estimation Models

Through the constant mean model of event study, this paper makes an empirical
analysis of structural monetary policy events and SHIBOR interest rates in different
periods as market indicators in order to draw a conclusion that most of the imple-
mentation of structural monetary policies have a significant impact on the decline of
interest rates in the monetary market. At the same time, it is assumed that the return
rate of the index is a constant in each event window:

E(ri)) = Wi (D

where p; is the average value of the index SHIBOR in one year before the event
window:

1 n -3
Wi = PR Zf:lo Fit (2)

Then, the abnormal return rate of event window is calculated by estimating normal
return, and its cumulative value in event window is cumulative abnormal return
(CAR).

n+2
CARM, ) =Y (Ri— ) 3)
where r;; is estimated abnormal return, R;; is the real SHIBOR, [y, t; — 1] is esti-
mation window, [t; — 2, t; + 2] is event window, because there may be information
leakage before the event happens and other reasons have an impact on the market
ahead of time, so the event window selection event occurs two days before to two
days after the occurrence. Then, the significance test of cumulative abnormal return
rate is carried out by double tail t test. The events in the Table 1 are selected from
the Monetary Policy Events of the People’s Bank of China.

In this paper, SHIBOR overnight, one week, two weeks, January, March, June,
September and one year interest rates are selected as indicators of money market.
The sample range is from November 3, 2013 to February 21, 2017. The data are from
the People’s Bank of China.

Based on the event study method, this paper analyses the impact of structural
monetary policy signals on the excess return rate of money market in China. It
is found that almost all structural monetary policy announcements bring about a
significant decrease in the interest rate of money market. The following table reflects
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Table 1 Summary of structural monetary policy events

Date

Event

November 6, 2014

The People’s Bank of China issued the third quarter of 2014 monetary
policy implementation report, which disclosed the following contents: on
April 25, 2014, in order to implement the spirit of the 43rd Standing
Meeting of the State Council, the People’s Bank of China created mortgage
supplementary loan (PSL) to provide long-term stable and cost-effective
funding source for the development of financial support shanty reform. In
September 2014, the People’s Bank of China created the Medium-Term
Lending Facility (MLF) to provide medium-term base currency for financial
institutions that meet the requirements of macro-prudential management.
The medium-term lending facilitation rate plays a role of medium-term
policy interest rate and promotes the reduction of social financing costs

February 6, 2015

The People’s Bank of China has issued the Notice on Developing
Standing-by Lending Facilities for Branches throughout the country and the
Notice on Issuing Guidelines on Relending and Standing-by Lending
Facilities for Mortgages for the People’s Bank of China (for Trial
Implementation). On the basis of the trial operation of Standing-by Lending
Facilities for Branches in 10 provinces (cities) in the previous period, it has
promoted Standing-by-Standing Lending Facilities for Branches
throughout the country and improved the Central Channels for Providing
Liquidity Support to Small and Medium-sized Financial Institutions

February 6, 2016

The People’s Bank of China issued the report on the implementation of
monetary policy in the fourth quarter of 2015, which disclosed the
following contents: In November, in order to explore the role of the upper
limit of the interest rate corridor in exploring the standing lending and
lending convenience rates of branches, the People’s Bank of China decided
to reduce the standing lending and lending convenience rates of branches
appropriately in order to meet the requirements of macro-prudence,
considering the liquidity situation at that time and the demand of monetary
Methods The interest rates of overnight and 7-day financial institutions
were 2.75% and 3.25% respectively

May 6, 2016

The People’s Bank of China issued the first quarter of 2016 monetary
policy implementation report, which disclosed the following contents:
enriching the term structure of medium-term lending facilities, increasing
the period from six months to three months, six months and one year, and
gradually reducing interest rates to 2.75%, 2.85% and 3.0%, respectively.
Medium-term lending facilitates the role of medium-term policy interest
rates, guides financial institutions to reduce lending interest rates and social
financing costs, and supports real economic growth

February 17, 2017

The People’s Bank of China issued the fourth quarter of 2016 monetary
policy implementation report, which disclosed the following contents: In
January 2017, the People’s Bank of China provided temporary flow for
several large commercial banks with large cash investment volume through
temporary liquidity facility (TLF) operation in order to guarantee the
centralized demand formed by cash investment before the Spring Festival
and promote the liquidity of the banking system and the smooth operation
of the money market. The dynamic support can meet the temporary
liquidity demand more effectively through the market-oriented mechanism
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the impact of structural monetary policy announcements on the excess return on the
money market. It can be seen that the expansion of structural monetary policy and the
creation of TLF from 2015 to 2017 brought about a significant decline in SHIBOR
interest rates (Table 2).

According to the above analysis, the impact of China’s structural monetary policy
on monetary policy is more significant. At the same time, most structural monetary
policy announcements indicate that China’s central bank will continue to implement
loose monetary policy in the future to ensure reasonable liquidity in the short, medium
and long term. At the same time, it will guide the market interest rate to reduce the

cost of social financing and promote the real economy development.

However, with the passage of time, the greater the macroeconomic uncertainty,
the more likely the central bank will change its policy accordingly. Therefore, the
return on assets with long term interest rate is less affected by channel signals.

Table 2 Regression estimation results

Date SHIBOR SHIBOR SHIBOR SHIBOR
O/N W 2W 1M
2014/11/6 —230.60%%* —77.94%%% —77.56%%% —47.85%%x
(0.000) (0.000) (0.000) (0.000)
2015/2/6 38.27% —208.17%%* —205.27%%* —219.96%**
(0.052) (0.000) (0.000) (0.000)
2016/2/6 —264.42%%% —265.55%#5 —243 295 —213.29%#
(0.001) (0.000) (0.003) (0.004)
2016/5/6 —103.42%%x —42.68%%* —12.69%#% —11.06%#*
(0.000) (0.002) (0.000) (0.000)
2017/2/17 —461.68%+* —413.01 %% —398.68%++ —344.1 5%
(0.000) (0.000) (0.000) (0.000)
Date SHIBOR SHIBOR SHIBOR SHIBOR
3M 6M 9M 1Y
2014/11/6 25.47%5 18.93#x 15.61 %% 17.50%5
(0.000) (0.001) (0.000) (0.000)
2015/2/6 —165.03 %% —99.98#x —56.27%** —3.45%%x
(0.000) (0.000) (0.000) (0.004)
2016/2/6 —199.61 %% —195.15%%x —19].45%%+ —181.20%%*
(0.001) (0.000) (0.000) (0.000)
2016/5/6 —6.25%%% — 4] 7Hx% —10.57%%% —3.91%*
(0.000) (0.002) (0.000) (0.013)
2017/2/17 —317.04%%* —181.95%# —64.52%%% —39.79%55
(0.000) (0.000) (0.000) (0.000)

The P value of double-tailed t test is in parentheses;

significance level of 1%, 5% and 10%, respectively

wHk - HE K means passing the test with
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4 Conclusion

In the last chapter, we use event studies method to analyze the influence of signal
transmission of structural monetary policy on the monetary market and the develop-
ment of real economy in China from the perspective of structural monetary policy.
At the same time, we point out the current restrictive factors. Empirical results show
that the transmission of China’s structural monetary policy in the monetary market
is more obvious. Most of the structural monetary policies have led to the decline of
the main interest rate indicators. Therefore, we can believe that structural monetary
policy can promote the entry of money into the real economy. Based on the above
analysis, this chapter gives the following suggestions:

Firstly, we should distinguish the interest rate and quota of monetary policy
according to the counterparty. Currently, the liquidity policies of MLF and SLF
implemented by the Central Bank of China over 7 days have not distinguished
different counterparties in terms of monetary interest rates and quotas. Referring
to the European Central Bank’s TLTROs (long-term refinancing operation policy),
the larger the amount of loans provided by financial institutions to residents and non-
financial enterprises, the lower the long-term liquidity interest rate obtained through
TLTRO. Through the improvement of this regulation, we can make the transmission
of structural monetary policy more smoothly and better promote the flow of funds
to the real economy sector.

Secondly, the central bank should enhance the degree of information disclosure
in the implementation of monetary policy. At present, the information disclosure of
the structural monetary policy of the Central Bank of China needs to be improved
urgently. For example, the PSL and MFL policies were established in April and
September 2014, respectively, but they were disclosed only when the central bank
released the third quarter monetary policy implementation report in November of
that year. If the information can not be disclosed to the society in time, it will have
a negative impact on the effective transmission of monetary policy signal channels.
Therefore, it is necessary for the central bank to strengthen the degree of information
disclosure, but at the same time, it should be cautious about policy disclosure in order
to prevent unnecessary fluctuations.

Thirdly, in the process of implementing monetary policy, I think we should first
adjust the open market operation, then the deposit reserve ratio, and finally adjust
the interest rate. Because the rise and fall of interest rate will lead to arbitrage, which
will lead to the inflow or outflow of foreign funds in the form of hot money into our
virtual economy. On the one hand, it will lead to meaningless loss of national income;
on the other hand, the inflow of funds within the virtual economy weakens the effect
of macro-control. At the same time, compared with negative interest rate countries,
China’s deposit reserve ratio is so high that the adjustment range of the reserve ratio
is limited. Therefore, efforts should be made to control currency issuance, especially
M2, regulate usury and reduce shadow banking space. In addition, we need to strictly
control the influx of hot money. The imported funds can not directly enter the virtual
economy, but should be combined with the real economy, promote the development
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of the real economy, improve the efficiency and quality of foreign investment, and
then reduce the impact of hot money.

Finally, we should promote the marketization of interest rates. In the market-
oriented financial environment, capital can flow freely and the efficiency of capital
utilization is improved, which promotes the development of real economy. At present,
China is still in the bank-dominated financial system. The flow of funds is mainly
controlled by banks. Traditional finance has been monopolized for a long time. In
order to make profits under the high interest rate difference between deposits and
loans, on the one hand, the financing needs of the real economy represented by small
and medium-sized enterprises can not be met, on the other hand, the savings rate
of residents is high. Therefore, the traditional financial institutions represented by
banks can not be well established. The dislocation of social capital allocation exists in
the service of physical economy, and the low utilization of social capital inhibits the
normal development of real economy. Therefore, to promote the process of interest
rate marketization is the way we must choose at present. The structural problems
of the economy essentially need to be reformed through the system. In the long
run, the optimization of credit resources, the endogenous motive force of economic
growth and the adjustment and upgrading of economic structure essentially require
system reform, so that the whole economic market can play a decisive role in the
allocation of resources. Therefore, the combination of various structural tools such
as monetary policy and fiscal policy with China’s economic structure and domestic
financial development, together with the correct and effective structural reform, can
solve the deep-seated contradictions in China’s economy from the root. At present,
China’s economic system reform is in a critical period of overcoming difficulties, and
all sectors of society are looking forward to further speeding up the reform process.
Only by further opening to the outside world, building a market economy under the
rule of law, seizing market opportunities in time and deepening reform, can we truly
solve the deep-seated problems, resolve structural difficulties and promote the inflow
of funds into the real economy.
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How the Convergence Happens Between )
Industries of High-Speed Rail L
Transportation and Express Delivery?

Hanlin Gao, Meiqing Zhang, and Qilan Zhao

Abstract In recent years, the phenomenon of industrial convergence (IC) has
emerged in many fields. By summarizing the previous scholars’ studies on IC, this
paper deduces the mechanism of action between economic development and IC
by constructing a theoretical framework, and extracts three main factors affecting
IC: Technology driving, Product innovation and Policy support. Furtherly, this
paper takes high-speed-rail express delivery (HED) business as the research object,
empirically analyzes the convergence process between high-speed-rail transportation
industry (HTT) and express delivery industry (EDI), conducts a quantitative analysis
of the relationship between various factors, and demonstrates the long-term stable
mutual promotion between two industries. This paper concludes that the rapid devel-
opment of China’s express industry is not only inseparable from the promotion of
industrial integration, but also accelerate the process of industrial convergence.

Keywords Policy - Technology - Product - Parcels - Operation mode

1 Introduction

In 2018, the total mileage of high speed rail has reached 29, 000 km and the national
delivery volume has been over 50 billion pieces. With the joint venture between
China Railway Express and SF Express founded in September, 2018, the develop-
ment of High-speed-rail express delivery (HED) has been entered a period of rapid
development. The services of transiting time-sensitive parcels through high-speed
rail (HSR) started in 2012, and using the unexploited capacity of the HSR network to
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transport cargos has been proved to be feasible and necessary in practice. Hundreds
of high speed trains have been loaded with parcels and shipped across the country.

Although HSRs are mostly used for transporting passengers [1], investigating the
feasibility of coordinating freight and passenger flows using existing and forthcoming
rail infrastructure has been a new trend in recent years. Pazour et al. also believes
HSR system is attractive alternative to reduce freight congestion for the nation, they
present an incapacitated network design model and illustrate how the modelling
approach could be used to evaluate the impacts of a HSR network [2]. Liang et al.
explore optimal operation method through case studies of China France and Germany,
concludes that dedicated high speed freight trains are better than mixed trains at
exploiting merits of HSR and achieving economies of scale [3], but Erterm and
Ozcan insist using the same train for transporting both freight and passengers provides
more time saving in the operation system through mathematical models [4]. Bi et al.
empirically analyze the adaptability of the express delivery on China’s HSR network,
on which express parcels among 27 provinces are carried. Results show that the
average utilization rate of transportation capacity accounts for approximately 5.5%
of the total transportation capacity of the entire HSR network, but the transport
volume of parcels will reach the limit of capacity in 2021 [5].

This paper believes that discussing the business only from high-speed-rail trans-
portation industry (HTI) industry perspective as scholars have done cannot reveal
the development of HED business completely. However, others analyzes both parties
of HTT and express delivery industry (EDI) are more focus on qualitative analysis.
For example, Ding et al. built game models to conclude appropriate cooperation
mechanism is the key to enlarge express market together [6]. The other quantita-
tive analysis mainly about building AR-GM models to forecast parcels demand to
reveal the huge potential market in near future [7]. Instead of paying attention to the
volume of express delivery parcels, this paper believes a new type of convergence
has emerged and tries to propose a framework to explain how it happens and reveals
the cointegration relationship between HTI and EDI.

Industry convergence—the merger of hitherto different industries—is a
phenomenon that has had a profound effect on several industries. The first use of term
“convergence” is attributed to Rosenberg [8], who stated that changes in the machine
tool industry inspired the expression “technological convergence”. He employed the
term to describe processes of blurring of boundaries between unrelated industry
sectors. Current innovation paradigm clearly shows that the notion of “industry” is
changing, innovation no longer occurs within single boundaries or industries. High-
speed rail transport service, for example, involves more than rail construction, infor-
mation and communication technologies are combined with the mechanical domain
lead to thousands of trains successfully operating every day. It is necessary to find
out how industrial convergence happens and what kind of motivation, drivers and
processes are behind. Hacklin et al. claim that convergence occur in four stages: (1)
knowledge convergence, (2) technological convergence, (3) application convergence,
and (4) industrial convergence [9]. Geum et al. identify four types of industry conver-
gence based on 100 successful Korean cases of industrial convergence: technology
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enhancer, policy-driven environmental enhancer, service-integrated social business
generator, and technology-driven new value generator [10].

The booming development of China’s express delivery industry benefits from the
process of integration with multiple industries. For example, the convergence with
e-commerce, information processing, finance and other industries of the tertiary
industry has diversified online shopping channels, accelerated transaction speed,
improved mutual trust between buyers and sellers, and guaranteed transaction secu-
rity. As aleader in China’s private express industry, SF Express has started to focus on
how to improve transportation efficiency in recent years. Different from traditional
transportation, HSR, transportation is characterized by fast speed, large capacity, eco-
friendly and weather-proof, which marks the birth of a new efficient transportation
technology.

Most of literatures refer to the convergence between rail transport focuses on its
relationship with tourism industry since HSR are mostly used for passenger travel.
Seldom scholars focuses on the HSR freight [5], let alone the convergence between
express delivery industry and rail transport industry. but this paper believes that
transportation industry convergence is becoming a new driving force for industrial
development and economic growth.

As shown in Fig. 1, the rapid and stable economic development has improved
the consumption level of residents and stimulated the market vitality. In the context
of the rapid development of HSR network, the time-space compression effect has
become increasingly prominent. In order to meet people’s increasing demand for
time-sensitive items, many kinds of innovative technology has been developed and
applied rapidly, technology convergence provides a strong support for the new
product, with the development of convergence process and emerging service industry,
governments found that policy must be adjusted to adapt to the new demand struc-
ture. Indeed, the introduction of a series of supporting policies has created a good
development environment for industrial integration and pushed it towards maturity.
The emergence of new industries will no doubt make an influence on various related
industries from many aspects, such as: structure evolution, organization pattern and

Fig. 1 Framework of
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region distribution. The creative destruction of industry convergence will affect enter-
prise through restructuring value chain and business model, and then transfer into
the catalytic strong impetus of economic integration, make comprehensive influence
on the whole economy society.

In the next section, this paper qualitatively and empirically analyzes the emergence
process of industrial convergence. Section 3 reveals national distribution of HED
service and suggested modes for different regions. The last part ends with some
suggestion and conclusion.

2 The Emergence of Industrial Convergence

2.1 Essential Factors Promote Industrial Convergence

High-speed rail transport, as a special type of rail transport, is mostly used for
passenger travel in China due to the possibility of shipping cargos was not taken
into account at the time of initial design and construction. However, with the rise
of e-commerce and development of domestic economy, the increasing demand for
inter-city parcels lead to the requirement of express transport. Private enterprises try
to rent the high-speed checking train, which is empty and operate every day in the
morning to check the safe problem, to solve traffic congestion of goods.

The cooperation on services between companies in different industries is often
the beginning of industrial convergence. Hacklin et al. defined the convergence as
innovations that emerge at the intersections of clearly defined industry boundaries,
producing a much broader impact. This paper believe that the emergence of industrial
convergence usually promoted by three generators: technology enhancer, product
generator and policy-driven environmental enhancer. This paper believes that it is
the maturing of these three factors promotes the emergence of industrial convergence
between HTI and EDI.

2.1.1 Technology Driving

One of the important reasons that not transporting cargos through HSR is that its
axle load in China is limited under 17t, much lower than the average weight of
normal freight train, 21t. What’s more, the CRH series high-speed trains (HST) that
manufactured before 2017 have little room for passengers’ luggage, let alone extra
freight.

However, things changed fast in recent years. With the occurrence of new gener-
ation CR series of HSTs that has been designed with freight carriage, cargo shipping
services are becoming routine between some cities. In 2018, China Railway Rolling-
stock Corporation (CRRC) claimed that the exclusive high-speed freight trains has
been manufactured and will be used in 2019, such highly specialized technology will
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not only release the limitation of supply capacity, but also promote the process of
transport industrial convergence.

During the period of golden week of e-commerce, there were about average daily
700 HSTs transporting parcels, 132 of them reserved a whole carriage, 20 of them
are checking trains, which lead to a tenfold transport capacity increase from last
year. These examples involve technological advances and improvements in existing
products and technologies, at meantime, the development of technology will also be
strengthened with the increasingly prominent economic effect.

2.1.2 Product Innovation

With the quick march of life rhythm, people propose higher and higher requirements
for timeliness of product and services, especially for the time-sensitive items such
as fresh fruit, seafood, and high value-added goods like business letters, medical
equipment. The development of online shopping has created billions of express
parcels shuttling among cities, traditional transport mode can no longer meet the
need of shippers well. In 2012, a series of HSR express delivery services emerged in
Guangzhou and spread to all the high-speed stations in 2016, however, these services
are offered to meet passenger’s urgent requirement, not to participate in the market
competition until the joint venture CRSF set up.

From the Table 1, it can be seen that, among all the private express delivery
enterprises, Shunfeng Express Co., Ltd. (SF) takes the leading position with its fast,
safe and efficient transportation service of time-sensitive goods, which benefits from
its strong air freight network. China Railway Express Co., Ltd. (CRE) is the only
express company that can exploit HSR resources to operate express delivery due.
The deep cooperation between the two companies has prompted the emergence of
new express products and services: “Arrived Extremely”, which is a kind of “door to

Table 1 Delivery companies ranked by major time-limited indicators

Rank Full-time | Origin-process | Transport | Delivery-time |Last-mile | Just-in-time
time time time rate
SF 1 1 2 1 1 1
EMS 2 2 1 2 8 2
YunDa | 3 6 3 5 5 3
ZTO 4 4 4 7 4 4
YTO 5 3 6 6 7 5
BEST 6 8 5 8 3 6
STO 7 5 7 4 9 7
ZJS 8 9 9 3 2 9
TTK 9 10 8 9 6 8
FAST |10 7 10 10 10 10
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Table 2 Comparison of pollutants emission among different transportation mode

Annual Emission (kg/cap) China USA OECD
Rail COx 0.031 0.17 0.096
NOx 0.53 3.69 1.98
SOx 4.02 11.49 6.45
Aviation COx 1.76 9.62 543
NOx 6.12 42.11 22.6
SOx 9.25 26.43 14.86
Truck COx 1.81 9.9 5.58
NOx 2.63 18.08 9.72
SOx 4.02 11.49 6.47

door” service finished within 10 h and has been operated along the corridor between
Beijing and Shanghai. At the end of 2018, the services had covered 58 cities and 413
high-speed rail lines had been used in operation.

2.1.3 Policy Support

Many industrial convergences seek to achieve environmental sustainability, because
environment issues have become an increasing concern for both public and govern-
ment over the last few years. As transportation growth contribute a lot the negative
environmental impacts, governments are desperate for a more eco-friendly, cleaner
transport tool. Compared with other modes of transport, the pollutant emission of
rail is relatively small. Especially, HSR transport has been favored by governments
due to its well performance in supporting sustainable development and reducing
environmental burdens (Table 2).

Nowadays, a series of support policy documents has been issued by China Railway
Companies and governments, includes listing HED as the one of the main services to
develop, encouraging the R&D on the flexible organization of EMUSs, adding freight
vehicular access at high-speed rail station, etc. Under the background of such policy
support, the innovation of high-speed railway industry is more frequent compared
with other industries. The types of high-speed trains are upgraded every year, the
kinds of services has been elaborated and humanized, the degree of cooperation
between enterprises is deepening year by year.

2.1.4 Empirical Analysis of Industrial Convergence
Since the cointegration was presented by Engle and Granger in 2001 [11], it was soon

afterward adopted to seek the connections of macroscopic variables in economic
fields. As for transport area, the methodology was used to explore the relationships
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between transport volume and economic development. Therefore, in this section, this
paper tries to use cointegration theory to empirical analyze the relationship between
HSR and express industry.

In order to avoid “spurious regression” phenomenon, a stationary test on the time
series should be introduced before regression. The stationary series is marked as /(0),
and the non-stationary time series X, is d-order integrated if its d-order difference is
stationary, as shown by X,~1(d).

Usually, the general equation of ADF test is shown:

P
AXi=o0+y X+ piAX (M

where n, ~ i.i.d.(O, 0,12), p is the autoregressive lag length large enough to eliminate
possible serial correlation in 7, and oy is the coefficient of interest. Conventionally,
if og = 0, the series contains a unit root implying non-stationary, whereas if oy < 0,
there is no unit root implying stationarity. In the ADF test, the null hypothesis of
unit root, i.e. Hy: o9 = 0 is tested against the alternative hypothesis of unit root, i.e.
H,: 09 < 0 using the t test of individual significance.

In this paper, we use GDP represents the development of economy, the mileage of
HSR represents technology, the income and volume of express delivery represents
product, dummy variable D; represents whether there is support policy, population
as the tool variable, so X; in (1) can be EX,, PO P,, HSR,, GDP;, then the ADF
test of this study is shown in these models:

AEX, =0y +yVEX,_ 1+ Y I_, o AEX,_j+n,"
APOP=0} +y®POP_ 1+ YI_, o’ APOP,_j+n”
AHSR=0{ +yPHSR,_ 1+ Y F_, pi”’ AHSR,_j+7;”
AGDP=c" +y“GDP,_+ Y F_, p AGDP,_j+n;"
2
Note that the series {EX,}, {POP,}, {HSR;}, {GD P,} are stationary around the
level 0.05 after 2-order integrated and specific results are presented in Table 3.

Table 3 Stationary test results of time series

Time series ADEF statistics 5% critical values Prob Test results
A% EX! —3.1807 —2.0063 0.0066 EXI ~1(2)
AT EXY —3.3757 —2.0063 0.0049 EX}! ~1(2)
A% GDP —3.9869 —2.0212 0.0025 GDP ~ 1(2)
A? LnGDP —4.4047 —2.0063 0.0011 LnGDP ~ I(2)
A% HSR —4.7817 —2.0063 0.0006 HSR ~ 1(2)
AZPOP —3.0000 —2.0062 0.009 POP ~1(2)
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As seen in Table 3, “A2” indicates second difference, “Ln” indicates natural loga-
rithm, “E X' represents the income of intercity express and “E X" represents the
volume of intercity parcels. 2-order difference of all the variables are stationary. In
the model, the population’s unit is billion, the GDP’s unit is trillion RMB, the HSR’s
is mage meter, the intercity express volume’s is billion pieces, and the intercity
income’s is billion RMB.

Furtherly, by formulating the cointegration regression, quantitative analysis will
be shown about how much influence HSR scale has made on the volume and income
of intercity express. The basic models are as follow:

EX; =090+ P LnGDP;, + B, HSR, +B3POP; + |y 3)
HSR;=00 4+ B4sLnGD P, +BsEX; + 4
Dy x HSR; = 01+B6LnGDP; + B7EX; + Wans &)

Dlz{ 1 Without Policy ©)

0 With Policy

As assuming HED only focuses on the trunk transport, the intra-city express is
out of service, so we defined “E X! and “E X" as explained variable receptively in
Model 1, HSR as explained variable in Model 2, and D x H SR as explained variable
in Model 3 (Table 4).

As shown in Model (2) and (3), the relationship between population and HSR
scale is not stable. In fact, China has Beijing-Shanghai HSR with 1318 km long,
which connects the two megacities with the population both over 20 million, but also
has Lan-Xin HSR with 1776 km, which connects two cities both only with 3.5 million
people. A low density of population around causes that the revenues from HSR lines
cannot even cover the interest on construction loans, what’s more, a constant negative

Table 4 Cointegration test results of time series groups

Model (1) Model (2) Model (3)

EX! EX? HSR Dy x HSR
HSR  |0.04%% | 0,058*#* | _ - -
GDP  [0.03%* | 0.046%*% | —-0.43 —0.36 —2.47%% | 258k
POP LA48##% | [173%%% | _20.9%xx 077 5.84% 77785
EX! - - 17.96%++% - - 60.21%*
EX} |- - - 11.40%#% | 39.88%* -
R? 0.997 0.996 0.983 0.982 0.824 0.807

#p < 0.1, ##p < 0.05, ***p < 0.01
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relationship between GDP and HSR scale indicates that the speed of HSR extension
is too fast in terms of the GDP growth of China in recent years.

However, it can be clearly seen from the result of Model (1) that the scale of HSR,
GDP and population all have a positive impact on express industry. From Model (1),
the result indicates that the bigger population and GDP, the greater demand for the
intercity parcels. Indeed, 6 of top 10 cities of China with biggest express volume are
also in the list of top 10 cities with biggest GDP and population in 2018. What’s more,
compared with Model (2), the coefficients that indicates influence express industry
made on HSR is larger and more significant in Model (3) since the support policy for
HED started from 2014, indeed, the influence has been enhanced and more obvious
after that.

3 Layout and Operation

3.1 National Layout of HSR Express Delivery Services

Generally, we define HED service as a kind of “Door to Door” delivery service that
using HSR to finish the trunk transport. Initially, such service emerged in Europe
with the HSR network widely built in the 1990 s. For example, the annual turnover of
the joint venture company established by the French postal department and railway
department is as high as 5.8 billion yuan at that time. The operation mode of goods
transportation by HSR brings huge profits to the railway department, and meanwhile
saves social logistic costs.

The HSR transportation industry has obvious economies of scale, which is mainly
reflected in two aspects: scale economy of network transportation density (the total
mileage has almost covered the cities with the population over 200,000), and scale
economy of transportation means (over 3000 units of EMUs). In this paper, we select
CRSF as the representative of companies that operating HED, not only because more
than 65% of its own business is HED, but also because its services occupies over
80% of the whole HED market.

It can be seen from Fig. 2 that cities with intensive express parcels volume are
mainly distributed at the southeast coastal areas, especially forming a distribution
trend with Beijing-Tianjin-Hebei region (BTH), Yangtze-river Delta and Pearl-river
Delta as the core, which is also consistent with the distribution pattern of China’s
economic development. The average daily volume of express delivery in all cities is
above 40k pieces, and the average daily number of express delivery in seven cities
is above 150k pieces, namely Shanghai, Shenzhen, Guangzhou, Beijing, Dongguan,
Suzhou and Hangzhou. They are also the node cities of the four vertical and four
horizontal high-speed rail network, so this paper believes that these cities will be the
hub cities for the development of high-speed rail express in the future nationwide.

As can be seen from Fig. 3, the HED flows are mainly distributed between the
four most developed cities in China, and the distance between them are respectively
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1318 km (Beijing-Shanghai), 1623 km (Shenzhen-Shanghai), 2400 km (Shenzhen-
Beijing), 1790 km (Shanghai-Guangzhou), and 2300 km (Beijing-Guangzhou). It is
generally believed that HSR transportation can give full play to its advantages of
large volume and fast speed in the mid-long distance. Therefore, in the foreseeable
future, the express volume between these cities will continue to grow and stay in the
leading position for a long time. Compared with the eastern region, the development
of express delivery within cities in the central-western regions and northeast China
is relatively backward, and there are also fewer connections between cities.

3.1.1 Appropriate Operation Mode for Different Regions

In this paper, we divided the operation mode of HED services into three: piggyback
mode, using the cabinets or reserved carriage of trains to transport; check-train mode,
using the space of the train that operating ever day morning for checking safety
problem; freight-train mode, using the exclusive high-speed freight train to finish the
transition.

Now, let’s take the “Golden Week” of 2018 as an example, which is the period that
parcels transport demand soared most of whole year. There were about 700 HSTs
transporting parcels every day, though only the former two modes were taken in
practice. With the development of a series of new freight EMUs and its application
in the future, the capacity will expand rapidly. Therefore, this paper takes all three
modes into consideration (Table 5).

From the perspective of single train, piggy-back mode ‘s capacity is small, and the
train cannot unload at the intermediated station due to it only stop for about 3 min.
Although such mode only suits for transport parcels from starting to terminal station,
it is still the main mode for HED service because the operating number is so large
that almost cover the whole network.

Check-train mode’s capacity is considerable, but as it can only operate very few
trains within the jurisdiction of 18 railway group company at each day’s morning,
this mode is applicable to the medium-distance transportation with dense cargo flow,
such as the cities located within BTH region, Yangtze-river Delta and Pearl-river
Delta (Fig. 4).

The freight-train mode will be put into operation in near future. Due to its large
volume and fast speed, it is suitable for mass transportation between the three most

T?ble S Comp & rison among Piggy-back Check-train Freight-train
different operation modes mode mode mode
Capacity | <5t <20t <150t
Existing | 700 20 0
number
Load 200-2000 km | 200-1000 km | 200-2000 km
distance
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developed regions, and the transportation route can avoid the relatively congested
Beijing-Shanghai and Beijing-Guangzhou high-speed railway. It is believed that this
mode can greatly reduce the existing freight cost and activate market demand.

4 Conclusion

Based on the deep cooperation between China Railway Express and SF Express, a
series of complementary transport products had been developed. Under the back-
ground of increasing demand for time-sensitive goods, the business scale has been
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rapidly expanded. This paper explores the interactional mechanism between the
industrial convergence and economic development through the establishment of coin-
tegration model and case study. Moreover, technology driving, product innovation
and policy support are considered as three engines of promoting HED industrial
convergence. Furtherly, the evolution of the industrial convergence promotes the
development of economy through the evolution of transport organization and the
adjustment of the network layout, which leads to a healthy economic development,
thus preliminarily concluded that the mechanism of action presents a positive feed-
back loop effect. As the data length is not long enough, robustness of the results needs
further research, but its mutual promotion effect has been clearly presented. In addi-
tion, this paper finds that existing HED businesses are mainly concentrated between
Beijing, Shanghai, Wuhan, Guangzhou and Shenzhen, after analyzing the operation
advantages of different transport modes, this paper offers correspond suggestions for
the local policy-maker and enterpriser to make decision.
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Empowering Leadership Fosters Service m
Employees’ Job Crafting L

Yunshuo Liu, Ming Guo, Lili Hu, and Long Ye

Abstract Based on conservation of resource (COR) theory, we explore the influence
of empowering leadership on service industry employees’ job crafting. Multi-level
data were collected employees nested within work teams in the service industry.
Our findings suggest that empowering leadership is positively associated with job
crafting via psychological availability. Moreover, perceived organization support
significantly moderated the positive relationship between empowering leadership
and job crafting. The present study reveals the cross-level effects of empowering
leadership and provides practical suggestions to foster employees’ job crafting in
organizations.

Keywords Empowering leadership - Job crafting - Psychological availability -
Perceived organization support

1 Introduction

Traditional job designs focus on “top-down” style, which mainly conducted by
managers. However, with new generations of workers are flooding into the work-
place, scholars have pointed out that “top-down” job designs neglect the autonomy
of employees and cause limitations. In fact, subordinates are not just required to
implement assignment prescribed by the organization but are also expected to initia-
tive to participate in the job design [1]. Job crafting represents the changes that
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subordinates perform in the assignment or interpersonal boundaries of their work
with their capabilities, needs, and preferences [2]. In other words, job crafting can
be regarded as a self-initiated and extra-role behavior, which is positively related
to various positive outcomes. Some researchers have investigated the antecedents
of job crafting, include big-five personality, job autonomy, career orientation, etc.
But, most of them are theoretical speculations, and the empirical evidence about
the antecedents of job crafting from the organizational level is relatively modest [3].
Furthermore, most previous studies of job crafting carried out in non-service industry
situation. Therefore, studying the antecedents of job crafting from the organizational
level is supposed to make some contribution.

Empowering leadership refers to the leadership style that supervisor appreciate
their subordinates’ capacity, stresses the importance of the work of the employees,
engage subordinates in strategy formulation, and eliminate workplace barriers for
employees [4]. According to Ilgen and Hollenbeck, individuals who in possession of
work autonomy are more likely to make redesign of job [5]. Slemp et al. also found
that employees with greater free space are more likely to perform extra-role behavior
[6]. So, exploring the relationship between empowering leadership and job crafting
is extremely important and meaningful.

Early studies suggest that empowering leadership promotes extra-role behavior
mainly by stimulating employees’ intrinsic motivation. However, motivation is a
necessary and insufficient condition. Employees’ perception of available resources
is equally important. Psychological accessibility refers to subordinates’ available
awareness of the physical, affective and cognitive resources in the work, which has
an important impact on individual attitudes and behaviors [7]. So as to enhance
employees’ awareness of the availability of their own resources, thereby improving
their psychological availability. Thus, by drawing on conservation resource theory,
we further explore the function of psychological availability in the impact process
of empowering leadership on job crafting.

Job crafting is not fostered by a single factor, but by both personal and environ-
mental interaction effect. Job crafting is not only the result of individual efforts but
also the strong support of the organization. Perceived organizational support (POS)
is the human’s psychological feeling of the degree of organizational support. There-
fore, the current study assumed that exist a remarkable difference in the influence
of empowering leadership on employees’ job crafting under diverse conditions of
perceived organizational support.

2 Theory and Hypotheses

2.1 Empowering Leadership and Job Crafting

To meet the needs of work teams and horizontal organizations, managers have
replaced traditional supervisory leadership with empowered behaviors. Zhang and
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Bartol conceptualized empowering leadership as the style of influencing others
that release of authority and delegating with subordinates, providing subordi-
nates with autonomy, motivating support subordinates’ learning and giving work
guidance [8]. Considerable evidence indicates that empowering leadership can
fuel employees to perform productively beyond the limits, such as increasing
organizational commitment, enhancing creativity and improving work performance.

Job crafting is considered an initiative behavior that individuals actively use
resources of the work to construct their job boundary to maintain work meaning
[2]. Job crafting is comprised of questing work resources as well as challenges,
and lessen work demands. Researchers have clearly demonstrated that employees’
job crafting can be facilitated by their peers, like coworkers or superior [9]. As a
representative of the organization, leaders constitute an essential factor impacting on
employees’ work outcomes. Working with an empowering leader, employees may
actively participate to craft their jobs.

First of all, compared to other leadership styles, empowering leader exhibits more
delegation behaviors, it facilitates employees to give full play to their own intelligence
and wisdom in the workplace. Employees are granted more autonomy without direct
supervision or intervention. It helps establish a free work context, where they strive to
explore diverse approaches and seek resources to improve job performance. Second,
empowering leader show confidence to their subordinates in identifying difficult
works and encourage employees to be more involved in tackling these problems. Such
empowering leadership behaviors are more likely facilitating rather than directing
and controlling employees, employees possibly favor in seeks the challenge. Under
empowering leadership, employees develop skills and better adapt to their work
environment. Third, empowering leadership provides information and resources to
help employees complete tasks like a coach. Thus, employees become capable and
engage in reducing demands behavior. With the help of empowering leadership,
employees actively working to bring about a change to meet the expectations of the
leader.

Based on these aforementioned arguments, we propose:

Hypothesis 1: Empowering leadership is positively related to employees’ job
crafting.

2.2 The Mediating Effect of Psychological Availability

Psychological accessibility is a psychological state that helps people decide whether
and how to engage in organizational activities. According to May et al., possession
of available resources can influence employees’ psychological availability [9]. We
speculated that psychological availability shaped by empowering leadership motivate
employee job crafting.

As empowering leaders communicate positive vision through grant of power or
delegation of authority, attach the importance of their employees’ work, and allow
employees to participate in decision-making. This could greatly make employees
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feel trusted and supported by organization. It was found that individual partici-
pation promotes high levels of psychological availability. Additionally, employees
achieve more real autonomy from empowering leaders, which enforce employees’
ability to control the working environment. Furthermore, empowering leadership
provide opportunities for skill development and express concern for work condi-
tion. Employee perceived care has been found to be an important facilitator to
psychological availability [10].

On the one hand, crafting is a process of trial and error, full of uncertainty and
risk. Employees may avoid potential punishment for spontaneous job crafting. With
high psychological availability, employees believe that they can take advantage of
job crafting and reduce uncertainty, so that they pay more attention to how to solve
problems and thus harvests the best work and the career result [11]. On the other
hand, employees with psychological availability have more job participation and job
engagement. In the face of change, whether they are independent or cooperating with
others, they are willing to participate in job modifying process, initiative to make
every effort to meet the expectations of leaders.

