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Dissecting Corporate Innovation in China

Yixuan Zhang(B)

Henley Business School, University of Reading, Whiteknights, Reading, England

Abstract. This research aimed to utilize Lassomethod to dissect influence factors
on corporate innovation based on data collected from Chinese listed companies.
Four aspects of factors were considered which are board, firm, industry, and CEO
characteristics. Test results showed that, comparedwith industry and board feature,
firm and CEO characteristics were more likely to impact the innovation activities
in companies.

Keywords: Corporate innovation · Variable selection ·Machine learning · Lasso

1 Introduction

Corporate innovation was an important measurement for corporate profitability or other
capacities in companies, especially for technological companies. In addition, corpo-
rate innovation contributed to improvement of national economy. Substantial academic
interests have focused on technological advances from corporate innovation [1].

There were many factors which had impacts on corporate innovation. These factors
could be categorized into characteristics at firm level, at management level, at corporate
governance level and at industry level. It was known that corporate governance was
impacted by these factors, but which one played the most significant role in corporate
governance was a question which needed to be explored. When knowing this, manage-
ment in corporates could make efficient decisions on improving corporate governance,
andmarket practitioners couldmake better projections on developments of companies so
that better investment decisions could be made. Many researches have investigated dif-
ferent factors impacting on corporate innovation, but rare studies investigated themethod
to compare these factors as which one makes a bigger difference on the improvement
of corporate innovation. Although existing literatures have investigated the priorities
of factors impacting corporate governance based on data set in western countries, the
related researches in Chinese background is still a deficiency. Different circumstances
led to different results for this research topic because of different cultural and regulatory
backgrounds. Huse et al. [2] pointed out that the models applied in American corporates
may not achieve similar results in corporates from other countries. Therefore, it was
worthwhile to explore the corporate innovation in Chinese circumstance separately.

Reeb and Zhao [3] investigated the dissection of corporate innovation in American
circumstances. However, corporate innovation in China has not been investigated yet,
although substantial literatures have studied many factors which have impacts on corpo-
rate innovation. For instance, Xu et al. [4] proved the impact of state shares on corporate

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
C. Yuan et al. (Eds.): Proceedings of the 4th International Conference on Economic Management
and Green Development, AEPS, pp. 1–8, 2021.
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innovation performance and strategy. Lin et al. [5] investigated the impact of managerial
incentives and CEO characteristics on corporate innovation in China’s private sector.
Li et al. [6] studied the relationship between internal control and corporate innovation
based on evidence from China. Therefore, it was necessary to research and compare
these factors based on their impact on corporate innovation. Which one influenced the
corporate innovation most significantly based on financial market in China?

The organization of this paper is as follows. Section 2 briefly reviews significant
previous literatures. Section 3 introduces the methodologies applied in this study and
Sect. 4 discusses the results. The conclusions will be achieved in Sect. 5.

2 Literature Review

There have been many literatures investigating substantial factors of corporate innova-
tion. Hoskisson et al. [7] found that differences existed among governance constituen-
cies’ preferences for corporate innovation strategies. The managers of public pension
funds preferred internal innovation, but professional investment funds’ managers pre-
ferred acquiring external innovation. Amore et al. [8] investigated that interstate banking
deregulation had significant beneficial effects on the quantity and quality of innovation
activities, especially for firms highly dependent on external capital and located closer to
entering banks. Chang et al. [9] verified the positive relationship between non-executive
employee stock options and corporate innovation. The positive impact was strength-
ened when employees were more important for innovation, when free-riding among
employees was weaker, when options are granted broadly to most employees, when the
average expiration period of options was longer, and when employee stock ownership
was lower. Huse et al. [2] found that environment and internationalization had posi-
tive relations with corporate innovation. However, models developed using U.S. firms
may not be generalizable to firms from other countries. Although these literatures have
uncovered underlying influence factors on corporate innovation, but they always focused
on one or two factors. The main aim of these studies is to prove that there was indeed
a connection between one factor and corporate innovation. In my study, a further test is
applied to classify these influence factors according to their ability to have an impact on
corporate innovation in Chinese corporates.

The sources of dependent variables and independent variables were mainly from
Reeb and Zhao [3] and Feng andWen [10]. Reeb and Zhao [3] compared factors impact-
ing on corporate innovation in America. Feng and Wen [10] analysed the relationship
between corporate governance and corporate innovation in listed Chinese companies.
I collected variables which influenced or measured corporate innovation, and could be
adopted in China to dissect innovation in Chinese companies.

3 Research Method and Data Description

The conventional method to select variables was based on stepwise regression. Com-
pared to other subset regressions, this method was computationally tractable. The best-
fitting model was selected among all possible combinations of variables based on certain
statistical standard of model fitness. However, some drawbacks existed when stepwise
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regression was applied. Only a subset of the potential models was focused in conven-
tional method among the possible combinations of factors as the result was contingent
which depended on the sequence of the variables inputted in the regression. The sequence
of the variables was particularly important when a variable was either dropped or added
in a stepwise process. There was no clear and efficient solution to treat this problem.
Additionally, all subset or stepwise penalized the model directly to include coefficients.
Therefore, stepwise processes lacked validation of the results.

To mitigate the shortcoming of stepwise regression to some extent, machine leaning
method was employed in this research. Machine learning methods have been applied
by some researchers when researching corporate-related topics. For instance, Zhu et al.
[11] predicted Chinese SME credit risk in supply chain finance utilizing machine learn-
ing methods. Heaton et al. [12] investigated portfolios with deep learning as the tool.
Machine learning consisted of a variety of techniques so that patterns and relation-
ships in the data could be identified. This method was commonly applied in forecasting
and simplifying selection processes. In this research, one of machine learning methods,
Lasso (Least Absolute Shrinkage Selection Operator), is applied to obtain the regres-
sion results. Machine learning included two processes which are training and validation
subsamples. In cross-validation process, Lasso clearly took the ‘predictive’ power of
selecting outcomes into account to have a robust and reliable inference. In addition,
Lasso did not give a common penalty factor to all coefficients, but it provided a dif-
ferential weight for penalizing different coefficients. Therefore, I used Lasso to obtain
the improved coefficients of independent variables so that the weight factors could be
analyzed for conclusions.

The lasso estimation is formulated as follows:
Lasso regression:

min

β0, βj

∑n

i=1
(bi − β0 −

∑p

1
βjaij)

2 + λ||β||1 (1)

Where b was the vector of observations of the dependent variable, a denoted the
independent variables, β was the corresponding coefficient, ||1 3was the L1 norm.

To capture the twenty-one identified determinants of corporate innovation, I obtained
data mainly from CSMAR database. All A-share companies were considered and if they
had all available variables needed by this research, they were included in the data set.

3.1 Dependent Variable

I used one commonly utilized measurement for corporate innovation output which was
the number of patents. The patents were on the basis of the patent application and thus
the application period of the patents was utilized instead of the year when the patents are
granted. This was because the application year was closer to the time of actual innovation
[13]. To be specific, I used the log of patents as merits of corporate innovation in this
study.

3.2 Independent Variable

I included twenty potential determinants of corporate innovation from earlier literatures
that I classified them into four types. In the first group, I included three variables of
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management characteristics: CEO age, CEO gender, CEO total compensation. The sec-
ond category considered corporate characteristic: firm size, R&D expenditure, Tobin’s q,
stock liquidity, tangibility, return on asset, sales growth, organizational capital, manufac-
turing and capital structure. In the third group, I included corporate governance variables,
including institutional ownership, block holder and analyst following. Finally, I included
industry characteristics in the fourth group, namely the industry patent intensity, industry
average R&D, industry competition, and industry size. I provided specific definitions of
these variables in the table.

Table 1. Definition of variables.

CEO age The log of CEO age

CEO gender A dummy variable that equals 1 when CEO is male and equals 0
when CEO is female

CEO total compensation The log of CEO annual total compensation

Firm size The log of total assets

R&D expenditure The cumulated R&D expenditure of three years with a 15%
depreciation

Tobin’s q (The market value of equity + the book value of debt)/the book
value of total assets

Stock liquidity The log of stock-trade volume during the year

Tangibility Net PPE/total assets

Return on assets Income before extraordinary items/total assets

Sales growth The average of three-year sales growth

Manufacturing The dummy variable that equals 1 when the firm is in manufacturing
industry, otherwise, equals 0

Organizational capital The sum of selling, general and administrative expenses

Capital structure Log-term assets/total assets

Analyst Following The number of financial analysts in the corporate within the year

Institutional ownership Institutional ownership of a common equity

Industry patent intensity Total industry patents/total industry assets

Industry average R&D The average R&D for each industry

Industry competition The sum of square of the percentage of corporate income to industry
income

Industry size the log of total assets of firms in an industry

Table 2 showed the summary statistics of the sample firms with firm-year observa-
tions from 2002–2017. All variables were defined in Table 1.
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Table 2. Summary statistic of variables.

Mean Median Std. Deviation Percentiles

25 75

If the firm is in
manufacturing

0.28 0 0.58 0 0

Industry patent
intensity

0.57 1 0.49 0 1

Industry
average R&D

1.34E-09 0 3.88E-09 0 0

Industry
competition

45308465.3 3477742.86 148995211 0 62347344.5

Industry size 7.13E + 16 1.15E + 14 8.83E + 17 0 5.51E + 15

Patents 10.84 10.94 0.67 10.44 11.32

CEO gender 0.83 1 0.38 1 1

CEO age 1.680 1.681 0.081 1.623 1.732

CEO
compensation

4.018 4.875 2.186 4.301 5.465

Firm size 9.512 9.441 0.547 9.148 9.792

R&D
expenditure

122510513 27665796.7 583824598 0 96612986.9

Tobin’s q 0.65 0.42 12.63 0.25 0.60

Stock liquidity 9.09 9.12 0.51 8.76 9.42

Tangibility 0.20 0.17 0.16 0.08 0.29

Return on asset 0.35 0.25 0.65 0.08 0.46

Sales growth 36.97 0.17 1261.17 0.04 0.34

Organizational
capital

2511730472 569655455 1.98E + 10 203148913 1523936238

Capital
structure

0.10 0.03 1.11 0.01 0.11

Institutional
ownership

6.46 4 7.11 1.07 9.48

Block holder 0.33 0 0.47 0 1

Analyst
following

7.07 4 8.82 0 11

4 Result Description

According to the results from Lasso test, it could be seen that the most significant influ-
ence factors were manufacturing, industry patent intensity, industry average R&D, CEO
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gender, CEO age, CEO compensation, stock liquidity, return on asset and organiza-
tional capital. Other factors have weak or negative impact on corporate innovation. It
can be seen that most of influence factors focused on characteristics at CEO level and at
firm level. The patent was less influenced by industry features and was no relation with
board characteristics. CEOmade key strategies in companies and set the direction of the
whole corporate, so CEO’s characteristics were very likely to make a difference on a
variety operating activities, including research and development activities. In addition,
capital-related indicators, including stock liquidity, return on asset and organizational
capital could also imply the ability of a corporate to innovate to some degree. Innovation
activities needed capital to provide resources in exchange of raw materials and elites
in science and technology field. Therefore, the stable provision of capital enhanced the
achievement of corporate innovation. Finally, industry environment also influenced the
capability of corporate innovation. Corporates always tended to compare with other
companies in the same industry. At the same time, their goals could at least achieve the
average level of the industry that they lay in. Therefore, the situation of this industry also
had impact on the efforts that a corporate was willing to make, including investing on
innovation activities. In particular, whether the company was a manufacturing company
was an important indicator to project innovation capacity, because manufacturing com-
pany hadmore demands to produce patents. Their products and sales were based on these
patents. However, the board characteristics had litter impact on corporate innovation in
companies which were located and listed in China. Board of directors, especially the
non-executive board of directors, were not involved in operating and investing decisions
directly in most of cases. This explained their tiny influence on corporate innovation
(Table 3).

Table 3. Coefficients of independent variables from Lasso method.

Independent variable Coefficient

(Intercept) −4.09E−01

If the firm is in manufacturing 7.00E−02

Industry patent intensity 4.20E+07

Industry average R&D 1.63E−09

Industry competition −2.33E−19

Industry size −9.61E−03

CEO gender 9.45E−03

CEO age 1.81E−01

CEO compensation 1.90E−04

Firm size –

(continued)
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Table 3. (continued)

Independent variable Coefficient

R&D expenditure –

Tobin’s q –

Stock liquidity 3.26E−02

Tangibility –

Return on asset 9.37E−03

Sales growth −2.75E−06

Organizational capital 1.86E−12

Capital structure −3.18E−03

Institutional ownership −
Block holder −
Analyst following −6.69E−04

5 Conclusion

This research was to compare the influence factors of corporate innovation based on
data from Chinese listed companies. The data were mainly from CSMAR database
from 2002–2017. The dependent variable was patent. The independent variables were
divided into four groups which were at firm level, at board level, at industry level and
at CEO level. The Lasso results illustrated that most of influence factors focused on
characteristics at CEO level and at firm level. The patent was less influenced by industry
features and was no relation with board characteristics.

In conclusion, market practitioners could use the results from this research to project
the innovation performance of Chinese companies better, for instance, paying more
attention on CEO and firm characteristics.
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Abstract. Nowadays, enterprise risk management (ERM) has recently become
an increasingly concerned topic in academic circles. This study intends to firstly
review three ERMmodels: the resource-based view ERM, the “spring” model and
the value-based ERM framework. These three models all incorporate dynamic
capability view into enterprise risk management. Then the characteristics of these
models are theoretically analyzed and compared, and the joint use of the “spring”
model and the value-based ERM framework is proposed. Finally, this paper points
out the potential future development of ERM.

Keywords: Enterprise risk management · Dynamic capability · Review

1 Introduction

As defined by the Treadway Commission in 2004, enterprise risk management (ERM) is
a procedural suite used by an entity’s board of directors, management and other correlate
personnel in the development of corporate strategy and business tactics. It aims to analyze
potential incidents that may influence the entity and to control risks to a tolerable level
for the company, thereby ensuring that the entity can achieve its stated objectives [1].
ERM takes a holistic view of the entire enterprise, and risk management has become
an essential part of corporate governance [2]. However, when looking at specific cases
of implemented ERM, ERM is often limited to the area of high-level governance [3],
ERM is frequently seen as a compliance exercise [4, 5] or a “after-the-fact inspection”
activity [6].

The resource-based view is one of the best-known theories in the field of strategic
management [7, 8]. The theory argues that there is heterogeneity in resource endow-
ments among firms and the firm’s (sustained) competitive advantage stems from the
unique resources it possessed. The resource-based view regards that a company can
only attain sustainable competitive advantage if it has valuable (V), rare (R), irreplace-
able (I) and non-substitutable (N) resources (known as VRIN criteria). These criteria are
the fundamental components of holistic ERM.ERM’s responsibility instead ofmanaging
risks independently by itself, manage all risks under control of a coordinated strategic
framework [9]. Transferring the concept of strategic management (e.g. a resource-based
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view to the field of risk management) may lead academics to build a coherent overar-
ching theory applicable to different areas of the enterprise (strategic) risk management
under different (static or dynamic) conditions.

The essential limitation of the resource-based view is its inability to explain well the
competitive advantage of firms in a dynamic environment, and to address this shortcom-
ing, it led to the emergence of the dynamic capability theory. The dynamic capability
theory is a further development and refinement of the resource-based view [10] and
the purpose is to explain how corporations accommodate rapid change in its external
environment [11]. Dynamic capability is the ability of an organization to purposefully
create, extend, or modify its resource base [12], which can be understood as the ability
to change capabilities.

Enterprise risk management is a dynamic process. New emerging risks could from
variable aspects, a technological change, newcomer on the market, as well as a political
or economic shift. Logically, enterprise-level risk management capabilities are part of
dynamic capability. There are designs of ERM models that tend to address company
dynamic capabilities, support dynamic strategic planning, and ultimately achieve sus-
tainable competitive advantages. Some of them are pure qualitative methods while some
are more mature and provide a set of guidelines.

Based on this, this paper reviews three ERM models that incorporate the idea of
dynamic capabilities, including the resource-based view ERM, the “spring” model and
the value-based ERM framework, then analyzes the characteristics of each of these
models, and finally suggests potential future directions for enterprise risk management.

2 The Review of Three ERMModels

2.1 Resource-Based View ERM

The resource-based view ERM believes that the concept of risk management capability
is described as part of the concept of dynamic capability, which is broader in scope.
The risk management capabilities mainly relate to the risk management process at the
strategic level (assessing the risks associated with VRIN) and at the operational level
(the risk management process). Risk resilience at the strategic level is about developing
appropriate routines and competencies, while the operational level is about providing
simple rules and heuristics.

Firstly, some non-systematic force majeure incidents do not permit responses reg-
ularly. Secondly, capabilities and routines remain limited by “blind spots” and fail to
recognize all systemic risks [13]. Moreover, a no-routinized operational level is the char-
acteristic of the dynamic capability [14]. Winter (2003) points out that there are various
ways to change and puts forward the “fire-fighting model” or “ad-hoc problem-solving”
[15]. In this mode, companies need to react without a specific mode of action. Therefore,
there is a need to find a non-routinized solution to operational risk management.

For strategic risks, an enterprise should develop a set of routines and capabilities that
are prioritized due to VRIN-criteria. Conversely, at the operational level, an enterprise
requires developing a simple set of rules and a special way of problem-solving process
(Fig. 1).
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Fig. 1. Outlined framework of the resource-based ERM [16].

Carbone and Tippett (2004) indicated that company use four risk management tech-
niques (avoid, mitigate, transfer, and accept) to handle risk at an operational level accord-
ing to the priority [17]. The company should handle the high priority first then the low
one. Avoidance is the first choice for high priority risk and if that is not applicable,
use mitigate or transfer. Acceptance is the last option. For low priority risk, all four
techniques could be chosen without any preference.

2.2 The “Spring” Model

The model is so named because capabilities effectively allow organizations to achieve
their goals and ensure their resilience while withstanding internal and external depart-
mental pressures [18].



12 W. Li

As illustrated in Fig. 2, there are five main elements to the “spring” model: the initial
situation, the objectives, the strategy, events, and capabilities. Strategy refers to the
combination of the goals that a company strives to achieve and the methods (policies) to
achieve them [19]. Events come from internal or external may have impacts on a system,
which could bring positive or negative value change. Capabilities can be used to reduce
or exploit strategic bias and represent the abilities to leverage organizational resources
and organizational and resources to achieve desired results.

When an event causes a deviation from the company’s objective, capabilities can be
used to control the impact, just as the contraction and release of a spring can be used
to visually represent the absorption (threat) or exploitation (opportunity) of an objective
under the influence of forces (events) [19].

The “Spring Model” is specifically designed for project-based organizations, where
risk management is simultaneously carried out at different organizational levels such as
enterprise, portfolio, functional and project [19]. Capabilities are not the same at different
levels. The general company’s resilience can be divided into structural resilience and
organizational resilience. Structural resilience represents the intrinsic ability of each
organizational level to deal with external change through a set of capabilities at the
current level. Organizational resilience, on the other hand, refers to the ability to take
rapid and coordinated action involving the entire resource chain, reflecting the typical
characteristics of the organization as a whole, rather than depending on the capabilities
available at individual levels.

Implementing the “Spring”model contains twophases. First, identifying the different
components of the model and getting a radical picture of all risk management capabil-
ities at different levels within the organization. Second, analyzing risk propagation and
resilience mechanisms.

Fig. 2. The “Spring” model for ERM [20].
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In the first phase, mapping all relevant internal processes and starting with process
analysis, reviewing the company’s formal organizational procedures and documents,
and interviewing key individuals at each organizational level, thereby identifying cur-
rently available capabilities. Based on Teece et al. (1997) [12] and Collis (1994) [20],
delivery, integration, and coordination learning and reconfiguration form the four types
of capability of the “Spring” model. The identified risk management capability needs
to be cross-checked against the planned or implemented risk mitigation measures as
documented in the company’s risk register and validated by the company managers.

The second phase is to dissect some of the risk mitigation measures and corre-
sponding consequences at different organizational levels through three risk communi-
cation/control mechanisms (as shown in Table 1).

Table 1. Three risks propagation/control mechanisms.

Description (Potential) Impact Control

Objective variation at
project level

Can cause an occurrence
affecting another
organizational level

Utilization of organizational
resilience

Capability unavailability or
saturation at portfolio level

Can produce to the other level
on an event

Calls for other capabilities
(organizational resilience),
seeking for the best options in
terms of the weigh up between
target change and effect

Risk influence on all
organizational levels
globally

Changes in goals or depletion
of several capabilities affect
different levels

Based on available resources,
activate risk control options
between different levels
according to compensation
mechanisms

A company can respond to the same risk in different ways, proactively or reactively,
at different organizational levels. The specific mix of risk management capabilities and
the resilience mechanisms activated (supported by a multi-level “Spring” model) will
vary depending on approaches and risk mitigation strategies. Appropriate simulation
methods can be used to better assess the trade-offs of different risk-control options
across management levels.

2.3 Value-Based ERM

The value-based ERM framework is a continuous process that includes risk identifica-
tion, risk quantification, risk decision making and risk messaging.

In the risk identification process, strategy acts as a filter to eliminate irrelevant risks
shown in Fig. 3. The company conducts an internal investigation to rank the risks accord-
ing to the frequency and severity of their occurrence in order to determine and quali-
tatively evaluate the major risks of the company. This process narrows down the list of
relevant risks to usually 20 to 30 key risks.
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Fig. 3. Value-based ERM framework [21].

In the process of risk quantification, the corresponding deterministic risk plan is
formulated for each key risk. Each key risk would have multiple risk scenarios such as
very pessimistic, optimistic, extremely pessimistic. Risks could be categorized into three
types: financial, strategic, and operational (for insurance companies, insurance risks are
added). For financial risk, developing risk scenarios require mostly objective inputs. For
operational and strategic risk, developing risk scenarios aremostly subjective, which rely
on conducting FailureMode and Effect Analysis (FMEA) interviews with subject matter
experts to define the risk scenario circumstance, designate likelihood and evaluate the
quantitative impacts. For all risk categories, FMEA and historical data used combined
would be the best. After building the risk scenarios for key risks, the impact of one
scenario and multiple risk events (with consideration of risk correlation) on the baseline
company value, revenue growth rate should be quantified.

In the value-based ERM model, risk terms as events that cause deviation, either
upside or downside, from expected results. The “expected” means that the outcome
achieves the baseline of the strategic plan and associated value, i.e., the discounted
value of distributable cash flows in compliance with the financial projections of the
strategic plan. Thus, in the value-based ERM framework, risks are quantified by using
the financial impact containing individual risk scenarios and the combined impact of
multiple simultaneous risk scenarios to “shock” the baseline valuation. Company value
is a key indicator of the value-based ERM, i.e. management’s internal assessment of the
company’s value to its key stakeholders. These stakeholders are either shareholders (for
listed companies) or (for unlisted companies). Quantification of individual exposures
produces a ranking of each individual exposure, which gives a holistic view of key risks
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quantified in terms of their impact on company value.Management could therefore focus
on mostly highly ranked risks.

In the process of risk decision-making, the first step is to define risk appetite, which is
defined as maximum level of corporate risk reveal that management is satisfied with. By
changing strategy or change riskmanagement tactics, managers couldmanage enterprise
risk exposure to within maximum appetite. Value-based ERM gives managers the ability
to assess the impact of different risk decisions before truly implement them.

The fourth step in the value-basedERMcycle is riskmessaging,which includes inter-
nal messaging and external messaging. Internal messaging concerns the incorporation
of ERM information into performance measurement and incentive compensation, while
external riskmessaging pertains to transfer of ERM information to external stakeholders.

3 The Analysis of Three Erm Models

Three models address the dynamic capabilities in different approaches.
The resource-based ERM model mainly draws on the resource-based view and

dynamic capabilities. It integrates ERM into a broader strategicmanagement framework,
namely, the resource-based view and the dynamic capabilities framework. It suggests
that the firms should use the VRIN-criteria to determine the priority of the risks and
develop a dynamic capability characterized by a non-routinized operational level. This
model does not answer the question of how much effort organizations should put into
avoiding, mitigating, or transferring the risks associated with VRINs and it is not helpful
for management to select the most suitable risks solution among multiple options. Also,
not all firms process VRIN resources, which limits the application of this model.

The resource-based ERM model and the value-based ERM model all focus on key
risks but are based on different criteria. The former one uses VRIN-criteria and the latter
one uses the impact on company value. But how to determine the priority ofmultiple risks
that all meet the VRIN criteria is missing and misjudgment could happen if determined
by the management. While the value-based ERM supplies a clear view of pivotal risks
quantified their impact on company’s value.

The “Spring” model and the value-based ERM model are addressing the dynamic
capabilities on different phases of enterprise risk management. The “Spring” model
emphasizes on how to generate correspondingmitigation options for risks by identifying
existing capabilities of the company. The value-based ERM model stands from risk
experts’ perspective, provides a whole routine to identify, quantify risks and generates
enough information to support dynamic strategic planning, which is the component of
dynamic capabilities [22].

Similarities exist between the “Spring” model and the value-based ERM model.
They have a similar definition of risk. The “Spring” model defines risk as “the interac-
tion of internal or external events and the dynamic capabilities of the organization that
may influence the degree of achievement of company’s objectives”. In the value-based
ERMmodel, risk is defined as uncertainty which can cause a deviation, either upside or
downside, from expected results. They all define risk as the deviation from expectation
which considers upside impacts of risk.

The “Spring”model and the value-basedERMmodel could be combined to overcome
the limitations of the “Spring” model. For the “Spring” model, the analysis was found
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on qualitative data (interviews and documental analysis). In the place of prospective
research should use simulation tools to quantitatively test the divinable latent of the
proposed models, so that different management pathways for responding to specific
events can be compared [20]. The value-based ERM identifies all the quantifies all
the impact of the key risks to support strategic decision making, which provides the
comparison of different managerial paths in one metric which is company value. And
it can easily reflect changes in the internal and external environment or changes in
strategy and tactics, thus the impact of disclosure on projected financial performance
[21]. Furthermore, any hypothetical action can also be simply reflected.

4 Conclusion

The resource-based view ERM gives a theoretical way of how to incorporate resource-
based view in ERM. But it does not give a specific guidance on how ERM should be
conducted in an enterprise. While the other two frameworks are more practical, which
provides detailed guidance for managers to follow. From the perspective of enterprise
risk management, we could say that dynamic capability is the ability of one company to
react to risk in a reasonable amount of time and to control the negative impacts while
exploiting the positive impacts. Through the review and discussion of three models,
in order to better increase company’s dynamic capabilities, the “Spring” Model and
value-based ERM could be combined together. By introducing the quantification tools
in value-based ERM framework, the “Spring” model could be improved. Future studies
could focus on introducing quantification tools into ERMmodels to improve the quality
of outputs and mitigate cognitive bias.
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Abstract. Nowadays, digital products and related copyright disputes are growing
at an accelerating speed, the field of digital copyright protection is facing the
problems of numerous infringements, toughness in digital right confirmation and
safeguarding. Fortunately, blockchain technology provides a potential technical
solution to this dilemma because of its features of decentralization and distributed
storage. On the basis of a brief introduction to blockchain technology and its
features, this paper analyzes the applicability of blockchain to the problems facing
the digital copyright field and discusses the possible challenges and corresponding
countermeasures when blockchain is applied in this field.
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1 Introduction

Digital right is the copyright of digital-format products, such as digital text, digital pic-
ture, digital video, and digital music. Current digital right protection is facing with a
dilemma, such as complexity in digital right confirmation, simplification and uncon-
sciousness in infringement, and toughness in digital right safeguarding, due to the high
speed development in Internet dissemination and traditional attitude towards copyright.
However, digital products are also booming in recent decades, leading to an increasing
number of infringement disputes. Digital right protection needs to be consummated.

The application of blockchain in digital right protection could be a solution to the
dilemma. Blockchain is a data structure connected by chain-analogous structure chrono-
logically. It could become an underlying technologywith the features of decentralization,
timestamp and distributed storage, all ofwhich are key factors contributing to digital right
protection since these features are significant in improving efficiency and authentication
of digital right verification and digital data itself while satisfying storage requirement
for the blooming digital products.

Against this background, this paper first introduces blockchain technology, including
its origin, definition, and features. Then, based on the analysis of the current dilemma
faced by digital copyright protection, the advantages of applying blockchain technol-
ogy in this field are presented. Finally, challenges to apply blockchain technology and
corresponding solutions are also discussed.
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2 Blockchain Technology

Blockchain was first perceived as a term in the paper, Bitcoin: A Peer-to-Peer Electronic
Cash System, written under the pseudonym of Satoshi Nakamoto in 2008 [1]. As a newly
invented term, blockchain is not authorized with officially recognized definition and is
currently defined both in a narrow and broad sense.

In terms of narrow definition, blockchain is a specifically assembled data structure
connected by chain-analogous structure chronologically, ensuring its decentralized dis-
tributed storage for the security of those simple data with contextual connection and
verification from system. In terms of broad definition, blockchain is a decentralized
distributed algorithm or structure for the operation of data verification, data storage,
data updating, and coding, using chain-block structure with encryption protection [2].
In general, blockchain is an Internet contract for data credit using decentralized dis-
tributed structure. For detailed explanation, blockchain can be regarded as a digital
record of transactions, each of which is validated by multiple computers on the Internet.
The systems that configured to monitor specific types of blockchain transactions form a
peer-to-peer network (P2P), ensuring each transaction is valid before it is added to the
blockchain, which enables new data insertion when processing a data sharing. Even if
one does the orientation, it just gives the individual an interface. After the occurrence of
blockchain, the participants realize the sharing of data credit [3].

Operation of blockchain contributes to its identical characteristics.

(1) Distributed storage
Distributed storage is a data storage technology that uses the disk space on each
machine through the network and forms these scattered storage resources into a
virtual storage device. Data is distributed and stored in every corner of the network.
Therefore, distributed storage technology does not store complete data on every
computer. Instead, it cuts the data and stores it on different computers. It’s like
storing 100 eggs, not in the same basket, but in separate places, adding up to a total
of 100. This contributes to the unlimited capacity of data storage since hard drive
capacity would become infinite by adding up all computers in the world, though the
capacity of each computer is limited. Even if transaction records is hacked in one
specific computer, the whole transaction records for each computer in the world
would still stay unmodified [4].

(2) Decentralization
Another feature of blockchain is decentralization, defined as a phenomenon or
structure that can only occur in systemswithmultiple users or numerous nodes, each
of which can connect and influence other nodes. In a nutshell, everyone is the center,
everyone can connect and influence other nodes. This structure is summarized as
flattening, open source and equalization [3].
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These two features lead to several advantages [5].

(1) System security
In a traditional centralized network system, a hacker can destroy a whole node by
attacking a central node. In a decentralized blockchain network, no central node
can attack.

(2) Transaction security
Decentralized tradingmethods are convenient and simple, because there is no third-
party intervention, and do not need to worry about the disclosure of information.

(3) Resource-saving
Since the decentralized processing method is simpler and more convenient than
the traditional processing method, the decentralized method saves resources when
large data volume transactions are simultaneously performed.

(4) Self-efficiency
The decentralized Blockchain technology eliminates the need for third-party
intervention and involves direct peer-to-peer interaction, making high-efficiency,
non-centralized agents and large-scale information interactions a reality.

Blockchain has just become a newly prevalent term, however, it is promising in
various contemporary popular areas relevant with data credit.

3 Dilemma of Digital Right Protection and Applying Blockchain
on Digital Right Protection

3.1 Dilemma of Contemporary Digital Right Protection

The concepts of digital right and digital right management (DRM) are perceived in the
1980s and 1990s when computer program occurred [6]. Digital right acquires various
definitions in multiple countries [7], mainly referring to the right of digital-format prod-
ucts, such as digital text, digital picture, digital video, and digital music. Digital product
and relative digital right are disseminating into different perspectives in modern rou-
tine life at an unignorable high speed with the development of digital technology in
recent decades, for example, photos from Internet, electronic book, online music, and
short videos, showing significance in digital right protection for fairness and sustainable
development.

Digital rightmanagement is the currentmechanism to deal with digital right infringe-
ment [8]. Traditional DRM is a system to protect against the infringement of copyrighted
material in a digital format. It contains several phases, including production, digitaliza-
tion, distribution, identification, ascription of descriptions, the use from a consumer,
monitoring, and payment collection [9]. However, it is aimed at copyrighted products,
excluding thosewithout registration.Hence traditionalDRMneeds further improvement.
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Current digital right protection is facing with some challenges.

(1) Difficulty in digital right confirmation
Copyright registration is not compulsory since copyright is inherently attributed
to its author [2], but it is strong evidence for ownership and legal support for
copyright disputes, indicating the importance of copyright registration. However,
digital right proving is tough. For example, one declares one’s original creation of
certain digital texts. But how to prove it? One cannot deny the possibility that the
digital text originated from other streams which are not identified, which leads to
the second problem. Complexity for operation on digital right registration restricted
authors’ gaining on authorized protection. Difficulty in confirmation for originality
results in requirement for complicated material and toughness on originality check
[2]. In most cases, originality check cannot be accomplished in the expected level,
resulting in another issue that even approved copyright registration has limited
power for legal certification [10]. What worth mentioning is these problems are not
only targeting in digital right, but for all copyright.

(2) Simplicity and unawareness in infringement
Digital products are easy to download and disseminate for commercial use via mul-
tiple digital streams, such as search engines, websites, and applications [7], without
permission of authors, defined as an infringement. Some websites and applications
adopt encryption technology to prevent infringement by only permitting visitors to
view products on assigned pages, however, it is still easy to crack this encryption
using simple software. Besides,weak consciousness on digital right protection leads
to unawareness infringement. Individuals have been adapted to use digital products
for free,which is effortlessly feasible due to simplicity on circulation of digital prod-
ucts, compared with their being accustomed to entity product bills. Google Library
Project in 2014 was a piece of evidence for this point. Google entailed digitizing,
indexing, and displaying “snippets” of print books without seeking the permission
of copyright holders, asserting its proposed fair uses, which still obviously violated
copyright of authors [11]. People pay for printed books, but when transferring into
digital ones, even famous enterprise regarded them as free products.

(3) Difficulty in safeguarding digital right
Simplicity on spreading digital products and unconsciousness in digital right lead
to a large quantity of infringement cases. However, safeguarding digital right is in
predicament due to toughness ondigital right confirmation since the arduous process
to check originality increases the human cost and technology cost for acceptor,
further leading to high time cost and high financial cost for authors to apply for
adjudication. Disproportion between cost and revenue diminishes the willingness
and possibility of authors for safeguarding [2]. Limited channels for safeguarding
is another element because it would increase time cost for safeguarding.
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3.2 Advantages of Applying Blockchain on Digital Right Protection

There are three advantages when we apply blockchain technology on digital right
protection.

(1) Timestamp: authentication on copyright confirmation
Blockchain operates chronologically, contributing to occurrence and utilization of
timestamp, recording immutable time for the appearance of the digital materials.
Timestamp could become solid verification for originality of digital products since
the one who created the digital product firstly is an undoubted owner for its copy-
right. Even those preferring recognized as an anonymous author could identify their
copyright utilizing timestamp. The following application of digital materials and
its respected commercial revenue could be easily attributed to their creators.

(2) Decentralization: improvement on efficiency for operation, cost-saving & security
of data
Decentralization, the key feature of blockchain, enables data recording and storage
by numerous users and multiple nodes across Internet, instead of relying on tradi-
tional centralized node [12]. Thus blockchain could become underlying technology
for a public copyright system. An analogy could simplify the concepts: each author
could be regarded as the node scattered through Internet in blockchain systemwhile
normal copyright agent, such as national copyright center, is the centralized node in
traditional system. Each author publishes their product and its information for trade,
in which copyright could be confirmed, as mentioned previously, and transmission
of the digital product would reach a high level of efficiency, compared with that of
traditional system since the process of centralized node manually confirming and
publishing, which requires large human resource and time cost, is replaced by prod-
uct automatically flowing along the chain of the decentralized blockchain system.
Diminishing in human resource and time cost and elimination in entity investment
contribute to cost-saving both in finance and time perspectives. It also leads to alle-
viation in difficulty for individuals to safeguard against infringement because both
individual and enterprise are treated identically and equally in blockchain, unlike in
current system where enterprise with adequate financial support and professional
legal advisor has privilege in digital right protection.
Decentralization of blockchain guarantees permanent immutability of data in
blockchain since there is no centralized node to be hacked or edited. Original infor-
mation input by author, such as copyright and price, is kept and flows along the
chain with high efficiency. Data credit is authentic in blockchain.
Bilateral trust dilemma, usually appears in commercial culture creation, in which
creator of digital product, such as the screenwriter and painter, worries about plagia-
rism and no guarantee for next-stage income while investor, such as film company,
worries about its capital being stolen by creator [10]. Blockchain could mitigate
this phenomenon since the copyright could be confirmed from the start and the
contracting process would be operated automatically along the chain. For detailed
explanation, there is an immutable and complete record of creation of the digital
material by its unique author, from raw brainstorm to the final version, preventing
plagiarism. Update, editing, distribution, and payment for the digital material are
operated under the automatic contract, preventing the breach of contract.
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(3) Distributed storage: satisfying demand of digital product
Storage of blockchain is equal to the sum of storage of each node scattered dis-
tributed in blockchain, indicating that blockchain storage could be viewed as unlim-
ited. Digital product shares global transmission and the number of digital prod-
ucts has reached a high level, with potential unlimited quantity in the future. Dis-
tributed storage of blockchain provides adequate space for digital product storage
and convenience to trading internationally.

4 Challenges and Corresponding Solutions

As a new concept with only ten-year history, blockchain application is still doubtful
since no adequate experiments, application data and experts to support. It has completed
the proof of concept, but several challenges might occur when applying blockchain to
digital right protection in reality.

(1) Immaturity of blockchain technology
The immature blockchain technology leads to a gap between truly accomplished
storage of blockchain and theoretically reached storage. As mentioned previously,
the storage of blockchain is theoretically unlimited because of its distributed stor-
age. However, the actual storage is limited to a small number currently due to
immature technology. Unfortunately, a noticeable fact is that storage requirement
for data, including metadata and digital content, is at a high level and is increas-
ing at an exponential speed [13]. Take bitcoin as an instance, the size of bitcoin
blockchain reached almost 130 GB in September, 2017 and it doubles size every
year. In such case, bitcoin blockchain only consists of metadata, excluding digi-
tal content. However, current bitcoin block size is only reaching a level at around
1 MB per block, restricted by code. This results in the problem about the storage of
metadata and digital content. Digital right protection should be validation interna-
tionally, indicating the globally large number of users and work and exponentially
increasing transaction amount [13]. Moreover, digital work contains both metadata
and digital content, unlike bitcoin, which means a greater demand in digital work
storage is required. Blockchain is at the beginning stage while digital product and
digital copyright protection have reached its prosperous development. The conflicts
between these two stages would lead to problem when applying blockchain into
digital right protection.
To solve this problem, one of the most obvious measures is to input greater invest-
ment in the development on blockchain, which would lead to the second challenge
to be discussed in the following text. Another method is to store digital files with
copyrightedworks outside of blockchain [13] and only copyright informationwould
be left within blockchain. However, such solution is also facing with issues, such
as credibility of data and accessibility to the content.

(2) High development cost
It is true that information transferring along the blockchain is cost-saving, however,
infrastructure for the blockchain development is costly, such as customer ICT equip-
ment and software [14]. This challenge diminishes competitiveness of blockchain,
especially when current available conventional database is less costly [15].
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One potential solution to this problem is to optimize the credibility of data within
blockchain to leverage cost and benefits of developing blockchain since conven-
tional database is inferiors in immutability of data records and cannot guarantee
authentication of data and information. Reliability of information is incompara-
ble advantages of blockchain and maximizing the superior field could increase the
value of high investment in blockchain development.

(3) Legal issues
Blockchain is a decentralized system, but still need supervision and attribution insti-
tution when facing with disputes. Disputes are likely to appear for the following
two reasons, lack of standardization and global circulation for blockchain. Stan-
dardization difference would result in controversy in different categories of work,
regions, and countries. Global circulation would result in different laws in different
countries, leading to severe legal issues.
Legal issues could be solved by constructing a standardized criteria under partic-
ipation from multi-field and multi-region representatives. Besides, a global super-
vision mechanism and an attribution institution also need to be considered since
blockchain is distinguished from traditional affairs, thus need targeted regulation
and supervision.

(4) Human resource issues
The first human resource issue is lacking experts in blockchain field. There is no
major in blockchain at present and relative research is limited, restricting develop-
ment of this technology. Thus professional scholar is in huge demand. The second
issue is the difficulty for individuals to utilize blockchain, and furthermore choose
blockchain to verify digital copyright. Blockchain is a new concept and has not been
spread into routine life. The former two issues lead to the third one, the difficulty in
attracting large number of users to participate in blockchain copyright verification
at beginning. This problem would abate value of network effect from blockchain
[13]. Network effect is a phenomenon where the value of a product depends on
the number of others using it [16]. With few experts leading and minority of right
owners following in blockchain application, network effect cannot be optimized
and mitigate the value of blockchain application in real world.
Human resource issues are relatively easier to be solved, compared with other
issues. Universities could list advanced blockchain courses with scholarships to
attract elites to study and prepare to contribute to development of blockchain. Sec-
ondary school and high school could provide courses on fundamental knowledge
of blockchain to get teenagers familiar with this concept. Colleges and institu-
tions could consider propagation on participating in digital right verification via
blockchain system.
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Research on the Operation of the Takeaway
Platform During COVID-19 Based
on the Theory of Two-Sided Market

Taking Meituan Takeaway as an Example
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Abstract. Under the influence of the COVID-19, Meituan Takeaway, the leading
Chinese takeaway O2O (Online to Offline) platform, has been greatly affected.
At the same time that consumers’ demand and delivery staff are decreasing, the
supply of merchants (refer to restaurants) has greatly increased due to all online
operations, resulting in a mismatch between supply and demand. This article
analyzed the impact of the COVID-19 on three perspectives ofMeituan Takeaway,
including consumers, platform operations, and merchants, in conjunction with
two-sided market theory, and made strategic advice from the strategic level and
operational level based on Meituan Takeaway’s existing coping strategies.

Keywords: Two-sided market · O2O · COVID-19 · Meituan takeaway

1 Introduction

In recent years, with the rapid development of the Internet technology, the Chinese
takeaway O2O (Online to Offline) market has emerged in a very short period of time and
has formed a certain scale. At the same time, the COVID-19 that broke out in January
2020 had brought a tremendous impact on the Internet economy,which seriously affected
the operation of takeaway O2O. Meituan Takeaway as a leading Chinese O2O food
delivery company was severely affected during that period. This article will analyze
the impact of the COVID-19 on Meituan’s takeaway in conjunction with two-sided
market theory, and make strategic advice based on Meituan Takeaway’s existing coping
strategies.

2 Review of the Two-Sided Market Theory

2.1 Definition of Two-Sided Market

The concept of the two-sided market was first proposed by the “Penny Newspaper”
movement initiated by the United States in 1833. After entering the 21st century, its
related theories and fields has been continuously improved. Rochet and Tirole (2002,
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2003) [1, 2] proposed “non-neutral price structure” and defined the two-sided market
as: When the total price level P=PB+PS that the platform demands from both parties is
unchanged (PB is the price of user B, and PS is the price of user S). If any change in
the user’s price will have a direct impact on the total demand and transaction volume of
the platform, the platform market is called a two-sided market. Considering the indirect
network externality, Evan (2003) [3] and Armstrong (2006) [4] and others defined it
as: two groups of participants need to conduct transactions through the intermediate
platform, and the revenue or the utility of one user will increase as the number of
users of the other party increases. The price structure is non-neutral, and cross-network
externalities and interdependencies are important characteristics of two-sided markets.

2.2 The Classification and Application of Two-Sided Market

Evan (2003b) divides two-sided markets into three categories from an empirical
perspective:

(1) Audience creation: when there are enough users or traffic to attract another party
to join the platform, such as magazines, newspapers, and televisions;

(2) Market creation: the increase of users on either side will increase the utility of users
on the other side. For example, O2O e-commerce platform, headhunting company,
etc.;

(3) Coordinated demand type: to meet the differentiated needs of two-sided users
through platform transactions, such as the IT industry and financial institutions.

The pricing methods of the two-sided market can also be roughly divided into three
types. The first one is a pricing method that only charges a registration fee. The platform
only charges themembership fee to enter the platform for two-sided users; the second one
charges a transaction fee, which charges a certain percentage of transaction fees based
on the transaction volume of users participating in the platform; the third is the two-step
fee collection system charges both registration and transaction fees for two-sided users
participating in the platform.

The two-sided market has a large number of application examples in reality, such as
e-commerce platforms such as Amazon and Taobao, takeaway platforms such as Uber
Eats and Meituan Takeaway, etc. Taxi platforms such as Uber and Didi Taxi also have
applications on some travel platforms, such as TripAdvisor, Ma Honeycomb, etc. Some
shared rental and hotel reservation platforms are also very extensive, such as Airbnb,
Booking, Ctrip, etc.

In summary, the two-sided market is generally connected by platform companies to
two different groups, whilemeeting the existing conditions of non-neutral price structure
and extensive cross-network externalities.
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3 The Specific Application of the Two-Sided Market in the O2O
Takeaway Platform

3.1 What is O2O?

O2O (Online to Offline) refers to combining offline business opportunities with the
Internet to make the Internet a front desk for offline transactions. Through the online
way, O2O brings convenience to the consumer group, increasing the user’s sense of
experience, and at the same time, it can facilitate the operation of the physical store and
expand the revenue of the merchants by online promotion.

The takeaway O2O refers to the establishment of a website or the display of offline
goods or service information on a third-party take out platform by means of the Internet.
Having browsed the takeout information online, consumers can book online, generating
orders and completing online payment. After receiving the orders, merchants send the
food to the designated place [5] According to the its operation mode, the takeaway
platform can be divided into three categories: 1. relying on open platform, such as
WeChat official account, Baidu map, etc. 2. The form of self-supporting taking out by
merchants refers to the way of ordering and distribution by merchants themselves. 3.
Third party takeaway platforms, such asMeituan Takeaway, Uber eats, etc. The research
subject of this paper will focus on the third one.

3.2 Platform Operation Mode Under the Theory of Two-Sided Market

Two-sided market has existed for a long time in China. One of the typical examples of
the two-sided market in the market-creating two-sided market is the takeaway platform.
Generally, the two-sided market connected by takeaway platform is composed of three
parties: the platform enterprises, consumers and suppliers. Using O2Omode, consumers
place orders on the online platform, pay related fees through the third-party payment
platform. After receiving the orders, the restaurants prepare the orders, and then dis-
tribute them by themselves or by the riders of the platform. After receiving the orders,
consumers evaluate the orders and eventually complete the order. The profit or utility
of consumers will increase with the number of suppliers, and vice versa. Usually, the
platform makes use of indirect network externalities, usually through free pricing strat-
egy to expand the number of consumers. By exploiting positive feedback to promote
the franchise of restaurants, the platform company can earn profits using the pricing
strategy of combination of registration fee and transaction fee. The operation mode of
the platform is shown in Fig. 1.

3.3 Development of O2O Takeaway Platform in China

In recent years, O2O delivery platforms have developed rapidly in China. According
to QuestMobile’s data, in 2015, the number of Chinese online takeaway market orders
exceeded 2 billion. As of 2018, the number of takeaway market orders have reached 11
billion, with an average year-on-year growth of more than 80%. From the perspective
of revenue, the takeaway platform revenue was 44.7 billion yuan in 2015. As of 2018,
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Fig. 1. The operation mode of the takeaway platform.

the takeaway platform revenue has reached 474.6 billion yuan, with a CAGR of approx-
imately 120.63%. China’s O2O takeaway platform industry is an oligopolistic market,
and Meituan Takeaway platform has always occupied the first place in market share.
The following is a brief analysis of Meituan Takeaway platform.

4 Research on the Operation of the Takeaway Platform During
the COVID-19 Period—Take Meituan as an Example

4.1 Brief Introduction of Meituan Takeaway Platform

The Development of Meituan Takeaway. Meituan Takeaway is an online ordering
platform under Meituan.com, which was officially launched in November 2013 and is
headquartered in Beijing. After Meituan Takeaway was launched, it rapidly expanded
through its marketing strategy and covered most domestic first- and second-tier cities in
a short period of time. In October 2015, it merged with Dianping.com to develop third-
and fourth-tier cities. Statistics show that in 2018, Meituan Takeaway has 250 million
takeaway users, more than 2 million cooperative merchants, more than 500,000 active
delivery riders, covering more than 1,300 cities, and 21 million orders per day.

As one of the oligarchs in the O2O takeaway industry, Meituan Takeaway has a
market share of 51.3% in the fourth quarter of 2018, which is the second highest food
takeawayplatformwith amarket share of 28.6%. It has become a unicorn enterprise in the
Chinese food takeaway industry.Meituan Takeaway is an online ordering platform under
Meituan.com, which was officially launched in November 2013 and is headquartered in
Beijing. As of 2018, the number of users reached 250 million, the number of cooperative
merchants exceeded 2million, the number of active distribution riders exceeded 500,000,
covered more than 1,300 cities, and completed 21 million orders per day.
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Business Model
Value proposition. Meituan Takeaway aims to provide consumers with a full range of
choices and convenience. Relying on a large number of user groups to attract a large
number of merchants to settle in, providing consumers with different levels of choice,
improve customer satisfaction, and then cultivate customer loyalty.

Target customers. The target groups of Meituan Takeaway include college students,
young white-collar workers and home users. This group of people has a fast pace of life,
a pursuit of high-quality life, low price sensitivity, and high user loyalty, so it is highly
profitable.

Age of users. In 2017, the age of users is getting younger, among which users aged
20–30 are as high as 63.32%.

Geographical distribution. In 2017,Meituan Takeaway users weremainly distributed
in cities with highly developed economies, of which Shanghai accounted for 3.94%.
From the perspective of city level, users in first- and second-tier cities are as high as
74.31%.

Core competence. Scale and operational efficiency. Meituan Takeaway attracts a large
number of consumer groups throughpricemarketing, thereby attracting a large number of
merchants to settle on the platform. The positive feedback effect of the two-sided market
occupies most of the takeaway market. Its transaction volume, number of users, and
number of merchants are higher than those of other O2O takeaway platform companies,
and it has reached a large amount of transactions while meeting customer needs. At
the same time, with its advanced algorithm system, Meituan Takeaway quickly matches
consumers, restaurants and riders to conclude transactions, and operates the entire system
in an efficient and low-cost way.

Profit model. The income source of Meituan.com is mainly through the collection of
distribution fees, advertising income and commissions from merchants. The specific
method is as follows:

Commission (transaction fee): The most basic profit model of Meituan.com is to
extract commissions from the service fees and product promotion fees of the merchants
that have settled in.

Advertising: With its large number of user groups and its advanced algorithms, it
conducts peer-to-peer marketing for merchants to earn fees.

Delivery cost: Connect the consumer with the store, and after the consumer places
an order, the rider will deliver the store’s products to the consumer and earn service fees
from it.

Fund pool: Every two or three weeks, Meituan Takeaway will pay its merchants
for its operating income, and the account period will be used for the investment of the
deposited funds.

4.2 Impact of COVID-19 on Meituan Takeaway

The new COVID-19 broke out in various parts of China from January 2020 to May
2020. Due to its high infectivity, the government had to take measures such as travel
restrictions and state control. Enterprises switched to online offices and people were



Research on the Operation of the Takeaway Platform 31

isolated at home. Without leaving home, has caused a huge negative influence to the
real economy. For Meituan Takeaway O2O takeaway platform, it has caused a high
negative impact on its offline part. The following will analyze the impact of the COVID-
19 on Meituan Takeaway from the supply side (merchants), consumers and platform
perspectives.

Impact from Merchants’ Perspective
The shift of the focus of business strategy. The decrease in offline demand and the limi-
tation of in-store personnel flow have caused the main business of the merchant to shift
to the online part. Due to national policies and the government’s call, the consumers’
flow of offline restaurants has a significant reduction. According to iiMedia Research
data, 95.0% of the interviewed restaurant businesses experienced a significant decline
in store revenue during the COVID-19, and more than half of the surveyed businesses
suffered a significant decline in turnover. According to the National Bureau of Statis-
tics, from January to February 2020, the national takeaway industry revenue was only
419.4 billion yuan, a year-on-year decrease of 43.1%. At the same time, because most
of rents of restaurants have not been significantly reduced, the offline restaurants are
obviously in a state of negative income. In order to pay for its rentals, employee salaries
and other administration expenses, the merchants can only choose to give up offline
store income and invest the proportion in O2O takeaway platforms, such as Meituan
Takeaway. According to data from iiMedia Research, 78.0% of takeaway merchants
using online as the main battlefield before and after the 2020 COVID-19 have increased
by 63.1 percentage points compared with that before the outbreak. The strategic shift of
merchants has greatly strengthened the supply side of Meituan Takeaways.

Merchants’ operation problems.Lack of employees. SinceMeituanTakeaway is targeted
at first-tier and second-tier cities, the proportion of business distribution in first-tier
and second-tier cities is higher than that in third-tier and fourth-tier cities. Most of
the employees in the first-tier and second-tier cities are migrant workers. Before the
Spring Festival, most of the employees have left the city where the business is located.
After the outbreak of COVID-19, due to government restrictions on foreign (not local)
personnel, some employees were in quarantine and could not return to their original
jobs in time. According to the China Hotel Association, in February 2020, 25% of the
quarantine personnel of Chinese takeaway companies resumed work, Recovery work
only accounts for 35%. During the COVID-19, some employees chose to resign due to
their own safety (lack of protective materials, etc.), and insufficient supply of employees
caused the merchants to fail to open in time.

Increase in operating costs. The improvement of sanitation standards makes it nec-
essary for businesses to strictly sterilize and control the environment in their restaurants,
forcing merchants to purchase additional thermometers, a large number of disinfection
appliances, masks and other materials. Some foods, such as meat and meat products,
require certificates and tickets to ensure that the origin of the meat can be traced, result-
ing in merchants needing to spend a higher fee to purchase higher-quality meat to ensure
compliance with regulations. On the other hand, merchants’ takeaway platform commis-
sions, restaurant rents, and staff management costs have not been significantly reduced.
Due to the above and other reasons, the total cost of business operations has increased.
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Impact from Consumers’ Perspective
Change of the target consumers. The target customers of Meituan Takeaway are mainly
aimed at college students and white-collar workers in first-tier and second-tier cities, and
the school was closed during the COVID-19, which resulted in the failure of students to
return to school and the demand around the campus was greatly reduced. On the other
hand, due to the online office solution, some white-collar workers will not go offline
for a short period of time, resulting in a decrease in the demand for selling out in major
commercial centers.

Increase in price sensitivity. Some white-collar workers in first- and second-tier cities
are affected, their salaries only include the basic salary with low bonus, resulting in
higher sensitivity to prices. Therefore, the demand for takeaway has also decreased.

Policy and safety. Due to the community blockade caused by the policy, takeaway can
only be delivered to the community door, and users need to go to the community door to
take foodwhich reduces the convenience of takeaway.On the other hand, due to increased
hygiene awareness, consumers have concerns about the safety, and their willingness to
buy has decreased, making demand less than before.

Impact from Platform Perspective
Increased cost for distribution personnel. Most of Meituan Takeaway’s delivery staff
come from second-tier and third-tier cities, and Meituan Takeaway’s main delivery area
is first-tier and second-tier cities. This has led to a 14-day quarantine when those staff
return to work from their homes. As the COVID-19 intensified, some delivery staff
quit their jobs out of consideration for their own safety. The reduction in the number
of employees has led to the need for Meituan Takeaways to hire new staff through
headhunting companies which increases cost. The price of each order delivered by the
employees during the COVID-19 will have a huge increase, which also increases the
administration cost.

Transformation of services. During the COVID-19, due to problems such as merchants
and operating hours adjustments, most businesses only operate for lunch and dinner peak
hours, and do not operate at other times. Due to the adjustment of the business of the
merchants, some merchants are in the state of being closed all day and cannot provide
services to consumers. Consumers’ demands for daily necessities such as wine, fresh
food, etc. increase. Therefore, in the early stage of the COVID-19, while maintaining the
main takeaway business, Meituan Takeaway focuses on the businesses of “supermarket
convenience” and “vegetables and fruits”. With its content function, the number of
merchants (in this case, supermarkets) is expanded.

5 Strategies Respond to COVID-19

In order to cope with the COVID-19, Meituan Takeaway launched various strategies and
tactics. The following is a brief analysis of Meituan’s strategy for dealing with negative
impacts of COVID-19 in two levels, namely, the operational level and the strategic level.
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5.1 Meituan Platform Operation Strategy During the COVID-19

Consumer Perspective. Strengthen product diversification. During the COVID-19,
consumers’ consumption of fresh and snacks such as vegetables and fruits increased.
However, due to safety considerations, consumers are resistant to offline purchases.
Meituan Takeaway has strengthened the operation of its supermarket convenience, veg-
etables and fruits, dessert drinks and other functional modules, increased the proportion
of distribution personnel, effectively reduced the waiting time of consumers in order to
improve the perceived value of consumers. At the same time, strengthened cooperation
with existing fresh supermarkets and convenience stores, enriching its product range to
meet different levels of consumer demand, and increase consumer satisfaction. For the
above services, the platform’s advanced algorithms are used to carry out peer-to-peer
marketing to customers and recommend them according to their characteristics, so as to
increase the popularity of such products and increase the conversion rate of customers.