According to the conservation of resource theory, individuals always have the
ability to acquire and maintain their own resources. Individuals with more resources
have better resource returns and more likely to facilitate proactive behavior [7].
Empowering leadership provides subordinates with conditional resources such as
power and decision-making, and enhance perception of resource availability during
crafting process, that is, improve employees’ psychological availability. Individuals
with more resources have better resource returns, so employees with higher psycho-
logical availability tend to invest more resources, thus make a positive change (i.e.,
job crafting).

Hypothesis 2: Employees’ psychological availability mediates the relationships
between empowering leadership and job crafting.

2.3 The Moderating Effect of Perceived Organizational
Support

According to the conservation of resource theory, resources can be divided into
four categories: physical resources, conditions, personal characteristics, and energy.
Organizational support can also be classified as an energy resource. POS is consid-
ered employee perception about the extent to which organizations pay attention to
their contributions and their well-being [12]. A high perception of POS suggests that
employees feel that organization values. Employees with high POS feel good organi-
zational environment and mutual help colleagues, reduce environmental uncertainty
and increase the possibility of employees using available resources for modification.
Howeyver, individuals with lower POS should not have sufficient confidence and
strong will to make change. Though employees with high psychological availability
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can perceive more available physical, emotional, and psychological resources for
change, their additional efforts are not recognized and supported by the organization.

Hypothesis 3: POS will moderate the positive effect of psychological availability
on job crafting.

3 Method

3.1 Procedure and Sample

We collected data from supervisors and their direct reports from 57 full-service hotel
in first-tier cities of China. Questionnaires were collected in groups. Each group has
one leader (manager) and 5 to 7 of his/her subordinates. The survey for subordi-
nates asked them to report the supervisor’s empowering leadership, psychological
availability and POS among group members. Before the test, we assigned an identifi-
cation number (group number and individual number) of questionnaire to ensure the
precise matching of group and individuals. All samples were guaranteed by confi-
dentiality of their answers. In total, 65 leadership and 320 subordinate dates were
distributed. Delete the incomplete questionnaire, 49 leadership questionnaires and
293 subordinate useable dates were returned, generating a response rate of 91.56%
for subordinates and 75.38% for superiors. Among the participating, subordinates
69.31% were women with mean age of 34.07 (SD = 4.78), the mean organizational
tenure was 13.26 (SD = 11.15), 72% received high school degree or below. Of the
participating leaders, 9% were female with mean age of 35 (SD = 5.78), the mean
group tenure was 3.86 years (SD = 1.99), 45% received university education.

3.2 Measures

The present study surveyed empowering leadership with a 12-item scale (see
Ahearne, M., Mathieu, J., and Rapp, A.). Sample item included “My leader patiently
instructs my work frequently” and “My leader often encourage myself to make
work-related decisions on my own”. The Cronbach alpha was 0.770. Psychological
availability was evaluated with five items from the delegation questions developed
by May et al.. Sample items included “I believe I have the ability to show the appro-
priate emotions at work™ and “I believe I can handle the physical needs of my job”.
Cronbach’s alpha was 0.748. We measured POS with 8 items adapted from Eisen-
berger et al., which was used within the hospitality literature. Cronbach’s alpha was
0.760. Sample items included “Organization cares about my career development” and
“Organizations often give me help and support when I need it”. job crafting’s scale
has 21-items came from Tims et al. study. Sample items included “I try to improve
my skill” and “I can arrange my work in a reasonable and orderly way to reduce my
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stress”. Cronbach’s alpha was 0.932. We controlled the major demographic variables
in our study. In order to ensure the reliability and validity of each scale, the prin-
ciple of two-way anonymity and scientific translation procedure are adhered to in
the formation of the scale. Scales were scored using a 5 point Likert type scales. The
scope intense from 1 does not agree expression to 5 intense agreements expression.

3.3 Analysis

Because the present study had a dual-level hierarchical structure model, so we used
hierarchical linear modeling (HLM) to process data. HLM is a forceful method that
can test cross-level models and concurrently divide the variance of variables into the
components of within and between group.

Data analysis was performed in three steps. First of all, confirmatory factor anal-
yses (CFA) was conducted to test distinctiveness of factors. Secondly, to assess the
potential between-group variance of variables, two forms of intra-class correlational
coefficients (ICC) were conducted, which is a prerequisite for multi-level analysis.
Furthermore, HLM was performed to examine whether empowering leadership of
group-levels might explain variance in subordinate-level outcomes. Finally, OLS
regression analysis was performed to test the moderated role of POS.

4 Results

4.1 Confirmatory Factor Analyses (CFA)

We conduct CFA through maximum likelihood estimation. The hypothesized four-
factor model (empowering leadership, psychological availability, POS, job crafting)
had a good model fit (Chi-Square = 728.71, df = 300, p < 0.01, [CFI] = 0.960,
[TLI]1 = 0.927, [RMSEA] = 0.068, [SRMR] = 0.035). We also compared the hypoth-
esized four-factor model (empowering leadership, psychological availability, POS,
job crafting) with several alternative models. Results indicated that four-factor model
revealed a dramatically better fit than any other optional models.

4.2 Descriptive Statistics and Correlations

The descriptive statistics and intercorrelations of the study variable were showed
in Table 1. As we can see, all variables are related to each other, providing initial
support for the hypotheses.
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4.3 Aggregation Test

To analyze the suitability of the data aggregation, we conducted ANOVA tests and two
interclass correlation coefficients (ICC[1] and ICC[1]) on empowering leadership
by calculating rwg(j) values. ICC[1] represents a form of proportional consistency,
as a criterion for aggregating; /CC[2] refers to an prediction of the fitness of the
group means criterion for aggregating. ICC/[1] and ICC[ 1] calculated as follows.

MSB — MSW
I1CC[1] = (1)
MSB +[(k— 1)« MSW
MSB — MSW
ICC2]= —= 27 2)
MSB

Among them, MSB experts between-group mean square. MSW experts within-
group mean square; k experts group size (average).

Results revealed that there was a significant difference between between-store
variance and within-store variance for the empowering leadership (F = 2.01, p. <
0.01). The mean rwg(j) across stores was 0.93 of empowering leadership, repre-
senting an acceptable degree of inter-rater agreement. The values of the inter-rater
reliability index ICC [1] is 0.329 and the reliability of group-mean index ICC [2] is
0.883. All of these values were comparable to Bliese’s (2000) suggestion on team-
level constructs. On the basis of these results, we concluded that aggregation was
justified.

4.4 Hypotheses Testing

HLM was conducted to examine the hypotheses, effects of the Level 2 predictor.
Specific analysis steps are shown below:

First step:
LI1:Y;; = Boj +vij 3)
L2:Boj = voo + vo1 X + Woj “)
Second step:
LI:M;; = Boj + vij (5)

L2:Bo; = voo + Yo Xj + Woj (6)
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Third step:
LI:Y;; = Bo; +B1;(Mi; — M ;) + vi @)
L2:Bo; = voo + Y1 X + YoM, + po; ®)
Bij = vio )

Note: Yij represents the dependent variable, Xj represents independent variable, Mij
represents mediate variable, it represents the i sample of the j group, M.j represents
the mean of the Mij of the j group.

Table 2 presents the results of these models. Regarding Hypothesis 1, as we can
see, empowering leadership is certainly associated to subordinates’ job crafting (y
= 0.671, p <0.01). Therefore, Hypothesis 1 was verified.

For Hypothesis 2, the test of mediating effects of psychological availability
was followed by the procedures of Baron and Kenny’s (1986). The first step
was to examine the direct effect of independent variable on dependent variable
(Hypothesis 1). In Step 2, determine whether independent variable was significantly
related to mediateing variable (psychological availability). This requirement was also

Table 2 Hypotheses testing of H1, H2 and H3

Variable Psychological availability Job crafting

Model M1 M2 M3 M4 M6 M7 M8 M9
Interpret 4.484%* | A.5TT*% | 4.770%* | 4.240%* | 4.350%* | 4.420%* | 4.280** | 4.450%*
Level-1

Gender 0.020 0.040 | 0.060 |0.06 0.04
Age 0.190 0.080 |0.03 0.05 0.03
Education 0.050 0.010 | 0.00 0.01 0.00
Job tenure 0.080 0.020 |0.01 0.02 0.02

PA 0.260** | 0.217%*
Level-2

Team scale 0.030 | 0.010 0.030 | 0.040 |0.030 |0.040
Empowering 0.470%* 0.671%#* 0.55%%*
leadership

Variance (1) 0.343 0.324 10242 ]0.392 0392 0.225 0.277 |0.184
Between-group

Variance (62) |0.746 |0.748 0.747 0.94 0411 0.374 0318 [0.216
Within-group

Note for level-1, n = 293, for level-2, n = 49; *p < 0.05; **p < 0.01
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supported (y = 0.470, p < 0.01). Finally, we identified whether the effect (regres-
sion coefficient) between independent variable and dependent variable in Step 1
decreased in order of growth (partial mediation) or eliminated (complete mediation)
when psychological availability was added in the model. Results showed that empow-
ering leadership has a positive effect on sunbordinates’ job crafting (y = 0.260, p <
0.01), and the positive relationship of the two was reduced but remained significant
(y =0.210, p < 0.01). Thus, Hypothesis 2 was verified.

Hypothesis 3 stands for an interaction effect on level 1. As Fig. 1. and Table 3
showed, the interaction effect of psychological availability and POS was significant
for job crafting (B = 0.192, p < 0.05), indicating that POS moderated the effect

g
@+ @LowPOS
g5 G——NRR08
2
s 31
8
L3
2 51
2 -
1.5 T
Low High
Psychological availability

Fig. 1 Moderating effect of leader delegation on the relationship between career uncertainty and
psychological safety

Table 3 Index extraction

B t R AR?
Step 1 0.009 —0.002
Gender
Age —0.028 —0.292
Education 0.028 0.277
Job tenure 0.093 1.572
Step 2 0.357 0.346
PA 0.345 %% 6.699
POS 0.183** 2.788
Step3 0.365 0.351
PA x POS 0.192* 1.989

Note PA = Psychological availability, POS = Perceived organizational support, *p < 0.05, **p <

0.01, ***p < 0.001
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pathway between psychological availability and employees’ job crafting. Hypothesis
was strongly supported.

We also plotted the significant dual-interaction effect with plotting means at 1
SD. in Fig. 1. As shown in Fig. 1, when employees perceived high levels of POS,
the direct effect between psychological availability and job crafting was stronger. On
the contrary, it was found that the positive relationship weakened when POS is low.

5 Conclusion and Discussion

5.1 Theoretical Implications

Our study has made possiblelys several theoretical implications to relevant literature.
First, we examined the positive effect of empowering leadership on employees’ job
crafting. Most of the existing researches focus on the individual contributing factors
of job crafting, organizational level factor with empirical are limited [13]. The present
study proposed and verified that empowering leadership have a large use in facili-
tating job crafting on the cross-level. Moreover, we extended empowering leadership
to service industry. To our knowledge, this the first study empowering leadership in
service context. Second, the present study explored the mechanism between empow-
ering leadership and service industry staff job crafting. Drawing on conservation of
resource theory, we also found that psychological availability mediated the effect of
the relationship mentioned above. It responds to the call for investigating the influ-
ence mechanism of organizational situational factors and job crafting [14]. The study
uncovered the “black box” between empowering leadership and job crafting, which
further enriches the empowering leadership and job crafting by applying conserva-
tion resource theory perspective. Third, we demonstrated that the moderating effect
of POS. Scholars have found that POS is the key organizational factor that influ-
ences employees’ crafting behavior. Consistent with their conclusions, we further
extended job crafting literature by showing the different effect of POS. Specifically,
POS strengthened the positive effect of psychological availability on job crafting. We
respond to the call that the relevance of the resource to the specific situation should
be taken into consideration when individuals determine the value of resources.

5.2 Practical Implications

Our study may provides some implications for organizational management practice.
First of all, leaders should consider empowering leadership to facilitates employees
to take the initiative to job modification. Leaders need to make it clear that leader-
ship style play a key role in employees’ behavior from enhancing subordinates’ job



92 Y. Liu et al.

autonomy, decision-making and self-development support. Furthermore, interven-
tions aimed at improving psychological accessibility can also facilitate employees’
resources to craft their jobs. To enhance staff perceived availability, managers should
establish a harmonious employment relationship and strengthen the construction of
the organization team, so that employees can feel the care from the leadership and
the support from the team. Our findings contributing to POS revealing that interper-
sonal differences in perceived support intensity form organization can also impact
employees’ motivation to display proactive behavior. By means of strengthening
organizational justice, improving welfare level and giving employees fair opportuni-
ties for promotion, the organization should effectively improve employees’ sense of
organizational support, make subordinates full of confidence and dare to challenge,
so as to promote the occurrence of crafting behavior.

5.3 Limitations, Future Directions and Conclusions

Although our study makes important contributions to theory and practice concerning
job crafting, it has several potential limitations. First, cross-sectional design was used
for testing hypotheses, failed to analyze the dynamic process of empowering lead-
ership influence on subordinates’ job crafting. Future research using a longitudinal
design with a time lag may provide more conclusive results concerning job crafting.
Second, the present study limits themselves to only psychological accessibility as
a mediating variable. Future research can comprehensively consider psychological
safety and psychological contract might also mediate relationships between the main
effect. Third, we obtained employee job crafting data from their supervisors. Future
studies can combine objective data and subjective measures to further validate the
research results.

In conclusion, the present study contributes to the research on the relationship
of empowering leadership and subordinates’ job crafting by using cross-level model
that based on service industry situation. Empowering leadership at the group level has
a significant positive cross-layer effect on individuals’ job crafting via psychological
availability. In addition, POS can moderate the relationship between psychological
availability and job crafting, and the positive impact of psychological availability on
job remodeling will be stronger when subordinates have high level of POS. All in
all, the empirical analysis results of the current study provide solid support for all
hypothesized relationships. Indeed, there is a lot of uncertainty situation about the
work of service industry employees, which provides opportunities for job remod-
eling. We hope that our study results can provide some reference and enlightenment
for the management of service employees.
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Comparative Study on the Regulation m
Modes of Chinese and American e
Pharmaceutical Industries

Lu Yu

Abstract This paper studies the policy regulation of the pharmaceutical industry in
China and the United States. The main points of this paper is analyzing the formative
factors of these regulation modes. There is multiple similarity when the two countries
were founded. Then, as time goes on and they have embarked on different paths
of development and established completely different regulation model. This paper
illuminates the formation reasons about these regulation modes by analyzing the
historical and social background of two countries.

Keywords Regulation - Modem - Industrial security - Social background

1 Introduction

In the conference papers of previous years, the author has compared the regula-
tion modes of the pharmaceutical industries in China and the United States through
analyzing the relevant laws of the two countries for the pharmaceutical industry.
From a macro perspective, the regulation modes of the pharmaceutical industries in
the two countries are completely different. This situation comes from the fact that
there are few similarities between the two countries in terms of political systems,
economic models, industry scale and contents of relevant laws and policies.

However, if we compare the historical background and social conditions of China
and the United States during the periods of their founding, we will find that the phar-
maceutical industries in the two countries were quite similar at the beginning of their
development, and they have formed the current regulation modes in the historical
development context. By comparing the historical background of the two’s develop-
ment, this paper combines the current safety conditions of the two countries’ phar-
maceutical industries to analyze the historical background and realistic significance
of such difference.

L. Yu (X)

School of Economics and Management, National Academy of Economic Security,
Beijing Jiaotong University, Beijing, China

e-mail: 18811591360@163.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license 95
to Springer Nature Singapore Pte Ltd. 2020

M. Li et al. (eds.), IEIS2019,

https://doi.org/10.1007/978-981-15-5660-9_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5660-9_8&domain=pdf
mailto:18811591360@163.com
https://doi.org/10.1007/978-981-15-5660-9_8

96 L. Yu

2 Literature Review

From a macro perspective, the regulation modes of the pharmaceutical industries in
China and the United States are shown in the following Figs. 1 and 2.

As shown in the figures above, the regulation modes of the two countries are
completely opposite. China adopts unified legal norms and hierarchical management
from top to bottom; while the United States adopts the game-type regulation mode
in which the political forces of all parties’ target at industry development.

In previous articles, the author has analyzed the regulation mode of the two coun-
tries. And the author analyzes the effect of the regulation mode in the two countries. In
effect, both regulation modes of two countries have achieved their goals and protected
the pharmaceutical industrial security. In the United States, the consultation process
among pharmaceutical enterprises, government and industry associations is a process
of multi-party game. The main objective of the game is the benefit balance. Since
American is leading the world in the medical technology. Its industrial regulation
only needs to protect the development vitality of pharmaceutical enterprises and the
technical advantages of practitioners. In China, the main approach is government
regulation. The reason for using this method is the bargaining cost savings. Since
Chinese medical technology is not advanced. The international competitiveness of

Fig. 1 China’s mode:
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this industry is weak. Therefore, the pharmaceutical industry needs to make overall
planning and long-term decisions. This has produced the current industrial model.
But there are few research achievements about industrial regulation model in
two countries. in the related field, American scholars are more inclined to study
medical economics. The main concerns are the quality of services and the behavior
of pharmaceutical enterprises. And Chinese scholars are more inclined to study law

and policy. The main concerns are the legal interpretation and system reform.

3 Analysis

The reason for the above-mentioned difference lies in the fact that, since the founding
of the two countries, they have chosen significantly different development paths,
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guiding ideology and value pursuit. However, it is worth noting that there were
several similarities in social background of China and the United States during their
founding. The similarities are as follows:

Backward technological environment: before the War of Independence, the United
States mainly served as a source of raw materials for developed countries in Europe.
As for its economic production, it mainly produced industrial raw materials and
agricultural products. In the field of talents, there were mostly low-level laborers
such as adventurous gold diggers, religious losers and those reclaiming wastelands.
High-level talents in the field of science and technology did not favor it. During the
founding of new China, the long-term war had almost depleted the domestic industry.
The high-level technological talents did not gradually return from foreign countries
until several years after China’s founding, so it was difficult for them to immediately
devote themselves to construction in various industries in a short period of time.

International relations dilemma: after the War of Independence, the original inter-
ests of the colonial countries could not be guaranteed in the short term. Moreover,
the Second War of Independence happened soon after the founding of the United
States, so both the United Kingdom which was most powerful in the world at that
time and the former colonial countries in Western Europe rejected the development
of the United States. Also, after the founding of the United States, Washington, who
was the first president of the country, determined the “isolated foreign policy”. Due
to the background of the Cold War, it was even more difficult for China to be accepted
by developed countries in the world at the time of its founding.

Backward infrastructure: generally speaking, from the economic point of view,
China and the United States were both agricultural countries at the time of their
founding. Their overall development modes were based on extensive development
and they did not have a complete industrial system.

To sum up, there were a lot of similarities between China and the United States
in terms of their social problems and international environment at the time of their
founding. They both adopted the extensive development mode, lacked talents and
technologies and had poor industrial foundation and development prospects which
were difficult to be expected. However, two non-economic reasons created huge
development space for the United States, causing the most fundamental difference
in the development of China and the United States:

Based on the value orientation for the founding of the United States and Adam
Smith’s free economic theory, the United States was urged to pursue free value in a
method which was almost like faith and build its own political and economic system
mode by taking it as a philosophical basis. Ultimately, it formed a nearly completely
liberalized economic market and loose economic policies, which attracted European
investment in a large amount for a long time after its founding. Although the United
States did not intervene in the European disputes in the political and military aspects
[1], it had huge appeal to European capital in the business aspect, particularly in
terms of its domestic production under slavery.

In the context of long-term colonial history, at least long-term for the American
history at that time, the United States and the United Kingdom and even the entire
developed regions of Western Europe did not have significant “civilization or cultural
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conflict” [2], so the capitalists in the Western European countries were more inclined
to invest capital in the United States. It can be imagined that, in the period of the
first and second generations after the founding of the United States, the social ideas
in Western Europe still regarded the United States as an affiliate of Britain and other
colonial countries although the United States was already independent, so the United
States was still the best choice for Western European powers headed by Britain at
that time to settle down and invest. Therefore, although the United Kingdom used
some means to impose economic sanctions on the United States after American Wars
of Independence (including the first and second independence wars), these policies
were quickly canceled and the United Kingdom recognized the status of ally of
the United States [3]. Of course, from another perspective, investors did not do it
for the development of the United States, but for their own economic benefits, so
such situation directly resulted in increasingly expanded ‘“‘speculative investment”.
However, there was very little “development-oriented long-term investment” (There
was even American railway investment, which was a well-known economic bubble
in history.) As a result, the early US economy still adopted the main economic modes
of “specialty export” and “transportation” [4]. Later, the First World War stimulated
the independent development of American science and technology and the Second
World War enabled the United States to complete its original accumulation and begin
to become the most powerful country in the world.

It can be seen from the above analysis that there are many similarities between
the United States and China, especially New China at the beginning of its founding.
The solutions are nothing more than the following:

To attract talents and technology from the advanced countries in the international
league—In fact, China’s earliest technological study was originally from the Soviet
Union, which was its international “ally”.

To give play to its own characteristics and use various means to complete primitive
accumulation—China’s various economic reforms starting from its founding can
be seen as such work and it has made remarkable results by finally establishing a
complete nation-wide industrial system.

To seek international allies through value recognition to achieve mutual benefit
and assistance—this was the only point which was a huge difficulty for China. Japan
and South Korea, which belonged to the same Chinese cultural community, were not
China’s allies at that time.

More importantly, various indicators were relatively weak in the aspects of talent
introduction through the Second World War and development through its own scien-
tific and technological concept, or it was so at least in the initial stage of founding.
In other words, the connection between the United States and Europe never stopped
even when the industry safety index was extremely low. More importantly, to a certain
extent, European developed countries headed by the United Kingdom were in fact
the backup bases for the United States in terms of talents, technologies and funds. As
an immigrant country with no history, the United States was able to do its utmost to
absorb all kinds of high-quality resources and constantly develop its own potential;
let alone its local rich natural resources.
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However, the situation in China was not ideal. It could not compare to the United
States during its founding in terms of political ideas and resource reserves. Inter-
estingly, from the perspective of historical heritage, the national pride and self-
confidence of the United States came from victory of the Second World War and
even the Cold War, but it neither had much “ambition” nor demanded “American
leadership in the world” in the mode of national propaganda at the beginning of its
founding. Due to its federal political system and legal mode, the central government
of the United States did not have too many political resources to make planning for
the industries of the entire country. In other words, it was not able to pay huge admin-
istrative cost to meet the requirement of adjustment of national industries. Therefore,
in both the objective and subjective aspects, the United States at that time should and
could select a path for slow development.

However, it was on the contrary in China. No matter it was because of the commu-
nist ideal in the period of founding of the country or the national identity inherited
from ancient civilization, both China’s central government and ordinary people did
not accept that China was an “emerging and promising country without the need to
formulate big goal planning”. Since the beginning of the founding of new China, it
already had the direct goal of “establishing a great new China” and “uniting people
of the world”. At the same time, from the perspective of historical inheritance or path
dependence, its administrative system of being uniformly accountable to the central
government and the unity-based national system led to the fact that China could bear
huge administrative cost to carry out industrial planning at the state level. Therefore,
new China inevitably chose an industrial development path which was completely
different from that of the United States.

On this development path, the role of law is totally different, which has caused
a number of differences in the choices made by China and the United States. To be
specific, the differences include:

Because the United States had different overall national construction goals and
thus had different planning for its own industry development, it could bring in capital
in accordance with its own characteristics to develop its own industries. However,
China had to complete economic construction to improve national confidence and
cohesion. This difference can be seen from the preambles of the constitutions of China
and the United States. There was only one sentence in the preamble of the Constitution
of the United States and the part expressing the basic work of the country was “in
order to form a more perfect Union, establish justice, insure domestic tranquility,
provide for the common defense, promote the general welfare... (The full text for
the preamble of the Constitution of the United States is “We the people of the United
States, in order to form a more perfect Union, establish justice, insure domestic
tranquility, provide for the common defense, promote the general welfare, and secure
the blessings of liberty to ourselves and our posterity, do ordain and establish this
Constitution for the United States of America.”). By contrast, the preamble of the
Constitution of the People’s Republic of China consisted of 14 paragraphs covering
many aspects such as “historical trace, revolutionary course, party leadership, core
ideas, cross-strait relations, ethnic relations and national systems”, which showed
evidently far-reaching goals.
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In terms of domestic situation, at that time, the states of the United States were
still separated, the federal regime was not stable and the federal legal rights were not
guaranteed. The militia system laid a huge hidden danger for the social stability of the
United States at that time. Therefore, except for the development path of liberalizing
free market economy, the United States was not able to pay the high administrative
costs even if it wanted to plan its own domestic economic development on the whole
in a uniform mode. By contrast, China’s army and navy forces were quite excellent
after the founding and its systems of People’s Congress and democratic centralism
were highly uniform, so all types of domestic remnants could not pose a threat to the
country on the whole. Therefore, China could select the planned economic system
with unified planning.

From the perspective of the development pattern of the pharmaceutical industry,
a contingent factor determined the difference between the layout of the pharmaceu-
tical industries in China and the United States. It was the international military factor.
After the victory of the Second War of Independence [4], the international military
environment for the United States was safe at least at that time. It supported the
internal development of the United States and more importantly led to the fact that
its leadership did not have to pay too much attention to the development of the phar-
maceutical industry, because medicine provided by Europe could meet the demand
of the United States and all countries did not pay much attention to the pharmaceu-
tical industry at that time. Until the First World War, the United States did not need
to focus on developing its own pharmaceutical industry. However, the First World
War provided an illustration for the world’s research on industrial economic safety,
that is, pharmaceutical production and industrial development plays a significantly
role in a country’s livelihood and economy and even determines the survival of a
country [5]; (Before the First World War, Germany occupied the world’s top tech-
nologies in the pharmaceutical industry, which significantly helped improve their
military strength. Also, in the early 20th century, the global flu caused great harm to
the United States.) in any case, if the United States could not guarantee its own phar-
maceutical supply, its overall national security could not be guaranteed; in particular,
it was very difficult for the United States to get the latest pharmaceutical technology
after it engaged in war with Germany, causing great impact on its national policy of
valuing “latest technologies”. Meanwhile, also due to the military factor, inevitability
surpassed contingency for China. After its founding, China’s layout of the pharma-
ceutical industry was mainly to ensure military needs and was designed based on two
basic requirements of “all people being soldiers” and “preventing foreign enemies”
due to historical reasons, the psychology of victims precipitated in the minds of
the public and nationwide tide of militarization in addition to the above-mentioned
“national ideals”. As a result, as is described in Sect. 3 of the report, most of the
provinces and key areas of China has established their own manufacturers to ensure
essential medicine supply. In other words, the initial development layout of China’s
pharmaceutical industry was not for the purpose of economy, but for politics and
military.

From the perspective of skopos theory, it is called the United States and China’s
pharmaceutical industry development mode is relatively stable because the medicine
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industry development trend of two countries has met the development of the industry
planning. For the United States, it is already achieved the highest achievement in the
world about the pharmaceutical industry in the business category. And for China, it
can keep pharmaceutical industry develops itself at home.

For United States, National Health Expenditure (NHE) is the highest of the world.
Itis expected to exceed $4.3 trillion by 2018, accounting for one-fifth of GDP [6]. The
health care system receives 35 million inpatients, 64 million surgeries, 900 million
visits to medical clinics and 3.5 billion prescriptions every year [7]. The National
Institute of Health is the largest biomedical research institute of the world. There
are 6,000 scientists and an annual budget of $30.5 billion [8]. And the most obvious
example is there are four American pharmaceutical companies have entered the
world rankings. They are Johnson & Johnson (U.S.), Pfizer Inc. (U.S.), Merck & Co.,
Inc. (U.S.) and Gilead Sciences, Inc. (U.S.). Meanwhile, in the new pharmaceutical
research and development area, American pharmaceutical companies at the top, too.
As follows date to show. Even from the perspective of probability theory, supported
by large-scale systematic research and development and huge funding, American
pharmaceutical industry will not lose its dominant position in the short term. As
follows (Table 1):

The paper wants to reiterate here is that the reason of two countries can keep their
pharmaceutical industries safe. It is the objective situation and industrial demand of
the two countries are different. American have to hold the head. That would make
it attractive to global money to keep the industry development. On the contrary,
China needs to limit international competition and use local resources to help the
pharmaceutical industry. The concept of industrial security includes security and
development [10]. In both cases, China and the United States have not clear failure.

4 Conclusion

The last required a bit of explanation that the paper aim to explain why the public
can except the regulation mode in two countries, and the medical industries in these
countries still maintain good development. If you use the economic model, you can
see this. In the theory of domain about regulation:

C_ YD
— === )
B Sx P
In this model, C means “Closed force polygon of Social”, B means “Institutional
stability” (There are so many ‘S’s or ‘I’, so I use this letter.) D means “The number of
Demands”, S means “Social Approval Degree”, P means “Path-dependence index”.
It should be noted that the model is used to illustrate correlation.
On this basis:

S=0xAxT )
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Table 1 Ranking of the world pharmaceutical companies
Rank | Company Total Annual Revenue from | Proportion of Total R&D
revenue, |revenue | pharmaceutical | revenue from expenses,
2015 growth, segment 2015 | pharmaceuticals | 2015 (USD
(USD 2014 to (USD Million) | segment (%) Million)
Million) | 2015 (%)
1 Johnson & 70,074 | —5.73 31,430 44.85 9,046
Johnson
(U.S.)
2 Hoffmann-La | 50,111 —-3.50 38,855 77.54 9,972
Roche AG
(Switzerland)
3 Pfizer Inc. 48,851 —1.52 48,851 100.00 7,690
(U.S.)
4 Novartis AG 49,414 | —5.30 30,445 61.61 8,935
(Switzerland)
5 Bayer AG 51,407 —6.44 15,253 29.67 4,751
(Germany)
6 Merck & Co., | 39,498 —6.48 34,782 88.06 6,704
Inc. (U.S.)
7 Glaxo Smith | 36,566 —3.54 36,566 100.00 5,441
Kline plc
(U.K)
8 Sanofi 34,542 8.99 34,542 100.00 5,082
(France)
9 Gilead 32,639 31.13 32,639 100.00 3,014
Sciences, Inc.
(U.S.)
10 Astra Zeneca | 23,641 —-9.40 23,641 100.00 5,997
plc (UK.)
1
p=2 3
i 3

In these models, O means “The public opinion”, A means “The area of public
opinion”, and 71 means “The publicity time duration”; 72 means “The duration
of the system (years)”’, M means “The number of system modification” (Tables
2 and 3).

It can be seen that the lower number of policy adjustments and the longer time
of system exists, means the higher degree of path dependence. Therefore, it is more
difficult to promote institutional reform. Correspondingly, the lower degree of social
recognition and the shorter existence time of the system, means the less difficult the
reform.
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Table 2 The basic data of the world pharmaceutical companies

L. Yu

Rank | Company Total Total Total revenue Proportion of Revenue per
expense |income |from top. 3 revenue from employee,
ration, ration, |pharmaceutical |top-3 2015 (USD
2015 (%) | 2015 products, (%) pharmaceutical | Thousand)

products, (%)
1 Johnson & 72.61 21.99 11,266 35.84 551
Johnson
(U.S.)

2 Hoffmann-La | 71.29 18.81 19,632 50.53 546
Roche AG
(Switzerland)

3 Pfizer Inc. 81.65 14.25 13,233 27.09 499
(U.S.)

4 Novartis AG | 83.80 36.01 9,494 31.18 416
(Switzerland)

5 Bayer AG 86.51 8.85 5,144 33.72 440
(Germany)

6 Merck & Co., | 86.33 11.29 8,540 24.55 581
Inc. (U.S.)

7 Glaxo Smith | 89.10 32.96 7,863 21.50 361
Kline plc
(UK.

8 Sanofi 84.64 13.06 10,038 29.06 299
(France)

9 Gilead 32.00 55.48 22,599 69.24 4,080
Sciences, Inc.
(U.S.)

10 Astra Zeneca | 87.11 10.52 10,907 46.14 393

plc (UK.)

Data Sources SEC filings and annual reports

Table 3 Res§arch and International conglomerate Research input (%)

development investment of

pharmaceutical enterprises [9] ~ JNJ (Johnson & Johnson) 31.00
Hoffmann-La Roche AG (Switzerland) | 25.30
Merck & Co., Inc. (U.S.) 21.30
Eli Lilly and Company 19.80
NVS (Novartis) 19.40
Pfizer Pharmaceuticals Ltd. 17.30
Bayer AG 17.20
Glaxo Smith Kline plc 15.80
Sanofi-aventis 15.60
AstraZeneca 13.40
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These models above cannot calculate the number. It shows the forms and relation-
ships of the resultant forces. As the research moves along, there must be something
new parameters to join.

We can use the formula of the degree of association between industrial competi-
tiveness and industrial adaptation to verify the theory above [11].

m ! ﬁ
o Zj:] t 4)

In thisequation, i =1,2,...,12,m=1,2,...9,j=1,2,..., ¢, C]" means the
degree of association between industrial competitiveness and industrial adaptation, i
means industrial competitiveness and m means industrial adaptation. So bringing the
hi-techinnovation capacity and government control ability into this formula. It can
be concluded that the correlation is constant, the higher one side, the lower the other.
Take the United States as an example. As the Fig. 2 shown, if those six organizations
plan to keep the local government or presidents’ low control, they have to develop
the science and technology.

In summary, although there were many similar objective conditions between
China and the United States during their founding, the two countries have devel-
oped and formed two completely opposite modes in the aspect of regulation of the
pharmaceutical industry due to the difference in some subtle parameters.

In addition, from the perspective of industrial safety, there is no apparent huge
risk in current development of the pharmaceutical industries in China and the United
States. More in-depth research is needed for assessing the safety index of the
pharmaceutical industries in the two countries.
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Abstract Higher information disclosure quality of enterprises plays an important
role in promoting capital marketization reform and optimizing financial service
system. However, the research on how government-enterprise relationship and social
responsibility affect the behavior choice of information disclosure is not sufficient,
especially whether the fulfillment of corporate social responsibility can exert moder-
ating effect on outward information disclosure quality under the existing social rela-
tions is still unknown. This paper takes the A-share mainboard listed companies of
China’s Shenzhen stock exchange from 2011 to 2016 as samples, and studies the
relationship between political connection, corporate social responsibility and infor-
mation disclosure quality based on the unique property rights differences of Chinese
enterprises. It is found that, political connection is negatively related to informa-
tion disclosure quality, while corporate social responsibility is positively related
to information disclosure quality. The better the enterprise’s social responsibility
performance, the weaker the negative correlation between political connection and
information disclosure quality. And further analysis shows that compared with state-
owned enterprises, non-state-owned enterprises have a stronger negative correlation
between political connection and information disclosure quality. Social responsi-
bility performance of both types of enterprises can improve information disclosure
quality. Meanwhile, social responsibility performance can also effectively suppress
the negative impact of political connection on information disclosure quality.

Keywords Political connection - Information disclosure quality - Corporate social
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1 Introduction

The report of the 19th National Congress of China Communist Party pointed out that
it is necessary to deepen the reform of financial system and enhance the ability of
financial services to the real economy. While information disclosure, as an important
carrier to convey the development status and business performance of enterprises to
external investors, is an important link between financial industry and business enti-
ties. Meanwhile, as an important factor affecting information asymmetry, information
disclosure quality affects the resource allocation efficiency of the capital market and
the transformation and upgrading of industrial structure to a certain extent.

Politics is an important external macro factor that affects corporate information
disclosure behavior [1]. And compared with enterprises that rely on social relations
to obtain resources, non-relational enterprises must have significantly different moti-
vations for outward information disclosure based on considerations such as signal
transmission and cost-benefit trade-offs. Although there is no unified definition of
political connection (PC) in academia, most scholars agree that the government-
enterprise relations should be taken as the starting point, and that such relations
will provide a channel for the exchange of resources and information between the
two [2]. Simultaneously, premier Keqiang Li emphasized the political leadership as
the primary task and vigorously promoted enterprises, especially private ones, to
better fulfill their social responsibilities at the 12th National Congress of All-China
Federation of Industry and Commerce. Good corporate social responsibility (CSR)
performance not only has a positive effect on social poverty alleviation, but also helps
to improve CSR information disclosure level and capital allocation efficiency [3-5].

Previous studies have shown that both CSR and PC have an impact on corporate
information disclosure decisions. However, such studies only discuss the two in isola-
tion, in practice, many enterprises not only increase the investment in government-
enterprise relations but also implement the social responsibility behavior. Then, what
is the difference between the influence effect of PC and CSR performance on corpo-
rate information disclosure quality (CIDQ)? Is there a promotion or inhibition relation
between the two? What impact does the special property right of Chinese enterprises
have on this relationship? Based on this, this paper takes the 2011-2016 A-share
mainboard nonfinancial listed enterprises of Shenzhen as samples to test the inter-
active effect of CSR performance and PC on outward CIDQ, and to investigate the
influence of property right difference on the mutual effect.

2 Literature Review

Many papers have studied some important factors affecting the CIDQ of Chinese
enterprises. It mainly includes the external environment of enterprises such as legal
system and degree of investor protection, and the internal environment such as
corporate governance and financial performance and so on [6-9].
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Some scholars have found that as an important resource advantage of enter-
prises, PC will not only affect their business activities, but also have an impact
on CIDQ [1, 10]. Cheng and Wang found that although PC can influence enterprises
to more actively disclose environmental information, it may also cover up polit-
ical rent-seeking under the guise of environmental protection, which is particularly
common among state-owned enterprises [11]. Ren and Wang found that the CIDQ
of annual report of relation-based enterprises is significantly lower than that of other
enterprises, and the split share reform has alleviated this effect to some extent [12].

However, few scholars have studied the impact of CSR performance on CIDQ,
especially whether and how CSR can influence the relationship between PC and
corporate information disclosure decision, are still lacking enough attention and due
analysis. Wang, Ji and Shi found that CSR has a positive impact on the timeli-
ness of annual report disclosure. The better the social responsibility is performed,
the higher the efficiency of information interpretation by its investors [13]. Feng
and Song found that both the establishment of PC and the fulfillment of CSR by
Chinese private enterprises are conducive to promoting diversified investment of
enterprises. What’s more, the better the enterprises perform their CSR, the stronger
the role of facilitating diversification strategy through PC [14]. This paper puts enter-
prises’ two kinds of behaviors, namely seeking government-enterprise contact and
fulfilling social responsibility under the same framework to discusses their influence
on comprehensive information disclosure quality of enterprises, so as to makes up
for the deficiencies of existing research.

3 Theory and Hypothesis

3.1 The Impact of PC on CIDQ

Establishing PC is often a double-edged sword. Firstly, PC is an alternative mecha-
nism that can effectively compensate for the defects of formal system. By actively
seeking benign interaction with government, it can bring public subsidies, tax incen-
tives and ease financing constraints for enterprises, then reduce the possibility
of asset being invaded and expand the M&A for the purpose of policy arbitrage
[15, 16]. Secondly, from motivation perspective, PC have increased the sensitivity
of related managers to changes in external environment, making them lack of urgent
motivation to actively release information [17]. According to signaling theory, the
allocation of resources held by government under PC is opaque, which is often
the result of interests’ exchange between specific enterprise and government. This
hidden transaction makes it possible for enterprises to make selective or whitewash
disclosure. Meanwhile, in order to avoid external supervision and public attention,
executives with government background are often strongly motivated to reduce infor-
mation transparency, which in turn affects CIDQ [10, 18]. From cost perspective,
higher relationship maintenance costs are implied behind PC. Although enterprises
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can gain benefits from it, they must pay corresponding rents. According to redun-
dant resources theory, when enterprises need to use more energy and resources to
hire official-type-executives, pay more salaries and maintain government-enterprise
relations, they will face greater cost pressure. Correspondingly, they will reduce
their investment in internal governance and various statements’ preparation, then
the performance in outward information disclosure may also be poor. Therefore, the
following hypothesis is proposed in this paper.
Hypothesis 1: enterprises with PC have lower CIDQ.

3.2 The Impact of CSR on CIDQ

Well-performing enterprises have incentives to deliver high levels of corporate infor-
mation. Firstly, based on legality theory and corporate citizenship theory, enterprises
should bear legal and moral responsibility while undertaking economic responsi-
bility. Hong and Andersen found that the stronger the CSR, the higher quality of its
accrued profits and the less behavior of real earnings management [19]. Therefore,
based on their true pursuit of legal status and moral obligation, responsible enterprises
can voluntarily abide by the provisions of accounting standards and provide stake-
holders with financial and nonfinancial reports with strong relevance to accounting
information, so as to improve outward CIDQ and achieve “communication effect”
[20]. Secondly, based on information asymmetry theory and reputation benefit, the
fulfillment of CSR is an important basis for investors to analyze and judge the formu-
lation and implementation of corporate strategy, which helps to avoid the mismatch
of market resources caused by adverse selection problem [21]. The disclosure of
CSR information effectively reduces information asymmetry between stakeholders
and enterprises, and to some extent remedies for the incomplete defects in financial
report information [22]. Meanwhile, enterprises with good CSR are more willing
to disclose their CSR reports in order to conduct impression management through
information disclosure, gain trust and recognition from government, consumers and
investors, and form great reputation to reduce their transaction costs. In turn, investors
are urged to make decisions that support corporate profit targets, thus reducing the
risk of incomplete information disclosure. Therefore, the following hypothesis is
proposed in this paper.
Hypothesis 2: enterprises with better CSR performance have higher CIDQ.

3.3 The Moderating Effect of CSR on the Relationship
Between PC and CIDQ

According to resource dependence theory, government is a key external resource for
enterprises, and its development arrangement of industrial structure and allocation
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choice of social resources affect the survival and development of enterprises. There-
fore, enterprises need to actively build close ties with government, cater to its needs
and undertake part of the economic, political and social tasks for it [23]. In view
of its own political achievements and promotion, government also introduce corre-
sponding policies to stimulate enterprises in its jurisdiction to actively fulfill CSR.
Accordingly, the more CSR enterprises perform, the more they can convey to govern-
ment the signal of behave well and response positive, then gaining more attention and
favor, obtaining more key resources, information and political asylum, and reducing
operating costs. Therefore, enterprises have a tendency to establish and maintain
government-enterprise relations by practicing CSR [24]. Firstly, information disclo-
sure is an important performance of enterprises to fulfill their CSR. Enterprises with
good sense of CSR tend to take the initiative to fulfill their information disclosure
obligations to ensure the accuracy and timeliness of disclosure. Chen, Liu and Lu
found that enterprises with PC at central-government level are not only more likely to
issue CSR reports, but also have higher reporting quality [25]. Secondly, according
to stakeholder theory, actively fulfilling CSR can help build harmonious and win-
win corporate cultures and pluralistic and co-governance models, then inspire each
contract subject to strengthen the supervision of CIDQ, purify internal information
environment, and guide PC to develop in a healthy direction, ultimately improve the
attention of managers with PC to CIDQ. Therefore, the following hypothesis are put
forward.

Hypothesis 3: good CSR performance can weaken the inhibition of PC on CIDQ.

4 Methodology and Data

4.1 Data

Although both Shenzhen and Shanghai Stock Exchange evaluate the information
disclosure of listed companies, only Shenzhen publishes the assessment results on
its website. Therefore, this paper selects the 2011-2016 A-share mainboard listed
companies in Shenzhen as initial research samples, and filters the data according
to the following criteria. Excluding financial and insurance industry, ST and *ST
enterprises, and eliminating enterprises with missing data or unclear disclosure.
In this paper, CSR performance data are derived from the Chinese financial-news
site Hexun’s professional score, PC data are organized by manually collecting
background information of executives, CIDQ rating data are obtained from Shen-
zhen’s website, and other financial data come from the CSMAR database. Contin-
uous variables with outliers are subjected to Winsorize processing on 1% and 99%
quantiles.
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4.2 Variables

The explained variable is corporate information disclosure quality (CIDQ). Based
on the quantitative index system constructed from information disclosure, standard
operation, regulatory measures and violation punishment, Shenzhen evaluates the
information disclosure of listed companies, and classifies them from high to low
into four grades, namely A (excellent), B (good), C (qualified) and D (unquali-
fied) according to CIDQ. Therefore, the annual rating on enterprises’ information
disclosure directly reflects their CIDQ, which can overcome the limitations of using
earnings manipulation, analyst prediction accuracy and violations as proxy variables
for CIDQ [26]. This paper defines four types of sequence variables, that is, the CIDQ
of enterprises is assessed as excellent with a value of 4, good with a value of 3,
qualified with a value of 2, and unqualified with a value of 1. The lower the value,
the lower the CIDQ.

The first explanatory variable is political connection (PC). The existing litera-
ture focuses PC on two key positions, chairman and CEO (or general manager), but
this paper extends the research to executive team. Drawing on existing research, if
corporate board members (excluding independent directors) or managerial executives
have one of the following conditions, it is considered that the enterprise has PC [24].
Firstly, present or former officials of government departments, such as party commit-
tees (including discipline inspection commissions), governments, courts and procu-
ratorates. Secondly, current or former members of party representatives, deputies to
the NPC or CPPCC. This paper sets the binary discrete variable. If the enterprise has
PC, the value is 1, and if there is no PC, the value is 0.

The second explanatory variable is corporate social responsibility (CSR). The
Chinese financial-news site Hexun establishes a professional evaluation system
for CSR of listed companies. It integrates CSR report and annual financial report
data issued by enterprises, and comprehensively evaluates CSR behavior from
five aspects, namely, shareholder responsibility, employee responsibility, supplier,
customer and consumer rights responsibility, environmental responsibility and social
responsibility. This paper uses the CSR score published on the website as the proxy
variable for CSR. The higher the score, the better the CSR performance.

Considering other factors that affect CIDQ, this paper introduces some control
variables, details are as follows. In addition, industry (Ind) and year (Year) dummy
variables are controlled.

Enterprise scale (Size). The larger the scale of the enterprise, the more attention
it will receive from the public and regulators, making it passively improve CIDQ.
Measured as the natural logarithm of year-end total assets. Financial leverage (Lev).
The higher the leverage ratio, the higher the debt level and the worse the solvency,
which may enhance the possibility of whitewashing statements and earnings manage-
ment. However, it may also face strict supervision by creditors, then making corpo-
rate information disclosure more complete. Measured by asset-liability ratio. Growth
ability (Grow). When the growth of enterprise is good, executives are more willing
to pass on information to external investors that is beneficial to corporate value, then
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improving CIDQ. Measured by sales revenue growth rate. Corporate profitability
(ROA). The stronger the enterprise’s profitability, the more incentive it has to convey
the signal of good business performance to outside world, and increase resources’
input in information disclosure, CIDQ will improve accordingly. Measured by return
on total assets.

Equity structure (Fishare). Measured by the largest shareholder’s shares propor-
tion in total shares. The higher the ratio, the stronger the control of it. In order to
maximize its interests, it either may support executives’ information manipulation to
mislead investors, or may strengthen the supervision of executives’ behavior torealize
the synergy with enterprise’s interests. Equity concentration (Central). Measured by
the square sum of shareholding ratios of top ten shareholders. The smaller the index,
the more balanced the distribution of rights among top ten shareholders, that is, the
equity is relatively dispersed, otherwise, the more obvious the absolute controlling
advantage of major shareholders. Board size (Board). Smaller board has comparative
advantages in information communication and lower coordination and organization
cost, which is conducive to alleviating principal-agent problems under information
asymmetry then restraining the opportunistic behavior of the board [27]. Measured
by the end-year total number of board members. Independent director supervision
(Indep). Independent directors are less related to executives. The greater the number
of them on the board, the stronger the independence and supervision of the board, and
the higher the level of voluntary information disclosure. Measured by the proportion
of independent directors in the board.

Audit authority (Big4). Audit institutions assume supervisory responsibility for
CIDQ. High-quality external audit represented by “international big four” can
improve the information disclosure degree of enterprises and better exert the corpo-
rate governance effect of external audit. Measured as whether the audit institution
is bigd. If it is, the value is 1, otherwise the value is 0. Nature of Actual Controller
(SOE). Define a binary dummy variable, which takes the value of 1 if the enterprise
is state-owned and O if it is non-state-owned.

4.3 The Econometrics Model

Drawing on existing research, this paper builds (1) to study the impact of PC on CIDQ,
builds (2) to examine the impact of CSR performance on CIDQ, and finally adds the
interactive item of CSR performance and PC based on (1) to test the moderating effect
of CSR on the relationship between PC and CIDQ [14, 28]. The specific measurement
models as shown in (1), (2) and (3).

CIDQi; = ag+ a1 PCii + ) B Controli, + i, )

CIDQi; =ag+aiCSR; + Y _ B Control;, + € )
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CIDQi; = ag+ a1 PCiy + 0y PCiy x CSRi; + Y _ B Controly + & (3)

Where i denotes the corporate, ¢ denotes the year, oy denotes the intercept item,
o, oy and B denotes regression coefficients, Control denotes a series of control
variables, ¢; is the random error term. If the PC coefficient of (1) is significantly
negative, then hypothesis 1 is proved. If the CSR coefficient of (2) is significantly
positive, then hypothesis 2 is proved. In addition, if the coefficient of interaction term
in (3) is significantly positive, hypothesis 3 can be verified.

5 Results

5.1 Descriptive Statistics and Correlation Analysis

Table 1 is the descriptive statistics of main variables. The average value of CIDQ is
2.957, and the median is 3, indicating that the CIDQ of listed companies is at a good
level on the whole. The average value of PC is 0.622, indicating that more than 60%
of the enterprises in the sample have established some form of PC, that is, political
connection is common among Chinese listed companies. The average score of CSR
performance is 49.141, and the standard deviation is 22.062, which indicates that
the overall situation of listed companies in CSR is not optimistic, and there are great
differences in CSR performance among different enterprises. According to Pearson
correlation analysis of main variables, CIDQ is significantly negatively correlated
with PC and positively correlated with CSR at the 1% level. Hypothesis 1 and 2 are

Table 1 Descriptive statistics of variables

Variables Num Mean Med Std. Dev. Min Max

CIDQ 2278 2.957 3.000 0.627 1.000 4.000
PC 2278 0.622 1.000 0.382 0.000 1.000
CSR 2278 49.141 57.615 22.062 —15.110 90.870
Size 2278 23.109 23.010 1.442 19.197 28.508
Lev 2278 0.515 0.523 0.206 0.070 1.702
Fishare 2278 0.344 0.306 0.163 0.081 0.790
ROA 2278 0.037 0.035 0.068 —0.242 0.295
Big4 2278 0.149 0.000 0.356 0.000 1.000
Board 2278 9.315 9.000 1.999 4.000 18.000
Indep 2278 0.374 0.363 0.059 0.281 0.566
Central 2278 0.196 0.170 0.135 0.003 0.799
Grow 2278 0.125 0.079 0.569 —0.882 4.647
SOE 2278 0.632 1.000 0.483 0.000 1.000
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preliminarily verified. The correlation coefficient between all variables is less than
0.6, and the highest correlation occurs between Fishare and Central, which is 0.573.
Further VIF analysis is performed for the regression model. The VIF values of each
variable are lower than the empirical critical value 10, indicating that there is no
serious multi-collinearity problem in models.

5.2 The Impact of PC and CSR on CIDQ

The regression results in Table 2 are the separate effects of PC and CSR on CIDQ
and the interaction between the two. It shows in (1) that the regression coefficient
between PC and CIDQ is —0.114, which is significant at 1% level, indicating that PC
has an adverse impact on CIDQ. The CIDQ of listed companies with PC are signifi-
cantly lower than that of listed companies without PC, so hypothesis 1 can be proved.
It shows in (2) that the regression coefficient of CSR performance is significantly
positive at 1% level, indicating that listed companies with good CSR performance
are more motivated to disclose information, then CIDQ increases accordingly, so
hypothesis 2 is verified. After adding the interaction between PC and CSR perfor-
mance, the coefficient of PC in (3) is still significantly negative, but the coefficient
of interaction term is significantly positive at 1% level, indicating that although PC
can reduce the CIDQ, good CSR performance of listed companies will enhance
the willingness of relational executives to highlight their contribution to political
achievements, weaken the negative effect of PC on CIDQ, and improve the CIDQ
of politically connected enterprises. It is proved that under the current political and
economic environment in China, incorporating CSR into corporate strategy can play
a positive role in promoting CIDQ. Hypothesis 3 is verified.

5.3 The CIDQ of Different State of Ownership

The nature of property rights promotes the differences in the business practices of
Chinese enterprises, and is also an important factor affecting enterprises to formulate
CSR strategies and seek political asylum.

This paper further differentiates state-owned enterprises from non-state-owned
enterprises for grouping test. As shown in columns 1 and 4 of Table 3, the PC of
state-owned enterprises is negatively correlated with CIDQ, but the coefficient is not
significant. The coefficient between PC and CIDQ of non-state-owned enterprises
is significantly negative at the level of 5%, indicating that the existence of PC has a
stronger impact on CIDQ in non-state-owned enterprises. Columns 2 and 5 of Table 3
show that CSR performance of both state-owned and non-state-owned enterprises
is significantly positively correlated with CIDQ, and the CSR performance of state-
owned enterprises has a greater influence coefficient on CIDQ. As shown in columns
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Table 2 The impact of PC
and CSR on CIDQ

Y. Jiang et al.
Exp-var Model (1) Model (2) Model (3)
PC —0.114%%#* —0.498%#*
(—2.78) (—5.18)
CSR 0. 315%#*
(14.27)
PC x CSR 0.428%**
(4.45)
Size 0.098*** 0.081%*** 0.100%**
(4.89) (3.67) (5.02)
Lev —0.622%%#* —0.508%#* —0.635%%#*
(—4.78) (—3.69) (—4.89)
SOE 0.015 0.083* 0.044
0.31) (1.77) (0.93)
Fishare 0.003 0.009* 0.018%**
(0.73) (1.85) (3.74)
Bigd 0.141%** —0.051 0.083
(2.21) (—=0.75) (1.27)
ROA 1.849%** 1.836%** 1.172%%*
(4.48) (4.45) (2.84)
Grow 0.134%* 0.123%* 0.313%%*:*
(2.29) (2.01) (5.36)
Indep 0.116 0.658%* 3.350%%:*
(0.32) (1.82) (9.28)
Board —0.021** —-0.016 —0.018*
(—2.30) (—1.52) (—1.93)
Central —-0.720 —1.117** —0.721
(—1.35) (—=2.10) (—1.36)
Con —0.842* —0.779* —4. 71 1%%*
(—1.85) (—1.81) (—10.89)
Ind/Year Control Control Control
Num 2278 2278 2278
Adj-R2 0.135 0.138 0.312
F Value 28.32%%:% 28.983k:* 69.427%%*

Remarks: t statistics in parentheses: *p < 0.1, **p < 0.05, ***p <

0.01

3 and 6 of Table 3, CSR performance of both state-owned enterprises and non-state-
owned enterprises can weaken the negative impact of PC on CIDQ. It shows that the

information spillover effect of enterprises fulfilling CSR is obvious.
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Table 3 Distinguishing the state of ownership

Exp-var Model (1) | Model (2) |Model (3) |Model (1) | Model (2) | Model (3)
SOE =1 SOE =0
PC —0.042 —0.155* —0.143%* —0.769%**
(—-0.75) (—1.69) (—2.05) (—5.52)
CSR 0.322%%#* 0.153%**
(8.59) (6.95)
PC x CSR 0.121%%** 0.102%**
(6.14) 5.17)
Size 0.102%3%:* 0.112%%** 0.115%%** 0.076*** | 0.059%* 0.117%%*
(3.90) (4.61) (4.69) (2.92) (2.43) 4.74)
Lev —0.465%**% | —(0.555%** | —(0.558%** | —(0.457** | —0.541*%** | —(0.566%**
(—2.65) (=341 (—3.87) (—2.46) (—3.28) (—3.94)
Grow 0.189 0.061 0.268* 0.197* 0.067 0.306%**
(1.22) (0.80) (1.73) (1.66) (0.86) (2.94)
ROA 2.063%*** 0.093* 1.133%* 1.598*** | (.092* 1.089*
3.71) (1.70) (2.24) (2.61) (1.69) (1.91)
Board —0.029%* —0.021 —0.026** —0.023 0.017 —0.048%**
(—2.04) (—1.61) (=1.97) (—1.59) (1.01) (—=2.09)
Indep —0.027 0.057** 0.051* 0.086 0.046* 0.194%**
(—0.45) (2.36) (1.94) (0.82) (1.92) (3.26)
Fishare 0.021%%*%* 0.027%** 0.014%* 0.012 0.018** 0.020%**
(2.82) (3.05) (2.01) (1.23) (2.34) .77)
Central —0.074 —0.124* —0.087 —0.006 —0.133%* —0.093
(—1.01) (—1.69) (—1.19) (—=0.89) (—1.99) (—1.27)
Big4 0.313%%* 0.110* 0.194 %3 0.106 0.149* 0.137*
(4.04) (1.66) (2.51) (1.36) (1.93) (1.75)
Con —1.498%* 0.024 —1.760%* —1.393* 1.554%* —1.563*
(—1.82) (0.46) (=2.19) (—1.68) (1.93) (—1.94)
Ind/Year Control Control Control Control Control Control
Num 1441 1441 1441 837 837 837
Adj-R2 0.165 0.179 0.232 0.131 0.164 0.243
F Value 17.02%%* 18.47%%* 24 55%** 13.52%%* | 16.98%** 25.94%**

Remarks: t statistics in parentheses: *p < 0.1, **p < 0.05, ***p < 0.01

5.4 Robust Check

In order to ensure the robustness of the regression results, this paper also carries out
the following tests. Firstly, CIDQ belongs to discrete ordered dependent variable,
then further constructs the sequential multi-classified Ordered Logistic regression
model (4) for regression analysis.

OrderedLogist(P) =P(CIDQ = 1/2/3/4)
=g+ PCiy + 0 PCiy x CSRy + Y _ B Controli, + €, 4)
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Secondly, this paper defines the dummy variable (CIDQ2) about the quality
of corporate information disclosure. When the enterprises’ information disclosure
rating is A and B, the value is 1, otherwise it is 0. Logistic regression model (5) is

constructed for regression analysis.

Logist(P) =P(CIDQ2 = 1)
= a9+ PCiy + 0 PCiy x CSRy + Y _ B Controli, + €, (5)

Table 4 regression results show that the coefficients of the two interaction terms
are still significantly positive at the level of 1%. It shows that the conclusion that

Table 4 Robustness check

Exp-var Ordered logistic model (4) | Logistic model (5)
PC —0.342%%%* —0.146*
(—3.98) (=1.71)
PC x CSR | 0.106%** 0.502%3%:*
(3.52) (5.84)
Size 0.154* 0.392%**
(1.82) (4.62)
Lev —0.588%** —0.469%*%*
(—4.64) (=3.72)
Big4 0.077 0.103
(1.21) (1.62)
SOE 0.053 0.151*
0.61) (1.86)
ROA 0.712* 0.917%%
(1.77) (2.33)
Grow 0.117%* 0.173%**
(2.47) (3.59)
Board —0.490 —0.298
(—1.58) (—1.03)
Indep 0.235%%%* 0.254%#3%%*
(2.67) (2.88)
FirShare 0.203#* 0.156*
(2.31) (1.73)
Central —0.120 —0.114
(—1.35) (—1.28)
Con —1.883%* —3.08%**
(=2.05) (—4.37)
Ind/Year Control Control
Num 2278 2278
Chi2 179.30%** 217.41%**
Pseudo-R2 | 0.115 0.132

Remarks: z statistics in parentheses: *p < 0.1, **p < 0.05, ***p <

0.01
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the implementation of CSR strategy can help alleviate the negative impact of PC on
CIDQ is of certain robustness.

6 Conclusion

Through panel data at the listed company level in China’s Shenzhen A-share main-
board from 2011 to 2016, this paper uses three types of econometric models to test the
effect of the implementation of political connection strategy and social responsibility
strategy on corporate information disclosure quality.

It is found that PC exert a negative impact on CIDQ. Enterprises with politically
connected executives tend to hide part of information while gaining government
support, and the CIDQ is relatively low. CSR is positively related to CIDQ. Enter-
prises with good CSR performance are more willing to release effective information
about their business activities to capital market and the information transparency
is relatively high. Further analysis shows that good CSR performance can effec-
tively inhibit the negative impact of PC on CIDQ, which indicates that govern-
ment’s measures to encourage micro-enterprises to fulfill their CSR and feedback
macro-economy have played a policy effect in recent years. In addition, under the
“dual” economic system in China, the negative relationship between PC and CIDQ
is more pronounced in non-state-owned enterprises. CSR plays an important role
in improving CIDQ under the two types of property rights. Meanwhile, whether
state-owned or non-state-owned enterprises, their good CSR performance have the
efficacy of weakening the negative impact of PC on CIDQ. According to the empir-
ical results, improving the level of CSR performance not only contributes to optimize
CIDQ, but also plays an active role in regulating the power of executives with PC on
corporate information disclosure decisions.

Therefore, under the current unique “relational” economic environment in China,
CSR can serve as a link between enterprises’ maintenance of social capital and
government’s practice of reforming the securities regulatory institutions. Govern-
ment should include CIDQ in the performance assessment of enterprises with PC and
strengthen the requirements for the behavior of CSR and information disclosure in the
process of industrial support and industrial restructuring. Enterprises should incor-
porate CSR and PC into corporate strategy, strategically apply the signal-transfer
advantages of CSR and its interaction with PC. External investors should attach
importance to the supervision of CIDQ of enterprises with PC and the requirements
for good CSR performance. It can play a positive role in promoting the effective use
of the capital market information disclosure institution and improving the efficiency
of resource allocation in the whole industry chain.
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An Improved Model for Efficiency m
Evaluation on Energy Industry L

Zhen Li and Yingqi Liu

Abstract The development and growth of human beings are highly depended on
energy consumption. Nowadays, the sustainable development of human beings calls
for precisely speculation of energy prices and efficiency. However, the traditional
methods of measuring energy price and efficiency, for instance, the EROI (energy
return on investment) model unable to define system boundaries and to calculate
labor and physical costs. Thus, these methods may ignore as much as 50% of input
energy consumption. Energy efficiency could be calculated by the ratio of average
energy input cost to the average useable energy output cost while energy price could
be measured by the ratio of the monetary input to the output. The principle above
could be viewed as a check for energy return on investment as well as an elimination
for a redundant process analysis. The results give us a chance to innovate traditional
energy efficiency model by social and environmental factors which could be depicted
through monetary terms.

Keywords Energy efficiency + EROI - Improved model

1 Introduction

Energy plays a vital role in economic development [1]. The significance of renew-
able energy has becoming more and more important as the ongoing fossil resources
consumption. Gupta and Hall [2], warned this issue in the paper. What’s more, Hall,
Lambert and Balogh [3] reckon to increase the significance of energy efficiency
(EE) and reduce the usage of EROI in fossil resources extraction. Although we have
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entered a new era of renewable energy, whereas it is still hard for us to find out whether
these energies from solar cells, fission, tidal plants, windfarms could feed the needs of
human economic development. Photovoltaic (PV) energy has become a complemen-
tary energy in China for electricity distribution. On the contrary, biodiesel, corn-based
ethanol and PV farms are reported to have energy return on investment >1 [4, 5],
such conflicting conclusions require an further explanation.

Therefore, because human beings’ development relies heavily on the energy acces-
sibility, this give us an opportunity to precisely project energy production efficiency
[6], scholars attempts to create new economic model for measuring energy price
and efficiency has never ended. Till now, all of the attempts for linking EE and
economics have failed to achieve satisfied results. Murphy, Hall [7] demonstrate
monetary return on investment to EROI, whereas they get ambiguous results. Heren-
deen [8] utilizes a two-stage I/O model to obtain some results to the linkage from
prices to EE. Unluckily, the model he proposed also has limitations which like the
traditional EROI model does: system boundaries as well as classification problems [7,
8]. This, in a nutshell, simply means the main energy inputs which are eventually the
buildings and machinery, are typically included in the system boundaries. Therefore,
those boundaries indirectly restrict the computation of energy expenditure. Since the
energy return on investment is constantly derived ex-ante, relevant consumptions are
necessary for inputs energy intensity and the input variables need to be obtained in
O/1 data base. Whereas, during calculation process, some conditions (for instance,
specific building design or transportation) might be remarkably different with the
I/0 data available in databases. In this paper, we will demonstrate economics could
be an effective method when measuring energy efficiency.

This paper is based on the hypothesis that energy is the ultimate production factor
compared with other factors (capital, labor) [1, 9-11], or [12]. Without considering
the system boundaries, the ratio of energy input and output costs (energy cost ratio
Y4 ECR) approximates the energy return on investment (EROI). Considering the
system boundaries, energy change rate is better than energy return on investment.
Since some costs are intangible, I/O energy price ratio is constantly utilized for
substitution although that could demand the rental shares in the input and output
energy prices to be similar. We would like to find out a general method to describe
the mathematical relation between energy efficiency and prices, the method shown in
this paper requires further extensions and empirical examination. This paper explains
the relation between energy prices and energy return on investment, follow with the
discussion and conclusion of recent development on energy assessment methods and
models.

2 Traditional Energy Efficiency Model

Since the production process is extremely complex, thus the problem of energy
return on investment is that it is virtually impossible to define all the fundamental
inputs. However, in order to fully describe input energy, energy return on investment
requires:
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EROI = useful output energy / input energy

This raises a problem: Does energy return on investment includes the energy
consumed in heating system, transportation and so on by the employees in energy
production process? Unfortunately, the answer is definitely not. Thus, traditional
methods for energy return on investment tend to omit some of inputs, on the contrary,
the output factors are very clear to be identified. Murphy and Hall [13] demonstrate
that, for oil/diesel and corn-based ethanol, the results calculated through using tradi-
tional energy return on investment is remarkably higher than the results derived from
model considering intangible cost, for example, the construction costs of vehicles
and roads [13]. To solve the problem, they speculate that the minimum energy return
on investment contributed to transportation is around 3:1, then they utilize it to offset
the corn-based ethanol energy return on investment to 1.3. The conclusion which
Murphy and Hall made in the paper is that it is extremely hard to fully figure out and
calculate energy return on investment and its effects.

Chu and Majumdar [14] write a paper on levelized cost of energy. They found
that wind, within all renewable resources, hydro and geothermal could be cheaper
compared with fossil resources. Therefore, actually some so-called sustainable ener-
gies are more expensive than traditional fossil resources despite lots of scholars
reckon renewable energies are more efficient and effective. Chu and Majudmar’s
[14] make an estimation on energy price: The levelized cost of energy of nuclear
power, coal-fired plants and combined cycle gas turbine is half the PVs’. Since the
price is high, therefore for most European countries, they have to subsidize photo-
voltaic electricity (stipulate the obligation of distribution and transmission companies
to buy out the PV electricity at rigid prices or subsidize the PV energy producers with
“green bonuses”). Through extended calculation, Tao et al. [5] measured the ratio of
non-renewable energy investment to energy delivered of photovoltaic plant in China.
Ferroni and Hopkrik make a systematic estimation using intangible labor cost into
energy return on investment calculation, the results show photovoltaic EROI in Swiss
is approximately 1, close to the ratio NEIED = 0.95 in the 1st China’s photovoltaic
tower.

Tao et al. [5] discoveries a fruitful result in his paper: when considering energy
displacement credits, the EROI of second-generation biofuels is up to 2.7, on the
contrary, the figure could reduce to up to 1.5 without considering such credits. The
ratio of 1.5 MJ gain per 1 MJ spent (or 50% net gain) is considerably inefficient.
Firrisa, Duren, and Voinov [15] make a thorough calculation on the energy inputs
(shown as Fig. 1), the results show the extended return on energy investment for
rapeseed biodiesel production process is at least 1.7.

However, economists hold different views on this matter. According to the U.S.
energy information administration, the prices of all grades conventional retail gaso-
line prices are from $2 to $3 per gallon in 2016 and 2017, the ethanol-gasoline blend
ES85 has been more expensive than gasoline in the U.S., shown as Fig. 1. Since the
advent of electric vehicles, electricity has become the cheapest propulsion fuel, the
cost of using electricity is 4 times cheaper compared with using biodiesel. According
to some studies, the energy return on investment of biodiesel could reach to as high as
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Fig. 1 Fuel prices in the USA; source AFDC, 2018

2, although most of inputs to liquid biofuel production are cheaper than liquid biofuel.
On the other hand, it’s quite interesting that Murphy, Hall and some other scholars
calculate in their papers that the energy return on investment of liquid biofuels is
below 1. This leads us to consider two questions:

Firstly, why the isobutene is at least as expensive as gasoline, are the energy
return on investment of such biofuels 1.5 at their worst? Secondly, what’s the price
for biofuel production and how to measure it?

The first question could be solved by summating the total energy consumption in
the whole biofuel production process. The second question is much more complicated
since it needs precise calculation on the quantities and prices of energy consumption
in the biofuel production process. The production process involves large amount
of procedures and details; therefore, it is extremely difficult to conclude all of the
production factors in the model. In the production process, even the employees’ rest
could cause energy consumption, the calculating results could be affected if such
energy consumption is ignored in the modeling process. Yang et al. [16] obtain an
opposite result to Tao et al. Yang’s paper argues that the corn-based ethanol produc-
tion in China is strongly unsustainable if the net cumulative energy consumption of
each nonrenewable input is considered in calculating process.

These ambiguous results give us an opportunity to extend the traditional energy
efficiency measuring model and precisely calculating the real energy efficiency using
innovative economic model.



An Improved Model for Efficiency Evaluation on Energy Industry 127

3 Literature Review on Energy Efficiency Measurement
Methods

3.1 Energy Efficiency Models

Some scholars use extended energy return on investment model which includes lots
of input factors as much as possible, such method lack necessary simplification
(Lambert [6]). While at the same time, it is virtually impossible to simulate the whole
production process due to the complexity of whole production process, especially
when the process meets with intangible input factors. Bhandari presents the view on
EROI assessment in his paper: “Full life cycle energy would have been more accurate
but is not currently feasible to include in this systematic review due to lack and
discrepancy of data regarding transportation, operation and waste management life
cycle stages.” In terms of production process, there are too many input factors need
to be considered when calculating energy return on investment, which factors should
be included in the calculation process which should not be requires the scholar’s
cautious analysis. What’s more, according to Rugani and Benetto, any attempt to
calculate emergy (input energy) is necessarily “missing most of the connections
and interactions occurring between processes of the system resulting in a fewer
comprehensive data inventory” [17].

Thus, the use of complicated energy efficiency assessment model, for instance the
cumulative estimates model, has been facing increasing pressure. Whereas, Arvesen
[18] discoveries few weaknesses of cumulative estimates model:

“Life cycle analysis could be utilized for calculating energy return on investment, but it is
difficult to define the system boundaries and the classification of energy factors.”

“Supply chain losses included in life cycle analysis need to be adjusted for when calculating
energy return on investment.”

Besides, data envelopment analysis is often utilized in the calculation of energy
efficiency, but it faces the problem of identifying intangible input factors as well,
for instance labor and capital, which make the assessing process complicated. Some
extended energy return on investment calculations include labor and capital into the
model, but the results are still unsatisfying. Another extended model is the non-
renewable energy investment in energy delivered (NEIED), which concentrate the
role of non-renewable inputs. It utilized the ratio of non-renewable energy spent on
production of energy to volume of that production as the result. Unfortunately, this
model also has drawbacks, Chen presents in his paper that the NEIED of windmill
is below 0.5 in China, and despite the buyout of wind utility buyout is control by
government. Besides, the backup cost during the production process is not included in
the calculation. Therefore, NEIED still does not take indirect cost into consideration.
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3.2 The Relationship Between Price and Energy Efficiency

Many scholars have been trying to solve the link between energy efficiency and energy
price. King and Hall [19] have found some fruitful relationship between EROI and
energy price, they found monetary return on investment has close relationship with
energy return on investment despite their discoveries fail to resolve the core problem,
the relationship they have found is as follow:

M N
EROI = MROI == Lizy 1iP

(1

D s Mipi Z,N:1 n;e;
M N
EROI = Z  mieior EROI = 2 ) niei )
i= i=
M M
MROI = Zi:l m;pior MROI E i n;pi 3)

In the formula, mi represents the quantity of output energy product, e; represents
for the energy content of output/input, n; represents for the quantity of LCA based
input pi is the price per input/output unit. Since Z}v[: , hip; is equal with $investment
in (3) and the $investment is included in (3), so here the MROI is defined indirectly.
Therefore, by making necessary adjustments, (2) means 1 = 1, however, this method
is unable to figure out the link between prices and energy efficiency.

Basically, all of the methods for calculating energy efficiency should obtain similar
results. Whereas, in reality, since the original data and the computational methods are
different, it is almost impossible to obtain the same result. Thus, the real energy cost
could probably be underestimate through using current energy efficiency assessment
methods, be it EROI, EMROI or P-LCA, which finally leads to overestimation of
energy efficiency.

4 An Improved Model

First, we define useful output quantities as Q; = [q1,¢2...gn] € RM,i €

{0...x});x € N, in matrix format, M represents for products and x represents

for the production pyramid level, the product pyramid has many stages, each stage

has its own output vector, each output vector represents for the quantity and the

combination of goods and services. Onwards, we define the input cost per unit as
(4]

Ci=|...|eRM,ie{0...x};x € NN; = M;_y, (c| ...cp); stands for the
(&)

total cost of the subject, for instance, the interest, whereas rents, taxes are ruled out.

The physical transformation rate could be described as:
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fin oo fim,
Fi= e e RMixMiz 4)

fimp - fmmi,

In formula fy, », , is the quantity of Mj_; he input consumed by the M; th unit
output during production process, each column stands for the quantity of specific
input consumed by producing unit output, each row stands for an input volume
vector consisting of M;_; inputs for unit of one specific output. The inputs here
could be capital, labor, energy or whatever.

Without rents (positive or negative), taxes and subsidies, for i € {0..x} level of
the production pyramid it holds that:

Ci=FCi o)
If the I/O quantities are taken into account:

Qi-1=0F (©6)
Therefore, cost vector per unit of output C, and the input quantity vector:

Qo € R™ (7)

c.=([T_ 7)Co ®)

The transformation of input from i = 0 to i = x is described as (9) below:

1
[[_ F=FFoRA ©)

Product ¢; here means the sum up of corresponding costs, it is described in
monetary terms:

vi = Q;F;C; (10)

Afterwards, the total costs of level x could be derived as:

0= 03X F)Co (an

Given e = [1...1] and T stands for transportation, thus we could sum up the
output quantity as gi:

qi = Qie’ (12)
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Through adjusting (12) and (7), we could get the ratio of output quantity to input
quantity:

== (o)1, #)'] (13

Equation (13) above is also the energy return on investment when energy input
and energy output are both included and calculated.

5 The Link Between I/0 Price Ratio and EROI

The link between input and output price ratio and EROI is complicated.
y, represents for the cost-based price per unit of output:

Ve = ¢/ (Qxe) (14)

According to (14) above, taxes and rents are not contained in the costs ¢,, O,
stands for the practical final output, Thus, all of the inputs could be described by ¢, .
Therefore, the average unit cost of the primary inputs yj is:

w=g[oc[T_ el (1s)

Since the energy I/O have the same units, thus, the energy cost ratio could be
denoted as:

£cr =" = [0.([T,_, £)e']/@ueh (16)

According to (16), the right side of (16) is reciprocal to that of (13), therefore
EROI =1/ECR 17

In the completely competitive market, the total costs stand for the price [20].
However, in practice, since complete competitive market calls for the same curve
for all of the producers, thus energy markets are usually incompletely competitive.
What’s more, the transportation cost of some kinds of energy are very expensive,
for instance, oil and natural gas, which makes the market become incompletely
competitive. At times, the markets are influenced by some intangible factors, such
as political relationships, cartels and price agreements. In practice, Rents, taxes and
subsidies could not be ignored in the price composition of one product.

Considering rents, taxes and subsidies, we could express price P; as:
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C1 r 81
PP=Ci+R +G;, =] ... +1 ... + 1 ... (18)

N N 1; 8N 1,

C; represents for the costs R; represents for rents and G; represents for govern-
mental interventions. The downstream input costs are established on the basis of
upstream output price, therefore:

Ci=F_ 1P =F_(Ci_1+R_1 +Gi_1) (19)

Other than the cost ¢;, (11) describes that the subsidies, taxes and rental are
included in product y;:

Rx71+Gx71+Fx72---
Yx = Qx R+ G+ F (20)
R+ G+ Fo(Ry + Gy + Cp)

Equation (20) could be divided into two parts: the aggregate rental plus taxes
minus subsidies y; — ¢; = p; and input cost ¢;. Therefore,

P =y,/(Qxe") 1)

ro=y/[0 (X F)e'] 22)

P, is the unit price of input and Py represents the unit price of output, which are
constituted by taxes, rental, minus subsidies p, (resp. pg) and unit cost y;.

px = (x — 9:)/(Qxe") (23)

o= (= 9)/10(Y,_ Foel] 24)

It’s difficult to get the cost data than price and rent data. Therefore, (25) is more
feasible than (17):

EROI = (Py — po)/(Px — px) (25)

At times, some variables are not easily accessible, we can only get price data,
therefore, and one could compute energy price ratio of (22) into (21):

EPR="x [Qx (Z?ZH Fi)eT])

Py Qoe’ (26)
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Given the share of rental, taxes and subsidies among EPR and EROI is the same,
thus ERP equals ECR:

e = EROL pu/ P = po/ Py @7

Equation (27) is able to explain the relationship between oil price and energy
return on investment. When defining levels 0 and x, scholars can make slight
adjustment according to specific situation. In practice, x could be substituted by
i;i € {0...x};i € N whilelevel 0 could be substitutedbyi —n;n € {0...i};n € N
from Egs. (7) to (27). Thus, the model is able to obtain the energy efficiency of
intermediate output production at any stage of the production pyramid.