Price concessions. While establishing contactless delivery services to ensure con-
sumer safety and stimulate consumption, Meituan Takeaway pricing concessions poli-
cies were adopted for low-end markets and consumers who are more sensitive to prices.
Through full reduction, cashback,member discounts, etc., using its advanced algorithms,
it is accurately pushed to consumers to appropriately reduce prices while expanding
demand, and ultimately achieve the goal of economies of scale and greater profits.

Platform Perspective. Service area adjustment. Meituan Takeaway adjusted some of
the main operating areas. The area is transferred to residential areas where consumers
are densely located, mainly maintaining the surrounding merchants to ensure the supply
of food during peak periods, and by reasonably arranging the distribution of its delivery
staff, strengthen the supply to residential areas, so that the existing demand is met.
According to the data of iResearch, the proportion of takeaway users in the second-
tier, third-tier, and fourth-tier cities during the Spring Festival in 2020 is significantly
higher than that in the same period in 2019. Therefore, the adjustment of the service
area of Meituan takeaway during the COVID-19 also includes serving newly-increased
users in those cities. In the mid-to-late period of the COVID-19, as companies began to
resume production, employees returned to work offline, and the demand for takeaway
in the major commercial areas of first- and second-tier cities rebounded during the peak
period. Therefore, the main area of service shifted from residential areas to commercial
areas. Ensuring the speed of food delivery during peak periods tomeet consumer demand,
Meituan improves service quality and increases customer loyalty to obtain revenue.

Employee Management. Delivery staff’s contactless service. In order to ensure con-
sumer safety, the takeaway platform has changed the delivery service model in a timely
manner and has been recognized bymany parties.MeituanTakeaway launched the “Con-
tactless Delivery” program in Wuhan on Jan 26, which has been followed and promoted
nationwide. That is, consumers can choose contactless delivery in the APP, and the
delivery staff puts the food in the designated location or smart dining cabinet to avoid
direct contact with the consumer and protect the safety of the user as well as the delivery
staff.

Strict hygiene control. InWuhan and other COVID-19-affected areas, fully equipped
withmasks for delivery personnel, and set up special person to conduct random sampling
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inspections; Upgrading site disinfection and temperature measurement policies. The site
is equippedwith thermometers,masks, disinfectant and alcohol gel. Deliveryman’smeal
boxes are disinfected once in themorning and evening.Measure the delivery staff’s body
temperature every day, stop them from working immediately if there are any abnormal
symptoms.

Employee sharing.Due to the decrease of delivery staff, Meituan Takeaway launched an
employee sharing plan and hired employees from temporarily closed restaurants, hotels,
and cinema for short-term cooperation.

Merchant Perspective. Increase the commission appropriately. On May 25, Meituan
Takeaway disclosed its first quarter 2020 results announcement. The data shows that
the company achieved revenue of 16.754 billion yuan in the first quarter, a year-on-
year decrease of 12.6%; total operating losses of 1.716 billion yuan, a year-on-year
increase of 31.6%; adjusted net loss of 216 million yuan, a 79.4% narrower than the
same period last year. Among them, the commission income was 10.8 billion yuan, and
the takeaway commission income was 8.564 billion yuan, a year-on-year decrease of
13.68%, accounting for 79.29% of the total commission income. However, considering
the decreases of the demand, it could be concluded from the data that Meituan Take-
away increased its commission. Before the COVID-19, Meituan Takeaway commission
was about 18%, which was lower than ELEME Takeaway, Meituan Takeaway’s largest
competing food delivery platform. In the late period of COVID-19, Meituan Takeaway
increased the commission in some areas to 20% on the premise of not violating antitrust
laws nor causing public problems. On the other hand in order to enhance the reputa-
tion and social image of Meituan Takeaway, in the mid-COVID-19 period, in order to
help merchants better recover their operations and improve their motivation, Meituan
Takeaway launched the “Spring Breeze Action”. Meituan Takeaway launched a monthly
bonus of 500 million RMB, 400 million RMB merchant subsidies. At the same time,
the “Commercial Partner Commission Rebate Program” was launched to refund high-
quality food delivery staff nationwide, especially those whose business conditions were
greatly affected by the COVID-19, at a rate of not less than 3% to 5%.

“Green channel” registration for merchants. To solve problem of large increases
of new merchants, Meituan Takeaway launched “green channels”: streamline for new
registers. The process can be completed in only 5 steps, and the qualification review can
be completed within 6 h at the earliest. It can be opened on the same day to ensure the
existing supply for the meal period, ensure the richness of food types, and attract users
to purchase.

Strengthen the examination. With the opening of the green channel and accelerating
the qualification, the environment and safety of the merchants became major concerns
for consumers. Considered that the original audit procedure was relatively weak for
the merchant’s sanitation inspection, Meituan Takeaway improved the inspection of the
store’s hygienic environment, storefront, food safety, and employee safety in order to
avoid cross-infection, it will have a significant impact on its reputation and social image,
thereby affecting user needs. It also responded to the government’s relevant measures
on wild animal prevention and control, and comprehensively investigated wild animal
products on the platform.
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5.2 Strategic Thinking at the Platform Level

Impeding the “De-Platform” Trend. Thedevelopment trend of “de-platform”of take-
away due to the widespread commissions in the takeaway industry (10%–20%) and the
long time to return the commission, as well as the problems of higher merchant promo-
tion fees and longer service feedback time, etc.Manymerchants found that relying solely
on the platform to operate, the profit margin is low. Therefore, some merchants use mul-
tiple channels. For example, in May 2018, HEYTEA opened HEYTEA GO takeaway,
and accumulated 24 million members in the past 2 years, users can use WeChat applet
to order. More typical companies such as KFC’s timely delivery, McDonald’s McLeod
delivery, etc., consumers can order food on their official website, and the merchants
deliver independently. This way gets rid of the shackles of the platform and makes the
transaction de-platform.

Limitations of “de-platform” of takeaway. Because de-platform requires consumers
to accurately retrieve the company name and official purchase channel of the company,
de-platform of takeaway is only for those who already have a certain scale of operation, a
certain reputation and a certain scale of loyal users of the takeaway companies. For small
and medium-sized micro-takeaway companies, due to their low popularity, consumers
do not know it, which prevents them from accurately retrieving the name which lowers
the sales. On the other hand, traditional marketing methods usually have low conversion
rates and high costs, making it impossible for small and medium-sized enterprises to
achieve a certain scale of de-platform transaction volume. Due to consumers’ preference
for convenience when purchasing, unless it is a company with high service quality and
good reputation, for ordinary consumers will not spend time and cost to search one
by one, thus limiting the platform for small and medium-sized enterprises to change to
operating takeaway itself. Although there are some of enterprises have got rid of the high
commissions of the platform, they have to face high promotion fees and low transaction
volume. Therefore, the online takeaway business of small and medium-sized enterprises
cannot achieve completely “de-platform.”
Platform strategy to deal with “de-platform”:

Price strategy. Formerchants, partly lowering the commissions ofmerchants with higher
transaction volume and greater reputation can slow down the process of “de-platform”
of such enterprises. Sign contracts with merchants on the conditions of low-price pro-
motion, restricting the sales of other channels of the store which can effectively suppress
the de-platform process. For merchants with low transaction volume and average pop-
ularity, it is difficult to survive due to its “de-platform”, so it can keep the commission
unchanged, but it is necessary to speed up the service response and improve the ser-
vice quality of the platform to the merchants to reduce merchants’ dissatisfaction. For
consumers with high price sensitivity, price promotion is possible, and the platform cap-
ital is used to conduct price wars against de-platform enterprises, which hinders their
development.

Diversification strategy.Through the introduction of different functions, such asMeituan
Takeaway food, desserts, supermarket convenience, vegetables and fruits and other func-
tional modules, to meet the needs of consumers at all levels, to make it convenient for
consumers. At the same time, regular updates should be made within each module, and
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recommendations for store foods, etc., should be rotated regularly to ensure their diversi-
fication, which could improve consumer perception of service quality, and thus improve
consumer satisfaction, thereby fostering customer loyalty. Cultivate customer stickiness
through diversification of products and services, increase customer switching costs, and
achieve effective user retention.

Supply and Demand Adjustment. During theCOVID-19, a large number of takeaway
companies switched to online operations, resulting in increased supply. At the same time,
due to safety and economic factors, consumers’ willingness to take out food has declined
compared with the past. This leads to the problem that supply exceeds demand. At the
same time, there are changes in the demand side, such as delayed school opening, corpo-
rate online office and so on. Based on this, the platform first needs to ensure the existing
demand, and ensure the user’s demand by means of improving consumers’ perceived
quality and product safety. At the same time, the platform needs to adjust the existing
staffing, etc., so that the existing needs are met. After satisfying the existing demand, a
diversified strategy, differentiated strategy, price promotion, cross-price subsidies, etc.
can be adopted to improve the quality of services and increase the types of products
and businesses to develop different needs of consumers. As for the supply, due to the
large supply, while ensuring product diversification, for homogeneous products, we can
increase profits from the way of increasing commissions.

6 Conclusion

Based on the rapid development stage of the O2O model, Meituan Takeaway takes
advantage of the opportunities provided by the Internet and the external characteristics
of the cross-network in the two-sided market to flourish, but during the COVID-19, its
supply side, demand side and platform operation have been seriously affected. As a
leading O2O takeaway company, Meituan Takeaway has effectively responded to the
negative impact of the COVID-19 and the trend of “de-platform” through diversification,
differentiation and other operational strategies in response to the COVID-19, expanding
revenue, and then promoting the optimization of the takeaway O2O model upgrade.
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Abstract. Prospect theory provides a theoretical basis for the study of decision
behavior under uncertainty. In reality, it is difficult for travelers’ decisions and
behaviors to be completely rational and based on utility maximization, and in
recent years, some researchers have attempted to use prospect theory for travel
behavior analysis and modeling and have made some research progress. This
paper first elaborates the basic framework and main contents of prospect theory,
then analyzes the applicability of prospect theory in travel behavior research by
reviewing related research. For specific travel behavior research, the application
of prospect theory not only needs to consider the nature of the decision problem,
but also to see the personality characteristics of the traveler.

Keywords: Prospect theory · Travel behavior · Application

1 Introduction

Dominating the study of decision behavior under uncertainty and risk is expected utility
theory, based on the assumption that decisionmakers are perfectly rational humanbeings.
Expected utility theory holds that decision makers make decisions based on the value
of expected utility. Utility is the basic analytical tool for decision making, and rational
decision makers usually choose the solution with the greatest utility as the optimal
solution. However, in uncertain and risky decisions, predictions and judgments based
on utility size using expected utility theory often do not correspond to actual human
decision-making behavior in reality. In this context, Kahneman and Tversky (1979)
extensively observed and studied the judgment and decision-making behavior of decision
makers under uncertainty and proposed a prospect theory by incorporating the findings of
psychology into economics [1]. Prospect theory reveals the psychological and behavioral
mechanisms of finite rational human beings in the process of risky decision making,
whichmore realistically reflects the characteristics and rules of people’s decisionmaking
under uncertainty [2].

In recent years, researchers have paid increasing attention to the limited rational
decision-making characteristics exhibited by travelers in their daily travel activities,
and while questioning the traditional travel behavior research framework, they have
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attempted to seek a more realistic decision theory. Among them, some researchers have
attempted to use prospect theory for travel behavior analysis and modeling and have
made some research progress. Since this research involves not only knowledge of trans-
portation science, but also interdisciplinary knowledge such as psychology, behavioral
economics, and experimental economics, it places a higher demand on the knowledge
structure of the researchers. Many of these researchers view prospect theory as merely
an improved model of expected utility theory, lacking a deep understanding of what
prospect theory entails.

Wee (2010) points out that only those who truly understand the content of prospect
theory understand its importance and value in travel behavior research [3]. Based on this,
this paper first elaborates the basic framework andmain contents of prospect theory, then
discusses the applicability of prospect theory in travel behavior research by reviewing
related research.

2 Basic Framework of Prospect Theory

The study of human decision making behavior under uncertainty is a popular area of
research in economics, with the most classical model of rational choice being expected
utility theory. In recent decades, however, the theory has encountered many problems
and it cannot explain the numerous phenomenon. Psychological research has found that
people’s decision-making processes are not completely rational as assumed in traditional
theories. To correct and compensate for the deficiencies of traditional economic theory’s
assumptions about rationality, the prospect theory proposed by Tversky and Kahneman
is based on psychological experiments and directly incorporates factors such as indi-
viduals’ decision-making behavior and psychological perceptions into the analysis of
decision-making behavior [4]. One of the basic components of prospect theory is the
framing effect, and prospect theory uses both the weighting function and value function
to describe the subjective overall value of an individual.

2.1 Framing Effects

There exist different phases within the prospect theory. There is the first spectrum which
is termed as the Framing Effects. It is termed as framing or as editing in the first phase. In
this phase, the main concept is the rule of having to emerge the concepts of the possible
outcomes that may be linked to a particular set of aspects. In a situation where one is
able to extrapolate the possible ideologies that are built around a certain choice, then
the whole idea of having to make a choice is simplified. The framing effect can thus be
transpired as a way in which the choice can be affected in the way that it is transpired
to the one making the actual decision. In most of the cases, the set party may be faced
with the problem of not actually knowing what choices they may have. It forces them to
have a sit-down and evaluate their actual options.

The main purpose of framing is to be able to reduce and actually simplify the choices
that are being presented at a certain stage. We understand that the decisions at times
might be rather difficult and numerous with a close relationship or having to follow
a set of similar ideologies. Framing simplifies this out. The process that is used for
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the simplification includes acceptance and segregation. A varied run to evaluate these
choices is what forms this phase. In the construction and formation of such ideologies
and options, it becomes clear that the order by which the choices have emerged actually
determines the complete set of the options to take and those to drop. It all falls on the
basic fact of how the options are presented with the options in a cognitive manner. Their
situations and the psychological structure are what phases out what remains important
to them and that which is rather a brush-off.

2.2 Value Function

There is also the factor of value function as the other phase. Once the choices have been
edited, then the decision-maker is presented with the case scenario of having to evaluate
the options andmake a decision amongst all of them. This is what is called the evaluation
aspect or phase. It consists of two main aspects. These are the value function and the
weighting function. The value function is what takes on a prior step. The aspects of the
value function go on to take an evaluation of the gains and the losses with regard to the
reference point. It should be noted that this does not take on the final assumption of data
and calculation of wealth. The one that took such a form was based on the spectrum of
the utility theory. The main aspects with the prospect theory are that the variables tend
to take on a more shifting perspective as compared to a stagnant and rested aspect. The
main regard that is depicted with this phase is giving more prominence to the starting
point of the process. In the theory, it is what is termed as the reference point [4].

The shape of the value function specified byKahneman andTversky is an exponential
function:

v(x) =
{

xα, x ≥ 0
−λ(−x)β, x < 0

(1)

In Eq. (1), parameters α and β, respectively represent the unevenness of the power
function of the value in the gain and loss area, and α, β < 1 indicate diminishing sen-
sitivity. λ is used to express the characteristic that the loss area is steeper than the gain
area. λ > 1 means loss aversion, and its function image is shown in the Fig. 1 below:

There is the asymmetrical point of the value function. The value curve is depicted to
be steeper on the side of the losses than it is on the side of the gains. It depicts a situation of
relative loss aversion. The main spectrum of having to experience the adverse pleasures
of a gain is incomparable to what it seems when coming into a closer battle with the
pain of having to face any form of loss. Depicted that a certain status quo is depicted to
be quite stable or stagnant then the set individuals are presented with being totally fine
with the current position as opposed to having downgrade or fall below what they might
term as being quite satisfactory on their side might be quite uncomfortable and bring in
an arraigned aspect of problems and issues.

2.3 Weighting Function

There is then the weighting function. The outcomes of the options are given a value
that is defined as a decision weight. This weight is not linked in any case with the
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Fig. 1. Value function

probability assumptions. In the complete decision of having to make the decision then
the decision-maker will have to multiply the value of each outcome to the complete
decision weight that is given to it. The decision weights should be noted not to be used
or served as the sole aspect of having to identify with the likelihood of having a specific
choice occurring. It is used in accordance to other factors. It actually gives a path and an
explanation of how the individuals actually went on to arrive at their final decision. The
main domain of the decision weights is seen to be affected by factors such as that one
of ambiguity. Therefore, a nonlinear function of the decision weight π and the objective
probability can be constructed. π(p) is the proportion of the weight of p to the weight of
a deterministic event. The following Fig. 2 shows the decision weight function relative
to p: π(p), the dotted line in the figure is the objective probability p, and the solid line
is π(p), which embodies the decision weight function.

Themain domain of the weighting function is the fact that it does not go on to operate
in the far end. Probability is what is termed to give a envision of what the factors are
bound to discuss. Some factors that are described as being impossible to some level by
certain individuals, it is termed that such ideological sets are termed to be much more
depicted with more psychological weights than all other events. The main problematic
aspect kicks in when the most obvious and bountiful ideology is bound to take place
then it happens that it does not.

The other characteristic of the weighting function is the fact that the low probability
events are overweighed while the medium and the high probability events go on to be
underweighted to some specific level. The aspect in this case is that the events that prove
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Fig. 2. Weighting function

to be very likely to occur are not given the adequate amount of attention that they deserve.
The aspects that go on to show some form of unlikeliness in the events showcasing occur
depict a more escalated form of attention-drawing onto this fact. Such is what remains
to be the very sense of having to evolve the ideologies of insurance and that of betting.

3 Application of Prospect Theory in Travel Behavior Research

One of the biggest problems with traditional travel decision models is the problem of
behavioral assumptions. Due to the complexity of human behavior, many models in
transportation science are often somewhere between completely right and completely
wrong, and their theories may be too simple to be suspected, or too complex to be
discarded. The formation of traffic problems is usually inseparable from the decision-
making choices of travelers, and is in fact a travel behavior problem, the study of which
should draw more on the findings of behavioral science.

Prospect theory, which is based on gambling experiments and measures gains and
losses relative to reference points in monetary terms, has shown good explanatory and
predictive power in studies of investor behavior in financialmarkets and consumer behav-
ior in commodity markets. However, travel decision situations differ from gambling
experiments in that travel choices generally do not involve wealth gains and losses,
and potential gains and losses cannot be directly measured in monetary terms. When
applying prospect theory to travel behavior research, it is first necessary to clarify its
boundary conditions or situational constraints and the question of whether the specific
subject satisfies the same conditions or situations as such, i.e., the question of validating
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the applicability of the theory. Katsikopoulos et al. (2002) found experimentally that
travelers’ risk preferences are reversed during the travel decision process, with travelers
exhibiting risk aversion when the path average travel time is less than a particular value,
and risk-seeking vice versa, which is consistent with prospect theory [5]. The experi-
mental results of Avineri & Prashker (2005) [6] show that the path selection behavior
of travelers has nonlinear probability weights and loss aversion effects. However, travel
choice behavior,which includes not only the choice of travel route and departure time, but
also the choice of travel mode, destination, and the decision to travel or not, is a complex
decision-making process undertaken by travelers. There is a lack of sufficient evidence
on the applicability of prospect theory to the study of other travel choice behaviors. In
addition, most of the option attributes considered in existing studies are based on time
factors, usually measuring gains and losses in terms of travel time, and less so for other
attributes. In fact, there are numerous option attributes that influence travel decisions,
some of which are uncertain and some of which are deterministic, and the applicability
of prospect theory depends crucially on which attributes are primarily considered by
decision makers. For example, for the travel mode choice problem, travelers consider
influencing factors such as travel time, reliability, comfort, safety, accessibility, and cost
of travel, and if travelers are primarily concerned with the cost of travel, and the cost
is deterministic, prospect theory no longer applies to this problem. In reality, travelers
typically consider multiple attributes when making decisions, so not only does the study
involve the problem of translating between different attributes, but also the reference
point is often difficult to determine. Prospect theory should have a broader application
in the field of transportation research, for example, for problems such as traffic violations,
noise and exhaust pollution, congestion pricing, and information response mechanisms,
if there is uncertainty in the properties of the choice options, the application of prospect
theory to the analysis of the travel decision process can be considered. For example,
Han et al. (2005) [7] found that travelers’ responses to information depend not only on
whether the content of the information is consistent with subjective beliefs, but also on
how the information is presentedwhen it is provided, suggesting that travelers’ responses
to information have a framing effect, which, as a heuristic decision rule, can be explained
by prospect theory.

Daily travel is usually not a one-time activity, and more often than not, travelers are
faced with a sequential decision-making situation that includes an information feedback
mechanism. Travelers may not be fully aware of the current road network conditions
before each trip andmake decisions basedmainly on experience, information and habits,
exhibiting an adaptive learning behavior. The traditional view is that adaptability makes
people behave in a risk-averse and expected utility maximizing manner [8]. Benartzi
and Thaler (1995) found that people’s decision-making behavior in sequential decision-
making situations that include information feedback can still be described by prospect
theory [9]. Most existing prospect theory-based travel behavior research revolves around
one-time decisions made by travelers, with little consideration given to the sequential
nature of the decision process and the adaptive learning behavior of travelers. As the
number of trips increases, the traveler’s familiaritywith the condition of the road network
will increase, the level of subjective uncertainty will decrease accordingly, the reference
point will usually be dynamically updated and adjusted, and the decision maker’s risk
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appetite and loss aversion may change. Of course, for specific travel behavior studies,
the applicability of prospect theory depends not only on the nature of the decision
problem, but also, crucially, on the personal characteristics of the traveler and whether
the properties of the options under consideration are uncertain.

4 Conclusions

This paper summarizes the basic elements of prospect theory and analyzes its application
to the study of travel behavior. The introduction of prospect theory into the field of
transportation science can not only broaden the scope of application of behavioral science
theory, but also better take into account the traveler’s decision-making process and
choice behavior mechanism, which can more realistically depict the interaction between
the traveler’s microscopic decision-making behavior and the macroscopic operating
conditions of the transportation system, and promote the development of transportation
demand prediction theory. Prospect theory is also not a fully developed theory, it is still in
the process of improvement and development, and it cannot completely replace expected
utility theory. In addition to the prospect theory, some other non-expected utility theories
are also evolving and are even supported bymore experimental evidence. Instead of being
boxed into a particular theory before undertaking a study, different theories should be
weighed according to their characteristics and in relation to what is to be studied, and
ultimately the more appropriate theory should be chosen.
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Abstract. MarkovChain is a randomprocesswithMarkov property in probability
theory and mathematical statistics, which exists in discrete exponential set and
state space. The essence of theMarkov chain prediction model is “no after effect”.
No after effect generally refers to the state of things in the future is only related
to the state of this stage and has nothing to do with the state in any previous
stage [3]. The Markov chain suitable for continuous exponential set is called
Markov process. But it is sometimes regarded as a subset ofMarkov chain, namely
Continuous-Time MC, CTMC, and Discrete-Time MC, DTMC correspondingly.
So, Markov chain is a relatively broad concept. Based on the Markov chain, this
paper makes a prediction on the closing price of Shanghai Stock Exchange Index.
The stock market is risky. There are many ways to predict the stock market, which
can be summarized into two categories: stock price fluctuation prediction models
based on statistical theory [1] and artificial intelligence prediction models [2].
The paper introduces a brief introduction of Markov chain and uses the case of the
closing price of the above stock index to measure the accuracy of Markov chain
price prediction.

Keywords: Markov chain · Stock price prediction · Shanghai stock exchange
index

1 Introduction of Markov Chain

1.1 Definition

Markov chain is a stochastic process. We can also call it Discrete Time Markov Chain
(DTMC). Simply put, a stochastic process has theMarkov property if its future evolution
depends only on its current position, not on the whole history of how it got there.

A stochastic process {Xn, n = 0, 1, 2, . . .} is a Markov Chain if it satisfies the
Markov property, i.e.,

Pr(Xn+1 = in+1|Xn = in,Xn−1 = in−1, . . . ,X1 − i1,X0 = i0 )

= Pr(Xn+1 = in+1|Xn = in )
(1)

for all n and for all i0, i1, . . . , in+1.
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1.2 Elements

A Markov Chain {Xn, n > 0} is defined by 3 elements.

• State Space S
State Space S is a finite or countable set of states that the random variables Xn may
take on.

• Transition Probability pij

pij = Pr(Xn+1 = j|Xn = i|), for all i, j ∈ S, for all n > 0 (2)

• Initial Probability Distribution α

αi = Pr(X0 = i), for all i, ∈ S, with �i∈S αi = 1 (3)

1.3 Probability Distribution of Xn

πn = αPn, where πn ∈ R
1×m, α ∈ R

1×m, P ∈ R
m×m (4)

We use the notation πn(i) = Pr(Xn = i).

1.4 Stationary Distribution

Let {Xn, n ≥ 0} be a Markov Chain with initial probability distribution α, state Space
S, and transition probability matrix P. A probability distribution π is called stationary
distribution for the Markov chain if

π = πP or πj = �i∈S πjpij for all j ∈ S (5)

�i∈S πi = 1 (6)

2 Markov Model Establishment

2.1 Three-State Model

The model in this article is based on three states of stocks: up, flat, and down. Set the
stock price of the previous day as the benchmark, the status is flat if the stock of prices’
fluctuation is within a certain range of points. Likewise, the status is up if the stock
of price goes up to exceed a certain range of points. The status is down if the stock
of price goes down exceeds a certain point is a decline. The number of points can be
determined based on different data. In the following case, we set that the stock goes up
if it increases more than 40 points based on the last day’s stock price. The stock goes
down if it decreases more than 40 points based on the last day’s stock price. Its state
space is expressed as i = {1, 2, 3}, which represents up, flat, and down respectively.
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Transition probability matrix P is as following:

P=
⎡
⎣
P11 P21 P31

P12 P22 P32

P13 P23 P33

⎤
⎦ (7)

In the matrix, Pij(i = 1, 2, 3; j = 1, 2, 3) represents the probability from state i to
state j. For example, P11 represents the probability from state 1 to state 1, which means
if today’s stock goes up, then the probability of the next day’s stock also going up. Let
the initial state probability vector be π (0), then the probability distribution of the nth

period is π (n), which is π (n) = Pnπ (0).

2.2 Mixed Markov Model

The model in this article has more than three intervals. By collecting the daily closing
prices of the Shanghai Stock Exchange Index from December 10, 2010, to July 8, 2011,
we found thehighest and lowest prices,which are used as the rangeof stockprice changes.
Taking the change of 40 points as the benchmark, dividing the difference between the
highest price and the lowest price by 40, we get the number of intervals, which is n.

Transition probability matrix P is:

P=

⎡
⎢⎢⎢⎣

P11 P21 . . . P(n−1)1 Pn1

P12 P22 P(n−1)2 Pn2
...

. . .
...

P1n P2n . . . P(n−1)n Pnn

⎤
⎥⎥⎥⎦ (8)

In the matrix, Pij(i = 1, 2,…, n; j = 1, 2, …, n) represents the probability from
state i to state j. The initial probability distribution is π(0). The nth period’s probability
distribution is π (n), which is π (n) = Pnπ (0).

3 Example

3.1 Data

This paper selects the Shanghai Stock Exchange Index and uses a total of 140 data on
the daily closing price of the Shanghai Stock Exchange Index from December 10, 2010,
to July 08, 2011, as a sample. The highest value of the closing price of the Shanghai
Stock Exchange Index is 3057.33 and the lowest value is 2621.25.

3.2 Price Change

3.3 Transition Probability P

In the model, the three states of up, flat, and down of the Shanghai Stock Exchange
Index are marked as i = {1, 2, 3}. From Table 1, the frequency of the up state is 11. The
frequency of the flat state is 114. The frequency of the down states is 16. Because the
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Table 1. The ups and downs of the Shanghai stock exchange index.

1 up 21 flat 41 flat 61 down 81 flat 101 flat 121 flat

2 flat 22 flat 42 flat 62 flat 82 flat 102 flat 122 flat

3 flat 23 flat 43 flat 63 flat 83 flat 103 flat 123 flat

4 flat 24 flat 44 flat 64 flat 84 down 104 flat 124 down

5 flat 25 down 45 flat 65 flat 85 flat 105 flat 125 flat

6 down 26 flat 46 down 66 flat 86 flat 106 flat 126 flat

7 up 27 up 47 flat 67 flat 87 flat 107 down 127 flat

8 flat 28 down 48 flat 68 flat 88 down 108 flat 128 flat

9 flat 29 flat 49 flat 69 flat 89 flat 109 flat 129 flat

10 flat 30 flat 50 flat 70 flat 90 flat 110 flat 130 up

11 down 31 flat 51 flat 71 flat 91 flat 111 flat 131 flat

12 down 32 flat 52 flat 72 flat 92 flat 112 flat 132 flat

13 flat 33 up 53 flat 73 flat 93 flat 113 flat 133 flat

14 flat 34 flat 54 flat 74 flat 94 down 114 flat 134 flat

15 up 35 flat 55 up 75 flat 95 flat 115 flat 135 flat

16 up 36 flat 56 flat 76 flat 96 flat 116 flat 136 up

17 flat 37 flat 57 flat 77 flat 97 flat 117 flat 137 flat

18 flat 38 up 58 down 78 flat 98 flat 118 flat 138 flat

19 flat 39 flat 58 flat 79 flat 99 flat 119 down 139 flat

20 down 40 up 60 flat 80 flat 100 flat 120 flat 140 flat

last state is flat, which means there is no subsequent state, so the frequency of the flat
state is 113. Then count the transition frequency of each state. Among the 11 up states,
1 continues to maintain the up state, 9 moved to flat state, and 1 moves to down state.
So, P11 = 1/11 = 0.0909, P12 = 9/11 = 0.8182, and P12 = 1/11 = 0.0909. Likewise,
we can get other transition probability.

So, transition probability matrix is as following:

P=
⎡
⎣
P11 P21 P31

P12 P22 P32

P13 P23 P33

⎤
⎦ =

⎡
⎣
0.0909 0.8182 0.0909
0.0708 0.8142 0.115
0.0667 0.8667 0.0666

⎤
⎦ (9)

So, the two-step transition probability matrix is as following:

P2 =
⎡
⎣
0.072254 0.81934 0.10841
0.071752 0.82052 0.10773
0.071868 0.81796 0.11017

⎤
⎦ (10)
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Likewise, the n-step transition probability matrix is:

Pn =
⎡
⎣
P11 P21 P31

P12 P22 P32

P13 P23 P33

⎤
⎦
n

(11)

3.4 Mixed Markov Model

In the dataset, the highest value of the closing price of theShanghai StockExchange Index
is 3057.33 and the lowest value is 2621.25. Taking 40 points as the interval difference,
the stock price can be divided into 11 intervals. Each interval has a separate state, i =
{1, 2, 3…, 11}. The 11 states (2620, 2660), (2660, 2700), (2700, 2740), (2740, 2780),
(2780, 2820), (2820, 2860) 7(2860, 2900), (2900, 2940), (2940, 2980), (2980, 3020),
(3020, 3060). This is the mixed state of the Markov chain.

By counting the frequency of each interval state and the frequency of state transition,
the state transition probability matrix is as following:

P =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0.7500 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2500 0.2000 0.1250 0.0556 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.4000 0.5000 0.2222 0.1667 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.2000 0.3750 0.5000 0.4167 0.0588 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.2222 0.1666 0.1765 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.2500 0.4118 0.2500 0.0455 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.2353 0.4500 0.3182 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.1176 0.3000 0.5000 0.3333 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.2353 0.0000 0.1363 0.3333 0.3333 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.2353 0.0000 0.0000 0.3334 0.4445 0.2500
0.0000 0.0000 0.0000 0.0000 0.0000 0.2353 0.0000 0.0000 0.0000 0.2222 0.7500

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

3.5 Reverse Test of Markov Chain

We select the stock market closing price from July 11, 2011, to July 22, 2011, to test the
accuracy of the Markov chain.

It is known that the one-step state transition matrix is P in the mixed Markov Chain
model. According to the definition, the n-step probability distribution is the initial state
matrix multiplied by the Pn matrix. According to dataset, the closing price of the last
day is 2797.77, which belongs to the state (2780, 2820), which is state 5. So, the initial
state matrix α is:

[
0 0 0 0 1 0 0 0 0 0 0

]

And

π1 = αP1

π2 = αP2
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π3 = αP3

...
...
...

π10 = αP10

π11 = αP11

We can get the predicted value from the above equations. Compared with the actual
value, the corresponding accuracy rate can be obtained. It can be seen from Table 2 that
the average accuracy rate is 99.155% and the average error is only 0.845%. It can be
seen that the accuracy of the Markov chain can be recognized to a certain extent.

Table 2. Reverse test of Markov Chain.

Date Closing price Predicted
value

Accuracy rate Error

07/11/2011 2,802.69 2779.996 99.190% 0.810%

07/12/2011 2,754.58 2778.2412 99.148% 0.852%

07/13/2011 2,795.48 2777.2552 99.348% 0.652%

07/14/2011 2,810.44 2777.2008 98.817% 1.183%

07/15/2011 2,820.17 2777.5124 98.487% 1.513%

07/18/2011 2,816.69 2778.0492 98.628% 1.372%

07/19/2011 2,796.98 2778.7276 99.347% 0.653%

07/20/2011 2,794.20 2779.4648 99.473% 0.527%

07/21/2011 2,765.89 2780.2628 99.483% 0.517%

07/22/2011 2,770.79 2781.1828 99.626% 0.374%

Average accuracy rate Average error

99.155% 0.845%

4 Conclusion

Markov chain can only predict the price of stocks to a certain extent. In addition to
normal changes in stock prices, it will also be subject to human factors such as national
policies, company changes, natural and man-made disasters. These factors cannot be
predicted by the Markov chain.
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Business Analysis on Philanthropy Activities
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of Emotional Contagion
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Abstract. In order to overcome the limitations of traditional philanthropy activ-
ities between philanthropy organizations and participants, with the application of
the theory of emotional contagion, this paper adopts a business analysis approach
combining fashion and charitable activities, focusing on the hearts of the disadvan-
taged by commercializing their creations and linking charitable organizations and
consumers in order to help the disadvantaged. As the form of philanthropy activ-
ities will be innovated from the new proposal, assistance to vulnerable groups
will also be improved and public participation will be enhanced. The business
research from the perspective of economic model, competitors, market research,
and implementation, provides a new idea for rescuing the disadvantaged.

Keywords: Business analysis · Emotional contagious theory · Economic model

1 Introduction

All the time, various institutions, organizations and individuals have tried to participate
in the activities of helping vulnerable groups in different forms. Contagious Emotion is
a company that aims to effectively connect the thoughts and feelings of psychologically
disadvantaged groups with others, and to promote the awareness of psychologically
vulnerable groups among young people in a daily fashion. This paper is based on the
application of the theory of emotional contagion, we believe that fashion can be a great
way to portrait the people’s inner world. By showing the creative achievements of vulner-
able groups to others, it opens a new channel for people to know more about vulnerable
groups.

2 Problems with Traditional Philanthropy Activities

There are problems and pain from the both sides, philanthropy organizations and people
who would like to contribute. From the philanthropy organization side, these organiza-
tions are actively organizing events and activities to improve people’s awareness about
disadvantage people. However, most of these activities are organized through forms of
volunteers and donations. In this case, there are three problems. Firstly, only the small
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number of volunteers may deeply communicate with the disadvantaged people. Peo-
ple who participate through donations still cannot understand. Secondly, these activities
are hold occasionally. People are not consistently involved, thus it’s hard for them to
become empathetic with disadvantage people, and they can forget easily. Thirdly, these
activities require people’s relatively large amount of time and efforts, especially volun-
teering, which people may not able to dedicate. Therefore, philanthropy organizations
are looking for solutions that can get people involved more easily, more often, and more
effectively.

From people’s perspective, they are willing to taking care of others, and want to
contribute their parts of efforts. However, they find it hard. Based on the research, there
are mainly three reasons. Firstly, as stated above, almost all philanthropic activities
require time and efforts, but this requirement, or we can call it demand, can hardly match
with what people can contribute, which we can call it the supply. When the demand and
supply doesn’t match, the effectiveness would be unsatisfactory. Secondly, some people
find a lot of the philanthropic events repetitive, boring, and lack of creativity. Therefore,
they cannot really connect themselves with those who really need help through just
several occasions of the events. Thirdly, and the most importantly, a lot of people find it
hard to know all the events and activities going on. For instance, whenever people come
up with dining they use Yelp; whenever people think of traveling, they use Expedia
or TripAdvisor. However, when people think of making a difference in disadvantaged
people’s life, they don’t know how to start.

In conclusion, there is a mismatch from both the demand and the supply sides, so
either the philanthropy organizations or the people who want to contribute are having
problems. It is significant to solve the problem and match supply with demand.

3 Theory and Application of Emotional Contagion

3.1 Theory about Contagion and Emotion

The word “Contagion” is derived from the Latin word “contagio”, which means “from
contact”. The definition of contagion can be divided into two categories: medical con-
tagion and psychological contagion. Emotional contagion is a psychological term, first
defined by McDougall (1923) as “the direct sensory law of emotion produced by the
primitive sympathetic response”. Hatfield (1993) enriched and developed the theory of
emotion contagion, arguing that emotion contagion is the process of perceiving emo-
tions through direct contact with others, and is an individual’s sensitivity to the emotional
perceptions of others. [1] Hoffman (2000) defined emotional contagion as an emotional
experience that is elicited by an emotional trigger and converges with the emotional state
of the recipient. [2] Lundqvist (2006) proposed that emotional contagion includes the
readiness or inertia in the emotional system to yield to the emotions expressed by others
[3].

The term “emotional contagion” is a psychological term borrowed from the medical
terminology of “Contagion”, which in medical terms refers to pathological reactions and
damage to an organism caused by the invasion andmultiplication of pathogenic microor-
ganisms and parasites, or the invasion of pathogens by an infectious agent through a
certain route. The other, because emotions, like pathogens, can be transmitted from one
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individual to another, in the environment, using specific messages, body language, facial
expressions as a means of transmission, either unconsciously imitated or consciously
exaggerated, thus realizing the “transmission” of emotions.

3.2 Application of Emotional Contagion Theory—Contagious Emotion

After observing people with depression for a long time, we have found that many dis-
advantaged people enjoy drawing. When they don’t want to talk or don’t know how to
communicate with others, or when they just want to express how they feel, they draw
them down. Their drawings may not have the traditional meaning of art, but the draw-
ings demonstrate and introduce their world to others. Through these drawings and a few
words, they express themselves.

We believed that clothing could be a great canvas for them. Therefore, we created
Contagious Emotion, a fashionable streetwear brand that could reintroduce philanthropy
to people of all ages. Contagious Emotion will be the link between philanthropy and its
customers.

Contagious Emotion will make clothing and other fashion products based on draw-
ings from people with psychological illness. On the one hand, we help philanthropy
organizations and the disadvantaged people spread the words. Using this method, we
are able to help philanthropy organizations integrate events and activities into people’s
daily lives. On the other hand, we provide an easy way for people who would like to get
involved in philanthropy events and activities. At the same time, people can learn more
about the psychologically disadvantaged groups, then get better understanding about
them.

In this way, Contagious Emotion not only improves people’s awareness towards
psychological disadvantaged people’s feel, but also raises the awareness of those around
them and protects their loved ones.

3.3 Combination of Emotional Contagion Theory and Philanthropy

The United States has always been a country and a culture that promotes diversity.
Although a lot of efforts and actions have been taken, there is still much room for
improvement and refinement. We have noticed that diversity is not just about different
ideas and behaviors from different cultures, but also all thoughts and feelings from
people who may not be able to communicate easily with others, such as those who
are depressed or otherwise psychological disadvantaged. In order to build a connection
between this number of people and others, we decided to create a social enterprise. We
believe that business can be a successful channel to transforming attitudes and behaviors,
thus effectively facilitating the exchange of ideas and emotions between different groups
of people.

Consequently, it will change people’s perceptions of psychologically disadvantaged
people and how they see the world. We hope through Contagious Emotion, we can
not only create better communication between psychological disadvantaged people and
others, but also change the way people see the world and how they feel about each other,
thus making the world better.



54 Y. Shan

As mentioned above, many people in our research indicated that they found most of
the philanthropic events boring and repetitive. They still participate simply because it is
their responsibility. For some young people, participating in these activities is simply a
new formofworkplace socialization. Participation in philanthropic activities is gradually
becoming a burden. However, it shouldn’t be.

We believe that philanthropy should not be an extra burden or a boring mission for
anyone, but a part of people’s lives. We want to create a culture that embrace our belief.
We believe that fashion is a great way to portray people’s inner world. By wearing
Contagious Emotion, customers can get a better understanding of the disadvantaged
groups, and part of the profits will go towards healing them. At the same time, by
wearing the clothes, our customers broadcast our ideas to wider audience.

4 Business Analysis of Contagious Emotion

4.1 Business Model

Contagious Emotion will be working intensively with charities, providing supplies and
production channels for philanthropy, who will provide drawings and ideas from dis-
advantaged groups. We will supply the charity with supplies and production channels,
who will provide drawings and ideas from disadvantaged groups. Contagious Emotion
will be responsible for transforming these drawings and ideas into stylish streetwear
products that will be sold to customers. 50% of the profits will then be used to help the
psychologically disadvantaged.

Our income comes from the sale of products. Our expenses can be divided into two
parts. Firstly, our initial costs are renting a factory, working space and salaries for our
team members. Second, the operating costs include labor, rent, utilities, distribution,
marketing, and legal fees and so on.

4.2 Competitors

While our competitors could be all streetwear fashion brands, due to our distinctive
positioning, our main competitors are brands that also focus on social issues through
their clothing. Here are the three main competitors in the market.

NOAH, a brand that focuses on packing waste and single-use plastics. The brand
frequently uses its platform to support and discuss environmental causes and hosts very
open conversations with customers through its blog and social media about packaging
waste, factory overrun disposal and the problems with single-use plastic.

CHNGE, a brand focuses on organic cotton. CHNGEwas created to “ give concerned
consumers an avenue to make a positive impact on the world through their purchases”.
The brand, which donated 50% of its net profits to charities such as the Malala Fund and
Charity, their factory produces using 100% organic cotton to embrace ethical.

CATCHING AFISH IN NORWAY focuses on completely organic and fair trade
materials. “I’ve noticed a real lack of ethical or sustainable alternatives for ‘streetwear,’”
said founder Paul Donati via email. “Everytime I searched for fair trade clothing I
always got the same result—a hippie/hemp/middle-aged clothing ranges, but no good
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alternatives for people our age. I decided to set up my own social enterprise to address
the various issues in today’s fashion world - mainly the treatment of designers, factory
workers and cotton farmers.

While these three brands already have a part of the market, they focus on different
perspectives, none of them work very much with philanthropy organizations, and none
of them directly use the ideas of the disadvantaged group as their products. Moreover,
their products are more focus on ideas and slogans than on design. Our unique design
will be one of the key resources for success.

4.3 Marketing Research

PLACE: Contagious Emotion will operate primarily online. The main sales channel will
be our official online store website. Depending on marketing needs and timing, we will
have pop-up carts and stores.

PRICE: T-shirts and shirts will be priced from $100 to $150. The average market
price for hoodies and jackets will be around $150 to $500.

PROMOTION:Ourmainmarketing channel will be socialmedias. Contagious Emo-
tion will create trends on Instagram, Facebook, and other social media channels. We will
collaborate with trending Instagram users and YouTubers who have a large number of
followers.When needed, wewill choose celebrities by personality to collaborate as well.

In addition, all fashion brands can become our business partners. We welcome more
fashion designers to join us to design our products and cocreate with the psychological
disadvantaged. The fame of these business partners will better promote our brand and
ideas.

PRODUCT: Contagious Emotion’s product would be all daily wear clothing and
accessories. At the beginning, the product line will focus on T-shirts and shirts. With
proper business growth, we will expand the product line into hoodies, jackets, bags and
so on.

After reaching a certain number of customers, Contagious Emotion will use the
intellectual property we have created to host exhibitions, contests, and other events.

4.4 Implementation of Contagious Emotion

First of all, we work with philanthropy organizations across the country to support the
disadvantaged people, which indicates our distinct positioning and our difference from
other streetwear brands.

Currently, almost all philanthropic T-shirts are very simple. Most of them just
have a simple color with the organization’s logo. The quality of the clothing is also
unsatisfactory. Therefore, people may not wear them twice.

We choose artwork and ideas from disadvantaged people, focusing on their opinions
and voices. We have designers who create drawings from the psychological disadvan-
taged people. The drawings will be turned into street wear and become fashionable.
The quality of the clothing will be strictly controlled as well. As a result, while people
pursue our brand as a street fashion brand, they are going to wear the clothing for many
times. While creating fashion and bring awareness to people, our clothing and ideas are
forming a culture.
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By creating this brand, we are not only creating a trend, but also creating intellec-
tual properties. We are enabling disadvantaged people to gain recognition or economic
benefit from what they create. By striking the right balance between the ideas of dis-
advantage people and wider public interest, we aim to foster an environment in which
communication and creativity can flourish.

Furthermore, intellectual property here is not just about indicate clothing. In certain
products, we can extend it to exhibitions, talk shows and so on. The potential for these
properties is enormous.

5 Conclusion

With the development of economy and the attention of society, philanthropy is being
carried out in a variety of forms. Starting from the theory of emotional contagion, it pays
attention to the inner activities of vulnerable groups and adopts novel ways to guide
the vulnerable groups to express themselves through creation. Take fashion as the entry
point, guide the general public to pay attention to vulnerable groups in their daily life,
so as to enhance the social cognition of this group. Contagious Emotion as an attempt
behavior, the intention is good, may be deviated in the process of implementation, but
the intention of focusing on vulnerable groups is worthy of recognition. It is hoped that
the practice will continue to be refined and improved.
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Abstract. Firstly,Moran’s I in the spatial autocorrelation analysismethod is used,
and Geoda software is applied to sequentially analyze the spatial distribution of
GDPper capita of 21 cities inGuangdong Province in 2018, the global autocorrela-
tion test, the local autocorrelation test, as well as explore its spatial correlation and
spatial heterogeneity. It is concluded that there is a significant spatial autocorrela-
tion of GDP per capita of 21 cities in Guangdong Province in 2018. Secondly, the
trend surface analysis method of ArcGIS is applied to conduct a three-dimensional
trend analysis of the GDP per capita of each city in Guangdong Province in 2018.
Finally, a spatial regressionmodel is used to calculate the influencing factors of the
spatial differences of GDP per capita of 21 cities in Guangdong Province in 2018,
and it is concluded that the three factors of total retail sales of consumer goods,
foreign exchange income from international tourism, internal expenditure of R&D
funds have a positive relationship with GDP per capita, however the number of
employed persons at the end of the year has a negative relationship with GDP per
capita in Guangdong province in 2018.

Keywords: Economic development · Spatial differences · Influencing factors

1 Introduction

TheGuangdong-Hong Kong-Macao Greater Bay Area is committed to building a world-
class Greater Bay Area with good economic development. Guangdong Province has
nine cities located in the Greater Bay Area. Therefore, Guangdong Province’s geo-
graphic location is relatively important and its regional economic development themes
are of research significance. The unbalanced economic development has always been a
research hotspot in regional economics. Facing the new normal of economic develop-
ment, all regions should persist in opening to the outside world, deepening exchanges
and cooperation, strengthening regional innovation and development, and ultimately
narrow the gap in regional economic development. At present, there are not too many
studies on the spatial differences of economic development in Guangdong Province.
When calculating the influencing factors of economic development, most studies use
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indicators such as government fiscal expenditure, retail sales of consumer goods, and
investment in fixed assets, while ignoring the tourism industry development, technologi-
cal innovation and other related indicators, but tourism and high-tech industries are both
important sources of economic growth in the Guangdong-Hong Kong-Macao Greater
Bay Area. Economic growth and tourism development are related [1], and technological
innovation also affects economic development [2]. 21 cities in Guangdong Province are
taken as the research object, spatial measurement models are constructed to analyze the
spatial differences and influencing factors of regional economic development, and adds
tourism development, technological innovation and other indicators to analyze various
factors affecting economic development.

2 Research Area, Data Source, Research Method

2.1 Research Area, Data Source

Guangdong Province includes 21 cities: Guangzhou, Shenzhen, Zhuhai, Shantou, Fos-
han, Shaoguan, Heyuan, Meizhou, Huizhou, Shanwei, Dongguan, Zhongshan, Jiang-
men, Yangjiang, Zhanjiang,Maoming, Zhaoqing, Qingyuan, Chaozhou, Jieyang, Yunfu,
data Sourced from “Guangdong County and City Statistical Database-Annual Data (City
Level)” (2018).

2.2 Research Method

Spatial Autocorrelation Analysis Method. The statistics of spatial autocorrelation are
diverse, and Moran’s I is the most widely used.

I = n

ΣiΣjwij

ΣiΣjwij(xi − x)
(
xj − x

)

Σi(xi − x)2
(1)

Where n is the number of samples, wij is the (i, j) element of the spatial matrix W, xi
and xj are the observations of the spatial unit i, j. x are the average of the observations.
A positive value of I reflects a positive correlation, and a negative value of I reflects a
negative correlation.

The above is the global Moran’s I, and the corresponding is the local Moran’s I.

Ii = n(xi − x)Σj �=iwij(χi − x)

Σi(χi − x)2
(2)

Local Moran’s I reflects the spatial autocorrelation of a certain spatial unit, that is,
the direct correlation between a certain spatial unit and its neighboring spatial units.

Trend Surface Analysis Method. The trend surface is an approximation of the actual
surface, which can accurately simulate the spatial distribution of geographic elements.

Spatial Regression Model. The mathematical expression is as follows

y = ρWy + Xβ + ε (3)
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3 Empirical Analysis Results

3.1 Spatial Autocorrelation Analysis

Here, 2018 GDP per capita (yuan) of 21 cities in Guangdong Province is applied to mea-
sure the spatial difference of economic development in Guangdong Province. Geoda
software is applied, the spatial distribution, global autocorrelation test, and local auto-
correlation test of the regional GDP per capita (yuan) of 21 cities in Guangdong Province
are used to explore their spatial correlation and spatial heterogeneity.

It can be seen from Fig. 1 that the GDP per capita of 21 prefecture-level cities
in Guangdong Province is divided into 4 levels. A prefecture level city with a higher
GDP per capita, that is, a prefecture level city with better economic development, will
have a darker color on the map. From shallow to deep, it can be divided into backward
areas, relatively backward areas, more developed areas and developed areas. Figure 1
is the regional level distribution map of the GDP per capita of each city in Guangdong
Province in 2018. It can be seen from the figure that there are 3 developed regions, namely
Guangzhou City (155,491 yuan) and Shenzhen City (189,568 yuan) as well as Zhuhai
(159,428 yuan). There are 4 more developed regions, namely Foshan City (127,691
yuan), ZhongshanCity (110,585 yuan), DongguanCity (98,939 yuan), andHuizhouCity
(85,418 yuan). There are 6 relatively backward areas, namely Maoming City (49,406
yuan), Yangjiang City (52,969 yuan), Jiangmen City (63,328 yuan), Zhaoqing City
(53,267 yuan), Shaoguan City (44,971 yuan), Shantou City (44,672 yuan).There are
8 backward areas, namely Zhanjiang City (41,107 yuan), Yunfu City (33,747 yuan),

Fig. 1. Distribution map of the GDP per capita of 21 cities in Guangdong Province in 2018.
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Qingyuan City (40,476 yuan), Heyuan City (32,530 yuan), Meizhou City (25,367 yuan),
Shanwei City (30,825 yuan), Jieyang City (35,358 yuan), Chaozhou City (40,219 yuan).

It can be concluded from Fig. 2 that the GDP per capita of 21 cities in Guangdong
Province in 2018 has a positive spatial autocorrelation, which may be due to the bet-
ter economic development of Guangdong Province in recent years, and the GDP has
increased year by year.

Global autocorrelation reflects the level of spatial agglomeration in all regions. In
order to study the average correlation degree and significance between the GDP per
capita of 21 prefecture level cities in Guangdong Province, the global autocorrelation
test was conducted on the GDP per capita data of Guangdong Province in 2018 by
Moran’s I index method. The results are shown in Table 1.

Fig. 2. Scatter chart of global autocorrelation test of GDP per capita of 21 cities in Guangdong
Province in 2018.

Table 1. Global autocorrelation test value of GDP per capita of 21 cities in Guangdong Province
in 2018

Test category Moran’s I P value

Value 0.364 0.011

The value range of the Global Moran’s I index is [−1, 1], the index is greater than 0
means positive correlation, the larger the index value, the higher the degree of regional
economic attributes clustering due to similarity, the index is less than 0 means negative
correlation, the smaller the index value, the higher the degree of regional economic
attributes clustering due to differences, the index is equal to 0 means that there is no
spatial autocorrelation. According to Table 1, the Moran’s I index of GDP per capita of
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Guangdong Province in 2018 is 0.364, which indicates that there is a significant positive
spatial correlation between GDP per capita of Guangdong Province in 2018, and the p
value is 0.011, which is less than the significance level of 0.05, that is to say, there is
significant spatial autocorrelation in theGDPper capita ofGuangdongProvince. It shows
that the GDP per capita of Guangdong Province in 2018 presents a spatial agglomeration
trend, which indicates that the GDP per capita of Guangdong Province in 2018may have
spatial spillover phenomenon.

From the figure on the left of Fig. 3, it can be concluded that the gray area is not
significant area, and the bright red area is the area of high-high agglomeration type,
which indicates that the value of GDP per capita variable in this region is higher than
the average value of the variable. This region includes Zhongshan City and Dongguan
City. The dark blue area is low-low cluster type, which indicates that the value of GDP
per capita variable in this region is lower than the average value of the variable. This
region includes Meizhou City, Jieyang City and Chaozhou City. From the figure on the
right of Fig. 3, it can be concluded that the gray area is not significant area, and the dark
green area represents the significant area at the level of 0.001, this area includesMeizhou
city. The darker green area indicates the significant area at 0.01 level, which includes
Dongguan City and Jieyang City. The light green area is significant at 0.05 level, which
includes Zhongshan City and Chaozhou City.

Fig. 3. Lisa clustering and Lisa significance map of GDP per capita of 21 cities in Guangdong
Province in 2018.

3.2 Trend Surface Analysis

Each vertical bar in the trend analysis chart represents the value (height) and position
of a data point. The point is projected onto an east-west and a north-south orthogonal
plane. Best fit lines (blue and green lines) are used to simulate trends in a particular
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direction. If the line is straight, it indicates that there is no trend, otherwise, there is a
global trend. From Fig. 4, it can be concluded that the GDP per capita variable shows
an obvious U-shaped trend in both the north-south direction and the east-west direction,
indicating that there are spatial trends in both the north-south direction and the east-west
direction. Moreover, this variable shows an increasing trend from west to east, and the
growth trend of the transition zone is obvious. It shows that the economic growth trend
of the transition area from the southwest to the northeast is obvious, and the economic
development of eastern cities is gradually accelerating.

3.3 Spatial Regression Model Analysis

Here, the GDP per capita of the region is used as the explained variable. The total
retail sales of consumer goods (100 million yuan), the number of employees at the end
of the year (10,000 people), internal expenditure of R&D funds (100 million yuan),
foreign exchange income from international tourism (100 million US dollars) are used
as explanatory variables. In order to explain the variables, a spatial regression model
is applied and Geoda software is applied to calculate the factors affecting the spatial
difference of economic development in Guangdong Province. The results are as follows.

Fig. 4. Trend surface analysis of GDP per capita of 21 cities in Guangdong Province in 2018.

As can be seen from Fig. 5, the value of adjusted R-squared is 0.878168, the inde-
pendent variable has a strong ability to explain the variation of dependent variable, the
fitting effect of the model is good, and the F statistic is significant, indicating that the
model is valid on the whole. The elasticity coefficient of GDP per capita to the number of
employed people at the end of the year is −0.559916, which indicates that the employ-
ment scale cannot be expanded blindly. The elasticity coefficient of GDP per capita to
total retail sales of consumer goods is 0.423243, the elasticity coefficient of GDP per
capita to foreign exchange income from international tourism is 0.05695, and the elas-
ticity coefficient of GDP per capita to internal expenditure of R&D funds is 0.264854,
which is positive correlation. These are consistent with the theoretical expectations.
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Fig. 5. Analysis of spatial regression model results.

4 Conclusions

To sumup, the economic development of 21 cities inGuangdong Province has significant
spatial differences, and with positive spatial correlation. The number of employees at
the end of the year, total retail sales of consumer goods, foreign exchange income from
international tourism and internal expenditure of R&D funds have significant impact
on GDP per capita. Most of the relevant elastic coefficients are positive, which proves
the total retail sales of social consumer goods, foreign exchange income from interna-
tional tourism and internal expenditure of R&D funds have a positive impact on GDP
per capita. Therefore, to improve the efficiency and quality of economic development in
Guangdong Province, measures should be taken to promote social consumption, advanc-
ing the development of tourism and high-tech industries. In order to improve the quality



64 G. Deng

of tourism and technological innovation, the government ought to give more incentives
to important scientific achievements [3], so as to promote the coordinated development
of regional economy.
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Abstract. As one of the significant carbon emissions countries, China faces enor-
mous pressure to protect the environment. This paper discusses the Environmental
Kuznets Curve (EKC) movements influenced by China’s national and regional
macro policies. This comparative study analyzes the economic growth and cor-
responding environmental policy changes of individual economic regions in the
east, middle, and west of China. Under China’s macro policies and critical policy
orientations, the analysis found that the EKC of three economic regions shows dif-
ferentmovements trends. The eastern regionwill first reach its peak environmental
degradation level and initiate environmental improvement. The central region will
secondmeet its turning point with further regulations and policies. Due to its back-
ward economy, the western region has a slow pace to get to the turning point at
last. This paper also predicts the future development in the environmental poli-
cies of the three regions. Using the EKC methodology, policymakers can have a
long-term perspective on ameliorating environmental degradation by formulating
macro policies that are more in line with national conditions, and conducive to
environmental improvement. China will expect to usher in a significant turning
point in the EKC in the next decade.