In CERM model, matrices F;, which denotes the consumption of the input per
unit of output, is substituted by matrices B;; i € {0...x}; x € N, which denotes the
quantity of the output per unit of the input. Thus, (5)-(8) and (11) could be written
as:

Cio1 =BG (28)

Qi = Qi1B (29)
c=(IT_, &)c (30)
0.=0oo([]_, &) 31)

©r = 00Co (32)

Through using the equations above, we could obtain the rest of the results.
However, the output (32) could not be decomposed. Equation (31) tends to lead
the scholar to use available sources Qq to project the production of output Q,,
irrespective of the needs. In contrast, if the input in (8) is inefficient, it allows the
user to make adjustment during the production process (adjustment of I/O matrices
Fy ... Fy). Theoretically, (8) and (32) is the same. Whereas, in reality, (27), (28),
(29) and (30), which represents the full costing, are usually neglected by scholars for
supporting the retrograde costing to the advantage of consumer.

In this paper, we utilize (8) to include some outputs into inputs through making
adjustments on I/O tables. This is why we describe the input quantity as the function
of the output quantity. Besides, input costs are usually not the function of output
cost-based price.

CERM has a very important assumption: all of the factors in production process
could be expressed in the form of energy [1, 9]. Land is made of vegetables, animals
and raw materials, etc. But at the same time, it’s the human activities, physical cost
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and energy which exploit these factors. Thus, the following part showcase the links
between physical cost, energy and labor.

6 Output and Energy

Close dependent relationship exists between energy consumption and GDP [21].
We have obtained the GDP and energy consumption data of 33 EU countries from
EUROSTAT during 1990 to 2014. In this paper, to offset the policy impact, we will
utilize the orthogonal least squares algorithm to find out the relationship between
energy consumption and the product.

Table 1 describes the OLS regression results of the GDP in 2015 constant EUR
to the energy consumption. As shown in Table 1, the regression coefficient shows an

Table 1 Simple OLS regression of the GDP

Year Complete records Constant (mio EUR) Regression coefficient Adj. R?
1995 16 —41,327 0.143 0.932
1996 17 —21,263 0.137 0.961
1997 18 —30,415 0.140 0.964
1998 20 —40,146 0.141 0.965
1999 20 —44,971 0.145 0.966
2000 30 —47,642 0.142 0.944
2001 30 —43,127 0.140 0.946
2002 31 —44.,863 0.144 0.949
2003 31 —44,982 0.147 0.955
2004 31 —45,254 0.152 0.962
2005 32 —44,133 0.156 0.966
2006 33 —44915 0.155 0.965
2007 33 —47,248 0.158 0.962
2008 33 —50,826 0.159 0.964
2009 33 —46,783 0.161 0.961
2010 33 —48,317 0.162 0.962
2011 33 —49,013 0.165 0.959
2012 33 —56,324 0.177 0.956
2013 33 —55,719 0.177 0.956
2014 33 —52,376 0.179 0.955
2015 33 —54,946 0.176 0.956
2016 32 —54,992 0.187 0.959
2017 32 —51,997 0.189 0.965
2018 32 —48,416 0.192 0.970
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upward trend, rising from 0.143 in 1995 t0 0.192 in 2018, the constant column shows
the economic dependence on energy, which has been explained in sections above.
The negative figure shown in Table 1 means that the GDP is heavily rely on energy
consumption, and the situation could be gradually deteriorating if the government
and market do not take measures to increase energy efficiency, more wealth creation
means excessive unreasonable energy consumption due to intangible factors. Without
energy, nothing would be created and previous achievements would be exploited
without replacement, which is in according with contemporary EU population and
fictional state of no energy available, except for the solar energy.

Eventually, the model gives us a clear view on the relationship between economic
growth and energy consumption. From Table 1, we could see that the main factor
causing the GDP variation is the variation of energy consumption, it accounts for
at least 93.2% of GDP variation during the period of 1995 to 2018. According to
the results, most R2 are concentrate within the range from 0.93 to 0.97. Therefore,
the variation of energy consumption accounts for 93 to 97% of product variation.
This conclusion supports the assumption in this paper: Nowadays, energy is the
fundamental production factor in developed countries. However, EUROSTAT makes
no provision for data of profits share in GDP, which make it impossible for us to
identify if the rest 3—7% of the puzzle are rental or intangible factors.

6.1 Labor and Energy

Ancient basic inputs, such as crops, horses and trees are heavily relying on solar
energy. However, things have been changing all the time, nowadays, the price of
these inputs are mainly depended on the price of energy and labor. What’s more,
labor cost is primarily depended on energy price, which was especially obvious
compared with the oil price and electricity price (shown as Fig. 2). Figure 2 describes
annual percent change of seasonally adjusted average hourly earnings of production
and nonsupervisory employees in the private sector. It also describes annual percent
change of electricity consumer price index.

The data are selected from St. Louis in U.S. from 1968 to 2018 because of its
availability and it has enough time series for study. Figure 2 shows the correlation
between wages and electricity prices. Through calculations, the correlation coeffi-
cient between wages and electricity is 0.72, despite the orthogonal least squares’
coefficient of electric prices to wages is merely 0.37. Besides, using the model
with constant, the cointegration regression of the two variables is R? = 0.49, and
respectively R? = 0.73.

According to Fig. 2, not only the electric prices but also the hourly earnings saw a
steadily increase in a very long period of time, the electricity CPI rises to 6.87 times
of the 1967 level, hourly earnings rises to 7.27 times of the 1967 level.

For comparison, we have collected data of some OECD countries from 1995 to
2018, the results show similar picture (Shown as Fig. 3).
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Fig. 3 Basic index of consumer energy prices and wages during 1995-2018 period in OECD
countries; data source OECD, own calculations

According to Fig. 3, we could see wages growth has close relationship with energy
consumer price index from 1995 to 2018. We could get a regression equation between
the wage index 2018/1995 (y) and the energy CPI (x) with Mexico dummy:
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y = —0,07238 4 0.87137 x x — 8,37423 x Mexico

R> =0.943 (33)

Therefore, labor price percent changes could reflect energy price percent changes
in virtually 1:1 ratio in OECD countries. Through analyzing the U.S. and OECD
data, we could draw a conclusion that:

Labor price = constant X energy price (34)

For the long run, we could use any type of price P; of the production pyramid.
Some scholars might hold skeptical view on this matter, believing that the labor
price could only be replaced at the aggregate level. However, modern production is
an extreme complicated process, which contains all sorts of energy and labor factors
[22-24], in this paper, we assume (28) could be utilized in most of energy price
evaluation situations for the long run. Whereas, the variation of rental and subsidies
could lead to great fluctuation of energy price and the change could be much larger
than wage fluctuations.

What’s more, we could draw two possible explanations for the regression results.
First is the cost of energy determines the cost of labor and energy is the main input
for labor. Second is energy and labor are two factors which are close substitutes in
production process.

These two conclusions make it possible for us to replace labor for energy, or let
us make energy as the main input for labor in F, ... Fj production matrices.

6.2 Physical Capital

The utilization of energy and labor constitutes physical capital, thus, if we could
simulate the relationship between energy price and labor price, then it is easy for us
to express the physical capital in the form of energy prices. According to the analysis
in the section above, the relationship between energy prices and physical capital only
exists in the long run or in the case of slight changes of rental, taxes and subsidies.

Product could also be used as an important factor for us to figure out the rela-
tionship with energy prices and physical capital. Labor, land and capital are three
fundamental elements production factors. The cost of land could not express directly,
but it could be indirectly expressed by the labor and physical cost consumed in
obtaining fruits grown from land. Therefore, product is greatly influenced by the
energy consumption while labor and costs also influence energy price. What’s more,
physical capital price is heavily rely on energy price and its creation on energy
consumption. Based on the analysis above, it is clear that energy is the fundamental
input factor which constitutes physical capital creation and this could be served as
the assumption of CERM.
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7 Discussion

In the sections above, we try to figure out the relationship between energy efficiency
and energy price through mathematical modeling, we have found three reasons which
make CERM different from energy I/0O models:

Firstly, traditional energy input and output models are usually based on secto-
rial transaction matrices [25]. Whereas CERM uses the main input factors to
express production, which makes accounting available for circularities, containing
the consumption of final report.

Secondly, traditional input and output models usually divide output into two sepa-
rate types: the intermediate output consumed by the industry and the real ultimate
output. In reality, we found that this division unnecessary for discovering the rela-
tionship between energy efficiency and energy prices. On the contrary, it makes the
analysis much more complicated, which is actually pointless [8].

Thirdly, the goal of building energy input and output models are to simulate energy
flows in input and output matrices. The advantage of the I/O model proposed here
is that it has no units’ restrictions on input and output matrices for energy or money.
However, we need to use energy to express inputs and outputs to obtain energy
efficiency results, and energy inputs and outputs should be expressed in same units.

Other than the differences and advantages of CERM model, it also has some
limitations. Firstly, as traditional models, the results also rely on the quality and
availability of the input and output data. In other words, I/O prices are required for
calculation. In reality, due to the extreme complexity of I/O composition structure,
thus it is extremely difficult for us to figure out the exact structure of input and output.
Since shares of labor and physical capital are easy to know, then the way round would
be to assess that energy consumption structure for labor and physical capital.

Secondly, energy prices make another problem since they are highly influenced
by rental, taxes and subsidies, which makes a great difference between the energy
prices and the energy costs at times. This is not the case for input prices, we could
easily get them since they are priced in the output. If the rental, taxes and subsidies
are at the fundamental level of inputs, then it is possible for us to get reliable results
from the ratio of I/O unit prices. Whereas, in reality, the I/O ECR are more appli-
cable than the ratio of I/O energy unit prices in calculation process and we could
take advantage of levelized cost of energy to speculate the energy unit cost ratio.
However, since the energy return on investment (EROI) requires the comprehensive
analysis of intangible energy consumption, thus we could still use the energy unit
cost ratio to verify the accuracy of the results of energy return on investment despite
the complexity of the calculation process [26, 27].

The energy price speculation by some studies discover that traditional energy
prices are much cheaper than renewable biofuels. What’s more, they found that
photovoltaic and wind energy are more expensive compared with nuclear power and
other fossil fuels. PV do provide as one energy source, however, the utilization and
energy efficiency of photovoltaic is still pretty low in most areas [28]. It is also
the case in terms of wave energy since current technology is not able to ensure the
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sustainability of solar or wave energy. Fortunately, with the improvement of tech-
nology and the consideration of externalities of various energy sources, the problem
of sustainability of energy sources mentioned above could be improved.

At last, current energy policies fail to take the externalities during energy produc-
tion process into consideration. How to increase the energy storage efficiency is
another problem. Nowadays, the storage efficiency could reach to around 90%
through using the most efficient way to store energy, for instance, dams or compressed
air storage, except these storage methods, other methods like batteries could be too
expensive. Other externality problems such as deforestation, pollutant emissions and
soil compacting also need to be taken into account in producing biofuels, these prob-
lems could increase the exploitation cost of fossil fuels. Therefore, the additional
cost of these externality problems requires further studies by scholars because these
problems imply more energy consumption.

These problems tell us, in order to increase the computation accuracy, it is
extremely important to take the intangible environmental and social factors into
account when calculating energy efficiency. It is notable that some units of the envi-
ronmental and the social I/O factors should be transformed into energy metrics, the
input-output energy unit cost ratio could be an appropriate method in terms of units’
transformation.

Empirical analysis of the CERM model need to be further studied by scholars, as
it needs more literature review on methodology and input description.

8 Conclusions

Energy is of vital importance for the development of mankind, almost the develop-
ment of every aspect in our society (technology, agriculture, and military) is based
on energy consumption. Therefore, accurate evaluation of energy efficiency during
the production process could help scholars to find out the way to allocate resources
effectively and help governors to make appropriate energy policies. These reasons
require scholars to study and find out the best method for energy efficiency eval-
uation. There are lots of energy efficiency evaluation methods currently, whereas
these methods have shown different energy efficiency evaluation results, besides, the
difference between I/O price ratios and energy efficiency ratios call for an improved
energy efficiency evaluation model.

Since traditional energy efficiency methods make some limitations on system
boundaries, therefore there is no available EE method now to take all of the energy
demands into consideration during a complicated production process. What’s more,
capital and labor inputs are ignored by previous scholars when calculating energy
efficiency, which leads to the underestimation of intangible input energy factors and
causes the inaccurate results. Another problem which puzzles scholars is circularity.
All of the problems above call for a better model to estimate EE accurately. The check
for energy return on investment estimations’ accuracy is conducted in this paper.
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In this paper, production process is expressed through matrices without system
boundaries, the result shows that the ratio of energy I/O unit costs is the same with
EROI. What’s more, it is also the case for I/O unit prices under the assumption that
the shares of rental, subsidies and taxes of I/O price are the same. Since the huge
differences in energy prices, ECR could be a much better substitution for energy
price. It is notable that one need to figure out the energy inputs structure before using
ECR or EPR.

This paper also analyzes and explain the expression of labor and physical capital,
the conclusion shows that it is possible to express both of them in the form of energy.
In the long run, labor price has strong links with energy price. Moreover, 94-97%
of GDP changes for European countries could be explained by energy consumption.
At last, further improvement of the model is needed for externality problems (social
and environmental factors) and empirical analysis remains to be done by scholars.
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Optimization of Urban Electric Vehicle )
Rental Station Layout L

Bowen Gao

Abstract In recent years, in some large cities, overburdened car ownership has
brought serious congestion to urban roads Considering the influence of material
interests of both electric car rental companies and customers and the location of
the routing, Generally, the solution to the bi-level programming model is to solve
the lower-level programming by a given upper-level programming variable, find the
concrete form of the response function, and then substitute it back into the upper
layer. Of course, this is more difficult. In this paper, a heuristic algorithm is proposed
to solve this problem by the special form in the lower model a bi-level programming
model to describe the city electric car rental point layout optimization problem, and
solve the model. Finally, a numerical example is given to validate the model. The
results show that the method is effective and feasible.

Keywords Electric car - Timeshare rental + Bi-level programming model -
Heuristic algorithm

1 Introduction

With the outbreak of the second industrial revolution, the world automobile develops
rapidly. The popularity of cars began in the United States, followed by Europe and
Asia. In just 40 years, from 1950 to 1990, world car production increased 3.5 times,
from 8 million to 36 million. Car ownership increased eight times, from 50 million
to 440 million. In 2007, there were nearly 920 million cars in the world. Due to the
continuous rise of China’s economic, the number of private cars increased year by
year. In 2012, China’s private car ownership reached 93.09 million with an annual
growth rate of 18%. In recent years, in some large cities, overburdened car ownership
has brought serious congestion to urban roads. In 1991, the average speed of motor
vehicles in the city center was 15 km/h during the rush hour in Shanghai, and urban
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Table 1 Contribution rate of different pollution sources to atmosphric pollution in Tokyo

Source of pollution | Carbon monoxide | Nitrogen oxides | Nitrogen hydride | Sulfur dioxide
Factory 0.1 64.0 2.0 99.0

Airplane 0.2 0 0 0

Car 99.7 36.0 98.0 1.0

Total 100 100 100 100

residents wasted 240H in traffic jam on average in their lives. The traffic jams are
indirect waste of energy, and the emission of automobile exhaust, which is the main
source of air pollution like carbon monoxide, nitrogen oxides, hydrocarbons, sulfur
dioxide, also seriously affects our environment. For example, contribution rate of
different pollution sources to atmospheric pollution in Tokyo shown in Table 1 [1].

So, in June 2012 the state council promulgated the energy saving and the industry
development plan of new energy vehicles (2012-2020) [2]. In the plan, the electric car
was first defined as the key point of the technical route among new energy vehicles.
However, the production cost of the electric car is far higher than the average fuel
cars. The electric car battery technology is not matured and infrastructure supply
like charging posts in domestic has not been popular [3]. A multi-objective decision
model for optimal planning of charging station is established by using Monte Carlo
simulation method, and then transformed multi-objective optimization problem into
a single-objective optimization problem by using analytic hierarchy process. Finally,
an improved binary particle swarm optimization algorithm is used to determine the
candidate site and capacity of the charging station [4]. Before breakthrough of the
battery technology or complete of the infrastructure, people will not choose and
buy electric cars. Thus, the appropriate business model can be a good promotion on
electric cars.

Electric timeshare rental refers to an emerging business model in which an electric
car is assigned to different users in the different time. This model is less complex than
traditional car rental on hire formalities and more convenience than the net rental.
The electric car rental is more high-profile because of the environmental protection
effect and the stimulus of new energy industry policy. Because the timeshare rental
pattern of electric car just starts, it has significant social significance to study the
layout of rental station (Fig. 1).

An and Gao said a site selection model was established by minimizing the distance
from the user to the electric facilities and minimizing the duration of the electric cars
in the rental station [5, 6]. In the model, the influence factor of electric car rental
location was analyzed and the public service facilities principles are satisfied. Xian
said the layout of electric car rental station is illuminated considering the scale, the
density and the micro location of lease station [7]. Correia and Antunes said the
profits of car sharing organization are discussed by taking account of all revenues
and expenses according to mixed integer programming model [8]. Cepolina and
Farina said the scale of electric car rental system and car dispatch among different
rental station is studied [9].



Optimization of Urban Electric Vehicle Rental Station Layout 143

Fig. 1 Urban electric vehicle

The optimization of urban electric car rental station layout in its essence is akind of
selection problem about facility location, which is a collection of many optimization
problems. According to the current study, the solution of the problem can be divided
into three models: continuous model, discrete model and the grid model [10-13].

In Fig. 2, a given an area has a number of traffic plot. The problem of electric
car rental station selection is to identify the position of lease station and community
needs in the area by coordinating and optimizing lease demands. As shown in Fig. 3,
the black triangle indicates demanding position while the black dot points to optional
lease station.

Fig. 2 Rental station
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Fig. 3 The schematic diagram of urban electric car rental station layout plan

How to determine the layout of the electric car rental station, make the elec-
tric car rental revenue maximization, reduce the total travel cost and rental station
construction cost is the problem of this paper.

2 Model Establishment

2.1 Method of Model Establishment

Electric car rental point layout optimization issues, need to consider two aspects: first,
leasing companies and relevant departments need to put forward a reasonable layout
program makes the entire system travel costs and construction costs the lowest;
second, they need their own travel costs the lowest. We can think of the leasing
company as the decision maker in the whole planning, and the decision maker changes
the choice of the traveler by changing the size or location of the lease point, but
cannot control their choice. Travelers according to their own needs and travel habits
to choose electric car rental point. A double layer model | has been used in this paper,
as the problem contains two aspects.

2.2 Upper Model Construction

The upper model can be described as a decision-making department that can meet
the minimum cost of the traveler’s travel demand. The costs described here include
the cost of electric vehicles, charging piles and leasing point construction costs.
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The upper layer planning model can be described as:

min F = Z';:l (1X; + Y + 38))g; (1)
s.t. Z'::l a;ij¢ > 1 2

viz) ) Dy (3)

X;z) 0 “)

¢ efo, 1} (%)

where: n: the number of points required; m: the number of alternative leases; c;: the
price of electric vehicles; c,: the price of the charging pile; c;—the average cost per
square meter of the site; X;: the number of electric vehicles at the leasing point j; Yj:
the number of charging piles at the leasing point j; a;;: 0-1 variable, if #;; < 4y,
which means that the demand point i is covered by the lease point j, a;; = 1; otherwise
a;jj = 0. t;; represents the non-motor vehicle travel time from demand point to rental
point j, f,. means that the longest time people can tolerate for. ¢;: 0-1 variable, 1
means that construction lease has been built at point j, otherwise 0.

The upper model objective function is from the perspective of the electric car
rental company, the goal is to make its early construction costs the lowest. (2) ensure
that each demand point is covered by at least one alternative lease point; the (3)
indicates that the number of charged piles at point j is not less than the total number
of vehicles at point j; the (4) indicates that the number of electric cars should be less
than the total number of cars can be rented; (5) is constants of variable 0—1. In the
upper model, the number of rented vehicles O;; and the number of returned vehicles
D;; are obtained by the lower level model.

2.3 Lower Model Construction

Travelers who travel at various points of demand will estimate the travel expenses
for the leasing point. They will choose the lowest cost and the most efficient
leasing point at last. The following utility function can be used to describe
travel behavior [14]:

Uij =Vij +¢&ij (6)
where,

Ui;: the lease point j on the demand point i: traveler random utility value;V;;: the
lease point on the demand point i traveler fixed utility value; ;;: random error.
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We see the Logit model as a random utility model, For the lease point j, the
probability of being selected of the demand point i is p;;. It is assumed that the
random error ¢;; in the utility function is independent of each other and follows the
gamble distribution, then we can get:

e?Vii
Dij = < —gv_ (7N
J Zg:l EGV’
69\/,',
rij = (0; + D) pij = (O; + Dy) 3

Z?:l e?Vis

where O; and D; are the total number of rental cars of demand point i.
The lower model is [15, 16]: r;; < Ma;;¢;

minZ = Zi:] Z_j:l /(; Sfij(x)dx 9
s.t. ijl rij = 0 + D; (10)

rij < Maj;g; (11)

where f;;(x) refers to the generalized cost function of the demand point i at the j
th alternative lease point. This function increases as the demand increases, and can
be described as: f;;j(x) = élnx — Vij. M is a sufficiently large positive number.
Equation (10) indicates that all requirements can be met. Equation (11) can ensure
that the traveler can only return a car in the existed vehicle rental points.

3 Model Solving

Bi-level programming model belongs to the NP-hard problem, which is difficult to
solve. Ben-Ayad, Boyce et al. have conducted an in-depth discussion on the double
layer model, they argued that there is no polynomial solution for the NP-hard problem
[17]. At the same time, because of the non-convexity of the double layer model, the
difficulty of the solution is increased.

Generally, the solution to the bi-level programming model is to solve the lower-
level programming by a given upper-level programming variable, find the concrete
form of the response function, and then substitute it back into the upper layer. Of
course, this is more difficult. In this paper, a heuristic algorithm is proposed to solve
this problem by the special form of (11) in the lower model [18-20].
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For (13),if a;; =0 or {; =0, then r;; = 0, the constraint can be removed. If a;; =
1,¢; =1, thenr;; < M is an arbitrary number that can be removed by satisfying the
constraint. For a fixed a;; or ¢;, the constraint conditions in the lower level model
can be omitted. The (11) can be transformed into the following form:

rij = Maijg; — yij (12)

In (12), y;; represents the relaxation variable, when a;; = 0 or ¢; = 0, the values
of r;; and y;; can be obtained directly. When a;; =1, {; = 1, the existing method can
be used to solve the lower level model, and calculate the equilibrium state of the r;;
The (12) can be used to calculate the value of the slack variable y;;. The relationship
of all response functions can be described as.

We will be substituting (13) into the upper objective function to solve it. Using the
optimal solution to solve the lower problem, you can achieve the user’s satisfaction.
We can get a new location scheme by repeating this idea, and finally hope to converge
to the optimal solution of the two-layer model. The calculation steps are as follows:

rij = Ma;g; — v} (13)

Step 1: Set an initial feasible solution ;“;’, and the iteration step k = 0 at this time;

Step 2: For a given solution g“]’f for the upper model, solve the lower model and
k.
ij
Step 3: According to (13), y}; is calculated and the relation ri; = Ma;;¢; — yf;
is substituted into the upper objective function. The upper problem is solved by

branch and bound method, and a new set of solutions §f+1 is obtained;
Step 4: If | Z¥+! — Zk| < ¢, stop iteration, otherwise let k = k + 1, turn to Step
2. ¢ is iterative precision.

getr

4 Analysis of Examples

We give an example to verify the two-layer model in the optimization of urban
electric car rental station layout. The numerical values in the example are assumed.
In practice, data acquisition requires observations of the field.

In Fig. 4, its central area @ is the city’s CBD and the area @, @, ® are three traffic
areas. The problem of the urban electric car rental station layout is to optimizing
demand locations and identify the position of lease station and community needs.
As shown in Fig. 3, the black box indicates demanding position while the red dot
points to optional lease station.

According to the distance between the demand locations and the lease stations,
the relationship between each demand location and the lease stations are shown in
Table 2:
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Table2 The relationship Demand location Alternative lease station
between each demand
location and the lease stations 1 1

2 1

3 2.3

4 2

5 4

6 5

Fig. 4 The schematic
diagram of traffic area
division and alternative @ ®
locations
e {3>
3nm
CBD
on /@
o<1> 6m * <25
e <{5H>
lm
4m
Hm *<4>

As shown in Table 2, we have

(,l,'j =

S O O O =
S O O O =
S O = = O
S O O = O
S = O O O
- o O O O

According to the algorithm steps:

Step 1: Initialization. Supposing that all the optional locations are to build lease
stations, variable ¢ = (1,1, 1,1, 1) and k = 0.

Step 2: Solving the lower model. Get the r;; distribution under the equilibrium
condition and obtain the relationships between the reaction functions.
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Fig. 5 The result of \
MATLAB simulation

Step 3: Getting the corresponding linear relationships according to the corre-
sponding conditions and plug into the upper level model.

Step 4: Using the branch and bound to calculate a new site selection plan { =
(1,1,1,1, 1).

Step 5: Verifying the convergence.

Finally, we used MATLAB software for the simulation. The result is shown in
Fig. 5.

According to Fig. 5, we can find that compared with other alternative locations,
the numbers of user who select the optional location 4 is far less than other locations
and the highest amount of choice is the CBD area, which is consistent with the actual.

5 Conclusions

The author expresses the optimization of the layout of urban electric vehicle rental
points with the two-layer planning, and fully considers the interests of rental compa-
nies and users. The rental companies and relevant departments need to minimize the
travel cost and construction cost of the whole system through a reasonable layout
plan. For the driver, they need their travel cost is the least, which is more in line
with the actual situation. Finally, a simple example is used to solve the model, and
MATLAB software is used for verification. The experimental results show that the
model and algorithm proposed by the author are feasible and effective and are signi-
ficative to the production practice. Tn reality, the lease points, including the human
cost, social cost, population density, the university area, jobs, retail and entertainment
district, tourist attractions, transport hub and transit stations, need actual monitoring
data acquisition, and are much more complex compared with the numerical example.
Because of the dynamic nature and uncertainty of each data and other factors, it is
necessary to use more effective algorithm to solve the model, which is also the
author’s next in-depth research direction.

References

1. Feng, Y. Y. (2014). Study on layout method of public bicycle rental station. M.S. thesis,
Chang’an University, Xi’an.



150

2.

12.

13.

14.

15.

16.

17.

18.

19.

20.

B. Gao

Energy saving and new energy automobile industry development planning. (2012). The State
Council of China. Retrieved September 07, 2012, from http://www.gov.cn/zwgk/2012-07/09/
content_2179032.

. Ouyang, G. M. (2006). Chiese strategies and countermeasures for energy saving and vehicles

with new types energy. Automotive Engineering, 4, 317-321.

. Wang, H. (2013). Planning and operation of electric vehicle charging stations. M.S. thesis,

Zhejiang University, Hangzhou.

. An, S.,Zhao, X. C., & Wang, J. (2006). Study on the layout of electric vehicle rental. Highways

& Automotive Applications, 1, 33-36.

. Gao,C.W.,, Zhang, L., Xue, F., & Liu, H. C. (2012). Grid planning considering capacity and site

of large-scale centralized charging stations. In Proceedings of the CSEE (Vol. 34, pp. 41-46).

. Xian, W. W. (2016). Research on the operation mode of electric vehicle’s time - sharing lease.

M.S. thesis, North China University of Technology, Beijing.

. Correia, G., & Antunes, A. P. (2012). Optimization approach to depot location and trip selection

in one-way carsharing systems. Transportation Research Part E Logistics & Transportation
Review, 1, 233-247.

. Cepolina, E. M., & Farina, A. (2012). A new shared vehicle system for urban areas.

Transportation Research Part C Emerging Technologies, 1, 230-243.

. Zhu, H. C. (2009). Research and application of facility location. M.S. thesis, University of

Science and Technology of China, Hefei.

. Hu, Y. C, Chen, Z. W., & Huang, J. X. (2017). Location model for public electric bicycle rent

based on bi-level programming. Journal of South China University of Technology (Natural
Science Edition), 45, 118-123.

Ni, Y., Zheng, C. J., & Li, R. (2017). Study on location of public bicycle rental points based
on bi-level programming model. Journal of East China Jiaotong University, 34, 46-52.

He, L., Chen, D. W., & Li, X. H. (2012). An optimization model of the layout of public
bike rental stations. Journal of Wuhan University of Technology (Transportation Science &
Engineering), 36, 129-133.

Shelli, Y. (1984). Urban transportation networks. Englewood Hills: Prentice-Hall Inc.

LL T. T. (2010). Study on the location planning of urban public bicycle lease point. M.S. thesis,
Beijing Jiaotong University, Beijing.

Li, E. T, Tang, X. F,, & Hu, S. J. (2004). Bi-level programming model for logistics network.
Journal of Systems Engineering, 19, 8—13.

Ben-Ayed, O., Boyce, D. E., & 1ii, C. E. B. (1988). A general bilevel linear programming
formulation of the network design problem. Transportation Research Part B Methodological,
4, 311-318.

Sun, H. J., & Gao, Z. Y. (2003). Bi-level programming model and solution algorithm for
the location of logistics distribution centers based on the routing problem. China Journal of
Highway and Transport, 2, 115-119.

Zhang, M. (2008). Research on multi-objective school bus route optimization based on bi-level
programming, M.S. thesis, Southwest Jiaotong University, Chengdou.

Zhao, T., & Gao, Z. Y. (2003). The bi-level programming models in the urban transport network
design problem. China Civil Engineering Journal, 36, 6-10.


http://www.gov.cn/zwgk/2012-07/09/content_2179032

The Effect of Sci-Tech Finance )
Investment on Innovation of TMT Gy

Industry: An Empirical Research Based
Panel Date Model

Yaoyao Zhang

Abstract Innovation is the key to the development of Chinese New Economy, and
the improvement of innovation ability needs strong financial support. TMT industry,
an important part of China’s strategic emerging industries, has contributed the largest
technological advancement in the past few decades with the help of government.
Based on this, this paper selects panel data of 100 listed companies in A-share TMT
industry from 2013 to 2017 as samples to empirically test the impact of sci-tech
finance investment on the improvement of innovation level. The main conclusions
are as follows: Firstly, enterprises’ innovation investment and venture capital have a
significant positive effect on innovation of TMT industry, while government financial
expenditure on science and technology and commercial bank credit have no signif-
icant impact on innovation of TMT industry, sometimes government support even
shows restraint. Secondly, there are significant regional differences in the impact of
sci-tech finance investment on innovation performance of TMT industry. At the end
of this paper, some reasonable suggestions for the result are offered.

Keywords Sci-tech finance - Innovation - Regional differences - Panel data

1 Introduction

With the strong support from national policy, the scale of Chinese New Economy
has approached 30 trillion yuan in 2017, accounting for more than 30% of GDP.
Innovation is not only the key of developing the new economy, but also the way
to implement the strategy of innovation-driven development in the current stage of
China. As an important part of the new economic industry, TMT industry has made
the greatest contribution to technological innovation in the past decades, played an
important role in industrial restructuring and upgrading. It has been an important
driving force for global economic growth in the past decades, and will also become
a new engine leading China’s economy in the future.
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The innovation of TMT industry can’t be separated from the support of science
and technology service system, in which the financial service system is a vital part.
The financial service system constitutes the basic force of the science and technology
service system by providing liquidity and research and development funds for new
economic industry companies to promote their technological innovation.

In the context of the new economic era, it is of great significance to enhance the
innovation ability of TMT industry through the support of sci-tech finance invest-
ment to accelerate industrial restructuring and upgrading. Based on this, this paper
intends to make an empirical analysis of the impact of sci-tech finance investment on
innovation of TMT industry, and provide reasonable suggestions for the integration
of sci-tech finance investment and new economy in China.

2 Concepts and Literature Review

2.1 TMT Industry

TMT is the abbreviation of technology, media and telecom, appeared in the era
background of continuous integration and development of communication, internet
and information technology. The TMT industry, which is also called digital media
industry, is a growing industry connecting the high-tech industry and communications
industry based on the Internet. Specifically, it includes several areas: software and
services industry, technical hardware and equipment industry, semiconductor prod-
ucts and equipment industry, telecommunications industry, consumer electronics
industry, home appliances industry and media industry.

The TMT industry is a high return, high risk industry, with the characteristics of
rapid development of industry size, market changes rapidly, product updates fast and
high washing out rate. Because of these characteristics, TMT industry has become
the capital favored target, especially venture capital. Even if the market environment
fluctuates and the investment climate is not prosperous, venture capital institutions
are still confident in the TMT industry, which has made the TMT industry always a
battleground for capital competition. With the influx of large amounts of capital, the
TMT industry will have a more positive future in a long time. Around the world, well-
known companies in the industry includes some billion dollar companies, such Face-
book, Google, Amazon and so on. In China, not only some giant industry companies
such as Tencent, Alibaba, Baidu and Jingdong have emerged, but also some so-called
unicorns such as ByteDance, Meituan, and Didi. These outstanding companies set
a good example for other companies of TMT industry in China and point out the
direction for future development.

As an important part of China’s strategic emerging industries, it has contributed
the largest technological advancement in the past few decades with the help of
government.
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2.2 Sci-Tech Finance

Sci-tech finance is the abbreviation of sci-tech finance. The so-called sci-tech finance
is a financial system design for promoting technology innovation of high-tech enter-
prises. There are two traditional channels of sci-tech finance: one is government
funds, which aimed to guide private capital into high-tech enterprises; the other are
diversified equity financing channels for high-tech enterprises. Specifically, including
the following: government support, technology loan and multi-hierarchy capital
market and so on. Based on the existing research and the definition of sci-tech finance,
this paper constructs the index system of sci-tech finance from four aspects: enter-
prise innovation investment, government innovation support, commercial bank credit
and venture capital.

2.3 Relevant Literature

The science innovation needs the support of capital. The high risk and high return
of scientific and technological innovation can fully exert finance’s functions of
spreading risk. In this way, the integration of technology and finance came into
being, and sci-tech finance came into being. Some scholars believe that sci-tech
finance provides financial support for scientific and technological innovation, thus
improving enterprises’ scientific and technological innovation ability; also has a
scholar to think that the speculative nature of financial capital will lead to the emer-
gence of staged mismatches in financial and technological innovation. Specifically,
in the early stage of research and development, the financial capital input is small,
while when the innovation indicates a promising future for modest profit, there will
be a large influx of capital. From this point of view, sci-tech finance is not conducive
to the improvement of science and technology innovation ability.

The research on the influence of finance on scientific and technological innova-
tion started from economist Schumpeter. Schumpeter pointed out that financial vari-
ables play an important role in economic development and enterprise innovation. He
believed that enterprise innovation is closely related to financial capital.

Foreign scholars did not put forward the concept of sci-tech finance, but they
studied the relationship between financial capital and innovation from the macro and
micro levels. Many foreign scholars have paid attention to the channels through which
sci-tech finance acts on enterprises’ innovation. For example, King and Levine used
the endogenous growth model to make empirical analysis, tested the various channels
through which finance promotes technical innovation of enterprise [1]. George and
Prabhu argue that compared with commercial financial institutions, market-oriented
financial markets represented by venture capital play a more significant role in
promoting innovation. Sasidharan et al. constructed a model based on Euler equation,
and through empirical analysis, found that the amount of R&D expenditure of enter-
prises was affected by their own profitability and external financing ability. There was
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a significant positive correlation between variables [2]. Po-Hsuan studied the panel
data of several countries and compared the effects of stock financing and credit
financing. The empirical results show that compared with endogenous financing,
external financing can significantly improve the innovation ability of enterprises [3].

In China, the concept of Sci-tech finance was first put forward by Zhao, a domestic
scholar. In his opinion, sci-tech finance is a system consisting of a series of financial
instruments, institution, policies and services, aiming at promoting science and tech-
nology innovation. Its main participants include government, enterprises, markets
and social financing institutions [4]. Lu and Han selected high-tech industries as
samples and the empirical results show that sci-tech finance can effectively promote
technological innovation, but there are regional differences, and there are different
performances in different stages [5]. Zhang and Zhao based on China’s provincial
panel data, combined with dynamic and static analysis methods, verified the time
effect of sci-tech finance on innovation: sci-tech finance can improve innovation
performance in the short term, but there is no positive relationship in the long term [6].
Qian and Zhang selected A-share listed companies as samples to verify the positive
relationship between sci-tech finance and enterprise R&D expenditure. They found
that sci-tech finance provides support for enterprises’ R&D investment by providing
liquidity, effectively alleviating financing constraints [7]. Cao tried to construct an
evaluation system of sci-tech finance. Taking Hubei Province as an example, he built
a co-integration model to analyze the relationship between sci-tech finance and tech-
nological innovation. Empirical evidence also verified the role of sci-tech finance in
lifting enterprise ability to innovate [8].

In summary, there are many meaningful studies on the impact of sci-tech finance
investment on innovation by scholars at home and abroad, and the results are quite
rich, but little attention has been paid to the research on TMT industry. TMT industry
is the backbone of China’s economic transformation and the leader of developing
new economy and fostering new momentum. In the context of global competition
for new economic development, it is of great significance to enhance the innovation
level of TMT industry for the development of emerging industries and the realization
of high-quality economic growth. Therefore, based on the A-share TMT industry,
this paper selects panel data of 100 listed companies in A-share TMT industry from
2013 to 2017 as samples to empirically test the impact of sci-tech finance investment
on the improvement of innovation level.

3 Theoretical Basis

Perez analyzed the relationship between financial capital and technological innova-
tion from the perspective of technology and economic paradigm evolution. He studied
the influence of financial capital on major scientific and technological innovation
from four period of a company: start-up period, growth period, maturity period and
recession period. He stressed that financial capital enters this field crazily to obtain
huge profits during the growth and maturity stage of the technological revolution,
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while during the recession stage of the technological revolution, financial capital
will withdraw from relevant fields and turn into idle capital to invest in other fields.
Hongxing yin believe that knowledge innovation is the front end of scientific and
technological innovation and the source of scientific and technological innovation.
In this stage, the innovation achievements are basic and public, so the government
investment should be the main part of the capital investment in this stage. However,
in the later stage of scientific and technological innovation, that is, the stage of the
industrialization of innovation achievements, due to the clear market orientation and
investment interests, financial capital will generally actively intervene in this stage.

According to the theory of financial function, the science and technology finance
can act on enterprise innovation activities through project screening mechanism,
investment demand matching mechanism, information transfer mechanism, etc. A
developed sci-tech finance system can better mobilize idle capital, increase the effi-
ciency of matching between investment and demand, so as to provide full capital
support for innovation projects. At the same time, the improvement of sci-tech
finance can help investors to increase confidence in investment to create greater
value for the enterprise with spreading risk effectively. Through more effective risk
diversification mechanism, investors with low risk tolerance can participate in the
financing of innovation projects. The influence of sci-tech finance on enterprise
innovation activities has two sides, on the one hand, sci-tech finance provides finan-
cial support to strengthen enterprise innovation activities, improves the enterprise
financing constraints, so as to promote enterprise innovation activities. On the other
hand this financing constraint mitigation effect is inclusive, that means that when
supporting individual businesses, competitors in the industry can also benefit from
it. The result is an increase in market competition and a reduction in innovation
revenues, which in turn inhibits corporate innovation activities.

The above theory illustrates the mechanism and path of science and technology
finance to innovation.

4 Research Design

4.1 Selection of Technology and Finance Index

There are many studies on the evaluation index of sci-tech finance. Based on the
existing research and the definition of sci-tech finance, this paper constructs the
index system of sci-tech finance from four aspects: enterprise innovation investment,
government innovation support, commercial bank credit and venture capital. The
specific meanings of the indicators in this paper are as follows:

(1) Enterprise’s own innovation expenditure (R&D). Choosing the research and
development funds invested by TMT industry companies in innovation activ-
ities, this index describes the investment of TMT industry companies in
innovation.
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(2) Government innovation support (Gov). Selecting the proportion of science and
technology expenditure in the local government’s financial expenditure in the
innovation activities reflects the intensity of financial investment in sci-tech
finance, describes the government’s investment in innovation of TMT industry
company and its importance.

(3) Commercial bank credit (Bank). This paper describes the support of commercial
banks for sci-tech innovation of TMT industry by using the ratio of loan quota
of commercial banks to GDP of provinces where the company is located.

(4) Venture capital (VC). Using the annual total of venture capital in the company’s
location to describe the support of venture capital for sci-tech innovation in
TMT industry.

4.2 Selection of Technology Innovation Index

The evaluation of enterprise innovation performance is always the hotspot of
researches, as innovation is difficult to observe. Innovation is preceded by various
factors, such as person, capital, technique, market information and so on. There-
fore, it is difficult to directly quantify the innovation performance. Therefore, the
existing research measures technological innovation by constructing alternative indi-
cators. There are three common indicators for quantifying technological innovation:
research and development investment intensity, patent application number and total
factor productivity. However, due to the different focus of different studies, there are
also some differences in the specific indicators selected by relevant studies.

The direct goal of innovation in enterprise is the commercial application of new
technologies. Therefore, this paper uses revenue of core technological products (Rev)
to measure technological innovation. The so-called revenue of core technological
products refers to the income of enterprises through technological innovation. The
rationality of this index is embodied in that the purpose of technological innovation
of TMT industry enterprises is to obtain income through marketization, and it has
better comparability.

4.3 Selection of Control Variables

Enterprise sci-tech innovation performance is affected not only by external financing
channels such as sci-tech finance, but also by internal environment. In order to elim-
inate the interference of other factors on the results and eliminate the bias caused
by multiple collinearity on the empirical results, this paper also chooses enterprise
size and profitability as control variables. This paper chooses total assets to describe
enterprise size (Size), and chooses return on net assets to describe profitability (ROE).
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4.4 Model Building

To analyze the impact of sci-tech finance on technological innovation of TMT
industry, the following econometric models are constructed based on previous
research.

Rev = By + B1R&D + Bysize + B3ROE + ¢, (1)
Rev = By + B1Gov + Basize + BsROE + ¢, 2)
Rev = By + Bi1Bank + Bysize + B3ROE + & 3)
Rev = By+ B1VC + Brsize + B3ROE + & %)

Rev = By + B1R&D + B,Gov + BsBank + B4V C + Bssize + BgROE + &,
&)

Among them, Rev stands for the technological innovation performance of TMT
industry, R&D stands for technology innovation input of enterprises, Gov stands for
technology innovation input of government, Bank stands for the loan of commercial
banks in technological, VC stands for the venture capital support in technological
innovation. In model 1-4, we explain the effect of sci-tech finance investment on
innovation separately by each sci-tech finance index, while in model 5, we use four
sci-tech finance indexes to explain the effect simultaneously.

4.5 Data sources and Descriptive Statistics

At present, there is no unified statistical data on TMT industry classification in China.
This paper selects the data of TMT listed companies for empirical analysis. In terms
of data selection, companies or enterprises providing products or services jointly
constitute an industry, and industrial development is embodied in the development
status of companies within the industry. The economic value and market performance
achieved by the two should be logically consistent. However, the listed companies, as
the representatives of the companies with relatively perfect management mechanism
and stable business performance, the development status of listed companies can
represent the growth of the industry to a large extent. Based on this, the data of TMT
industry listed companies are selected to empirically investigate the effects of science
and technology finance

In order to make the sample more representative, this paper chooses the sample
companies of China’s A-share TMT industry concept stocks as the empirical object.
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Table 1 Variable description statistics

Variable Mean value Standard deviation Maximum Minimum
Rev —3.604507 0.995984 9.568240 —0.478240
R&D —8.002308 0.995984 8.394690 —0.946450
Gov 0.024985 0.035629 0.056783 0.008345
Bank 0.163325 0.042629 0.270069 0.080870
VC —4.628907 0.995984 1.654110 —1.126720
Size —1.837807 0.995984 9.333680 —0.428140
ROE 14.72352 15.74672 133.0600 —116.3400

Because of the serious lack of R&D input data before 2013, it chooses 2013-2017 as
the time span. Finally, 100 companies from 19 provinces and municipalities enter the
sample set. The company’s core technology product income, enterprise innovation
investment, commercial bank loans, total assets, return on net assets come from the
wind consulting financial terminal. The balance of bank loans, government financial
expenditure on science and technology, and regional GDP come from China Statis-
tical Yearbook, and the amount of regional venture capital comes from China Equity
Investment Market Annual Report issued by the Research Center of Qing Dynasty.
If the original data is missing, the exponential smoothing method is used to make up
for it. The descriptive statistics of the above data are shown in Table 1.

5 Empirical Analysis
5.1 General Empirical Analysis

Firstly, this paper uses fixed effect and random effect models to regress the above
models. Fixed effect models are selected according to the test results, and the data
are brought into model 1-5 to get the overall empirical results, as shown in Table 2.

According to the regression results in Table 2, the R&D, stands for enterprises’
own innovation investment, are positive in both model 1 and model 5 with the
1% level of significance, which indicates that the impact of TMT enterprises’ own
innovation investment on innovation performance is significantly positive. For TMT
industry companies, which are characterized by technological innovation and busi-
ness model innovation, efficient and sustainable innovation is the magic weapon
to form their core competitiveness and construct competition bulwark. Therefore,
companies in the industry are always concerned about the direction of market devel-
opment and the trend of technological innovation. Therefore, compared with the
government and banks, companies in the industry can carry out innovative activities
more targeted. Their innovative resources input can bring more effective innovative
output, improve the overall innovation level of TMT industry, and drive the whole
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Table 2 General empirical analysis

Variable Model 1 Model 2 Model 3 Model 4 Model 5
R&D 0.287° 0.281°"
(11.424) (11.158)
Gov —0.480 3.583"
(—0.561) (1.609)
Bank —1.545 —1.083
(—1.445) (=1.210)
vC 0.210™ 0.186™
(2.323) (2.806)
Size 0.716™" 0.802""* 0.808"" 0.810™" 0.724™"
(28.394) (29.358) (29.714) (29.630) (28.415)
ROE 0.001 0.001 0.001 0.001 0.001
(0.780) (0.812) (0.692) (0.704) (0.896)
R2 0.713 0.638 0.642 0.642 0.718

industry to continuously pursue cutting-edge technology and improve innovation
efficiency.

In model 2, the coefficient of government innovation expenditure (Gov) is signif-
icantly negative and less significant, but in model 5, the coefficient of government
innovation expenditure (Gov) is positive and significant at the statistical level of 10%.
The results show that the impact of government innovation expenditure on innova-
tion performance of TMT industry is weak. The reason may be that in terms of
innovation, enterprises play a major role in promoting technological change, while
the government and scientific research institutes only provide supporting services
for industrialization. At the same time, many local governments are facing the same
homogeneous predicament as enterprises in the competition. How to determine their
participation degree in the development trend of industry, how to evaluate the inno-
vation investment, and how to formulate corresponding industrial policies are all
administrative risks faced by the government. Some local governments pay more
attention to short-term benefits because of short-sighted tenure, but the return cycle of
TMT industry technology innovation is longer, which results in insufficient govern-
ment investment. On the other hand, some local governments invest too much in
technological innovation in the industry, but the crowding-out effect of enterprises
is greater than the promotion effect, thus inhibiting the improvement of innovation.

In model 3 and model 5, the coefficient of bank credit (Bank) is negative, contrary
to expectation, but it is not statistically significant. It also shows that commercial
banks have no significant effect on the innovation ability of companies belong to TMT
industry. The reason is related to the “big enterprise bias” of domestic commercial
banks in credit work. As most TMT industry companies are in the early stage of
life cycle with short listing time and inadequate accumulation of assets, unable to
obtain sufficient credit funds from commercial banks. Some scholars have studied
the problem of insufficient financing of scientific research investment by banks for
small and medium-sized technological enterprises. Xu argued that due to the high
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risk and long cycle of scientific research and development of small and medium-sized
technological enterprises, the bank’s credit supply for such enterprises is insufficient,
and its support for technological innovation of them is limited.

In model 4 and 5, the coefficient of VC is positive and significant at 5%, which
indicates the effect of venture capital on innovation performance of TMT industry is
significant. Due to insufficient access to bank credit in TMT industry, TMT industry
companies are more likely to resort to venture capital institutions for financing to
carry out innovative researches. TMT has also been favored by venture capital. The
investment in TMT industry accounts for an important proportion of the total private
equity and venture capital investment. In 2017, the total investment is 141.951 billion
US dollars, of which the investment in TMT reaches 72.762 billion US dollars,
accounting for 51.2%, the half of the industry investment. A large influx of venture
capital has injected energy into the development of TMT industry and contributed
significantly to technological innovation.

From the perspective of control variables, the coefficients of Size in model 1 and
model 5 are significantly positive. Enterprises’ scale is the foundation to carry out
the technical innovation, so it can pose a significant positive impact on innovation
efficiency of TMT industry. The coefficient of return on net assets (ROE) is positive
but not significant, indicating that the level of corporate profitability has no significant
impact on technological innovation in TMT industry.

5.2 Region-Based Empirical Analysis

In China, regional economic development is uneven. TMT industry, as a representa-
tive industry of the new economy, has also shown different stages of development and
characteristics in different regions. Therefore, this part divides the sample companies
into three regions: east, middle and west, and explores the impact of sci-tech finance
on regional TMT industry innovation. The empirical results are shown in Table 3.

According to the empirical results at the regional level, R&D is positive in the
eastern and central regions and significant at the level of 5% or 1%, especially in the
eastern region, which shows that the innovation performance of TMT industry in the
eastern region is higher. The coefficient of western region is negative and significant.
The reason may be that enterprises in the western region are limited by the level of
regional economic development and lack sufficient funds for high-risk innovation
activities.

The coefficient of government support (Gov) is positive in the East and west,
but not significant. The coefficient of central region is negative, and passed the 10%
significance level test. As mentioned above, there are insufficient or excessive govern-
ment support for enterprise innovation, which leads to misallocation of resources and
even inhibits the central region.

The results show that the impact of bank credit on innovation performance of
TMT industry is limited nationwide. As mentioned above, there is a preference for
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Tabl.e.3 Region'— based Variable The east The middle The west
empirical analysis - -
R&D 0.295""* 0.082"" —0.136™
(10.628) (2.858) (—2.282)
Gov 2.983 —3.973" 15.31
(1.077) (—1.981) (0.752)
Bank —0.976 —0.487 —0.297
(=0.957) (—=0.575) (=0.131)
vC 0.165" 0.058" 0.216
(2.677) (1.987) (1.161)
Size 0.721°" 0.809" 1.102"*
(26.402) (4.617) (9.550)
ROE 0.001 0.004™" —0.002
(0.674) (2.068) (—0.842)
R? 0.720 0.719 0.956

large enterprises in bank credit, and information asymmetry leads to a consistent
trend in different regions.

In each model, the coefficient of venture capital (VC) is positive, but only the
eastern and central regions pass the significance test, the western region is not signif-
icant, and the coefficient of the eastern region is significantly higher than that of the
central region. This is related to the fact that China’s venture capital organizations
mainly gather in the eastern region, especially in Beijing and Shanghai. Meanwhile,
the TMT industry in the eastern region is developing actively and has stronger innova-
tion ability. It is easier to get the support of venture capital by integrating geographic
and conditional advantages, which plays an important role in its own technological
innovation.

6 Conclusions

TMT industry, an important part of the new economy, will become a new engine
leading China’s economy in the future. It is of vital significance for China to imple-
ment innovation-driven development strategy at the current stage by places a high
importance on the role of sci-tech finance to help foster technological innovation
of TMT industry. Based on the analysis of the key factors affecting the innovation
capability of TMT companies in China, this paper selects panel data of 100 listed
companies in A-share TMT industry from 2013 to 2017 to test the impact of sci-tech
finance investment on the improvement of innovation. The main conclusions are as
follows.

(1) During the period of investigation, among the various financial indicators of
science and technology, enterprises’ own innovation investment and venture
capital contributed significantly to the innovation performance of TMT industry,
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while government financial expenditure on science and technology and commer-
cial bank credit did not play a significant role. At the same time, there are
significant regional differences in the impact of sci-tech finance on innovation
performance of TMT industry.

(2) From the perspective of control variables, firm size has a significant impact

on innovation performance of TMT industry, while asset profitability has no
significant impact on innovation.

The conclusion of this paper has important enlightenment significance for

promoting the role of sci-tech finance in the new economic innovation represented

by

TMT industry.

(1) Strengthen the guiding role of government financial funds and enhance the

efficiency of government financial funds for innovation. On the one hand, we
should increase the proportion of scientific and technological expenditure in
financial expenditure, and at the same time give full play to the guiding role
of public funds in science and technology in industrial upgrading. We should
also improve the mechanism of supervision and utilization of public funds in
science and technology to prevent abuse of fiscal preferential policies.

(2) Further improve the participation of commercial banks in the new economic

3

industry. Empirical results show that commercial banks still have “big enterprise
bias” when granting credit, and give little support for TMT industry.
Therefore, they can specially create targeted financial products for TMT industry
and further broaden financing channels for TMT industry.

Support the development of venture capital institutions of each region. Venture
capital is an important financing channel for TMT industry, which ensures the
efficient implementation of innovative activities in TMT industry. We should
actively support the development of regional venture capital institutions, and
give appropriate policy support and tax preferences to venture capital funds
invested in TMT industry.
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Feiyan Du, Yuju Li, Jiarui Chen, Yue Han, Ying Xu, and Jingyi Wang

Abstract Employee stock ownership as an incentive method has an important
impact on business performance and value. This paper uses the panel data of listed
companies over the period 2015 to 2017 to test the impacts of employee stock owner-
ship on corporate performance and corporate value. It is found that the implemen-
tation of employee stock ownership by listed companies can significantly improve
corporate performance and corporate value. The high-tech enterprises and non-high-
tech enterprises are grouped and tested as the standard. It is found that the effects
of employee shareholding implementation are significantly different. The effects of
high-tech enterprises in implementing employee stock ownership are better than that
of non-high-tech enterprises.

Keywords Employee shareholding + Corporate performance + Corporate value
1 Introduction

In the past 30 years, China’s employee stock ownership has undergone several
policy adjustments due to the development of corporate-owned enterprises and the
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restructuring of state-owned enterprises. In June 2014, the China Securities Regula-
tory Commission issued the “Guiding Opinions on the Pilot Implementation of the
Employee Shareholding Plan for Listed Companies”. It marks that China’s employee
stock ownership plan has moved towards a new era of standardization, systemization
and proceduralization. Under the background of mixed ownership reform and with
the standardization of the employee stock ownership, it is very practical to study the
effects of employee stock ownership in Chinese listed companies in that it is not
only based on comprehensive and time-sensitive data, but also is beneficial to the
development of China’s employee stock ownership system.

In the analysis of the effects of employee stock ownership, domestic scholars’
research mainly focuses on evaluating the effect of employee stock ownership from
the perspective of wealth effect, namely, internal and external situations and corporate
performance. It is believed that employee equity distribution enhances employee effi-
ciency, and has a positive impact on corporate performance in the short term. Foreign
scholars pay more attention to evaluating the effect of employee stock ownership
from the perspective of incentive effect. Although domestic and foreign scholars
have studied the implementation effect of employee stock ownership from different
aspects, there is no unified conclusion that employee stock ownership has posi-
tive impacts on corporate performance and value. In addition, given China’s special
economic system and social environment, as well as the continuously improving
policy system, Chinese employees have certain innovations in terms of models,
systems and scales. Hence, it is necessary to further explore the effects of imple-
menting employee stock ownership in China. Moreover, the data of previous studies
on supporting conclusions are not comprehensive enough and lack time-sensitivity.
Therefore, based on the previous research results, this paper mainly uses the method
of multiple regression analysis to establish a regression equation model, empiri-
cally test the effects of employee stock ownership on incentive effect and wealth
effect from the aspects of enterprise performance and enterprise value, and conduct
group inspections research on high-tech companies and non-high-tech enterprises.
The study found that the implementation of employee stock ownership by listed
companies can significantly improve corporate performance and corporate value. In
addition, the effects of employee stock ownership are different between high-tech
enterprises and non-high-tech enterprises. The effects of the former are better than
the latter.

The contributions of this paper are mainly reflected as follows: Firstly, this paper
studies the effects of listed shareholding from the aspects of corporate performance
and corporate value which supplements and improves the existing literature on the
analysis of the effects of listed shareholding. Secondly, the previous studies rarely
involved data after 2014, while this paper has taken advantage of the lasted data,
which will help people have a better understanding of the effects of the employee
stock ownership in Chinese listed companies.

The next section of this paper is the theoretical analysis and empirical hypotheses.
Section 3 is the research design. Section 4 is the empirical analysis. Section 5 is
robustness test. Section 6 is conclusion.



The Effects of Employee Stock Ownership ... 167

2 Theoretical Analysis and Research Hypotheses

Rosen believes that employee stock ownership has a positive effect on corporate
performance [1]. Later scholar Ding agreed with Rosen’s point of view [2]. Huang
and Zhang also believe that the incentive effect of employee stock ownership on
corporate performance is not blindly positive, and there may be an inflection point.
Exceeding certain percentage, the company’s performance began to decline or even
have a negative impact [3]. Why is there a positive effect between employee stock
ownership and corporate performance? This paper considers the reasons as follows:
from the perspective of agency theory, employee stock ownership combines the
long-term value of the company with the employees’ own interests, and promotes
the interests of employees and the interests of shareholders to be consistent. As
an incentive mechanism, it can effectively improve operational efficiency and the
company performance. From the perspective of two-factor theory, the development
of industrialization has promoted the contribution of capital elements to production
gradually surpassing the labor factors. Therefore, capital owners are increasingly in
the position of superior distribution, and laborers can only rely on their own labor
to obtain wage income. If employees are allowed to hold shares in the company,
then this social injustice can be reversed. On the one hand, shareholding employees
earn income through labor, and on the other hand, they can obtain dividends through
capital, which can reduce the impact of excessive social wealth between the rich and
the poor, and effectively improve corporate performance. In view of this, this paper
proposes hypothesis 1:

H1: The implementation of employee stock ownership in listed companies has a
positive impact on corporate performance.

Sharing economic theory believes that, in contrast to the fixed wage system, a
profit-sharing wage system should be implemented so that ordinary workers can
share the growth gains of enterprises by sharing profits, and it is possible to achieve
price equilibrium under full employment conditions; asset specificity theory believes
that as the owner of human capital property rights, employees should share with the
shareholders the residual control and residual claims of the enterprise; the stakeholder
theory advocates that employees as important stakeholders should also participate
in corporate governance and share the residual interests of the enterprise. Therefore,
this paper believes that employee stock ownership is regarded as an incentive system
for reforming employee benefits. It can share the residual profits of enterprises, have
residual control and claim rights, reduce agency costs, improve employee enthusiasm,
increase company performance, and accumulate shareholder wealth and increase
company value. This raises the hypothesis 2:

H2: The implementation of employee stock ownership in listed companies has a
positive correlation with corporate value.
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Although employee stock ownership can be used as an incentive to mobilize
employee enthusiasm and promote the company’s performance and value, large-
scale employee holdings may also lead to “free-riding” behavior [4]. Or, because
employees who are employed by management become shareholders will be too
“friendly” to the management, they will reduce corporate performance and share-
holder wealth [5, 6]. In summary, the impacts of employee stock ownership of listed
companies on company performance and company value need further empirical
testing.

3 Research Design

3.1 Concept Definition

The employee stock ownership researched in this paper is based on the definition
of employee stock ownership in the “Guiding Opinions on the Pilot Implementation
of the Employee Stock Ownership Plan for Listed Companies” issued by the China
Securities Regulatory Commission in 2014, that is, the listed company makes legal
measures according to the wishes of employees. The employee obtains the stock of
the company and holds it for a long time, and the equity of the shares is allocated to
the employees according to the contract.

3.2 Sample Selection

This paper selects the panel data of the listed companies in which the A shares
of the Shanghai and Shenzhen Stock Exchanges are held from January 1, 2015 to
December 31, 2017 as the overall sample, and takes the annual report data of listed
companies for three years from 2015 to 2017 as the main object of analysis. The
announcement date of the employee stock ownership plan is 2015, and the expiration
date is 2017 or after 2017. Because the employee stock ownership plan has a time
limit, the duration refers to the effective time of the employee’s shareholding plan.
Therefore, the implementation of employee stock ownership by the listed company
during this period may have impacts on the company’s performance and corporate
value. Then, excluding the following samples: the financial insurance industry; ST
company; samples of major events during the event window; companies that are
unable to obtain complete data. Finally, a total of 591 observation samples were
obtained, including 330 high-tech companies and 261 non-high-tech companies.
The sample data in this paper are from iFinD and CSMAR database. Unattained data
are manually obtained by looking through the company’s annual report. To eliminate
the effects of extreme values, the continuous variables involved were subjected to a
5% bound Winsorize process.



The Effects of Employee Stock Ownership ... 169

3.3 Variable Selection
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Employee shareholding variable. For the independent variables, most domestic
scholars use the proportion of employee stocks in total share capital or the
number of employees holding shares [3, 7]. In this paper, the ratio of employee
shareholding to total share capital and the proportion of employees participating
in the shareholding plan to the total number of employees are the employee
shareholding variables.

Corporate performance variables. Corporate performance refers to the
company’s business results in a certain period of time. There are many variables
to measure the performance of the company, including return on assets (ROA),
return on equity (ROE), operating profit margin, earnings per share (EPS), net
profit growth rate, etc. In the literature on predecessors’ research on the incen-
tive effect of employee stock ownership, there are many performance appraisal
indicators that select indicators related to net profit. After learning from the
existing literature, this paper chooses ROE to measure the performance of the
company (Table 1).

Enterprise value variables. Stewart’s book, The Search for Values, demonstrates
the usefulness of EVA, arguing that EVA is closer to the real economic profit
of firms than other financial measurement methods, better explaining corporate
value, and is the most directly related [8]. Moreover, the use of EVA-related
indicators reflects a new corporate value, which aligns the interests of managers
and shareholders, and is consistent with the goal of maximizing corporate value,
leading to the increasing wealth of companies and shareholders. EVA does not
encourage enterprises to sacrifice long-term interests for short-term gains, and
pays attention to the long-term sustainable development of companies. However,
it is difficult to obtain better empirical results by using EVA directly. The value
of EVA of different enterprises differs greatly in magnitude. Therefore, using
the previous literature for reference and choosing total assets EVA can also
eliminate the impact of enterprise size on EVA.

Control variables. Under the environment of economic market development,
there are many factors affecting enterprise performance and enterprise value.
This paper is to study the impacts of employee stock ownership on enterprise
performance and enterprise value. Therefore, we choose variables to measure
enterprise size, asset-liability structure and enterprise growth as control vari-
ables. The details are as follows: equity concentration, company size, total
asset growth rate, intangible assets proportion, corporate financial leverage,
actual controllers, industry control variables, total asset turnover, operating
profit margin.

Equity concentration. Equity concentration shows the concentration or disper-
sion of corporate equity. The higher the concentration of equity, the more
concentrated the controlling shareholders’ shares, which is decisive for the
strategic planning and decision-making of the entire company. The degree
of equity concentration affects the controlling shareholder’s supervision and
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Table 1 Definition variables

Variable nature Variable name Description

Independent variables | Employee stock ownership | The ratio of employee shareholding to total

share capital (PERCENTAGE)

The proportion of employees participating
in the shareholding plan to the total number
of employees (RANGE)

Dependent variables | Corporate performance Return on equity (ROE)
Corporate value The total assets EVA (EVAA)
Control variables CR10 The sum of the shareholding ratio of the top

ten shareholders and use it to measure
equity concentration

ASSETGRO (Total assets for the year—total assets of
the previous year)/total assets of the
previous year

DEBT Total liabilities/total assets

INTANR Ln (Intangible assets/total assets)

LNA Ln (assets)

LNIN Ln (Operating income)

CONTROL CONTROL = 1 if actual controller is
State-owned enterprise, CONTROL = 0 if
not

INDUSTRY INDUSTRY = 1 if corporate is high-tech,
INDUSTRY = 0 if not

TAT The total asset turnover rate

INP Operating profit rate

(b)

()

control of management, which affects management’s business behavior and
investment decisions, and affects corporate performance and corporate value.
This paper selects the total shareholding ratio of the top ten shareholders of
listed companies (CR10).

Company size. The scale of a company represents the scope of production and
operation of a company. Different companies have different available resources.
The company with a larger company has more labor, machinery and equip-
ment resources, and the more mature internal control mechanism, therefore, the
performance and value of the enterprise will be better [9]. In order to more clearly
observe the company size and empirical regression of the research samples, this
paper uses the natural logarithm of total assets and operating income of listed
companies to express the size of companies.

Growth ability. The company’s growth ability represents the company’s future
development. The higher the growth of the company, the greater its potential
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(d)

(e)

®

€]

()

for future development, and its corporate performance will also increase signif-
icantly. This article uses the total asset growth rate (ASSETGRO) to indicate
the company’s growth.

The proportion of intangible assets. Compared with non-high-tech companies,
high-tech companies have higher R&D expenditures and higher human capital
intensive characteristics, making them more demanding for technological inno-
vation. Therefore, the control variable intangible assets accounted for the total
assets ratio (INTANR) is added.

Corporate financial leverage. The asset-liability ratio represents the capital struc-
ture and solvency of an enterprise, and shows the scale of the company’s liabil-
ities. Appropriate liabilities can improve the capital structure of enterprises,
but in terms of long-term development, larger liabilities will increase the busi-
ness risks of enterprises and affect corporate performance and corporate value.
Therefore, this paper chooses the asset-liability ratio (DEBT) to represent the
debt level of the enterprise as the control variable.

The actual controller. State-owned enterprises are very vulnerable to govern-
ment intervention, and their “internal control” is serious, which is not conducive
to the improvement of corporate performance [10]. Therefore, the nature of the
controlling shareholder will have a certain impact on the company’s performance
and corporate value. The degree of influence of employee stock ownership in
state-owned enterprises and private enterprises on corporate performance and
corporate value may be different. This paper divides the company’s controlling
shareholders (CONTROL) into two categories, namely state-owned holdings and
non-state-owned holdings, state-owned holdings are assigned 1, otherwise 0.
Industry control variable (INDUSTRY). According to the definition of high-
tech enterprises by the National Bureau of Statistics, the industry with relatively
high R&D investment intensity in the national economy is a high-tech enterprise.
High-tech enterprises are 1, otherwise 0.

The total asset turnover rate (TAT). TAT reflects the turnover rate of corporate
assets. The higher TAT, the faster the asset turnover rate, the better the asset usage
efficiency, and the better the company’s operating performance.

Operating profit rate (INP). INP is the ratio of the company’s operating profit
to total operating income. It is an indicator of the efficiency of business opera-
tions and reflects the ability of business managers to profit from operations in the
context of operating costs.

3.4 Model Building

To verify Hypothesis 1, draw on the model set by the empirical research of Huang
and Zhang for the performance of state-owned company employees’ shareholding
in Economic Science [3]. We replace the dependent variable EPS, ROA with ROE.
The number of employees in the company is replaced by the number of participants
in the proportion of all employees (RANGE), and the logarithm of the company’s
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operating income is added to measure company’s scale. In addition, the industry
control variables are used as control variables. The specific model is as follows:

ROE = + BiRANGE + f,PERCENTAGE + B5CR10
+ B4ASSETGRO + BsDEBT + BsINTANR + B;LN A
+ BsLNIN + BsCONTROL + B1oyINDUSTRY +¢ (1)

To verify hypothesis 2, follow (1). Referring to the previous study of enterprise
value, we replace the explanatory variable ROE with EVAA. Because the impact of
firm scale has been eliminated, the control variables LNA and LNIN for firm scale
are removed to avoid the effects of multi-collinearity. And ROE, total asset turnover,
and operating profit margin are added as controlled variables. The specific model is
as follows:

EVAA =a+ BiRANGE + B,PERCENTAGE + B;CR10
+ B4ASSETGRO + BsDEBT + BoINTANR
+ B7ROE + BsTAT + By INP + BioCONTROL
+ BuINDUSTRY +¢ 2)

4 Empirical Analysis
4.1 Descriptive Statistics

Before descriptive statistics, this paper first performed a 5% tail-tailing process to
remove extreme values. For the overall samples, a total of 591 data were observed.
The statistical results are shown in Table 2.

Table 2 reports descriptive statistics for each sample of the full samples. The
minimum value of ROE is —6.350, the maximum value is 23.11, and the average is
8.629, which indicates that the business performance difference between enterprises
is large. At the same time, the minimum value of EVAA is —0.066, the maximum
is 0.085 and the average is 0.007, which means that the enterprise value between
enterprises is also different. In addition, there is a difference between the ratio of
employee stocks to total equity (PERCENTAGE) and the number of employees
participating in stock ownership plans to total employees (RANGE).

Because this paper mainly studies the effects of employee stock ownership in
high-tech industries and non-high-tech industry companies, the samples of listed
companies that implement employee stock ownership in this paper are divided into
two sub-samples of high-tech companies and non-high-tech companies. Descriptive
statistics are provided separately, which is convenient for us to compare the two
industries. The comparison results of descriptive statistics are shown in Table 3.
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Table 2 Employee-owned companies descriptive statistics
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Variable Obs Mean Std. dev Min Max
ROE 591 8.629 7.196 —6.350 23.110
EVAA 591 0.007 0.040 —0.066 0.085
RANGE 591 14.013 13.457 0.490 48.980
PERCENTAGE 591 1.092 0.843 0.149 3.400
CR10 591 58.001 12.207 34.440 78.760
DEBT 591 39.115 17.757 12.051 72.106
INTANR 591 4.156 2.951 0.197 11.256
ASSETGRO 591 26.547 28.770 —5.423 102.806
LNA 591 22.236 0.934 20.660 24.018
LNIN 591 21.461 1.165 19.492 23.744
TAT 591 0.572 0.291 0.171 1.245
INP 591 9.608 9.308 —10.158 28.707
CONTROL 591 0.909 0.288 0.000 1.000
INDUSTRY 591 0.558 0.497 0.000 1.000
Table 3 Descriptive statistics by industry

Variable High-tech (N = 330) Non-high-tech (N = 261)

Mean Std. dev Mean Std. dev

ROE 9.158 6.63 8.211 7.836
EVAA 0.008 0.045 0.006 0.059
RANGE 13.596 13.493 14.342 13.427
PERCENTAGE 1.164 0.796 1.036 0.896
CR10 61.321 12.033 55.375 11.625
DEBT 43.374 15.448 35.748 19.518
INTANR 3.923 2.704 4.341 3.225
ASSETGRO 23.899 29.746 28.642 27.314
LNA 22.415 0.85 22.094 1.003
LNIN 21.736 1.067 21.242 1.227
TAT 0.544 0.27 0.663 0.498
INP 8.738 17.296 17.473 86.761
CONTROL 0.862 0.227 0.945 0.345

In Table 3, the average value of the dependent variable ROE in the high-tech
industry is 9.158, and the standard deviation is 6.63. The average value of the non-
high-tech ROE is 8.211, and the standard deviation is 7.836. It can be seen that the
return on net assets of high-tech industry companies is higher than that of non-high-
tech industry companies, and the fluctuation is smaller. In addition, the average value
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of EVA of high-tech industry companies is higher and more stable than non-high-
tech industry companies. The PERCENTAG of the high-tech industry is higher, but
the RANGE is slightly smaller. It shows that companies in high-tech industry are
more inclined to implement employee stock ownership than those in non-high-tech
industry, give employees shares, encourage them to improve their work efficiency,
and thus enhance the company’s performance.

For the control variables introduced in this paper, the CR10, DEBT, LNA and
LNIN of the high-tech industry are higher, indicating that the high-tech industry
companies have higher equity concentration, larger enterprise scale and higher finan-
cial leverage. But INTANR, ASSETGRO, TAT and INP are slightly lower than those
of non-high-tech industry companies, that is to say, the growth ability is slightly
WOrSe.

In summary, the effects of employee stock ownership on corporate performance
and value vary among different companies. So, the specific implementation effect
needs further testing.

4.2 Multi-collinearity Test

Before the panel data regression, it is necessary to test whether the model has multi-
collinearity. In order to test the multicollinearity, the Variance Inflation Factor (VIF)
is generally used for verification. VIF refers to the degree of dependence between
variables. If the VIF value is large, it indicates that the variable has a more serious
collinearity problem with other variables. It is generally considered that when 0 <
VIF < 10, there is no multicollinearity. In Table 4, the left two columns are the
VIF of (1), and the right two columns are the VIF of (2). As can be seen from the

Table 4 Value of VIF

Variable VIF1 Variable VIF2
LNA 5.2 ROE 3.98
LNIN 4.68 INP 332
DEBT 1.87 TAT 1.9
RANGE 1.16 DEBT 14
INDUSTRY 1.16 INDUSTRY 1.16
CR10 1.13 ASSETGRO 1.16
CONTROL 1.12 CR10 1.13
ASSETGRO 1.12 CONTROL 1.09
INTANR 1.07 RANGE 1.07
PERCENTAGE 1.03 INTANR 1.06
PERCENTAGE 1.03
Mean VIF 1.96 Mean VIF 1.66
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results, the data does not have a multicollinearity problem, because the VIF of all
independent variables and control variables are less than 10, so panel data regression
can be carried out.

4.3 Empirical Results

(1) Employee Stock Ownership and Corporate Performance

Table 5 shows the results of multiple regression of (1). First, look at the regression
of the first full samples. From the value of F and R?, the overall fitting effect of (1)
is good, and the equation as a whole is significant. The regression coefficients of
the explanatory variables PERCENTAGE and RANGE are both positive, the share-
holding ratio is significant at the significant level of 5%. The regression coefficient of
RANGE is not significant, but it can still be seen that the higher the employee share-
holding ratio is, the higher the ROE of the company is, that is, the better performance
of the company is, thus verifying the H1: the implementation of employee stock
ownership by listed companies has a positive impact on the company’s performance.

Comparing the regression results of high-tech companies and non-high-tech
companies, the former PERCENTAGE and RANGE have a positive correlation with
ROE, while the latter has a negative correlation with ROE, which indicates that

Table 5 Multiple regression results of employee stock ownership and ROE

Variable ROE of full samples | ROE of high-tech samples | ROE of non-high-tech
samples

RANGE 0.009 0.047 —0.009

PERCENTAGE | 0.607** 0.747* —0.189

CR10 —0.046%* —0.06 —0.044*

DEBT —0.049%** —0.072%* —0.042%

INTANR 0.1927%%* 0.245%* 0.017

LNA —1.885%** —0.649 —3.354 %%

LNIN 4.673%** 3.928%#%%* 5.812%%%*

ASSETGRO 0.064*%*%* 0.084%%%* 0.053%%*

CONTROL 0.804 3.762%%% —0.832

INDUSTRY 0.279

_cons —50.496%*%* —60.826%** —45.432%%%*

N 591 330 261

Adj-R? 0.362 0.364 0.389

F 35.51 17.5 24.24

Prob > F 0 0 0

Note * corresponds to significant at 10%; ** significant at 5%; *** significant at 1%
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the effects of the implementation of employee stock ownership on the performance
of high-tech enterprises and non-high-tech enterprises are different and the effects
of high-tech enterprises in implementing employee stock ownership are better than
non-high-tech enterprises.

(2) Employee Stock Ownership and Corporate Value

Table 6 shows the results of multiple regression of (2). The regression results of
the whole samples show that the R? of (2) is 0.7035, and the F value is 128.28 (P
= 0.0000), indicating that the model is well fitted and there is a significant corre-
lation between the interpreted variable and the explanatory variable as a whole.
Among them, the explanatory variables RANGE and PERCENTAGE are signifi-
cantly positively correlated with the explanatory variables at the significant level
of 5%, indicating that EVAA rate and the economic value increase as the number
of participants accounts for the total number of employees and the proportion of
shares held growing. It means that the market value of the enterprise and the growth
of shareholder wealth are assumed to be verified by H2. Comparing the high-tech
and non-high-tech companies, the RANGE coefficients of both are positive, but the
former is greater than the latter. About the PERCENTAGE coefficient, the former is
positive and significant, while the latter is negative, indicating that the effects of high-
tech enterprises and non-high-tech enterprises on the implementation of employee
stock ownership has different effects. Further, the effects of high-tech enterprises

Table 6 Multiple regression results of employee stock ownership and EVAA

Variable EVAA of full samples | EVAA of high-tech | EVAA of non-high-tech
samples samples
RANGE 0.00015%* 0.00015 0.00004
PERCENTAGE | 0.00226%* 0.00573*** —0.00183
CR10 —0.00004 —0.00002 0.00005
DEBT 0.00019%** 0.00024%* 0.0001
INTANR 0.00042 0.00078 0.00022
ASSETGRO —0.00020%** —0.00019%*%* —0.00021%##*
ROE 0.00382##* 0.00435%** 0.00338***
TAT 0.0204%** 0.00739 0.0313***
INP 0.00074%** 0.00019 0.00133***
CONTROL 0.0112%#%* 0.00556 0.0113%**
INDUSTRY 0.00764%***
_cons —0.0651*** —0.0523##* —0.0678***
N 591 330 261
Adj-R? 0.7035 0.6214 0.816
F 128.28 55.01 116.33
Prob > F 0 0 0

Note * corresponds to significant at 10%; ** significant at 5%; *** significant at 1%
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in implementing employee stock ownership are better than that of non-high-tech
enterprises.