Keywords: Environmental Kuznets Curve (EKC) · Carbon emissions ·
Environmental policy · Economic development · Regional disparity · Ecological
environment

1 Introduction

Carbon emission is the primary gas causing the greenhouse effect and climate warm-
ing, while human activities make it incredibly difficult for the environment to repair
itself. The combination of a vast population and rapid GDP growth has made China the
world’s largest carbon emitter. In the past two decades, China has prioritized environ-
mental development, reducing the annual emission growth rate from 9.3% to 0.6% in
consecutive years from 2002–2011 and 2012–2016, respectively [1]. China is commit-
ted to improving the environment and climate by reducing carbon emissions, supporting
the development of energy-saving and low-carbon industries, and reversing the eco-
logical environment’s deterioration. The Chinese government has continuously issued
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policies related to environmental governance; starting from the 11th Five-Year Plan, it
has emphasized the construction of ecological civilization and sustainable development.
Furthermore, China also signed the Paris Agreement in 2016 and committed to a global
response to climate change after 2020.

In terms of global climate and environmental governance, China has attracted much
attention to carbon emission governance effectiveness. The Environmental Kuznets
Curve (EKC) can predict future environmental and economic development and assess
current environmental degradation. Many scholars have used the EKC model to study
China’s economic and environmental development after the reform and opening-up pol-
icy. Previous research is mainly focused on economic growth and environmental pollu-
tion through the time axis, the impact of pollutants on changes in EKC, and analyzing the
spillover of environmental pollution and economic growth space based on spatial mea-
surement effect [2]. While there are very few studies on EKC policies’ impact, research
neglected policies as a significant factor in environmental governance reform.

This paper explores new ground in that it continues the previous research, takes
policy as the research object of EKC changes, and uses carbon emissions as the leading
indicator to assess China’s degree of environmental pollution. At the same time, it uses
the Environmental Kuznets Curve to study the characteristics of China’s ecological
changes and analyzes the relationship between Chinese policies and its EKC.

2 Theory Background of the Environmental Kuznets Curve

The Kuznets Curve is a hypothesis used to analyze the per capita income and the fairness
of distribution. Grossman and Krueger proposed the Environmental Kuznets Curve to
describe the mutual change of economic level and environmental degradation, expressed
as an invertedU-shaped or bell-shaped curve: when the level of economic development is
low, the degree of environmental degradation is relativelymitigatory; with the increase in
per capita income, the environmental degradation will intensify with economic growth;
and when the economy develops to a certain high level, there will be an inflection point,
then the degree of environmental degradation gradually slows down as income further
increases [3].

Researchers explored EKC - one of the most popular tools to explore the relation-
ship between economic development and environmental sustainability, existing literature
mostly focused on two aspects: First, the influence of variant pollution indicators and
other variables (such as technology, industrial structure, regulation). For example, Wang
mentioned that more efficient and less polluting technologies would replace traditional
technologies [4]. Gao found that the curve of economic growth, exhaust gas, and sulfur
dioxide follows the inverted U-shaped [5]. Second, the prediction of whether the inflec-
tion point and long-termEKC trend conform to the invertedU-shaped curve. Galeotti and
Lanza empirically tested the inverted U-shaped relationship between carbon emissions
and per capita income [6]. However, some researchers found an N-shaped relationship
[7, 8]. Besides, Lantz and Feng found no significant relationship betweenGDP per capita
and carbon emissions [9]. The imparity between the literaturementioned above ismainly
due to the significant difference between the research area and the choice of empirical
methods.
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In China, policymakers put high pressure on the issue of energy conservation and
emission reduction.Wang foundmost studies onwhether China’s environmental policies
can promote carbon emission reduction are discussing issues such as population size,
urbanization, industrial structure, and energy structure [10]. Some studies, such as Zhang
and Wei’s research shows that China currently conforms to the inverted U curve, and
environmental policies can effectively curb carbon emissions [11]. Zhou believes that
a separate environmental policy could reduce carbon emissions, but decentralization
would enable environmental policies to promote carbon emissions significantly [12].
While there are very few studies on the impact of EKC policies, research neglected
policies as a significant factor in environmental governance reform.

This paper is a supplement to the existing literature in conjunctionwith EKCpolicies.
It aims to find the dynamic development trends of China’s environmental policies on the
environment and economy and promote carbon emission governance calls.

3 Relationship Between China’s Macro Economy
and Environmental Degradation

The prediction EKC model reveals a schematic diagram of China’s overall economic
environment prediction in Fig. 1 [13]. The graph shows that the slope represents envi-
ronmental degradation speed as the economic level increases relying on the EKC the-
ory. Therefore, with the improvement of economic level, environmental degradation is
a revert from acceleration to deceleration, and environmental quality gradually shifts
from deterioration to recovery. Between 2020 and 2035, China may realize socialist
modernization, and the environment may also reach a turning point at this stage [14]. As
shown in Fig. 1, China is currently in a stage where EKC is predicted to rise slowly and
is expected in the next ten to fifteen years to reach a turning point in the deterioration of
the ecological environment. Since then, as the economic level increases, environmental
degradation will slow down, and the environment will be significantly improved.

Fig. 1. Predicted EKC of China.
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Fig. 2. China’s GDP and CO2 emissions change since 2000.

Figures 2 and 3 describe China’s GDP and CO2 emissions changes and China’s
CO2 and GDP growth rates since 2000, respectively, based on the World Bank data,
the National Bureau of Statistics of China, and the Rhodium Group [15–17]. Figure 2
shows that carbon emissions increase with the GDP per capita, and the growth rate is
the same. It shows that economic conditions still influence carbon emissions. Under the
two forces of economic development and environmental pollution, carbon emission is
still the top priority as an essential indicator that can represent environmental pollution.

Fig. 3. China’s CO2 and GDP growth rate.

Figure 3 shows that the economic growth rate tends to stabilize, while the growth
rate of carbon dioxide fluctuates with high speed and apparent changes, and both show
positive trends. It shows that economic conditions still influence carbon emissions.Under
the two forces of economic development and environmental pollution, carbon emission,
as an important indicator that can represent environmental pollution, is still the top
priority.



Economic Growth and Environmental Degradation in China 69

Studying the relationship between GDP and carbon emissions where combining
EKC models and influencing factors can predict future environmental degradation and
assess China’s current environmental degradation. Based on China’s economic develop-
ment laws and characteristics, policymakers can formulate appropriate macroeconomic
policies and set long-term development goals.

4 Institutional Impact on Environmental Degradation

4.1 National Policy of Environmental Protection in China

Through the analysis of the “Five-Year Plan for China’s Economic Environment,” signif-
icant macroeconomic policies display China’s environmental governance effectiveness.

In the 11th Five-Year Plan, China reduced the total discharge of major pollutants by
10%. To achieve the specified targets, China directly shut down factories with outdated
production technology and low production capacity during 2005–2010 [18]. Although
crude and straightforward, this is equivalent to saving 750 million tons of coal and
reducing carbon emissions by about 1.5 billion tons [19]. Environmental governance
has achieved initial results.

Compared with the 11th Five-Year Plan, the 12th Five-Year Plan is more detailed and
standardized. It expanded restrictive indicators and strengthened environmental pro-
tection standards. It solves major environmental problems related to residents’ lives,
such as putting forward PM 2.5 governance requirements and further solves the prob-
lems of national economic development and people’s livelihood [20]. Furthermore, the
revised and implemented Environmental Protection Law clearly stated that the purpose
of the state’s environmental protection policy is to coordinate economic development
and environmental protection, which has brought China to a higher level [21].

The 13th Five-Year Plan is more extensive with the continuous deepening of policies.
It emphasized the stability of the ecosystem and the ecological environment’s safety, with
up to nine binding indicators [22]. Climate change will be a vital part of ecological and
environmental protection in the 14th Five-Year Plan. Besides, the new plan is currently
evaluating, optimizing, and adjusting the protection of the ocean, water, air, soil, and
other resources. For instance, the number of air quality monitoring points will increase
from the current 1,436 to nearly 1,800, and China’s environmental monitoring ability
to detect atmospheric particulates will be strengthened [23]. China is now striving to
maintain the ecological protection results and have more concrete plans for the critical
water resources and air quality requirements in people’s livelihoods.

In addition to the five-year plan, China’s commitment in the 2015 Paris Agreement to
global climate change that carbon emissions will peak as soon as possible around 2030;
and compared with 2005, CO2 emissions per unit of GDP will be reduced by 60% to
65% from 2021–2030 [24]. In the same year, China put forward the “The Belt and Road”
initiative to provide an impetus for regional economic development, tomake the domestic
economy develop more effectively, and promote regional economic integration [25].
Energy conservation and emission reduction through national macro-control measures
and national economic mid- and long-term plans are China’s current main measures to
control carbon emissions.
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According to the aforementioned national policy analysis, China’s overall macro-
environmental policy orientation has changed from amere control of pollutant emissions
and energy intensity to the current ecological considerations, civilization construction,
and environmentally sustainable development; from the improvement of one or two
indicators to the standardization of the overall indicators. While China’s overall devel-
opment level continues to improve, the depth and breadth of environmental protection
policies are also increasing. National macro policies will inevitably promote environ-
mental supervision and policy reforms at various regional levels. However, due to the
regional disparity of economic development levels in China and the unique industrial
structure, each region’s environmental and economic development presents different
trends and characteristics.

4.2 Analysis of Regional EKC Movement from an Institutional Perspective

Regional Industrial Structure Characteristics. China’s macroeconomic policies
require a high level of regional cooperation between provinces. Based on China’s indus-
trial structure characteristics, the 31 provincial-level administrative units can be catego-
rized into three regions, as shown in Fig. 4 below (excluding Hong Kong, Macau, and
Taiwan).

Fig. 4. The regional map of China [26].

In the eastern region, the Beijing-Tianjin-Hebei, the Guangdong-Hong Kong-Macao
Greater Bay Area, and the Yangtze River Delta are valuable economic development and
technological innovation zones. They are technology-intensive regions, mainly devel-
oping tertiary industries, taking the most critical tasks of leading China’s economic
development. The eastern region is changing priority from economic to environmental
development by promoting the use of new energy, building a national-level economic
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and technological development zone, developing a new industrial trade zone dominated
by high-tech industries, and continuing to optimize the industrial structure. In the first
half of 2019GDP statistics, nearly 60% of the top hundred cities come from the east [27].
Compared to others, the eastern region will tighten economic policies and strengthen
environmental protection. Furthermore, the eastern region will develop emissions trad-
ing and expropriation, execute higher pollution fees, resource taxes, and environmental
taxes to balance the ecological environment and economic development.

In the central region, agriculture and light industries are the top leading industry. It’s
per capita GDP is catching up with the eastern region, but the level of industrialization
and economic development is lagging. Due to the uneven distribution of resources, the
central region is still developing the secondary and tertiary industries. The ecological
environment issue is severe, economic growth and environmental pollution continue the
law of “pollution first, manage later” [28]. Coordinated development across regions will
be a trend, and the eastern development will effectively drive its economic develop-
ment. For instance, due to the vigorous development of coal, chemical, metallurgical
and other industries developed in Shanxi Province, industrial pollutant emissions have
seriously exceeded standards. The ecological environment has degraded. The central
region’s future development will optimize and adjust the industrial structure, formulate
strict environmental standards and environmental supervision, force the upgrading of
traditional industries, and coordinate economic development with the eastern region.

The level of industrialization and technology in the western region is relatively
backward. Due to its location and unique social and economic development, the western
region of China’s environmental policies and governance is weak. Commercial con-
struction under the economic development framework of the Belt and Road is primary.
The current economic policy trend is to strengthen infrastructure construction, develop
a characteristic industrial economy, optimize and upgrade the industrial structure. The
western region should strengthen its environmental protection standards, prevent exces-
sive concentration of high-polluting industries. In the future, the western region will still
mainly carry out infrastructure construction, strive to realize the rational allocation and
use of production capacity resources and prevent industrial structure degradation.

Moreover, in advancing the construction of the “The Belt and Road,” China will
give full play to the comparative advantages of various domestic regions, implement
a more proactive opening strategy, and strengthen interactive cooperation between the
east, middle, and the west. China is still in a period of uneven economic development.

Regional EKC Practice. Since the 12th Five-Year Plan, while the central and west-
ern regions have relatively looser energy-saving and emission-reduction indicators, the
eastern region has stricter energy-saving and emission-reduction targets. China’s overall
economy is in a trend of high east and low west. Some areas with high total carbon
emissions are energy export provinces and large industry-intensive areas, resulting in
higher overall regional carbon emissions [13]. Figure 5 is a forecast of the EKC trend
in the eastern, central, and western regions by comparing among three regions in envi-
ronmental and economic development. The standard line is a reference, representing the
state of a customarily defined EKC curve without being affected by policies or other
influences.
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The eastern region is densely populated and has the highest environmental quality
requirements. It is feasible for the eastern region to accelerate the tertiary industry’s
economic development and promote regional environmental policies. The future slope
of EKC in the east will be lower than the current curve, and the turning point will appear
earlier than the other two regions. The central region needs to accelerate the tertiary
industry’s economic development and promote the establishment and improvement of
regional environmental policies to reach an advanced level of industrialization as soon
as possible. After observing the central and eastern regions’ development experience,
the western region must strengthen environmental governance while developing the
economy. Therefore, assume that the western region’s economic growth implements
sustainable development strategies and appropriate government environmental and eco-
nomic policies. In this case, the western region’s inverted U-shaped curve slope will
slow down, and the inflection point of the EKC will appear relatively early. In Fig. 5, the
eastern region will be the first to reach its turning point. Due to rapid economic devel-
opment, its environmental governance will be very fast. Policy intervention will speed
up the EKC process in the central region so that the central region’s EKC slope will be
steeper than the standard line. However, because of the level of economic development,
the central’s turning point will appear later than the eastern region.

Fig. 5. Predicted regional EKC trend of China.

5 Conclusion

This paper discussed the status quo of China’s macro-economic policy implementation
to regional development and industrial level. China’s economic structure is developing
towards advanced development and easing environmental pressures. Analysis cannot
thoroughly reflect the relationship between environmental sustainability from an insti-
tutional perspective based on a single environmental pollutant indicator and per capita
GDP. However, this paper indicates that China’s overall EKC slope will slow down
in the next five to ten years, and it may reach an inflection point earlier. According
to the changes in turning points under different systems in various regions, vigorously
promoting green and low-carbon development is an important policy to improve the
pollution of China’s ecological environment. All provinces should step up cooperation
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such as improving taxation policies, increasing environmental investment, implement-
ing green and low-carbon new urbanization roads, paying attention to ecology, advanced
energy-saving technologies, improving resource utilization efficiency, and reducing the
environmental pollution. Besides, future researchers need to look for variables that are
beneficial to alleviating environmental degradation from other aspects to supplement
current research gaps.
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Abstract. The paper uses AR, MA, and ARMA models to analyze the return of
the S&P 500 index, and forecasts the possible future return of the S&P 500 index.
Based on the results of ACF and PACF, I find AR(9) or MA(12) is the best model.
And when using the AIC,MA(2) is best. Furthermore, using the estimation results
of AR(2), MA(12) and MA(2), I find the predictability of MA(12) are best, and
the predictability of AR(9) is very close to MA(12), which could be used as a
reference for investors’ investments. However, The values of more than 2 steps of
MA(2) are constant because the MA(q) model can predict q periods at most.

Keywords: American stock market · ARMA · Predictability

1 Introduction

The stock market is an important financing and investment market, occupying an impor-
tant position in the economic development of a country. Since 1928, when Dow Jones
Industrial Average was officially established, the sharp increase of the index from 100 to
26000 nowadays has symbolized the growth of America’s national power. However, dif-
ferent from the other steady benchmarks, such as GDP, the stock market index responds
to various events in a much greater magnitude. The major cause of which is human’s
irrational impulse when viewing a pessimistic investing environment. For example, the
high unemployment rate, companies bankrupting, and government’s emergent stimulus
policies caused by the 2020 corona-virus pandemic created such a pessimistic attitude.
As a result, it shrank most of the American stock index back to 2017’s level, destroy-
ing the three-year effort of the country in a blink. Therefore, in the first half-year of
2020, successfully predicting the magnitude of the impact of the pandemic on the stock
market could help the investors to dodge the collapse and follow the rise, resulting in
considerable return.

How to analyze and predict the changes in stock market returns has become a very
interesting topic and attracted lots of attention of research scholars. Econometric mod-
els can give us some rigorous analysis criteria and forecast results. Therefore, lots of
literature use econometric models to analyze the stock market, and the autoregressive–
moving-average (ARMA) model is one of the most widely used models. The general
ARMA model was described by Peter Whittle (1951) [1], and it was popularized in the
book by Box et. al (2015) [2]. For example, Gärtner andWellershoff (1995) [3], Blazsek
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and Mendoza (2016) [4], Rounaghi and Zadeh (2016) [5] used ARMA and its derivative
models to analyze the US stock market. Hence, this paper also uses the autoregressive
(AR)model, moving average (MA)model, and autoregressive moving average (ARMA)
model to analyze American stock market, and forecasts the possible future return of the
American stock market.

2 ARMA Model

To predict the future possible trend of the American stockmarket, the paper will analysis
the S&P 500 index using three time series models (AR, MA, ARMA model), and then
compare the feasibility of the respective model. ARMA model can be understood as a
model that consists of AR and MA model.

An AR model predicts the future data based on the past. A general form for AR(p)
model is:

Xt = ϕ0 + ϕ1Xt − 1+ · · · + ϕpXt−p + at (1)

A MAmodel predicts the future data based on the white noise of the past. A general
form for MA(q) model is:

Xt = c0 + at − θ1at − 1− θ2at − 2− · · · − θpat−p (2)

The ARMA model is the combination of AR and MA model. A general form for
ARMA(p,q) model is:

Xt = ϕ0 +
∑p

i=1
ϕiXt−i + at −

∑q

i=1
θiat−i (3)

In the function, the first term “ϕ0 + ∑p
i=1ϕiXt−i” is the AR model and the second

term “at −∑q
i=1θiat−i” is the MA model, where a is the white noise. ϕ0 is the constant

term, and ϕi and θi are the coefficients (Fig. 1).
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Fig. 1. S&P500 index
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3 Empirical Result

3.1 Data

The paper uses the S&P 500 index from June 5th, 2015 to June 5th, 2020 as a reference
to American stock market. The following table shows part of the S&P 500 index from
June 5th, 2015 to June 5th, 2020.

3.2 Results

Order selection. The autocorrelation function (ACF) and partial autocorrelation func-
tion (PACF) of a stationary time series are useful tools for determining the order p of an
AR model and the order q of an MA model. Based on Fig. 2, using the 5% significant
level, I identifies an AR(9) or MA(12) model for the return of S&P 500 index. Some
coefficients of the AR(9) or MA(12) model are restricted to be equal to zero based on
the 5% significant level. The Table 1 and Table 2 are the estimation results.

Fig. 2. ACF and PACF of the return of S&P 500 index. The dotted lines give approximate
pointwise 95% confidence interval.

In addition to ACF and PACF, there are several information criteria available to
determine the order p of an AR model and the order q of an MA model. The Akaike
Information Criterion (AIC) proposed by Akaike (1973) [6] is a well-known criterion.
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Table 1. The estimation results of AR(9).

AR(9) model ar1 ar2 ar3 ar4 ar5 ar6 ar7 ar8 ar9

Coefficients −0.130 0.081 0.052 −0.091 0.000 −0.082 0.184 −0.131 0.119

Standard error 0.028 0.028 0.028 0.027 0.000 0.027 0.029 0.026 0.029

Table 2. The estimation results of MA(12).

MA(12) model ma1 ma2 ma3 ma4 ma5 ma6 ma7 ma8 ma9 ma10 ma11 ma12

Coefficients −0.139 0.102 0 −0.099 0.047 −0.077 0.186 −0.132 0.129 −0.066 0 0.043

Standard error 0.028 0.028 0 0.028 0.029 0.030 0.028 0.026 0.030 0.031 0 0.029

Table 3. The estimation results of MA(2).

MA(2) model ma1 ma2

Coefficients −0.197 0.166

Standard error 0.028 0.029

Table 4. Predictability Results of AR(9).

AR(9) model 1 2 3 4 5 6 7 8 9 10

Predicted values 0.00641 0.00568 0.00183 −0.00118 0.00057 −0.00142 0.00548 −0.00235 0.00266 0.00034

Predicted errors (S.E.) 0.01130 0.01140 0.01143 0.01145 0.01150 0.01150 0.01153 0.01172 0.01181 0.01189

Average S.E 0.01155

Table 5. Predictability Results of MA(12).

MA(12) model 1 2 3 4 5 6 7 8 9 10

Predicted values −0.00758 0.00652 −0.00326 0.00192 0.00192 −0.00155 0.00503 −0.00313 0.00360 −0.00056

Predicted errors (S.E.) 0.01127 0.01137 0.01143 0.01143 0.01148 0.01150 0.01153 0.01172 0.01181 0.01190

Average S.E 0.01154

Table 6. Predictability Results of MA(2).

MA(2) model 1 2 3 4 5 6 7 8 9 10

Predicted values −0.00452 0.00411 0.00034 0.00034 0.00034 0.00034 0.00034 0.00034 0.00034 0.00034

Predicted errors (S.E.) 0.01170 0.01193 0.01208 0.01208 0.01208 0.01208 0.01208 0.01208 0.01208 0.01208

Average S.E 0.01203
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Hence, the paper also uses the AIC selection rule, which evaluates the function at the
maximized likelihood. UsingAIC and the function ‘auto.arima’ in the package ‘forecast’
in R, the best model is MA(2). The Table 3 is the estimation results.

Predictability. Using the estimation results of AR(2), MA(12) and MA(2) and the
function ‘predict’ in the package ‘stats’ in R, I can get out-of-sample 10-step ahead
forecast results of AR(2), MA(12) and MA(2). Tables 4, 5, 6 report the points and
standard error (S.E.) of prediction. Based on Table 4, 5, 6 and average standard error
(S.E.) of prediction, I find the predictability of MA(12) are best, and predictability of
AR(9) is very close to MA(12). The values of more than 2 step of MA(2) are constant
because the MA(q) model can predict q periods at most.

4 Conclusion

In order to analyze and predict the changes in American stock market returns, this paper
uses the autoregressive (AR) model, moving average (MA) model, and autoregressive
moving average (ARMA)model to analyze the return of the S&P500 index, and forecasts
the possible future return of the S&P 500 index. Based on the results of ACF and PACF,
I find AR(9) or MA(12) is the best model. If I use the AIC, MA(2) is best. Using the
estimation results of AR(2), MA(12) and MA(2), I find the predictability of MA(12)
is best, and the predictability of AR(9) is very close to MA(12). The values of more
than 2 steps of MA(2) are constant because the MA(q) model can predict q periods at
most. If the lag period of the AMmodel is too short, it will limit the predictive ability of
the model. Econometric models can give us some rigorous analysis criteria and forecast
results, so comparing different models to maximize or minimize possible profit and loss
is necessary and important.
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Abstract. As themost important component of the global stockmarket, the influ-
entialUS stocks have always been the focus of research in the financial field . Faced
with a large amount of data, it is not meaningful to study a single stock or several
stocks. The goal of this article is to cluster all the NASDAQ stocks based on the
stock prices in 2020, by converting a single-day stock price into a monthly daily
return. We will do the clustering analysis with the K-Means algorithm. In the end,
this article has successfully clustered 3264 stocks into 6 categories, laying a solid
foundation for further analysis of the common nature of the stocks and predictions.

Keywords: K-means · Clustering · Stock cluster · NASDAQ · Elbow method

1 Introduction

As a pivotal part of the global stock market, the US stock market is also influencing the
stock markets of other countries while its own volatility changes. Therefore, accurate
analysis of the direction of the US stock market has become a vital part. Generally
speaking, when the stock price is rising, most of the stockholders will choose to continue
to add and increase the number of their positions. Once the stock drops, due to the high
price of the stock price in the later period, the stockholders will be affected by the stock
price and suffered heavy losses due to the fall. With the popularity of stocks and the
growth of stockholders’ experience, ordinary people’s investment awareness has also
continued to increase. They no longer blindly buy or sell, and gradually cultivate more
awareness of the future trend of prices. However, the stock market is a product under
the common influence of all kinds of information, and it is difficult to make accurate
predictions. So how do ordinary shareholders choose the appropriate stocks and invest
in stocks at the appropriate time? Therefore, mining valuable information from massive
data and predicting future trends is necessary for stock investment [1].

Because of the important role the stockmarket plays in the financial system, scholars
have done a lot researches on the stock market. Xiong Zhigang learned to use the K-
Means method to achieve clustering research on data such as comprehensive stocks, M.
Suresh Babu et al. compared the performance of K-Means, hierarchical clustering and
reverse K-means three clustering algorithms, and proposed a new clustering method—
HRK is also used to predict after the financial report is released based on the short-term
trend of changes in the SME board [2], Zhi Tao Jian Ma studied the value of stock
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investment based on cluster analysis and discriminant analysis. Base on the non-linear
Granger causality test, Zhou et al. has analyzed the time-varying spillover based on
the connection of the mainland China stock market, the US stock market, the French
stock market, and many other main stock markets of the world [3], Yang et al. used the
Granger-causality test to analyze the relationship of the volatilities of A and B-shares
index [4]. Nanda et al. classified the stocks into clusters with a data mining approach [5].
Li proposed a clustering method by using a dynamic time warping, and has achieved a
good result in the stock clustering [6], Rui Xiang et al. realized the analysis of technical
indicators of stocks based on the K-Means algorithm [7]. Sougata Das and Palani-Rajan
Kadapakkam realized the stock price clustering based on the algorithm era based on the
changes of the stock price pricing standard [8].

This article will be divided into five parts. In the second part of this article, the
cluster analysis will be briefly described. Also, the principle of the K-Means algorithm
including the Elbow Method will be briefly explained. In the third part, the data and
the clustering process and results of this paper are explained, and then the future work
based on this paper is summarized in the fourth part, and finally the conclusion of the
clustering results of this paper is given in the fifth part.

2 Models and Algorithms

With the development of the Internet and the increase in data volume, the application
of cluster analysis in unsupervised learning has become more and more extensive. It
can simplify data with complex structure during data processing, and discover the rela-
tionship between data items. Specifically, in business, cluster analysis can be used to
discover different customer groups, and to find new potential markets through the char-
acteristics of each group; in biology, cluster analysis allows humans to obtain knowledge
of the inherent structure of the population by classifying animals and genomes; in e-
commerce, cluster analysis analyzes customer characteristics and classifies customers
with similar browsing behaviors, which can help companies to serve customers more
personalized; in the insurance industry, cluster analysis facilitates industry analysis by
classifying properties according to different locations, values, types and other factors.
This article will apply cluster analysis to the analysis of the U.S. stock market. By clus-
tering and grouping stocks with similar future trends, the characteristics of stocks can
be analyzed more accurately and efficiently. The most popular and classic algorithm in
cluster analysis is K-means algorithm.

2.1 K-Means Principle

As an unsupervised learning method, K-Means algorithm is widely used because its
implementation is simple and the effect is relatively ideal. In addition to the most tra-
ditional algorithms, K-Means currently also has the initialization optimized K-Means
++ algorithm, the distance calculation optimized Elkan K-Means algorithm, and the
optimized Mini Batch K-Means algorithm in the case of big data. This article will use
the most traditional basic algorithm to cluster the US NASDAQ stocks.
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For a given sample set, K-Means divides the sample points into different clusters,
focusing on finding that the points in the cluster are as dense as possible, and the distance
between the clusters is as far away as possible. In particular, suppose the given sample
set is divided into k clusters (C1,C2, . . . ,Ck), The goal of the next step is to minimize
the error sum of squares SSE:

SSE =
k∑

i=1

∑
xεCi

||x − μi||2 (1)

Where μi is the mean vector of the cluster Ci, sometimes called the centroid and the
expression is μi = 1

|Ci |
∑

xεCi
x.

Since this problem is an NP problem, it is not easy to find it directly, so heuristic
algorithm is used to iterate. The process is shown in Fig. 1:

Step1 Step2 Step3

Step4 Step5 Step6

Fig. 1. The iterative process of K-Means algorithm
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Step 2 and Step 3 are repeated in the iteration until the sample composition in each
cluster no longer changes. In particular, when selecting random initial mass points, due
to the uncertainty of the heuristic algorithm, the selection of the initial mass points may
have a certain influence on the final result. In order to reduce the influence, the distance
between the initial mass points should not be too close.

2.2 Elbow Method Principle

From the above, the most basic clustering idea of K-Means is to minimize the square
error between the sample and the mass point as the objective function. People generally
call the sum of the squared errors between the mass points of each cluster and the
sample points in the cluster as the degree of distortions. Therefore, in terms of one
cluster, if the distortions are lower, the connections between its internal members is
closer. Conversely, the higher the distortions, the looser the internal structure. Although
the degree of distortions will always decrease if the number of clusters is increasing, for
data with a decided distinction, the degree of distortions will be greatly improved when
it is reached to a determinate critical point, then the decrease speed will be slower, this
certain point often regard as the point with better performance of clustering. And since
its image resembles an elbow, it is named elbow method.

3 Data and the Result

3.1 Data

The data used in this article mainly comes from the yfinance library. This article selects
all 3655 stocks in the NASDAQ constituent stocks, and collects their closing prices for
each trading day from January 1, 2020 to August 31, 2020. Excluding the stocks that
did not have a complete value in this August, the stocks analyzed in this article are 3264
NASDAQ constituent stocks. Due to the huge amount of data, this article focuses on the
unit of month, where basic information such as stock prices is converted to daily return.
The calculation formula is:

Daily returnn = Closing pricen − Closing pricen−1

Closing pricen−1
(2)

3.2 Result

After further sorting, this paper obtains the following data (see Table 1):
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Table 1. The daily return data of obtained (showing the first 5 rows)

2020–01 2020–02 2020–03 2020–04

AACG −0.006115 −0.004328 −
0.000849

−0.012146

AAL −0.002742 −0.016844 −
0.012576

0.001908

AAME 0.006368 0.010085 −
0.005944

−0.007088

AAOI −0.001343 −0.011395 −
0.003674

0.017382

AAON 0.002900 0.002843 −
0.002398

−0.000109

2020–05 2020–06 2020–07 2020–08

AACG 0.012770 0.018242 −
0.005585

0.005467

AAL −0.004802 0.015665 −
0.006113

0.008489

AAME 0.000358 0.006272 0.005435 0.004715

AAOL −0.008035 0.010679 0.013666 −0.008335

AAON 0.006834 0.000634 0.004124 −0.001754

As for any given data set, the K-Means algorithm first needs to confirm the number
of clusters, that is, the k value. This paper uses the elbow method to gradually cluster
the collected effective information of all the constituent stocks and draws a graph of the
k value and the WCSS value (where the WCSS value is the sum of squared errors SSE
mentioned above). The k value at the inflection point of the graph is used as the k value
of the final cluster.

Furthermore, K-Means needs to randomly select k centroids as the starting point of
the iteration. The K-WCSS curve of this article is shown in the Fig. 2 below:

Since this article is derived from actual stock data and is interfered by many factors,
there is not a very suitable inflection point in the figure, but the more appropriate k value
can be taken as 6, 7, and 8. This article compares the clustering results, andfinally decided
to determine the number of clusters in this article into 6 categories. The first category
includes stocks such as AACG, AFMD, BLFS, and the second category includes stocks
such as GH, PFM. The third category just conclude one stock—DGICB, we can try to
specify its character alone. The fourth category includes stocks such as TWOU, AXSM,
and the fifth category includes stocks such as ADTN, CRVL, and the sixth category
includes stocks such as ACCD and AEZS.
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Fig. 2. K-WCSS (elbow-method) curve

4 Other Indicators and Future Work

In addition to using basic information such as the opening price, closing price and
highest price of the basic stocks to cluster stock prices, you can also use certain indicators
calculated based on the above information or other common information to cluster stocks.
The important ones are:

4.1 Trading Volume

Trading volume is the total quantity of shares or contracts traded for a specified security.
During a whole transaction, trading volume means the total number of shares transacted
between buyers and sellers.

4.2 MACD—Moving Average Convergence Divergence

MovingAverage Convergence Divergence (MACD) is an important index that computed
by subtracting the 26-period EMA from the 12-period EMA. And the EMA is a special
moving average. Compared to the normal, it puts more weight on the most recent data.
The calculation formula is

EMAToday =
(
ValueToday ∗

(
Smoothing

1 + Days

))
+ EMAYesterday ∗

(
1 −

(
Smoothing

1 + Days

))

(3)

and the common choice of smoothing is 2.
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4.3 KDJ

KDJ (also named stochastic indicator) is also an important indicator. It is a really new
and effective technical analysis indicator. It was firstly used to analysis future markets
and then widely used for analyzing the short-term trend stock market. The specific steps
are:

i. Calculate the RSV value. RSVn = Cn−Ln
Hn−Ln

∗ 100.
In the formula, Cn is the closing price on the nth day; Ln is the lowest price in n days;

Hn is the highest price in n days.
ii. Kn = 2

3Kn−1
+ 1

3RSVn

iii. Dn = 2
3Dn−1

+ 1
3Kn

iv. Jn = 3 ∗ Kn − 2 ∗ Dn

4.4 Market Capitalization

Market value indicates the sum of the dollar market value of the company’s outstanding
shares. Also, people call it the "market value". It’s value equals with the multiple of the
total number of shares outstanding by the company and the current market price of each
share.

4.5 P-E Ratio

The price-to-earnings ratio (P-E ratio) is a kind of ratio that can used to value a company.
It equals with the company’s current share price relative to its per-share earnings (EPS).
The P-E ratio relates a company’s stock price to its earnings per share.

P

E
Ratio = Market value per share

Earings per share
(4)

4.6 Price Change

In terms of the stock market, Price Change means a change in the company’s security
value or other kinds of asset to a higher or a lower level. It also refers to the difference
of closing price between a trading day and the previous trading day.

The above indicators or information can be collected through Python stockstats or
other methods. And based on the data in this article, the values of different indicators can
be integrated with the data in this article to make a larger cluster, so that the clustering
results can be similar to the stocks in each category frommultiple perspectives. Analyze
the place to achieve a better prediction effect. At the same time, the stocks in a certain
category can be integrated for mixed investment based on this result, which greatly
reduces the risk of loss.
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5 Conclusion

This article successfully clustered all NASDAQ stocks that were normally traded from
January 1, 2020 toAugust 31, 2020. From the clustering results, the daily return values of
most stocks belong to one value. Interval, for this type of stocks, increasing the number
of clusters is a measure. At the same time, you can single out the stocks of the largest
category and do another cluster analysis. At the same time, there are some stocks that
have jumped out of the main value range and are composed of relatively small groups.
Of course, there are also several special stocks, which are in their own category or a very
small number of them are combined into one category.
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Abstract. The cross-border flow of capital is inseparable from the global trade
linked by the supply chain, in which shipping with high capacity and low-cost
features takes about 75% of trade transportation tasks, including bulk cargo, liquid
cargo, and break-bulk cargo. While massive transportation activities create a high
level of profits, the energy consumption and environmental pollution issues related
to them have also attracted attention. Besides the direct transportation process,
seaports as the hubs that connect the upstream and downstream of maritime trade,
its impact on the supply chain sustainability also cannot be ignored, whether
the internal operation or external logistics services. This paper uses the keyword
index method to collect information on the environmental reports of Chinese
seaports, identifies mainstream measures and application areas, and finds out that
there is a general lack of sustainable-oriented management of suppliers through
comparative analysis. It might be beneficial to port companies have a clear future
environment-oriented development direction.

Keywords: Sustainability · Seaports · Keyword index · Environmental-oriented
measures

1 Introduction

Along the distant coastline in China, with the construction of numerous modern ports,
and the formation of fivemajor coastal port areas, China has developed as one of the hubs
of shipping service network all over the world. According to theMinistry of Transport of
the People’s Republic of China [1], there were 2,520 10,000-ton-class berths at Chinese
ports in 2019, of which 2,076 above 10,000 tons berths in coastal ports, in which 24
seaports’ annual cargo throughput more than 100 million ton, moreover, 18 seaports’
container throughput over 2 million transmission extension unit (TEU). However, the
massive port-centric business accompanies with unimaginable pollutants emissions and
energy consumption, both of which, would affect the sustainability performance of
seaports, even break surrounding natural ecological environment. In 2019, Qingdao Port,
the fifth largest port in China in terms of annual cargo throughput, its comprehensive
energy consumption volume reached 151 thousand tons of standard coal and discharged
166,150.1 tons of greenhouse gas emissions in the meantime.

It is of great significance for these port corporates to pay more attention to sustain-
ability during their daily operation. TheWorld Commission firstly proposed the concept
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of Sustainability on Environmental Development, chaired by Mrs Brundtland in 1987.
After this concept just been raised, many researchers realised the significance of poli-
cies or systems used to support it. Such as proposing specific policy for a particular
coastal area [2], considering the sustainability-related marine regulatory system under
the threat of capital [3], and even the European Union, also pointed out the policy issue
about the conflicts between Transport and Environment [4]. 21st century, more articles
started focusing on the impact of the technology innovation [5–7], including adopting
the renewable energy [8, 9], the automative guide vehicles application [10–12] and the
management innovation [13, 14].What ismore, the cases studies of seaports also become
a popular research area. Hiranandani [15] compared the policies, practices, as well as
driving and constraining forces within several ports. Schippera, Vreugdenhilab, and
Jonga [16] developed a comparative methodology to assess sustainability performance.
Both Santos, Rodrigues, and Branco [17] and Wagner [18] attempt to identify the most
popular ports sustainability practices within European by comparing their environmental
reports.

China launched its first related national strategy “TheWhite Paper on China’s Popu-
lation, Environment, andDevelopment in the 21st Century” in 1994. Although until 2004
China’s port industry under the socialist market economy with Chinese characteristics
just finished the institutional reform of separating enterprise from the administration,
many experts have already devoted to researching the port environmental sustainability
during the past years. According to the search result of literature related to port sus-
tainability, from 1994 to 2020, there are 633 articles relevant to “Green Port” and 307
for “Port Sustainable Development”. Most of them focus on the Container Terminal
[19–21], Intelligent Port [22, 23], and Port Logistics [24–26]. However, the study on
the differentiation of seaport sustainable development practices has not attracted much
attention.

In order to clarify the differentiation about the environmental sustainability of Chi-
nese ports, this article aims to demonstrate the features in environment protection efforts
of these ports, through benchmarking their official sustainability reports. The primary
researchmethod is theKeywords IndexAnalysis, taking environmental-related actions as
the keywords to reflect what kinds of approaches these seaports are undertaking, its result
could be the reference to help these corporates make a better review of sustainability
and identify what else direction could probe in the future.

2 The Environmental Sustainability of Chinese Seaports

2.1 The Disclosure of Environmental Information

This article takes dominant coastal harbours as research samples, which selected based
on the level of their annual cargo throughput, to ensure the analysis more representative.
According to 2019 official statistics, China has 17 ports ranked Top20 both in the list
of cargo throughput and container throughput. The ports such as Shanghai Port, Ningbo
Port, and Guangzhou Port have mighty comprehensive strength owning the massive
volume of business in both two fields, while some seaports have a business propensity,
like Tangshan Port, Qinhuangdao Port, and Zhanjiang Port (Table 1).
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Table 1. 2019 Chinese seaport cargo throughput rank.

Source: The Ministry of Transport of the People’s Republic of China.

On the basis of standard international practice and the document requirements of
major exchanges, listed port companies need to announce their social responsibility
behaviours and final results regularly (usually by annual). The main report type includes
Corporate Social Responsibility Report (CSR), Environmental, Social, and Governance
Report (ESG), and Sustainable Development Report (STD). Unfortunately, as shown in
Table 2, 5 in these 17 seaports (Beibu Gulf, Dongguan, Fuzhou, Yantai, and Zhuhai)
have never publicly released relevant reports, let alone disclose specific environmental
data. As for the rest of seaports, based on the establishment time, capital restructuring,
corporate listing and other factors, they have already begun successively issuing there
reports in the past 12 years, and with CSRReport as the main presentation form [27–38].
Besides, it is worth noting that Qingdao Port, Guangzhou Port, Xiamen Port and Dalian
Port have only started relevant work within the past five years. In contrast, Tianjin Port
not only began to publish CSR reports in 2010 but also began to upload its ESG report
synchronously in 2016. Overall, althoughmost of Chinese port corporates are enhancing
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there sustainablility awareness, not all seaports will regard environmental protection and
sustainable development as a fundamental area in their operations.

Table 2. Seaport report release status.

2.2 The Analysis of Environmental Practices

Classification of Environmental Practices The environmental reports would write
abide by the required format and content according to the investigation of the envi-
ronmental disclosure information in those seaports, but based on actual conditions, each
company have different scopes of practice in the field of green sustainability. Refer to
the application of keyword dynamic query software based on big data technology [39],
this article used the keyword index method to probe the content of reports published in
2019. It would take the fixed chapter titles as core keywords. And then, from it to mine
detailed environment-related measures as the potential sub-aspects. After analysing and
statistics, the keywords would finally be constituted by two dimensions, including four
Core aspects and twenty-three Sub-aspects extend from it. The keywords division is
shown in Table 3.
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Table 3. Keywords division.

Firstly, Low-carbon Operation, including the sub-aspects of Energy, Emission,
Equipment, a Technique, that most of the ports are paying attention to, and the Daily
Supplies, which only been mentioned by Shanghai Port and Lianyungang Port. Sec-
ondly, Port Construction, all companies usually focus on the sub-aspects of Vehicle and
Infrastructure in this area. A few economically stable corporates have already begun
the exploration of the Intelligent, but here still has something in unique, the Interna-
tional Communication (Shanghai Port) and Port Centralised (Shenzhen Port) also been
cared. Thirdly, Ecosystem Protection, owning the most ten sub-aspects, which might
mean most of coastal port corporate tends to improve the environment through digging
this field. Both Pollution Control and Environmental Propaganda are the most popu-
lar. Then, some seaports explore the Greening Maintenance, Environmental Evaluation,
Environmental Monitoring, Emergency Drills, while only very few ports think about the
Ecological Restoration, Biodiversity Conservation, Garbage Classification, and Climate
Change. Lastly, Supplier Management, which might be an indirect field to affect cor-
porate sustainability performance. As a result, just two seaports (Shanghai & Xiamen)
considering it from the sub-aspect of Management Institution, Purchasing Process, and
Environmental indicators (Fig. 1).

Frequency Distribution of Environmental Practices. No matter which core aspects
these keywords belong to, Fig. 2 demonstrates the frequency of each of it appears in 2019
documents comprehensively. Here has eight sub-points attract more than ten harbours’
attention simultaneously,while the field of climate change, international communication,
and port centralised, each of which just been attended by a particular port. As many as 14
sub-aspects received a few attention, actually less than half ports. These might become
the future development direction of the rest of ports which do not show their interest.

As for the scope of core aspects, most of the seaports could carry out their environ-
mental plan within Low-carbon Operation and Port Construction. Because both opera-
tion and construction are the fundamental parts of port development, and it much easier
for them to add green elements to improve it. Such as using LED light to substitute
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Fig. 1. 2019 seaports’ report keywords frequency.

high-pressure sodium lamp (Tianjin Port, Xiamen Port, and Shanghai Port), adopting
the Shore Power Technology to instead of diesel generator set (Shanghai Port, Ningbo
Zhoushan Port, and Xiamen Port) Besides, Ecosystem Protection might be the most
complicated direction. Guangzhou Port and Xiamen Port tend to protect the biodiver-
sity, while Tianjin Port has already worried about the local climate change. Moreover,
even the garbage classification (Qingdao Port and Xiamen Port) also get some attention.
Based on the influence of various factors like investment budget, port layout, and geo-
graphical environment, it hard to let each company focus on a common topic, that might
also be the reason why this core aspect exists as much as ten sub-points, and maybe
more in the future.

The most apparent differentiation field is Supplier Management, with only two sea-
ports conduct improvement in it. Maybe because of it related to the third-party compa-
nies, and would bring performance enhancement indirectly in a long-term, consequently
has not arisen enough attention. However, each company in the same supply chain are
never become isolated, the carbon footprint from their products as well as services would
follow the chain spreading to anywhere in the world. Especially for the port corporate,
which need to draw support from third-party companies, to extend its business and make
itself become a more influential comprehensive physical distribution service provider.

Environmental Practices by Port. The average figure for Sub-aspects involved num-
bers is 11.58, but only five ports exceed it. Themost comprehensive one is Shanghai Port,
whose awareness of environmental sustainability has already beyond itself and starting
to focus on the whole supply chain because of using the sustainable evaluation criterion
to manage its suppliers. By contrast, both Lianyungang Port and Tangshan Port are the
lowest (9 sub-aspects), which might owe to lack concern about Ecosystem Protection
and Supplier Management.
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Fig.2. The number of sub-aspects for seaports.

To identify the consist status and structure feature of environmental measures in
terms of helping each of them clear the structure reasonability of these measures and
find out which direction should get more exploration in the future, we are taking stacked
percentage column chart as the reference. According to the proportion of the sub-aspects
contained in each core aspect in the total number of sub-aspects. If a port could take
measures from all 23 sub-aspects during its operation, the ideal percentage composition
should be Low-carbon Operation (LO): 5/23 = 21.7%, Port Construction (PC): 5/23 =
21.7%, Ecosystem Protection (EP): 10/23 = 43.5%, and Supplier Management (SM):
3/23 = 13.0%.

Figure 3 illustrates the composition proportion of the number of sub-aspects for each
seaport. Then, we would calculate the sum of the absolute value (av) of the difference
between real data and the ideal data, using the result to represent the level of struc-
ture reasonability for each ports’ coverage compared with the theoretical perfect data
structure.

After calculating and sorting the mark for each port, a smaller sum value might mean
a more all-side and reasonable development in the field of environmental sustainability.
Such as the port of Shanghai, Ningbo Zhoushan, Guangzhou, and Qingdao involve at
least seven sub-aspects in total within Low-carbon Operation and Port Construction, as
well as five in Ecosystem Protection. In contrast, the worst two ports (Shenzhen and
Lianyungang) need to consider what kinds of approaches they could adopt to grow into
an environmentally friendly company, especially for the Lianyungang Port, which nearly
has not paid enough attention to other aspects except Low-carbon Operations.

What is more, the demonstration of Fig. 2 and Fig. 3 have dependency and con-
sistency. It reflects the level of comprehensiveness for seaports green development and
could illustrate the sustainability differentiation in each seaport, which represents that the
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Fig. 3. Four core aspects in each port.

selection of keywords and the division of aspects have practical significance. However,
we would not deny the meaning of some unique port green development structure, and
perhaps it would bring better effects than the full-scale structure development pattern.
For example, the Lianyungang Port pays more than half attention in a particular core
aspect (Low-carbon Operation), if it divides its budget to develop other sub-aspects, the
improvement of sustainability might not as good as current.

3 Discussion

This article has carried out a analysis around the keywords related to environmental
sustainability in the report of port enterprises. Future research could combine other
factors to make the result more realistic and reliable.

Firstly, the external factor, such as government policies. From a national perspective,
the vast majority of large seaports or port areas are of strategic significance to the
country’s national defence, logistics supply chain, and foreign trade. Ports companies
in China are often registered and listed with state-owned capital as the main body,
even the predecessor of some of them were national institutions. In many cases, they
will be directly affected by the local government and even the central government,
and they have the responsibility and obligation to serve the development of national
strategies. For example, the Tangshan Port committed to specialised transportation of
bulk materials such as coal, grain, and steel; Tianjin Port develops as China’s largest
market for parallel imported cars.At themeantime, different commoditieswouldundergo
disparate handling processes and accompanywith specific contamination, bywhich, each
seaport has to give priority to its business relevant environmental improvement (Table
4).
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Table 4. The sum of absolute value.

Secondly, corporate capital might be a significant factor. This article focus on the
coverage of environmental sustainability actions by conducting quantitative analysis the-
oretically. There is no doubt that the well-capitalised port like Shanghai Port and Ningbo
Port could provide more budget in environment areas. According to Ningbo Zhoushan
Port Annual Report (2019) and CSR Report (2019), between 2016 to 2019, the total net
profit attributable to company shareholders is 11.2 billion Yuan, so it could expense 1.1
billion Yuan to invest its “Green Port Construction” project. As for the smaller scale
seaport like Lianyungang Port which totals net profit attributable to company share-
holders during the last four years, only 31 million in total (Lianyungang Port, 2019). It
could only use limited funds to make environment-oriented improvements in the field of
Low-carbon Operation and Port Construction. It might tough for this kind of company to
afford a serial of Ecosystem Protection projects. What they could do might sustainably
develop as much as possible under the premise of ensuring the continued survival for
the enterprise.

4 Conclusions

Overall, as for the differentiation of environmental measures, through comparing these
keywords, this paper finds that most of the Chinese coastal ports already considers the
performance of environmental sustainability during their business, mainly emphasises
the field of Low-carbon Operation and Port Construction. And then, the Ecosystem
Protection, it also gets enough focus, although it owns various sub-aspects and would
not involve all of them at the same time. Lastly, the more crucial thing is Supplier
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Management, a topic almost be ignored by most of them. In the long term, sustainable
supplier management, and making the whole supply chain network greener might be
more meaningful. The four core aspects discussed in this article have its pros and cons,
no one better than the other. No matter what measures the seaport takes to make itself
more environmentally-friendly, according to its conditions to carry out environmental-
related projects, and explore new sustainable development directions at the same time,
it would become a better choice.
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Abstract. Including using realized volatility to adjust portfolios, many portfolio
management strategies can increase alpha values, Sharpe ratios and the utility
gains of mean-variance investors. This paper uses the historical values of mean,
standard deviation and variance of each factor to perform four different portfolio
management strategies and tries to explore the most efficient one. It turns out that
using mean and variance to adjust the original factor performs better in producing
positively significant alphas. Among all asset pricing factors, the effect on the size
factor H-L is the most remarkable, but our results vary within different periods.

Keywords: Portfolio management · Factor model · Mean-adjusted ·
Variance-adjusted

1 Introduction

Inspired from the previous study on volatility-managed portfolios of Alan and Tyler [1],
this paper further explores more possible portfolio management strategies and tries to
figure out the strategy that yields more utility gains for mean-variance investors. We
collect asset pricing factors on the daily frequency and adjust them using their realized
mean, variance and standard deviation of the past 22 trading days. After that, we regress
the adjusted factors on those original factors to collect alphas and find themost positively
significant ones. The impact of the financial crisis in 2008 is also considered in this paper
and by setting the year 2008 as the breakpoint, we run twomore sets of regressionswithin
the time interval before and after 2008. It turns out that using realized mean and variance
to adjust original factors produce the most positively significant alphas and the effect of
the adjustment is most significant on the size factor H-L. In comparison with the work
done by Alan and Tyler [1], which uses realized variance to adjust the original portfolio,
our results are generally more positively significant.

The following paper begins with the review of the previous work done by different
researchers in Sect. 2, followed by the description of data used in Sect. 3 and the empirical
strategies in Sect. 4. Section 4 is divided into two parts where the first part details our
portfolio adjustments and the second part summarizes the structure of our regression
analysis. Section 5 contains the main empirical results and the last section is a brief
conclusion of this paper.
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2 Literature Review

This section begins with a summary of the research done by Alan and Tyler [1], followed
by some previous perspectives on how to deal with investment risk in asset allocations
and investment strategies. After that, some pieces of research related to the asset pricing
models are summarized, including the three-factormodel, five-factormodel andq-factors
model. This section ends with pieces of literature concerning the effect and value of
volatility timing.

A volatility-managed portfolio is a trading strategy that scales monthly returns by
the inverse of its realized variance and offers large risk-adjusted returns [1]. It yields
positively significant alphas across many asset-pricing factors and economically, the
utility gains obtained by mean-variance investors are much larger if they follow this
volatility timing strategy. Incorporating realized variance can be implemented easily in
real-time [1], but different methods of portfolio adjustments including other statistics
are also worth investigating and comparing.

Risk is ubiquitous in portfolio investments and Risk Parity is a new strategy of
asset allocation which uses risk to allocate resources across different components of
portfolios.However, this strategy lacks sufficient justification and todesire diversification
by risk is not enough [2]. Based on the idea of leverage aversion, Clifford et al. add a
theoretical justification and provide broad empirical evidence to augment Risk Parity.
In comparison with the historical performance of the value-weighted market portfolio,
Risk Parity outperforms the market portfolio by 2.7% a year. Risk securities are also
investigated by Andrea and Lasse in another research, where they suggest that many
investors and funds overweight risky securities instead of using leverage [3]. Thus, they
form the BAB (betting against beta) factor that holds low-beta assets and that shorts
high-beta assets. Comparing with all standard asset pricing factors, the BAB factor
outperforms all of them and yields positively significant risk-adjusted returns.

Many asset pricing models are established to explain the expected return on port-
folios. The three-factor model of Fama and French explains the expected returns using
MKT-RF (market excess return), S-B (size factor) andH-L (book-to-market ratio). These
three factors can successfully capture much of the variation in the cross-section of aver-
age stock returns and explain the returns to portfolios formed on E/P, C/P and sales
growth [4]. However, the three-factor model fails to explain expected returns on all
securities and portfolios and Fama and French then come up with the five-factor model.
The five-factor model further captures R-W (profitability factor) and C-A (investment
factor) to help explain average returns on portfolios and it helps explain 71%–94% of
the cross-section variance of expected returns [5]. Also inspired by investment-based
asset pricing, the q-factor model that contains market, size, investment and probabil-
ity factors is established by Hou et al. They suggest that well-specified models would
produce regressions intercepts that are economically small and statistically insignificant
from zero. Indeed, the q-factor model performs well in capturing many anomalies in the
model of Fama and French [6].

Volatility in risk impacts the estimates of portfolio performance. Oliver et al. find
that negative volatility-timing can inflate the unconditional momentum alpha [7]. Biased
alpha can be resolved by using lagged loadings as instrument variables which produces
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lower estimates of conditional momentum alpha. The patterns of volatility are investi-
gated by Tim et al. They disclose the strong similarities in unconditional distributions
and structures of realized volatility patterns, and present a new risk model across global
assets, which results in the improvement in out-of-sample forecasting performance [8].
They also find a new risk factor containing the information on the future volatility of
individual assets. Beyond that, Jeff et al. analyze the economic value of volatility timing
by considering a mean-variance investor allocating funds across four asset classes. They
suggest that the predictability captured by volatility modeling is economically signifi-
cant, which outperforms the unconditionally efficient static portfolios [9]. They further
quantitatively analyze utility gains from volatility timing in portfolios, which are robust
under different conditions and not restricted to short-horizon investors [10].

3 Data Description

There are two primary sources of data used in this paper. Daily asset pricing factors
are collected from Kenneth R. French website on MKT-RF1 (the excess return on the
market), S-B (SmallMinusBig),H-L (HighMinus Low),R-W (RobustMinusWeak) and
C-A (Conservative Minus Regressive), from July 1967 to June 2020. MKT-RF1 refers
to the value-weighted returns of all CRSP corporations in the US. S-B is the size factor
that summarizes the difference in average returns of three small portfolios and three big
portfolios. H-L represents the difference in average returns of two value portfolios and
two growth portfolios. As an augment from the three-factor model, R-W (profitability
factor) andC-A (investment factor) are added to help explainmore cross-section variance
of expected returns for portfolios [5]. Another set of data is collected from the website
of Hou et al. From January 1967 to December 2019, collected factors are ME (size
factor), IA (investment factor), ROE (profitability factor) and by subtracting the riskless
rate of return from the return on the market portfolio, the excess return on the market
portfolioMKT-RF2 is calculated. The q-factors model of Hou et al. also outperforms the
three-factor model on capturing many of the significant anomalies [6].

4 Empirical Strategy

4.1 Portfolio Formation

Our portfolios are constructed by adjusting them using the realized mean, standard
deviation and variance of each factor. From Eqs. (1)–(3), these statistics are calculated
based on a period of 22 trading days and they are used to adjust the factor on the next
trading day. For instance, each factor on the 23rd trading day is adjusted by the mean,
standard deviation and variance of that factor within the first 22 days.

Meant(f ) =
∑i=1

i=21 ft+i

22
(1)

Stdt(f ) =

(

ft+i −
∑i=1

i=21 ft+i
22

)

√
22

(2)
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Var(f ) =

(

ft+i −
∑i=1

i=21 ft+i
22

)2

22
(3)

Using the mean, standard deviation and variance of each factor, we perform four
types of portfolio management strategies: 1) dividing the original factor by its standard
deviation, 2) dividing the original factor by its variance, 3) multiplying the original factor
by its mean and then dividing it by its standard deviation, 4) multiplying the original
factor by its mean and then dividing it by its variance. After making these adjustments,
our sample now contains 14326 observations and 13318 observations respectively and
then we group each factor into three groups, by its descending order. In Table 1, the
group mean of the five-factor model is collected in Group A and the group mean of the
q-factors model is collected in Group B.

As shown in Group A, for each factor after making adjustments, the adjusted mean
values of the first group are always significantly larger than the other two groups and all
of themean values in the third group turn into negative.Among four types of adjustments,
dividing the original factor by the variance of the previous 22 trading days produces the
greatest mean values in the first and second groups, although the mean values of the third
group are the most negative ones. Generally, multiplying the original factor by the mean
value of the previous 22 trading days does not improve the group mean of that factor, but
it decreases the absolute values of group means significantly so that the third group turns
to be less negative, compared with the first and second types of adjustments. Similar
results can be observed in Group B, where the second type of adjustment produces more
preferable results in the first and second groups and multiplying the original factors by
mean values improves the results of the third group.