5 Robustness Test

5.1 Building Cross Terms

To test whether the empirical results of H1 are robust, the continuous variables
RANGE and PERCENTAGE are first centrally normalized before constructing the
interaction term, and then the interaction terms are constructed with INDUSTRY.
This can avoid the effects of severe multi-collinearity. The centralized continuity vari-
able is used in the construction of interactive items. When incorporating the model,
the individual continuity variables still use the raw data. Observing the robustness
results, PERCENTAGE has a significant positive effect on ROE when controlling
the INDUSTRY. Hypothesis 1 is verified.

5.2 Replacing the Interpreted Variable

In order to further verify whether the empirical results of this paper are robust,
replace the ROE with EPS in the robustness test section and substitute (1) to re-run
the regression test. The test results still have not changed the original conclusion. It
can be seen from the test results of the two methods that the main conclusions of
(1) regression have not changed substantially, that is, the regression results of (1) are
robust, and the incentive effect of employee stock ownership is significant. Hence,
hypothesis 1 is verified.

In order to verify whether the empirical result of (2) is robust, replace EVAA
with EVA per share, substitute (2) and perform regression test again. The test results
show that unless the regression coefficient of the proportion of participants in the
high-tech samples become negative, the direction of the regression coefficients of
other explanatory variables does not change, at the same time the significance is
similar. So the regression results for (2) are robust, the wealth effect of employee
stock ownership is significant, which means hypothesis 2 is verified.

6 Conclusion

This paper takes the data of a-share listed companies over the period 2015 to 2017
as the research object, and conducts an empirical study on the economic effects of
employee stock ownership on the company. The results confirm that the company
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implements employee stock ownership, on the one hand, it plays an incentive role
for employees, encourages employees to actively play the role of human capital, and
enhances work enthusiasm, thereby improving company performance and corporate
value. On the other hand, due to the interests of employees and the interests of other
shareholders, the development of the company is consistent, the employees have the
incentive to supervise the managers. In the actual business process, that can reduce the
management’s behaviors that damage the interests of shareholders due to informa-
tion asymmetry, increase the enterprise’s value and shareholder’s wealth, as well as
enable managers to share more profits with more efficient management measures. In
addition, cause high-tech enterprises pay more attention to the investment of human
capital, which has the characteristics of high investment, high growth, high risk and
high profit, the empirical results show that high-tech enterprise is more effective than
the non-high-tech enterprise to implement employee stock ownership.

The conclusions of this paper have the following two meanings: On the one hand,
the previous researches on the effects of employee stock ownership have been studied
from the aspect of corporate performance or corporate value. This paper compre-
hensively examines the impacts of employee stock ownership on corporate perfor-
mance and corporate value, which can more comprehensively portray the effects of
employee stock ownership. On the other hand, this paper conducts a group test based
on the industry as a standard, and conducts a comparative study on the effects of
employee stock ownership between high-tech enterprises and non-high-tech enter-
prises. It is found that the effects of high-tech enterprises in implementing employee
stock ownership are more significant. That conclusion enriches the relevant research
on the implementation of employee stock ownership analysis in different industries.
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Cultural Risk Research on Overseas )
Merger and Acquisition of Chinese L
Petroleum Enterprise

Fengxu Hu and Yongmei Cui

Abstract Cultural risk is one of the major risks of Chinese oil companies’ overseas
merger and acquisition. The root cause of cultural risk lies in cultural differences.
Differences in the political factors, laws and regulations, religions, business envi-
ronment, business rules, and corporate culture of host countries will inevitably lead
to the emergence of ethnic cultural risks, commercial cultural risks, and corporate
culture during overseas merger and acquisition. Due to the different characteristics
of state-owned oil companies and private oil companies, the main types of cultural
risks faced in overseas mergers and acquisitions are also different. “Western model”,
“Central Asian model” and “Middle East model” are the most common overseas
merger and acquisition models of oil companies. Using SWOT risk analysis method,
the impact of various cultural risks and the appropriate strategies can be analyzed and
developed. The degree of cultural risk in different modes can be assessed to provide
reliable strategies or overseas merger and acquisition of oil companies based on the
analytic hierarchy process (AHP).

Keywords Overseas merger and acquisition * Risk sources * Risk analysis * Risk
assessment - SWOT - AHP

1 Introduction

The conflict between oil supply and demand is deepening with China’s economic
development and the urbanization process accelerating. China’s oil companies have
limited production capacity and are increasingly dependent on oil imports [1]. By
2018, China’s oil imports accounted for 70% of total consumption. In order to ensure
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the healthy development of the national economy and national strategic security,
China’s oil companies have to actively seek to develop overseas market, further
expand the scale of overseas investment for increasing the supply of overseas oil
and gas. At present, CNPC overseas oil and gas operations have expanded to over
30 countries. Since 2014, international oil prices have continued to fall from a high
level, which has caused great impact on the entire oil industry. Although the current
oil price has rebounded, the future prospects of the oil industry are still unclear due
to changes in the international political situation. This is both an opportunity for
development and a challenge for overseas oil investors of Chinese oil companies.
There are various risks in the M&A process, of which cultural risk is one of the most
important risks.

Because overseas M&A originates from multinational corporations in developed
countries, the study of cultural risk in overseas mergers and acquisitions is usually
based on the Western culture. As a country with a long history of culture, China’s
influence has been increasing. However, there are still significant culture differences
between China and Western countries, countries in the Middle East, and neighboring
countries. These differences are not only reflected in differences in national culture
such as political systems, legal construction, religions, and social customs, but also
in corporate values, management systems, business practices, and business ethics.
It is difficult for foreign companies to recognize and accept the culture of Chinese
companies and the national culture they represent. Therefore, Chinese oil companies’
overseas M&A inevitably faces multicultural conflicts. How to correctly understand
and identify the cultural risks in the process of overseas M&A and actively adopt
coping strategies to enhance the company’s ability to resist risks is an important issue
of Chinese oil companies.

Although people have recognized the importance of cultural risk for overseas
mergers and acquisitions, culture has complex attributes of politics, law, morality,
customs, and other human capabilities, and its risk identification and evaluation is
very difficult for business decision makers. The target markets for overseas acqui-
sitions by Chinese oil companies are relatively complex [2]. There are not only oil
companies in developed countries such as Europe and the United States, but also some
oil companies in Asia, Africa, and Latin America with unstable political situation and
backward economy. The national culture, commercial culture, and corporate culture
of enterprises in these countries are quite different from those of Chinese oil compa-
nies. Using effective methods and techniques to identify and assess cultural risks is
crucial to reducing the risk of overseas mergers and acquisitions and increasing the
success rate of investments.
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2 The Cultural Risk Source of Petroleum Enterprise
Overseas M&A

Culture is a group of thoughts, ideas, behaviors, customs, habits formed in a certain
period of time, and all activities radiated by this group’s overall consciousness [3].
People in different societies cannot be separated from the far-reaching influence of the
social, cultural, ethnic, regional, religious and other social cultures of the society in
which they live. They are also influenced by the corporate culture that their companies
bring them. The source of cultural risk mainly comes from three aspects including
national culture, commercial culture and corporate culture. National cultural is a
cultural tradition formed by a nation in the course of historical development. Its
reflection in real life is multifaceted and often ingrained. Ethnic culture mainly
includes institutional and spiritual cultural achievements. Institutional achievements
that mainly refer to theoretical forms of expression are a set of normative systems
based on certain social relationships, including political systems, laws and regula-
tions. The spiritual cultural achievements are mainly reflected in the social cultural
aspects such as religious beliefs, customs and people’s values, which have a profound
influence on people’s cognition and behavior [4]. In the cross-border mergers and
acquisitions of Chinese oil companies, Western developed countries will be affected
by Chinese national culture. Western countries that always regard Western culture
as an advantage culture will inevitably appear to be unsuitable, and set obstacles
to M&A in terms of national security, laws and regulations. With the development
of globalization, the political, economic, and cultural exchanges and cooperation of
various countries have become deeper and deeper, and their influence on each other
has also grown. The politics and economy of less power countries will be inter-
fered with by developed countries, and their culture will also be eroded by foreign
cultures. Even the superpowers will inevitably be affected by the international situa-
tion. Because of the importance of petroleum resources, some of the major petroleum
producing countries in the Middle East and South America are often places where
some big countries are wrestling. Major countries for economic needs and political
goals determine the policy direction of these oil-producing countries to a certain
extent.

Business culture is the gradual formation of specific business ideas and behav-
iors in the long-term business activities. It is an extension of national culture to
some extent and is restricted by national culture. Business culture involves business
environment, business ethics and business rules. In the process of overseas mergers
and acquisitions, due to different cultural backgrounds, different business environ-
ments, and differences in business concepts, M&A parties have different ways of
understanding and responding to the same thing or phenomenon, which results in
misunderstandings or even conflicts in the interaction. At present, the oil industry
is in a relatively low tide, oil price has been hovering low, and the outlook for the
oil industry remains uncertain. Although the cost of mergers and acquisitions has
dropped significantly, investors are cautious about overseas mergers and acquisitions
in the current international oil business environment. At the same time, the business
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environment of the countries where the companies are purchased is quite different,
especially in some oil-producing countries in the Middle East. Due to the unstable
political situation, the immature financial markets, and the inability of commercial
credit, it will also bring great commercial risks to investors. In the later stages of
M&A transactions, the differences between the business ethics, business rules, and
business practices of M&A parties can also lead to failure of the company’s oper-
ations. Chinese companies usually pay more attention to their relationships when
they are in business, and then consider business rules and legal requirements. The
business activities of western companies are based on legal and business principles.
Chinese companies tend to focus only on the results, and as a result, they can ignore
the details of mistakes. Western companies value the details of the business process.
They think that the process is reliable and the results will follow.

Corporate culture mainly refers to the organizational culture of all employees and
managers of a company, such as business philosophy, values, management philos-
ophy, and behavioral norms. Mergers and acquisitions parties are in different corpo-
rate culture systems. Each mature company has its own corporate value concept.
Under a specific corporate culture, the management style of the company is very
different, and the employees of the company will also form their own values, codes
of conduct. The employees not only have a high degree of recognition of their corpo-
rate culture, but also maintain a high degree of recognition of their own culture. The
enterprises of overseas M&A will inevitably face the cultural conflicts brought about
by the collision of enterprise culture.

Enterprise culture mainly includes spirit culture and system culture. Enterprise
spirit culture refers to a kind of spiritual achievement and cultural concept that has
been formed for a long time by enterprises in the process of production and manage-
ment under the influence of certain social and cultural background and ideology
[5]. The enterprise spirit culture is the core of the enterprise culture, which includes
the values of the enterprise and the behavior culture of employees who use it as a
guiding ideology. Due to the differences in the specific growth background, business
philosophy, operating environment and resources of each company, the enterprise
spirit culture is also different. As the ideological and behavioral standards of compa-
nies and employees, the enterprise spirit culture is hard to be changed, and spiritual
culture conflicts often bear the brunt of corporate mergers and acquisitions. The enter-
prise behavior culture is the external performance of the company’s management
style, leadership management methods, interpersonal relationships, which is also an
intrinsic embodiment of the corporate value. The employees of the host company
tend to reject and resist the new corporate culture, so as to resist the invasion of
other corporate cultures in order to maintain the superiority of their spiritual culture.
The system of the enterprise culture is an important part of enterprise culture. It is a
system and norm that is used to regulate the behavior of employees in an enterprise,
and generally includes the leading system, organization and management system of
the enterprise [6]. The enterprise system culture is the product of the enterprise’s
spiritual culture, because people are always guided by certain values to improve and
improve the company’s various systems. However, institutional culture also affects
this corporate culture. Due to the long-term impact of the original management
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system, leadership system, and behavioral norms, it is difficult for the employees
host company to adapt to the changes in organizational structure the adjustment of
the original rules of the enterprise after mergers and acquisitions. The employees
have a low degree of recognition, and will be intentional or unintentional resistance
to the new system.

3 SWOT Analysis of Cultural Risk in Chinese Oil
Companies Overseas M&A

3.1 Cultural Risk Models of Oil Company Overseas M&A

The strategy of going global for Chinese oil companies has been implemented for
more than 20 years. There are three main modes of overseas mergers and acqui-
sitions. The first is the “Middle East model.” The socio-political environment of
the host countries is turbulent, and the industrial foundation is weak, and customs
and habits are different. However, their oil resources are abundant. The second is
the “Central Asian model”. The host countries have better geopolitical relations with
China, and the oil transportation is convenient. The third type is the “Western model.”
Western developed countries have a high level of cultural maturity and a relatively
complete corporate culture system. Different M&A models have different cultural
risk characteristics. In general, different M&A models have different cultural risk
characteristics.

3.2 SWOT Analysis for Different Cultural Risk Models

SWOT analysis is often used to formulate the development strategy and analyze the
situation of competitors. In the risk analysis, it is one of the most commonly used
methods. From the perspective of the external environment, the continued downturn
in the petroleum industry provides a good opportunity for Chinese companies over-
seas M&A. As the largest energy importer, China is one of the largest energy demand
countries and has huge market demand. Oil companies in oil-producing countries are
eager to cooperate with Chinese companies. At the same time, due to energy security
considerations, the overseas development of oil companies is strongly supported by
the Chinese government. Especially in the “One Belt And One Road” environment,
Chinese oil companies’ overseas investment is supported not only by the Chinese
government but also by the government of neighboring countries. It can solve China’s
energy shortage and promote the common development of the local economy of the
host countries. The threat of overseas mergers and acquisitions cultural risks also
needs to be vigilant. The long-term political instability in the Middle East has led to
the emergence of ethnic cultural risks. The agreement signed with the ruling party
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may become a waste of paper after the opposition political party come to power. The
relevant legal systems in some countries in the Middle East are not perfect, which is
very unfavorable to deal with the disputes in the merger and acquisition process and
management.

From the analysis of internal factors, the advantage of overseas M&A cultural risk
is that Chinese state-owned petroleum enterprises have better financial credit and
decision-making mode, and can quickly organize the operation of projects with low
human and material costs. Petroleum exploration and development technology origi-
nated from western countries, so multinational companies from developed countries
have obvious technological advantages. At the same time, most of these companies
have experienced decades or even hundreds of years of corporate culture precipi-
tation, and the enterprise organization structure and management system are more
reasonable.

However, in the process of management and operation, Chinese oil compa-
nies prefer to be people-oriented and emphasize the relationship between people.
Western oil companies tend to use the system as the principle and use the system
to restrict employees’ behavioral norms. Western oil companies value the interests
of employees and protect the reputation of the company. They will not achieve their
own performance through unpaid overtime work, nor will they win the bribe by
bribery. Differences in religion and customs can lead to conflicts in the organization
and culture of companies. The hard work of the Chinese is in contrast to the rela-
tively free work style of local employees. There is a great difference in the aspect
of enterprise management between Chinese employees who bear hardship without
complaint and those with their work habits from the host countries, and the differ-
ences in corporate culture will inevitably bring problems to the management of the
later stages of mergers and acquisitions.

3.3 Countermeasures of Cultural Risk Based on SWOT

For different M&A models, give full play to the dominant factors, analyze and over-
come the inferior factors; make better use of opportunities, identify and evade threats.
For the cultural risks in the M&A of the “Middle East model”, Chinese oil companies
use W-O countermeasures, which focus on opportunity factors and weaknesses to
maximize opportunities and minimize weaknesses. After all, the period of the low
tide of the entire oil industry will remain unclear. The export of petroleum resources
is the most important economic pillar of the Middle East countries. The Middle East
countries must rely on China’s huge oil demand market. On the other hand, as long as
Chinese oil companies fully respect their customs and religious culture, the conflicts
of corporate culture will naturally weaken. The ST strategy is relatively suitable for
the merger of the “Central Asian model”. Central Asian oil companies are happy to
enjoy the economic vitality brought by Chinese companies, and Chinese companies
can also get reliable oil supply guarantees from neighboring countries. At the same
time, Chinese oil companies in Central Asia have to face competition with Western
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companies. For the “Western model”, the WT strategy may be a good choice. Mergers
and acquisitions of Western oil companies need to be cautious. Not only do Western
political concepts, laws, and social environments create resistance to Chinese oil
companies’ mergers and acquisitions, but Western oil companies’ strong corporate
culture also interferes with later operations.

At this stage, Chinese oil companies are cautious about adopting “Western
models” of overseas mergers and acquisitions. The main threat comes from the
fact that Western developed countries are hostile to the rapid development of China.
They believe that Chinese companies may have ulterior motives for the acquisition
of strategic resources. Therefore, the overseas mergers and acquisitions of Chinese
oil companies in Western developed countries are often hindered by various aspects.
However, once the acquisition is approved by western governments, its standardized
commercial operation will make the merger progress smoothly. The relatively abun-
dant capital of Chinese oil companies and Chinese government policy and economic
support can help western oil companies escape the financial difficulty in the low
oil price period. The advantage of the “Western model” is that Chinese oil compa-
nies can not only learn advanced management experience and business concepts, but
also introduce and utilize advanced technologies from Western enterprises. However,
there are certain disadvantages in adopting the “Western model” when integrating
Western corporate culture. In the process of management and operation, on the one
hand, Chinese oil companies prefer human-oriented, emphasizing the relationship
between people. Western oil companies tend to use the system as the principle to
restrain employees’ code of conduct [7]. On the other hand, Chinese oil companies
focus on maximizing collective profits. Western oil companies attach importance to
the interests of employees and protect the reputation of enterprises. They will not
realize their own performance through unpaid overtime, nor will they win profits by
offering bribes.

4 The AHP Application in Cultural Risk Assessment
on Overseas M&A of Chinese Petroleum Enterprise

AHP (Analytic Hierarchy Process) is a practical multi-scheme and multi-objective
decision-making method put forward by American operational researcher T. L. Saaty
inthe 1970s. Itis a qualitative and quantitative decision analysis method [8]. It is often
applied to multi-objective, multi-criteria, multi-factor, multi-level complex problems,
especially strategic decision-making issues, and has a very wide applicability.
When using AHP to solve all kinds of decision problems, the complex problem
should first be decomposed into several components, and then different components
should be grouped according to classes. Finally, a multi-level evaluation model is
established based on the grouping situation. According to the analysis of risk sources
and the identification of risks, the cultural risk assessment index system of Chinese oil
companies’ overseas M&A is constructed. In this paper, the cultural risk of overseas
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M&A is taken as the target level, and some major risks involved in national culture,
business culture, and corporate culture are taken as the criterion level. The main risks
include political factors, laws and regulations, religious customs, business environ-
ment, commercial marketing, business ethics, corporate values, corporate systems,
employees’ behavioral culture, etc. Three types of overseas M&A which includes
the Western model, the Central Asia model, and the Middle East model are served
as the programmatic layers (Fig. 1).

According to the above hierarchy, the 1-9 scale method is adopted to construct
a judgment matrix using expert scoring. In this study, some experts from the oil
industry, cultural institutions, and venture capital industry were invited to score
the weights of overseas M&A cultural risk indicators. All members will score
points based on their understanding of the various risk indicators and compare the
importance of each. According to the established hierarchical model, the judgment
matrix(A) of each element relative to the total target are established, as shown in
Table 1. This matrix is used to describe the relative importance of each element in
the criterion layer relative to the upper element.

Cultural Risk of Overseas M&A |

1. Employee
behavioral culture
2.Corporate systems
3.Corporate value

1 Religious customs 1.Business ethics
2 Law and regulation 2.Commercial marketing
3.Law and regulation 3.Business environment

"'“-\-\.\_\_H_\__“‘—h_\_\__\_\_ —
S e p—
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| Western model | ‘ Central Asia model ‘ ‘ Middle East model

Fig. 1 Analytic hierarchy process model

Table 1 Judgment matrix(A)

A B1 B2 B3 B4 B5 B6 B7 B8 B9
B1 1 3 7 4 5 6 2 5 8
B2 173 1 5 2 3 4 172 3 6
B3 177 1/5 1 1/4 1/3 172 1/6 1/3 2
B4 1/4 172 4 1 2 3 173 2 5
B5 175 173 3 172 1 2 1/4 1 4
B6 1/6 1/4 2 1/3 172 1 1/5 172 3
B7 172 2 6 1/3 4 5 1 4 7
B8 1/5 173 3 172 1 2 1/4 1 4
B9 1/8 1/6 172 1/5 1/4 173 1/7 1/4 1
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The maximum eigenvalue and eigenvector of the judgment matrix are calculated
by the summation method.

The judgment matrix (A) is normalized (that is, the sum of the column elements
is 1). The values in the normalized matrix are summed in rows:

Si=) (Aij/ZAij> (D

In the Eq. (1), 1 and j are from 1 to 9.
By normalization of S;, the normalized eigenvector of the maximum characteristic
root of matrix A is obtained as the weight vector.

wi=Si/)_S; )
wA = {w, wa, ..., wo}T
={0.32,0.16, 0.03, 0.10, 007, 0.05, 0.09, 0.07, 0.02}” 3)

Where, the maximum eigenvalue:

Ly (emiy _
Amax_92< Wi )—9.17 ()

According to the principle of the analytic hierarchy process (AHP), the consis-
tency between the maximum eigenvalues \ max of matrix(A) and n is tested for
consistency. The eigenvector corresponding to the largest eigenvalue is used as the
weight vector of the effects of the compared factor on a certain factor in the upper
layer. The greater the degree of inconsistency, the greater the judgment error caused.

Amax —9
Cl = mga;l — (9.17 —9)/8 = 0.0213 < 0.1 (5)
CI  0.0213
CR= — = —0.014 < 0.1 6)
RI 0145

Here CI is the consistency index, CR is the random consistency index, and n is
the matrix dimension. RI is the Coincidence index for different dimension matrix.

The average random conformance index of the same order is shown in Table 2,
and RI is equal to 1.45. It is generally believed that the consistency of judgment
matrix is acceptable when CI is less than 0.1 and CR less than 0.1.

Table 2 Coincidence index of judgment matrix
n 3 4 5 6 7 8 9 10 11
RI 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51
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Table 3 National cultural risk judgment matrix
B1 Cl Cc2 C3 B2 C1 Cc2 C3 B3 Cl1 Cc2 C3

Cl1 1 2 7 Cl1 1 173 172 Cl1 1 4
C2 172 1 6 C2 3 1 172 C2 1/4 1
C3 1/7 1/6 1 C3 2 2 1 C3 1/5 12

Similarly, the judgment matrix B1, B2, B3, B4, B5, B6, B7, B8 and B9 of each
element of the scheme layer relative to the criterion layer can be obtained as follows
(Tables 3, 4 and 5):

Similar to the calculation process of judgment matrix (A), the characteristic roots,
eigenvectors and consistency tests of matrix B1, B2, B3, B4, BS5, B6, B7, B8 and B9
are obtained as follows:

After obtaining the relative importance of each level, we can calculate the overall
importance of the factors at all levels by top-down processing (Table 6).

Table 4 Business cultural risk judgment matrix

B4 Cl C2 C3 B5 Cl C2 C3 B6 Cl C2 C3
Cl 1 172 173 Cl 1 3 5 Cl 1 5 3
C2 2 1 172 Cc2 1/3 1 3 C2 1/5 1 1/3
c3 3 2 1 C3 1/5 1/3 1 C3 173 3 1

Table 5 Corporate cultural risk judgment matrix

B7 Cl1 C2 C3 B8 Cl1 C2 C3 B9 Cl1 C2 C3
Cl1 1 3 5 Cl1 1 6 4 Cl1 1 6 3
C2 173 1 3 C2 1/6 1 173 C2 1/6 1 173
C3 1/5 1/3 1 C3 1/4 3 1 Cc3 173 3 1

Table 6 Parameters of

B
= {0.59, 0.33,0.08 A =3.08 CR = 0.069
judgment matrix(Bi) wy = {059, ’ ) max

w’ =1{0.16,0.30,0.54} | Amax =3.01 |CR=0.01
wf ={0.68,0.20,0.12} | imax =3.02 |CR=0.02
wf =1{0.16,0.30,0.54} | Amax =3.01 |CR = 0.008
wh =1{0.63,0.26,0.11} | imax =3.04 |CR=0.03
wl =1{0.63,0.11,0.26} | Amax =3.04 |CR=0.03
wf =1{0.63,0.26,0.11} | Amax =3.04 |CR=0.033
wf =1{0.69,0.09,0.22} | imax =3.05 |CR=0.05
wf =1{0.65,0.10,025} | amax =3.02 |CR=0.02
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W=wB>x<wA

=) @) @) | w

= {0.50, 0.27, 0.23) ©)

Based on the perspective of comprehensive evaluation, the western model is still
the preferred mode from the perspective of cultural risk.

5 Conclusion

There are many cultural risks in the overseas mergers and acquisitions of Chinese oil
companies. The differences in ethnic culture, business culture, and corporate culture
may bring certain risks to overseas mergers and acquisitions and involve all aspects
of the M&A process. It is necessary not only to do in-depth research on the source
of cultural risk, but also to identify different types of cultural risks by using effective
methods.

The cultural risks in the overseas mergers and acquisitions of oil companies are
multi-faceted. Differences in national culture, business culture and corporate culture
may bring certain risks to overseas mergers and acquisitions and involve all aspects of
the M&A process. The motives of overseas M&A by Chinese oil companies are often
easily questioned, and they are particularly vulnerable to political interference of the
host country. State-owned oil companies should be more open-mined in the process of
overseas M&A to create more benefits for the enterprises and their host countries, and
to obtain the understanding of the host government and the public. Privately-owned
oil companies are small in scale, and their business culture and corporate culture
are not mature enough. They should take the initiative to cross-cultural exchanges
for absorbing and learning foreign advanced management experience and business
model, and achieve the integration of the culture of M&A parties.

The assessment of the cultural risk of overseas M&A of Chinese oil companies
requires not only an in-depth analysis of the connotations and root causes of cultural
risks, but also different approaches to different types of cultural risks for different
modes. Using SWOT analysis and AHP method to analyze cultural risks in overseas
M&A is a good risk assessment method. By analyzing the degree of cultural risk
in overseas mergers and acquisitions under different modes, the negative impact of
cultural risks can be reduced and overseas investors can be helped for optimization
decision. Due to the diversity of sources and types of cultural risks, accurate iden-
tification of cultural risks and establishment of a reasonable assessment of cultural
risks have yet to be tested in more practice.
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Does the Corporate Governance Status m
and Its Changes Affect the Auditor’s L
Major Misstatement Risk Judgment?

Yuting Feng, Xuemeng Guo, and Hongchang Li

Abstract This paper first analyzes the theory and explains the two concepts of
corporate governance and auditing major misstatement risks, and expounds their
respective connotations and characteristics. Secondly, the theoretical basis between
them is mentioned and the connection between the two is formed. The empirical
tests were carried out from two perspectives. The first is the correlation between
corporate governance status and the risk of major misstatement of auditing. The
second is the auditor’s multiple responses to different corporate governance levels.
Taking the shareholding ratio of the first largest shareholder, the size of the board of
directors, the dual roles of the chairman and the general manager, and the size of the
board of supervisors as the substitute variables for corporate governance; whether the
company is punished by the CSRC to indicate the risk of material misstatement, and
the change in audit fees Representing the auditor’s response to changes in behavior.
Finally, the empirical results were discussed and the results that were inconsistent
with the expected assumptions were analyzed. Suggestions on optimizing the share-
holding structure, taking into account the size and independence of the board of
directors, and strengthening the effectiveness of the board of supervisors are given
in the current situation in China.
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1 Introduction

A vicious incident of frequent financial fraud in listed companies in China. From Huxi
Plastics to Dongfang Electronics and Dongfang Boiler, financial scandals follow one
after another. Although this series of events has aroused widespread concern about
the phenomenon of fiscal fraud in the community, it has also deeply hurt the capital
market itself, and has damped the enthusiasm of investors for entering the market,
which led to the distrust of China’s capital market. Suspicion of flooding has seriously
affected investment enthusiasm. In such a market situation, relying solely on existing
systems and methods may make it difficult to restore investor confidence, and it is
difficult to truly establish a healthy and benign market environment. How to carry out
economic system reform, how to carry out corporate governance, how to correctly
guide the development of the market and enterprises has become a key topic of
widespread concern. How to supervise the performance of the auditing company’s
duties in auditing the company, how to ensure that the auditing company completes
the corresponding tasks in ensuring the correct and detailed accounting information
of the company has become a necessary link to reduce or even eliminate the vicious
incident of financial fraud. Therefore, paying attention to the quality of auditing and
paying attention to auditing risks has become a new topic. Under the old systems and
norms, how to improve the current auditing system, how to run the existing auditing
model, how to ensure the scientific and effective auditing, and to carry out innovation
and research and exploration in the way of auditing have become new challenges.

As people’s growing concern about corporate governance has led to the division
of governance status of domestic and foreign scholars, the measurement of the level
of governance, the analysis of the earnings management motivation analysis caused
by governance defects, in addition, the auditor’s behavioral changes are also needed
scholars and practitioners are concerned. It is impossible to distinguish behavior
from reality, because the cost criteria for conducting audit work, audit feedback and
adjustment and revision opinions, and the audit company’s quality of audit work are
central factors. However, the existing literature on this work is often divided into
discussions. Scholars at home and abroad have not well extracted the relevance of
them. It may be due to different industries, different regions and countries, or the rele-
vant information is too complicated to summarize. But this may be the key to solving
the audit problem. Therefore, this paper will combine the specific actual situation, the
theoretical research and empirical test on the correlation between corporate gover-
nance and auditing material misstatement risk and the auditor’s response behavior
to different corporate governance.
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2 Literature Review

As mentioned above, in the process of collating and researching relevant literature,
it is difficult to find information on articles and related research that are concerned
about the company’s management control system and financial fraud and financial
system defects. More literature only pays attention to one of them, and did not
combine the two organically and comprehensively consider the interaction between
them. By combing and analyzing the various articles and materials mentioned above,
we can find that these related researches have strong guidance for the research of
this paper, and also provide ideas and basic foundation for the research of this paper.
Therefore, based on the ideas and ideas of the predecessors, this paper will analyze
the relationship between the two and the specific situation of the major error, and
analyze the relationship between them and the mutual influence, and analyze the
model by establishing a model. Give relevant advice and ways to reduce fiscal fraud.

2.1 Research on Correlation Between Corporate Governance
Characteristics and Major Misstatement Risks

For the study of corporate governance characteristics and major misstatement risks,
foreign scholars are earlier than domestic. Beasley wrote in his research that the
number of independent directors in the company, the number of shares held by
independent directors, and the term of the independent directors has an impact on
the authenticity of the company’s published financial statements, and the former
is positively related to the authenticity of the financial report, and the latter two
are negatively correlated [1]. In recent years, domestic related research has also
begun to rise. Lu and Liu took the data of listed companies from 2001 to 2006 as a
sample, the six major corporate governance characteristics, the establishment of the
audit committee, the corporate debt ratio, and other major corporate misreporting
risks the relationship has been empirically studied [2]. The study found that the
higher the concentration of equity of the largest shareholder, the smaller the risk
of material misstatement; the smaller the risk of material misstatement of listed
companies with audit committee; the greater the ratio of short-term liabilities, the
major misstatement the greater the risk, the greater the long-term debt ratio and the
lower the risk of material misstatement. From the existing literature, the company’s
corporate governance structure and major misstatement risks are mainly studied from
three aspects: equity structure, board structure, and board of supervisors.

1) Correlation between ownership structure characteristics and major
misstatement risks

Meng conducted an empirical study of 259 A-share listed companies penalized
by the China Securities Regulatory Commission, the Shanghai Stock Exchange,
the Shenzhen Stock Exchange and the Ministry of Finance from 2006 to 2010.
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The shareholding ratio of the largest shareholder and the audit of financial reports
were found. There is a positive relationship between risks, and the mutual checks and
balances of equity are inversely related to the audit risk of financial reports [3]. Xu
conducted an empirical study on 316 A-share listed companies punished by the Secu-
rities and Futures Commission, the Shanghai Stock Exchange, the Shenzhen Stock
Exchange and the Ministry of Finance for four years. The shareholding ratio of the
largest shareholder and the audit risk of financial reports existed. To the relationship,
the lower the proportion of outstanding shares, the less likely the listed company’s
financial statements to have a material misstatement, but it is significantly positively
correlated with the concentration of ownership [4].

2) Correlation between board structure and material misstatement risk

Huang conducted an in-depth study on the relationship between the structure of
the board of directors and the risk of material misstatement. It was found that the size
of the board of directors and the proportion of independent directors in the board
of directors were all negatively correlated with the risk of material misstatement.
The chairman of the listed company and the general manager are at great risk of
material misstatement. When a listed company establishes an audit committee, the
risk of material misstatement is small [5]. Guo is based on data from the Securities
and Futures Commission in the four years from 2010 to 2013, after excluding the
factors of the industry and the impact of the economic environment on the company,
the study found that the number of board members and the two concurrent roles of
the chairman and general manager They are positively and negatively related to audit
risk [6].

3) Correlation between the board of supervisors and the risk of material
misstatement

Li and Wang used the influence of full coefficient to find that the board of super-
visors with statutory supervisory power plays a pivotal role in supervision during the
special period of China’s economic transition and corporate governance. Although the
board of supervisors had some discordant voices during the supervision process, this
shows that the company encountered obstacles in the process of governance, and it is
nota problem in the system of the board of supervisors. Therefore, itis better to explain
that the construction of the governance mechanism of the Board of Supervisors is very
important [7]. Li’s research also confirmed that the scale of the board of supervisors
has a negative correlation with the risk of material misstatement. The larger the board
of supervisors, the more financially experienced supervisors, the stronger their ability
in earnings management and supervision of financial accounting [8].
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2.2 Auditors’ Identification and Response to Potential Risks
of Different Corporate Governance

The auditor’s identification of potential risks to different corporate governance will be
reflected in the auditor’s behavioral changes, such as the level of fees, audit opinions,
and the impact on audit quality.

1) Auditors identify the impact of corporate governance on audit opinions

For the study of the relationship between corporate governance and audit opinion,
foreign countries started earlier. Shiminetal counts that about 15% of Chinese listed
companies are registered between 1995 and 2000. The accountant issued a non-
standard audit opinion. Through further research, the research results are obtained:
the board of directors and the board of supervisors of Chinese listed companies have
not played their due role in supervision, so the imperfect corporate governance will
lead to the possibility of listed companies obtaining non-standard audit opinions
[9]. Chinese scholar Zhang conducted empirical research on data from nearly ten
years and found that corporate governance level is negatively correlated with audit
opinion on continuing operations [10]. Liu and Hao selected the panel data of China’s
private listed companies from 2007 to 2011 as the original sample to study the
correlation between corporate governance and audit opinions. The research results
show that one of the important factors affecting the type of audit opinion is the quality
of corporate governance reflected by the index, which means that companies with
perfect corporate governance are more likely to be issued by the CPA as standard
unqualified audit opinion types [11].

2) Auditor identifies the impact of corporate governance on audit fees

Foreign audit fees research involved corporate governance issues earlier, and
Carcello found that board independence was significantly positively correlated with
audit fees [12]. And then, Meng’s research on the correlation between corporate
governance institutions and audit fees helps to play the role of independent direc-
tors and strengthen the company’s internal control. The results of the study indicate
that the chairman and the general manager are closely related to the audit fees [13].
Through theoretical analysis and empirical test, Cui came to the following conclu-
sions: there is a strong correlation between corporate governance and audit costs. A
good corporate governance structure can reduce the audit costs of a company on the
one hand and promote the positive impact of external audit on the company on the
other hand [14].

2.3 Literature Review

According to the above literature, we can clearly obtain a lot of scholars from various
regions at home and abroad to systematically study and analyze the relationship
between the basic institutional structure of corporate governance and financial fraud
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from multiple perspectives. Since the angles and focus of the points are different, and
the examples and research methods used are different, the above documents do not
have the same conclusions or similar conclusions with similar laws. Butin general, we
can still find the relationship and conclusion we originally hoped for, that is, there is
still a fairly obvious relationship between the basic institutional structure of corporate
governance and fiscal fraud. It is precisely because of the universal existence of such
associations that the research perspective of this paper is correct. In other words, the
existence of research surface problems and the defects of its fundamental system
are the basic ways and important angles to solve related problems. However, after
reading the relevant literature, it is not difficult to find that the data and related
information mentioned in these documents generally have relatively old conditions,
most of which are based on the data of ten years ago, a small amount of nearly
ten years and The proportion of data in the past five years is negligible. In the
past ten years, especially in the past five years, no matter the market situation, the
domestic and international financial environment has undergone tremendous changes
and progress, including the government and related institutions, and even related
companies and enterprises. A lot of efforts and changes have been made to ensure
the stability of the economic and financial industry. The entire market environment
tends to be optimized and improved, and major error prevention mechanisms have
been established in all aspects. With the continuous reform and development of the
economic system, companies and enterprises now ensure that their own economic
and financial governance has become an important check of routines. Taking these
new changes and situations into consideration, it is more practical to select newer
data and samples to study relevant issues and propose relevant policy and institutional
improvements, as well as the necessary guarantees for existing systems and situations.

3 Empirical Research

3.1 Related Research and Research Hypotheses

1) Corporate Governance and Major Misstatement Risk Correlation Hypothesis

Through the previous literature review part of the research on the relation-
ship between corporate governance and auditing material misstatement risk, many
scholars athome and abroad have theoretical and empirical analysis of the governance
structure characteristics of Chinese listed companies, most of which are analyzed
from the perspective of corporate governance efficiency. In the study of the gover-
nance characteristics of listed companies and corporate performance or corporate
performance, its analysis of corporate governance characteristics also provides a
reference for this article. However, on a holistic level, the quality of a company’s
governance will affect the company’s earnings management, the transparency of
financial information and the performance of management’s performance, and then
determine the company’s overall audit of the company’s overall misstatement the
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level of risk. The focus of this paper focuses on the relationship between corporate
governance and the risk of material misstatement of audits, and therefore proposes:

Hypothesis 1: Corporate governance is a factor that significantly affects the risk
of material misstatement, and companies with good corporate governance are more
likely to reduce the risk of material misstatement.

2) Correlation between corporate governance and auditor identification and
response

By identifying and judging a company’s governance status, the auditor assesses the
level of the company’s material misstatement risk, and the assessment of its major risk
misstatement level directly affects the auditor’s audit behavior. For example, when
the auditor recognizes that the board of directors and the board of supervisors have
not played the proper supervisory role, such imperfect corporate governance will
lead to increased likelihood of the company obtaining non-standard audit opinions
and increased audit fees. Conversely, a good corporate governance situation will
make auditors tend to issue standard unqualified opinions or reduce audit fees. In
summary, the proposed:

Hypothesis 2: Corporate governance status is an important factor affecting the
auditor’s risk of material misstatement.

3.2 Sample Selection and Source

According to China’s new “China Auditing Standards for Certified Public Accoun-
tants”, the risk of material misstatement refers to the possibility of significant
misstatement of the financial statements before the audit. As a result, the company’s
data for the three years of 2015-2017 has been collected. The selection criteria for
these companies are: companies listed on the Shanghai Stock Exchange and the
Shenzhen Stock Exchange, and those who have been punished by the Securities and
Futures Commission for financial reporting fraud or violations. Eliminate financial
listed companies, ST listed companies and projects with incomplete data.

3.3 Model Construction and Variable Design

Based on the empirical hypotheses and variables described above, two regression
models were established to verify the two hypotheses.

Model 1 was designed through the study of the risk of material misstatement and
its relationship with corporate governance related variables. Since the dependent
variable only takes 1 or 0, choose Logistic.

Regression model for analysis:

FRAUD = By+ BITOP1+ B NOD + B3SUPERVIS + B4SIZE + BsROE + BsDEBT + ¢ (1)
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Table 1 Variable definition

Variable category Variable name | Variable meaning

Explained variable FRAUD Measured risk of material misstatement: FRAUD = 1
when the violation occurs, indicating that the risk of
material misstatement is large, FRAUD is 0, and the risk
of material misstatement is small

LNFEE The natural logarithm of audit fees
Explanatory variables | TOP1 The shareholding ratio of the largest shareholder (equity
concentration)
NOD Listed company board size
SUPERVIS Number of supervisors of listed companies
Control variable SIZE Company Size
ROE Rate of Return on Common Stockholders’ Equity
DEBT Gearing ratio

Interpreted variable: Fraud is a measure of the risk of material misstatement. When
the company violates the rules and is punished by the CSRC, it is 1; otherwise it is 0.
B1—Be represents the coefficient of each variable, and ¢ represents the residual term
(Table 1).

Model 2 In view of the above research on audit fees and corporate governance,
Model 2 was designed for regression analysis:

LNFEE = B0+ B1TOP1+ B2NOD + B3SAME + B4SIZE + B5ROE + B6DEBT +¢  (2)

Interpreted variable: The natural logarithm of the audit fee, LNFEE, is interpreted
as a variable. B;—P¢ represents the coefficient of each variable, and ¢ represents the
residual term.

3.4 Outcome of Practice

1) Descriptive statistical analysis

In order to conduct a preliminary analysis of the selected samples, I conducted a
descriptive statistical analysis of the samples. The subscript for the permeability of
vacuum 0, and other common scientific constants, is zero with subscript formatting,
not a lowercase letter “o0” (Table 2).

From the descriptive statistical analysis of the variables by the table, the following
conclusions can be drawn:

The minimum value of the natural logarithm of the audit fees to be paid by the
listed company is 12.42922, the maximum value is 15.91964, the average value is
13.7698765, and the standard deviation is 0.52006544; indicating that there is a large
gap between the audit fees paid by different companies.



Does the Corporate Governance Status and Its Changes ... 201
’:;?iglsetiial]zgi)rfisli)sve Variable name Number | Minimum Maximum
FRAUD 258 0 1
Lnfee 258 12.42922 15.91964
TOP1 (%) 258 10.73100 100.00000
NOD 258 5.00000 12.00000
SUPERVIS 258 2 9
SAME 258 0.00000 1.00000
SIZE 258 19.01607 24.67661
ROE (%) 258 —46.19419 | 82.13298
DEBT 258 0.03402 1.27961
Valid N (listwise) 258

The minimum shareholding ratio of the largest shareholder is 10.73100%, the
maximum value is 100%, and the average value is 33.9167081%, which indicates
that from the current stage, the concentration of ownership of Chinese companies is
higher, and the standard deviation is 25.14973614. It also shows that the difference
in the concentration of equity in Chinese companies is also obvious.

The minimum number of board members is 5, the maximum is 12, and the average
is 8 people. The total number of people is in line with the number of people stipulated
by the company law. It can also be seen that 8 people are the number of boards that
Chinese companies are more willing to choose.

The minimum number of supervisory committees is 2, the maximum is 9 and the
average is 3.56 or 4, indicating that the number of supervisors who are willing to
choose in China is 4.

The situation of the chairman and the general manager accounted for 13.31008%
of the total sample. The independence of the two concurrent companies will be
restricted, but it also shows that most of the companies in China maintain the
independence of the board (Table 3).

2) Correlation coefficient analysis

Correlation analysis can be used to analyze whether the two variables have a
correlation, and whether the relationship between them can be positive or negative
by positive and negative signs, but there is a defect that only the relationship between
the two can be discussed and cannot be distinguished. Independent and dependent
variables. From this, it can be initially analyzed that the risk of material misstatement
has a positive correlation with the shareholding of the largest shareholder, and has
a negative correlation with the number of board members and the number of super-
visory boards. The natural logarithm of audit fees and the shareholding ratio of the
largest shareholder, the number of board members and the dual roles are significant
at the level of 0.01 (Table 4).
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Table 3 Pearson correlation coefficient table
FRAUD | Ln fee TOP1 NOD SUPERVIS | SAME SIZE ROE DEBT
FRAUD 1 —.328%* | 346%* —.386%* | —212%%* —.223%% | —204%% | (0.048 —0.073
Lnfee 1 —.347F% | 469%* 141* 405%* 7045 —0.018 | .215%*
TOPI 1 —.210 .075 —.138% —.389%* 1 0.029 0.009
NOD 1 226 203 | 408+ |0 0.072
SUPERVIS 1 0.073 —-0.073 |0.032 |0.102
SAME 1 3617 —0.019 | .198**
SIZE 1 —0.024 | .284%*
ROE 1 —.123%
DEBT 1
a.** indicates significant correlation at the 0.01 level (both sides)
b.* indicates a significant correlation at the 0.05 level (both sides)
Table 4 Model 1 logistic regression test results (Dependent variable: FRAUD)
B S.E. Wald df Sig. Exp(B)
TOP1 .029 .007 16.296 1 .000 1.029
NOD —.405 125 10.476 1 .001 .667
SUPERVIS —.529 .186 8.033 1 .005 .589
SIZE —.223 .209 1.135 1 287 .800
ROE —.442 .884 250 1 617 1.555
DEBT .098 .802 .015 1 903 907
Constant 7.007 4.356 2.588 1 .108 1104.348

3) Regression analysis

According to the regression results of model one, it can be concluded that:

The higher the shareholding ratio of the largest shareholder, the greater the risk
of material misstatement, that is, the shareholding ratio of the largest shareholder is
positively related to the risk of material misstatement, because the shareholding ratio
of the largest shareholder is a substitute for equity concentration. Variables, therefore,
the more concentrated the equity, the greater the risk of material misstatement, and
their relationship is significantly positively correlated according to sig. The greater
the number of board members, the smaller the risk of material misstatement, that is,
the size of the board of directors is negatively correlated with the risk of material
misstatement, and based on sig 0.001, their relationship is significantly negatively
correlated. The larger the size of the board of supervisors, the smaller the risk of
material misstatement, that is, the proportion of shares held by the largest shareholder
is negatively correlated with the risk of material misstatement, and their relationship
is significantly negatively correlated according to sig of 0.005 (Table 5).

Among the control variables, the total assets and the return on net assets are
negatively correlated with the risk of material misstatement. The asset-liability ratio
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Table 5 Model 2 multiple linear regression results

Model Unstandardized Standardized coefficients |t Sig.
coefficients
B Std. Error | Beta
1 (Constant) | 6.901 578 11.940 .000
TOP1 —.002 .001 —.078 —1.687 |.093
NOD —.070 .017 .190 4.043 .000
SAME 245 .081 .140 3.034 .003
SIZE 283 .028 .540 10.242 .000
ROE .000 .008 .003 .063 .950
DEBT .053 110 .022 479 .632

is positively correlated with the risk of material misstatement, but it is not significant.
The reason may be that the selection of sample data is closely related, and the sample
size is not large enough, and it is also closely related to the business environment
due to the influence of the relevant industry in which the company is located.

According to the regression results of Model 2, it can be concluded that:

The higher the shareholding ratio of the first largest shareholder, the smaller
the natural logarithm of the audit fee, that is, the shareholding ratio of the largest
shareholder is negatively correlated with the audit expense, because the shareholding
ratio of the largest shareholder is a substitute for the concentration of equity. Variables,
therefore, the more concentrated the equity, the less audit fees the company spends,
but because the value of sig is equal to 0.093, their correlation is not significant. The
greater the number of board members, the smaller the natural logarithm of audit fees,
that is, the size of the board of directors is negatively correlated with the audit fees,
and their relationship is significantly negatively correlated according to sig 0. When
the chairman and the general manager are concurrently employed, the audit fee is
higher, that is, the two concurrent positions are positively related to the audit fee,
and their relationship is significantly positively correlated according to sig of 0.003.

Among the control variables, the total assets are significantly positively correlated
with the audit fees. The return on net assets and the asset-liability ratio are positively
correlated with the audit fees, but not significant. The reason may be that the selection
of sample data is closely related, and the sample size is not large enough, and it is
also closely related to the business environment due to the influence of the relevant
industry in which the company is located.

4) Robustness test

The robustness test is conducted to test whether the empirical test results obtained
above are stable, that is, when we change the parameters used in the empirical test,
we observe whether the results of the empirical test will change significantly. If the
positive or negative correlation or significance of the empirical test changes greatly
with the change of parameters, then the result of the empirical test can be concluded
to be unstable. Conversely, the stability of the empirical test can also be confirmed.
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The test of robustness can be started from aspects: adjust the data classification.
Perform variable substitution. Change the measurement method.

Based on the actual situation, this paper starts from the data to test the robustness
of the empirical results. The ratio of the number of shares outstanding to replace
the shareholding ratio of the largest shareholder indicates the equity result, and the
proportion of independent directors replaces the size of the board of directors as a
substitute for the structure of the board of directors. The test results are shown in the
table below.

The results in the above table indicate that the proportion of outstanding shares is
significantly negatively correlated with the risk of material misstatement of audits.
The higher the proportion of shares outstanding and the lower the shareholding
ratio of the largest shareholder, the lower the concentration of equity, and the better
ownership structure is the performance of corporate governance, the lower the risk
of material misstatement. As with the scale of the board of directors in the evidence,
the proportion of independent directors in the board of directors is also negatively
related to the risk of material misstatement. In summary, using different variables
can be concluded that corporate governance is a factor that significantly affects the
risk of material misstatement, and companies with good corporate governance are
more likely to reduce the risk of material misstatement (Tables 6 and 7).

Table 6 Model 1 robustness test

B S.E. Wald df | Sig. Exp(B)
Step la | TRADABLE —3.630 .865 17.594 1 .000 .027
IDRATE —3.189 3.502 .829 1 362 .041
SUPERVIS —17.795 2461.916 .000 1 .994 .000
SIZE — 477 239 3.970 1 .046 .621
ROE 377 1.013 139 1 710 1.458
DEBT —.749 923 .659 1 417 473
Constant 67.742 7385.751 .000 1 .993 2.629E29
Table 7 Model 2 robustness test
Model Unstandardized Standardized t Sig.
coefficients coefficients
B Std. Error Beta
1 (Constant) 14.611 .601 24.330 .000
TRADABLE —.812 11 —.396 —7.287 .000
IDRATE —1.672 452 —.182 —3.702 .000
SAME 902 .086 S11 10.501 .003
SIZE —.018 .030 —.034 —.599 .550
ROE —.002 .008 —.008 —.178 .859
DEBT —.075 124 —.030 —.602 548
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The conclusions in the above table indicate that there is a significant negative
correlation between the variables after replacement, the proportion of outstanding
shares and the proportion of independent directors and audit fees. The high proportion
of tradable shares and the high proportion of independent directors respectively
represent the dispersion of equity and better structure of the board of directors,
which is a good performance of corporate governance, and the corresponding audit
fees are low. This draws the same conclusion as the original model, indicating that
the model is robust.

4 Research Conclusions and Recommendations

4.1 Analysis Conclusion

This article takes a sample of companies listed on the Shanghai Stock Exchange and
the Shenzhen Stock Exchange in 2015-2017.

Taking the company’s total assets and profit indicators as control, the company’s
governance status is represented by the ownership structure, board structure and
supervisory board structure. The relationship between corporate governance and
auditing major risk misreporting is studied separately and the auditor’s response.

According to the model 1 Logistic regression results, the following conclusions
can be drawn:

1) There is a positive correlation between the concentration of equity and the risk
of material misstatement of the audit. The shareholding ratio of the largest
shareholder is also high, and the risk of major misstatement of audits is higher.
According to the results of descriptive statistics, it is known that the concentration
of ownership of Chinese enterprises is relatively high. Under this circumstance,
the majority shareholder has strong control over the enterprise. On the one hand,
major shareholders may use their shareholding advantage to “sell” the company,
and as the controlling shareholder of the company, they may use this advantage
to squeeze or even harm the interests of minority shareholders; on the other hand,
the more concentrated the equity The more likely it is to breed and cover up fraud,
when the major shareholder has fraud, it may manipulate the management, inter-
vene in the implementation of internal control, and use information asymmetry
in the audit of certified public accountants, not to disclose true information to the
CPA, Due to the inherent limitations of auditing, CPAs will find it more difficult
to obtain adequate and appropriate audit evidence, which in turn will affect the
CPA’s proper audit opinion.

2) The size of the board of directors is negatively correlated with the risk of material
misstatement of the audit. The greater the number of board members, the lower
the risk of major misstatement of audits. For the relationship between the two,
there have been two very different conclusions in previous academic research.
I believe that this trend is determined by the status quo of Chinese enterprises.
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According to the descriptive statistics, the average number of board of directors of
Chinese enterprises is 8 people. There is no limit to the number of board members,
and there will be no “free rider” phenomenon. However, expanding the size of
the board of directors within a reasonable range will help strengthen the board’s
job competency and enable more investors to participate in the governance of the
company, effectively avoiding the manipulation of the company by a few major
shareholders and causing fraud; In this case, the company can also hire more
independent directors to help the company better supervise the management and
effectively control the risk of major misstatement of the audit.

The size of the board of supervisors is negatively correlated with the risk of mate-
rial misstatement of the audit. The greater the number of supervisory boards, the
lower the risk of major misstatement of audits. As with the size of the board of
directors, there have been two very different conclusions in the past academic
research on the relationship between the two. I believe that this trend is deter-
mined by the status quo of Chinese enterprises. According to the descriptive
statistics, the average number of supervisory boards of Chinese enterprises is
3.56, that is, less than four, far less than the limit of the number of supervisory
committees. The size of the board of supervisors is an important factor limiting
the effectiveness of the board of supervisors. The larger board of supervisors
will help the board of supervisors to play its work and help companies reduce
the risk of material misstatement.

In summary, corporate governance is a factor that significantly affects the risk
of material misstatement. Among them, good corporate governance, including the
reduction of equity concentration, the size of the board of directors and the expansion
of the size of the board of supervisors, help companies reduce the risk of material
misstatement.

According to the model 2 multiple regression results, the following conclusions
can be drawn:

1)

2)

The relationship between the shareholding ratio of the first largest shareholder
and the audit fee is not significant. Originally speaking, the higher the share-
holding ratio of the largest shareholder, the more concentrated the shareholding
structure, and the greater shareholder is more motivated to supervise the work
of the company’s management, thus reducing audit fees. Or the proportion of
the largest shareholder is too high, so that the management’s behavior can be
manipulated, resulting in fraud, and thus tend to spend less money on company
audits. However, this result may indicate that the auditor’s response to changes in
corporate governance status, that is, when corporate governance is poor, increases
audit fees.

The scale of the board of directors is negatively related to the audit fees. To
a certain extent, the size of the board of directors is a substitute for corporate
governance. That is, when the size of the board of directors is larger, it helps to
enhance the exercise effect of the board of directors and reduce the occurrence of
fraud, so that the state of corporate governance is improved, and the governance
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of the company is more Well, the lower the risk misstatement assessed by the
CPA auditor, the lower the audit fee.

3) The two roles of chairman and general manager are positively related to audit
fees. It shows that when the two positions are combined, the independence of the
board of directors is even worse, which lowers the level of corporate governance.
The lower the risk of misstatement of the major risks assessed by the CPA auditor,
the lower the audit cost. It can be seen that separating the chairman from the
general manager can improve corporate governance and thus reduce audit fees.

4.2 Policy Suggestion

1) Optimizing the shareholding structure

Through the research in this paper, we can find that the excessive concentration
of equity is not conducive to the improvement of corporate governance, and the
current situation of high concentration of equity in China, I think we can reduce the
concentration of ownership to a certain extent, and try to avoid a monopoly situation.
The relatively diversified ownership structure is conducive to mutual restraint of
multiple parties, exerting the enthusiasm of multiple stakeholders, making effective
decisions on the company’s operations, thereby improving corporate governance,
and also helping auditors reduce audit fees when auditing.

2) Taking into account the size and independence of the board of directors

According to the theory of management, the size of the board of directors will
reduce its exercise effect. However, after the descriptive statistics and empirical
research of the text, according to the current situation of China, the board of directors
is small in scale and the concentration of ownership is high, and it is still necessary to
expand the scale of the board of directors. In the hope that the board of directors will
play a better role and restrict the shareholders with a large shareholding. Therefore,
properly increasing the size of the board of directors is one of the ways to optimize
corporate governance.

The two powers of the chairman and the general manager reflect the independence
of the board of directors. Separating these two positions helps each of them to play a
better role and enhance the independence of the board. Therefore, when considering
corporate governance, two should be Only set up separately.

3) Strengthen the effectiveness of the board of supervisors

The focus of the governance of the Board of Supervisors is mainly reflected in two
aspects. One is whether the Board of Supervisors can adhere to professional ethics
in the course of auditing, and adhere to the principles of fairness, independence,
objectivity and efficiency. In addition, as for the issue of staff deployment within the
Board of Supervisors, since the size of the Board of Supervisors obviously affects the
risk of material misstatement of listed companies, in order to make the supervision
more effective, it is necessary to plan personnel structure and personnel deployment.



208 Y. Feng et al.

Make certain considerations for deployment. The most realistic option at present
is to improve the structural characteristics of the supervisory board. The specific
contents include: the nomination of supervisors should be standardized, and a fixed
system or enforcement mechanism should be formed, and the voting method of
cumulative addition and multiplication should be adopted. The shareholding ratio of
shareholders cannot be used as a reference for voting, but should be multiplied by the
number of shares held by the number of supervisors to be elected. In this way, when
voting for elections, it is possible to give small and medium-sized shareholders a great
choice. They can concentrate their voting rights and give them targeted candidates for
supervisors, which may be a supervisor or several supervisors. This kind of voting
method does not use equity as the main reference, which weakens the discourse
power of major shareholders to a certain extent. The main beneficiaries must be
small and medium shareholders. As a result, voting is more representative of the
public, making the company’s decision making more comprehensive.
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The Relationship Between the Human )
Settlement and Economic Development L
in Hangzhou

Pengyan Li, Hao Peng, and Sai Tang

Abstract Through the establishment of specific indicators of Hangzhou’s human
settlements environment and economic development from 2000 to 2016, this paper
explores the contribution degree of each principal component to the indicators and
the changes of the comprehensive index in 17 years. Then, in order to analyze the
specific relationship between the two development, the VAR model of the two is
constructed. Through co-integration analysis, Granger causality analysis and regres-
sion analysis, the deep internal relationship between Hangzhou’s human settlements
environment and economic development is finally obtained. The results show that
the economic development of Hangzhou is not the reason for the improvement of
the environment of the human settlements, and the improvement of environment of
the human settlements can promote the economic development, and there is a time
lag. In view of this causality, it is suggested that attention to the environment of the
human settlements should not be neglected while the economy is developing rapidly.
Attention to the improvement of the human settlements environment conditions can
play a long-term role in promoting economic development.

Keywords Human settlement environment + Economic development + Principal
component analysis + VAR model

P. Li- H. Peng
School of Humanities, Social Sciences and Law, Harbin Institute of Technology, Harbin, China
e-mail: pengyanli@hit.edu.cn

H. Peng
e-mail: 1205385170@qq.com

S. Tang (<)

Postdoctoral Programme of China for Industrial Security Research, Beijing Jiaotong University,
Beijing, China

e-mail: tangsai86 @ 126.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license 211
to Springer Nature Singapore Pte Ltd. 2020

M. Li et al. (eds.), IEIS2019,

https://doi.org/10.1007/978-981-15-5660-9_16


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-5660-9_16&domain=pdf
mailto:pengyanli@hit.edu.cn
mailto:1205385170@qq.com
mailto:tangsai86@126.com
https://doi.org/10.1007/978-981-15-5660-9_16

212 P. Lietal.

1 Introduction

The term “human settlement” refers to geographical location and the basic conditions
necessary for people to live a life. The quality of a human settlement also serves as
an important marker of regional economic development within a country. Finally, the
quality of a human settlement is also a measure of material and cultural standards.
The development of any country or region cannot be left to chance. Hangzhou, the
newest first-tier Chinese city (one of five), provides an interesting test case. From
2000-2016, its per ca-pita GDP rose from 0.02 million RMB to 0.12 million RMB.
The economy has developed rapidly. However, the rapid development of the city’s
economy and the process of urbanization has caused a sharp increase in population,
resulting in a large increase in air pollution caused by exhaust fumes and industrial
discharge, and water pollution arising from an increase in waste water. All these
problems have resulted in a severe ecological imbalance, worsening the quality of life
for residents. Hence, researching the relationship between the human settlement of
Hangzhou and the development of the Hangzhou economy is significant for analyzing
the comprehensive development situation in order to determine the proper balance
between development and a city’s ecological health.

To date, most research, both international and domestic, about this issue concerns
two primary areas: either human settlement, or the relationship between human
settlement and economic development. The first mention of the concept of human
settlement occurred in 1898 by the British social reformer Howard, who developed
“pastoral city theory,” which attempted to solve the problems caused by the Industrial
Revolution. Howard sought to maximize the advantages of urban-rural integration
to control the city’s population growth to increase the quality of human settlements
[1]. In the 1950s, a Greek architect and city planner C.A. Doxiadis coined the term
“ekistics” to define the science of human settlements. He described five main compo-
nents of human settlements: people, society, nature, architecture, and interconnection.
He emphasized that people need to research human settlements systematically and
comprehensively from multiple standpoints including society, technology, culture,
education, medicine and health, and so on. His work marked the emergence of the
science of human settlements [2]. In China, this concept gained traction in the 1980s.
Professor Wu set up the basic framework of research in Chinese human settlements.
Subsequent research in Chinese human settlements is based on his theory [3]. By
a multivariate statistical analysis, they explored the quality-of-life environments of
the first set of villages constructed in the municipal area surrounding Beijing, paying
particular attention to the physical characteristics, influence level, and development
status in these formerly rural areas, which became Beijing suburbs [3]. Liu used a
quantitative analysis of ten years of data [4], Liu conducted a study on the livability
of human settlements in Kunming and discussed the issue of the harmonious devel-
opment of human settlements, the economy, and culture [4]. Yan et al. analyzed the
situation of human settlements in different provinces of China, and proposed the
classification and guidance of environmental issues in different provinces [5].
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On the other hand, the study of the relationship between human settlements and
economic development is also a multifaceted endeavor. In earlier studies, Rees argued
that although human technological progress and economic achievements are enor-
mous, they are still inseparable from the support of natural ecosystems [6]. Amer-
ican economist Simon Smith Kuznets conducted an in-depth study of the relationship
between economic growth and regional environmental pollution in 66 different coun-
tries and regions, highlighting the environmental pollution status of these countries
and regions. His results show that initially, economic improvement as measured by
per ca-pita national income occurs concomitantly with degradation of environmental
quality, but after a time, pollution stabilizes or decreases while national income
continues to increase. That is, there is an inverted U-shaped relationship between
the degree of environmental pollution and economic growth over time. Based on
this empirical study, Krugman et al. summarized the inverted U-shaped relationship
between the amount of environmental pollution and economic growth as the envi-
ronmental Kuznets curve hypothesis [7]. Subsequently, other scholars focused on the
link between economic development and protection of the environment. For example,
Richard and Christopher studied the possible relationship between economic growth
and environmental protection. For the long-term development of the city, they felt it
necessary to achieve both aims, which they termed coordinated development [§]. In
China, the study of related issues is mainly based on cities or regions within China
itself. Xiong used uncertainty analysis to study the relationship between human settle-
ments and economic development in Changsha. Deng, Zhang, and Li used Lanzhou
City as an example, employed empirical analysis to construct a set of indices that
included 40 separate factors to systematically evaluate the coordination of environ-
mental and economic development [9]. Shan et al. analyzed the coordination of envi-
ronmental quality and economic development in Zaozhuang, In the same year, Xi’an
and Taiyuan put forward countermeasures for each city’s environmental preservation
and economic development [10-12].

Hangzhou is a very good example of a blend of tradition and modernity, economy
and culture. In recent years, a new economic model has developed rapidly in this
city, and people’s happiness index has been continuously improving. Therefore,
taking this as an example to study the relationship between human settlements and
economic development has the significance of indicators-first, rich and long history.
Hangzhou has a history of more than 2,200 years since it was established in the Qin
Dynasty. It is also one of the birthplaces of Chinese Civilization and ranks among
the seven ancient capitals in China. The 13th-century Italian traveler Marco Polo
marveled at Hangzhou, calling it “the most graceful and splendid city in the world.”
Second, excellent location. Hangzhou is the provincial capital of Zhejiang Province
and its center of economy, culture, science and education; it is the central city of
the Yangtze River Delta, and it ranks among the first batch of national historical and
cultural cities. Hangzhou benefits from the convenience of the Beijing-Hangzhou
Grand Canal and the Tongshang Port, as well as from its well-developed silk and
grain industry, and was historically an important commercial distribution center for
those products. Later, the opening of railway lines such as the Shanghai-Hangzhou
Railway and Shanghai’s import and export trade enabled the light industry to develop
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rapidly. Third, high-speed economic development. In 2017, Hangzhou’s per ca-pita
GDP reached 1,255.6 billion yuan, an increase of 8% from 2016. Urban and rural
resident per ca-pita disposable income reached 56,276 yuan and 30,397 respectively,
an increase of 7.8 and 8.9% over the previous year. At the end of the year, the balance
of household deposits reached 867.1 billion yuan, calculated according to the annual
resident population, and the per ca-pita deposit was 92,957 yuan. The service sector
as a proportion of GDP rose to 62.6%, which is higher than the average level of the
whole country.

Because of its abundant natural resources, and rapid economic and cultural
improvement, this article uses Hangzhou as an example of intentional development.
Using indicators that are people-oriented, comprehensive, unique to this setting,
and both theoretically sound and practically implementable, and considering the
specific human situation and economic development in Hangzhou, this paper evalu-
ates economic development in Hangzhou in terms of human factors and concerns such
as environmental quality, cultural opportunities, and the quality of public interactions.

2 Indicator Construction and Data Processing

2.1 Indicator Construction

Following the principles outlined above, a total of 30 relevant indicators related to
Hangzhou were selected, including 16 indicators of human settlements and 14 indi-
cators of economic development. These indicators were obtained from the Hangzhou
Statistical Yearbook.

1) Economic development indicators: In terms of human settlements, combined
with the actual situation in Hangzhou, the four aspects of living conditions,
environmental greening, infrastructure and education and health are stratified
with the following indicators: per ca-pita living area; population density; per ca-
pita pork, beef and mutton production; per ca-pita vegetable production; green
coverage in otherwise built-up areas; per ca-pita public green space; waste-water
discharge compliance rates; comprehensive utilization of solid waste; paved road
area per 10,000 people; public transport vehicles per 10,000 people; annual
electricity consumption per capital; annual per ca-pita 16 indicators of daily
water consumption; the number of full-time teachers per 10,000 people;, the
number of students per 10,000 in higher education institutions; the number of
doctors per 10,000 people; and the number of hospital beds per 10,000 people are
used as indicators to construct the evaluation of human settlements in Hangzhou.

2) Economic development indicators: For the indicators of the economic develop-
ment level in Hangzhou, five aspects including economic strength, economic
vitality, industrial structure, economic extroversion and household income
consumption were selected as the classification layer. The specific indicators
measured were: per ca-pita GDP; per ca-pita industrial output value; per ca-pita
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local fiscal revenue; GDP growth rate; investment per ca-pita in fixed assets
investment; share of GDP accounted for by secondary industry; share of GDP
accounted for by tertiary industry; per ca-pita actual use of foreign capital; per ca-
pita import and export; average employee wages; per ca-pita disposable income;
per ca-pita year-end savings deposit balance; residents’ consumer price index;
and total retail sales per day are used to construct the evaluation index.

System for economic development in Hangzhou, as shown in Table 2.

2.2 Data Processing

Because the indicators selected for use in this study are measured in different units,
the data first had to be standardized. Then, a principal component analysis of the stan-
dardized data was used to obtain the total variance of the human settlement system,
the total variance of the economic development system, and the Human settlement
of Hangzhou. The composition matrix and the matrix of economic development
components of Hangzhou can be got.

The first main component of the human settlement system concerns environmental
factors, which is divided into three sub-components. The first sub-component of envi-
ronmental factors is represented by the variable F/, which represents the greening and
traffic conditions of Hangzhou. The indicators comprising this variable F/, namely:
the green coverage rate of the built-up area (A5); the per ca-pita possession of the
public green area (A6); and the paved road area per 10,000 people (A9); and the
proportion of indicators such as buses (A70) per 10,000 people is large. The green
coverage rate (A5) of the built-up area and the public green area (A6) per capita can
be attributed to green conditions, and the paved road area per 10,000 people (A9)
and the bus (A10) per 10,000 people can be regarded as traffic conditions.

Similarly, the second principal sub-component and the third principal sub-
component of the human settlement environment in Hangzhou can be regarded as
variable F2 and variable F3, respectively. Among the indicators comprising variable
F2, the number of full-time teachers per 10,000 people (A/3) and the number of
students enrolled per 10,000 people in higher education institutions (A/4) account
for a large proportion, so that the variable F2 can represent Hangzhou. Educational
conditions; among the indicators comprising variable F3, the number of doctors
per 10,000 people (A15) and the number of medical beds per 10,000 people (A16)
account for a large proportion, and F3 can be considered as the medical condition of
Hangzhou.

Similarly, the first and second principal components of Hangzhou’s economic
development are set to variables E1 and E2, respectively. Among the indicators
constituting the variable El, the per ca-pita GDP (BI), the per capita local fiscal
revenue (B3), the per capita disposable income (BI1), and the per capita year-end
savings deposit balance (B12) account for a large proportion. These indicators are
the embodiment of Hangzhou’s economic strength, so the variable E] represents the
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Table 1 Numerical values and composite indices of principal components

Human settlements Economic development

Fi F2 F3 F El E2 E
2000 —17.58 —5.53 —0.62 —14.15 —16.23 —0.66 —14.94
2001 —15.48 —3.08 0.13 —12.11 —15.35 —1.28 —14.18
2002 —13.64 -0.75 0.82 —10.28 —14.77 —1.46 —13.66
2003 —11.20 0.97 1.21 —8.13 —13.69 —0.67 —12.61
2004 —8.66 1.48 1.36 —6.13 —11.22 0.99 —10.20
2005 —7.42 3.13 1.27 —4.93 —-7.97 0.41 —7.28
2006 -2.13 4.86 0.97 -0.71 —=5.77 0.60 —5.24
2007 —0.51 1.96 —1.46 —0.18 —4.48 1.56 —3.98
2008 —0.45 1.87 —1.23 —0.13 —0.36 1.89 —0.17
2009 1.52 1.88 —1.70 1.31 0.63 —1.51 0.45
2010 2.77 0.01 —-2.07 1.90 3.14 1.24 2.98
2011 5.64 —-0.56 —1.19 4.03 7.53 1.58 7.04
2012 8.08 —0.62 —0.62 5.90 10.09 0.14 9.26
2013 10.12 —0.83 —0.30 7.42 13.08 —0.28 11.96
2014 14.30 —0.78 0.19 10.61 15.54 —0.59 14.19
2015 15.53 —1.63 1.03 11.46 18.21 —0.94 16.62
2016 19.11 —-2.39 222 14.12 21.63 —1.01 19.74

economic strength of Hangzhou; the consumer price index (B/3) accounts for the
largest and concentrated proportion of the indicators that constitute the variable E2,
and this indicator reflects the economic operating environment of Hangzhou, so E2
represents the economic operating environment of Hangzhou.

Finally, values of the main components of the human settlement environment and
economic development in Hangzhou and the comprehensive evaluation index of the
two are shown in Table 1.

3 Model Construction and Analysis

3.1 Model Building

In order to understand the complex relationship between phenomena, a vector auto-
regressive model, which is an unstructured model that reflects the varying rate of
change of different indicators (a stochastic process model used to capture the linear
interdependencies among multiple time series), was chosen as a research tool. The
expression of the model is usually written as:
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Yi=a1Y+...+a,Y p +BoXi+... + B X+ (1

Where Xt is an exogenous variable, Y is an endogenous variable, «;....o,, and
Bo... B are the matrix of coefficients to be estimated, and e, is a random interference
term (there is no autocorrelation). Since it is necessary to ensure that the sequence
is stable before establishing the vector autoregressive model, the existing data was
checked and processed.

3.2 ADF Unit Root Test and Co-integration Test

Based on the empirical study of time series data, if the data is not stable, the
phenomenon of “pseudo-regression” will appear, making the statistical tests mean-
ingless. Therefore, the unit root test needs to be performed first. According to the
comprehensive economic development index of Hangzhou has shown a rising trend,
but the human settlements index has shown a trend of rapid growth and steady growth.
Therefore, in the co-integration analysis, it is necessary to test each part of the data
separately. The three parts of the data, namely 2000-2006, 2007-2016 and 2000—
2016, were tested to determine whether the data can be considered to be in a stable
situation (Table 2). It was found that the initial sequence from 2000 to 2006 was
stable, and the 2007-2016 sequence did not pass the stationarity test. The data from
2000 to 2016 was also stabilized after the first-order difference. Linear regression of
the data from 2000 to 2006 yields the following regression equation:

RIHI=52+1.19JJFZ 2)

Linear regression was performed on the first-order difference of the data from
2000 to 2016, and the following regression equation was obtained:

RJHJ =0.0014+0.72JJFZ 3)

Table 2 Results of unit root test for human settlements and economic development in Hangzhou

Year Index ADF value | 5% significant level | 10% significant level | Stability
2000-2006 | RJHJ —244.63 —5.34 —4.19 Yes
JIFZ —6.51 —5.34 —4.19 Yes
2007-2016 | RJHJ —2.28 —4.25 —3.59 No
JIFZ —5.23 —4.25 —3.59 Yes
2000-2016 | RJHJ —2.24 —-3.73 —3.31 No
DRIH]) | —4.44 —3.76 —3.33 Yes
JIFZ —2.81 —3.73 —3.31 No
D(JJFZ) | —3.66 —3.79 —3.34 Yes
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Table 3 Unit root test results of residual sequence E

Year ADF value | 5% significant level 10% significant level | Co-integration
2000-2006 | —4.75 —4.11 —-3.52 Yes
2000-2016 | —4.47 -3.76 —3.33 Yes

Since the two sets of data passed the stationarity test, their residual sequence
was tested. The test results are shown in Table 3. The results show that there is a
co-integration relationship between the two sets of data.

3.3 Granger Causality Test

The Granger causality test was mainly used to analyze the causal relationship between
the Human settlement and economic development in Hangzhou. Since there was no
co-integration relationship between Human settlement and economic development
in Hangzhou from 2007-2016, there is no need to analyze causality. According to
the test results, after two periods of lag, there is no causal relationship between them.
When the three periods lag, the Human settlement becomes the cause of economic
development. We can assert that this is more in line with what we know in life, that
is, the improvement of Human settlements leads to simultaneous or future economic
development, but it is obvious that economic development by itself is not the cause
of improvement in Human settlements. The specific statistical results are shown in
the table below.

3.4 Regression Analysis

Based on the test and analysis above, we can get the regression equation of human
settlements environment and economic development. The regression equations with
the Human settlement and economic development as the dependent variables are
obtained.

RJHJ; =148 —0.16RJHJ;1 +0.07RJHJ;_»+035JJFZ,_, —0.16JJFZ,_,
4)

T (in order) : (1.50)(0.34)(0.34)(0.34)(0.32)

AIC = —3.505781 SC = —3.734016
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Table 4 Granger causality test results

Lag length Granger causality F value P value Conclusion

1 JJFZ — RJHJ 0.93 0.35 Refuse
RJHJ — JIFZ 1.06 0.32 Refuse

2 JJFZ — RJHJ 0.62 0.56 Refuse
RJHJ — JIFZ 1.77 0.22 Refuse

3 JJFZ — RJH] 0.39 0.76 Refuse
RIHJ — JIFZ 28.38 0.00 No refuse

JIFZ,;=188—0.06JJFZ_;+0.12JJFZ_; —0.20RIH]_; —0.41RJH J,_»
©)

T(in order) : (1.19)(0.27)(0.25)(0.27)(0.27)

AIC = —3.306675 SC= —3.155383

Attached is the test result: Table 4.

By two regression equations can be found all the coefficients are not through the T-
test (ITI less than 2), that between residential environment and economic development
of Hangzhou in the next two years the close relationship did not influence each other,
we this also verified the conclusion in the Granger causality test, namely in the short
term within two years (lag) Hangzhou living environment improvement will not
affect the economic development, economic development will not make the living
environment is improved.

3.5 Equation Decomposition Analysis

Table 5 shows the results of the variance decomposition. From the left half, the effect
of the new interest from (4) on the standard error fluctuations of RJHJ and JJFZ,
we can see that although the contribution to RJHJ has decreased, it has remained
above 90%. This shows that Hangzhou’s economic development contributes less
to the improvement of its Human settlement; the right half has reached different
conclusions. The first and second phases of the new interest from (5) affect the JJFZ
standard error fluctuation. The impact is small, but since the third period, this effect
has increased significantly, and the contribution rate increased to around 30%. This
analysis proves that the improvement of the Human settlement in Hangzhou has had
an impact on its economic development, but there is a time lag, generally of three
years or more.
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Table 5 Results of variance decomposition

Period Variance decomposition of human Variance decomposition of economic

settlements development

S.E. RJHJ JIFZ S.E. RJHJ JIFZ
1 1.22 100 0 0.97 2.99 97.01
2 1.29 93.41 6.59 1.00 8.41 91.59
3 1.31 90.61 9.39 1.14 28.92 71.08
4 1.33 90.45 9.55 1.17 29.93 70.07
5 1.34 90.59 9.41 1.17 29.84 70.16
6 1.34 90.42 9.58 1.18 30.19 69.81
7 1.34 90.30 9.70 1.18 30.57 69.43
8 1.35 90.29 9.71 1.18 30.70 69.30
9 1.35 90.29 9.71 1.18 30.69 69.31
10 1.35 90.29 9.71 1.18 30.70 69.30

4 Conclusion and Policy

Firstly, the economy of Hangzhou City achieved rapid development from 2000-2016,
but the development of the Human settlement first experienced rapid improvement,
followed by stasis beginning in 2007. The Human settlement, as reflected by greening,
transportation, education and medical conditions, and economic development, as
represented by economic strength and economic operating environment, achieved
coordinated development in the early years, but since 2007, there is no longer any
coordination between the two. The environment has not kept pace with the economic
development rate, and the improvement of the Human settlement has been neglected
in the process of economic development. The harmonious development of the Human
settlement and economy in Hangzhou over the past 17 years is thus imperiled.