4.2 Empirical Strategy

For each adjusted factor, as the dependent variable on the left-hand side of Eq. (4), we
treat each original factor as the independent variable and run four time-series regressions
of them.

f∗t+1 = α + βf t+1 + εi (4)

We limit the time horizon of our regression analysis from 2000 to 2019 and run three
groups of regressions: 1) from 2000 to 2019, 2) from 2000 to 2007, 3) from 2008 to 2019.
Regressions on different groups can evaluate the stability of our empirical results and
2008 is chosen as a breakpoint because the impact of the financial crisis is considered.
Generally, if regression intercepts (alpha) are positively significant, then those adjusted
factors could not be explained by the original factors and they yield positive incomeon the
portfolios. Positively significant intercepts (alpha) also imply that Sharpe ratios relative
to the original factors are increased and our adjustments expand the mean-variance
frontier [1].

5 Empirical Results

We collect those alphas from regressions and summarize them in Table 2 and Table 3.
Table 2 reports the regression results from 2000 to 2019. We can observe that before
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using mean values to adjust original factors, in the first row and second row, alpha values
of H-L, R-W, C-A and IA are negative. For all positive columns, dividing by variance
outperforms dividing by standard deviation since all positive alpha values in the second
row are larger than those in the first row. As for the statistical significance, the alpha
value of C-A divided by its variance is statistically significant at 10% level and the
alpha values of ROE are both significant at 1% level. After using mean values to make
adjustments, we observe that both market factors turn into negative while H-L, R-W,
C-A and IA all turn into positive. The significance levels are also improved as in the third
and fourth rows, H-L is significant at 1% significance level, R-W is significant at 10%
significance level and 5% significance level respectively and importantly, C-A and IA
in the fourth row are all significant at 1% significance level. The significance level of
ROE remains the same with some decreases in the alpha values. Between the third type
and fourth type of adjustments, the fourth type outperforms the third type since all alpha
values are larger and there are three factors (R-W, C-A and IA) that are more positively
significant. Therefore, we could conclude that using mean values to adjust original
factors could produce more positively significant alphas and these results suggest that
the adjusted factors produce more positive income on portfolios. Generally, dividing
the original factors by their variance outperforms dividing the original factors by their
standard deviations and the adjustments using mean values improve the performance of
portfolios.

Table 3 reports the regression results after we apply the breakpoint. In Panel A, from
2000 to 2007, we see that if mean values are not used to adjust original factors, alpha
values for bothmarket factors,C-A and IA are negative and the alpha values of all factors,
except for ROE, are not statistically significant. Dividing ROE by its variance produces
more positively significant results comparing to dividing ROE by its standard deviation.
After using mean values to make adjustments, the signs of C-A and the fourth row of
IA turn into positive and the significance levels of H-L, R-W andME are also increased
as a result. As for the period from 2008 to 2019, we could generally observe more
negative alpha values and lower significance levels. The alpha values of the ROE are not
statistically significant except for the first row and we could still conclude that, between
the third and fourth types of adjustments, dividing the original factors by variance still
outperforms dividing the original factors by standard deviation, since it produces more
positively significant results in C-A and IA.

Generally, we find that using mean values to adjust original factors yields more pos-
itively significant results and dividing original factors by the variance would outperform
dividing them by the standard deviation. Therefore, we conclude that the fourth type of
adjustment, multiplying the original factor by its mean and then dividing it by its vari-
ance, performs better in expanding the mean-variance frontier. However, the financial
crisis in 2008 impacts the stability of our results significantly since in the Panel B of
Table 3, those alphas are less statistically significant. Loss in the statistical significance
may also be caused by the reduction of sample size.
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Table 1. Group mean of adjusted asset pricing factors

Ranking Factor/std Factor/var Factor*mean/std Factor*mean/var

Group
A

Group
B

Group
A

Group
B

Group
A

Group
B

Group
A

Group
B

Market factor 1st 1.153 1.122 1.849 1.717 0.200 0.200 0.271 0.261

2nd 0.076 0.047 0.092 0.056 0.003 0.003 0.006 0.004

3rd −1.131 −1.157 −1.780 −1.769 −0.189 −0.189 −0.247 −0.242

Size factor 1st 1.169 1.164 3.278 3.040 0.150 0.146 0.410 0.374

2nd 0.056 0.054 0.121 0.110 0.005 0.004 0.012 0.009

3rd −1.175 −1.163 −3.293 −3.084 −0.109 −0.111 −0.260 −0.253

Investment
factor

1st 1.201 1.215 4.922 4.769 0.098 0.094 0.347 0.321

2nd 0.029 0.050 0.088 0.151 0.003 0.002 0.012 0.007

3rd −1.123 −1.089 −4.652 −4.221 −0.079 −0.078 −0.268 −0.256

Profitability
factor

1st 1.214 1.262 5.355 4.723 0.096 0.122 0.342 0.393

2nd 0.031 0.101 0.106 0.300 0.003 0.005 0.009 0.015

3rd −1.098 −1.060 −4.687 −3.750 −0.076 −0.091 −0.260 −0.275

Book-to-market 1st 1.217 3.976 0.146 0.394

2nd 0.017 0.050 0.005 0.014

3rd −1.125 −3.686 −0.108 −0.276

6 Discussion and Conclusion

This paper collects daily pricing factors from the websites of Fama and French as well
as Hou et al. Among four types of portfolio adjustments, we find that multiplying the
original factor by its realized mean and then dividing it by its realized variance produces
the most positively significant results, which expands the mean-variance frontier and
increases the utility gains of mean-variance investors. This portfolio adjustment shows
an improvement in the sign and the statistical significance level of alphas from the
work done by Alan and Tyler [1], which only uses realized variance to make portfolio
adjustment. Future studies could focus on other methods of portfolio management to
improve the predictability on the stock performance and further increase Sharpe ratios.
Also, it is worth including more detailed information of different companies to improve
the prediction of expected returns, such as the culture and operating strategies of different
companies in the stock market.
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Statutory Power of WHO and Its Suggestions
for Improvement Under Public Health

Emergency

Jingnvying Su(B)

Law School, Jilin University, Changchun, China

Abstract. WHO has taken a series of measures against the COVID-19, but they
have been questioned by many parties, which is related to the marginalization
of WHO as an international organization. This paper takes WHO’s authority and
behaviors under public health emergencies as the research object, and uses the
methods of literature research and case study to explore the reasons why WHO
has faded from the world public health authority from three aspects: WHO’s inter-
national status, the effectiveness of relevant international agreements, and relevant
cases in the past. At the same time, sort out emergency response behaviors and
analyze the rationality ofWHO’s behaviors during the epidemic. On this basis, the
article puts forward the following suggestions, including: Member States should
respect the role of WHO in health emergencies, WHO itself should also standard-
ize the electionmechanism of functional departments, implementation procedures
of related agreements and other systems, and reform the funding structure model.
In the future, WHO can cooperate with non-official organizations to expand data
collection channels, and its international agreements can also be linked with the
domestic laws of sovereign countries, and the two can coordinate public health
incidents.

Keywords: Public health emergency ·WHO · Legal authority · System reform

1 Introduction

Since the outbreak of COVID-19, theWorld Health Organization (WHO), as the guiding
and coordinating agency for health issues in the United Nations system, is responsible
for integrating the epidemic data notified by countries to the organization and sharing
information. However, things are not going smoothly. Tedros Adhanom Ghebreyesus,
the director-general of the WHO said: “One of the biggest challenges we face is that
too many countries affected by the novel coronavirus epidemic have yet to share data
with WHO.” Not only is it about information sharing, but the WHO’s January warning
that prohibits countries from issuing travel bans at will has few countries accepted. For
example, US President Donald Trump announced inMarch that travel from the European
continent was restricted [1]. Trump has repeatedly publicly criticized the WHO for not
responding to the novel coronavirus in a timely manner. On May 29, he announced that
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the United States would withdraw from the World Health Organization. On September
3, Morgan Ortagus, a spokesperson for the U.S. State Department, issued a statement
stating that “WHO is not responding well to the COVID-19” and that “the organization
refuses to reform to prove its independence” [2]. From the above facts, it is not difficult
to see that WHO has been marginalized, and many member states have not fulfilled
the obligations given to them by IHR. However, the international influence of WHO is
still there, and the world still needs organizations with international influence to lead the
global fight against the virus and guide public health. Therefore, it is necessary forWHO
tomake appropriate improvements and adjustments to deal with the current international
situation.

2 The Status of WHO in International Law

On March 11, the WHO announced that the COVID-19 epidemic has constituted a
global pandemic. As of September 12, the epidemic had affected 218 countries and
regions around the world. People began to realize that the epidemic could no longer
be controlled by a country’s government, and at the same time they began to criticize
the WHO’s announcement for too late. In this epidemic, the WHO has continuously
appeared in the public eye, broadcasting epidemic data to the world every day, and at
the same time making suggestions or warnings to governments of various countries.
However, the WHO did not play a leading role in this public health emergency. Many
member states turned a deaf ear to WHO’s recommendations, and even never fulfilled
their obligations as a member state. They believe that the WHO’s performance in the
preparatory phase of this pandemic was negligent, and the WHO has not yet provided
effective solutions. It can be seen that the status of WHO in the field of international
public health has gradually declined.

2.1 The Establishment of WHO and Its Legal Nature

WHO is a specialized agency of the United Nations, not the main organ of the United
Nations. On April 7, 1948, after the Constitution of theWorld Health Organization came
into effect, the World Health Organization was declared established. The WHO incor-
porated the assets, personnel, and duties of the League of Nations’ Health Organisation
and the Office International d’Hygiène Publique, including the International Classifica-
tion of Diseases (ICD) [3]. As of 2020, the World Health Organization has 193 member
states and two associate members. But in fact, the powers that the WHO has are lim-
ited. According to the Constitution of the World Health Organization, the World Health
Assembly is the highest authority of the WHO. It has the power to decide WHO policies
and appoint the Director-General. However, Article 18 of the law also stipulates, the
Health Assembly instruct the Board and the Director-General to bring to the attention
of Members, any matter with regard to health which the Health Assembly may consider
appropriate. The legal effect of words like “attention” is very weak. Similarly, the terms
“recommendation”, “communication,” and “negotiation” are used inmany places in IHR
that regulate public health emergencies. Article 10 of the Regulation stipulates that after
receiving information thatmay constitute a public health emergency of international con-
cern, the WHO shall express its willingness to cooperate with the relevant state party.
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However, if the state party does not accept the cooperation proposal, WHO can only
encourage its cooperation. Therefore, in terms of public health emergencies, WHO’s
role is mainly to make temporary or long-term recommendations to the contracting par-
ties, but Article 1 of the IHR stipulates that these recommendations are non-binding. To
sum up, WHO has the decision-making power and executive power, but its power is still
limited. The limited power makes its treaties frequently violated by member states, and
its suggestions are not accepted by member states. All these make WHO gradually fade
out of the international public health authority center.

2.2 Effectiveness of Relevant Agreements Signed by WHO

Articles 19 to 23 of the Constitution of the World Health Organization grant WHO
the quasi-legislative power in the field of public health. So far, WHO has only con-
cluded 1 convention (the Framework Convention on Tobacco Control) and 2 regulations
(International Health Regulations and International Classification of Diseases). These
international agreements belong to international public law, but WHO itself prefers
to rely on non-legally binding resolutions and recommendations. These international
documents are international soft law, that is, “soft law usually refers to international
documents of principles, norms, standards or other statements other than treaties” [4].
The reason for this is that compared with domestic law, international law is not strong
in legal effect, enforcement, and binding. Therefore, even if an international agreement
is drawn up, the contracting parties will probably not comply. Once a contracting party
violates the international agreement, the authority of WHO will also be hurt. These
characteristics of international law have given rise to the nihilistic view of international
law, that international law is not a real law, but such a view will lead to power politics in
international relations and is even more detrimental to international cooperation. Take
this novel coronavirus epidemic as an example. Although WHO has been criticized and
ignored many times, the world needs a specialized international organization to lead the
global fight against the epidemic. This is something that all sovereign countries cannot
deny. Therefore, it should be considered that although the legal force of international law
is not as strong as that of domestic law, it is determined by the nature of the international
community. It is still a real law with certain legal effects.

3 Analysis of WHO’s Behavior Under Emergent Public Health
Events

The novel coronavirus epidemic is a public health emergency. At present, most of the
international laws on emergency response involve the prevention of emergencies. Some
countries directly focus on prevention as the principle, and the purpose is to achieve the
effect of “using a small amount of money for prevention rather than spending a lot of
money for treatment” [5]. The prevention here refers to relying on risk assessment, risk
management and other risk regulation methods, striving to eliminate emergencies in the
bud, that is, to prevent potential risks from evolving into emergencies in time, and then
minimize the losses caused. Regarding risk, various social forms in various periods in
human history are, in a sense, a risk society [6]. Modern society is under the background
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of globalization, and risks are also trending towards globalization. The above-mentioned
reasons have prompted international organizations that transcend national boundaries to
begin to assume the responsibility of risk regulation. As far as the public health field
is concerned, WHO is professional, has the powers of risk assessment, monitoring, and
making recommendations, and is a competent risk regulation body.

3.1 Modern Risk Society and Its Characteristics

Human beings have always been in a risk society. But in the contemporary era, the sig-
nificance of risk to society is completely different from that of the past. On the one hand,
modern social risks cover a wider range. That is to say, globalization has increased the
interdependence of countries, societies, and people, and risks will affect more countries
and regions than before, and the consequences will require more people to bear. On the
other hand, the modern risk society has deeper risks, such as ecological deterioration
and nuclear technology threats. Any kind of risk poses a serious threat to human sur-
vival and development. Once the risk regulation fails and the risk is transformed into
an emergency, the harm to the world will be incalculable. In addition, modern social
risks tend to shift from natural risks to man-made risks, from single risk consequence to
multiple risk consequences. Take the novel coronavirus epidemic as an example. When
the risk turns into a public health emergency, not only is the world’s medical and health
system destroyed, but the economic situation is also hit. International traffic has been
severely restricted, and even food security problems have become more serious in some
economically underdeveloped areas. Severe disasters exceed the processing capacity of
early warning and monitoring, and catastrophic accidents have various impacts, making
risk calculation impossible [7].

3.2 Modern Risk Society and Its Characteristics

There is a process for the occurrence and evolution of emergencies. There aremanymod-
els in the world that can divide the specific stages of the above process. Among them,
the PPRR model is the most widely used, including prevention, preparation, response,
and recovery [8]. Emergency response activities can be classified according to the PPRR
model. The first is “prevention”. The purpose of prevention is to eliminate risks, avoid
emergencies, or take measures in advance to reduce the hazards of emergencies if they
cannot be avoided. In the early stage of the novel coronavirus epidemic, whether there
will be human-to-human transmission of the COVID-19 requires a certain period of
monitoring to determine. Monitoring data requires risk assessment to predict the possi-
ble negative effects of specific hazards. On February 28, the WHO raised the global risk
level of the “Covid-19” epidemic from “high” to “very high”, which is a risk assessment.
On the basis of risk assessment, the subject of risk regulation should implement appro-
priate measures to prevent the occurrence of emergencies. All of these measures are
“prevention”. The response activity after prevention is “preparation”, that is, to ensure
that the affected area is prepared for the hazard. Taking this public health emergency as
an example, preparations for nucleic acid testing, preparation of ventilators, and protec-
tive clothing for medical staff are all preparations. “Responding” refers to providing an
effective response. Themostwidely adopted andmost effective response to this epidemic
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is social isolation. The last emergency response activity is “recovery”, which refers to
providing recovery assistance to the affected areas, such as providing funds, material
support and technical guidance.

3.3 Analysis of WHO’s Emergency Response Behavior

The Director-General of WHO once introduced that WHO has done five aspects of
work in response to the novel coronavirus epidemic. Among them, the three aspects of
providing necessary medical equipment and training for frontline medical staff, mobi-
lizing medical staff and accelerating the speed of vaccine development are fully meet
the requirements of Article 13 of IHR, also meet the emergency response, and embody
the international humanitarian spirit. However, other WHO work, especially the risk
assessment of the novel coronavirus, has been seriously questioned and criticized. On
January 23, WHO believed that the novel coronavirus epidemic did not meet the PHEIC
standard, and the global risk level of the epidemic was also intermediate. On January 27,
WHO admitted to the misjudgment and adjusted the risk level to high. It was not until
January 30 that the WHO declared that the epidemic constituted an international public
health emergency, but the number of confirmed cases at this time had increased tenfold.
From the results of WHO’s risk assessment, it is indeed not a reasonable emergency
response behavior. One of the reasons for the failure of the assessment is WHO’s major
structural weakness, which relies on information provided by member states for risk
assessment [9]. To confirm this point, North Korea has not reported any cases of coron-
avirus at present, and WHO is unable to verify it by itself. The root of WHO’s weakness
is that WHO as an international organization has too limited power, and it is also hin-
dered by budgetary and political pressure. WHO also has other response behaviors and
cannot judge the rationality of its behaviors. For example, the WHO does not approve
or even oppose the implementation of travel bans by countries, but the countries ignore
the warnings of the WHO. The reason for the inability to judge is that the positions of
the two sides are different. WHO believes that international bans may hinder the trans-
portation of required resources or delay aid and technical support. However, sovereign
states believe that such restrictions are a policy that caters to public opinion and will
indeed reduce the risk of domestic people contracting the novel coronavirus epidemic.
International organizations and sovereign states consider different issues regardless of
whether they are political or legal. However, the power of a sovereign state is stronger
than that of an international organization. When the interests of both parties conflict, the
authority of the international organization is often the result of damage. This is also an
urgent need to be resolved in the formation and development of the law of international
organizations.

4 Suggestions on Perfecting WHO’s Statutory Power Under Public
Health Emergencies

WHO is under great pressure and criticism in this epidemic, but at the same time,
government officials and scholars from all walks of life are also calling on WHO to
carry out reform in order to return to the authoritative center of public health in the
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world. Based on the previous analysis, WHO’s own dilemma lies in two aspects: First,
as an international organization, WHO has limited powers. The second is that WHO
is considered to lack independence from its member states. WHO itself faces pressure
from political powers, and because 70%–80% of its funds come from donations, it is
also subject to pressure from major donor countries and even donor organizations. To
solve these problems, WHO needs to readjust its related systems and improve related
laws.

4.1 Respect and Improve WHO’s Role in Responding to Specific (Emergency)
Events

The novel coronavirus epidemic has once again confirmed that in the context of amodern
risk society, infectious diseases cannot have a destructive effect in a certain fixed area,
and no country can be immune to it. Only by starting from a global perspective and
adopting consistent prevention and control actions through cooperation can countries
prevent the spread of the disease. For this kind of cooperation to produce practical
results, international public health organizations with world influence are needed to lead,
provide professional advice, allocate rights and obligations in cooperation, and share
information and technology. This is why, while WHO is constantly being questioned,
many scholars still do not agree with the behavior of giving up or withdrawing from the
WHO. WHO is the only global organization whose mission, scope and infrastructure
are suitable for this, although it is in urgent need of reform and improvement. In fact,
most sovereign countries know that the world urgently needs a well-functioning global
health institution. According to Reuters, negotiations on WHO reform were held in
early August, but because the United States still tried to lead the negotiations after it
withdrew from the WHO, France and Germany have withdrawn from the negotiations
[10]. Negotiations on the reform of the WHO should be held again, and member states
should try their best to send representatives to participate in order to show the fairness
of the negotiations. Representatives of member states should put forward suggestions
on this WHO reform at the negotiation meeting. Various adjustment and improvement
measures should be determined in the form of public international law. Member states
should ensure that they respect the requirements and recommendations of the WHO
when responding to public health emergencies, and at the same time, ensure that they
fulfill their obligations as member states, and actively cooperate with WHO in the face
of health emergencies. Only when these actions are implemented can the WHO carry
out truly effective reforms.

4.2 Further Reform WHO’s Operating Mechanism

TheWHOdoes not have toomuch power but has been subject to interference by political
powers, which has been criticized. In this reform,WHO should standardize its operating
system so that its recommendations can be better implemented in all member states.
At the same time, WHO should try to remove political factors, restore its scientific
credibility, and make the overall operation of WHO more transparent and fair.

Innovate the Election System of WHO Functional Departments. During the novel
coronavirus epidemic, the US government has been accusing the WHO of focusing on
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China’s interests. At the same time,many reports claimed that the currentWHODirector-
General Tedros was elected with the support of China and its group. In fact, the WHO
functional department elections have always been full of political colors. It is said that in
the early 1990s, Japan put pressure on small countries through trade actions and provided
assistance to them in order to win support for the reappointment of its director general
candidate. Historically, unwritten regulations also required five of the sixWHO assistant
directors to come from the United States, Britain, France, the Soviet Union and China
[11]. Such excessive political involvement will undoubtedly affect WHO’s leadership
in the global fight against the novel coronavirus epidemic. Therefore, the adjustment of
the election system of WHO’s functional departments should also be the focus of this
WHO reform. All member states should send representatives to conduct fair elections.
If the leadership of each functional department continues to be the same person, strict
review or prohibit the same person from continuously serving as the leadership of the
same functional department. At the same time, the World Health Assembly maintains
representative democracy in the 194 member states of the World Health Organization.

Standardize the Implementation Procedures of Relevant WHO Agreements.
International agreements are soft law, and do not have actual enforcement power com-
pared with the domestic laws of sovereign states. The WHO-related international agree-
ments mainly stipulate the rights and obligations of WHO and member states, and
seldom involve the responsibilities that both parties should bear if they violate inter-
national agreements. Therefore, in order to better implement the recommendations and
policies formulated by the WHO, international agreements can increase the “cost” that
member states should pay after breach of contract. For example, cancel the voting rights
of the defaulting country in the next meeting or prohibit representatives of the defaulting
country from participating in the election of members of the executive committee.

Promote the Change of WHO’s Funding Structure. Currently, 70%–80% ofWHO’s
annual funding comes from voluntary contributions. Powerful donor countries or orga-
nizations donate to WHO for specific purposes, in order to influence WHO’s follow-up
actions. This specificpurpose is oftennot related to global health needs, but only related to
the donor’s own interests, which undoubtedly underminesWHO’s planning in the health
field. Therefore, WHO should lower the proportion of donations in the organization’s
funds each year and increase the share of long-term funding agreements [11].

4.3 Promote the Coordinated Development of International Affairs Governance

In the context of globalization, not only sovereign states need to cooperate with each
other, but WHO as an international organization can also cooperate with other interna-
tional organizations or civil organizations to broaden information and data collection
channels and further expand its influence.

Collaborative Governance of Multiple Entities. In this epidemic, the performance
of many non-official organizations was surprising, such as OWID and Johns Hopkins
University, the latter’s epidemic data was quoted by many countries. For a long time,
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the IHR infectious disease alert mechanism has had the problem of too limited infor-
mation sources. It is difficult to control the crisis situation in a timely and effective
manner by using official channels as the only channel to understand infectious disease
outbreaks. Therefore, WHO can cooperate with other organizations, and WHO needs
further screening of data and information transmitted by other organizations.

The Coordinated Governance of Domestic and International Law. At present, more
and more sovereign countries have legislation on emergencies, such as China’s “Emer-
gency Response Act”, the United States’ “Disaster Relief and Emergency Assistance
Act”, and Japan’s “Disaster Response Basic Law”. The domestic laws of these sovereign
countries have different focuses, but their pursuit of solving public health problems and
maintaining public health is the same,which is also the legislative purpose of IHR.There-
fore, these domestic laws can be governed in concert with international laws. When it
comes to internal issues of each country, safeguard the sovereignty and constitutional
authority of each country and implement relevant domestic laws. On international issues,
follow international agreements and promote cooperation among countries to prevent
disasters from spreading globally.

5 Conclusions

During the COVID-19 pandemic, WHO has been subject to controversy and doubts,
and its lack of power and independence has been criticized by many parties. However,
its influence in the world is still there, and the world needs global public health orga-
nizations to lead the world. Therefore, WHO should carry out reform instead of being
completely marginalized. In order for the WHO’s reform to play a substantial role,
member states should respect the role of WHO in public health emergencies, and WHO
itself should also improve its functions such as the election of functional departments
and the implementation procedures of relevant international agreements. In the future,
WHO can cooperate with other international organizations or non-official organizations
to expand information and data collection channels. At the same time, deepen the con-
nection between the relevant WHO international agreements and the domestic laws of
sovereign states, so that domestic laws and international laws can coordinate public
health incidents. Member states and international organizations cooperate well to build
a community with a shared future for mankind.
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Abstract. This paper will review past economic models and through the analy-
sis of mature economic and psychological models, this paper explains the ratio-
nal man hypothesis and its deficiency in practical application. This paper fur-
ther reviews the criticism of the rational man hypothesis in the past, and intro-
duces behavioral economics and the overconfidence theory. The characteristics
of overconfidence of entrepreneurs will be focused in this paper. Whether there
is overconfidence in entrepreneurs and whether overconfidence will affect their
entrepreneurial decision-making will be elaborated in this paper. It is expected to
deepen the understanding of the entrepreneurs’ own characteristics and provide a
theoretical basis for the success of entrepreneurship.

Keywords: Behavioral economic · Overconfidence · Entrepreneurship ·
Management

1 Introduction

Nowadays, the entrepreneurial environment is complex and full of uncertain factors.
The superposition of these factors has caused most of the entrepreneurial activities to
generally end in failure. Not many new ventures can truly survive and grow in such a
complex environment. Studies have shown that Chinese new ventures will face great
challenges within 7 years of their establishment, and there will be the risk of exiting
market competition. Among the new ventures, nearly 60% of the companies will exit
the market within 5 years [1]. The success or failure of a business is related to many
factors, such as the company’s internal environment and external environment, but it is
undeniable that the entrepreneurs’ own characteristics, qualities, and abilities will play
a decisive role in the entrepreneurial process.

The overconfidence of entrepreneurs is generally considered unfavorable and should
be corrected. The overconfidence of entrepreneurs is rarely recorded in the literature, but
in real cases, business can’t stand without overconfidence from entrepreneurs: like in the
early days of Apple’s founding, many people did not think that Jobs andWozniak would
succeed, but the two entrepreneurs persisted and cultivated a technology start-up beyond
people’s imagination [2]. From this point of view, their irrationality or “overconfidence”
in themselves makes entrepreneurial success.

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
C. Yuan et al. (Eds.): Proceedings of the 4th International Conference on Economic Management
and Green Development, AEPS, pp. 117–124, 2021.
https://doi.org/10.1007/978-981-16-5359-9_15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5359-9_15&domain=pdf
https://doi.org/10.1007/978-981-16-5359-9_15


118 Y. Liu

Based on this, this article will address analysis of the concept of overconfidence and
relevant effects of overconfidence on entrepreneurs, so as to deepen the understanding
of entrepreneurs’ own characteristics and provide a theoretical basis for entrepreneurial
success.

2 Hypotheses and Theoretical Models

There is an essential monopolistic competitive market model in microeconomics. When
the marginal revenue (MR) is lower than the short-term marginal variable cost (SRMC)
[3], if the company continues to operate, the net profit will be negative. That is to say,
if the company continues to produce products or provide services, it will gradually lose
money, because the profit generated by a unit of product or service will not cover the
unit cost. However, in reality, many entrepreneurs continue to operate the company even
if they have reached the above-mentioned situation, not because they cannot calculate
the specific MR and SAC or correctly figure out the critical point of production volume,
but because the entrepreneurs believe that their companies will be successful in the near
future. The factor that causes entrepreneurs to have this belief is overconfidence.

2.1 The Rational Man Hypothesis

Whenever we use any economic model to analyze economic phenomena from macro
to micro perspectives, the economic man hypothesis proposed by Adam Smith or the
rational man hypothesis that later evolved cannot be ignored. In the rational man hypoth-
esis, all actions taken by all economic individuals are to choose the decision with the
largest net-benefit after calculating costs and benefits, rather than emotionally. And all
economic actions taken by all economic individuals are with the ultimate goal of maxi-
mizing their own economic interests. As a classic assumption in economics, the rational
man hypothesis has been used for more than 200 years [4]. Until today, the rational man
hypothesis is also a self-evident hypothesis in Western economics.

Economic individuals in the rational man hypothesis have the following four
characteristics:

First, economic individuals are completely rational, and their decisions are optimized
through rational analysis of final costs and benefits. As mentioned above, economic
individuals will not be affected by any emotional factors in their decision-making. For
example, whereas irrational people will give alms to beggars out of pity [5], rational
people may give alms in consideration of the positive impact of alms on themselves,
such as public relations and their own affinity.

Second is self-interest. The behavior of economic individuals is infinitely self-
interested and avoids harm. Adam Smith pointed out in The Wealth of Nations, “The
food and drink we need every day is not the blessing of the butcher, brewer or baker,
but the self-interested plan.” In Smith’s view, human nature is selfish, and all economic
phenomena are rooted in human’s self-interested nature.

Third, economic individuals have stable and well-organized preferences and clarify
their own preferences.
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Fourth, the individual has the ability to calculate the net profit of each decision out-
come. In the hypothesis, market information is consistent for every economic individual,
and every individual can obtain and process it.

These assumptions help the processing of economic models. Ignoring the economic
behavior of “disturbing individuals” in some economies, these assumptions able us to
use a simpler way to derive some simple and logical conclusions or models such as
market and the supply and demand curve. These conclusions or economic models can
show economic principles more intuitively and use them to conclude economic laws.
For example, by assuming that all economic entities in the market are rational people,
two straight supply and demand curves can be drawn to help us understand how market
prices are generated.

2.2 Simon’s Bounded Rationality Theory

Herbert A. Simon proposed the concept of bounded rationality from two basic aspects
– “The limit of rationality is seen from the fact that the human brain cannot consider the
value and knowledge of a decision. And in all aspects of behavior, human reason works
within the limits of the psychological environment.”

The theory indicates that humans are animals that have demands, and their demands
have a level of severity. Only when the needs of the lower levels are met, the needs of
the higher levels will appear. These theories deny the traditional “rational man hypoth-
esis” which regards economic interests as the only needs of human beings, making the
“economic man hypothesis” move a big step towards reality and improving its ability to
interpret reality (Fig. 1).

Fig. 1. The pyramid of human demands from Simon’s bounded rationality.
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2.3 Prospect Theory

Prospect theory was clearly put forward in 1979 by Daniel Kahneman (the 2002 Nobel
Prize winner in Economic Sciences) and Amos Tversky. The characteristics shown by
the choice made by individuals at risk are inconsistent with the basic principles of
utility theory. Prospect theory is to describe people’s performance in the process of
decision-making when facing risks. They found that people’s risk preference behavior
was inconsistent when facing gains and losses.

Psychology professor Kahneman brought behavioral economics to the world. In
fact, some people began to study behavioral economics in the 1950s, but the previous
researchwas relatively fragmented. Itwas not until the 1970s thatKahneman andTversky
conducted extensive and systematic research in this field.

Prospect theory emphasizes that people’s behavior is not only driven by interests, but
also affected by a variety of psychological factors. Prospect theory effectively combines
psychological researchwith economic research, reveals the decision-makingmechanism
under uncertainty, and opens up a new field of research.

The prospect theory points out that people make decisions based on the potential
value of losses and gains, not the final result.

Kahneman concluded a series of experimental data and used mathematical functions
to explain human behaviors (Fig. 2).

Fig. 2. The value curve of prospect theory.

The vertical axis represents the value one perceives in a circumstance and the hori-
zontal axis represents the outcome of it. When the gain or loss of the result is relatively
small, the value change is relatively slow, and during loss, the absolute value of issue
increases quicker than during gain. However, when the gain and loss are relatively large,
the rate of change declines, and the value of gain will nearly stay at a stable level while
the value of loss still increases even in a slower rate. This function explains that people’s
sensitivity to loss and gain is different, and indicates that the painful feeling at loss is
much greater than the happiness of gaining. In this function, when the horizontal axis
result is larger and more inclined to profit, the value growth rate felt by the decision
maker gradually decreases until it is a constant. When the result tends to be loss, even
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the rate of increase in loss felt by the tester has decreased, and loss still continues to
increase in reality. There are three characteristics in the value function. They claim that
first, most people are risk-averse when facing gains [6]; second, most people are risk-
preferred when facing losses; third, people tend to be more sensitive to loss compared
with gain. Therefore, people tend to be cautious and unwilling to take risks when faced
with gains; but when faced with losses, they are willing and easy to take risks [7].

The vertical axis of the weighting function is the expected probability, and the dotted
line draws the probability that investors consider in decision-making. If we consider the
probability lower than 50% as a small probability, the probability higher than it is a
bigger probability.

As can be seen from the figure, investors tend to believe that small probability events
will occur (such as winning a lottery), while in fact, for events with higher probability
(such as the stocks purchased are not immediately rising), investors prefer to believe that
their chances of occurrence are lower than actual probability.

This function could explain why people tend to be irrational with small-probability
events but faltering with relatively certain events (Fig. 3).

Fig. 3. The weighting function of prospect theory.

3 The Connotation of Overconfidence

Overconfidence is an external manifestation of individual psychology, which is consid-
ered as “irrationality” [8]. It originated from the related concepts of psychology at first,
and then gradually developed and became an important content of behavioral cognition.
In recent years, the concept of overconfidence has been givenmore andmore attention. In
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psychology, overconfidence can be understood as a deviation or amistake. This is mainly
because, in a large number of psychological experiments, there will always be such a
phenomenon, that experimental participants think that the correct probability is often
higher than the real probability value. Therefore, psychologists use this phenomenon to
describe overconfidence. This definition is the initial description of overconfidence by
psychologists. It mainly occurred around the 1970s [9]. With further studies, the concept
of overconfidence has gradually become clear. At present, the concept of overconfidence
in academia can be divided into the following four aspects:

First is the wrong estimation of status. People tend to overestimate their ranking
in the group and most people think they are better than average (shown by fund mem-
ber experiments). Entrepreneurs may also overestimate their company’s ranking among
competitors and may think that they are “in the lead”. Therefore, entrepreneurs will take
it for granted that other companies must be suffering, which will help them to stick to
the operation and believe that there will be fewer competitors and subsequent profits in
the future.

Second, the overestimation of control: entrepreneurs tend to think that the company
has control over the whole market. Entrepreneurs will think that their company has won
a place in the market, and this “position” will bring profits to the company in the future.
For example, entrepreneurs think that their previous losses are due to the top price, and
have made their company out of the tight encirclement in the market to get a “place”
(here is also a wrong estimation of the status). If it continues to operate, its absolute or
dominant position in the market will bring long-term profits, so it should continue to
operate even if it faces short-term losses. Entrepreneurs tend to think that the company
has some control over its customers. Many entrepreneurs believe that even though the
company is at a loss, the popularity, dependence, and recognition of customers have
gradually accumulated in the past, so the control of customers will make the company
“turn the corner” in the future.

Third is the wrong estimation of time. Many companies will inevitably suffer from
cyclical effects, such as seasons, and some entrepreneurs will inevitably misestimate
the timeliness of the impact of these cycles. If an entrepreneur mistakenly estimates
the duration of this decline cycle and believes that the company can persist in resisting
losses and usher in a “warm spring” in his estimated time, the company will continue to
operate in the loss.

Fourth is the expectation effect. People overestimate the probability of a small prob-
ability event (Prospect Theory) just because the outcome is what they expect. If the
entrepreneur has always believed that the reversal opportunity is around the corner, he
must drive the company to operate or even expand.

3.1 The Influence of Overconfidence on Entrepreneurs

Overconfidence, as an unavoidable “nature” just like emotions of human, cannot be
directly labeled as good or bad for entrepreneurs.
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3.2 An Analysis of the Negative Impact of Overconfidence on Entrepreneurs

Geers and Ensley (2006) believed that most overconfident entrepreneurs have unrealistic
expectations. They don’t pay attention to some negative factors that others think, and
make biased decisions on this basis. At the same time, these entrepreneurs tend to think
that their ability is higher than those around them, and the constraints on those people
are not applicable to themselves, which will lead to a more uncertain, unfamiliar, and
complex environment for these entrepreneurs, which will cause more difficulties for
entrepreneurship.

Gibson and Sanbonmatsu (2004) believed that overconfident entrepreneurs tend to
regard the negative information in the public’s minds to be positive, so they are less
sensitive to it, and cannot analyze the reasons for the positive or negative factors of
entrepreneurship. If entrepreneurs can maintain a reasonable level of rationality, their
decisions will be more realistic [10]. Entrepreneurs will hold a relatively high or low
confidence in their knowledge and ability, or in the future prediction of entrepreneurship,
which leads to the increasing chance of entrepreneurial failure. Because entrepreneurs
think that they have the basic ability to start a business successfully and are better than
others, theywill engage in high-risk entrepreneurial projects,which leads to an increasing
failure rate.

To sum up, overconfident entrepreneurs are often considered to have unrealistic
views and opinions. They will not value some recognized negative information, and
even have a misunderstanding of their own ability. Those who are considered as the
necessary conditions for the success of starting a business from a rational point of
view, in their view, have already possessed or think that they cannot affect their own
entrepreneurship. This situation leads to that they are easily encouraged by the so-called
positive environment, which makes them blindly adhere to their own entrepreneurial
behavior, and they will not retreat from the projects doomed to failure, thus resulting
in a large amount of waste of resources and loss of potential competitive advantage.
Therefore, the overconfidence of entrepreneurs will interfere with scientific judgment
and decision-making, which will lead to the failure of new ventures and the doom of
entrepreneurs.

4 The Influence of Overconfidence on Entrepreneurs

Kahneman and Lovallo (1993) believed that from the perspective of society as a whole,
due to the constant sacrifice of these “overconfident” peoplewhoplanted the seeds of suc-
cess, the survival probability of entrepreneurial groups could increase in entrepreneur-
ship. Therefore, the exploration of entrepreneurs’ overconfidence can bring positive
externality to entrepreneurial groups and bring greater social benefits. From the per-
spective of the whole society, due to the continuous attempt with overconfidence, people
have effectively promoted the innovation of social technology and the progress of human
civilization [11]. In addition to entrepreneurs, overconfident people also have a positive
impact on some innovation projects. Moreover, many successful cases show that it is
because of the hard management of these overconfident entrepreneurs that they can real-
ize some projects which cannot be seen by outsiders, and achieve a certain number of
amazing entrepreneurial spirit, creating an impossible entrepreneurial myth. Therefore,
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from this perspective, one of the advantages of overconfidence is to endow entrepreneurs
with tenacious strength to complete the so-called “impossible tasks”, and this background
is also what entrepreneurs need to face the uncertain environment. Therefore, this paper
argues that the benefits that overconfidence brings to entrepreneurs cannot be denied.
More overconfidence and less innovation lead to failure, which requires entrepreneurs
to find a balance according to their personal situation.

5 Summary

Traditionally, it is believed that the overconfidence of entrepreneurs plays a negative
role in entrepreneurship. Entrepreneurs often succeed only when they are fully rational.
However, in reality, many overconfident people are questioned at the beginning, but the
effect achieved in the later stage is unexpected. Therefore, starting from the essence
of overconfidence, this paper analyzes the relevant concepts and proves that overconfi-
dence has a negative impact on entrepreneurship, but also has a certain positive effect.
Therefore, entrepreneurs need a certain amount of overconfidence.
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Abstract. Blockchain is a digital record of transactions made with cryptocurren-
cies. It is a newly occurred concept, whose appearance just started twelve years ago
symbolized by the anonymous publication of the paper, Bitcoin: A Peer-to-Peer
Electronic Cash System. There is limited research on this buoyant technology,
thus this paper hopes to identify the factors that might have influence on the future
development of blockchain to provide an explicit depicting of blockchain. To
realize this goal, this paper identified three variables that may affect the future
development of blockchain, including population acceptance, government policy,
and technique support, and then constructed a model to describe development of
blockchain.

Keywords: Blockchain · Development · Linear regression model

1 Introduction

According to Daniel Drescher, Blockchain is defined as a digital record of transactions
made with cryptocurrencies [1]. To explain what Blockchain is, BTC, ETH, XRP, LTC
and other cryptocurrencies can be regarded as Taobao, Beijing Jingdong Centuy Trade,
Vipshop and other online trading platforms while Blockchain could be the analogy of
Internet, providing the place for online trading. This is just a rough analogy, but also can
help understand Blockchain superficially. As a newly invented technology, blockchain
has limited information while it is blooming in multiple perspectives. Thus it is vital to
identify the factors that might influence development of blockchain.

Blockchain officially appeared 12 years ago. During its development, technology
relevant to it simultaneously boomed since its underlying technology is complicated and
challenging, attracting individual elites and team to contribute to the relevant technology.
With the inevitability explosion of blockchain, enterprise with foresight started their
strategy correlated with blockchain and march into the blockchain projects. Government
from multiple nations also started their regulations and supervision on blockchain since
blockchain has inevitably break into routine business. Surrounded by these changes,
public has pay attention on its newly occurred concept and are willing to learn more
about blockchain, contributing to the prevalence of blockchain in recent years.

Against to this background, this paper would first identify the factors that might
have influence on blockchain development. Then, after setting the variables, a linear
regression model would be constructed and statistical test would be delivered to test the
feasibility of the model. Finally, factors affecting blockchain would be ascertained.
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2 Aim and Methodology

This paper hopes to find out the factors influencing development of blockchain by finding
out factors intensifying or suppressing blockchain development based on its development
process in the past years and construct a model using the variables. In the analysis, linear
regression model would be applied via software R. This model will be constructed to
exemplify the correlation between variables.

3 Analysis of Factors Affecting Development of Blockchain

Relevant analysis would include introduction on variable setting andmodel construction.

3.1 Variable Setting

Three factors that might influence the development of blockchain based on the develop-
ment of blockchain, including acceptance from public, policy from government, and
technique support, are selected as independent variables while the development of
Blockchain is set up as dependent variable. All these variables are hardly to be quantified,
thus indirect data would be referred to help build a model describing the development
of blockchain, as introduced below.

(1) Dependent variable: development of blockchain

The development of Blockchain is described by the Blockchain financing quantity
of Blockchain projects as shown below [2] (Table 1).

Table 1. Financing quantity and average amount of blockchain project in China from 2014 to
2018.

2014 2015 2016 2017 2018

Financing quantity 10 6 26 54 19

Average financing amount (in hundred
million/China yuan)

0.280 0.126 0.180 0.235 0.358

However, specific data in 2013 is missing and calculation is required. It would be
calculated by multiplying the financing quantity to the ratio of number of Blockchain
projects in 2013 and 2014. This is rational because in the initial stage of Blockchain
projects development, where no enormous Blockchain project occurred, the financing
quantity is proportional to the number of Blockchain projects. The calculated result
of financing quantity is 4 hundred million China yuan and final version of blockchain
development, represented by financing quantity, is shown below (Table 2).
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Table 2. Blockchain development from 2013 to 2018.

2013 2014 2015 2016 2017 2018

Blockchain development 4 10 6 26 54 19

(2) Independent variable: acceptance from public

Acceptance from public might affect development of Blockchain since it would
influence the operation of Blockchain projects, and furthermore affect the potential
development of it. There is no specific statistics to describe this variable, hence the
acceptance from public will be described by the adoption rate of Fintech (Financial
Technology), as shown below [3] (Table 3 and Fig. 1).

Table 3. Adoption rate of Fintech from 2015 to 2018.

2015 2016 2017 2018

Adoption rate of Fintech 0.206 0.31 0.46 0.64

Fig. 1. Linear regression model of adoption rate of Fintech.
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However, adoption rate of Fintech in 2014 and 2013 were not counted. To attain
the two missing data, a linear regression model describing the relationship between the
adoption rate and year is set up as follows.

It could be viewed from the results that there is a linear relationship between ‘year’
and ‘adoption rate’ since the R-squared equals to 0.986369, which is approximate to 1,
indicating the fitness of this linear relationship. Thus acceptance of 2014 and 2013 is able
to be calculated referring to this relationship, which is 0.01042 and 0.041, respectively.
Final version of acceptance from public is shown as below (Table 4).

Table 4. Public acceptance of blockchain from 2013 to 2018.

2013 2014 2015 2016 2017 2018

Public acceptance 0.01042 0.041 0.206 0.31 0.46 0.64

(3) Independent variable: policy from government

Policy obviously has influence on the development since the regulation on
Blockchain would encumber its development while policies encouraging Blockchain
projects would have opposite effect. The variable of policy from government is capital-
ized by the number of policies published both by central government and local govern-
ment to support or regulate the Blockchain development, the former of which is counted
as 1 each while the latter is counted as −1 each. Among them, considering each pol-
icy varies in power and weighting, this paper utilized GDP, acquired in China National
Statistics, as the foundation to weight policies that set the national policy weight as 1
and each policy issued independently by provinces or cities is weighted according to
the percentage of the national GDP. For example, Beijing issued a policy to promote
Blockchain development in 2016 and Beijing’s GDP accounted for 3.47% of the national
GDP that year, so the data of this policy in 2016 was 1*3.47%. To calculate the influence
of policy in 2016, all policies issued in China in 2016 were needed to calculate the data
of each policy and then added them together. As an analogy, the policy impact over the
years can be calculated [4]. Since specific policy targeting on blockchain before 2016 is
uncertain, influence weight of 2015 would be set as 1 because of positive attitude from
government while influence weight of 2014 and 2013 would be set as−1 due to adverse
attitude of government. The procedure and final result are shown below (Table 5).
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(4) Independent variable: technique support

Technique support is represented by the number of blockchain relevant jobs [2],
since once technique foundation has been made, the scale of practitioners would be one
of the important factors to prompt the technique development (Table 6).

Table 6. Blockchain relevant jobs offered from 2016 to 2018.

2016 2017 2018

Technique support 350 1990 6000

However, only statistics in 2016, 2017 and 2018 could be found while data in 2015
could be calculated through the increasing rate from 2015 to 2016. Since year 2013 and
2014 are the period when blockchain project has just started, the number of positions
related to Blockchain is relatively steady and lower than that in 2015, both statistics in
the two years are estimated as 100. Final version of technique support is shown below
(Table 7).

Table 7. Technique support for blockchain.

2013 2014 2015 2016 2017 2018

Technique support 100 100 350 350 1990 6000

3.2 Model Construction

A linear regression model describing correlation between blockchain development and
acceptance from public, government policy and technique support was established using
the software R.

By setting Blockchain development as dependent variable while acceptance from
public, policy fromgovernment and technical support as independent variables, the linear
regressionmodel is constructed. The R-squared value equals to 0.911754, indicating that
the fitness of this model is approximately equal to 91%, a relatively high value. Thus
thismodel is applicable. Acceptance from public, policy from government and technique
support are the three factors contributing to the development of Blockchain.

It could also be observed that each variable is positively correlated with development
of blockchain, a reasonable phenomenon that satisfy the economic test. Since once pub-
lic feels more confident about blockchain, investors and enterprises would have more
motivation to develop blockchain project, believing that public would willing to accept
and use these project. Promotion on technology also positively affects development
of blockchain. With the progression on technique support, users are able to obtain a
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more impressed and comfortable experience, which apparently beneficial to the spread-
ing of blockchain. Policy has always played significant role in every aspect in society,
attributing to the great power owned by authorities (Fig. 2).

Fig. 2. Linear regression model of blockchain development.

4 Conclusion

Three factors, including acceptance from public, policy from government, and tech-
nique support, are variables contributing to development of Blockchain. To verify the
correlation between blockchain development and the three factors, a linear regression
model was constructed using the software R. Since both dependent and independent
variable could not be quantified directly, indirect statistics were collected to describe the
variables. Financing quantity of blockchain project was selected to measure blockchain
development, number of jobs offered in blockchain industry was selected to measure
technique support and popularity rate of Fintech was selected for acceptance from pub-
lic. For policy from government, the influence from each policy was weighted by GDP
proportion in the area the policy was introduced and annual influence was the summary
of total influence from all policies.

It could be substantiated through the model that development of blockchain is
affected by the three factors. Acceptance from public in the future is expected to increase
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while technical development tend to incline in the countries with supporting policies for
blockchain, thus it could be speculated that blockchain would be boost in these countries.

5 Limitation on Analysis

Several limitations still exist from the previous analysis.

(1) The scale of data collected is limited in 6, which is under 30, indicating that the
distribution does not satisfy normal distribution, weakening the accuracy of the
modal. However, this is inevitable because blockchain is a new conception which
was put forward in 2008. Relevant projects and census have just started a few years
ago, highly restricting the collection of data.

(2) The data used to describe the dependent and independent variables, i.e. blockchain
financing quantity of blockchain project, Fintech popularity rate, influence weight
of policy from government and jobs related to blockchain offered, cannot totally
represent the true situation in reality. This can also lead to misinterpreting of the
model.

(3) There are only three factors in the model describing development of Blockchain.
It is possible that certain elements which also deliver influence on blockchain
development were not detected. Missing factors also impair the accuracy of the
model.

(4) The data used might contain tiny errors itself. However, this kind of systematic
error cannot be avoided.

(5) There might be better function form of the model but was not found out and used.
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Abstract. Motivated by theCOVID-19 drugs and vaccination competition, I want
to discuss some core characteristics of drugs as a special good in the market.
During this paper, we are hoping to discuss the uniqueness of drugs when it
comes to the regulation policy: patented drugs and generic drugs. We will be able
to understand how the companies and patentee get economic profits with high
R&D costs. Because drugs are highly connected to people’s well-being, I will
also go over the current status of compulsory licensing of drugs and history. We
will see how developing countries use the TRIP Agreement to improve certain
disease situations with real examples.

Keywords: Patented drugs · Compulsory licensing · Generic drugs · R&D

1 Introduction

Like what Thomas Nagle said in his paper Economic Foundations for Pricing: Pricing,
like most business decisions, is an art [1]. It is not a pure economic model as in real
life, variables do not hold constant all the time. When it comes to pricing decisions, it
is more likely to have an interdisciplinary learning: law, psychology, sociology, supply
chain, etc. The broader the study covers, the more concise it is, but at the same time,
more complicated and focused. In 2020, we had another outbreak of plague which has
prompted us to focus more on pharmaceutical products. For most of us, this is a time
when we focus on how different drugs and vaccines are invented and produced and
cause all kinds of discussions and debates. In this paper, I try to focus on patents on
pharmaceuticals, especially in combination with compulsory licensing.

2 R&D and the Specificity of Drugs

Drugs are considered as essentials, but their prices do not depend entirely on market
supply and demand, but also on patent pricing, innovation cost, etc. The pricing system
reflects several factors and is more complex than the average product. Even though the
production of the product creates costs, the majority cost needs to be covered is the
innovation costs. Pharmaceutical product is unique as it depends on uncertain innova-
tion and research success, especially patent life doesn’t depend on the investment cost.
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Pharmaceutical companies, although highly correlated with social welfare, still aim to
make a profit. There is evidence that the capital costs on the average R&D outlays of &
5.5 billion over 15-years, accounting for the cost of times and risks, are $17.2 billion [2].
This costly R&D process, however, doesn’t mean there is definitely some product hitting
the market. Failure on any trial phase can cause the failure of the whole innovation. For
pharmaceutical companies, one successful product may need to cover multiple failing
products’ R&D costs. Another issue related to R&D costs is the production process is
relatively cheap. Given the externalities of the technology, with no R&D costs and risks,
pharmaceutical companies can just create a generic drug and sell them with a very low
price. Without a doubt, the market will choose the generic drug and the innovator fails
to cover the cost, and incentives for innovation are hampered, leading investors to be
more cautious about investing in drug development.

3 Patented Drugs and Generic Drugs

In order to better study the patent compulsory licensing system, we first need to under-
stand how the product uniqueness is defined: patented drugs and generic drugs, and how
the current law protects the patentees’ economic benefits. Patent is a form of intellectual
property that gives its owner the legal right to exclude others from making, using, or
selling an invention for a limited period of years in exchange for publishing an enabling
public disclosure of the invention. In the drugs market, the number of years is 20 years.
This means that the manufacturer has 20 years to cover all costs, or they will be ruled
out of business. There is a common misunderstanding that the patent only begins when
the product enters the market. However, the patent is effective long before public use to
prevent potential copycat drugs. According to research, the profitable time frame after
the FDA approval is typically between 7 and 12 years. Hence, most innovative drugs that
are under patent are much more expensive than the older drugs that are no longer under
patent. When the patent expires, competitor firms will submit an abbreviated new drug
application (ANDA) to FDA to prove that its product is “bioequivalent”, meaning it gets
to the part of the body where the drug works at the same time and in the same amount
[3]. This product is called “generic drugs”. It works in the same way as the “innovative
drug”. Even though the FDA may still require certain clinical trials, it is much simpler
than the innovative drugs trial. The profit margin is relatively bigger, considering there
are no R&D costs. The innovator company loses its market share during this process
due to loss of selling.

However, the mechanics of inventing generic drugs dictate that the results are only
approximate, not duplicative. The FDA rules have a pretty big range. A generic’s max-
imum concentration of active ingredients in the blood must not fall more than 20%
or 25% above that of the brand name. Furthermore, drugs are composed of two com-
ponents: active ingredient and additional ingredient. The FDA tends to have an easier
regulation on the generic drugs’ additional ingredients. In an effort to maximize profits,
generic drug companies tend to use cheaper ingredients to manufacture these additional
ingredients, which has proven to infect the dissolution of the drug.

Even though the generic drugs hit the patented drug hard, many pharmaceutical
companies have another strategy to extend the lifetime of the patents. This idea usually
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involves making minor changes to the drug in order to create a new patent. Even though
theminor changes don’t change the overall effect of the drugs, the newpatent successfully
extends the exclusivity. This is called “evergreening” and has become a big problem as it
doesn’t help patients, but mainly helps the bottom line. The extension of the patent will
create more revenues to help the company with more budgets to invest in new R&D. At
some level, it is like a sophisticated generic drug produced by the same company while
the patients still need to pay a high price.

4 Patent and Licensing

Licensing is a strategy for innovative companies to overcome the economic crisis. Con-
sidering the lengthy and costly R&D process, it is hard for an innovative company to
cover all the cost from the very beginning. If the budget is low, smaller companies with
relatively good technology often have to shut down in themiddle of their innovation. The
number of licensing transfers in the biotechnology industry is at least 10 times higher
than in other industries (factors affecting pricing in patent licensing contracts in the
biopharmaceutical industry). Valuation hence is important for these companies to find
licensing partners and raise further capital. The commonly known factors of influencing
licensing fee include deal value, royalty rate, upfront payment, etc.

4.1 There are Two Types of Licensing: In-Licensing and Out-Licensing

In-licensing refers to investment. Because of the high R&D cost, many pharmaceutical
firms tend to find other investors to provide capital and increase the budget. This is
even more common for small start-up companies. For those investors, they have positive
expectations that those pharmaceutical products will bring economic benefits. However,
this brings up a problem about orphan drugs. In order tomaximize benefits, investors tend
to invest in products that target large patient populations. There are limited innovation
incentives for pharmaceutical firms to innovate products targeting rare diseases. Firms
will find difficult retrieving money from products that create large amounts of value per
patient but treat relatively few individuals [4]. As a result, many countries implement
policies to encourage inventing these kinds of drugs: tax credits, longer market exclusiv-
ity, etc. Given the limited number of patients, it will also be almost impossible to have
generic drugs, no matter how high the profit is.

Out-licensing is about having a partner to help target a specificmarket in order to have
the best results. There is no specific type of partner, including legal firms, advertisement
firms, etc. The reason the company out-license valued assets is because these assets have
been developed over a number of years and, presumably, have the credentials, albeit at
an early stage, to become products. While out-licensing has occurred over the years,
this was because the out-licensed drug would not generate meaningful sales for a large
company [5].

5 Patent Compulsory License System

When there are new drugs in themarket, we expect there is an overall increase in people’s
health. However, due to the market reasons, not everybody has the ability to afford
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the corresponding medication to their diseases. To solve this problem, the government
created another term: compulsory licensing. Compulsory licensing refers to the situation
where the government allows others to produce patented drugs without the consent of
the patent owner [6]. This is a requirement in the TRIPS Agreement to help improve
public health. Because of the patent, the prices of some drugs are too high for most
people to use. As the price becomes the only burden, the government will be able to
have access to produce the drugs, especially those essential medicines. Many people
argue that basic human rights like health, which includes access to essential medicines,
should not be prevented by property rights. This Agreement is extremely helpful for
developing countries to have essential medicines when they actually have no ability to
innovate such medicines. However, some countries do not even have the capacity to
produce these drugs, so there is another waiver for them to import these medicines.

This is widely used by countries in northern and southern hemispheres, and is not
limited to medicines to treat cardiac diseases, AIDS, etc. In fact, a lot of countries issued
licenses because of AIDS. Because of TRIPS, there is significant increase in production
of antiretrovirals which help to decrease the prices. More people will be treated by these
generic drugs. Despite these improvements, there are still big challenges. Patients can
easily develop resistance to these generic drugs. Transforming to second-line treatments
is too expensive for them to afford. Additionally, according to the TRIPS agreement,
it is impossible to produce low-cost versions of patented antiretrovirals by 2016. This
caused a conspicuous absence of compulsory licensing in the pharmaceutical sector,
even after the South African authorities made a decision in 2003 to the effect that two
foreign companies had refused to grant a patent license for essential HIV medicines, in
violation of domestic competition laws [7]. Another example of compulsory licensing
is Brazil with Efavirenz, a patented AIDS drug by Merck. In May 2007, Brazil issued a
compulsory license for Efavirenz which is the first time for Brazil. Before this, the gov-
ernment just threatened to use compulsory licensing to force drug companies lowering
the price. The price negotiations with Merck were partly induced by the steady increase
in the market price of Efavirenz: in Brazil, the annual per-patient cost of treating patients
with Efavirenz has risen from $1336 in 2004 to $2500 in 2006 [8]. The final issuance
of compulsory license for Efavirenz was five years with a royalty rate of 1.5% to Merck
[8]. Even though Brazil later found out they did not have the technology to produce
Efavirenz, leading the government to import a generic version of the drug from India for
two years, the case is still a success example for developing countries like Brazil.

Even though TRIPS helped overcome the patent barrier, this can cause certain mis-
uses and possibly discourage companies from new innovations. A lot of governments are
using this as a threat. A widely-used drug can create huge economic benefits while less
competitive countries with weak IP regimes can easily lose it. For the patentee, TRIPS
agreement interferes with their exclusive rights which may diminish their incentive to
future innovations.

6 Conclusion

Drugs are not everyday products, but they are critical for people’s lives with its close
connection with people’s well-beings. Along with the human welfare costs, scientists
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and governments are playing a critical role in improving the current drug shortage.
Given the high spending during the R&D process and to encourage further study, it is
not logical and impossible to get rid of patents. The market is free, but governments still
need to consider human rights, which is why there are generic drugs, TRIPS agreements
and compulsory licensing. These tools help developing countries improve consumers’
access to drugs. However, this doesn’t mean there is no need for improvement. Generic
drugs tend to have weaker effects. Compulsory licensing is more likely to be used as a
threatening tool than to actually be issued. The discussion on patented drugs will still
continue.
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Abstract. The core competitiveness of the company’s development depends on its
employees, so motivating employees to make better contributions to the company,
improve company performance and expand investor returns is the core concern
of modern company management systems. Company welfare, as an important
part of modern company management system and compensation system, plays
an indispensable role in employee management. However, most of the current
welfare research focuses on qualitative research, and the research on the financial
value that welfare can bring is relatively few. In practice, some companies are
skeptical about the role of welfare expenditure in their own development.
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Therefore, this paper mainly analyzes the relationship between welfare and financial
performance of listed companies through empirical research and investor perspective.
On the whole, the research shows that, the welfare improvement of listed companies
is conducive to the improvement of their financial performance, which is beneficial
to the development of the company and investors. Regarding the specific categories of
welfare, the statutory welfare and non-statutory welfare of listed companies can promote
the improvement of financial performance, but on this basis, too many other welfare
categories are not conducive to the improvement of financial performance. It can be
seen that welfare is necessary for the healthy development of the company, but not all
the welfare contents play a positive role. Therefore, the key points that managers and
investors should pay attention to the company’s welfare structure and adopt a welfare
that truly meets the need of employees, so that all welfare contents can bring about
the improvement of financial performance and achieve the win–win situation between
employees and the company.

1 Introduction

Modern company development to change the past as the traditional concept of human
tools and gradually attached importance to the core position of talents in the development
strategy of the company by various management strategies which encourage employees
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to contribute to the company. As an important part of modern company management
systemand salary system, companywelfare plays a substantial role in recruiting, utilizing
and maintaining talents for the company.

However, the results of research on corporate welfare are diametrically opposed: on
the one hand, welfare can improve employees’ satisfaction, help employees to improve
their organizational commitment and strengthen their investment in the organization.
These can lead to the improvement of the corporate performance. On the other hand, it
is argued that investment in employee welfare entails additional costs, reduces the profit
earned by the company, and is an additional burden on the company’s development.

Behind the two opposing research results, there are two different research perspec-
tives: for one thing, from theperspective of human resourcemanagement, the competition
of talents is the key to enhance the core competitiveness of the company. For another
thing, from the financial point of view, the goal of financial performance is to improve
the income of investors, while employee welfare will affect the allocation of company
profits.Whether the return can exceed the investment, has undoubtedly become the focus
of research in this field.

Therefore, the core question for listed companies and their shareholders is whether
employee welfare is really conducive to the improvement of financial performance and
able to improve shareholders’ returns. If employee welfare can improve financial perfor-
mance, thenwhether all kinds of benefits have a role in promoting financial performance,
the importance of different benefit categories, how to configure their benefit categories
to achieve financial performance improvement, these will become the research questions
in this paper.

Based on the above research background, this study will comb the two research
results and two research perspectives. Combining related knowledge of human resources
management and financial management research ideas, this paper aims to find out how
the welfare policy within firms impacts their financial performance by empirical analysis
in the context of Chinese society. The innovation of this paper is as follows:

(1) Theoretically, there are relatively few studies on welfare in China at present, and the
research direction mainly focus on the relationship between company welfare and
employees instead of direct research on the relationship between company financial
performance, so the relevant reference is limited. For the reason mentioned above,
this study directly links welfare with financial performance, adopts the method
of quantitative research, and uses financial indicators to measure the development
level of listed companies. To a certain extent, it is a supplement to welfare related
research.

(2) In the view of research methodology, the commonly used indicators for the study
of corporate financial performance are: ROE [1, 2], ROA, Tobin Q [3], etc. This
study takes the ratio of EVA to total assets (total asset EVA rate) as a measure.

(3) In practice, due to the existence of the above two opposite research results, the
company’s welfare practice lacks the corresponding basis and guidance. Taking
the Chinese listed companies as a sample and combining the relevant contents of
human resource management and financial management, this paper analyzes the
impact of the welfare of listed companies on financial performance in the context
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of Chinese economy and strive to find a suitable welfare mode for Chinese listed
companies and even other enterprises.

2 Literature Review

2.1 Analysis and Definition of Related Concepts

Ding and Li proposed that corporate welfare is aimed at raising the level of themselves
and family’s quality of life by providing various non-monetary wages, postponement
and other complementary services as the main form, based on employment relations,
the mandatory laws and regulations of the state [4]. Wei believes that corporate welfare
is one of the pillars of the compensation system, including statutory and non-statutory
benefits. The goal is to help employees solve current and future life problems with a
certain degree of company sentimentality [5].

Zhang and Yu [6] think that financial performance is a comprehensive reflection
of all aspects of the company, including profitability, solvency, operating ability and
development ability. Sun thinks that the performance level of the company is demon-
strated in three aspects: the company’s cash payment and debt repayment ability, the
company’s financial benefit income after the implementation of a certain category, and
the company’s current and future development situation and development prospects [7].

2.2 Theoretical Review

The complex human hypothesis, that is, the hypothesis of the contingency person, shows
that human needs are subject to the changes of living conditions and the organizations
they belong to. Therefore, there are great individual differences between people, and all
the people cannot be simplified and generalized in one certain hypothesis. In the research
on welfare, this type of management method has high value and great significance for
reference——the characteristics of listed companies and employees are different, so
that the benefits of company welfare will be different. Therefore, corporate welfare is
special and worthy of further study. This is another way of thinking about and exploring
on traditional welfare research.

Herzberg’s two-factor theory divides incentives into two categories: hygiene and
motivator. Hygiene factors are related to the external working environment, such as
company policy, salary and reward bonus, working conditions and environment, etc.,
while motivation factors are closely associated with the work contents, such as the
challenge and attraction of the work, good development prospects, etc. The welfare
content of listed companies involves different factors: someparts of thewelfare content as
a hygiene factor tomaintain employees’ satisfaction, reduce the conflicts of organizations
and their employees; the other parts of the welfare contents as an motivation factor
encourage employees to use their skills to develop their talents and make contributions
and returns to the organization.

The theory of corporate social responsibility points out that “corporate social respon-
sibilitymeans taking certain responsibility for the public interests of other interest groups
and government representatives who are not shareholders, mainly refers to the tax bene-
fits of creditors, suppliers, employees, users, consumers, local residents and government
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representatives” [8]. Ye Chenyi and Ye Chenyun [9] combed corporate social respon-
sibility from the traditional concept of connotation, and judged whether the company
guaranteed the interests of employees and provided corresponding welfare items from
the perspective of corporate social responsibility, which was also an important basis
for judging the compliance of the company’s obligations, with certain compromise and
contractual characteristics. In the research of company welfare, employees are the object
of social responsibility. The company provides all kinds of benefits to its employees and
protects the basic rights and interests of employees, which is an important embodiment
of its social responsibility.

2.3 Related Research

In a study of 100 of the best companies in the United States and their performance
(measured byROA), the performance of the organization focuses on the study of financial
performance, good company benefits bring good employee relationships, and play a
positive role in financial performance [10]. From the point of view of cash holdings, the
growth of employee benefits is an investment in employees, in favour of the employee
organization’s commitment to increase and contributes to increase in the company’s cash
holdings, both play a positive role in the company’s financial performance [11]. From
the perspective of corporate social responsibility, combined with the above reference
to corporate social responsibility, a number of studies have shown that specific CSR
investments can increase the level of return on investment [12]. Meanwhile, Corporate
social responsibility is positively related to organizational commitment, and employees
can perform through self-control without supervision. It is a loyalty to the organization,
and that loyalty is stronger than commitment itself [13]. Corporate social responsibility to
different stakeholders is positively related to corporate value, but the impact on company
value is different [14]. From the perspective of employee satisfaction in human resource
management theory, improved corporatewelfare leads to increased employee satisfaction
[15]. There is a strong positive relationship between employee satisfaction and investor
return, Greater validation of the important role of human resources in the organization
[12]. Employee welfare satisfaction has a significant impact on employee performance,
Huang takes the employees of some companies in Northeast China as a sample, through
a questionnaire survey and quantitative analysis of 236 employees in the company, it was
found that the effect of satisfaction on employee performance was significantly positive
[16].

Other studies show that employee benefits provided by companies have a negative
effect on their financial performance.Generous employee benefits pose the risk of sudden
declines in stock prices, a kind of damage to investors and shareholders, especially in
labour-intensive companies. Although work benefits can increase the utility of work,
there is no evidence that they can increase shareholders’ wealth [17]. The traditional
portfolio theory holds that employee welfare limits the choice of investors and results in
a decrease in return on investment, and welfare itself is an expense of the company in
the process of investment. Filbeck analyzes the relationship between different benefits,
good working environment and employees’ satisfaction and the return on investment
[18], we conclude that the two are negative correlation, that is, the high level of employee
welfare will lead to the decrease of the return on investment. From the perspective of
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corporate social responsibility, it is found that employee welfare is an investment in
company capital, Markowitz & Harry thinks that any investment in social responsibility
will make the performance of the company worse [19]. Corporate social responsibility
is a non-profit because it provides benefits that outweigh its economic benefits [20].

3 Research Assumptions

3.1 Analysis on the Relationship between Welfare and Financial Performance
of Chinese Listed Companies

According to the above-mentioned ideological development, theoretical basis and
research analysis, the following assumptions are made:

H0: There is a positive correlation between welfare and financial performance of
listed companies in China.

Incentive theory provides a way to improve the relationship between listed compa-
nies and employees from the perspective of management and economics: Herzberg’s
two-factor theory holds that meeting the needs of “hygiene factors” related to the work-
ing environment can eliminate employee dissatisfaction and resistance, and “incentive
factors” can stimulate individual ability and better contribute their talents to the com-
pany. As mentioned earlier, corporate welfare is a complex, including a large number of
welfare contents. Some welfare categories can play a role in “hygiene factors”, such as
social insurance, and if a part of the equity incentive after achieving the goal becomes
more challenging, it can play a “incentive role”. The analysis of 100 most suitable com-
panies in the United States found that good corporate welfare can improve the level
of ROA and employees’ satisfaction; the benefits enjoyed by employees can improve
the company‘s cash holding level and make the company have good financial perfor-
mance; corporate welfare can improve employee satisfaction, and employee satisfaction
will lead to the improvement of company’s financial performance. Zhuang used ROA
as financial index test and listed company as sample to verify the positive relationship
between welfare and company performance [21].

Based on the above analysis, wemakeH0 assumptions. There is a positive correlation
between welfare and financial performance of listed companies.

3.2 Analysis on the Relationship Between Different Welfare Projects
and Financial Performance of Chinese Listed Companies

Corporate welfare is a complex including a variety of welfare contents. According to
different standards, there are different ways of division, and the differences between
countries and regions will also bring some differences. China’s accounting standards No.
9 divides employee compensation into short-term compensation, post-employment ben-
efits, dismissal benefits and other long-term employee benefits. The benefits provided by
the company to the spouses, children, dependents, survivors of deceased employees and
other beneficiaries are also employees’ remuneration. Short-term remuneration specifi-
cally includes employee salaries, bonuses, allowances and subsidies, employee benefits,
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social insurance premiums such as medical insurance premiums, work injury insurance
premiums and maternity insurance premiums, housing fund, union funds and worker
education fund, short-term paid absence, short-term profit-sharing plan, non-monetary
welfare and other short-term salary.

Therefore, combined with the classification of company welfare above, according
to the actual contents of the financial statements of the database, the salary contents
involved in the accounting standards are classified to determine the specific purpose of
this study. The following four hypotheses are put forward:

H1: There is a positive correlation between social insurance premiums and financial
performance.
H2: There is a positive correlation between housing fund and financial performance.
H3: There is a positive correlation between labour union, education funding and financial
performance.
H4: There is a positive correlation between employee welfare and financial performance.
H5: Additional benefits are positively related to financial performance.

Social insurance premiums are statutory benefits in the welfare classification and
are provided in accordance with national regulations. It can eliminate the employee
dissatisfaction which makes the employee to create the value better without worries.
The social insurance premium is related to the employee’s wage level, which is paid
proportionally by the wage standard. When the employee’s salary increases, the social
insurance premium level will increase accordingly, and the “hygiene factors factor” will
be converted intomotivation factor under certain conditions. Gao pointed out in the study
on social insurance that social insurance premiums are conducive to reducing employee
mobility and are also positive for companies to reduce business risks in addition to
providing protection for employees and families [22].

Housing fund is a formof protection to solve the basic housing problemof employees,
which has certain financial attributes. Gao pointed out that the housing fund can promote
the housing consumption of urban residents because of its function of reducing the cost
of housing purchase [23]. Jin shows that housing fund has a positive impact on fairness,
that is, housing fund is conducive to the realization of fairness among employees and the
balance between efficiency and fairness of the company [24]. When employees feel fair,
they are willing to serve the organization. Cheng showed that housing fund has a good
appeal to employees: on the one hand, the interest rate of housing fund is lower than that
of commercial housing loan. On the other hand, it does not have to pay personal income
tax when it is withdrawn, equivalent to the employee’s tax-free forward income [25].

Based on the above analysis, we make H2 assumption. There is a positive correlation
between housing fund and financial performance.

Labour unions are an extension of our national institutions in the company and a
special form behind China’s economic development. They are mainly used to serve
employees and protect their rights and interests. They play an important role in building
harmonious labour relations: promoting a democratic atmosphere of corporate man-
agement, enhancing employee participation, alleviating contradictions and problems
between companies and employees, and protecting employee interests, especially in
the prevention and occurrence of labour disputes [26]. Zhang selected 400 employees,
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labour union leaders and members, and company management of non-public companies
in Beijing, Tianjin, Shijiazhuang, Qinhuangdao. Through analysis, it is concluded that
labour unions have a positive impact on company performance, and the atmosphere of
labour relations plays an intermediary role [27]. Education can improve personal abil-
ity, bring better competitive advantage, meet the needs of self-realization in Maslow’s
needs level and the pursuit of achievement in McLean’s achievement theory. Ji pointed
out that the improvement of education level will lead to the improvement of company
performance and will also benefit the innovation of the company [28].

Based on the above analysis, wemakeH3 assumptions. There is a positive correlation
between labour union, education funds and financial performance.

According toCircular of theMinistry of FinanceonStrengthening theFinancialMan-
agement of Employee Welfare Expenses (No. 242 of the Financial Enterprise [2009]),
the definition of employee welfare expenses is given by the exclusionary method, which
means welfare benefits are exclusive of wages, wage subsidies, insurances, housing fund
and staff education expenses. The article defines the scope of expenditure of employee
welfare expenses by enumerating ways, including the expenses of staff and workers
seeking medical treatment in the field on business, the expenses of staff recuperation,
the expenses of the company subsidizing the internal canteen, the lunch expenses of the
company that does not run the canteen for the staff, the heating expenses in accordance
with the relevant regulations of the state, the expenses of preventing heat and lowering
the temperature, etc. [29]. It can be seen that, unlike the above social insurance pre-
miums, this kind of purpose benefits are freer and more diversified, more suitable for
the company’s own characteristics and the actual needs of employees, and there is no
mandatory proportional requirement for employee benefits. Expenditure scale compared
with social insurance premiums, relatively low financial pressure on the company.

Based on the above analysis, wemakeH4 assumptions. There is a positive correlation
between employee welfare and financial performance.

If employee welfare focuses on universal welfare needs, additional benefits are more
flexible and higher. According to the content ofAccounting Standard 9 and the classifica-
tion of benefits, supplementary social insurance (including supplementary old-age insur-
ance, supplementary medical insurance and commercial insurance), dismissal benefits,
housing subsidies, benefits within one year, equity incentives, annuities, non-monetary
benefits and profit-sharing schemes are attributed to other employee benefits. In cate-
gories that overlap with the foregoing benefits but are separately listed are not included.
This kind of welfare content can better satisfy the employee’s pursuit of self-worth and
achievement. If the welfare category meets the employee’s expectation, the incentive
effect will be greater, and it will bring good financial performance more easily.

Based on the above analysis, wemakeH5 assumptions. There is a positive correlation
between additional benefits and financial performance.

4 Methodology

4.1 Sample Source and Selection

The data are derived from the CASMAR database of 3665 Shanghai and Shenzhen
A-share listed companies for the years 2013–2017, with a sample time span of 5 years.
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The content involved in the research hypothesis was analyzed and sample data were
obtained on social insurance premiums, employee benefits, labour union and educa-
tion funds, supplementary social insurance (including supplementary old-age insurance,
supplementary medical insurance and commercial insurance), dismissal benefits, hous-
ing subsidies, one-year benefits, equity incentives, annuities, non-monetary benefits,
employee incentives and welfare funds, profit-sharing schemes, asset-liability ratios,
the proportion of cash flows to total assets and the equity ratio of the top ten sharehold-
ers. In order to ensure the accuracy of the data and results, 6047 samples were obtained
by filtering and eliminating the missing data or content overlapping data of the same
year.

4.2 Research Model

The following models are designed according to the theory mentioned above, drawing
on Lin and Fu’s research model design ideas [30] and Ben-Nasr and Ghouma model
design methods [17]:

EVAAS = α0 + βitXit + λ1LLABit + λ2OPFIit + λ3STOCit + εit (1)

Xit are all independent variables, the company benefits i the listed company in the
t year are social insurance premium (LNINS), housing fund (HOU), labour union and
education funds (UED), employee welfare (WELF) and additional benefits (OTWEL).
The sum of benefits (TWEL) is composed of five items. The ratio of assets to liabilities
(LIAB), the proportion of cash flow to total assets (OPFI), the proportion of the top ten
shareholders‘ equity and (STOC) are the control variables of the whole model. εit is the
error term.

Variable Interpretation. 1. Explained variables: according to Zhu [31] and Jiang et al.
[32], the total asset EVA rate (EVA/total assets) was selected as the explained variables.

total asset EVA rate = EVA/average of total asset (2)

The total asset EVA rate (EVAAS) is the ratio of the actual amount of the company’s
EVA to the total assets, which is ameasure of how efficient companies use assets to create
wealth, 2014). Dong showed that the total asset EVA rate (EVAAS) can reach 86.8%
for the forecast accuracy of the listed company’s financial situation for 2 years [33].
This index is to analyze the company‘s performance from the perspective of shareholder
wealth growth level [34]. Chinese SASAC used economic added value to pilot central
enterprises in 2010 also show the importance of EVA for financial analysis [35].

2. Explanatory variables: themain explanatory variables are the sumof the benefits of
listed companies (TWEL), and the other explanatory variables are the components of the
benefits: social insurance premiums (LNINS), housing funds (HOU), labour unions and
education funds (UED), employee benefits (WELF) and additional benefits (OTWEL).
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5 Empirical Analysis

5.1 Descriptive Analysis

From the descriptive statistics analysis table, it can be seen that the sample of listed
companies selected in this paper has a low value-added ratio to total assets, and their
financial performance is generally low, and even some listed companies have negative
EVAAS (Table 1).

Table 1. Descriptive analysis.

Variable Obs Mean Std.Dev. Min Max

EVAAS 6,047 0.001 0.040 -0.088 0.082

TWEL 6,047 18.08 1.436 12.82 25.74
LNINS 6,047 17.43 1.263 15.37 19.95
HOU 6,047 16.10 1.661 7.090 22.79
UED 6,047 14.94 1.500 12.05 17.70
WELF 6,047 16.19 1.319 13.86 18.74
OTWEL 6,047 14.31 2.195 10.34 18.20

LIAB 6,047 0.461 0.205 0.125 0.823

OPFI 6,047 0.039 0.05 -0.080 0.152
STOC 6,047 57.94 14.18 32.74 82.20

From the point of view of explanatory variables, the maximum value gap in descrip-
tive statistics is large, which shows that the listed companies have a large gap in overall
welfare expenditure and different kinds of welfare expenditure, and the difference in
welfare level of different companies is obvious, especially housing fund and additional
benefits expenses.

From the control variables, the debt level gap of listed companies is large. The
proportion gap of net cash flow in total assets is large, which indicates that the net cash
flow of some listed companies is negative, and the cash operation is tight. The average
shareholding ratio of the top ten shareholders is 57.94, the maximum value is 82.20, that
is to say, the degree of equity concentration is high.

5.2 Correlation Analysis

According to the above correlation analysis, in order to avoid the problem of insufficient
accuracy of the results caused by the interaction between variables, the control variables
are consistent in the above model design. It is reasonable to study the model design of
each explanatory variable affecting the explained variable.

From the value of correlation coefficient, in each model, the correlation coefficient
between explanatory variables and control variables is less than 0.6, and there is no
problem of multiple collinearity.
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The sign of correlation coefficient shows that there is a positive correlation between
the total welfare (TWEL), social insurance (LNINS), housing fund (HOU), labour union,
education funds (UED) and employee welfare (WELF) and the total assets EVA rate
(EVAAS), while the correlation between additional benefits (OTWEL) and the total
assets EVA rate (EVAAS) is negative (Table 2).

Table 2. Correlation table.

EVAAS TWEL LNINS HOU UED WELF OTWEL LIAB OPFI STOC

EVAAS 1

TWEL 0.0915*** 1

LNINS 0.0851*** 0.962*** 1

HOU 0.086*** 0.921*** 0.885*** 1

UED 0.115*** 0.875*** 0.869*** 0.819*** 1

WELF 0.131*** 0.886*** 0.865*** 0.790*** 0.819*** 1

OTWEL -0.030* 0.670*** 0.614*** 0.612*** 0.593*** 0.567*** 1

LIAB -0.222*** 0.388*** 0.376*** 0.356*** 0.350*** 0.344*** 0.290*** 1

OPFI 0.373*** 0.142*** 0.131*** 0.118*** 0.142*** 0.174*** 0.095*** -0.192*** 1

STOC 0.201*** 0.265*** 0.230*** 0.248*** 0.232*** 0.249*** 0.198*** -0.032* 0.136*** 1

5.3 Model Selection Analysis

This paper uses short panel data with time dimension less than the number of sections.
The mixed regression model and fixed effect model are selected by F test, and then the
fixed effect model and random effect model are tested by Hausman test.

The above test results show that the F test P values of the six models are 0.0000, and
the original hypothesis is rejected at a significant level of 5%, indicating that the short
panel data used in this paper have individual effects. A fixed effect model is selected
between the mixed regression model and the fixed effect model. Then the Hausman test
is used to test the fixed effect model and the random effect model. From theHausman test
results, we can see that the test P values of the six models are 0.0000, which also reject
the original hypothesis. The panel data in this paper are more suitable for establishing
fixed effect model. Based on the above analysis, the six models established in this paper
are analyzed by fixed effect model.

5.4 Regression Analysis

According to the above analysis, theminimum value of R2 is 0.276, themodel has a good
fit, and the explanatory variable can explain the explained variable. On the premise that
the control variables in all models are consistent, the financial performance (EVAAS) of
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listed companies is significantly positively correlated with the sum of benefits (TWEL),
which is consistentwith the original hypothesis, indicating that, overall, the improvement
of welfare of listed companies is beneficial to the improvement of financial performance.
The financial performance of listed companies (EVAAS) is positively correlated with
social insurance premiums (LNINS), consistent with the original hypothesis, which
indicates that social insurance premiums can promote the improvement of financial per-
formance of listed companies; The financial performance of listed companies (EVAAS)
is significantly positively correlated with housing fund (HM), consistent with the orig-
inal hypothesis, indicating that the level of housing fund payment is improved, which
is beneficial to the improvement of financial performance; The financial performance
(EVAAS) of listed companies is significantly positively correlated with labour union
and educational funds (UED), consistent with the original hypothesis, indicating that
education and labour union help for employees is beneficial to the improvement of
financial performance; The financial performance (EVAAS) of listed companies is posi-
tively correlatedwith employeewelfare (WELF), indicating that employeewelfare plays
a positive role in improving financial performance (Table 3).

5.5 Robustness Analysis

In order to make the empirical results more credible, this part tests the robustness of
the empirical results. Choose the same analytical method and replace the performance
of the listed company with the return on assets (ROA). The explanatory variables and
control variables are consistent with the previous text and repeat the previous regression
method. After passing the robustness test, the empirical results of this paper have not
changed, indicating that the empirical results of this paper are reliable.

6 Findings and Recommendations

6.1 Conclusions

(1) On the whole, the welfare of listed companies in China is significantly positively
correlated with their financial performance, which is consistent with the original
scheme.
This paper verifies the theoretical contents mentioned above and some conclusions
of domestic and foreign studies. From the perspective of management and eco-
nomics, incentive theory holds that motivation for employees is helpful to improve
employee satisfaction, so as to achieve the goal of good financial performance and
further expand the development prospects of the company. Welfare will enhance
the employee’s sense of belonging and satisfaction to the company to a certain
extent. Companies with good performance often have their own characteristics of
employee welfare, which is obvious in the ranking of 100 most suitable companies
in the United States.

(2) Specifically, the impact of subcategories of listed company benefits on financial
performance.
Most of the welfare content is conducive to the improvement of financial perfor-
mance, consistent with the original hypothesis: social insurance, housing fund,
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Table3. Regression analysis.

EVAAS EVAAS EVAAS EVAAS EVAAS EVAAS

(1) (2) (3) (4) (5) (6)

TWEL
0.004***

(-14.47)

LNINS
0.004***

(-11.42)

HOU
0.002**

(-7.85)

UED
0.004**

(-6.38)

WELF
0.005***

(-24.98)

OTWEL
-0.000*

(-3.71)

LIAB
-0.042*** -0.041*** -0.038*** -0.041*** -0.043*** -0.028***

(-24.22) (-22.47) (-18.80) (-16.03) (-41.16) (-23.30)

OPFI
0.221*** 0.223*** 0.226*** 0.221*** 0.217*** 0.237***

(-42.07) (-46.3) (-48.66) (-46.3) (-35.44) (-43.57)

STOC
0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

(-13.77) (-13.63) (-15.23) (-18.11) (-12.16) (-13.32)

cons
-0.068*** -0.070*** -0.044** -0.058** -0.076*** -0.002
(-12.14) (-10.54) (-7.36) (-6.37) (-15.09) (-0.51)

Time fixed Yes Yes Yes Yes Yes Yes
Company fixed Yes Yes Yes Yes Yes Yes

N 6047 6047 6047 6047 6047 6047
R2 0.288 0.287 0.284 0.292 0.294 0.276

t statistics in parentheses, standard error in parentheses 
* p <0.05, ** p <0.01, *** p <0.001

labour union and education funds and employee welfare, the impact on financial
performance is significantly positive, according with the original hypothesis. The
theoretical basis and some contents of previous studies are verified.

Additional benefits are detrimental to the improvement of financial performance:
additional benefits are significantly negatively correlated with financial performance.
The conclusion of the empirical analysis, contrary to the view that the overall corpo-
rate welfare improves financial performance, supports the negative correlation research
mentioned above. That is to say, the welfare structure of the company should be paid
attention to instead of the amount. The study confirms that employee benefits may cause
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a sharp fall in stock prices to the detriment of investors and owners: because a wide range
of spending on employee benefits affects the company‘s investment in other important
elements that may add value to the company, and many employee benefits categories
may become excuses that provide managers with a means to cover up their own prob-
lems or possible negative news about the company, both of which affect the company’s
financial performance [17]. A study of Huawei found that equity incentive has a more
obvious role in retaining talent and stabilizing the team, but it has no significant effect
on the value added of the company. They also found that equity incentive is lagging
behind and the added value is “inverted U”, that is, increase first and then decrease. The
operability of equity incentives in the real economic context of China is worth exploring
[36].

The research also shows that the design of listed companies for welfare purposes is
relatively simple and cannot really meet the expectations of employees and the actual
needs of employees. It is also an important reason why additional benefits expenses
cannot effectively improve financial performance.

From the influence degree, in the analysis of the relationship between the welfare of
listed companies on financial performance, the influence of employee welfare expenses
is the greatest, which exceeds the influence of social insurance premium on financial
performance. It is evident that because of the greater flexibility and adaptability of
employee welfare compared with social insurance, the corresponding characteristics
providedwith timeand events can stimulate employees to create benefits for the company.
It also confirms that the company’s welfare policy should be carried out according to the
actual needs of employees and examine the company’s welfare from the perspective of
contingency.

6.2 Recommendations and Countermeasures

(1) Various forms of welfare realization are available, and the content of welfare is
close to the real demand.
With reference to the current trend of research, a flexible welfare system was estab-
lished. This is a “buffet” type of welfare form originated in the United States.
Employees are selected according to their own needs within the company’s defined
welfare limits [37]. This form of welfare meets the different needs of employees
of different genders, different ages, different levels and different backgrounds. The
“one basket” welfare content is freely chosen to replace the unified welfare form.
Under the premise of the same welfare content and welfare expenditure, the appli-
cation form of welfare is diversified, and the efficiency of welfare utilization is
improved.

(2) Design and application of cost control mechanism for welfare funds to further
enhance welfare efficiency.
From the above analysis, we can see that the welfare expenditure, especially the
large amount of social insurance and additional benefits expenses, has formed a
great pressure on the listed companies, which is not conducive to the improvement
of their financial performance. Therefore, it is imperative to establish the necessary
cost control mechanism. Li found that 53.3% of companies think that the biggest
difficulty of welfare policy lies in the cost problem, 46.7% have no effective cost
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control mechanism, and lack of cost budget, accounting, decision-making and eval-
uationmechanism about welfare policy [38]. To establish a dynamic cost budget for
welfare, carry out regular cost budget, prevent welfare policy expenditure and wel-
fare content solidification, increase the economic burden of the company, welfare
policy should pay attention to cost accounting. When welfare expenditure actu-
ally occurs, it should match the welfare category that has been determined in the
current period. Because many welfare contents are non-monetary and under the
premise of fair principle, the currency and non-monetary welfare should be reason-
ably converted, the actual operation process of welfare should be controlled, and
every effort should be made to be feasible, matched and accurate. Evaluation of
welfare policies, including employee satisfaction, cost consumption, performance
improvement and other aspects, should be carried out to achieve a combination of
short-term and long-term evaluation. At the meantime, exploring possible access
to information on welfare policies, making the design of the welfare system more
practical, balancing the needs of the company with the needs of employees and
making welfare policies conducive to the improvement of financial performance
are necessary.

(3) Welfare funds application monitoring system is established to avoid the misuse of
welfare funds.
The misappropriation, abuse and unreasonable use of welfare funds are the reasons
for the increase of welfare expenditure with unimproved company performance.
The using direction of welfare funds should be strictly transparent by establishing a
welfare fund tracking and supervision system from the budget allocation of welfare
funds to the use and evaluation. At the same time, agency personnel, examination
and approval personnel, implementation personnel, all should clearly define the
post responsibility to create a welfare use fund line.

References

1. Wang, H., Song, T.: Empirical study on social responsibility and corporate performance of
listed companies inChina——empirical evidence fromShanghai 180 Index. J. NanjingNorm.
Univ. (Soc. Sci. Ed.), (02), 58–62+75 (2007)

2. Cai, Y.: Empirical study on corporate performance driven by social responsibility——
empirical data from listed companies in Jiangsu province. Mark. Weekly (10), 91–93+102
(2018)

3. Li, K., Liao, Y.: An empirical analysis of the correlation between corporate social responsi-
bility and financial performance. J. Tianjin Commer. Univ. 38(05), 54–59 (2018)

4. Ding, G., Li, S.: Research on the innovation of corporate welfare system in China. Coop.
Econ. Sci. Technol. (13), 26–28 (2012)

5. Wei, Y.: Research on welfare management of small and medium-sized companies in Henan
province. Hum. Resour. Dev. (9), 72–74 (2015)

6. Zhang, Y., Yu, X.: Research on the correlation between financial performance and stock price
of science and technology companies. J. Xiamen Inst. Technol. 26(06), 38–43 (2018)

7. Sun, G.: EVA basis of the company’s financial performance evaluation research. Acc. Stud.
(14), 11–13 (2018)



152 H. Han

8. Su, J.: The misunderstanding and improvement of corporate social responsibility in Chinese
companies. J. Taiyuan City Vocat. Tech. Coll. (07), 177–178 (2018)

9. Ye, C., Ye, C.: Research on the relationship between social responsibility, value innovation
and core competitiveness. In: The 12th (2017) China Management Academic Year, Tianjin,
China (2017)

10. Fulmer, I.S., Gerhart, B., Scott, K.S.: Are the 100best better? An empirical investigation of
the relationship between being a “great place to work” and firm performance. Pers. Psychol.
56(4), 965–993 (2003)

11. Ghaly,M., Dang,V.A., Stathopoulos, K.: Cash holdings and employeewelfare. J. Corp. Finan.
33, 53–70 (2015)

12. Edmans, A.: Does the stock market fully value intangibles? Employee satisfaction and equity
prices. J. Finan. Econ. 101(3), 621–640 (2011)

13. Asrar-ul-Haq, M., Kuchinke, K.P., Iqbal, A.: The relationship between corporate social
responsibility, job satisfaction, and organizational commitment: case of Pakistani higher
education. J. Clean. Prod. 142, 2352–2363 (2017)

14. Wang, X., Chen, H.: Research on the relationship between corporate social responsibility and
corporate value based on stakeholders. Manag. Sci. 24(6), 29–37 (2011)

15. An, S., Lin, D.: An empirical study on the impact of employee welfare satisfaction on job
performance. China Bus. (33), 68–70 (2014)

16. Huang, He.: An empirical study on the impact of employee welfare satisfaction on employee
job performance. Master Thesis, Northeast University (2010)

17. Ben-Nasr, H., Ghouma, H.: Employee WF and stock price crash risk. J. Corp. Finan. 48,
700–725 (2018)

18. Filbeck, G.: MOTH Jones: do better places to work imply better places to invest? Rev. Finan.
Econ. 10(1), 57–70 (2001)

19. Markowitz, H.M.: Portfolio selection: efficient diversification of investment. J. Inst. Actuar.
119(1), 243–265 (1992)

20. Carroll, A.B., Shabana, K.M.: The business case for corporate social responsibility: a review
of concepts, research and practice. Int. J. Manag. Rev. 12(1), 85–105 (2010)

21. Zhuang, P.: Research on the relationship between corporate welfare and corporate perfor-
mance. Master Thesis, Capital University of Economics and Trade (2018)

22. Gao,X.:On the role of social insurance in human resourcemanagement ofmodern companies.
Mod. Econ. Inf. (24), 1 (2014)

23. Gao, B.: China’s Urban Housing System Reform Research-Change, Performance and
Innovation. Economic Science Press, Beijing (2017)

24. Jin, S.: A study on the impact of housing fund policy on income distribution——based on
the analysis of payment-extraction path. Finan. Trade Res. 29(12), 70–79 (2018)

25. Cheng, F.: On the negative impact of housing fund policy on personal tax fairness and
suggestions for improvement. https://www.ntds.gov.cn/art/2017/2/24/art_1310_838361.html

26. Shen, Y.: On the role of company labour unions in building harmonious labor relations. Mod.
Mark. (Next Ten Days) (01), 168 (2019)

27. Zhang, Q.: The impact of labour union practice on company performance. Hebei Co. (01),
23–24 (2016)

28. Ji, G.: Staff education funds, company innovation and company performance. Master Thesis,
Nanjing University (2016)

29. Shen, J.: Discussion on some problems of employee welfare expenses. Employ. Secur. (24),
32–34 (2018)

30. Lin, Y.R., Fu, X.M.: Does institutional ownership influence firm performance? Evidence from
china. Int. Rev. Econ. Finan. 49, 17–57 (2017)

31. Zhu, R.: Research on performance evaluation system and incentive mechanism of senior
managers in the company. Hum. Resour. Manag. (05), 180–182 (2014)

https://www.ntds.gov.cn/art/2017/2/24/art_1310_838361.html


How Welfare Policy Influence Firm Performance? 153

32. Jiang, Z., Yan, B., Sheng, C., Li, H.: Economic value creation, investment efficiency and
macroeconomic growth-EVA methods and research on panel data of manufacturing industry
in China and Beijing. Finan. Res. (11a), 118–128 (2007)

33. Dong, X.: Empirical study on financial early warning model based on EVA. Master Thesis,
Chongqing University (2005)

34. Shao, Z., Chen, X.: A study on the valuation of company value based on the method of
economic increase value——take Goliath as an example. Bus. Account. (01), 55–58 (2019)

35. Zhang, Z., Tang, Y.: Empirical analysis of performance evaluation of small household appli-
ances companies based on EVA. J. Hubei Inst. Econ. (Humanit. Soc. Sci. Ed.) 16(01), 71–74
(2019)

36. Mo, X., Yu, S., Chen, C.: An empirical study on the relationship between equity incentive
and corporate performance of listed companies. Financ. Econ. (Acad. Ed.), (14), 49 (2018).

37. Huang, R.R.: A brief talk on how companies should use flexible welfare system. Mall Mod.
(06), 91–92 (2018)

38. Li, J.: Construction of welfare system of small and medium-sized companies under the back-
ground of cost-benefit analysis——take the investigation of 15 small companies in Hunan
province as an example. Labour Secur. World (36), 26–27+30 (2016)



Overseas Experience of Top Management Teams
and Firm Outcomes: Evidence from Mainland

China

Ming Zhang(B)

School of Economics, Shandong University, Shanda South Road 27, Jinan, China

Abstract. In emerging economies, overseas returnees from developed countries
begin to take positions at all levels of firms. In this context, this paper investigates
how overseas returnee executives affect firm outcomes. Using data on the real
estate industry in China, I do multivariate analysis on the impact of the overseas
experience of top management teams on firm performance and consider moder-
ating effects of ownership properties and power distribution within TMTs. I find
a positive association between the richness of overseas experience of TMTs and
firm performance. Further analyses show the relationship holds for private and
state-owned corporations and is unlikely to be driven by overseas returnee CEOs.
A tentative explanation is TMTswith strong overseas experience may have advan-
tages in raising funds internationally, which helps reduce capital costs and enhance
firm performance.

Keywords: Overseas experience · Firm outcomes · Real estate industry

1 Introduction

A substantial number of talents choose to return to their home nations after studying
or working in developed countries. For example, in China, the number of overseas-
returned students has increased from 70 thousand in 2008 to 500 thousand in 2018.1

As these overseas returnees participate in all levels of firms’ organization, a growing
body of studies in emerging economies pay attention to the role of overseas-returned
executives, board directors, and entrepreneurs [1–4].A relevant question in this context is
whether executives with foreign experience exert a positive impact on firm performance.
However, only a few studies answer this question and the findings on the impact of
overseas returnee executives are mixed [5, 6]. Focusing on the real estate industry in
China, this study contributes to current literature by investigating overseas returnee
executives’ role and giving new, tentative explanations.

Using data on real estate firms in China mainland, I find a positive association
between TMT average overseas experience and firm performance. Further analyses also
show this finding applies to both private- and state-owned corporations and is not driven

1 Data from the Ministry of Education of the People’s Republic of China.
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by CEOs with overseas experience. One possible reason is that, TMTs with a stronger
foreign experience may be better-informed of raising funds internationally and this
advantage reduce the capital costs for firms.

The structure of the paper is as follows. The second section reviews the literature on
TMT overseas experience. The next section provides information on methodology and
data. The fourth is empirical results, followed by discussions and conclusion, the final
section.

2 Literature Review and Hypothesis

In recent years, scholars began to explore the connection between overseas returnee
directors and firm outcomes taking advantage of policy changes in emerging economies
[3, 4]. Based on the discontinuity in talent introduction policies in China, a recent Chi-
nese study [3] finds that, after recruiting more directors with overseas experience, firms
generally experienced higher valuation, productivity, and profitability. Another study in
Korea defines overseas experience as people getting a postgraduate degree overseas and
focuses on the 100 largest Korean firms [4]. Their results show, following the introduc-
tion of new board regulations, firmswith a higher proportion of returnee outside directors
conformed to the new rules better and experienced a larger decrease of diversification
and debt ratio. These studies attribute this contribution of overseas experience to over-
seas returnees’ knowledge of superior management practice of foreign organizations,
their connection in foreign nations, and their fringe position in the specific institutional
environment [3, 4].

Other studies follow a similar logic and analyse the role of TMTs from the perspec-
tive of international activity engagement [7–9]. For example, internationally-experienced
TMTs in Canada are more willing to develop foreign strategic partners [8]. In the con-
text of China, firms with a TMT rich in international experience tend to choose a more
aggressiveway—to acquire a part control or thewhole control of a foreign entity–to enter
a foreign market and undertake more risks [7]. Firms with a strong overseas background
of TMTs also facilitate the formation of international alliances [9], international diversi-
fication of the market [10], and internationalization behaviors [8]. While these empirical
studies well support the contribution of overseas experienced executives to organiza-
tional outcomes, the direct connection between the overseas background of TMTs and
firm outcomes are under-explored yet.

Very recently, another Chinese study [6] investigates Chinese manufacturing firms
and finds overseas-returned executives improve firm performance, especially for non-
state-owned firms, large firms, and firms located in eastern China. This literature finds
a positive association between the overseas experience of TMTs and corporate out-
comes in China. However, the study estimates on manufacturing firms, a broad scope of
corporations, among which high-end, capital-intensive manufacturing firms, like elec-
tronics manufacturers, can be very different from low-end, labor-intensive firms in many
aspects. Corporate governance structures may greatly vary within this broad sample and
the estimations may suffer from biases [11]. Developing on this literature, this study
focuses on a smaller scope of firms, the real estate industry, which guarantee similar
governance structures within the sample. This study also considers a variety of control
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variables, including characteristics of directors [3, 4], and firm performance proxies,
both market-based and accounting- based ones. In this way, I reduce omitted variable
bias and measurement bias. The main hypothesis in this study is as follows:

Hypothesis: TMTs with stronger overseas experience can facilitate better current firm
performance.

3 Methodology and Data

3.1 Data and Model

This paper uses panel data of all listed real estate companies in mainland China from
2014 to 2017. Data on the demographic characteristics and stock market information are
from the Chinese Stock Market & Accounting Research (CSMAR) and Chinese Centre
for Economic Research (CCER) databases. The foreign debt issuance data is from the
Wind Financial Terminal. After deleting observations with missing values, the final
sample is around 300. To remove extreme values, I winsorize all continuous variables
at 1% and 99% level. The descriptions of the variables are in Table 1 below. To control
for the impact of province-specific and time-specific factors, I further control dummies
for province and years. I test my hypothesis by the following model (1).

Firm Perfit = β oversea bkgdit + γ controlit+
∑

yearl +
∑

provi + εit (1)

3.2 Dependent and Independent Variables

This study adopts bothmarket-based and accounting-based variables to proxy the current
company performance. The market-based variables are stock return and abnormal return
(by themarket-adjustedmodel). Following theprevious practice [12], the stock return and
abnormal return are calculated fromMay toDecember to avoid the potential confounding
price effects on stocks from corporate announcements. The account-based variables are
EPS, EPS before interest and tax (EPSBIT), and ROE. In terms of dependent variables,
I calculate the ratio of TMT members with foreign exposure, which represents whether
a person has studied or worked in a foreign nation. Following the previous practice [6],
I also use a foreign exposure dummy to serve a robust check.

3.3 Control Variable

At a firm level, consistent with previous literature [6, 13], I control for the state-owned
enterprises, the size, equity multiplier, and fixed assets ratio of a firm. As the overseas
experience of the board of directors correlates with that of TMTs and may influence firm
performance [3, 4], I also control for their overseas background. Literature also shows
that the ownership concentration [14], the executive share ownership, the education level
[5, 12], the gender diversity [13, 15] and the average age of TMTs matter to operation of
a firm. Thus, I control for shares of the largest shareholders, share ownerships of TMTs,
and other demographic characteristics.2

2 I do not control this average age and male ratio in the baseline regression due to a collinearity.
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Table 1. Variable description

Variable Calculation

Firm performance EPS Earnings per outstanding share

EPS before interest and tax Earnings per outstanding share
before interest and tax

ROE Earnings divided by all
shareholders’ equity

Stock return Changes in stock price from the
beginning of May to the end of
Novembera

Abnormal return Stock return minus index return
during the same period

Overseas background Average overseas experience The ratio of TMT members with
overseas degrees or working
experience

Overseas dummy Dummy indicating at least one
executive in TMTs with overseas
experience

Firm SOE Dummy indicating a company
owned by government or not

Fixed asset ratio The ratio of fixed assets to total
assets of a company

Equity multiplier The reciprocal of equity ratio

Ln(asset) The log form of total assets of a
company

Share Management share Total equity share owned by
TMTs

Control Largest shareholder’s share Top 1 shareholders’ share

Other characteristics Average overseas experience of
the board of directors

The ratio of the directorsb with
overseas experience

Financial background The ratio of TMT members with
working experience in financial
agencies

Average bachelor ratio The ratio of TMT members whose
highest degrees are a bachelor

Less bachelor ratio The ratio of TMT members
without a bachelor degree

Male ratio The ratio of TMT male members

(continued)
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Table 1. (continued)

Variable Calculation

Average age of TMTs The Average age of TMT team
members

CEO overseas experience Dummy indicating a CEO with
overseas experience

aSome corporations do not start to trade their stock at the immediate beginning of May and end at
the immediate end of December. For these firms, I calculate the stock returns based on their actual
starting and ending days prices and get their abnormal return subtracted from the index return for
their corresponding periods.
bTo avoid collinearity between variables, the calculation only based on directors who do not serve
TMTs.

3.4 Summary Statistics

Table 2 is summary statistics of variables in this study. From the table, the stock and
abnormal returns are both negative on average, which is consistent the poor stock market
performance in China from 2015 to 2016. The statistics show that the ratio of companies
with at least one overseas returnee executives is around 20% and the average ratio of
overseas returnee executives is 3%. Surprisingly, the average ratio for overseas returnee
directors (excluding those serving executives) is 16%,much higher than that of executive
counterparts. Overall, the data suggests a low internationalization degree in the sample
and most TMTs with positive overseas exposure may only have one or zero member
with overseas experience.

Table 2. Summary statistics

Variable Obs Mean Std. Dev. Min Max

EPS 346 0.25 0.366 −0.633 1.626

EPS before interest and tax 348 0.805 0.793 −0.528 3.739

ROE 342 0.067 0.105 −0.506 0.289

Stock return 339 −0.05 0.277 −0.607 1.2

Abnormal return 339 −0.091 0.29 −0.608 1.016

Average overseas experience 342 0.034 0.094 0 0.571

Overseas dummy 348 0.184 0.388 0 1

SOE 348 0.509 0.501 0 1

(continued)
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Table 2. (continued)

Variable Obs Mean Std. Dev. Min Max

Average financial background 348 0.047 0.114 0 0.75

Average age 348 47.297 3.295 37.333 55.8

Male ratio 348 0.815 0.153 0.429 1

Fixed asset ratio 348 0.022 0.029 0 0.163

Equity multiplier 321 3.777 2.004 1.139 10.544

Log(asset) 346 23.504 1.549 19.579 27.321

CEO oversea 348 0.072 0.259 0 1

Average overseas experience of directors 342 0.159 0.153 0 0.667

Share owned by management 348 0.475 2.178 0 17.316

Top 1 shareholders’ share 342 38.147 15.334 7.12 76.95

Bachelor ratio 267 0.395 0.275 0 1

Ratio without a bachelor 267 0.1 0.207 0 1

4 Empirical Result

Table 3 shows the regression results in this study. From Panel 1 column (1), the overseas
background of TMTmembers has a significant impact on current corporate performance,
as measured by EPS. With the inclusion of more control variables, the coefficient stabi-
lizes at 0.7. Specifically, all else being equal, a 1% increase in TMT overseas experience
ratio leads to 0.007 units of increase in the earning per share of a firm on average.
Alternatively, in a TMT with ten executives, one more executive with overseas expo-
sure contributes to a roughly 0.07 unit increase in the earning per share. This finding is
significant in both economical and statistical sense. This result is also consistent with
the previous study [6], which find that a 1% increase in the ratio of top executives with
overseas exposure will lead to 0.005 units of increase in ROA.

However, the baseline regressionmay ignore some important metrics, like the overall
educational background of TMTs. To deal with potential endogeneity problems, more
factors and proxies should be considered to test the robustness of the result.

4.1 Demographic Characteristics

As discussed in the previous section, a higher education level will add value to firm
performance [5, 12]. I further control for education levels of TMTs by lessbache and
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bache3 in column (2). I also control for the average age of TMTs and the male ratio4

in column (3), as many previous studies point out that a lower average age and higher
gender diversitymay contribute to superior firm performance and correlate with overseas
experience. Column (2) and (3) show, while the coefficients change due to changes in
sample sizes after controlling for education levels, the overseas background still exerts
a positive influence on firms’ performance.

4.2 CEO Power and SOE Effects

One implicit assumption made by using the ratio of TMT members with overseas expe-
rience as the proxy for the whole team’s overseas experience is that each member is the
same influential to decision-making in TMTs. This assumption may not hold, however
[16]. As average statistics ignore the power distribution within TMTs, this raises concern
that the result is mainly driven by the CEO, the most powerful member in TMTs, not
other less powerful members. To address the concern, I include an extra control vari-
able, an interaction term between the demeaned ave_overseas and CEO_oversea. After
considering this power distribution effect within TMTs, Panel 1 column (4) shows that
the coefficient of experiences a small increase of 0.2 units and is still significant while the
coefficient of the interaction term is insignificant. Thus, the result is not mainly driven
by only powerful members.

Previous scholars find that non-state-owned firms gain more benefits from manage-
ment characteristics, including overseas exposure and gender diversity, compared with
state-owned counterparts [6, 13]. If this feature holds in this study, there should be a
larger increase in the overseas background effect in private firms. To investigate the
potential heterogeneous effect of ownership properties, I add an interaction term of SOE
and demeaned ave_oversea. Panel 1 column (3) shows, however, the significance of
overseas experience does not change, and the coefficient for interaction term is statisti-
cally insignificant. Put together, the pattern suggests the impact of overseas backgrounds
applies to both state-owned and private- owned firms.

4.3 Alternative Proxies for Overseas Exposure and Firm Performance

To test the robustness of previous finding, I use a series of alternative proxies for overseas
experience and firm performance. The result is shown in Panel 2 and Panel 3 of Table 3.

To begin with, I use other four other proxies for firm performance to regress again.
The baseline model for these proxies shows consistent pattern in significant levels as
shown in column (6).When I control for characteristics, CEOPower effects, SOE effects,

3 The education level information of around 30% of TMT members are missing in my dataset.
Using available members’ information to construct average statistic will lead bias, as those
executives with low-level degrees hold back their degree information on annual reports. Thus,
to make best use of my data while ensuring accuracy of measurement, I leave out firms with less
than 80% members’ degree information available, and by doing this, the sample size decreases
to around 200.

4 Variance Inflation factor shows there is a strong correlation between male ratio, average age of
TMT members, and log(asset). Thus, I not control these characteristics in baseline regressions
and only control these in this part.
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and education levels, the results are largely the same (at least three coefficients among
the four proxies’ regression are significant). The only exception is when I control for
interaction term of SOE and demeaned over_ave, the two coefficients for ROE and
abnormal return regressions are both insignificant. But overall, the results support the
positive roles of overseas returnee executives on firm performance.

Then, I further explore if new proxies display different patterns for the moderation
effects of ownership properties and CEO power effects in Panel 3. The examination
on interaction terms, however, shows that SOE is unlikely to mediate the relationship
between overseas experience and firm performance as four out of five regressions gives
insignificant estimation results.What is interesting is CEOpower interaction coefficients
displays are statistically significant albeit different in their signs.5 The mixed signs of
CEO with overseas experience do not support a consistent mediation effects of CEO
power either. Put shortly, my finding on overseas exposure of TMTs are applicable to
both private- and state-owned corporations and are unlikely to be driven by CEO with
overseas experience.

Finally, I replace average overseas experience of TMTs with an overseas dummy.6

Panel 2 column (5) shows a significant positive role of TMTs with overseas exposure.
Taking the result for EPS for example, firms with at least one member having overseas
experience show a 13% higher EPS than those not, on average, while controlling for
other factors.

5 Discussion and Conclusion

The positive association provides strong support for themain hypothesis. Consistentwith
previous literature, the study demonstrates that returnee executives, with their unique
experience and knowledge learned from their overseas life, can contribute to better cor-
porate outcomes. This finding applies to both private- and state-owned corporations and
is unlikely to be only driven by CEOs with overseas experience. This indicates enter-
prises should create a tolerant firm environment that attracts talented overseas returnees,
since their knowledge facilitate better firm performance. But one remaining question
that has not been explored yet in this study is, what may be the channels though which
executives promote firms’ performance for this study?

Previous research mainly focuses on the exports and international alliance [9, 17]
while a few focuses on fund-raising activities [3]. In the context of the real estate industry,
I argue, the presence of returnees among TMTS may affect the corporation outcomes
through supporting unfamiliar financing strategies or attracting overseas financers to
serve their financial needs. Since 2003, regulations for foreign capital investment have
gradually relaxed, with investment among increasing from 1.7 billion $ in 2003 to 76.6
billion $. Previous studies support that overseas background help raise funds, with their

5 VIF are small enough for these two regressions. Thus, this is not a result of strong collinearity
after controlling for interaction terms. One possible reason might be the data is from 2015 to
2017, which coincides the collapse of Chinese stock market.

6 This replacement may not lose much information according to statistics summary, which shows
the average statistics of average overseas experience within TMTs is only less than 4% and my
data shows over half of corporations with positive average overseas experience has only one
overseas returnee executive.
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overseas experience a positive signal to international investors that corporation gover-
nance and decision-making process can be more effective, similar to those MNCs in
developed nations [3]. This is important in drawing funds internationally, especially in
an environment with weak investors protection and corporate governance. The participa-
tion of foreign institutional investors will stabilize the stock price of firms and facilitate
better performance [18, 19]. In the same vein, in the recent years, as there are fewer
restrictions on firm,7 overseas-returned talents may take advantage of their knowledge
or connections gained from developed nations [3, 4], where raising funds internationally
is a commonplace. Having garnered experience from foreign study or work, they can
propose constructive advice and enhance team’s understanding, which means corpora-
tions can follow the trend of borrowing foreign money wisely. Foreign capital can be
an extra powerful financing tool for these companies to meet their financial needs and
reduce capital costs [20, 21]. Overall, previous literature shows strong evidence linking
international financing activities and overseas backgrounds to firm performance, at least
for the capital-intensive industry, like the real estate industry. However, with limited data,
this study does not empirically examine these potential channels, the study of whichmay
be beneficial to understanding the role of overseas executives.

Finally, this study is subject to following limitations. First, the study only supports
a correlational relationship, not a causal relationship. Although many important con-
trol variables are considered, the problem of multi-causality typical in corporate finance
research remains unsolved [16]. Some missing data, including education degree infor-
mation, and other variables, including the independent director ratio, the board size, and
the firm age, may also lead to omitted variable bias (OVB). Future studies can conduct
a more convincing identification to eliminating reverse causality and OVB.

Second, while my focus on real estate firms can be helpful to understanding the role
of overseas-returned top executives in corporate decisions and outcomes, the study based
on this sample may not have the same explanatory power for other industries. The result
may apply to high-technology corporations, for example. High-technology firms with
good knowledge of the foreign world may benefit from increasing R&D investments [2],
international networks [1] andwillingness to develop partners [8]. But no evidence shows
this will apply to manufacturing corporations with low internationalization degrees. As
discussed in the previous section, real estate firms are capital-intensive and, different
frommost industries in China, have strong incentives to issue foreign debt and introduce
foreign institutional investors. Thus, this finding may be more applicable to capital-
intensive industries.

Finally, as updated upper echelons theories point out [16], two aspects that
researchers tend to ignore are intra-TMT power distribution and TMT behavioural inte-
gration. Even though I investigate the powerful member, CEO, this study fails to explore
the whole team’s power distribution and structure. Also, different “behavioral integra-
tion” may exist in firms within a small scope of industry for many reasons. In some
cases, TMT members only engage in bilateral relations with the CEO but have little
to deal with other members [16]. Lack of consideration of these factors prevent this
study making a stronger analysis. Including how TMT members interact with each into

7 In terms of corporate foreign debt, according to statistics in theWindFinancial Terminal Platform
in China, the number of foreign-currency-denominated debt issued in China (including those
listed in Hong Kong) has increased nearly tenfold, from around 20 to over 150.



Overseas Experience of Top Management Teams and Firm Outcomes 165

analysis, future studies may generate valuable insights on effective TMTs and efficient
operation of firms.