Secondly, the improvement of the Human settlement will promote economic
development. However, this effect is not immediate, and although it will not be
seen for about three years, this impact will remain profound. Development is stim-
ulating. In the process of economic development in Hangzhou, it is necessary to
strengthen the city’s ecological environment construction, infrastructure construc-
tion and public utility construction, improve the efficiency of life and work; develop
a green economy, a circular economy and a cooperative economy, and give full
play to the coordination between the development of the economy and the Human
settlement.

Thirdly, it is not difficult to see that Hangzhou’s economic development in recent
years has benefited from the newly-formed business and globalization, such as the
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economic development model of online and offline integration and the develop-
ment of cross-border e-commerce, which not only promoted economic develop-
ment but also Hangzhou’s human settlements improvement. Local governments
and e-commerce companies are now working together to help people living in
poverty-stricken areas to sell their products online and improve their quality of life.
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The Correlation Between Highway )
Transportation and Regional Economic i
Development in Inner Mongolia

Lichen Zeng

Abstract This paper analyzes the development of highway transportation in Inner
Mongolia, comprehensively analyzes the correlation between highway transportation
in Inner Mongolia and regional economic system by using research methods such as
transportation economic elasticity analysis and gray correlation analysis, establishes
aquantitative analysis model between economic development indicators and highway
transportation development indicators in Inner Mongolia, points out the problems
existing in the development of highway transportation in Inner Mongolia, and puts
forward relevant policy suggestions.

Keywords Highway transportation - Economic development - Economic elasticity
analysis of transportation

1 Introduction

With the rapid development of national economy and urbanization, highway trans-
portation has become an important driving factor in regional economic development
due to its advantages of wide coverage, relatively low construction cost and high
transportation flexibility. Inner Mongolia is located in the north of China, adjacent to
Mongolia in the north and bordering Russia in the northeast. It has unique geograph-
ical features and advantageous location in the communication area. Inner Mongolia
is the key area of the “the belt and road initiative” strategy. It has the advantage of
connecting Russia and Mongolia and is the window for China to open to the north.
Highway transportation is the dominant mode of transportation in Inner Mongolia.
With the implementation of the national development strategy, Inner Mongolia’s
economic development momentum has increased and higher requirements have been
put forward for the development of road transportation in Inner Mongolia. This paper
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discusses the relationship between highway transportation and economic develop-
ment in Inner Mongolia by using research methods such as transportation economic
elasticity analysis and gray correlation analysis, and provides policy suggestions for
highway transportation development in Inner Mongolia.

2 Literature Review

The research on the correlation between transportation and regional economic devel-
opment put forward by foreign researchers originated from the first half of the
19th century. Weber and other scholars regarded transportation as the prerequisite
factor affecting the economy from the perspective of location. Adam Smith and
others studied transportation and industrial layout. Rostow and other scholars have
combined the unbalanced development of transportation and economy, demanding
to realize the vigorous development of transportation.

Domestic scholars mainly study the impact of highway transportation on regional
economy from the perspective of space and time. At the same time, some scholars
study from different stages of traffic development and economic development.
Among them, the main representative views are “alternate push-pull relation theory”,
“interaction theory” and “external effect theory” [1].

While carrying out qualitative research on the relationship between highway trans-
portation and regional economic development, quantitative analysis is also carried
out. Liu uses input-output method to analyze the impact of unit output value of trans-
portation industry on national economic growth [2]. Chen and others adopted the data
envelopment analysis method, and selected the total transportation routes, passenger
transportation and turnover volume, and freight transportation and turnover volume as
indexes, and concluded that the development degree of transportation and economic
development are generally coordinated with each other [3]. Ding established the sub-
models of transportation, economy and the relationship between transportation and
other industries to quantitatively analyze the non-linear relationship between trans-
portation and economy, and proposed the concept of transportation reaction factor
and its estimation equation [4].

Based on the summary of the research on the relationship between transportation
and regional economy by Chinese scholars, it can be found that most of the research
results on the relationship between transportation and economic development are
from the macro perspective or from the perspective of transportation promoting
economic development unilaterally. However, there is little research on the relation-
ship between highway transportation and economic development in underdeveloped
areas, especially in Inner Mongolia, which has great development potential.
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3 The Present Situation and Existing Problems of Highway
Traffic Development in Inner Mongolia

3.1 Current Situation of Highway Traffic Development
in Inner Mongolia

According to the Inner Mongolia Statistical Yearbook, by the end of 2018, a total
of 55.4 billion yuan had been invested in fixed assets for highway transportation,
16,000 km of highway construction had been started, 3,200 km of new highways
had been added, and the total mileage of highways in the whole region had exceeded
200,000 km, of which 6,630 km were expressways and 7,790 km were first-class
highways, with 1.6 billion tons of commercial freight volume and 298.56 billion
tons of freight turnover volume completed, up 8.5% and 8% respectively year on
year.

There are expressways in 12 cities in Inner Mongolia, and the number of express-
ways in county towns has reached 94, including 51 expressways. The major thor-
oughfare that runs through the eastern and western parts of Inner Mongolia has been
completed according to expressway standards. Fourteen expressways and 16 first-
class expressways have been completed. Manzhouli and Erlianhaote and other major
ports are connected by first-class expressways, forming an open pattern of connecting
the south with the north and connecting the east with the west.

The completion of 30 out-of-area access roads has solved the problem of poor
export between Inner Mongolia and other provinces and autonomous regions. Inner
Mongolia is organically integrated with the port highway networks of North China,
Northeast China, Northwest China and neighboring countries. It has unblocked the
economic trunk lines from all parts of Inner Mongolia to the major markets in the
mainland and to the sea in Xinjiang. It has effectively promoted the transformation
of Inner Mongolia’s resource advantages and location advantages into economic
advantages. It is of great significance to the county economic development, industrial
structure adjustment and economic development mode transformation in the areas
along the line.

3.2 Problems Existing in the Development of Highway
Transportation in Inner Mongolia

The Inner Mongolia has achieved great-leap-forward development in road transporta-
tion, supply capacity and service level. However, from the perspective of developing
a comprehensive transportation system, highway transportation there are still some
problems and deficiencies in development.

Firstly, the total amount of transportation infrastructure is still insufficient and
structural contradictions are still prominent. Highway network density is only 1/3
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of the national average, with high-grade highways accounting for only 14.7% of
the total mileage, and ordinary national and provincial highways with thousands of
routes. There are still 7,625 km of middle and fourth grade roads, other roads and
unconnected roads, accounting for more than 20% of the total mileage. There are
still 6,884 km of unconnected sections in the expressway network, and the whole
expressway skeleton network has not yet been established. There are obvious differ-
ences in the regional development of the highway network in the whole region, and
the development of the highway transportation facilities in each alliance city is unbal-
anced. Due to the slowdown of macro-economic development, difficulties in credit
financing for highway construction, land, resources, environment and other factors,
the expressway construction process in the whole region is slow.

Secondly, the contradiction between the demand for and supply of funds for trans-
portation development is more prominent, the protection of public finance is obvi-
ously insufficient, the credit financing policy has bottlenecks, and the environment
for attracting social capital to enter needs to be improved. With the transformation
of economic development and the reduction of coal demand, the economic develop-
ment of the autonomous region has been obviously impacted, the financial revenue
of governments at all levels has been reduced, and the pressure of raising supporting
funds for highway construction has become prominent. The rising cost of highway
construction, the falling traffic volume and the poor efficiency of highway toll collec-
tion have affected the investment of social capital. With the deepening of reform,
the investment policy environment for long-term support for highway construction
has changed dramatically, and the contradiction between the demand and supply of
funds for transportation development has become more prominent.

Thirdly, the service level of highway transportation needs to be improved, and
there is insufficient effective connection and interaction with other modes of trans-
portation. The general public transportation service has not yet been effectively met.
The development of the comprehensive transportation system in the whole region is
still in the initial stage. The transportation development between regions and urban
and rural areas is uncoordinated. The effective connection between various modes
of transportation is still not smooth. The level of transportation service needs to be
further improved. The development of integrated transportation is slow. There is
still a certain gap between the basic public services for urban and rural passenger
transportation and the expectations of the people. The unreasonable organization of
freight transportation structure has not been fundamentally reversed. The proportion
of transportation costs in logistics costs is still high.

Fourthly, the highway maintenance management system is not smooth, the capital
investment is insufficient, and the maintenance technology content is low. The divi-
sion and multi-head management of the highway management industry in the whole
region are serious, which affects the exertion of the management functions of the
industry and the overall benefits of the road network. The investment in highway
maintenance funds is insufficient, preventive maintenance cannot be followed up in
time, and maintenance projects such as large and medium-sized maintenance and
reconstruction of dangerous bridges cannot be arranged and implemented in time.
Highway maintenance in rural and pastoral areas has not yet established a stable
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and reliable financial guarantee system. The scientific and technological content of
highway maintenance in the whole region is still at a relatively low level compared
with similar regions in the country. Highway maintenance technology is single and

backward, and advanced highway maintenance technology and technology have not
been applied and popularized.

4 Data Comes from Research Methods

4.1 Data Sources

This paper selects GDP, highway mileage and passenger and freight transportation
turnover to analyze the correlation between economic development and various data
of highway transportation. The data in this paper are mainly from the statistical
yearbook of inner Mongolia from 2000 to 2017.

4.2 Research Methods

e Correlation coefficient

S =) — )

r= ey
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;= Zi:l Xiyi —nxy )
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Where, ¥ = 13" x;, y = 13"y are the mean values of samples x
and y, generally x is the independent variable and y is the dependent variable;

i(i =1,2,3,...,n) is the number of samples.
e Analysis on Economic Elasticity Coefficient of Transportation

The elastic relationship between transportation and economic growth refers to the
comparative relationship between the growth rate of transportation volume and the
growth rate of GDP, which is usually defined as the ratio of the growth rate of trans-
portation volume to the growth rate of GDP. Obviously, if the transportation supply
of a country or region can meet the demand of transportation, the elasticity coeffi-
cient calculated on the basis of the actual transportation volume of the transporta-
tion system can reflect the elasticity relationship between transportation and economic
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growth. For a given two departments (represented by variables x and y respectively)
with a certain relationship in the economic and social system, the elastic relationship
between them can be expressed by digital relationship, and its calculation equation is:

e= d—x/ d 3)
Xy

Among them, e the economic elasticity coefficient of highway transportation, x
is the total amount of highway transportation, d, is the growth amount of highway
transportation, y is the total amount and d,, is the GDP growth amount. In the equa-
tion, e = 1 shows that the highway transportation and GDP in Inner Mongolia are
increasing simultaneously. e > 1 shows that the growth of highway transportation in
Inner Mongolia is faster than that of GDP. e < 1 shows that the growth of highway
transportation in Inner Mongolia is slower than that of GDP.

e Grey Correlation Analysis

The general abstract system, such as social system, economic system, agricultural
system, ecological system, etc., contains many factors, and the development trend
of the system is determined by the result of the combined action of many factors.
Among the numerous factors, which are the main factors, which are the secondary
factors, which have a great impact on the system development, which have a small
impact on the system development, which have a promoting effect on the system
development, which need to be strengthened, which have an hindering effect on the
system development and need to be suppressed, these are all issues that people are
generally concerned about in system analysis. This paper will use grey correlation
analysis to calculate which factors in Inner Mongolia highway transportation system
have great influence on the development of regional economy and play a driving
role in the development of regional economy, while which factors are restricting the
development of Inner Mongolia regional economy and need to be strengthened.

Including economic development sequence group (X;) and transportation
sequence group (Y j). Among them, X; including 5 indicators, Y; including 4
indicators.

The initial value transformation is adopted for dimensionless treatment, and the
calculation equation is as follows:

f(Xi(k)) = x;(k)/xi (1) Xi(1) #0 “4)

FY(0) =y;jk)/y;(1)  Y;(1)#0 )

The correlation coefficient is the premise for calculating the correlation degree,
and its calculation equation is:
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Among them, &;; (k) is the correlation coefficient between the first economic devel-
opment index and the first transportation index in Inner Mongolia. The sum X (k) is
the normalized value between Inner Mongolia’s first economic development index
and YJf (k) the first transportation index, which p is the resolution coefficient, with a
general value of 0.5.

Since there are many correlation coefficients, which are inconvenient to compare,
it is necessary to centralize the correlation coefficients into one value, and its
calculation equation is:

1
Vi = Z,lv:] &i(k)IN=1,2...n) (7

Among them, y;; is the degree of correlation, N is the number of indicators, that
is, the Inner Mongolia economic development indicators or transportation indicators
selected in this paper.

The value range of correlation degree is 0-1 (0 < y;; < 1), the greater the
value, the greater the correlation, when 0 < y;; < 0.35 it is low correlation degree;
For 0.35 < y;; < 0.65 moderate correlation; When 0.65 < y;; < 0.85 is higher
correlation; When 0.85 < y;; < 1, the correlation is high.

5 Empirical Analysis on the Correlation Between
Economic Development and Highway Transportation
in Inner Mongolia

5.1 Correlation Analysis Between Economic Development
and Highway Transportation

Based on relevant data, Pearson correlation coefficient matrix can be obtained by
using equation and SPSS software calculation. Through the matrix, the correlation
coefficients of GDP and highway passenger turnover, highway freight turnover and
highway mileage are 0.851, 0.919 and 0.931, the correlation coefficient of highway
mileage and highway passenger turnover is 0.745, and the correlation coefficient of
highway mileage and highway freight turnover is 0.879, all of which are significantly
correlated on the confidence level of 0.01. It can be seen that the correlation coefficient
with passenger turnover, freight turnover and highway mileage has reached above
0.7, indicating that the relationship between them meets the significant correlation
requirements of statistics, and the correlation is relatively significant (Table 1).
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Table 1 Correlation coefficient matrix of economic development and highway transportation
indicators in inner Mongolia

Indicators GDP Highway passenger | Highway freight | Highway mileage
transport turnover turnover

GDP 1.000 |0.851 0.919 0.931

Highway passenger 1.000 0.789 0.745

turnover

Highway freight 1.000 0.879

turnover

Highway mileage 1.000

5.2 Analysis on Economic Development and Elastic
Coefficient of Highway Transportation

In order to simplify the calculation process, this paper selects GDP as the measure-
ment index of inner Mongolia’s economic development, selects inner Mongolia’s
highway passenger turnover and highway freight turnover as the measurement index
of inner Mongolia’s highway transportation, and calculates the economic elasticity
coefficient of Inner Mongolia’s transportation through equation that can be seen
Table 2.

The development of economic elasticity coefficient of highway cargo transporta-
tion in Inner Mongolia basically shows an upward trend from 2000 to 2015, and a
downward trend from 2015 to 2018. From 2001 to 2018, the GDP of Inner Mongolia
and the transportation economic elasticity coefficient of road transportation freight
turnover are basically positive, which shows that the economic growth and the growth
of road transportation are positively correlated. The economic elasticity coefficient
of transportation is more than 1 in most cases after 2007, and the growth rate of road
freight transportation is faster than the economic growth rate. With the rapid develop-
ment of Inner Mongolia’s economic base, road cargo transportation is well adapted

Table 2 Inner Mongolia transportation economic elasticity coefficient from 2000 to 2018

Year Economic elasticity coefficient of Economic elasticity coefficient of cargo
passenger transport transportation
2000 0.65 0.61
2003 —0.28 0.20
2006 0.43 0.71
2009 0.71 1.03
2012 0.89 1.94
2015 —1.90 18.80
2018 —-1.93 1.09




The Correlation Between Highway Transportation and Regional Economic ... 231

to the requirements of economic development. Road transportation has increased
investment and accelerated the pace of development.

From 2001 to 2018, the elasticity coefficient of passenger transport turnover
volume and GDP in Inner Mongolia gradually showed a downward trend, especially
from 2012 to 2018, showing a significant year-on-year decline, basically below 0.6
and showing negative values, indicating that the growth rate of passenger transport
seriously lags behind the economic growth rate. With the increase of per capita
income, the travel demand of passengers is continuously increasing. The supply of
passenger transport in Inner Mongolia cannot meet the demand of passenger trans-
port. The passenger transport industry restricts the economic development of Inner
Mongolia.

5.3 Grey Correlation Analysis of Economic Development
and Highway Transportation

e Construction of Index System

In this paper, the economic development system of Inner Mongolia and the trans-
portation system are analyzed by grey correlation degree, and the economic develop-
ment system is constructed by using 4 indexes including the GDP of Inner Mongolia
from 2000 to 2017 and the GDP of primary, secondary and tertiary industries. The
statistical data of 5 indexes such as road mileage, road passenger turnover, road
freight turnover and road network density are used as comparison series shown in
Table 3.

e Calculation of Correlation Degree

Through equation, the correlation matrix is obtained after processing the original
data of Inner Mongolia In the highway transportation system, the index with the
highest correlation with GDP is the freight turnover X4, reaching 0.9307, which
shows that the development of the freight transportation industry is closely related to
the economic development. The average correlation degree between the turnover
volume of goods and the three industries is also above 0.8, which is relatively

Table 3_ Index sy:stem of grey Highway transportation index | Indicators of economic
correlation analysis between
. development

economic development and

highway transportation in X1 highway mileage Y: GDP

inner Mongolia X Expressway Mileage Y, Gross Output of Primary
X3 Highway Network Industry
Density Y3 Gross Output Value of
X4 turnover of goods Secondary Industry
X5 passenger turnover Y4 Gross Output Value of

Tertiary Industry
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Table 4 Grey correlation analysis index system of economic development and highway
transportation in inner Mongolia

X1 X2 X3 X4 X5 Average
Y, 0.8876 0.9142 0.8686 0.9307 0.7821 0.87664
Y> 0.8256 0.9889 0.8458 0.8314 0.8344 0.86522
Y3 0.8683 0.9578 0.9316 0.8615 0.7385 0.87154
Y4 0.8482 0.9795 0.9248 0.8942 0.8104 0.89142
Average 0.8574 0.9601 0.8927 0.8794 0.7913

high, with the development of goods transportation playing the most significant
role in promoting the development of the tertiary industry. The highway mileage
has the highest average correlation with economic development among all kinds of
highway indexes, which shows that the highway development is the most closely
related to economic development in the highway transportation system. Highway
has obvious advantages to drive the circulation of goods in the region and integrate
the independent economies in the region to promote the overall rapid development
(Table 4).

6 Conclusions and Recommendations

Inner Mongolia highway traffic has a high degree of correlation with economy.
Economic development has a positive impact on the development of highway
traffic, which also greatly promotes economic development. Inner Mongolia is
located inland. Highway transportation is the dominant mode of transportation in
the autonomous region. After years of construction, highway traffic is at a stage
of development in which it accelerates to form a network, steadily improves and
integrates with comprehensive traffic, and pays equal attention to overall develop-
ment. On the one hand, it is required to optimize the network layout, strengthen the
connection of facilities, and vigorously improve the smooth level of infrastructure
and the coverage of key cities and towns in the construction of highway transportation
system.

We should speed up the construction of tourist passages and tourist highways,
and strengthen the supporting and guaranteeing role of transportation in tourism. In
accordance with the principle of seeking progress in stability and being moderately
ahead of schedule, we should continue to improve the construction of transportation
infrastructure, focus on strengthening weak links, continuously upgrade the technical
level and construction standards of infrastructure, and improve the service capacity
of transportation facilities. On the other hand, as the basic network of the compre-
hensive transportation system, highway transportation development should be based
on its comparative advantages of wide coverage and close connection with public
production and life, strengthen the connection with other modes of transportation,
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make overall and intensive use of channel resources, and optimize the allocation of
channel capacity. Strengthen the connection with railway stations, airports and other
transportation hubs, and improve the connection and conversion efficiency between
roads and other modes of transportation.

In areas where the total amount of highway transportation infrastructure in Inner
Mongolia is still insufficient, the transportation service letter needs to be improved,
and there is still a certain gap with the national advanced level, it is even more neces-
sary to speed up infrastructure construction, speed up the improvement of infras-
tructure network, vigorously promote modern transportation organization methods,
comprehensively improve the overall supply capacity and comprehensive service
level of transportation, and increase power and reserve stamina for optimizing the
structure, improving quality and increasing efficiency in stable economic growth.
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Predicting Model of Crude Oil Price )
Combining Stochastic Time Effective Oneck o
and Factorization Machine

Based Neural Network

Fang Wang and Menggang Li

Abstract This paper concentrates on the model, factorization machine based neural
network (NN) with stochastic time effective function (FM-ST-NN), to predict the
WTI crude oil price trend. The factorization machine technology makes the pro-
posed model capable of grasping the interactive factorization among inputs. And the
stochastic time effective function shows the effect of historical data’s time on weights
which reflects the impact on the predictive model. The forecasting results are com-
pared with other methods including neural network and factorization machine based
neural network. And the predicting performance are evaluated through the Mean
Absolute Error (MAE), Root Mean Square Error (RMSE) and Mean Absolute Per-
centage Error (MAPE) accuracy measures.

Keywords Factorization machine - Neural network + Crude oil price prediction *
Time random effects

1 Introduction

Crude oil forecasting is always a significant topic which has drawn a large amount
of attention from the area of economy and finance. As some difficulties for disobey-
ing the statistical assumptions in dealing with nonlinear and non-stationary time
series when considering the crude oil price accurately, the predicting becomes more
challenging.
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There are numerous and effective models proposed to for predicting crude oil
price series. Besides some classical statistical models [1, 2], some models are devel-
oped based on machine learning technique in recent years [3—12]. From the machine
learning approaches, support vector machine (SVM) [3-5] is one of the artificial intel-
ligent based approaches which can capture the crude oil prices’ volatility. Another
popularly and frequently used model is neural network [6, 7]. Neural network has the
advantages on capturing the nonlinear functional relation through the interconnected
neurons and training modes. Some applicable types of neural networks like radial
basis function neural network, recurrent neural network, wavelet neural network, etc
[8—12] have also been utilized to predict financial time series. Consequently, hybrid
methods [13, 14] and some neural network models combined with random jump or
with random time effective [15—18] have been widely employed in forecasting.

Although the artificial intelligent based technologies have achieved markable
results, there are still limitations. As far as we know, a large number of models
do not pay attention to the interactions among the inputs with different scales of
features. For example, most of the neural network models handle the non-linearities
by the activation functions and they were widely used in some applications such as
image processing, mechanical translation, speech recognition and so on. Factoriza-
tion machine (FM) is firstly introduced by Rendle [19] who used it for collaborative
recommendations. FM is an advantageous method in learning feature interactions.
In contrast to the matrix factorization method which only model the relation between
two entities [20], FM shows its flexibility. FM also has applications in industry and
gives a promising direction for the prediction purpose in regression, classification
and ranking [21-23].

In this paper, we combine factorization machine with neural network technique
(FM-NN) for crude oil price forecasting. In order to show the effects of stochastic
time on data in different time, we incorporate the stochastic time effective function
[17] to modify the weights when computing the global error. It helps to modify the
weights of the proposed neural network (FM-ST-NN) more effectively. To evaluate
the model’s performance, we select WTI crude oil data from January 3, 2012 to
December 31, 2018. To show the advantages of the proposed FM-ST-NN model, we
compare the predicting results with two neural network models including NN and
FM-NN. The performance of different models are evaluated through three accuracy
measures finally.

The rest of this paper is presented as follows. In Sect. 2, we give the prediction
model FM-ST-NN. In this section, we first construct the model and introduce some
needed ingredients. Then the algorithm of FM-ST-NN is given. Section 3 presents
the main predicting results of FM-ST-NN model. The forecasting results shows more
accuracy compared with the other two neural network models, i.e., NN and FM-NN.
In Sect. 4, we highlight some necessary conclusions finally and give some directions
for future work.
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2 Methodology

2.1 FM-ST-NN (Factorization Machine-Neural Network
with a Stochastic Time Effective Function)

In this section, we first describe a three layer neural network incorporating factor-
ization machine ideas which is shown in Fig. 1. Compared with neural network, the
main differences are located in the hidden layer from the structure. Be more con-
crete, the blue nodes receive data after the linear connections from the set of input
neurons. And then compute the results through the nonlinear activation function’
operation. But the red nodes compute the results through the activation function of
the factorized interactions among the inputs.

The output of FM models all interactions between each pair of features, i.e.,
a linear interactions and an inner product of each feature. The estimating results
of FM is

Y(x) = wo + Zwixi + Z Z (vi, vj)x;x;
i=1

i=1 j=i+l
n 1 kK n n

= wo Y wixi 5 Y (Y vipxi)? = Y vipad), )
i=1 f=1 i=l i=1

where k' is a user-specified dimension parameter for feature x;.

output layer

input layer

Fig. 1 The architecture of factorization machine-neural network
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Suppose that there are n input features in the input layer, m neurons in the hidden
layer and p output neurons in the output layer. Then, we describe the forecasting
process of FM-ST-NN step by step below.

1). The hidden layer: the neurons in the hidden layer are partitioned into two parts:

vi=fOQ vipx)i=1.2nj=12 ..m—k, )
i=1
1 n ) n )
Ym—k4j = f(i((z ik jX1)* — Z(vi,m—k-kj)zxiz))v
i=1 i=1

i=12,..,nj=12,..,k, 3)

where x; is the value of ith node, y; denotes the value of the jth node, v;; is the linear
weight relates the ith input node to the jth output node which is undetermined, ¥;;
is the latent weight corresponding to the ith feature which is also undermined, k is
the user-specified dimension, and f is the activation function.

2). The output layer:

0; = f(z wi;yj),j=12,..p, 4

i=1

where wj; is the connection weight which is undetermined, O; is the value of the
Jjth node in the output layer.

3). The loss layer: the squared loss function is a commonly used loss function and
the error of the sample ¢;, is computed as

1 p
€y (1) = 50(1) Y_(T;(1) = 0,1 io = 1.2, .., N, 5)

j=1

where ij is the number of data sets, ¢ (t;,) is the stochastic time effective function
which can be referred to [17] given in Eq. (6), and 7; is the actual value from the
output data sets.

1 tfo tio
b(1) = 5 expl / w()dt + / o ()dB(1)), ©)

Iy

where S is the time strength coefficient, 7, is the time of the newest data in the data
training set, and #;, is an arbitrary time point in the data training set. p(¢) is the drift
function, o () is the volatility function, and B(¢) is the standard Brownian motion.
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Then the total error of the output layer for average set in FM-ST-NN is defined as

1 N
=< e®

io=1

1 & 1<
5 2075 D (T;(0) = 0;()* (7)
j=1

io=1

To optimize the FM-ST-NN model, we often use the stochastic gradient decent
method to update the weights until it achieves convergence. The algorithm of FM-
ST-NN will be given in the following subsection.

2.2 The Algorithm of FM-ST-NN

The referred stochastic time effective function [17] which reflects the time random
effects. When the events happened near, the investor will be affected heavily. The
recent information has stronger effect than the old information does. It is used to
modify the weights when training and finally predict the target more accurately. The
training process of FM-ST-NN is detailed as follows:

(1). Choose five kinds of crude oil price related indexes as input data sets: daily
opening price, daily highest price, daily lowest price, daily closing price and daily
trade volume. Choose the closing price of crude oil price in the next trading day as
the output (target) data sets. So there are five nodes in the input layer and one node
in the output layer.

(2). Divide the sample data into training and testing data sets. Let the connective
weights in vector v and w follow the uniform distribution on (—1, 1).

(3). Give the stochastic time effective function value ¢ () according to some
parameters. The transfer functions from the input layer to the hidden layer and the
hidden layer to the output layer are both assumed as the sigmoid activation function.

(4). Predefined a minimum training threshold ¢ until the predicting result meet
the standard rule. That is, if [ is below the value ¢, use the input data in the testing
data sets to compute the prediction result (step 6). Otherwise, update the connective
weights in the next step.

(5). Update the weights through the backward process and the goal is to minimize
the value /. For the gradients of the weights in the output layer are computed as

al
Aw;j = —na—,i =12,....m,j=1,2,...,p, ®)

Wi
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where 7 is the learning rate. So the update rule is

al
wij < wij — —aw
1

The gradients of the weights in the hidden layer are separately given by

al
Avijj=-n—-,i=12,..,n,j=12,..,m—k, )
Vij
al
Aﬁi,m—k+j = —nm,i = 1, 2, ...,Vl,j = 1, 2, ,k (10)
i,m—k+j

So the update rule is

al
Vij <= Vij — N7
avij
A N al
Viim—k+j < Vim—k+j — 77813—
i,m—k+j

(6). When the error [ is below the predefined value ¢, the predicting result for the
output node p can be derived through

m—k n k n
1 .
D wip fO viix) + ) wm,kﬂ,pf(E((} Dot jXi)
j=1 i=l1 j=1 i=1

= @imsr )N,

i=1

3 Simulation Results and Evaluation

In this paper, we select the data of WTI crude oil from January 3, 2012 to December
31, 2018. At the beginning of modelling, all the data should be normalized. We use
the formula
, X —min X
X=—— (11)

max X — min X
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to normalize the data in the range of [0, 1]. And it is easy to obtain the real value
after predicting through converting as X = X’(max X — min X) + min X.

We first use FM-ST-NN model predicting the crude oil price. The normalized data
are divided into two parts: training data and testing data, with a proportion of 2:1. The
number of neurons m in the hidden layer is 20 in the experiment and the maximum
iteration number is 1000. The learning rate 7 is set as 0.03 and the minimum preset
training threshold ¢ is 5 x 107>, As we considering the stochastic time effects on
predicting, 1 (¢) and o (¢) are assumed as

B =1,
1
n(t) = e
o(t) = 1.

Figures 2-3 show the prediction results for training data sets and for testing data sets
respectively.

Then we compare the predicting results from FM-ST-NN with different neural
network models, i.e., NN and FM-NN. To analyze and evaluate the predicting perfor-
mance of different models, the accuracy measures with the corresponding definitions
are used below.
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Fig. 2 The prediction results for training data sets (k = 19)
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Fig. 3 The prediction results for testing data sets (k = 19)
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MAE = NZ \di, — O,

io=1

RMSE = Z(dlo 0i)?,
lo 1
N
1 d, — O;
MAPE = 100 x —Z o i
Nl d,

In order to know more clearly about the effects of factorization machine and
stochastic time effect function, we evaluate the models through three accuracy mea-
sures listed in Table 1 and Table 2. Tables 1 and 2 give the performances of different
predicting models, i.e., NN, FM-NN and FM-ST-NN on training data and testing
data separately. From the two tables, we could find that both factorization machine
technique and stochastic time effective function can improve the accuracies. And the
FM-ST-NN model is the best among the other models on testing data. What’s more,
deep interactions among the input nodes will improve the accuracies.
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Table 1 The performances Models Training data
of different predicting models
.. MAE RMSE MAPE

on training data
NN 1.952 2.550 2.803
FM-NN (k = 3) 1.867 2.436 2.859
FM-ST-NN (k = 3) 1.946 2.525 2.883
FM-NN (k = 19) 1.548 2.069 2.322
FM-ST-NN (k = 19) 1.710 2.289 2.686

Table 2 The performances Models Testing data
of different predicting models
- MAE RMSE MAPE

on testing data
NN 1.341 1.691 2314
FM-NN (k = 3) 1.312 1.583 2.357
FM-ST-NN (k = 3) 1.269 1.551 2.259
FM-NN (k = 19) 1.094 1.367 1.926
FM-ST-NN (k = 19) 1.056 1.340 1.896

4 Conclusion

In this paper, the factorization machines based neural network combined with
stochastic time effective function has been studied to predict the WTI crude oil
price. We constructed the proposed neural network model and gave the algorithm
to illustrate the method. After the experiments, we compared the forecasting results
from the FM-ST-NN model with the other two neural network models including
neural network and factorization machine based neural network. The aim is to find
the advantages of the proposed model. According to the three accuracy measures,
i.e., the Mean Absolute Error (MAE), Root Mean Square Error (RMSE) and Mean
Absolute Percentage Error (MAPE), FM-ST-NN model performs better. The inno-
vation of this paper is combining factorization machine and stochastic time effect
with neural network for predicting. On one way, the effect of stochastic time on the
predicting can be explored deeply. And on the other way, we believe that combine
factorization machine technology in various algorithm design will be a future work
tackling problems arising from different applications.
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The Promoting Role of Internet )
on the Upgrading of Consumption L
Structure in Rural Areas of Shandong

Province

Xiaojuan Zhang, Yingsi Zhao, and Yuting Xu

Abstract Under the background of the strategy of “Internet plus” and “rural revital-
ization”, the rural residents in Shandong Province still focus on surviving consump-
tion, and the proportion of developmental and enjoyable consumption is not high.
The consumption structure in rural areas is in urgent need of transformation and
upgrading. Based on the data of 17 cities in Shandong province from 2007-2017,
this paper constructed the panel data model, and then used F test, Housman test and
other methods to study the impact of the Internet on the consumption structure of rural
residents in Shandong province from both qualitative and quantitative aspects. The
results show that the three indicators of Internet broadband penetration rate, smart-
phone penetration rate and per capita net income have significant positive correlation
with the consumption structure of rural residents in Shandong province, and their
promotion effect on the upgrade of rural residents’ consumption structure increases
in turn. Finally, based on the research data and conclusions, this paper proposes
countermeasures and suggestions to promote the transformation and upgrading of
consumption structure in rural areas of Shandong province.

Keywords Shandong province * Internet + Rural resident consumption -
Upgrading consumption structure

1 Introduction

On February 19, 2019, the No. 1 Document of the Central Committee pointed out
that it is necessary to adhere to the priority development of agriculture and rural
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areas and comprehensively promote rural revitalization. The proposal of rural revi-
talization strategy provides an important opportunity for the quality and efficient
development of rural areas. Expanding the consumption demand of rural residents
is a powerful measure to revitalize the countryside. Reviewing the development
process of China’s 40 years of reform and opening up, the expansion of consump-
tion scale and the upgrading of consumption structure can effectively promote the
overall improvement of the overall consumption level of society. At present, the
Internet has become a new force to upgrade the consumption structure of rural resi-
dents. Internet consumption refers to the process of meeting the needs of consumers
through the Internet platform [1]. The popularization and application of Internet
and other information and communication technologies have made online consump-
tion an increasingly popular way of consumption, and “Internet 4 rural” has further
expanded the development space of online consumption. According to the data of the
41st report of CNNIC (China Internet Information Center), as of December 2017, the
scale of rural netizens was 209 million, accounting for 27% of the country’s Internet
users. There is still room for further development and exploration of the huge rural
consumer market. In 2017, Shandong province had a resident population of 100.583
million, making it the second largest province with a population of more than 100
million after Guangdong province. Its GDP reached 7267.818 billion yuan, ranking
the third in China. As a province with a large population and a relatively high level
of economic development, Shandong province has a strong representativeness in
studying the influence of the Internet on the consumption structure of rural residents
in China.

In the relevant literature, foreign scholars mainly analyze the impact of Internet
development on consumer behavior, focusing on theoretical research, and have
proposed many theories of consumer behavior. For example, Novak et al. measured
the degree of customer experience under the network environment through a large
number of user feedback information, and found that a good network environment
can improve customer experience satisfaction, thus stimulating consumer desire [2].
Koufaris combined traditional consumer behavior with psychology to create a theo-
retical model of online consumer behavior [3]. Domestic scholars focus on empirical
research, mostly through the panel data model to analyze. For example, in terms
of theoretical and empirical research on the impact of the Internet on household
consumption, Liu and Zhang pointed out that the development of the Internet has
significantly promoted the consumption needs of rural residents, and further analyzed
the differences between the eastern, central and western regions of China [4]. Chen
and Liu used consumption data from 2002-2008 to empirically study the impact
of farmers’ income level on consumption structure by taking per capita income of
rural residents as the entry point [5]. Liu studied the factors influencing the use
of the network of rural residents, and made an empirical analysis of the farmers’
online consumption intention and its influence degree by using the structural equa-
tion model. The study showed that the rural residents’ online consumption intention
was significantly affected by their behavioral attitude and degree of behavioral control
[6]. Based on the theory of household consumption, Xiao pointed out that the promo-
tion of urbanization has a significant pulling effect on the growth of rural residents’
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consumption, thus providing new ideas and solutions for promoting the upgrading
of consumption structure in rural areas [7].

Through literature review, it can be found that domestic and foreign scholars have
little research on the impact of the Internet on the consumption structure of resi-
dents. The main contribution of this paper is to innovatively study the upgrading of
rural residents’ consumption structure in Shandong Province from the perspective of
the Internet, in order to provide corresponding countermeasures and suggestions for
promoting the transformation and upgrading of consumption structure in Shandong
Province, so as to provide some new ideas for promoting rural residents’ consump-
tion in the context of the new era and helping the transformation and upgrading of
consumption structure in rural areas of China.

2 The Mechanism of Internet Development Promoting
Rural Residents’ Consumption

2.1 New Characteristics of Rural Residents’ Consumption
Behavior in Internet Economy

Firstly, the direct nature of the Internet has greatly released the consumption poten-
tial of rural residents, making rural residents’ consumption more autonomous. The
openness and interaction of the Internet enable rural residents to exchange informa-
tion and trade with businesses directly. At the same time, the more abundant types
of Commerce available on the internet, more timely information feedback and more
personalized customized services have greatly stimulated the enthusiasm and initia-
tive of rural residents’ consumption, and also cater to the increasing demand of rural
residents for high-quality life. Secondly, the convenience of the Internet enables rural
residents to break through the limitations of time and space in traditional consump-
tion and provide more choices. For example, “Internet 4+ special bus” represented
by “drip taxi” makes it more convenient for rural residents to travel; in addition, new
consumption patterns such as online shopping and online booking also provide more
choices for rural residents’ daily life.

2.2 Mechanisms of Internet Promoting the Upgrading
of Rural Residents’ Consumption Structure

The overall consumption of residents includes network consumption and tradi-
tional consumption. At the same time, the mechanism of the Internet to promote
rural residents’ consumption includes both positive and negative effects. Positive
effect refers to the promotion effect on total consumption by directly stimulating
network consumption through B2C and C2C modes; Negative effect refers to that
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the increase of network consumption causes the decrease of entity consumption,
that is, network consumption has a substitution effect on entity consumption, which
makes the Internet have a negative impact on entity consumption. The direct influence
mechanism is shown in Fig. 1.

3 An Empirical Analysis of Internet Promoting
the Upgrading of Consumption Structure of Rural
Residents in Shandong Province

3.1 Model Setting

The main reasons for choosing panel data are as follows: First, panel data contains
both cross-sectional and time dimension data, which can solve the problems that
cross-sectional data or time series cannot solve respectively [4]. The data of 17
cities in Shandong Province selected in this paper during the 10-ye