Acknowledgements. I am indebted to professor Li in Shandong University for inspirations and
advice. I also thank for professor Zhang andmy classmateMiao for the data collection andwriting.
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References

1. Dai, O., Liu, X.: Returnee entrepreneurs and firm performance in Chinese high-technology
industries. Int. Bus. Rev. 18(4), 373–386 (2009)

2. Filatotchev, I., et al.: The export orientation and export performance of high-technology SMEs
in emerging markets: the effects of knowledge transfer by returnee entrepreneurs. J. Int. Bus.
Stud. 40(6), 1005–1021 (2009). https://doi.org/10.1057/jibs.2008.105

3. Giannetti, M., Liao, G., Yu, X.: The brain gain of corporate boards: evidence from China. J.
Finan. 70(4), 1629–1682 (2015)

4. Lee, J.-H., Roberts,M.J.D.: International returnees as outside directors: a catalyst for strategic
adaptation under institutional pressure. Int. Bus. Rev. 24(4), 594–604 (2015)

5. Darmadi, S.: Board members’ education and firm performance: evidence from a developing
economy. Int. J. Commer. Manag. 23(2), 113–135 (2013)

6. Zhang, C., Fu, P.: Overseas-returned executives and their roles in firm performance: evidence
from China. Asia-Pac. J. Account. Econ. 1–10 (2020)

7. Ge, Y., Shen, S.: The influence of the management team’s international experience on the
internationalization behaviors of SMEs. Contemp. Econ. Manag. 33(9), 53–58 (2011)

8. Reuber, A.R., Fischer, E.: The influence of the management team’s international experience
on the internationalization behaviors of SMES. J. Int. Bus. Stud. 28(4), 807–825 (1997)

9. Lee, H.U., Park, J.H.: The influence of top management team international exposure on
international alliance formation. J. Manag. Stud. 45(5), 961–981 (2008)

10. Herrmann, P., Datta, D.K.: Relationships between top management team characteristics and
international diversification: an empirical investigation*. Br. J. Manag. 16(1), 69–78 (2005)

11. Haifa, S., Xiaoyi, W.: Review on studies of top management teams. J. Manag. Sci. China
6(4), 82–89 (2003)

12. Cheng, L.T.W., Chan, R.Y.K., Leung, T.Y.: Management demography and corporate perfor-
mance: evidence from China. Int. Bus. Rev. 19(3), 261–275 (2010)

13. Liu, Y., Wei, Z., Xie, F.: Do women directors improve firm performance in China? J. Corp.
Finan. 28, 169–184 (2014)

14. Shahrier,N.A.,Ho, J.S.Y.,Gaur, S.S.:Ownership concentration, board characteristics andfirm
performance among Shariah-compliant companies. J. Manag. Gov. 24(2), 365–388 (2020).
https://doi.org/10.1007/s10997-018-9436-6

15. Rose,C.:Does female board representation influencefirmperformance?TheDanish evidence.
Corp. Gov.: Int. Rev. 15(2), 404–413 (2007)

16. Hambrick,D.C.: Upper echelons theory: an update. Acad.Manag. Rev. 32(2), 334–343 (2007)
17. Tyler, B.B., Steensma, H.K.: The effects of executives’ experiences and perceptions on their

assessment of potential technological alliances. Strateg. Manag. J. 19(10), 939–965 (1998)
18. Genming, Z.: A study on the mechanism of the influence of qualified foreign institutional

investors’ shareholding on corporate performance. Commun. Finan. Account. 812(12), 68–72
(2019)

19. Han, L., et al.: Do foreign institutional investors stabilize the capital market? Econ. Lett. 136,
73–75 (2015)

20. Fei, G., Huixin, Y., Huimin, G.: Why do firms raise foreign currency denominated debt?
Evidence from Chinese listed companies. J. Finan. Res. 453(3), 137–154 (2018)

21. Fei, G., Panpan, Y., Huixin, Y.: Retrospect and prospect: the research of enterprise’ foreign
currency debt. J. Zhengzhou Univ. Aeronaut. 3, 105–112 (2017)

https://doi.org/10.1057/jibs.2008.105
https://doi.org/10.1007/s10997-018-9436-6


Public Service Motivation and Prosocial
Behavior Among College Students: The
Mediating Role of Social Innovation

Hung-Yi Liao1, Kang-Hwa Shaw2(B), Zi-Shan Zhu1, Si-Xin Huang1,
and Yu-Yao Song1

1 Department of Human Resource Management, Shanghai Normal University, Shanghai, China
hyliao@shnu.edu.cn

2 School of Management, Shandong University, Jinan, Shandong, China
kevinshaw99@sdu.edu.cn

Abstract. Based on motivation theory, this study investigated the relationship
between public servicemotivation and prosocial behavior among college students,
while further examining the mediating role of social innovation in that context.
We conducted a questionnaire survey to collect relevant data from college students
in China, thereby obtaining 125 valid responses for use in testing our hypotheses.
Results showed that public service motivation and social innovation were both
positively related to prosocial behavior, while social innovation mediated the rela-
tionship between public service motivation and prosocial behavior. We discussed
the implications of the results, limitations, and future directions.

Keywords: Public service motivation · Social innovation · Prosocial behavior

1 Introduction

Due to the steady implementation of China’s “One Belt, One Road” initiative and the
continued advancement of the government-supported “community of shared future for
mankind,” it is increasingly important to cultivate prosocial behaviors among college
students. Previous research has shown that public service motivations are a motivational
orientation rooted in public institutions or organizations [1]. This further pertains to the
formation of public policy, a commitment to public interest, compassion, self-sacrifice,
and the patriotic spirit of Chinese culture. Public service motivation is therefore a highly
valuable psychological resource. This study explored the relationship between public
service motivation and prosocial behavior among college students in China, thereby
highlighting the importance of both concepts.

Although previous studies have found that public service motivation triggers proso-
cial behavior at the individual level, there is relatively little empirical evidence in this
regard [2]. It is also important to determine how public service motivation influences
individual prosocial behaviors. Motivation theory posits that motivation is a behav-
ioral tendency which influences certain individual activities that are directed toward
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goals. This is important for social innovation, or the process by which innovative con-
cepts and methods are used to identify business opportunities based on social prob-
lems, which are thereby addressed through an understanding of open-market spaces and
social/commercial values at both the individual and organization levels. We assume that
individuals with high levels of public service motivation are more willing to devote time
and energy to social service activities (i.e., social innovation), while individuals who
are highly oriented toward social innovation will exhibit more prosocial behaviors. We
thus examined the relationships between public service motivation, social innovation,
and prosocial behavior from a theoretical perspective. In this regard, we expanded the
application of the theory of public service motivation and appropriately enriched the
literature through new findings related to both social innovation and prosocial behavior.

In sum, this study used the concepts outlined in motivation theory to explore the
relationship between public service motivation and prosocial behavior among college
students, with a further focus on the mediating role of social innovation. In turn, these
efforts clarified the internal mechanism of public service motivation. Our conclusions
thus provide guidance for the development of prosocial education in the college setting.
See Fig. 1 for this study’s research model.

Public Service 
Motivation

Social 
Innovation 

Prosocial 
Behavior 

Fig.1. Research model

2 Literature Review and Hypotheses

2.1 Public Service Motivation and Prosocial Behavior

According to Perry and Wise [1], public service motivation is an orientation that is
rooted in public institutions or organizations. Public service motivation can therefore be
described as a belief and attitude that extends beyond the interests of individuals and
particular departments. In this regard, public servicemotivation drives individuals to take
corresponding actions at the appropriate times. It is also effective in serving the public
and selflessly defending the motivations behind public interests. Indeed, Chen et al.
[3] found that public service motivation positively influenced work engagement among
civil servants at the grassroots level. Moreover, individuals who are active in the public
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sector and have high public service motivation tend to exhibit a greater willingness for
engaging in social service activities when compared to private sector workers (Houston)
[4]. In this paper, we further argue that public service motivation can trigger individual
prosocial behaviors; that is, behaviors thatmeet social expectationswhile benefitingother
groups and/or society. Esteve et al. [2] previously showed that public service motivation
positively influenced prosocial behavior among students, while Piatak [5] claimed that
individuals with high levels of public service motivation were more willing to volunteer
in the public sector context.We therefore developed the following hypothesis:H1:Public
service motivation is positively related to prosocial behavior.

2.2 Social Innovation and Prosocial Behavior

Based on its definition, social innovation links new ideas to create solutions that “improve
living standards” (Mulgan et al.) [6]. The term also refers to the search for more effective
and sustainable ideas that can solve social issues and/or create social value from existing
solutions rather than focusing on personal value (Phills et al.) [7]. As important compo-
nents of any social entity, individual social attributes determine whether a person will
pay attention to social phenomena and/or problematic issues. Thus, social innovation can
trigger individual prosocial behaviors. According to Bhatt et al. [8], social innovation
aids entrepreneurs in focusing on target beneficiarieswhile influencing various entities to
help solve social problems. Some social innovation projects have even stimulated social
awareness among non-directly related subjects, who are nonetheless concerned about
similar issues, including those who participate in volunteer teams or citizen groups with
similar experiences (Garrone et al.) [9]. The generation and implementation of social
innovation is therefore increasingly important for enterprises, citizens, and stakehold-
ers who are interested in cultivating creativity, seeking to transform knowledge into
commercial products and services, and solving social problems. Based on these factors,
we developed the following hypothesis: H2: Social innovation is positively related to
prosocial behavior.

2.3 Mediating Role of Social Innovation

Public servicemotivation is derived from individual inner demand, and is thus an internal
driving force that influences the desire to serve others. More specifically, the goal is to
benefit to others and society.On the other hand, the goal of social innovation is to promote
human wellbeing, which makes it conducive to improving individual prosocial behavior.
According to motivation theory, motivation is a behavioral orientation that influences
individuals to engage in certain activities with a tendency to progress toward goals.
Individuals with high levels of public service motivation will actively seek way to ensure
their social participation while promoting cooperation. This often requires an awareness
of the imbalanced relationship between existing social needs and the supply of social
services, thereby stimulating the search for solutions aimed at existing social deficiencies.
Individuals with this behavior can develop social services and products designed to
improve the quality of social life while enhancing social innovation capabilities. Such
behaviors are intended tomeet social expectations in away that benefits other individuals,
groups, and/or society. Based on this, we developed the following hypothesis:H3: Social
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innovation mediates the positive relationship between public service motivation and
prosocial behavior.

3 Methods

3.1 Participants and Procedure

This study’s survey samplewas comprised of college students from several universities in
Shanghai,China.Weexamined the abovementionedhypotheses using data obtained from
questionnaires that we distributed to these individuals online. Ultimately, this resulted
in 125 valid questionnaires. Among respondents, 80.3%were female, while 48.5%were
third-year students. Their majors mainly included those from the humanities (20.5%),
with most students coming from areas outside Shanghai (73%). In terms of activity
engagement, 51.6% participated in the “Summer social research activities,” while 38.5%
participated in the “College student innovation and entrepreneurship training program.”

3.2 Measures

In addition to the frequency measurement of prosocial behavior, all items were assessed
on a 5-point Likert scale ranging from 1= strongly disagree to 5= strongly agree. Public
service motivation was measured using the 6-item scale developed by Bao and Li [10],
with sample items including “For me, contributing to social welfare is very important.”
Social innovation was measured using the 8-item scale developed by Bulut, Eren, and
Halac [11], with sample items including “I look for solutions to create political and
social changes in society.” Finally, prosocial behavior was measured using the 7-item
scale developed by Oda et al. [12], with sample items including “When taking a train or
a long-distance bus, I will help others put their luggage on the luggage rack.” We also
controlled for the effects of various demographic characteristics.

4 Analysis and Results

4.1 Reliability and Validity Analysis of Scale

This study conducted reliability analyses for all scales, with results showing Cronbach’s
alphas between 0.86–0.93 for each, thus indicating good reliability. Factor analyses were
then conducted to test validity, with results show that the factor loadings of all items
on each scale were between 0.67–0.95, while the cumulative explanatory variance of
each scale was between 58.42%–68.00%. This indicated that all scales were of sufficient
validity.

4.2 Correlation Analysis

As expected, public service motivation was positively correlated with prosocial behavior
(r= 0.42, p< 0.01),while public servicemotivationwas positively correlatedwith social
innovation (r = 0.52, p < 0.01), and social innovation was positively correlated with
prosocial behavior (r = 0.37, p < 0.01).
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4.3 Hypothesis Testing

After controlling for the effects of demographic variables, public service motivation had
a positive influence on prosocial behavior (β = 0.49, p < 0.001), thus supporting H1.
Moreover, social innovation had a positive influence on prosocial behavior (β = 0.38,
p < 0.001), which supported H2. We then used PROCESS macro (Model 4) for SPSS
to test the statistical significance of these indirect effects. The point estimate for the
indirect effect of public service motivation on prosocial behavior via social innovation
was 0.14 (95% confidence interval: [0.01, 0.33]). Thus, social innovation mediated the
relationship between public service motivation and prosocial behavior, which supported
H3.

5 Discussion

5.1 Conclusion

This study found that public service motivation could positively influence prosocial
behavior among college students via social innovation. This was based on three specific
aspects. First, public service motivation showed a positive influence on prosocial behav-
ior. Second, social innovation was found to enhance perceived prosocial behavior. Third,
public service motivation positively impacted prosocial behavior via social innovation.

5.2 Management Implications

Based on the research results detailed in the previous sections, we propose the following
two main suggestions. First, college students should be encouraged to develop public
servicemotivation based on the concepts outlined inmotivation theory. In specific regard
to the management implications, colleges must encourage students to participate in
public services, strive to build public service platforms, and organize public welfare
activities. Moreover, colleges can work to assemble service or volunteer teams through
existing student unions, clubs, and organizations. These newly formed teams can assist
their communities by engaging with other institutions and organizations, such as local
nursing homes and Red Cross societies. Colleges can reform scholarship and grant
standards, incorporate public service participation into the scholarship evaluation system,
and offer additional rewards to students who are active in public welfare activities and
voluntary services.

Second, colleges should help students develop social innovations. More specifically,
they should support students through information openness and knowledge sharing for
the purpose of integrating and distinguishing large datasets that can help them dis-
cover the real needs of society. They can also promote social innovation by encouraging
students to focus on more specific social problems and needs. In this way, students
can more properly enter the frontiers of their respective professional fields, specifi-
cally equipped with the ability to comprehensively analyze related phenomena while
continually improving their understanding of relevant social problems.
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5.3 Limitations and Future Research

This study also had some limitations. First, we implemented a cross-sectional design,
which does not allow researchers to establish causality. Future research should there-
fore adopt a longitudinal design involving multiple time periods, thus improving overall
rigorousness. Second, we investigated the positive relationship between public service
motivation and prosocial behavior via social innovation, but did not examine the moder-
ator. As such, future research should consider the boundary conditions (e.g., individual
values and school education).
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Abstract. Traditional Chinese painting is a kind of traditional painting form in
China, and it is one of the important non-material cultural heritages in China.
Unlike other painting products, traditional Chinese painting uses a “Chinese Cal-
ligraphy Brush Pen”, which is dipped in water or ink and then painted on silk or
rice paper. In the past, the public did not know much about it, and the industry
was not taken seriously. However, in recent years, under the background of the
government’s policy of vigorously promoting the development of cultural industry
and the rapid development of e-commerce, Chinese painting has ushered in new
opportunities. Based on SWOT analysis, this paper analyzes the current strengths,
weaknesses, opportunities and threats of the traditional Chinese painting industry
by using all kinds of Chinese data and puts forward policy suggestions to prompt
the development of the Chinese painting industry according to the analysis results.

Keywords: Chinese painting · SWOT analysis · Artworks · E-commerce ·
Culture

1 Introduction

Chinese cultural industry has fallen into a dilemma in the past few decades: China has
a wide range of regions, different regions having distinctive levels of development of
cultural industries, and many cultural products have not been valued and appreciated
by the public. However, in recent years, the central government pays attention to the
real problem and the dynamic trend in the combined development of cultural industry
and other industrial integration and timely further launches a series of incentive type
industrial policies; for instance, promote the deep fusion of cultural industry and the real
economy, in order to achieve theworldwithin the scope of “made inChina” to “created in
China” and realize the regional coordinated development of cultural industry [1]. In the
face of government policies and the background of the modern times -- the combination
of internet and finance, intangible cultural heritage has a new space for development.
Among them, traditional Chinese painting as a typical kind of intangible cultural her-
itage, has ushered in the development opportunities. Helping Chinese painting develop
industrial economic model can not only inherit Chinese traditional skills, but also pro-
mote the prosperity of other industries. Cultural tourism industry, for example, is a kind
of cultural activities; in the process of cultural tourismproject development, non-material
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cultural heritage is an important development content; entrepreneurs reveal the cultural
industry advantage through the innovation of intangible cultural heritage to attract a
large number of tourists, improving the sale of cultural tourism product; it facilitates the
construction of the brand of cultural tourism industry [2]. To better promote economic
model construction and the development of the Chinese painting industry, this paper
will be based on the SWOT analysis method, having a comprehensive combing present
situation of economic advancement of traditional Chinese painting industry, analyzing
its current development strengths, weaknesses, opportunities and threats, thus further
putting forward the corresponding protection and development way, to better respond to
and implement the 19th National Congress’s great goal of “building a modern economic
system”.

2 SWOT Analysis

Theory of SWOT analysis model is put forward by potter. The four letters of SWOT rep-
resent respectively strengths, weakness, opportunities and threats. This analysis method
is to sum up the industry internal resources, external environment and some other aspects
synthetically. To move forward a single step, people can analyze industrial strengths,
weaknesses, opportunities and threats. Through the analysis, enterprises can adopt the
appropriate strategy to develop the industry, such as mergers and acquisitions to expand.
Art industry, which is mainly composed of modelling art, as the sum of all kinds of cul-
tural and economic activity, with the creation of art as the source, involving investment,
exhibition, warehousing, trade, derivatives and other related fields of art, extends to the
collection of consumption, investment and wide demand of all kinds of social groups [3].
The traditional Chinese painting as a cultural art good, possesses the spiritual attributes
of culture and art and common qualities of goods meanwhile like aesthetic nature, the
persistence of the hedging, the increment of value and etc. [4].

2.1 Strengths

National characteristic and the brand advantage. As one of the treasures of the Chinese
nation and traditional art creation, the traditional Chinese painting is Chinese essential
spiritual product. Compared to the western culture and other Asian countries’ cultures,
such as Japan and South Korea, the unique national characteristics of Chinese painting is
real, and China has the Chinese painting industry in the international market of absolute
advantage. According to the characters of the nationality of the traditional Chinese
painting, we can apply the element of Chinese painting to packaging design of other
products, promoting the organic combination of cultural elements and crafts design,
strengthening the construction of independent brands, to fully embody the traditional
Chinese painting culture, highlighting the national characteristics of other products,
making the commodities packaging be full of national, regional and spatial information,
reflecting the culture connotation and artistic conception. Thus, as a national brand,
Chinese painting has rooted in the national cultural soil, fully mixing and giving a play
to nationality, creating their own specific brand image and entering the international
market, developing its own brand advantages.
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Cost advantage. Creation of traditional Chinese painting has a particular trait that
is of low cost and high value. The economic cost of Chinese painting’s painting tools
like pens, ink, paper and inkstone is low. However, the value of created works will
vary based on the value of artists.; the higher ones, such as those made by Ji Zhao and
Bohu Tang, are of great value, while the lower ones can also be used as works of art for
ordinary household decoration [2]. Figure 1 is about the Chinese urban residents’ CPI for
entertained, educational and cultural goods and services. TheChinese painting’s painting
tools can be classified as CPI1 or CPI3. Figure 1 shows that CPI1 is the only curve that
is always below 100; CPI3 numerical value is close to 100 and is the penultimate low
curve. These evidences further confirm that Chinese traditional painting’s raw material
cost is indeed relatively low.

Fig. 1. Chinese urban residents’ CPI for entertained, educational and cultural goods and
services(previous year 100).

Annotation: CPI1: CPI for recreational and entertainment durables and services,
CPI2: CPI for education, CPI3: CPI for cultural and entertainment articles, CPI4: CPI
for books, newspapers and magazines, CPI5: CPI for travelling.

Source: National Bureau of Statistics of China.
Hedging function. From the economic point of view, the Chinese painting can be

classified as break-even floating income financial products. For China with a long his-
tory, the history of Chinese painting is comparatively long, and the Chinese painting
is consistent with the Chinese aesthetic, so for Chinese consumers, Chinese painting is
more resonant with consumers than oil painting. Therefore, the current market hedging
of traditional Chinese painting is better than the oil painting market [4]. By buying Chi-
nese paintings, investors seek a way to preserve or increase their wealth [5]. Chinese
painting artworks above the middle-end products can maintain and increase in value and
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can be widely promoted in the field of financial management; through this channel, more
middle and high-end customers can be cultivated; on the one hand, it can give another
way to customers to learn the artistic style of Chinese painting; on the other hand, it can
promote the development of medium and high-end artistic products [6]. Therefore, the
traditional Chinese painting has a strong hedging advantage.

2.2 Weaknesses

The lack of engaged in the personnel. Because of the traditional classical style of tradi-
tionalChinese painting,with the progress of science and technology and the development
of the world, less and less staff works on it, and many people choose to work in the high-
tech or fashion; even painters tend to create modern paintings. Comparing the number
of personnel who works on Chinese and western painting, the number of painters and
researchers occupied in traditional Chinese painting is gradually at a disadvantage [7].
In addition, the creation of Chinese painting is sometimes difficult since the required
tools and techniques are complex, and it is inconvenient to modify. Thus, it is not easy
to recruit a large number of staff with the foundation of traditional Chinese painting [8].
In table1, the number of employees in 19 urban units in Different industries in China is
arranged from the largest to the lowest according to the average value. Table 1 shows that
the employment of culture, sports and entertainment column is penultimately low and
has very significant distinction with other units. At the same time, the standard deviation
is the second from the bottom; that is, the number of employees is stable every year and
almost does not rise. This further proves the personnel engaged in traditional Chinese
painting is very little indeed.

Annotation: urban industries code corresponding vocations: job1: agriculture,
forestry, animal husbandry and fishery, job2: the mining industry, job3: manufactur-
ing, job4: production and supply of electricity, heat, gas and water, job5: the construc-
tion industry, job6: transportation, warehousing and postal services, job7: information
transmission, software and information technology services, job8: wholesale and retail,
job9: accommodation and catering, job10: finance, job11: the real estate industry, job12:
leasing and business services, job13: scientific research and technical services, job14:
water, environmental and public utility management industries, job15: residential ser-
vices, repairs and other services, job16: education, job17: health and social work, job18:
culture, sports and entertainment, job19: public administration, social security and social
organizations.

Source: National Bureau of Statistics of China.
The marketing awareness of traditional Chinese painting is not strong, and the mar-

keting channels are single. Among the main income sources of the Chinese painting
museum, the sales income of theChinese paintingmuseumonly accounts for a very small
part of the total income, while the service income, rental income, exhibition income and
training income result in the most of the income. It can be seen that the Chinese painting
museum did not focus on the sale of Chinese painting, and marketing awareness is not
strong. There are two possible reasons. First, the traditional Chinese painting museum,
as a public institution allocated by the regional financial balance, has no business pres-
sure. Second, the Traditional Chinese painting museum has been engaged in tourism

https://doi.org/10.1007/978-981-16-5359-9_1
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Table 1. China’s urban industries employment(ten thousand people).

Variable Obs Mean Std. Dev Min Max

job3 16 4015.65 798.1626 2980.5 5257.9

job5 16 1788.212 855.8482 833.7 2921.9

job16 16 1606.356 108.2243 1442.8 1736.5

job19 16 1459.644 199.937 1171 1817.5

job6 16 713.4688 107.0786 612.7 861.4

job8 16 682.175 158.5252 506.9 890.8

job17 16 677.95 154.0781 485.8 912.4

job2 16 537.5688 61.73244 414.4 636.5

job10 16 497.4875 121.842 353.3 699.3

job1 16 354.8063 87.01888 192.6 484.5

job4 16 340.375 42.13318 297.6 404.5

job12 16 338.7687 121.2037 183.5 529.5

job13 16 316.225 80.41089 221.9 420.4

job11 16 272.1063 127.8344 120.2 466

job7 16 238.1875 108.4688 116.8 424.3

job9 16 230.475 46.32644 172.1 304.4

job14 16 225.3625 38.05732 172.5 273.3

job18 16 135.7438 11.12702 122.4 152.2

job15 16 64.14375 9.574547 52.8 78.2

for many years, so it has no platform advantage in the field of art. In addition, tradi-
tional Chinese painting is a passive marketing model; the main marketing channels are
limited, only such as waiting for customers or participating in the auction. Waiting for
customers has very significant restriction; only familiar customers or experts come to
purchase. Besides, the requirements of walk-ins are usually high.What they place favors
is the national level famous painting, so this is unfavorable to a lot of broad provincial
calligraphy and painting sale. The auction of the auction company is also too narrow
for the crowd, merely aiming at people that are interested in Chinese painting and have
intention to participate the buying of Chinese painting. It does not propagandize Chi-
nese painting to more people who are unfamiliar with and do not comprehend Chinese
painting. Hence, the market of Chinese painting cannot be expanded. For international
trade, the sale of traditional Chinese painting is not dominant. China’s export products
with explicit comparative advantages are designs, handicrafts and musical instruments,
and it has obvious disadvantages in sectors with high cultural creativity and knowledge
content, such as audio-visual, visual art and publications [9]. Figure 2 shows the total
export volume of Chinese products and the export volume of artworks. It can be seen
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from Fig. 2 that the total export volume is increasing year by year, but the export vol-
ume of artworks only accounts for a small part of the total export volume and fluctuates
greatly.

Fig. 2. Export volumes of China

Source: National Bureau of Statistics of China.
Difficult to preserve. One of the inherent disadvantages of the art collection industry

is the problem related to preservation. Particular art collections require special ways of
keeping them, and a small mistake may cause them to suffer a serious depreciation. The
texture of Chinese paintings is rice paper. The properties of the paper are easy to be
molded, decomposed in water, become ashes in the event of fire and bitten by insects
and rats, so it is very difficult to preserve the classical precious paintings [2]. Also it is
not easy for individual collectors to satisfy all the preservation conditions for different
works, such as lighting and temperature requirements.

Low liquidity. The fourth weakness is that compared with securities and stocks,
artworks have poor liquidity, inflexible trading time and flexible trading place, lack of
guarantee measures and are prone to fraud [10].Generally speaking, when a collector
buys fine art, he or shewill not sell it quickly but in a few years, decades or even hundreds
of years. He or she will wait for the appreciation of works of art and then flows the fine art
into the auction market. Therefore, works of art are sometimes not equal to money.What
is more, in the current market environment with irregular trading system, imperfect legal
system and lack of integrity, sellers often have more information about art transactions,
and art consumers are at a serious information disadvantage [11].
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2.3 Opportunities

The development of e-commerce background. Since the birth of Guardian Online (auc-
tion company) in 2000, Chinese art e-commerce has experienced 20 years of develop-
ment. Especially under the condition of Chinese art market into recession in 2012, art
industry wants to obtain more development opportunities, via the art e-commerce, so
the market of electric transaction rose 50% and has grown to 2.7% in the secondary
market share; by 2014 the market trading amount has reached 4.5 billion yuan; Mean-
while, its share in the secondary market has increased to 6.7% [12]. Art e-commerce is
a new mode of art trading on the Internet that has got rid of the traditional auction mode.
There are many platforms at present, such as Bobao Art Network, HIHEY art network,
Xianyu Auction and so on. The emergence of art e-commerce not only caters to the pub-
lic’s aesthetic demand and collection demand for artworks, but also helps contemporary
artists to increase their personal popularity and enhance their market influence [13]. The
bidirectional effect is the inherent advantage of the new model of online transactions.
The linked attempt between the Chinese art industry and the internet will bring new
development opportunities for the Chinese art market and even the world market [14].

Fig. 3. Disposable Income Per Capita of Chinese residents (yuan)

Annotation: According to the division measure of the Chinese National Bureau of
Statistics in 2011, the eastern region is divided into 10 provinces: Beijing, Hebei, Tianjin,
Shandong, Shanghai, Jiangsu, Zhejiang, Guangdong, Hainan and Fujian; central region
is divided into 6 provinces: Shanxi,Henan,Anhui, Jiangxi,Hubei andHunan; thewestern
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region is divided into 12 provinces: the Xinjiang Uygur Autonomous Region, Gansu,
Qinghai, Sichuan, Yunnan, Guangxi Zhuang Autonomous Region, Guizhou, Chongqing
Municipality, Shaanxi, Tibet Autonomous Region, InnerMongolia Autonomous Region
andNingxiaHuiAutonomousRegion; northeastChina consists of 3 provinces: Liaoning,
Jilin and Heilongjiang.

Source: National Bureau of Statistics of China.
The increase of public’s income. Disposable income per capita is an important factor

affecting the national consumption level. At present, China’s disposable income per
capita is increasing year by year, which has brought a great impact on the development
of the Chinese art market [15]. Entering into the contemporary society, the public’s
demand for ceramic artworks and the scale of investment gradually increase with the
gradual increase of income level; therefore, the ceramic art industry in JingDe town has
ushered in a new period of development opportunities [16]. The same is for the demand
for the traditional Chinese painting. At present, China’s GDP per capita has reached
4,000 dollars, and the art market is ushering in a rare opportunity for development. As
can be seen from Fig. 3, the disposable income per capita of the four regions in China
is increasing gradually, including the western China which has the lowest disposable
income per capita.

The government strongly promotes the development of the cultural industry. Under
the trend of vigorous development of cultural industry, “cultural art + finance + Inter-
net” has encountered unprecedented development opportunities [17]. As an important
part of cultural industry, artworks can not only bring people the spiritual utility of cul-
ture, aesthetics and social status symbol, but also bring returns to investors in the form of
assets [18]. The cultural characteristics of artworks themselves make the financialization
of artworks not only driven by the art market and the financial market, but also in line
with China’s current requirement of vigorously developing cultural industry, which is
supported by national policies [19]. For example, Wuhu cultural system was reformed,
the leading group for cultural industry was established in Wuhu municipality, and it for-
mulated the “suggestions about promoting the implementation of the great development
and prosperity of socialist culture prosperity”, “policies on accelerating the development
of cultural industry”, “the development plan of Wuhu cultural creative industry”, “the
relevant provisions about the promotion and support the development of cultural creative
industry” and a series of supporting policies; adopting the way such as reward, discount
and allowance to the digital animation, artworks production and other cultural industry
projects can attract business investments, moderately promoting industrialization of “the
Wuhu iron painting” [20].

The advancement of science and technology. Through the digital Chinese painting
creation platform, Chinese painting is easy to copy, modify and save. First of all, the
finished work can be reproduced indefinitely, unlike traditional Chinese painting that
there is only one work in the end. In the process of creation, if there is a mistake,
or a new layout is needed, the user only needs computer instructions to complete the
modification work, but it is difficult to do in the traditional drawing part. The finished
work created on the digital platform can be saved as a picture file, printed out or sprayed
onto a scroll. Diversified preservation methods make the preservation of works last
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longer [2]. Although the platform still has some shortcomings, the overall advantages
outweigh the disadvantages.

2.4 Threats

Low security. According to Jian Ma’s book “The Economics of the Art Market”, “the
safety of works of art is crucial for both collectors and private collectors. Theft, fires
and floods threaten the safety of works of art.” Since the material of traditional Chinese
painting is mainly rice paper, it will be easily damaged in the process of art trading,
transportation and collection.

It is difficult to maintain the value. After the bold attempt of British railway pension
funds, many of the newly established funds cannot turn art into an effective property
category, and its reasons mainly lie in: to outsiders, the art market operation is full of
mystery, and its lack of liquidity management also makes a lot of experienced funds
managers take artworks as a threat to traditional funds so will not focus on [21]. In
addition, Deloitte and ArtTactic jointly issued the “2016 art and financial report” of the
research toward 53 private Banks, 14 family businesses, 126 professionals, 94 authori-
tative art collectors and 39 key leaders of art and financial enterprises, thinking that the
lack of professional qualification standards, the lack of professional valuation personnel,
difficulty in art valuation, low veracity became the greatest threat to the art market rep-
utation, which to a certain extent, damaged the interests of the art managers, collectors
and art professionals.

Copyright issues. The progress of science and technology is both an opportunity
and a threat to the traditional Chinese painting industry. Unlike mechanical copying,
downloading is a digital copy. Digital technology and 3D printingmake the reproduction
of artworks easily and directly threaten the copyright protection of artworks [22]. If
pirated works are rampant, the public will take a skeptical attitude towards the Chinese
painting market, which will lead to the decline of the reputation of the Chinese painting
industry and the number of potential customers, thus seriously affecting the development
of the Chinese painting industry.

3 Conclusion and Policy Proposals

According to SWOT analysis method, it can be seen from Table 2 that the strengths of
Chinese painting industry are characterized by national characteristics, brand advantage,
cost advantage and value preservation. Weaknesses include lack of personnel, weak
marketing awareness, single marketing channel, high difficulty in preservation and poor
liquidity. Opportunities consist under the background of e-commerce development, the
improvement of people’s income level, the vigorous development of cultural industry
and the advancement of science and technology. The threats include low security, high
difficulty of hedging and the copyright issue.

According to the strengths, weaknesses, opportunities and threats of the Chinese
painting industry, the followings are some Suggestions to help the prosperity and devel-
opment of the Chinese painting industry: (1) Public should be clear that the development
of the traditional Chinese painting industry has disadvantages such as lack of personnel,
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Table 2. SWOT strategy

SWOT Content

strengths national characteristics, brand advantage, cost advantage and value
preservation

weaknesses lack of personnel, weak marketing awareness, single marketing channel, high
difficulty in preservation and poor liquidity

opportunities under the background of e-commerce development, the improvement of
people’s income level, the vigorous development of cultural industry and the
advancement of science and technology

threats low security, high difficulty of hedging and the copyright issue

weak marketing awareness, single marketing channels, high difficulty in preservation
and poor liquidity. It is also necessary to guard against threats caused by low security,
high difficulty in maintaining value and the copyright problem. (2) Based on the back-
ground of e-commerce, utilizing media and internet finance to publicize the national
characteristics of Chinese painting, spread national brands of Chinese painting, improve
the popularity of painters, change passivemarketing to activemarketing, and sell Chinese
painting products through multiple channels. (3) With the increase of national income,
people should cultivate and publicize the value preservation characteristics of traditional
Chinese painting, enhancing the national awareness that traditional Chinese painting can
be used as a value preservation product and expanding the investment product market of
traditional Chinese painting. (4) On account of the cost advantage of traditional Chinese
painting, governments should guide relevant enterprises to increase the cost of materi-
als on the mounting of Chinese painting to prevent theft, floods and fires and employ
professionals to provide the authenticity of traditional Chinese painting identification,
improving the mobility of traditional Chinese painting; in the process of transportation
and collection, take preventive measures to avoid safety problems. 5. With the bonus
of vigorous promotion of the development of the cultural industry by China, the gov-
ernment advocated to fundamentally support the traditional Chinese painting industry,
such as raising the salaries of professionals and appraisers of the traditional Chinese
painting industry and increasing the job supply associated with Chinese painting indus-
try, encouraging the establishment of high-quality Chinese painting cram schools or
extra-curricular activities to cultivate talented Chinese painting talents since childhood,
legislating to limit infringement, crack down on piracy, and maintain the artistic value
of works of art.
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How Autarky and Specialization are Chosen
Under COVID-19

Sheng Pan(B)

University of Sheffield, Sheffield, South Yorkshire, UK

Abstract. With the spread of COVID-19, interactions between different countries
are limited such as imports and exports. As a result, those industries that used to
relied heavily on imports have been hit hard in some countries. For instance, at
the first lockdown in some European countries, the shortage of medical supplies
caused more unnecessary deaths. And the panic of closure forced people to buy a
lot of necessitieswhich lead to demand exceeds supply.Hence, those governments,
such as France, are starting to reconsider whether to autarky in some industries.
This paper is going to talk about whether a country should specialize or not under
the situation as COVID-19, according to the actions from other countries.

Keywords: COVID-19 · Autarky · Specialization

1 Introduction

At the end of 2019, with the discovery of COVID-19, China decided to shut downWuhan
to contain the outbreak. As it continues to spread, many governments, such as Italy and
the United Kingdom, have restricted unnecessary social contact to slow the spread of
the virus.

As a result, the worldwide economy is suffering from a tremendous amount of
pressure. Many countries rely heavily on imported goods for some industries, such as
manufacturing, and due to the closing of many cities, many factories are prohibited
opening during the COVID-19 pandemic.

As the disruption of the supply chain, adding pressure on the price. According to
PR Newswire (2020), China has almost 85% of the total value of components used in
smartphones at 2019 and it owns majority of important components in many industries.
And the research shows those components’ total value has been rose by about 3% by
Chinese vendors in US during pandemic period. As a result, the price of those goods
will have to increase in order to maintain the profits.

Moreover, with the navigation ban and logistics limited, import and export business
becomes harder to achieve during the crisis period. It seems in some special situation
which has difficulties in trade, specialization or autarky, should be reconsidered.

Although there are many benefits associated with free trade traditionally. For exam-
ple, free trade encourages countries to specialize when they have a comparative advan-
tage. Also, low tariffs and comparative advantage can increase exports, which could
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boost GDP growth. And with more trade, the business competition will become more
intense, curbing the formation of domestic monopolies, which might charge high prices.
At the same time, the shortage of medical supplies happened among the COVID-19 in
different countries like France. This shift in European thinking, the German Chancellor
Angela Merkel said those things they must have should be developed in a very targeted
manner. Hence, autarky might be mentioned more in the future.

Therefore, using our model can decide whether choose specialization or autarky
under COVID-19. And when the probability of trade goes down, government would
prefer to use resources to build a fully independent economy,which produces and sells all
goods within this economy. As a result, countries can no longer pay most attention to the
industries they are good at, and the resources need to be evenly distributed as people need
that makes industrial diversification. Autarky not only can prevent the recession caused
by COVID-19. For instance, the June 2020 Global Economic Prospects indicates there
could be 5.2% drop in global GDP (World Bank 2020), which is the deepest recession
in decades can be prevented under autarky. It also can protect domestic enterprises from
themonopolization of foreign oligopolies. Hence, those domestic company can compete
fairly. Also, it can rise the employment rate due to the decreasing of foreign companies,
that can reduce the occupation of existing jobs by foreigners, and increasing of jobs for
industrial diversification.

2 Literature Review

Irwin (2015) points out in ‘Free Trade Under Fire’ that free trade is always controversial.
Under the free trade, the investment would increase due to investment choices are not
limited to specific places; different choice means better allocation, which can reduce the
risk of investment.

Moreover, free trade brings specialization across worldwide. It allows workers or
firms to do what they are good at. According to The Wealth of Nations, Adam Smith
(1776) thinks if one foreign country could offer higher quality goods and lower prices,
then it is better to purchase them by some part of our industrial products. And then the
efficiency of working can be improved. However, Irwin also mentioned that specializa-
tion would lead to many job losses. It finally raises the unemployment rate, even the
pressure of deflation.

With limited resources within the country, producers have to choose what to produce
to satisfy their people, therefore as David Ricardo (1817) said in ‘On the Principles
of Political Economy and Taxation’, under a system of perfectly free commerce, each
country naturally devotes its capital and labor to such employments as aremost beneficial
to each. This pursuit of individual advantage is admirably connected with the universal
good of thewhole”.Andwhen countries focus on producing those goods they are good at,
which is called specialization. France has always been famous for its fashion industry,
and many top clothing brands were born there. And New Zealand is well-known for
its excellent agricultural products such as milk and wool. Whereas, specialization also
means countries have to give up some industries which they are not good at. This might
cause some problems such as shortage during in disaster. Therefore, there should be an
equilibrium between specialization and autarky.



How Autarky and Specialization are Chosen Under COVID-19 185

The Heckscher-Ohlin model is a model that finds the equilibrium of trade with dif-
ferent specialties and resources in two countries. It describes how a country should work
and trade when they have limited natural resources through mathematical justification.
One crucial target for a country is to make the economy flourish. And specialization
allows workers to do the thing they are good at; therefore, this can reduce the waste of
time and resources, which can be seen as potential outputs. Once countries have trade
with others, they can sell the things they are good at and seek those they lack. Finally,
the GDP goes up.

Whereas, if the trade cannot proceed normally, those countries are too dependent on
international trade so they would be suffering shortages of goods which they choose not
or less productive. As a result, this article is going to use the Heckscher-Ohlin model
and think about specialization or autarky, which is a better choice under a trade or no
trade condition.

3 Model Set up

Our model is based on the HO model, which finds the equilibrium between consumer’s
utility and Production-possibility frontier and compares them under different conditions,
specialization, or not specialization. So we can get the best choice under game theory.

In addition, all numbers in the model are assuming.

3.1 Period 2: The HO Model, Taking the Production Technology as Given

Assuming there are two goods, c1 and c2, are supplied in countries A and B. In addition,
both country and same limited resources. Therefore, the original endowment when they
specialization in country A is Y1 = 1, Y2 = 5, and Y1= 5, Y2= 1 in country B.While in
not specialization case, c1 = c2 = √

5.5 at both countries. In this period, both countries
have the same decision about whether specialization.

The consumers: Each country has a representative consumer, they have a utility of
the form U, which is Eq. (2), and their budget constraint is Eq. (1).

c1 × p1 + c2 × p2 = W (1)

U = c1 × c2 (2)

P is the price for goods, andW represents wage. Equation (3) follows the Lagrangian
method maximize problem.

� = c1 × c2 − λ × (W − c1 × p1 − c2 × p2) (3)

And after the first-order condition was taken, we finally get

c1
c2

= p2
p1

(4)



186 S. Pan

� is the Lagrangian multiplier. Therefore, Eq. (4) states the profits of goods c1 and
c2 are the same when they in one country due to c1 × p1 = c2 × p2.

c1 = W

2 × p1
, c2 = W

2 × p2
(5)

When Eq. (4) is substituted into Eq. (1), which is budget constraints. Hence, 2 ×
c1 × p1 = W , so that Eq. (5) can be found.

Equilibrium. If both countries decide not to tradewith each other, then aswe assuming
cA1 = 1, cA2 = 5 and cB1 = 5, cB2 = 1. Hence, the price can be described as Eq. (6) and
(7)

pA2
pA1

= cA1
cA2

= 1

5
(6)

pB2
pB1

= cB1
cB2

= 5

1
(7)

Also, if they choose to trade, we can have the market clearing level:

cA1 + cB1 = 6, cA2 + cB2 = 6 (8)

c2 = −c1 + 6 (9)

U ′ = −c2
c1

(10)

And the supply function will be Eq. (8), and then to maximize the utility, Eq. (10)
shows the First order condition, the gradient of utility curve’s tangent should be the same
as market clearing level which is −1, hence:

c1
c2

= 1 = p2
p1

(11)

cA1 = cB1 = 3 (12)

cA2 = cB2 = 3 (13)

Therefore,c1 = c2 = W
2×p1

= W
2×p2

. As a result, cA1 = cB1 = cA2 = cB2 = 3 and
p1 = p2, when two country are trading.

c1 = c2 = √
5.5 (14)

p1 = p2 (15)

Also, country A and B might choose not to specialize and not trade, therefore, c1
= c2 = √

5.5, and Price can be inferred from W
2×p1

= W
2×p2

= √
5.5, p1 = p2.
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3.2 Period 1: Choice of Production Technology

This time, one countrymakes a decisionwhich is not specialization. Therefore, if country
A not specialize, the endowments are:

CountryA : Y1 = Y2 = √
5.5,

Country B : Y1 = 5, Y2 = 1.

Equation (1) states the budget constraint. Therefore, from Eq. (5), we can get those
two goods in different countries in the details below:

WA = p1 × √
5.5 + p2 × √

5.5,WB = p1 × √
5.5 + p2 × √

5.5 (16)

cA1 = WA

2 × p1
, cA2 = WA

2 × p2
, cB1 = WB

2 × p1
, cB2 = WB

2 × p2
(17)

Equilibrium. The market-clearing conditions are when they trade:

cA1 + cB1 = √
5.5 + 5, cA2 + cB2 = √

5.5 + 1 (18)

Assume p1 equals to 1, then:

WA

2 × p1
= WB

2 × p1
= √

5.5 + 5 (19)

p2
p1

=
√
5.5 + 5√
5.5 + 1

(20)

As a result, solving the Eq. (19), which p1 equals 1, we can have p1 to p2 is (20).

cA1 = p1 × √
5.5 + p2 × √

5.5

2 × p1
(21)

cA1 = 3.75(2 decimal) (22)

Putting Eq. (17) into cA1 , then substitute (20) in it, the exact c
A
1 can be found, and the

same way for cA2 .

cA2 = 1.71(2 decimal) (23)

Finally, with the value of cA1 andcA2 , go back to Eq. (16), hence, c
B
1 equal to

√
5.5+ 5

minuscA1 , also for the c
B
2 :

cB1 = 3.60(2 decimal), cB2 = 1.64(2 decimal) (24)

Whereas, if they decide not to trade, they can only have the endowments as:

CountryA : Y1 = Y2 = √
5.5

Country B : Y1 = 5, Y2 = 1
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3.3 Comparison

The total expected utility of both countries is the combination of utility that when they
like to trade andnot trade under the situation,which is specialization or not specialization.
P is the probability they might choose to trade.

E(U ) = p × (cT1 × cT2 ) + (1 − p) × (cNT1 + cNT2 ) (25)

As a result, we can get a table below shows all different utilities as a prisoner’s
dilemma type.

B specialization B not specialization

A specialization
E(UA) = p × 9 + (1 − p) × 5
E(UB) = p × 9 + (1 − p) × 5

E(UA) = p × 5.9 + (1 − p) × 5
E(UB) = p × 6.41 + (1 − p) × 5.5 

A not specialization
E(UA) = p × 6.41 + (1 − p) × 5.5
E(UB) = p × 5.9 + (1 − p) × 5

E(UA) = 5.5
E(UB) = 5.5 

Fig. 1. Game theory

To compare these results, we can find Eq. (26), which states when B country tends
to specialization. Country A will choose to specialization if p is greater than 0.16.

p × 9 + (1 − p) × 5 > p × 6.41 + (1 − p) × 5.5(p > 0.16) (26)

However, when p is smaller than 0.56, which means the probability of trade is less
than 0.56, then it shows it is better not to specialization for country A when B is not
specialization.

p × (5.9) + (1 − p) × 5 > 5.5 (p > 0.56) (27)

Therefore, there are three cases from above, [0, 0.16), [0.16, 0.56] and (0.56, 1]. And
for each interval, different Nash equilibrium can be found.

For case 1, when p-value is smaller than 0.16, then both countries finally prefer not
to specialize according to Eq. (26).

In case 2, if 0.16 < p < 0.56, country A or B would have the same decision as to the
other one. For example, when A chooses to specialize, B would specialize as well.

And once p is greater than 0.56, the Nash equilibrium is to specialize for both
countries through Eq. (27).

Also, the social planner should specialize when p is above 0.125 normally. What
they actually do, whereas, is when p is higher than 0.16.

4 Conclusion

Additionally, there are some limitations in this model. The original endowment in both
countries are not the data from the real world due to we cannot get the numbers without
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any specialization and trade. And the productivity may change during the period ‘work
from home’ which also might affect the predictions in the model.

Undoubtedly, as any disease that human have conquered, the Covid-19 will be over-
come. But the effects of the it will not disappear with the virus. The impact of it will
depend on whether people believe it will last or happen again which is the probability
in the model we built.

AMathematical Appendix

Here we present the details of the results that appeared in the text due to the text part
show the idea, and we will calculate more in detail here.

Period 2

c1 × p1 + c2 × p2 = W .

U = c1 × c2.

We have a budget constrain and a utility function. Therefore, we can use lagrangian
to solve it.

� = c1 × c2 − λ(W − c1 × p1 − c2 × p2).

When we have the first derivative, we can get:

∂�

∂c1
= c2 − p1 × λ = 0

∂�

∂c2
= c1 − p2 × λ = 0

So we have:

c2 = p1 × λ and c1 = p2 × λ.

As a result,

c1
c2

= p2
p1

c1 × p1 = c2 × p2

substitute it into budget constrain function,

2 × c1p1 = W = 2 × c2p2 = W

c1 = w

2 × p1
and c2 = w

2 × p2
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Equilibrium

In the period 2, both countries have the same choice about specialization or not. Hence,
the endowments in period 2 are Y1 = 1,Y2 = 5 in country A and Y1 = 5,Y2 = 1 in
country B. If they choose to specialization but not trade. So due to c1

c2
= p2

p1
, we can get:

pA2
pA1

= cA1
cA2

= 1

5

pB2
pB1

= cB1
cB2

= 5

1

Whereas if they choose to trade, then

cA1 + cB1 = 6, cA2 + cB2 = 6

And the demand equation as a function of c1 is:

c2 = −c1 + 6

The equilibrium when they trade is when the gradient of the utility curve’s tangent
is the same as the gradient of market-clearing level:

−1 = dc1
dc2

= −c2
c1

c1 = c2

Because of c1
c2

= p2
p1
, as a result,

p1 = p2

and

cA1 = cB1 = cA2 = cB2 = W

2 × p1
= W

2 × p2
= 3

If they both decide to not specialization, when they trade:

CA
1 + CB

1 = 2
√
5.5,CA

2 + CB
2 = 2

√
5.5

WA = WB = √
5.5 × p1 + √

5.5 × p2

substitute c1 = W
2×p1

and c2 = W
2×p2

into it:

WA

2 × p1
+ WB

2 × p2
= 2

√
5.5
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Also, as we know WA = WB, then it becomes to

WA

2 × p1
+ WA

2 × p2
= 2

√
5.5

WA = 2
√
5.5 × P2

√
5.5 × p1 + √

5.5 × p2 = 2
√
5.5 × P2

p1 = p2

when they not trade, c1 = c2 = √
5.5, so

c1
c2

= p2
p1

= 1

Period 1
In this period, one country would prefer to specialization, and the other would not.
Therefore, if country A decides to not specialization, the endowments are:

Country A : Y1 = Y2 = √
5.5

Country B : Y1 = 5,Y2 = 1

Substitute them into the budget constrain.We can get
√
WA = p1 ×√

5.5+p2×
√
5.5

and WB = 5 × p1 + 1 × p2.

Equilibrium

When they trade, the market-clearing conditions are:

cA1 + cB1 = √
5.5 + 5, cA2 + cB2 = √

5.5 + 1

As we already know c1 = W
2×p1

and c2 = W
2×p2

, put these into the market clearing
conditions and assume p1 equals to 1:

WA

2 × p1
+ WB

2 × p1
= √

5.5 + 5

√
5.5 × p1 + √

5.5 × p2
2 × p1

+ 5 × p1 + 1 × p2
2 × p1

= 2
√
5.5

p2
p1

=
√
5.5 + 5√
5.5 + 1
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Hence, we can get c1 and c2 if we substitute
p2
p1

into c1 = W
2×p1

,c2 = W
2×p2

.

cA1 =
√
5.5 × p1 + √

5.5 × p2
2 × p1

cA1 =
√
5.5

2
+

√
5.5

2
× p2

p1

cA1 = 3.75(2 decimal)

Also, use the same way, we can get cA2

cA2 =
√
5.5 × p1 + √

5.5 × p2
2 × p2

cA2 =
√
5.5

2
× p1

p2
+

√
5.5

2

cA2 = 1.71(2 decimal)

Due to cA1 + cB1 = √
5.5 + 5 and cA2 + cB2 = √

5.5 + 1, we can find cB1 and cB2 :

cB1 = √
5.5 + 5 − cA1 , cB2 = √

5.5 + 1 − cA2

cB1 = 3.60(2 decimal) and cB2 = 1.64(2 decimal)

Comparison

From the equation p × 9 + (1 − p) × 5 > p × 6.41 + (1 − p) × 5.5(p > 0.16) and
p × 5.9 + (1 − p) × 5 > 5.5(p > 0.56), we can simply get three intervals, [0,0.16],
(0.16,0.56) and [0.56,1].

When p¡0.16, then according to p × 9 + (1 − p) × 5 > p × 6.41 + (1 − p) × 5.5(p
> 0.16), neither country B specialize or not, country A would choose not to specialize.
And vice versa. As a result, the Nash equilibrium is they both not specialization.

In case 2, (0.16, 0.56). Both country would have a same decision due to p × 5.9 +
(1 − p) × 5 < 5.5(p < 0.56), therefore, if A not specialization, B would do it as well.
and when A decide to specialize, B should follow this action as p × 9 + (1 − p) × 5 >

p × 6.41 + (1 − p) × 5.5(p > 0.16).
And if p is greater than 0.56, then p × 5.9 + (1 − p) × 5 > 5.5(p > 0.56) and p

× 9 + (1 − p) × 5 > p × 6.41 + (1 − p) × 5.5(p > 0.56). Hence, the benefits of
specialization will always higher than not to specialize. Finally, the Nash equilibrium is
they both specialize.

In addition, if the probability of trade is higher than 0.125, which means the benefit
of specialization is bigger than when both countries do not specialize (i.e., p × 9 + (1
− p) × 5 > 5.5), the social planner should specialize. However, according to the Game
Theory, they actually specialize when p is above 0.16.
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Abstract. The objective of this study was to investigate the relationship between
ability emotional intelligence (EI) and subjective economic well-being (SEW). It
was hypothesized that ability EI positively correlates with SEW. EI was measured
with the Russian-language Emotional Intelligence Test (EIT), which is conceptu-
ally based on MSCEIT. SEW was measured with the Subjective Economic Well-
being Questionnaire. The sample consisted of 243 Russian working adults (61
men, 182 women, mean age = 36.1, aged between 18 and 67 years). The results
indicated that higher levels of emotional intelligence statistically significantly
correlated with higher levels of subjective economic well-being. In particular, the
ability to use emotions for problem solving, the ability to manage emotions, and
the experiential domain of EI were key emotional intelligence factors associated
with SEW. This finding indicates the importance of the effect of EI on people’s
subjective economic well-being for their overall well-being.

Keywords: Emotional intelligence · Ability · Subjective economic well-being ·
EIT

1 Introduction

Emotional intelligence (EI) can be defined and conceptualized as an ability consisting
of 4 branches: identifying, using, understanding, and managing emotions in oneself and
others [1], and can be measured with testing methods [2].

Research of the last couple of decades shows that EI is associated with various
indicators indirectly related to the performance and psychologicalwell-being of a person.
For example, the higher the level of EI, the higher the productivity in the workplace
[3]. Employees with a high level of EI have higher levels of job satisfaction, loyalty
to the organization and show lower turnover [4]. The higher a person’s EI level in
college, the higher is their salary level 10–12 years after starting a career [5]. EI is
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also associated with effective macro-level decision-making [6] and team effectiveness
in high-cost management environments [7].

Moreover, EI is positively associated with well-being, coping skills, competence,
and negatively associated with perceived stress, which suggests that heightened feelings
of control and emotional competence help people adopt proactive and effective coping
strategies, which, in turn, increases their subjective well-being [8]. Researchers also
find empirical confirmation of a positive relationship between EI and the components of
psychological well-being - self-esteem, life satisfaction and self-acceptance [9].

Based on the findings of previous research on the importance of EI in well-being,
in our work we investigate the relationship of EI with indicators of subjective economic
well-being of a person. The category of subjective economicwell-being (SEW) is not one
of the deeply developed scientific concepts. This is largely due to the fact that for a long
time the very concept of “economic well-being” was considered the prerogative of only
economic science, where it is viewed as synonymous with the objective characteristics
of wealth, material, financial, and social conditions of human life in general [10]. The
term “subjective economic well-being” entered the parlance of psychological science
thanks to the work of Strümpel [11] and Campbell [12]. SEW is very often considered
as an aspect of the general well-being of a person directly related to money and material
means, and as one of the main substructures of the quality of life [13].

Previous research suggests that economic well-being largely explains differences in
overall life satisfaction. Moreover, SEW may be a more accurate indicator of a person’s
perception of their economic well-being than objective values such as GDP per capita
[14].

In our work, SEW is defined as an integral psychological indicator that expresses
a person’s attitude to her current and future material well-being. SEW is an essential
element of a person’s subjective well-being. This means that SEW acts, on the one hand,
as a constituent part, a component of general subjective well-being (or satisfaction with
life), and on the other, as an independent factor of its determination, a source of a person’s
general well-being, the value of which changes at different periods of her life [15].

At the moment, there is not enough research data considering the relationship
between EI and SEW. At the same time, both SEW and EI are important indicators
and possible predictors of the general well-being of a person and society as a whole.

Thus, the novelty of the proposed study consists in the analysis of the role of EI
in the SEW of a person, as an indicator of her psychological health and adaptability to
modern living conditions. In addition, this study sheds light on the psychological factors
of economic well-being and economic behavior of people that make up the human
resources of a society’s economy. We believe that the level of EI is interconnected with
the SEW indicators of a person, while the degree and specificity of these relationships
remain poorly understood.

2 Methods

The study was conducted online during the summer of 2020. The sample consisted of
243 Russian adults (61 men and 182 women, all employed) aged 18 to 67 years (mean
age = 36.1 years), who were randomly invited to participate in the study via social
media.
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2.1 Measuring Emotional Intelligence

As a method for measuring emotional intelligence, we used the EIT (Emotional Intelli-
gence Test) [16], a Russianmethodology based on theMSCEIT (Mayer-Salovey-Caruso
Emotional Intelligence Test) model with a number of reasonable changes for the Russian
sample. The EIT methodology allows to determine the general level of development of
EI, as well as the level of development of its 4 components: identification of emotions,
use of emotions in problem solving, understanding of emotions, and conscious manage-
ment of emotions. EIT has a high degree of reliability (Alpha Cronbach of general level
of EI = 0.93), structural and factorial validity (χ2 = 39.87, RMSEA = 0.027 (0.001;
0.044), CFI = 0.99), and the theoretical validity of the method is confirmed by rather
high correlations of indicators of the EIT methodology and the MSCEIT methodology
(at the level of generalizing indicators rs = 0.51).

2.2 Measuring Subjective Economic Well-Being

To measure SEW, the “Subjective economic well-being” method was used, which was
developed by V.A. Khashchenko [17]. The methodology includes 22 questions with
suggested answer options. All items of the questionnaire were tested for discrimination
- the ability of individual items on the questionnaire to differentiate participants with
respect to the minimum and maximum measurement results.

The method measures five individual factors, as well as a general SEW index:

• The first factor - the economic optimism/pessimism index (EOI) reflects an optimistic
or pessimistic assessment of external and internal conditions for the growth ofmaterial
well-being.

• The second factor - the economic anxiety index (EAI) is an assessment of the severity
of negative emotional states in connection with financial and material problems.

• The third factor - the index of the subjective adequacy of income (IAI) is an assess-
ment of the accordance of the amount of income with the requests and needs of the
individual.

• The fourth factor - the financial deprivation index (FDI) reflects the degree of wealth
or lack of financial resources.

• The fifth factor - the index of current family well-being (IFW) reflects subjective
assessments of the family’s financial situation.

The integral (general) SEW index shows the level of a person’s satisfaction with their
material and economic indicators - an integral psychological indicator that expresses a
person’s attitude to the material aspects of life and her life position in the sphere of
material aspirations and consumption. The questionnaire has been experimentally tested
for reliability and design validity. Reliability coefficients were calculated separately for
each scale and for all items of the questionnaire as a whole. All the obtained coefficients
turnedout to behigh,which indicates the internal consistencyof the items.The coefficient
of reliability of all items of the questionnaire was acceptable and at the level of 0.73.
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3 Results

Descriptive statistics and test results for normality of the EIT by section, branch, domain
and total EI score are presented in Table 1. These data show that the distribution has
negative skewness for almost all scales. That is, according to the data obtained, there
is a small number of respondents who received a very low score, while symmetrically
high scores are not found in the sample. This may be due to the fact that the scale is
more sensitive at the low end and not sufficiently sensitive at the high end. Checking
for normality due to this asymmetry shows a significant difference from the normal
distribution on all scales, except for section 9b.

Descriptive statistics and the results of testing for normality on the scales of the SEW
methodology are presented in Table 2. The distribution of points on the scales of this
method differ from normal (at the level of p < 0.05) in all cases, except for the integral
index. At the same time, for the EOI, IFW, and FDI scales, there is a negative, left-sided
asymmetry, and for the IAI and EAI scales, there is a positive one (right-sided).

Spearman’s rank correlation coefficient was used to assess the relationships between
the emotional intelligence and subjective economic well-being variables. This is due to
the fact that the distribution of many of the variables included in the analysis differed
from normal.

The correlations between the results of the EIT and the scales of the SEW method
are shown in Table 3. As can be seen from the table, there are quite a few significant
positive correlations between the results of the two methods, but all of them are rather
weak (from 0.130 to 0.283). Branch 1 significantly positively correlates with the EOI
and FDI scales. Branch 2 - also with the EOI and FDI scales, as well as with the general
index. Branch 3 - only with the FDI scale, and branch 4 - with the EOI, IFW, EAI scales
and the general index. The experiential domain of EI significantly positively correlates
with the EOI and FDI scales, as well as with the general index. The strategic domain
- with the FDI scale and the general index. Finally, the overall EI score is significantly
positively correlated with the EOI, IFW, EAI scales and the general index.

4 Discussion and Conclusion

The results of the statistical analysis showed that EI and subjective economic well-
being are positively correlated on many indicators. In particular, the subjective degree of
sufficiency of financial resources, the subjective optimistic assessment of external and
internal conditions for the growth of material well-being, as well as the general SEW
index had a large number of positive correlations with EI abilities.

Specifically, people with higher levels of emotion identification, emotion use, emo-
tion understanding, experiential and strategic domains, and general EI had higher sub-
jective levels of financial wealth. People with higher levels of emotion identification,
emotionuse, emotionmanagement, experiential domain, andgeneralEI levels had amore
subjectively optimistic assessment of the external and internal conditions for increasing
their material well-being. And people with higher levels of the ability to use emotions,
emotion management, experiential and strategic domains, and general EI had a higher
integral SEW index.
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Table 1. Descriptive statistics and test results for normality for the EIT methodology.

Scale Average (st. dev) 95% confidence
interval of the
mean

Asymmetry Shapiro-Wilks test
significance (test for
normality)

Section 1 0.362 (0.050) [0.356 0.369] − 0.773 p < 0.001

Section 2 0.448 (0.061) [0.441 0.456] − 0.958 p < 0.001

Section 3 0.453 (0.083) [0.443 0.464] − 0.344 p = 0.003

Section 4 0.358 (0.049) [0.351 0.364] − 0.613 p < 0.001

Section 5 0.291 (0.040) [0.285 0.296] − 0.743 p < 0.001

Section 6 0.371 (0.063) [0.363 0.379] − 0.495 p = 0.001

Section 7 0.427 (0.063) [0.419 0.435] − 0.409 p < 0.001

Section 8 0.418 (0.067) [0.410 0.427] − 1.292 p < 0.001

Section 9a 0.316 (0.025) [0.312 0.319] − 0.746 p < 0.001

Section 9b 0.301 (0.055) [0.294 0.308] − 0.141 p = 0.176

Branch 1
Identifying
emotions

0.321 (0.024) [0.318 0.324] − 0.768 p < 0.001

Branch 2
Using emotions

0.417 (0.051) [0.411 0.424] − 0.975 p < 0.001

Branch 3
Understanding
emotions

0.401 (0.044) [0.396 0.407] − 0.330 p = 0.015

Branch 4
Managing
emotions

0.383 (0.045) [0.378 0.389] − 1.074 p < 0.001

Experiential
domain

0.355 (0.028) [0.352 0.359] − 0.938 p < 0.001

Strategic
domain

0.393 (0.035) [0.388 0.397] − 0.731 p < 0.001

Overall EI 0.365 (0.025) [0.361 0.368] − 1.053 p < 0.001

Thus, we can talk about a positive relationship between the levels of development
of EI as an ability and SEW. This finding is consistent with previous research on rela-
tionships between EI and other types of well-being (see Introduction), which can be
explained by the fact that SEW is an essential element of a person’s overall subjective
well-being.

As can be seen from the results of our research, the ability to use emotions for
problem solving, the ability to manage emotions, and the experiential domain of EI
are key emotional intelligence factors associated with SEW. This finding indicates the
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Table 2. Descriptive statistics and test results for normality for the SEW methodology.

Scale Average (st. dev) 95% confidence
interval of the
mean

Asymmetry Shapiro-Wilks test
significance (test
for normality)

EOI 19.506 (3.226) [19.099 19.914] −0.323 p = 0.004

EAI 14.473 (4.430) [13.913 15.033] 0.284 p = 0.013

IAI 12.823 (2.213) [12.543 13.103] 0.244 p < 0.001

FDI 19.420 (3.047) [19.035 19.805] −0.418 p < 0.001

IFW 14.967 (2.840) [14.608 15.326] −0.232 p = 0.006

Integral (general)
index

81.189 (11.132) [79.783 82.596] −0.122 p = 0.751

Table 3. Correlations of the EI and SEW scales.

EIT scale EOI EAI IAI FDI IFW Integral
(general)
index

Branch 1 r = 0.165,
p = 0.010

r = 0.042,
p = 0.514

r = 0.025,
p = 0.697

r = 0.155,
p = 0.016

r = 0.022,
p = 0.731

r = 0.125,
p = 0.051

Branch 2 r = 0.168,
p = 0.008

r = 0.059,
p = 0.362

r = 0.065,
p = 0.310

r = 0.235,
p < 0.001

r = 0.027,
p = 0.678

r = 0.157,
p = 0.014

Branch 3 r = −0.036,
p = 0.581

r = 0.006,
p = 0.927

r = 0.057,
p = 0.375

r = 0.128,
p = 0.046

r = 0.014,
p = 0.834

r = 0.060,
p = 0.354

Branch 4 r = 0.201,
p = 0.002

r = 0.149,
p = 0.020

r = 0.107,
p = 0.097

r = 0.119,
p = 0.064

r = 0.163,
p = 0.011

r = 0.227,
p < 0.001

Experiential
domain

r = 0.207,
p = 0.001

r = 0.071,
p = 0.268

r = 0.055,
p = 0.391

r = 0.247,
p < 0.001

r = 0.031,
p = 0.635

r = 0.177,
p = 0.006

Strategic
domain

r = 0.111,
p = 0.084

r = 0.095,
p = 0.140

r = 0.110,
p = 0.086

r = 0.180,
p = 0.005

r = 0.121,
p = 0.060

r = 0.194,
p = 0.002

Overall EI r = 0.217,
p = 0.001

r = 0.114,
p = 0.076

r = 0.094,
p = 0.143

r = 0.268,
p < 0.001

r = 0.065,
p = 0.314

r = 0.228,
p < 0.001

importance of the effect of EI on people’s subjective economic well-being for their
overall well-being.

The scientific significance of the results obtained consists in expanding the under-
standing of the role of EI as an internal resource in achieving SEW, as well as subjective
well-being in general. In the future, EI should be further explored as an important pre-
dictor of various aspects of human well-being, which must be taken into account in
consulting, psychotherapeutic practice, organizational management in order to solve
professional and personal problems.



200 E. A. Sergienko et al.

Acknowledgements. This work was supported by the Russian Foundation for Basic Research,
project 19-013-00085.

References

1. Salovey, P., Mayer, J.D.: Emotional intelligence. Imagin. Cogn. Pers. 9(3), 185–211 (1990)
2. Mayer, J.D., Caruso, D.R., Salovey, P.: Emotional intelligence meets traditional standards for

an intelligence. Intelligence 27(4), 267–298 (1999)
3. O’Boyle, E.H., Jr., Humphrey, R.H., Pollack, J.M., Hawver, T.H., Story, P.A.: The relation

between emotional intelligence and job performance: a meta-analysis. J. Organ. Behav. 32(5),
788–818 (2011)

4. Miao, C., Humphrey, R.H., Qian, S.: A meta-analysis of emotional intelligence and work
attitudes. J. Occup. Organ. Psychol. 90(2), 177–202 (2017)

5. Rode, J.C., Arthaud-Day, M., Ramaswami, A., Howes, S.: A time-lagged study of emotional
intelligence and salary. J. Vocat. Behav. 101, 77–89 (2017)

6. Ali, A.M., Jarboui, A.: CEO emotional intelligence and firms’ financial policies. Bayesian
Netw. Method Contemp. Econ. 8(1), 5–24 (2014)

7. Farh, C.I., Seo, M.G., Tesluk, P.E.: Emotional intelligence, teamwork effectiveness, and job
performance: the moderating role of job context. J. Appl. Psychol. 97(4), 890 (2012)

8. Por, J., Barriball, L., Fitzpatrick, J., Roberts, J.: Emotional intelligence: its relationship to
stress, coping, well-being and professional performance in nursing students. Nurse Educ.
Today 31(8), 855–860 (2011)

9. Carmeli, A., Yitzhak-Halevy, M., Weisberg, J.: The relationship between emotional intelli-
gence and psychological wellbeing. J. Manag. Psychol. 24(1), 66–78 (2009)

10. Osberg, L., Sharpe, A.: New Estimates of the Index of Economic Well-Being for Selected
OECD Countries, 1980–2007. Centre for the Study of Living Standards, Ottawa (2009)

11. Strümpel, B., Gurin, G., Curtin, R.T.: Economic Incentives, Values and SubjectiveWell-being,
1971–1974. Inter-university Consortium for Political and Social Research (1984)

12. Campbell, A.: Subjective measures of well-being. Am. Psychol. 31(2), 117 (1976)
13. Diener, E., Biswas-Diener, R.: Will money increase subjective well-being? Soc. Indic. Res.

57(2), 119–169 (2002)
14. Cracolici, M.F., Giambona, F., Cuffaro, M.: The determinants of subjective economic well-

being: an analysis on Italian-Silc data. Appl. Res. Qual. Life 7, 17–47 (2012)
15. Easterlin, R.A.: Life cycle happiness and its sources: intersections of psychology, economics,

and demography. J. Econ. Psychol. 27(4), 463–482 (2006)
16. Sergienko, E.A., Khlevnaya, E.A., Vetrova, I.I., Kiseleva, T.S.: Development and psychome-

tric testing of the method of measurement of emotional intelligence (EIT). Kazan Pedag. J.
3(122), 114–117 (2017)

17. Khashchenko, V.A.: Subjective economic well-being and it’s measurment: building of a
questionnaire and it’s validation. Exp. Psychol. 4(1), 106–127 (2011)



Comparing Environmental Impact of Various
Energy Sources Powering Data Centres’s

at Indian Candidate Locations

B. Hari Raghavendran(B), Shivansh Agarwal, and P. Srinivasan

Department of Mechanical Engineering, Birla Institute of Technology and Science, Pilani, India
{f20180514,f20171044,psrinivasan}@pilani.bits-pilani.ac.in

Abstract. While major 21st century developments are data-intensive, the use and
storage of such high volumes of data are processed through datacentres. Though
Datacentres (DC) are typically high-power consumption applications, the per-
centage of energy consumption is even higher in developing economies such as
India. This paper studies the net environmental impact of energy supply to such
datacentres, at four candidate locations, by examining their net Green House Gas
Emissions per kWh and land usage per kW. The study analyses various sources
of energy such as thermal, wind, and solar plus battery systems to provide a
comprehensive view of environmental impacts caused by the power supply.

Keywords: Energy · Environmental impacts · Datacentres · GHG emissions ·
Land use

1 Introduction

One of themost unique factors of major 21st century developments have been its reliance
on data. As the number of internet-connected users increases exponentially, the data
generated necessitates the need for tremendous volumes of data storage. While, highly
secure Data Centres (DC) have been set up to facilitate the storage of such high-volume
data, their energy consumption has been a prime cause of concern. DC’s consume large
amounts of energy to run, accounting for about 3% of America’s power consumption.
The U.S. Department of Energy’s Lawrence Berkeley National Lab reports that data
centres in the United States use 70 billion kW hours (kWh) of electricity per year.
Globally DC’s consume energy derived from various sources, accounting for nearly 2%
of total Green House Gas Emissions (GHG), roughly equal to the GHG emissions of the
entire airline industry.

India is considered to be one of the fastest-growingmarkets for DC’s in the world due
to multiple reasons such as the growing number of users, data localisation policies, etc.,
The Indian DC market is currently valued at $1.25 billion, with estimates expecting it to
grow at 11.4% Compound Annual Growth Rate (CAGR). While, the Mumbai continues
to be a significant site of DC’s in India, other IT cities such as Bangalore, Hyderabad,
and Chennai have multiple planned investments in line. While the corporation’s race to
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reduce their carbon footprint in a bid to achieve carbon neutrality and reduce climate
change impacts, it becomes imperative to focus on high-energy consuming applications
such as DC’s.While data centres globally consume about 3% of energy totally produced,
the fraction ismuch higher in developing countries like India, where the per-capita power
consumption is considerably low. Therefore, it becomes imperative to establish newer
DC’s in India, that are environment friendly.While India is a country that predominantly
sources energy from combustion of fossil fuels such as coal, the growth rate of renewable
energy systems is considerably higher than the growth rate of such conventional sources.
Therefore, this study analyses the four-candidate location’s GHG emissions per unit of
energy consumed from various sources such as Sub-critical and super-critical thermal
power plants, to renewable energy sources such as Wind & Solar. While the latter part
of this study analyses the impact of land usage on using the above-mentioned energy
sources, as landusage is the primary causeof concern in highpopulationdensity countries
such as India.

2 Methodology and Calculations

2.1 Thermal Power

One of the significant sources of power generation in India is thermal energy, account-
ing for about 62.22% as of July 2020. While coal continues to be the primary source
of thermal energy accounting for nearly 86.23% of all thermal-based power generation,
it can be primarily classified into sub-critical and super-critical technology based on
the operating pressure of working fluid. While super-critical power plants account for
10.6% [1] of coal-based power generation, the remaining is obtained from Sub-critical
units. While advanced super-critical technology is more efficient at an exergy efficiency
of 46.13% [2] compared to the 30.41% [3] average efficiency obtained from sub-critical
units, the relatively higher costs of super-critical technology has been the primary con-
straint in its expansion. Accounting for more than half of India’s power generation, it
becomes imperative to analyse the feasibility of using coal-based thermal power for
Indian datacentres.

While the candidate locations of Mumbai and Chennai uses coal derived pri-
marily from their parent states of Maharashtra and Tamil Nadu respectively, the
cities of Bangalore and Hyderabad uses coal from Orissa and West Bengal due to
the lack of abundant coal mines in their parent states of Karnataka and Telangana
respectively. Since coal composition used in different candidate locations varies con-
siderably, the following coal composition data were used to calculate the emission
levels [1] (Table 1):

The above-mentioned coal composition’s Gross Calorific Value is used to calculate
the various emissions based on the specific coal composition (SCC), which is defined as
themass of coal required to produce 1 kWh of energy, and the net impact of Green House
Gases (GHG’s) is calculated in terms of CO2 equivalent accounting NOx’s impact on
climate change to be 298 times of CO2. The net GHG emissions incurred during the
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Table 1. Coal composition in mass percentage and Gross Calorific Value (GCV) in MJ/kg.

Coal composition Mumbai Bangalore Hyderabad Chennai

Maharashtra Orissa West Bengal Tamil Nadu

C 39.7 33.5 44.5 19

S 0.4 0.6 0.5 0.8

N 1.5 1.5 1.4 1.6

VM 29.7 29 31.5 23.5

Ash 21 29.5 17 4

GCV 22.08 19.89 24.28 11.46

manufacturing phase of thermal systems are neglected as they comprise of an insignifi-
cant volume compared to the emissions during operations. While 80% of ash is disposed
of as fly ash, an Electrostatic Precipitator (ESP) efficiency of 99.9% [1] is assumed to
calculate the level of ParticulateMatter (PM) emissions. The SCC and various emissions
per kWh are given below in Fig. 1.
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Fig. 1. SCC and net emissions per kWh in candidate locations (origin of coal used)

2.2 Wind Energy

While wind energy is touted to be one of the cleanest sources of energy, their availability
varies significantly over time and demography. Therefore, for standardisation of compar-
ison, mean wind speed of parent states at a height of 100 m from ground level recorded
in 2019 [4] was accounted for and studied in detail. The recorded mean wind speeds at
10% and 20% of the windiest areas were used to calculate the power output per turbine
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based on the power curve, assuming the use of Suzlon S128 wind turbines, one of India’s
most efficient and reliable wind turbines. The usage of a battery-based energy storage
system is neglected in this case, as wind energy systems are typically connected to the
grid. As the systems are connected to the grid; export and import occurs over a wide
range of demography, thus reducing the variability in generation. While the nominal net
GHG emission for wind based power generation is accounted at 4.97 g CO2eq/kWh for
a 3 MW onshore wind turbine, the same is adjusted for the current study based on the
work by Y.Wang & T.Sun [5]. The average mean wind speeds, and power output per
turbine are given below in Table 3 (Table 2):

Table 2. Suzlon S128 wind turbine properties.

Parameters Value

Rated power 2.7 MW

Rated wind speed/Cut-in wind speed 9.5 (m/s)/3.0 (m/s)

Rotor diameter/Swept area 129 m/13,070 m2

Cut-out wind speed 30 m/s

Table 3. Mean wind speeds and power output per turbine.

Mean wind speed 10% Windiest
area (m/s)

Power output
(kW)

20% Windiest
area (m/s)

Power output
(kW)

Mumbai
(Maharashtra)

6.30 725.25 6.02 621.59

Bangalore
(Karnataka)

6.76 916.66 6.53 817.58

Hyderabad
(Telangana)

6.00 614.54 5.82 553.21

Chennai (Tamil
Nadu)

7.93 1533.68 7.16 1105.73

2.3 Solar Energy

Solar energy has grown to be one of the top-most contenders of renewable energy supply
due to its ubiquitous nature, though the exact solar irradiation levels vary over time and
demography. To account for the demographic variations, the Direct Normal Irradiation
(DNI) at the candidate locations are used. To account for the seasonal variations, the
minimum daily DNI was used assuming a conversion efficiency of 40% for state-of-
the-art technology and dual-axis tracking. While battery storage based on LiFePo4 cells
were used to counter the intermittency of daily variations, the excess power generated in



Comparing Environmental Impact of Various Energy Sources 205

peak DNI seasons is assumed to be exported for other applications and not considered
to be part of the study. The following Table 4 lists the Minimum daily DNI in kW/sq.m
per day sourced from Solar Atlas Data [6].

Table 4. Minimum daily DNI at candidate locations [6].

Mumbai Bangalore Hyderabad Chennai

Min. daily DNI (kWh/sq.m) 1.031 1.523 1.561 2.407

Based on the above data, the minimum area required to generate 24 kWh per day
using Solar Photo Voltic (PV) cells were calculated. Based on the calculated values
and on average hourly solar irradiation data sourced from SolarAtlas [6], the battery
independent operation time were found out. While the GHG emissions of solar power
was estimated to be 20 g CO2eq/kWh by Kato and Murata [7], for similar irradiation
conditions. The net solar PV panel area and battery capacity required are given below
in Table 5.

Table 5. Solar PV area and battery capacity required [6].

City PV area (sq.m) Battery off-time Battery on-time Battery capacity (kWh)

Mumbai 58.196 07:52 16:36 15.265

Bangalore 39.396 07:18 16:43 14.601

Hyderabad 38.437 07:12 16:27 14.765

Chennai 24.927 07:07 16:13 14.912

While the solar PV cells are low-pollution sources of power generation, even the
cleanest and most sophisticated energy storage solutions such as Lithium-Ion batteries
have a considerable amount of GHG emissions over their lifespan. Though the energy
density of such batteries is constantly being improved indirectly reducing the GHG
emission per unit of energy storage, the net GHG emissions for lithium iron phosphate
battery is 12.7 kg CO2eq/1000 kWh capacity as calculated by Y. Liang et al [8].

3 Results

3.1 Green House Gas Emissions

One of the primary concerns of humanity in the 21st century is global warming. While
the single most important factor contributing to global warming is the release of CO2,
other gaseous emissions such as NOx also contribute considerably to global warming.
Though most GHG are absorbed and offset by the environment in 100 years, CO2 stays
in the atmosphere for more than a thousand years, causing concerns over irreversible
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damage. While the impact of CO2 is long term, it has a relatively low intensity in short-
term impact per unit of emissions compared to other GHG’s such NOx, therefore the
net Global Warming Potential (GWP) of all emissions are measured based on their
equivalence to CO2. The comparison of GHG in terms of net CO2eq/kWh, is presented
in Fig. 2 below.
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Fig. 2. Net green house gases emission in CO2eq/kWh.

3.2 Land Usage

While GHG emissions is one of the most critical parameters to measure environmental
impact, the next major parameter is land usage. While most conventional power sources
are compact, renewable energy sources are known to use extensive land areas. While
the land usage for thermal power plants is derived based on the study conducted by the
Government of India [9], the land usage for solar power is based on the direct PV cell
lay-up area. Wind-based energy systems use a conservative estimate of 0.75 hectares
of land for a 2.6 MW generic wind turbine based on various studies conducted by the
Government of the United States. The net land usage required to produce 1 kW of
consistent power supply, in presented in Fig. 3 below.
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Fig. 3. Land usage to produce 1 kW of consistent power supply.

4 Conclusion

As the growth of data centres in India becomes imminent, it is imperative to consider
the environmental impacts of such developments. The comparative analysis of the same
is as below:

• The most compact renewable energy site was Chennai both in Solar andWind Energy
systems, occupying about less than 50% compared to Mumbai across all renewable
sources.

• While Hyderabad had the most land extensive wind-based energy systems, Mumbai
had the largest land usage for solar power primarily due to its higher latitude.

• While the best-case scenario of solar energy in terms of GHGwas found in Bangalore,
it was just marginally lower at 96% of emissions at Mumbai.

• While the use of thermal sources is not preferred due to average emissions crossing
1000% of renewable sources, they occupy about 20% space as compared to wind
energy systems, and only about 4% compared to solar energy systems.

The study, therefore, concludes that wind energy is the best source of renewable
energy both in terms ofGHGemissions and land usage, if available and transmitted state-
wide. Whereas solar energy is the least polluting form of energy source if localisation
is demanded either by policies or law.
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Estimation of Customer’s Repayment Date
Based on Machine Learning Methods

Hongliang Li(B)
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Abstract. In the company’s development process, finance factoring becomes one
of the vital links to protect from the shortage of funds. The finance factoring
companies need to build a model to estimate the customer’s repayment date based
on history data. In recent literature, machine learning techniques have been widely
applied in finance prediction field. 2466 samples about customer’s repaymentwere
acquired Kaggle website. Thenwe constructed Random Forest model and Support
Vector Machine (SVM) model and compared their results. It found that Random
Forest model shows plenty of advantages and it can choose some essential features
to help us make some appropriate plans. Using the results of the model, based on
the existing data set, it is finally found that the feature ‘RepeatCust’ and ‘countlate’
are the main factors affecting the late payment of customers. Through this model,
the capital of financial factoring companies can be better managed so that the
enterprise can achieve capital balance and ultimately maximize the company’s
earnings.

Keywords: Finance factoring · Payment date · Features · Random Forest ·
Support Vector Machine

1 Introduction

Finance factoring is growing rapidly in recent years, aiming to provide assistance to
small and medium-sized enterprises (SMEs) that have financial problems. The so-called
factoring is comprehensive financial services including trade financing, receivables col-
lection and bad debt guarantee for receivables generated from goods sales or service
contracts signed by enterprises [1–3]. Unpaid invoices are one of the major challenges
to decide whether the factoring companies need to accept this task. In real life, it is easy
to link unpaid invoices with the credit rating of a company or customer, and credit is
often inseparable from the prediction of financial risks. Thus, it is quite necessary to
set up a standard which can help the factoring companies to reduce the risk as much
as possible. Most statisticians and scientists, etc. hold a point of view that is to build
a predictive model. This model should best present the current situation perfectly and
enable to analyze the necessary factors affecting financial risks as much as possible and
predict the future size of the risk. However, with the continuous development of the
information age, machine learning as an efficient and scientific method is widely used
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in various big data analysis problems, especially in the field of financial risk analysis.
Machine learning uses its own speed to process big data and high prediction accuracy
to make the results more realistic.

The importance of factoring is to help enterprises to increase cash flow in a more
rapid way of financing. Meanwhile, factoring can also increase the working capital of
enterprises. Besides, it allows businesses to increase their purchasing power without
affecting their current loan book, increase their borrowing power, and increase their
access to supplier discounts. As a result, the demand for funds has increased rapidly
due to the continuous growth of the business of SMEs. In addition to being the best
financing method for SMEs to grow their business, finance factoring can also reduce
their collection risk [4, 5]. Therefore, financial factoring business is an indispensable
task for small and medium-sized enterprises to operate normally.

There are a large number of models and algorithms for credit risk assessment. At
the beginning, some experts would like to predict risk in the traditional way, such as
Markowitz model and the mean-semivariance efficient frontier model (E-SV, Ballestero
2005) [6, 7]. As a result of data mining in handling big data is easy to find and extract
the useful information. Machine Learning as the means of data analysis and processing
is gradually applied in risk assessment and forecasting. Some people have a preference
for the K-Nearest Neighbor algorithm (KNN). KNN algorithm is used to extract the key
variables, and the regression can also be used to predict [8–11]. Other experts especially
favor the use of Random Forest algorithms to solve this type of finance prediction prob-
lem. It ismainly to rank the importance of each feature and select the key factors affecting
the late payment [12–14]. In addition, Support Vector Machine (SVM) algorithm has a
great advantage in dealing with classification issues [15–17]. Other algorithms can also
use known data to accurately predict financial factoring risks by means of classification
or regression, especially logistic regression [18, 19]. The financial credit risk here is
specifically to predict whether the enterprise will delay the payment of loans.

In this paper, it is going to choose a suitable model which enables to screen different
important variables about finance factoring. In Sect. 2, the correlation statistical results
of the data set are obtained, and the correlation analysis is used to eliminate the irrelevant
variables and select some characteristics with high correlation. Based on the previous
preliminary analysis, Random Forest model and SVMmodel are selected to achieve the
results (Sect. 3 and Sect. 4). Then we compare the results of the first two models and
choose the one that performs better in terms of speed, results presentation, and accuracy.
Moreover, Sect. 5 shows some conclusions through the final result and how to improve
the model or choose a better model to optimize the final result.

2 Data Research

There are 2466 samples deriving from the data fromKaggle website (www.kaggle.com).
The initial characteristics of the dataset are twelve. It should be noted that the data set
has no missing values. Therefore, the step of dealing with missing values can be omitted.
And by observation of the data set, outliers found no centralized or white noise in the
data. So the data is relatively clean, easy to handle. Then the best choice for processing
the exist data is to convert some character - type text variables to numbers such as

http://www.kaggle.com
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features ‘Customer ID’, ‘Disputed’, ‘PaperlessBill’. For ‘Disputed’, since its answers
are only Yes or No, we can naturally use 0, 1 instead of whether or not. Meanwhile, it is
convenient to analyze data through doing the same operation to the feature ‘DaysLate’.
For literal variables that express the meaning of time, like ‘InvoiceDate’, ‘DueDate’ and
‘SettledDate’, we convert them to time. To create a new character, the feature ‘DueDate’
is converted into quarterly data. Here is a variable that records the number of times the
customer appears, called ‘RepeatCust’.However, ‘countlate’ is the time to delay payment
on behalf of the customer. In this way, we artificially construct two very important
variables from the original data in the data set. Moreover, remove irrelevant variables
based on what some variables actually mean, for example, ‘SettledDate’.

Table 1. Statistics of different features for data set

Mean Std Min 25% 50% 75% Max

countryCode 1.75 1.4 0 1 2 3 4

customerID 50.39 28.85 0 25.25 50 76 99

invoiceNumber (E+09) 4.98 2.88 0 2.53 4.96 7.49 9.99

InvoiceAmount 59.9 20.44 5.26 46.4 60.56 73.765 128.28

Disputed 0.23 0.42 0 0 0 0 1

PaperlessBill 0.51 0.5 0 0 1 1 1

DaysLate 0.36 0.48 0 0 0 1 1

countlate 4.41 5.36 0 0 2 7 32

RepeatCust 9.04 8.39 0 2 6 15 32

Through Table 1, it is easily to find that most of results in the feature ‘Disputed’ are
zero (No), more customers choose to renew the deferred repayment period. The longest
time that the customer completely repays accounts is 75 days. The feature Customer ID
indicates that there are 99 different customers in this data set and nearly a quarter of
them pay in excess of the specified time. It is easy to get from the table that the time
of late payment represented by feature ‘countlate’ is 32 days at most, which is nearly
1 month. But the average is only about 4 days, indicating that the data span is very large
and fluctuates greatly. The relatively large variance of the feature ‘countlate’ confirms
this from another perspective. The 75% quantile of ‘RepeatCust’ indicator is 15, but the
maximum value is 32, which is more than twice the former, and the variance is as large
as feature countlate. Therefore, the data of this indicator is also small and there are more
data, and the span between the data is also big (Fig. 1).

Correlation analysis is made for these indicators. From the correlation coefficient
between feature ‘RepeatCust’ and feature ‘DaysLate’ on the figure is 0.66, it can be
concluded that ‘RepeatCust’ and ‘DaysLate’ are closely related. Given the meaning of
the previous set of ‘RepeatCust’, it’s easy to see why this is closely related to ‘DaysLate’.
With this heatmap, it is clear that ‘countLate’ ranks second with a correlation coefficient
of 0.46. Judging from the statistics provided by this heatmap, there is nomulticollinearity
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Fig. 1. Histogram of characteristic information

in all variables. This brings us great convenience so that we can start building models
directly. It means it is not necessary to filter characteristics. By correlation analysis,
features ‘RepeatCust’, ‘countlate’ and ‘Disputed’ provide a huge support to predict the
final result (Fig. 2).

Fig. 2. Correlation of different characteristics

3 Models

Machine learning is an important method to solve the problem of data mining. Its basic
idea is to use a large number of training data to solve the decision function of classifica-
tion or regression problems, and then make decisions on unknown samples. However,
because the specific data mining problems are very different, and there are different
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requirements for solving time and storage cost, so the machine learning algorithm used
is also completely different. This part mainly summarizes the principle of machine
learning algorithm used to solve the problem of customer’s repayment date.

3.1 Support Vector Machines (SVM)

SVM, one of the machine learning models of supervised learning, effectively solves
classification and regression problems. It has gained amass of satisfaction from different
people like scientists and researchers. Its popularity owns to two aspects: on the one hand,
SVM enables to predict a precise result; On the other hand, the model is based on a more
complete and beautiful mathematical theory. To classify two categories, hyperplanes are
regarded as a tool to clearly divide two sets of sample points.

The mathematical expression of hyperplane is:

wTx + b = 0

where w is the normal vector to the hyperplane, b is the displacement term which refers
to the distance between the hyperplane and the origin.

In the given training sample set D = {(x1, y1), (x2, y2), . . . , (xm, ym)}, yi ∈
{−1,+1}.

For ∀(xi, yi) ∈ D, there is:
{
wTxi + b ≥ +1, yi = + 1
wTxi + b ≤ −1, yi = − 1

The distance between two separation boundaries is defined as the margin:

γ = 2

‖w‖
And the points located on the boundary of the interval are called support vectors (Fig. 3).

Fig. 3. SVM model

The next task is to find a hyperplane with the maximummargin as much as possible,
it also means to find a proper variable w and b so that makes γ attain the most value.

max
w,b

2

||w||
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s.t.yi
(
wTxi + b

)
≥ 1, i = 1, 2, . . . ,m

To simplify the operation, it is a quite convenient method to get the minimum of ||w||2.
Lagrange multiplier method can be used to solve the dual problem, thus the model can
be solved.

However, in practice, it is often difficult to find a good hyperplane to completely
separate samples of different classes. Furthermore, if a hyperplane happens to meet the
requirement, the result will appear overfitting leading to inaccurate forecasts. The way
to mitigate this problem is to allow individual points of dissatisfaction. Therefore, the
concept of soft margin is introduced. As a result, the mathematical description of the
soft interval SVM can be defined:

min
w,b,εi

1

2
||w||2 + C

∑m

i=1
εi

s.t.yi
(
wTxi + b

)
≥ 1 − εi

εi ≥ 0, i = 1, 2, . . . ,m

The corresponding solution can also be obtained by using Lagrange multiplier method.
So let’s assume that the sample space is linearly separable, and now we’re con-

structing a kernel function that maps the original sample space to a higher dimensional
sample space, so that we can find a proper hyperplane, and fortunately, if the dimension
of the property is limited, there must be a higher dimensional space where the sample
is separable. The expression κ(•, •) usually stands for the kernel function. Then, there
are some common types of kernel functions as follows:

Linear kernel κ(xi, xj) = xTi xj.

Polynomial kernel κ
(
xi, xj

) =
(
xTi xj

)d
, d ≥ 1 is degree of polynomial.

Gaussian kernel κ(xi, xj) = exp

(
−

∥∥xi − xj
∥∥

2σ 2

2)
, σ > 0 is thewidth of it.

4 Random Forest

If the features of the sample points are non-numerical features in the classification prob-
lem, there is no direct use of Bayesian classification, support vector machine, k-nearest
neighbor method to train the sample set with numerical characteristics and establish a
classifier to solve the classification problem. At this time, there are two options: one
is to transform the non-numerical features into numerical features, and then solve the
problem. In general, the information in non-numerical features will be lost, and the
dimension of sample point features will be increased, and the time complexity of solv-
ing classification problem will be increased; secondly, non-numerical features can be
directly used to solve classification problems by using Decision Tree method.
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Decision Tree algorithm is a kind of common supervised machine learning method,
which mainly uses recursive process to help people complete the final decision. Gener-
ally, a root node, several internal nodes and leaves together form a decision tree. Random
Forest uses samples to randomly generate the required decision trees, and then uses the
judgment results of each decision tree to determine the calculation results of the final
model.

The Random Forest algorithm needs to Bootstrap the sample and take the sampling
method with put back for the sample data. Categorical variables should also be selected
at random. The advantage of this operation is that it can effectively avoid the problem
caused by wrong data.

Assuming that there are N samples and M categorical variables in the training set.
In order to successfully construct a decision tree, the primary step is to select N samples
randomly from the samples set that are put back. Then select k categorical variables in a
random way. Next, repeat n times to generate n decision trees to form Random Forests.
At last, collect every result from each decision tree before define the final result by voting
(Figs. 4 and 5).

Fig. 4. Decision tree structure

It is obvious that the decision tree is an essential part of the Random Forest. So the
quality of the decision tree will affect the effectiveness of the Random Forest. The goal
of the decision tree is to learn a classification tree that has strong classification ability and
generalization performance for unknown samples. To achieve it, we need to introduce
some judgment basis to assist us. Information entropy is an important indicator in the
decision tree, reflecting the purity of the sample set. Let’s assume that the sample set D
has N categorical variables, and the ratio of the i-th sample to the total sample is p, then
the information entropy of the set is

I(D) = −
N∑

i = 1

pi log2 pi

Define information gain as the difference in entropy of two categorical variables:

�I = I(p) −
∑
c

PcI(pc)
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Fig. 5. A flow chart of a Random Forest

where pc is a child of the P node, Pc is the probability of splitting to pc. In internship
applications, the information entropy will be biased to take more values in the classifi-
cation variables as the basis for division. To avoid the impact of this bias on the model
classification, an evaluation index of information gain rate is added.

I_ratio = �I

I(D)

During the model, by means of pruning has the ability to reduce the risk of over-fitting.
The two most commonmethods of pruning need to be explained below: pre-pruning and
post-pruning. Pre-pruning is to evaluate each node before dividing it into a decision tree.
If current division enables to enhance efficiency hardly in the decision tree, the node
will be marked as a leaf node which is not split again. Post-pruning is to find non-leaf
nodes that can be replaced by leaf nodes after finishing the whole decision tree. If the
new left nodes make the decision tree better, keep these left nodes.

5 Results and Discussion

In fact, there are some necessary parameters need to be decided both Random Forest
and SVM. In Random Forest algorithm, the number of decision trees (n_estimators)
is an important parameter and the value is 100 after several tests. Moreover, when
building the optimal decision tree model, the largest number of features (max_features)
and minimum number of leaves (min_sample_leaf) are also paid more attention. The
max_features considers the number of features when limiting branching, any feature
that exceeds the limit is discarded, here it is set to 20. On account of the smaller leaf can
reduce the risk that the model gains noise in train data set, the min_sample_leaf appears
its importance and it takes 50.

In SVM model, choosing a proper kernel function is one of the key procedures, the
result finally confirms Gaussian kernel function through comparing all kinds of kernel
functions. Penalty coefficient (C) means the tolerance of error. The higher the value, the
more likely the over-fitting phenomenon will occur and will cause the model to fit well,
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but the prediction results are not ideal. In the same way, the smaller C is, the greater the
possibility of underfitting. So it is settled after many trails (Table 2).

Table 2. The comparison results of the two models

Model Accuracy Precision Recall f1_score Roc

SVM (linear) 0.55 0.36 0.38 0.37 0.51

Random Forest 0.83 0.74 0.79 0.76 0.82

After comparing these two models, it is clearly that Random Forest model performs
better than SVM model on the whole. Since the Random Forest performs well in all
the indicators in the above table, it is more accurate to choose this model to predict.
The results of Random Forest model are prior to that of SVM due to characterization of
dataset.

In the above histogram, a variable called relative importance is constructed, which
can be understood as the score or importance of each indicator that affects the final result.
Then it can be defined as the ratio of the importance of each indicator to the importance
of the largest indicator. In addition, relative importance can highlight which features
may be most relevant to the target, and vice versa, which features are the least relevant
(Fig. 6).

Fig. 6. Importance of indicators

So the feature ‘RepeatCust’ is of great importance among these features, and ‘count-
late’ becomes the second most important with around 70%. It can be seen from here
that these two features are more related to the prediction results. ‘InvioceNumber’ and
‘InvioceAmount’ has equal status in prediction. It is clearly that feature ‘PaperlessBill’
has a little relationship with the payment time. To sum up, from the above picture, we
can get the characteristics closely related to paytime, which provides a clear goal for
future predictions.
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6 Conclusions

Finance factoring is fairly useful for banks or other companies to decide whether the cus-
tomer will delay the date of payment. The result based on the data fromKaggle indicates
that decision tree model is more suitable for this issue after applying the SVM and deci-
sion tree model. It also makes sense factors influencing deferred payment. Through the
results of the Random Forest model, features ‘RepeatCust’ and ‘CountLate’ are impor-
tant factors to determine whether the customer is delayed or not. It is consistent with the
preliminary conjecture in the correlation analysis. The reason for the low importance of
feature ‘PaperlessBill’ may be that there is no substantial relationship between the way
to pay the loan and the final choice to postpone the payment, which is also consistent
with our life cognition.

Certainly, the result will be more reasonable and reliable if the data set includes
more factors or features. We can also make some changes in the model itself to make
the results more credible. First of all, try to make some improvements to the Random
Forest model, say the choice of more advanced sophisticated Random Forest model,
for example, AdaBoosted decision tree models [20]. SVM also has many improved
methods, which can use weighted SVM model [16], or it can be combined with some
heuristic algorithms like genetic algorithm [17]. It is a good idea to make some attempts
to other newmodels, such as K-means, XGBoost and LightGBM [21–23]. Besides, these
may also be mixed together several models, constituting the hybrid model, the literature
suggests the effect is sometimes mixed much better than a single model [24–27]. This
also provides a new direction for us to optimize the model.

With the advent of the era of big data, data mining problems will become more
and more boring and complex. In the future, in order to make the solutions of the two
data mining problems studied in this paper better practical, we should constantly try to
improve the existing algorithms, further improve the performance of relevant machine
learning algorithms in classification accuracy and speed, and study the solutions to the
problems such as data set skew, labeling bottleneck, over classification, etc. And try to
expand the original data mining problem.

Appendix

See Table 3.
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Abstract. With the development of e-commerce and instant messaging, commu-
nitymarketing is on the rise.Understanding consumer’s behavior in the community
is particularly important for the development of enterprises. To understand how
the consumers’ decision-making models work under community marketing strat-
egy, this article takes Xiaomi’s marketing model as an example and explores how
community marketing affects consumers’ brand loyalty by analyzing consumers’
decision-making models after entering the community. The article also analyzes
the reason why Xiaomi faced a declining sale in the later stage of development,
which we could use for reference that companies can not only rely on internet
marketing, but also value the importance of offline promotion.

Keywords: Consumer’s decision · Brand community · Social media ·
Community economy · Xiaomi

1 Introduction

With the rise of the Internet and social media, the mode of interaction between brands
and consumers is undergoing substantial changes. As a brand-new marketing model in
the context of the Internet, community marketing can stand out in the fiercely competi-
tive e-commerce environment and be adopted by brands. Therefore, exploring how the
community marketing model affects consumers decision making can enable brands to
better understand customer relationship management and help companies improve and
refine their marketing strategies.

2 The Basic Theory of Community and Community Economy

2.1 Community Economy

Sociologically defined, a community is a group of people who interact with each other
and live in a common area. Later, it was often referred to a group of people who share
commonvalues or group cohesion due to a commongeographical relationship.American

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
C. Yuan et al. (Eds.): Proceedings of the 4th International Conference on Economic Management
and Green Development, AEPS, pp. 222–228, 2021.
https://doi.org/10.1007/978-981-16-5359-9_26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5359-9_26&domain=pdf
https://doi.org/10.1007/978-981-16-5359-9_26


The Influence of Social Media Community Marketing 223

historianBurstein first proposed the concept of consumer community in 1974. Since then,
the meaning of community has changed from geographically gathered relationships
between people to social relationship related to the use of a particular product or brand.
On this basis, the concept of a brand community is derived: a special, not restricted
by geography community based on a set of structured social relationships between
consumers using the same brand.

Community economy refers to the use of communities by companies to discuss prod-
ucts and reduce the cost for consumers to obtain information. Products and consumers
are no longer purely functional links—emotional links of image, culture, etc. Since
then, consumers have established emotional trust in the brand. Eventually, achieve value
consensus and product consumption.

2.2 Social Media and Community

With the rapid development of the Internet and communication technology, the online
community has undergone various forms such as forums, Weibo, WeChat, and short
video platforms. Social media has achieved progress from static graphics to dynamic
video, from a single type to multiple types. Driven by Internet technology and smart-
phones, social media has burst out with unparalleled energy, and the information it
spreads has become the content that people browse and screen every day.

The emergence of social media has provided a platform for people to communi-
cate and interact in real time. Make the communication time interval, geographical
restrictions, and other constraints continue to weaken. To meet their needs for emotional
communication and social identification, people with the same values or hobbies can
completely break through the limitations of time and space-based on social tools and
can freely aggregate and build relationships. Therefore, many interests in certain areas
in the itinerary the core functional community. At the same time, with the strengthening
of community users’ initiative, satisfaction, and sense of belonging after joining the
community, it has further promoted the community’s activity and development.

Socialmedia has accumulated a fairly stable number of users, and its business ecosys-
tem is becoming more and more complete. According to the China Internet Network
Information Center report, social platform advertising has dramatically increased the
arrival rate and conversion rate of advertising information under the features of social-
ization, video, and intelligence, and the market share of social advertising continues to
expand. Compared with traditional media, social media has many advantages in dis-
seminating information. First, social media information dissemination is characterized
by transparency, which is conducive to public supervision of information. Second, con-
sumers can use social media to understand consumers’ actual needs, understand con-
sumers’ opinions on products, and further improve product quality. Third, it is conducive
to help enterprises better expand sales channels. Fourth, social relations are freer, and
consumers havemore choices. Fifth, the broadmasses of the people can have amore com-
prehensive understanding of large enterprises. Sixth, users can interact and communicate
with each other.
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2.3 Community and Branding

Muniz and O’Guinn (2001) proposed that the brand community respond to a social
assembly centered on a particular brand, emphasizing the relationship between con-
sumers and consumers who travel based on the use, emotion, and connection of a specific
brand relationship.

According to American marketing scholar McAlexander, brand community is based
on multiple relationships between consumers and brands, consumers and products, con-
sumers and companies, consumers and other consumers. Based on the Internet and social
platforms, companies and consumers interact in real-time, inspiring consumer partici-
pation and collaborative initiatives to achieve co-creation of brand value. Brand com-
munity marketing integrates relationship marketing, emotional marketing, experience
marketing, and word-of-mouth marketing, reshaping the relationship between brands,
communities and consumers, building a newmarketingmodel of community interaction.

Operators of brand communities can connect with community users through commu-
nity activities, publish media content related to brands and products, guide community
users to generate a large number of sharing, comments and other behaviors, and at the
same time carry out dynamic tracking and precision of the community Positioned big
data marketing function, based on the historical behavior data generated by commu-
nity users to analyze their product needs and targeted product information push. In this
process, the community operator obtains revenue while meeting the needs of the com-
munity users, bringing into play the commercial value of the community and realizing
the community economy.

3 The Impact of the Community Marketing Model on Consumers’
Decision-Making Behaviors—Improving Brand Identity
and Brand Loyalty

When analyzing consumer decision-making behavior, it is usually divided into three
components according to the customer life cycle theory: input-processing-output.

Consumers’ decision-making process of deciding whether to purchase a product or
service is essential for most brands, and companies often use relationship marketing
to influence the consumer’s decision making process and enhance consumer awareness
of their products and services. Dependence improves consumer loyalty, and ultimately
form a closed-loop relationship. The establishment of a brand community is a form of
relationship marketing. It can improve customer satisfaction and achieve customer loy-
alty by identifying potential consumers, maintaining existing consumers, and retaining
lost consumers. The brand community can help companies achieve one-to-one commu-
nication with customers, which can increase consumer participation, understand their
exact needs, improve products and services quality, and improve the relationships with
customers. Increased consumer recognition and loyalty to the brand value, thus affect-
ing the processing and output links in the consumer decision-making process, making
consumer decision-making form a closed loop (Fig. 1).
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Fig. 1. Consumer decision-making model.

4 A Case Study of the Community Marketing Model Taking
Xiaomi as an Example

4.1 Introduction on Xiaomi

Xiaomi was founded in 2010 and initially focused on developing mobile phone oper-
ating systems and app applications. Later, it built an ecological product chain with
smartphones, software, hardware, and Internet information technology as the leading
products, as well as related product accessories and peripheral items. In 5 years, the
brand value has increased 180 times. In 2014, Xiaomi’s sales in the domestic mobile
phone market exceeded the top two Apple and Samsung. This fantastic result is insep-
arable from its consistent Internet thinking and unique living marketing model. At the
beginning of its establishment, Xiaomi took “birth for fever” as the original intention
of the brand, regarded users as participants in creating brand value for the enterprise,
established an online community, and called on users to actively participate in the com-
pany’s design, research and development, and production. And throughout themarketing
campaign.

Before releasing its first mobile phone in August 2011, Xiaomi communicated with
users about user needs every week and developed an operating system with users.
Because of interaction and communication between brands and users, a close social
relationship was formed. Before the mobile phone was released, it had accumulated
500,000 users. Six months before the release of the first Xiaomi mobile phone release,
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the Xiaomi community, an online communication group around the Xiaomi brand, was
officially launched.

In addition to regular user interaction and information sharing, the Xiaomi commu-
nity organizes and organizes theXiaomi CityMeeting event at regular intervals. The staff
will publish notices of related events in the forum in advance and set up an event chat
group so that all registered participants Active people gathered together. These members
have the same hobbies and interests. This approach makes the community users partic-
ipating in the event increase their sense of belonging to the enterprise and allows more
users to join the promotion activities of Xiaomi products. They established an emotional
bond between community users.

4.2 Xiaomi’s Community Marketing Model

By building a brand community, the new customer relationship management process
established by Xiaomi is (Fig. 2):

Fig. 2. Xiaomi’s community marketing model

The marketing strategy of the Xiaomi community is divided into the following three
steps.

1. Cultivate new users and identify potential consumers. The construction of the brand
community, which plays a role in the consumer decision-making process, through
the brand’s market positioning, around the characteristics of potential users, when
customers search before purchase, to attract potential customers to establish initial
customer relationship is established; through community interaction, members form
common brand awareness and sense of belonging and identify with their community
members.
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2. Activate community activities to maintain existing consumers. Xiaomi community
will regularly hold some feedback activities for old users, such as free tickets for
product launches, product priority purchase rights, etc. Maintain a long-term and
good relationship with consumers.

3. Maintain loyalty and retaining lost consumers. In the Xiaomi community, there are
multiple channels to receive user feedback. Any problems encountered by users in
the use of products can be connected to online customer service through Weibo and
WeChat. Xiaomi will regularly promote product improvement plans and feedback
solutions to solve problems for users. Maximum consumer convenience.

4.3 Problems at the Present Stage of Xiaomi

As a brand that started to attract consumers through the Internet and innovative com-
munity marketing methods in mainland China’s mobile phone market, it took only three
years since it entered the market in 2011. It became the brand with the largest market
share (13.3%) at that time (Statista 2020), and due to its novel marketing model and
marketing content that fits the consumer’s psychology at that time, has made its brand
and products have a higher spread rate and sought after by young consumers.

However, in the Internet era, where information spreads widely and quickly, the
model of community marketing is straightforward to be imitated and surpassed by com-
peting products. Many brands such as Huawei, OPPO, vivo have followed the marketing
model ofXiaomi and added innovativemarketing content that combined their ownbrands
and current social hot spots. At that time, Xiaomi’s marketing plan was not adjusted in
time according to the social hot spots of the time. Still focusing on themarketing strategy
aroundmobile phone enthusiasts, while other brands such as Vivo andOPPO, by inviting
traffic stars to endorse, focus on promoting the beautiful appearance of the mobile phone
and the powerful camera function, so that the brand has a broader broadcast surface. At
the same time, due to these with the rise of the brand, Xiaomi is no longer one of the few
low-cost, cost-effective brands on the market. At the same price, newer community mar-
keting methods and content have made these brands attract a broader base of consumer
groups.

2016, is the beginning of the decline in sales of Xiaomi mobile phones. In the 2016
annual mobile phone report released by Toutiao, it was mentioned that the consumption
of Xiaomi mobile phones had dropped significantly, and the loss of Xiaomi users to
Vivo and OPPO is a typical phenomenon, which is concentrated in the younger age
group of 18–23 years old, who are more interested in selfies. However, the report also
pointed out that 56% of Xiaomi’s mobile phone users’ source of replacement is still the
brand. Compared with other brands, user loyalty is relatively high, reflecting the role of
community marketing in promoting user loyalty. According to the latest data in 2019
(Counterpoint), although Xiaomi’s market share is still 11%, the Huawei brand’s share
has reached more than 35%, and Xiaomi’s market share can only rank fourth.

Another major reason for the decline in Xiaomi’s market share is that it relied on
Internet communication and sales channels at its inception, while ignoring or even delib-
erately reducing its offline stores. In the 2016 mobile phone report, it was pointed out
that in the third, fourth and fifth-tier cities with a larger base of mobile phone users, users
are more concerned about more extensive sales channels, mobile phone maintenance,



228 Z. Fang

and are not sensitive to mobile phone parameters. According to relevant news in 2016,
the Vivo and OPPO brands’ offline retail outlets reached more than 200,000 at the time,
and Huawei was 80,000, mostly distributed in third- and fourth-tier cities. These brands
have more than 1,000 franchise stores, while Xiaomi has only 40,000 offline retail points
and 41 specialty stores, and they are concentrated in second and third-tier cities.

5 Conclusion

In the process of effective use of community marketing, Xiaomi corresponds relevant
products to individual users in need of internal services and publicity through the rele-
vant Xiaomi dedicated forumor network andmakes uses the relevant network interaction
platform. In the meantime, through the channels of Weibo, WeChat and other related
popular information release and dissemination, while effectively attracting the attention
of the masses, through the directly connected network interaction platform, it can timely
and effectively consult with customers for online services and answers, effectively main-
tain the user experience and Perfection, to a certain extent, has played a role in shared
promotion. In the practice of this approach, but also objectively changed the relevant
publicity and interaction, from the previously widespread and comprehensive publicity
and promotion, to the target customers of the targeted precision needs. In the process
of promoting precision marketing, while reducing marketing and promotional costs, it
greatly improved the influence of the product and the promotion effect.

However, the rapid decline ofXiaomi in the later periodwas due to its failure to iterate
itsmarketing strategywith the development of society and the Internet in a timelymanner
and excessively focused on Internet community marketing, while ignoring the offline
mode of traditional marketing, which caused other competition. Brands have seized a
larger market share.

This article analyzes the role of community marketing in consumer decision making,
from the perspective of customer management, analyzes the impact of community mar-
keting on the input and processing of consumer decision-making processes, and derives
the community marketing model for Consumers’ brand loyalty has a significant role in
promoting, thus forming a closed-loop conclusion of the relationship between users and
brands. At the same time, combined with the reasons for the early success of Xiaomi
mobile phones and the later decline, it is hoped that it can provide certain practical
significance and reference value for the development of the brand.

References

1. Jin, S.: The communication characteristics and business model of “community economy”.
Mod. Commun. 237(4) (2016)

2. Xue, H., Wang, X.: An empirical study of the impact of transcendent customer experiences in
brand community on consumers’ brand loyalty. In: Proceedings of the SixthAnnualConference
of Shanghai Social Sciences (2008)

3. Huang, X.: The integration of social economy, e-commerce and new marketing model. J.
Commer. Econ. 14, 75–77 (2019)



Community Epidemic Prevention and Control
Based on Statistical Analysis and KLR Signal

Analysis

Cao Jiarui and Wang Shuqi(B)

School of Management and Engineering, Nanjing University, 22 Hankou Road, Nanjing, China

Abstract. This article mainly studied the social epidemic control at the grass-
roots level. We analyzed the role of community work in epidemic management,
and explored the relationship between community work and the local epidemic
situation, the living conditions and psychological states of residents. Through the
AHP and cluster analysis of the data, we found that the work intensity of commu-
nities is positively correlated with local epidemic prevention and control. At the
same time, we found that there was also a positive correlation between people’s
satisfaction with community work and the intensity of community work. This
meant that the mainstream attitude of the masses towards epidemic prevention
and control is to actively cooperate and strictly implement, which strongly proved
that China’s grass-roots management policy put the personal safety of residents
in the first place, and fully complied with People’s will and sentiment. Finally,
taking China as an example, we analyzed and predicted the development trend of
the epidemic situation in the United States with the help of KLR early warning
model, which is common in the field of economics.

Keywords: Social governance · Statistical analysis · KLR analysis

1 Introduction

The outbreak of Covid-19 has a huge impact on the country’s social stability, economic
development, basic people’s livelihood, industrial structure and other aspects, and has
brought personal safety loss, trade and population flow constraints in the global scope.
In terms of public health events in human history, it usually takes several months or
even years for different regions to completely get rid of the impact of epidemic situation
and restore market order and people’s normal life according to their own conditions.
Taking the impact of 2009 influenza A (H1N1) as an example, under the background of
the financial crisis and the rising unemployment rate, the flu seriously damaged human
security and the global economy, causing many countries to fall into a long-term down-
turn. These historical experiences showed us the far-reaching impact of the epidemic
on human society and warned us of the importance of comprehensive prevention and
control. In the past studies on infectious diseases (such as SARS, hepatitis B, etc.), the
influence of environmental factors on the epidemic of infectious diseases was generally
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studied. Xiao Xiong et al. (2013) used the geographically weighted regression model to
study the infectious diseases in Sichuan Province, and drew the conclusion that popula-
tion density affects the epidemic scale, and pointed out that whether there are prevention
and control measures will directly have a significant impact on the infection situation.
We also showed the obvious difference through simulation method (Fig. 1 and Fig. 2).
At the beginning of the study, we also made a similar hypothesis based on a wide range
of infectious diseases such as COVID-19. [1].

Fig. 1. Population infection without epidemic control measures.

Fig. 2. Population infection with epidemic control measures.

Based on the needs of the project, through an online questionnaire survey, offline
structured interview, data crawler method, and literature method, we collected impor-
tant information including residents’ evaluation of community prevention and control,
grass-roots staff’s work strength, and the epidemic situation in local areas. More than
300 questionnaires and network information about population migration and mass sen-
timent were obtained. To ensure that the follow-up data analysis work can be carried out
normally, we standardized and regularized the original data, and set control questions
such as “residents’ views on community work before the epidemic” to eliminate the
irrelevant variable impact brought by the local community working conditions.
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2 Data Processing and Analysis

2.1 Pearson Analysis of Outbreak and Aggregation Pattern

Our preliminary guess was that the higher the density of people gathering, the more
serious the infection situation. Thanks to the transparency of epidemic control data in
China, the public regional dispersion of epidemic situation and population flow were
mainly obtained fromBaidumigration and the platform of National Health Commission.
Through investigation and analysis,wemade a connection between the aggregationmode
and the epidemic distribution, and the results are as follows (Table 1). It can be seen that
there is a positive correlation between the density of aggregation and the infection of the
epidemic, but the correlation is not obvious, which is not consistent with our preliminary
conjecture.

The reasons for this are as follows: (1)There is little correlationbetween the density of
people and the severity of infection. Although the density of people without aggregation
is low, there was a large number of people flowing in every community during the Spring
Festival. Therefore, the correlation is far less obvious than we thought. (2) When the
spread of the epidemic has been paid attention to, under the strict management policy and
the strong implementation of the community in China, the strict management measures
were basically implemented in all parts of the country. Even in the areas with high
population density, people’s contact opportunities were basically reduced in the first
time after the outbreak, and the correlation was weakened.

The discovery of this firstly shows that our strict regulation has an important effect.
Otherwise, it is not difficult to imagine that Pearson correlation coefficient will not
only be weak correlation. Therefore, reducing the contact between people and carrying
out necessary physical isolation is an effective way to prevent the spread of the virus.
Strengthening the management and control of personnel flow and encouraging the wear-
ing of masks are the correct measures for epidemic prevention. The impact of personnel
flow on the epidemic situation is very obvious [2].

Table 1. Analysis on the mode of aggregation and community infection.

Aggregation and management mode during epidemic period

Community infection 0.026*

*p < 0.05 **p < 0.01

2.2 Analysis of Community Epidemic Situation and Community Disinfection

In the process of fighting the epidemic, the community has become the basic unit of
fighting the epidemic at the grassroots level. Timely disinfection of public areas such
as elevators and stairs in the community is an effective means to prevent the spread of
the epidemic. Through the analysis of the community epidemic situation and commu-
nity disinfection situation, we got the results consistent with expectations. Generally
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speaking, better sanitized communities have fewer infections. However, the community
without disinfection measures will have a slightly less number of infected people. The
main reason is that once there are people infected, the community’s attention to the area
will be greatly increased, which also shows that China’s grass-roots work will make
real-time adjustments according to the situation. However, we noticed that the commu-
nities without disinfection measures account for more than 10%, which is a little high.
Although some communities can’t disinfect the community due to personnel, equipment
and other restrictions, the grass-roots staff should pay attention to the implementation of
disinfection measures to avoid secondary infection and other events in the community.

For the areas with disinfection measures, we found that more than 50% of them dis-
infected many times a day, which shows that grass-roots personnel attach importance to
the prevention and control of epidemic situation and their conscientious and responsible
work at ordinary times. It also explains the reason why the epidemic situation in China
was reduced relatively quickly. It is necessary to make joint efforts of a large number
of grass-roots personnel behind the anti-epidemic line and the conscious cooperation of
most people home isolation. According to the chi square distribution results, it is wrong
that disinfection measures have no effect on the infection situation in the community, it
can be concluded that disinfection has curbed the severity of infection to a certain extent
(Table 2).

Table 2. Results of Cross (chi square) analysis of community aggregation pattern distribution.

Life gathering
and
management
mode during
epidemic period

χ2 p

Yes No

Community
infection

85.71 80.67 2.049 – 0.359

8.57 6.31

* p < 0.05 ** p < 0.01

2.3 Analysis of Community Epidemic Situation and Community Travel
Restriction and Isolation

Community isolation data were mainly obtained by questionnaire. Most of the commu-
nities began to have blockade measures three to eight days after the closure of Wuhan
City, and there were no communities that did not take any measures. Given China’s huge
population and industrial system, there is no doubt that community action is efficient if
the region is blocked orderly and effectively while maintaining stability.

We also noticed that about 26% of the districts were closed late. Excluding the influ-
ence of various factors such as special areas, we still thought that the proportion was too
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high. Then we looked up and analyzed the local government management documents,
and found that there was a significant correlation between the closing time of commu-
nities and the issuing time of government control documents, which also explained why
some closing time was too late. For example, the Heilongjiang and Qinghai samples,
which account for about 2% of the total samples, basically chose eight days after the clo-
sure ofWuhan among the closing time options. Moreover, the time for the two provinces
to release the first level response tomajor health eventswas later than the nationalmedian
time (1.24) (Heilongjiang 1.25, Qinghai 1.26). On the one hand, it showed that China’s
government was effective. One the other hand, it reflected the top-down way of policy
implementation requires the government to take measures to guide the work in time, and
the grass-roots managers need to cultivate initiative, find problems and solve problems
in time.

In addition to the implementation time, we also conducted a corresponding survey
on the implementation of the community. From the feedback of the questionnaire, as
long as the measure are implemented, they are basically strictly enforced, the proportion
of loose measures is very low, and there were no community took no measures.

2.4 Summary of Community Epidemic Management

From the survey results, it is easy to find that in this epidemic situation, the recognition
and satisfaction of the masses for community work has increased significantly, with the
average satisfaction increased from 3.46 to 3.84. Especially in the areas without clus-
ter management, they were also helped and managed by the surrounding communities
during the epidemic period, reflecting the popularity and effectiveness of grass-roots
management ability in China. We find that most people thought that the more strict the
community control measures, the higher the degree of satisfaction, which also showed
that the popularization of public health knowledge in China was very obvious.

At the same time, through the analysis of the opinions and praise of the masses, we
found that most of the people thought that the community was worthy of praise, and
there were few places that needed to be improved. Only about 8% of the people said that
they needed to be improved.

There were aspects worthy of praise, including the delivery of masks, disinfection
and universal education. There were also aspects that needed to be improved, basically
focused on the aspect of insufficient strength, which showed people’s need for high-
intensity and effective epidemic prevention measures.

3 Analysis Based on the Theory of KLR Early Warning Model

3.1 Comparison of KLR Signal Analysis Method with Common Early Warning
Models

There have beenmanymodels for crisis early warning. From logit model, signal analysis
and other mainstream analysis ideas to the neural network model ANN proposed by Nag
[3] and binary tree proposed by Ghosh [4], the effect is not nearly the same. This paper
focuses on theKLRmodel and compares themostwidely usedFRandSTVearlywarning
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models. The FRmodel is a probabilistic model developed by Frankel and Rose [5] based
on a large number of real sample data fromdeveloping countries. STV is a cross-sectional
regression model constructed by Sachs et al. [6], which focuses on the causes of similar
crises, so as to more accurately analyze some variables that have greater impact on each
type of crisis. Although the three models have their own characteristics and emphases,
according to the conclusion of Andrew [7] and others using the data of Asian crisis,
the test rate of KLR model is the highest among the three models. Therefore, we can
draw a preliminary conclusion that the KLR model has the highest accuracy among the
mainstream crisis warning models.

The formula is expressed as follows:

It = ωt(�αt)
/
αt − (1 − ωt)(�μt)

/
μt (1)

Based on the results of previous surveys, we considered the importance and stress
level. at refers to the proportion of infected people in the total population and theweighted
mortality rate in the t month. μt refers to the medical equipment reserve in month t
(assigned according to the importance of medical equipment, such as ECMO value
10, ventilator value 7, etc.). It is the quantitative embodiment of the country’s pressure
indicators,ωt is the weight mainly reflected by epidemic prevention measures, including
whether to carry out isolation measures, whether to carry out large-scale disinfection,
and the state of public opinion. Data can be obtained through government documents,
community surveys and social network crawlers such as Facebook.

It will increase with the increase of infection rate or decrease of Medical Reserve,
which shows the pressure of anti-epidemic in the country. When it is higher than the set
value, it is generally believed that there is a serious public health crisis in the country
in t. This quantitative way to measure the health crisis provides the basis and direction
of numerical analysis for early warning, with strong operability and readability, but this
measurement will also make the national economy and other factors ignored, which has
a certain impact on the accuracy of the measurement.

3.2 KLR Index Threshold and Early Warning Effect Analysis

For the n early warning indicators, we will change the hazard index into a binary variable
s, whose value is 1 or 0. Let X be the value of a certain index in a certain period, then
P(x) represents the cumulative probability distribution value of X, and P′(x) represents
the threshold value of warning signal. When P(x) > P′(x), s value is 1, and an early
warning signal is sent. On the contrary, if it is less than or equal to the set threshold
value, s value is 0. The formula is as follows:

{
S = 1; P(x) > P′(x)
S = 0; P(x) ≤ P′(x) (2)

According to the analysis of the current infection rate and mortality rate, we found
that both the infection rate and the mortality rate were below the threshold through the
analysis of the current infection rate and mortality rate. However, we also need to pay
attention to the fact that after April 8 and October 1, the pressure value of the infection
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rate in China slightly rose. According to the news information, it should be related to
transnational staff and asymptomatic infected people, which worth national vigilance.

Based on the results of this study, we realized that it’s important to further strengthen
the execution andmanagement scientificity of grass-roots organizations and enhance the
organizational ability and execution of grass-roots organizations, which is the emphasis
and difficulty of epidemic control.
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Abstract. This paper examines the capital structure of two firms in new energy
automobile industry to get a clear understanding of the propriety of the two firms’
capital structure and the feature of the industry. It turns out that as a nascent
industry, new energy automobile industry is not one that enables firms to grow
fast at the beginning. A typical feature of the industry is the low profit margin at
start-up or even expanding stages, which makes the firms’ external financing vital.
However, for especially start-up firms, it is relatively hard to finance by equity or
long-term debt, therefore, they relied much on short-term debts or more on other
external funding like government subsidies. As the firms grow larger, they are able
to finance by equity and long-termdebts, but the limited profitmargin inhibits them
to get high ratings, which restraints their debt financing. Consequently, equity
becomes the best choice. Yet as the high volatility in stocks, the firms still should
pay more attention to their debt ratio to make sure their capital structure is stable
enough to sustain their operation.

Keywords: Capital structure · New energy automobile industry · Financing ·
Cost of capital · Tesla · Nio

1 Cost of Capital Analysis

1.1 Models and Mechanism

The CAPM model is implemented to estimate a firm’s stock risk to the market and
calculate the expected return of the firm to break even. To make the research more
accurate, 30-year treasury bond rate rate is taken as a risk-free rate, meanwhile, risk
premium is theUnitedStates’ risk premium fromAswathDamodaran’s “CountryDefault
Spreads and Risk Premiums” [1], and default spread is estimated according to the ratings
of the firms in each year.

Eri = Rf + βi(Erm − Rf) (1)

WeightedAverage cost of capital is calculated to estimate the optimal capital structure
that saves the most cost of capital for the firms. For firms in New energy Automobile
industry, there are nearly no profit to activate tax benefits, hence the cost of capital keeps
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growingwhen there aremore debts. However, though vague, the trend of the raise and the
comparison between the two firms can still help to estimate a propriate capital structure
that cost the firm lower capital expense with debt financing.

WACC = rdebt

(
D

D+ E

)
+ requity

(
E

D+ E

)
(2)

1.2 Cost of Capital Analysis for Tesla

Overall Risk Profile 1. Volatility
The highest close price of TSLA in five years is 498.32 and the lowest close price is
28.73. The volatility of TSLA’s stock is 57.98 (Fig. 1).

Fig. 1. Stock price of Tesla (Jan. 1, 2015–Aug. 31, 2020)

2. Risk Analysis

1) The standard deviation of daily stock returns is 0.0338, which is the overall risk
of its stock.

2) There are a few competitors fighting with Tesla like Nio.
3) Tesla has a 5:1 stock split after close of trading on August 28, 2020 [2].

Expected Return (Cost of Capital) - CAPM Model Tesla has negative EBIT in the
past 5 years, therefore the marginal tax rate for the past 5 years is assumed to be 0.

Betas are calculated by the regression of 5 years’ (2015–2019monthly) stock returns
and 2020’s (daily) stock returns separately. Since Tesla has debt, these betas are levered
beta.

Default spread is estimated according to the rating of the firm in each year. The latest
rating of Tesla is B2 by Moody’s in 2020.

Since Tesla’s stock price increased sharply in the year of 2020, two databases are
used to calculate the cost of capital for Tesla. One is to use the 5 years’ average data
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Table 1. Past five-year and 2020’s cost of capital for Tesla.

Million 2015–2019
average

notes 2020.8.31 Notes

a Debt (BV) 10238 Average 14095 2020.6

b Stock price dollar 54 Average 498 2020.8.31

c Shares 792 Average 932 2020.8.31

d Equity (MV) 43239 b*c 464340 b*c

e D/E 23.68% a/d 3.04% a/d

f D/A 19.14% a/(a + d) 2.95% a/(a + d)

g Marginal tax rate 0.00% Negative profit 10.00% 2020.6

h 30-year Treasury
rate (risk free)

2.80% Average 1.54% 2020

i Equity risk
premium

5.23% Open source of
US equity risk
premium

5.23% Open source of
US equity risk
premium

j Beta 116.94% 2015–2019 daily
regression

133.67% 2020.1–8.31
daily regression

k Unlevered beta 94.55% j/(1 + (1–g)*e) 130.12% j/(1 + (1?g)*e)

l Cost of Equity 8.92% h + i*j 8.53% h + i*j

m Default spread 4.96% 5 years average 4.21% Rated B2 by
Moody’s

n Cost of debt pretax 7.77% h + m 5.75% h + m

o Cost of debt aft tax 7.77% n*(1–g) 5.18% n*(1–g)

p Cost of capital 8.70% l*d/(a + d) + o*f 8.43% l*d/(a + d) + o*f

Notes: Financial data is sourced from the firm’s financial report. Stock prices are from Yahoo!
Finance [3]; Shares outstanding and 30-year Treasury bond rate are from macrotrends [4]; Equity
risk premium is from Aswath Damodaran’s NYU stern page [1].

that indicates its past performance; The other one is to use the latest 2020’s data (2020
ended August 31) that better indicates its future performance.

According to the results in Table 1, the 2020’s beta is greater than the past five years’
beta, which means that the volatility of stock returns in 2020 is greater than the volatility
of stock returns in the past 5 years, compared to the market.

When comparing the alpha with rf(1-beta), the excess returns are 0.5% and 1.5% in
the past 5 years and in 2020, which indicates that Tesla’s stock performed 1.5% better
than expected and has a greater excess return in 2020 than in the past.

Returns of Tesla (5years) = 0.0256% + 1.17Returns of Nasdaq 100

Alpha = 0.000256, levered beta = 1.1694, R square = 17.76% (3)

Returns of Tesla (2020 ended August 31) = 0.98% + 1.34Returns of Nasdaq 100
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Alpha = 0.009845, levered beta = 1.3367, R square = 32.04% (4)

According to the results above, the 2020’s cost of capital for Tesla is 8.43, which is
0.27 lower than the cost of equity in the past 5 years. This is basically due to the issuance
of stocks and increase of stock prices that brought the firm’s market value of equity up,
causing it to be almost 10 times the market value of equity in the past 5 years. Therefore,
without largely issuance of debt, the sharp increase of equity lowered the debt ratio of
the firm and its cost of equity. The 2020’s expected return of Tesla, to break even, is
8.43% (Table 2).

Table 2. Optimal cost of capital estimation for Tesla-past five years.

Debt to capital Levered beta Cost of equity Aft-tax cost of debt Cost of capital

0 94.55% 7.75% 0.00% 7.75%

5% 99.53% 8.01% 5.20% 7.87%

10% 105.06% 8.30% 6.31% 8.10%

15% 111.24% 8.62% 7.01% 8.38%

20% 118.19% 8.99% 7.95% 8.78%

25% 126.07% 9.40% 11.00% 9.80%

30% 135.08% 9.87% 11.44% 10.34%

35% 145.47% 10.41% 14.14% 11.72%

40% 157.59% 11.05% 17.92% 13.80%

45% 171.92% 11.80% 17.92% 14.55%

5 years cost of capital 8.70%

Note: Tesla has negative EBITs for the past 5 years, therefore, when calculating its cost of debt
based on the 5 year average data, the default spread is estimated according to the rating of the
firm, which is B3 for its current debt ratio around 20%, and increase or descend one level when
its debt ratio goes down or up.

Model Optimal Capital Structure Estimation-Past Five Years Tesla as a whole has not
earned money for the past 5 years, which means it has negative EBIT all along, therefore
it is not possible for them to have an interest coverage ratio greater than 0. This makes
the theoretical optimal debt ratio to be 0, that the firm has not got enough profit to cover
its debt yet, so it is better not to issue any debt in this period of business.

However, although the cost of capital keeps increasing as the debt ratio increases,
when the debt ratio is under 25%, the increase of cost of debt is below 0.5%, which
shows a slower increase than when the debt ratio is above 25%. Therefore, if the debt
ratio of the past 5 years went above 25%, the cost of capital will go much higher that
the firm will need more effort to keep its returns increase in a faster speed.

Optimal Capital Structure Estimation-2020 On the other hand, since Tesla started to
earn money in the year of 2020 according to its quarterly report in June, this estimation
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Table 3. Optimal cost of capital estimation for Tesla-2020 ended August 31.

Debt to capital Levered beta Cost of equity Aft-tax cost of debt Cost of capital

0 130.12% 8.35% 0.00% 8.35%

5% 136.28% 8.67% 8.77% 8.67%

10% 143.13% 9.03% 11.59% 9.28%

15% 150.78% 9.43% 14.99% 10.26%

20% 159.39% 9.88% 14.99% 10.90%

25% 169.15% 10.39% 14.99% 11.54%

30% 180.30% 10.97% 16.58% 12.65%

35% 193.17% 11.64% 16.66% 13.40%

40% 208.19% 12.43% 16.66% 14.12%

45% 225.93% 13.36% 16.66% 14.84%

2020 cost of capital 8.43%

Note: Since the half year financial statements are unaudited and the depreciation amount is not
listed separately as to cost of revenue, here EBITDA is used to calculate the interest coverage
ratio, which can only be more reserved, and it is estimated to be the two quarter’s EBITDA in
2020 multiply by 2, which is 1220 million.

is conducted separately to see when Tesla has its capability of paying part of the interests
by itself, what will be the optimal capital structure for it.

What can be indicated by Table 3 is that in the 2020’s condition, Tesla has better
keep its capital structure or still lower its debt ratio if possible, because although the firm
is capable of paying part of its interest in the first half of 2020, it still cannot pay for its
full interest even with the lowest debt ratio at 5%.

Conclusion. The increase of stock price in 2020 made the debt ratio of Tesla dropped
sharply from 19.14% to 2.95%, which effectively adjusted the capital structure of the
firm to a reasonable level.

The comparison of the two estimation shows that the cost of capital for the latest
condition of Tesla turns out to be more sensitive than in the past. Therefore, Tesla needs
to pay more attention to the increase of its debt ratio than before.

1.3 Cost of Capital Analysis for Nio

Overall Risk Profile 1. Volatility.
The highest price of Nio since its issuance is 20.44 and the lowest price is 1.32. The
volatility of Nio’s stock is 3.34 (Fig. 2).

2. Risk Analysis.

1) The Standard deviation of daily stock returns is 0.0658, which is the overall risk
of its stock.
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Fig. 2. Stock Price of Nio (Sep. 12, 2018–Aug. 31, 2020)

2) There are strong competitors fighting with Nio like Tesla.

CAPM Regression and Interpretation Nio is a start-up firm whose initial public offer-
ing at the NYSE is on September 12, 2018. Since market value is used in the model, in
the calculation and estimation of Nio’s capital structure, 2 years data is used as database,
which is data from 2019 to 2020 (2020’s beta is estimated according to its stock price
until August 31, 2020). All the calculations are based on the average of this database.

Since Nio has a negative EBIT all the time and as a start-up firm it has not reach the
stage to earn money and adjust its spread yet, its default spread is estimated to be the
highest of 15.12% in the calculation. As the average 30-year treasury rate of 2019 and
2020 is 2.06%, the constant default spread of 15.12% made the cost of debt for Nio to
be a constant rate of 17.18% in any capital structure.

The result of regression on Nio’s return from January 1, 2019 to August 31, 2020 is:

Returns of Nio = 0.4288% + 0.8799Returns of NYSE

Alpha = 0.004288, levered beta = 0.8799, R square = 5.08% (5)

According to the result above, only 5.08% of Nio’s risk comes from the market.
When comparing the alpha with rf(1–beta), the excess return is 0.18% in the estimation
period, which indicates that Nio’s stock performed 0.18% better than expected.

Expected Return (Cost of Capital) - CAPM Model According to Table 4, the cost of
capital for Nio is 7.85%, which is also the expected return of Nio if it is expected
to break even, and 0.58% lower than Tesla.

Optimal Capital Structure Estimation Since Nio is a start-up firm who does not have
positive EBIT to pay its interest, the cost of debt is assumed to be the highest of 17.18%
at any capital structure. Then the cost of capital will grow when the debt ratio increased,
therefore it is clear that the optimal finance source for these start-up firms is equity or
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Table 4. Cost of capital for Nio.

Million 2019–2020 Notes

a Debt (BV) 1704 Average

b Stock price dollar 12 Average

c Shares 1165 Average

d Equity (MV) 13419 b*c

e D/E 12.70% a/d

f D/A 11.27% a/(a + d)

g Marginal tax rate 0.00% Negative profit

h 30-year Treasury rate (risk free) 2.06% Average

i Equity risk premium 5.23% Open source of US equity risk premium

j Beta 87.99% 2019–2020.8.31 daily regression

k Unlevered beta 78.08% j/(1 + (1–g)*e)

l Cost of Equity 6.66% h + i*j

m Default spread 15.12% The highest spread of 15.12%

n Cost of debt pretax 17.18% h + m

o Cost of debt aft tax 17.18% n*(1-g)

p Cost of capital 7.85% l*d/(a + d) + o*f

Notes: Financial data is sourced from the firm’s financial report.

other external financing sources without mandatory interest repayment. However, the
estimation is still done to be used as a comparison to Tesla for industrial analysis (Table
5).

Table 5. Optimal capital structure estimation for Nio.

Debt to Capital Levered beta Cost of equity Aft-tax cost of debt Cost of Capital

0 76.04% 6.14% 0.00% 6.14%

5% 80.04% 6.36% 17.18% 6.90%

10% 84.49% 6.60% 17.18% 7.66%

15% 89.46% 6.86% 17.18% 8.41%

20% 95.05% 7.16% 17.18% 9.17%

25% 101.39% 7.50% 17.18% 9.92%

30% 108.63% 7.89% 17.18% 10.68%
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2 Financing Source Comparison and Assessment

2.1 Compare Cost of Debt, Cost of Equity and Cost of Capital

Table 6. COD, COE, COC comparison between Tesla and Nio.

(million) Nio Tesla

2019–2020 2015–2019 average 2020 ended Aug. 31

Debt (BV) 1704 10238 14095

Equity (MV) 13419 43239 464340

D/A 11.27% 19.14% 2.95%

Beta 87.99% 116.94% 133.67%

Cost of Equity 6.66% 8.92% 8.53%

Cost of debt aft tax 17.18% 7.77% 5.18%

Cost of capital 7.85% 8.70% 8.43%

It is illustrated in Table 6 that the cost of equity for Nio is much lower than that of
Tesla in any estimation period. However, since Nio has not issued any bond yet and its
main financing sources are mandatory debts and government subsidies, the cost of debt
for Nio is estimated to be much higher than Tesla, who has already issued debts and has
a latest rating of B2. Even so, the cost of capital for Nio is much lower than it of Tesla,
which is mainly because of the higher beta of Tesla that represents a higher volatility of
its stock returns compared to the market.

According to a research by Aswath Damodaran [5], the total market cost of capital
(without financial) until January 2020 is 6.9% based on the estimation of 5878 firms.
The cost of capitals for these new energy automobile firms turned out to be much higher
than the market cost of capital, which indicates that it cost much for these new energy
automobile firms to finance, especially from debt.

2.2 Compare the Interest Expense for One Unit of Debt

Apart from the estimation of the cost of capital according to CAPMmodel, a more direct
way to estimate the cost of debt for the two firms is to calculate their interest expense
for one unit of debt. The equation used in this part is listed below:

Interest Expense per unit of Debt = Total Interest Expense

Debt
(6)

Where: Debt = ST Debt + Current Portion LT Debt + LT Debt (Capitalized Leases
included).

The interest expenses per unit of debt are 4.66% and 3.52% for Tesla and Nio
separately, which turned out to be different as our theoretical estimation of cost of debt.
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In this case, Nio actually has a lower interest expense for each unit of its debts. This
may due to the government subsidies of Nio that required no mandatory repayments in
the past. However, as discussed in its annual report, with the government reducing such
charitable fund, Nio will be facing heavier burdens in the future.

2.3 Compare the Balance Sheet

A proportion comparison is done to compare the proportion of different assets and
liabilities of the two firms in 2019.

Nio and Tesla are two typical firms in the new energy industry. Compared to Tesla,
Nio is a start-up firm that issued its stock publicly only since 2018. The characteristics
of Cost of Equity, Debt and Capital of the two firms can serve as a reference of the
cost of capital of different phases of the firms in the industry: Start-up(Nio), Rapid
Expansion(2015–2019T) and high Growth(2020T) (Fig. 3).

Fig. 3. Financing Choices across the life cycle

It is shown from the estimation before that for a relatively new industry, the two firms
are much more levered than they are supposed to be. However, the financing choice of
the two firms are relatively consistent with the regular financing choices of their life
cycle. According to their balance sheet, Tesla favor equity and long-term debts, whereas
Nio has more short-term debt and meanwhile relied on government subsidies largely.
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3 Conclusion and Suggestions

Although the treasury rate decreased largely in 2020, the volatility of tesla’s stock returns
raised and thus the cost of equity didnot change largely.However, the cost of debt dropped
sharply in 2020 since both the two factors determining it decreased in this year: default
spread, which is caused by the increase of rating recently, and risk-free rate, which is
estimated by the treasury bond rate. Meanwhile, debt ratio dropped sharply due to the
increase of stock price in the recent year and issuance of stock which caused the market
value of debt of Tesla more than ten times of its historical five-year average debt. Due
to the factors above, Tesla’s 2020 cost of capital decreased to a lower rate merely due to
the dramatic rise in stock price, which is not necessarily long-lasting.

3.1 Characteristic of the Industry: Limited Internal Financing

Since both Tesla and Nio are in the condition of not being able to pay for its own
interests and their cost of debt keeps increasing or constant at the highest rate, they are
not enjoying any saving in debt in their stage of business. Both firms are operating based
on their debts and equities, and their internal financing, profit, is rather limited.

3.2 Industry’s Financing Preference

From the characteristics of the two firms analyzed, the trend of financing sources pref-
erence in new energy automobile industry as they grow is indicated as: short-term debts
with government subsidies, equity, long-term debts. The difference of financing prefer-
ences of the two firms indicates the advances of each financing source in different life
cycle of this industry.

For relatively start-up firms, since it is rather difficult for them to get long-term debt
from institutions, their choices of financing are limited to short-term debts ormore equity
buyers if possible; Whereas for expanding firms, as their reputation spread and rating
increased, long-term debts are better to substitute for short-term debts to save their costs
of debt, and equity becomes a more efficient way to finance.

However, since it takes long to gain profit in this industry, firms find it hard to cover
its interests in a long period of time. The external financing source needs to be reliable
and long-lasting. In Nio’s case, it mostly relied on the government subsidies, which are
gradually reducing recently. As to Tesla, it mainly depends on their shareholders and
the innovative concepts they are establishing to draw the attention of more shareholders.
In both the cases, the supplementary financing source is not that reliable, and it may
be more appropriate for them to finance with less mandatory debts as a backup to any
possible upheaval.

Compared with the Retail of Automobile industry or Green & Renewable Energy
industry [5], the cost of capital in this New energy Automobile industry is much higher,
mostly due to their high cost of debt which may be the consequence of this nascent
industry’s feature of slow and low profit that limited their ratings.
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4 Insufficiency and Future Work

Weighted average cost of capital was used to estimate the optimal capital structure in
this paper. However, since the two firms both have negative EBIT as a whole, tax is not
taken into consideration in this paper. In this case, there cannot be an absolute optimal
cost of capital from the calculation. This paper merely discussed the relative optimal
cost of capital and the comparison between two firms to draw a sketch of the feature of
financing in different stages in the industry. There still should be some modifications to
the research such as adding tax into it to make it more accurate, as there are profits in
some branches of the firms that they can enjoy some tax benefits from them. Instead of
cost of capital, other criterion can also be used to estimate optimal capital structure like
cash flows and firm value. Therefore, more research should be done to make it more
precise.
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Abstract. The legal status andmission of theRCSCofChina have been confirmed
by law. In terms of the organizational structure, the RCSC of China is composed
of national and local Red Cross Societies. Existing problems include but are not
limited to defects in the governance structure and operation mechanism, unclear
legal position, the relationship with the government that needs to be optimized,
and the lack of transparency in operation. To reform and improve the RCSC of
China, the followingwork is necessary. First is to improve the governance structure
and operational mechanism of the RCSC. Second is to clarify the nature of the
social organization. Third is to optimize the relationship between the RCSC and
the government. And finally, the transparency and openness need to be improved.

Keywords: RCSC · Governance structure · Sociality · Transparency ·
Independence

1 Introduction

In February 2020, the COVID-19 pandemic broke out nationwide, centered in Wuhan.
As an important rescue force, the Red Cross Societies of Hubei Province andWuhan city
participated in the action against the epidemic. While playing an important role, they
also exposed a series of problems, including but not limited to: first, the medical rescue
materials were not timely and effectively distributed, resulting in a large number of
materials piled up in the warehouse and could not be delivered to the hospitals in urgent
need [1]. Second, the distribution of relief materials was unfair. Some private hospitals
closely related to the Red Cross received more materials, but those not close to them and
undertook heavier tasks received very few supplements, whichwas obviously against the
impartiality of rescue. Third, medical materials were casually distributed to government
agencies. According to a news report on the Internet, a government staff took away a
box of surgical masks without going through relevant procedures. After the occurrence
of such problems, people began to question the public welfare and professionalism of
the Red Cross. We can’t help but ask, as an organization with a long history and aims
to save the dying and heal the wounded, why the RCSC of China (hereinafter referred
to as “RCSC”) has so many problems [2]. On this basis, the paper tries to analyze the
problems and shortcomings of the RCSC on the basis of its characteristics and current
situation, and puts forward corresponding suggestions for improvement, which is of
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great significance for improving its society image and giving better play to its role and
function.

2 Current Situation and Characteristics of the RCSC

2.1 The Legal Status of the RCSC

In order to ensure the operation of the RCSC, the Standing Committee of the National
People’s Congress formulated the Law of the People’s Republic of China on RCSC
(hereinafter referred to as “the Law”) in 1993 and amended it in 2017. This law is spe-
cific for the establishment and operation of the RCSC, so it is the authoritative basis for
its status in China. Through theoretical analysis, it can be seen that the Law stipulates the
nature and function of the RCSC. According to the Law, the RCSC is a unified Red Cross
organization in the people’s Republic of China, which establishes the unity and unique-
ness of it [3]. The nature of the RCSC is a social relief group engaged in humanitarian
work. From a legal perspective, the Law stipulates that the RCSC must abide by the
Constitution and laws, follow the basic principles established by the International Red
Cross and Red Crescent Movement, and carry out its work independently in accordance
with the Geneva Conventions and its additional protocols to which China is a party, as
well as the constitution of the RCSC. Under the above provisions, the RCSC is a social
organization with independent legal status, which is clearly defined and empowered by
the Law. Therefore, from the legal point of view, the RCSC is a social organization rather
than a government institution, which is not only based on the domestic law, but also the
international law.

2.2 The Main Mission of the RCSC

Article 11 of the Law clearly stipulates the responsibilities of the RCSC. It aims at
developing humanity, fraternity and dedication, protecting people’s life and health, and
promoting the cause of peace and progress. The original intention and legal status deter-
mine that its main mission and responsibilities are divided into two parts at home and
abroad [4]. Internally, the RCSC is responsible for carrying out work of rescue and disas-
ter relief and establishing the Red Cross emergency rescue system, carrying out training
of emergency rescue, promoting the knowledge of emergency rescue, disaster prevention
and health care, organizing volunteers to participate in on-site rescue, promoting blood,
body and organ donation, participating in the related work of hematopoietic stem cell
donation, and organizing the volunteer service and Red Cross youth work. Internation-
ally, the RCSC should participate in the international humanitarian relief work, publicize
the basic principles of the International Red Cross and Red Crescent Movement and the
Geneva Conventions and their additional protocols, complete the tasks entrusted by the
government in accordance with the basic principles of the International Red Cross and
red Crescent Movement, carry out its work in accordance with the relevant provisions
of the Geneva Conventions and their additional protocols, and assist the government
in the development of international humanitarian relief related to their responsibilities
[5]. The mission and responsibilities of the RCSC determine that it is required to have
professional ability, relative independence and public welfare, otherwise it will not be
able to truly complete the tasks above.
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2.3 The Internal Structure of the RCSC

According to the introduction on the official website, the RCSC was founded in 1904.
After its establishment, the RCSC has been engaged in activities of rescuing refugees,
wounded soldiers and disaster victims [6]. It has actively worked to alleviate people’s
suffering from wars and natural disasters, and has participated in international humani-
tarian relief activities. After the founding of the People’s Republic of China, the RCSC
carried out a consultative reorganization in 1950. Premier Zhou Enlai presided over and
revised its constitution. In 1952, the RCSC resumed its legal seat in the International
Red Cross and Red Crescent Movement. According to the law, the RCSC has been
established at the national level. It represents the RCSC in the international community.
Local Red Cross Societies at or above the county level are established in accordance
with their administrative regions, and full-time staff shall be provided according to the
actual work needs. Red Cross Societies may be set up in national industries according
to their needs. In other words, the RCSC in China consists of the general association,
local branches and industry branches. At present, under the general association, there
are also Red Cross Societies in various administrative regions, corps and railway exclu-
sive Red Cross Societies, as well as the Red Cross Societies of Hong Kong and Macao
special administrative regions. The general association has six internal organizations
(Office, Relief andRescueDepartment, FinanceDepartment, Organization and Publicity
Department, Liaison Department, and Department of Party-Related Affairs (Discipline
Inspection Commission), and nine directly subordinate units are set up (Service Center
of the RCSC, Training Center of the RCSC, Disaster Preparedness and Disaster Relief
Center of the RCSC, Foreign Aid Material Supply Station of the RCSC, Hematopoietic
Stem Cell Donor Database Management Center, China Organ Donation Administrative
Center, Career Development Center, Chinese Red Cross Foundation, and Press Agency,
etc.). Red Cross Societies at all levels shall be established with the approval of the gov-
ernment at all levels and supported by government funds [7]. At the same time, in terms
of business, Red Cross Societies at all levels are guided by a higher level and imple-
ment a double track management system. The highest organ of power of the RCSC is
the National Congress of Members. Its executive body is the Council of the RCSC. It
has specialized committees, internal organs of the general association and units directly
under the association. The members of the RCSC are composed of local Red Cross
Societies, industrial Red Cross Societies, grass-roots organizations and organizations of
special administrative regions.

3 Problems and Deficiencies of the RCSC

Through the investigation of the organizational structure and operation of the RCSC, it
can be seen that there are many problems and deficiencies in the Red Cross system at
present, including the following four aspects:

3.1 Defects in the Governance Structure and Operation Mechanism

At present, there are defects in the governance structure and operation mechanism of the
RCSC, which leads to its lack of execution force and action. First of all, the governance
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structure of the RCSC is incomplete. The smooth operation of large-scale social orga-
nizations depends on the establishment of a modern governance institution composed
of an efficient council, an executive body and a board of supervisors [8]. However, cur-
rent governance structure of Red Cross Societies at all levels is unreasonable. Take its
general association as an example. Although it has a council of about 200 members,
most of the directors are officials of state organs, who have neither sufficient energy nor
professional ability to carry out their work. The executive committee is composed of
executive vice presidents, full-time vice presidents and secretary general, but most of
them are senior state administrative officials. In addition, the Red Cross Societies at all
levels have not set up a board of supervisors, which is a relatively large drawback for
a governance institution. Secondly, the superior departments have no power to appoint
personnel and supervise financial affairs and projects. Local Red Cross Societies follow
the orders of governments at their levels, and there is no relationship of supervision
and management between the upper and lower levels of Red Cross Societies, which
cannot form an effective joint force. Finally, the operation system lacks efficiency and
incentive mechanism. There is no incentive in the personnel system. Once the personnel
are assigned to the RCSC, there is no chance of promotion. The presidents at all levels
are sent from upper organizations, and middle-level cadres and managers are almost
impossible to have promotion nor to have opportunity to communicate with other insti-
tutions. In terms of wages and benefits, no incentive mechanism has been established.
Employees cannot be motivated to work with a fixed salary as civil servants.

3.2 Unclear Legal Position

At present, the legal position of the RCSC is still lack of clarity, making it a government
agency, unable to play its initiative and independence. According to Article 2 of the Law
of the RCSC, the RCSC is a unified Red Cross organization of the People’s Republic of
China and a social relief organization engaged in humanitarian work. Also, Article 10
stipulates that the RCSC shall have the status as a legal person of a social organization.
The legal status of the RCSC is of great significance to its operation and construction.
Currently, the law makes it clear that the RCSC is a social organization, but it does not
specify the independence and sociality of the RCSC. Therefore, the RCSC has been
alienated as a subordinate organization of the government, which has a negative impact
on its development. The unclear legal position of the RCSC makes itself becoming a
subordinate organ of the government, and its sociality and independence are not reflected,
thus affecting the professionalism and autonomy of the RCSC.

3.3 The Relationship with the Government Needs to Be Optimized

Theoretically, as a social organization, the RCSC should be independent of the govern-
ment. Keeping a moderate distance from the government can fully reflect its profession-
alism. However, in reality, there are problems in the relationship between the RCSC and
the government in China. The most important problem is the lack of independence of
the RCSC. In China, it is not only a public welfare institution but also a government
institution, that is, it has administrative characteristics, and its staff basically partici-
pate in public management, which is equivalent to civil servants. Since the RCSC has
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become a government organization, its operation and style are similar to the government,
and contrary to the nature of social organizations [9]. As a government institution, the
RCSC cannot express its independence and professionalism, because it undertakes a
large amount of administrative responsibilities and is used to obeying the orders of the
government.

3.4 Lack of Transparency in Operation

As a public welfare organization, the survival and development of the RCSC need the
trust and support from the public, which requires it to improve the transparency of
actions and actively accept the supervision of the public. However, in reality, the RCSC
in China has serious deficiencies in transparency. From foreign experience, the Red
Cross Societies in other countries attach great importance to the disclosure of account
books and accept public supervision, while the RCSC is lack of transparency at present.
First of all, it doesn’t make a comprehensive disclosure of its financial situation, such as
the donations it received and the use of funds. Second, it doesn’t actively promote public
participation, and some projects do not widely accepted participants from the public.
The lack of transparency is likely to breed corruption and lead to a lack of public trust
in the Red Cross. Third, the staffs lack the awareness of enhancing transparency and
openness.

4 Suggestions on Reforming and Improving the RCSC

In view of the problems existing in the RCSC and combined with foreign experience,
the reform and improvement of the RCSC should do the following work:

4.1 Improve the Governance Structure and Operation Mechanism of the RCSC

Theoretically, it is necessary to modify the governance structure and operation mecha-
nism of the Red Cross to improve its operational ability and professionalism. In order to
improve the governance structure and operation mechanism of the RCSC, the following
points should be emphasized. First, it needs to strengthen the specialization and pro-
fessionality of the board of supervisors and the board of directors, reduce the number
of part-time staff and add full-time personnel. Red Cross Societies at all levels should
actively promote personnel reform, greatly reduce the number of government official
members, and increase the number of full-time staff. Second, the relationship between
the upper and lower levels of the RCSC should be clear [10]. On the basis of ensuring
the independence of the RCSC at all levels, the supervision and guidance of the RCSC
at a higher level to a lower level should be strengthened. The Red Cross Societies at
higher levels shall conscientiously perform their duties and promptly correct the illegal
and violation practices of the Red Cross Societies at lower levels. Third, an incentive
mechanism should be established to improve the enthusiasm of internal personnel. It
can introduce the concept of enterprise management, establish the incentive mechanism
in line with the characteristics of the RCSC, and reward those who are professional and
have high efficiency. Although the RCSC is a public welfare organization, it cannot only
focus on dedication, but also need to meet the needs of the staff in order to ensure the
sustainability of the activities.
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4.2 Clarify the Legal Nature of the RCSC

In view of the current unclear legal nature of the RCSC, it is suggested that the nature
and independence as a social organization of the RCSC should be clearly stipulated in
the future revision of the Law on RCSC, so that it can truly return to the attribute and
status of a social organization. Only by establishing the social organization attribute and
status, can the administrative nature of the RCSC beweakened and its public welfare and
autonomybe embodied.Moreover, clarifying the legal attribute of the social organization
can provide legal guarantee for the reform. To clarify the nature of the RCSC, the key
is to confirm its sociality, independence and autonomy, and to reduce other subjects’
interference in its affairs.

4.3 Optimize the Relationship Between the RCSC and the Government

To establish a scientific relationship between the RCSC and the government is the key to
improve thework of theRCSC. In view of the ambiguous relationship between theRCSC
and the government, we should emphasize on independence, and focus on the govern-
ment’s support and supervision of the RCSC. First of all, the RCSC and the government
should be independent, instead of relying on each other. The government shouldn’t treat
the RCSC as its subordinate and should respect its independence and sociality. Secondly,
the RCSC should build a cooperative relationship with the government, supplementing
government functions and roles. They can make up for each other’s shortcomings or
give full play to their own advantages. Finally, the government should strengthen the
supervision and guidance of the RCSC. On the basis of respecting its independence, the
government should strengthen the supervision and guidance, correct its illegal activi-
ties, guide it to strengthen its own construction, and provide corresponding policies and
financial support.

4.4 Enhance the Transparency and Openness of the RCSC

The transparency and openness of operation is of great significance to optimize the
self-restraint and regulation of the RCSC and enhance public trust. Therefore, multiple
measures should be taken to improve the transparency and openness of the RCSC. First,
through legislation, the Red Cross should be required to disclose its financial status and
related activities. Second, under government supervision, financial transparency should
be regarded as an important indicator to evaluate whether the RCSC is qualified. From
the perspective of the RCSC itself, it should establish a sound mechanism of financial
openness andbusinessmatters publicity, strengthen its openness to the public and actively
accept supervision. Third, it should pay attention to actively absorbing the participation
of the masses, so that the general public has the opportunity to understand the reality
of its work. On the one hand, it can give the public an opportunity to participate in
public welfare activities and enhance the sense of achievement [11]. On the other hand,
it can also enhance the public’s recognition of the work of the Red Cross. Fourth, the
RCSC at higher levels should strengthen supervision and inspection on the openness and
transparency of finance and affairs of the lower branches, and urge them to strengthen
their publicity work.
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5 Conclusion

The RCSC has its own characteristics. But its strong administrative feature has become
an obstacle to the fulfillment of its responsibilities. In the future, the RCSC should be
independent in the direction of de-administration, mainly returning to its sociality and
public welfare, and sorting out its relationship with the government. It should be a social
organization independent to the government, supplement the government’s role and be
supervised by the government. It is believed that after reform, theRCSCcanbetter play its
role as a social organization and enhance its professionalism and operational capability,
instead of being so dissatisfying as the RCSC of Hubei Province in prevention and
control of COVID-19 epidemic.
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Abstract. Derivativesmarket is important tomany aspects of the financial system
and the economy, but only limited research has shed light on its relationship to
economic growth, let alone any studies that consider the influence of riskmeasures.
Basedon32quarters (2012Q3 to2020Q2)of data fromsix countries and taking risk
factors into account, this paper uses a panel vector autoregression to investigate the
dynamic causality between economic growth and the financial derivatives market.
The results indicate that there is significant unidirectional relationship from the
factors of financial markets to the economic growth. Meanwhile, the results show
that trade openness and inflation also have significant positive effects on economic
growth. However, to investigate how risk factors, for instance, volatility and value
at risk, would affect the model, further methodology needs to be introduced.

Keywords: Financial derivatives · Economic growth · Granger-causality test ·
Risk measures

1 Introduction

The financial derivatives market has contributed to the improvement of financial systems
and plays an important role in economies. While there has been much literature in the
past examining the relationship between economic growth and financial development.
(Such as in, e.g., Levine 2005; Lucas 1988; Khan 2001; Pagano 1993) [1–4], the studies
of dynamic relationship between financial derivatives market and economic indicators
seem to be insufficient due to the limited research [5]. There are even fewer studies
exploring the relationship between financial derivatives market and economic growth
from the perspective of financial risk management. One of the most essential functions
of Financial derivatives is that they can be used as a tool to control risk [6], investors
and financial institutions can achieve their purpose of risk sharing, risk transfer and
hedging with rational utilization of derivatives. However, due to its many types including
the use of non-standardized contracts(Over-the-counter traded derivatives) and its own
leverage, unreasonable use and management of financial derivatives will cause serious
consequences: The financial crisis occurred during 2007–2008 is the biggest shock and
it damaged the worldwide financial system unprecedentedly since the 1931, and it still
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challenges the understanding of liquidity production and liquidity risk management
from both financial institutions and regulators [7]. Financial institutions in bank sector
pursued abnormal profit by utilizing collateralized debt obligation (CDO) and selling
credit default swap(CDS),leveraging their potential profit and the uncertainty at the same
time [8]. Due to the insufficient investigation about housing bubble and the lack of risk
management, theywere unaware of the situation that they had been facing huge exposure
to troubled mortgages and they lacked the financial strength to cover it. Similarly, after
the coronavirus outbreak in 2019,WTI crude prices plunged sinceMarch, 2020, crashing
to minus 37 dollars on 20 April [9], the long holders of oil futures were sacked. Risk
events in the derivativesmarket do not seem to bewell controlled because of any advance
in economy and the derivatives market. Therefore, studying how the implementation of
risk management would affect the causality between financial derivatives markets and
economic growth is very important and it needs to be solved further with more profound
researches, which could be started by examining the causal and dynamic relation with
data for those risk measures or risk control indicators of derivatives instruments such as
Value at risk (VaR) and volatility.

Over the past 2 decades, on the other hand, financial risk management has expe-
rienced much transform and greater revolution and it is a very board concept: It can
either be a strategy of profit-making institutions and non-profit organizations, or the
policy of monitoring the whole derivatives market in a country [10]. As a result, the
effect of its implementation is difficult to be quantified, compared and analyzed with
other macroeconomic data. Even though the quantified risk control indicators are feasi-
ble to be analyzed, the results might not persuasively prove that any change of causality
between derivatives market and economic growth is affected by the risk management.

My research, adopting similar methodology by Vo et al. [5], would firstly apply a
panel vector autoregression and analyze the dynamic relationship between economic
growth and financial derivatives markets using data from major countries. I will also try
to introduce variables with risk measurement indicators such as volatility, VaR value,
etc.

2 Literature Review

In the past, few studies have focused on the relationship between the risk factors of finan-
cial derivatives and economic growth. Several studies have attempted to analyze the link
between derivatives markets and economic growth. Haiss and Sammer (2010) discuss
the functions of derivatives through three channels: volume, risk, and efficiency. They
derived these three channels to answer questions related to the links between financial
development and economic growth in the US and how the channels worked in changing
the nexus of them [11]. Using time-series data, Sendeniz-Yüncü et al. (2018) specialized
in analyzing the roles and functions of stock index future markets and how the markets
had contributed to economic gain in 32 advanced and emerging countries. The results of
this study show that there are 22 countries, mostly low-income countries, where the stock
index futures market has a unidirectional impact on the country’s economic growth [12].
These studies seem to be contradictory: Haiss and Sammer (2010) concluded that there
was only a weak correlation between economic growth and financial sector(especially
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derivativesmarkets) [11], while Sendeniz-Yüncü (2018) produced the result to prove that
futures markets, under impeccable functioning, underpin for larger risk-sharing, there-
fore making it plausible for institutions to work on projects that are relatively higher risk
but more lucrative, which helps improve economic growth [12].

On the other hand, some of effort has been expanding in studying the nexus between
risk factors and growth. Obstfeld (1992) developed a time-series model examining the
relationship between international risk sharing and expected consumption growth and
he concluded that international risk sharing can help produce tremendous welfare gains
through its positive effects on expected consumption growth [13]. Devereux and Smith
(1994) studied how international risk sharing affect economic growth in a country in
which the growth rates are endogenous and they found that if relative risk aversion
exceeds one, growth and saving rates will also be reduced when the rate-of-return risk
is diversified away [14]. Notwithstanding dissimilar circumstances, this kind of diversi-
fication always increases well-being. Acemoglu and Zilibotti (1997) proved that using
diversified portfolios to decrease financial risk allows individuals and financial institu-
tions to invest in high-return projects which would have a positive impact on economic
growth [15]. Krebs also illustrated that reducing the change of specific risk in firmswould
increase the total investment return and growth. Angeletos (2003) and Storesletten et al.
(2004) studied entrepreneurial risk and idiosyncratic risks respectively [16, 17]. Their
results both show that a good control of these risks, i.e., either improving risk sharing
or reducing economic agents’ risks could be beneficial to economic growth. Although
these studies agree with a theory that the improvement of financial risk management can
help achieve the economic boom, none of them focus specifically on risk of financial
derivatives or themarkets andmost of them are on the theoretical side. As a result, we can
see that there is a conspicuous vacancy on empirical research examining the causality
between financial derivatives markets and economic growth using data of risk factors
along with other macroeconomic data.

To develop an empirical analysis related to this, the effect of financial risk manage-
ment must be quantified, as they can be compared and analyzed with macroeconomic
indicators. Also a proper model needs to be reasonable used.

Fortunately, many previous researches have developed models studying the causal-
ity among factors of financial development and those of economic growth. Using data
averaged from 1960 to 1989, King and Levine (1993) conducted simply a cross-state
analysis and they also developed a coalescent cross-nation and time-series study using
data over 30 years since 1960s to test the correlation between the average level of differ-
ent financial area and economic growth [18]. Arestis and Demetriades (1997) criticized
King andLevine’swork because their causal interpretation is based on a fragile statistical
basis [19]. Instead, Arestis and Demetriades constructed vector autoregressive (VAR)
procedures along with cointegration tests to examine the finance-growth relationship.
Ouyang and Li (2018) conducted a PVAR approach to estimate the endogenous con-
nection between financial development and economic growth in China [20]. In a closer
relation to my topic, Rodrigues, Schwarz and Seeger (2012) developed an EGARCH
model and also used GMM estimation to analyze the effect of institutionalized deriva-
tives transaction on economic growth [21]. More recently, Vo et al. (2019) conducted an
empirical analysis estimating the essentiality of derivatives markets to economic growth
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in China, Japan, US and India [22]. They built a vector error correction model (VECM)
and tested whether variables have Granger-causality. In the same year, Vo studied a
similar topic with a different model. They introduced a panel vector autoregression
(PVAR) model to investigate dynamic relationships among GDP, derivatives and other
macroeconomic variables.

The studies did find empirical evidence to support the nexus among economic growth
and development of various financial sectors, but as Haiss and Sammer raised questions
related to the impact of derivatives on economy (such as, whowould benefit from deriva-
tives other than the whole economy, in what ways derivatives and the market affect the
economic growth), it is inevitable that further studies in the field of financial derivatives
need to be done.

3 Methodology

The purpose of this study is to create a proper model that investigates the links between
economic growth and financial derivatives, more specifically the stock index futures.
The study applies macroeconomic factors along with variables of risk measurement.
The regression is expressed as followed:

LnGDPit = α0 + α1OPENit + α2INFit + α3IFPQAit + α4IFQEVit + α5IFRQAit

+ α6IFRQSit + α7VaRit + εit
(1)

WhereOPENit is the market openness of a country (= total exports/total GDP), and
INFit is the inflation rate, IFPQAit is the quarterly moving average of each country’s
main stock index futures. Similarly, representing the indicators of a nation’s major stock
index futures, IFQEVit is the quarterly trading volume, IFRQAit is the quarterly mean,
and the IFRQSit is the quarterly volatility. IFVaRit is quarterly value at risk (VaR) ofmain
stock index futures. i and t stand for nations and the time scaled in quarterly respectively.

Regression (1) shown above illustrates the causality among the logarithm of GDP,
macroeconomic factors and variables of futures (including risk factors). By applying a
PVAR model, we can capture the dynamic behavior among variables. All variables can
be treated as endogenous variables. Although VaR can be controlled by policies and
rules using different level of confidence, IFVaRit is still an endogenous variable because
it is the key variable that needs to be explained further.

Following Vo et al. [5], this study applied a PVAR model, where there is a set
consisted of all the variables. To avoid bias estimation coefficients, the PVAR for this
study, which the generalized method of moments (GMM) is utilized, is as follows:

θit = α

n∑

s=1

Asθi,t−s + Ni + DN ,t + εt (2)

Where θit is constituted by a set of 8 variables, namely the economic growth (loga-
rithm of GDP),market openness, inflation rate, and the moving average, trading volume,
mean, volatility, value at risk (VaR) of major stock index futures. s stands for the serial
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correlation of the LnGDP and i is the number of cross-sectional nations. Taking the
fixed effects of the nation into consideration in the Eq. (2), Ni is introduced. As a nation-
specific dummy variable, DN ,t is used to control the quarter impact. Using the PVAR
approach, every nation and time t are considered to have the quarterly structure.

4 Data

This study uses data resources from a domestic website https://cn.investing.com/, which
contains historical and real time information of stock futures, options and foreign
exchange from major exchange markets.

This study selects data from China, Japan, South Korea, Germany, the United King-
dom, and the United States for 32 quarters from 2012Q3 to 2020Q2 for the variables
of gross GDP, market openness, inflation rate, and quarterly moving average, trading
volume, mean, volatility and value at risk of major stock index futures.

I will use CSI 300 index futures as Chinese major stock index futures, Nikkei 225
index futures as Japanese major stock index futures, KOSPI index futures as Korean
major stock index futures. I will also choose DAX30 index futures, FTSE 100 index
futures andS&P500 IndexFutures to represent themajor stock index futures ofGermany,
the UK and the US respectively.

The value at risk (VaR) of each stock index futures is generated and calculated by
Monte Carlo simulation. Firstly, I would apply the method to generate a random number
between 0 and 1 on each trading day for every quarter, calculating Logarithmic rate
of return. Then the mean and standard deviation (volatility) of each quarter’s rate of
return is derived. Assuming that the rate of return is subject to the normal distribution
of the corresponding mean and standard deviation, I would use the Normiv function to
simulate the normal distribution for the rate of return. Next, calculating the fluctuation
range of each trading day and sorting the fluctuation range in ascending order. In general,
VaR adopts a 95% confidence interval. Therefore, the trading day’s fluctuation range is
obtained by the number of trading days in each quarter times 0.95. Taking the absolute
value of the range and we derive the value at risk for the quarter. Table 1 evinces the
details of descriptive statistics.

Table 1. Descriptive statistics of the data

Variables Obs Mean Std. dev. Min Max p1 p99 Skew. Kurt.

LNGDP 192 10.669 0.737 9.735 12.29 9.741 12.281 1.079 3.073

Openess 192 0.008 0.005 0 0.02 0 0.019 0.137 2.155

Inflation 192 1.416 0.883 −0.657 4.967 −0.499 4.267 0.293 3.885

IFPQA 192 6801.029 6318.386 236.297 23006.728 239.468 22644.265 1.011 3.033

IFQEV 192 6.413 8.939 0 62.654 0.017 45.067 3.189 15.421

IFRQA 192 0 0.001 −0.005 0.006 −0.004 0.003 −0.444 7.491

IFRQS 192 0.011 0.005 0.003 0.034 0.004 0.03 1.371 5.637

IFVaR 192 0.025 0.012 0.007 0.076 0.008 0.07 1.235 4.995

https://cn.investing.com/
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5 Results

Main empirical tests are conducted using data selected. First, I applied panel Fisher unit-
root test to checkwhether the variables are stationary.Unit-root test is done again after the
first-order difference. Then panel cointegartion test, model stationary test (inverse roots
of AR Characteristic polynomial) and Granger-causality test are went through.. Lastly,
to derive the coefficients of the PVAR model, I have conducted variance decomposition
for LnGDPit. The empirical results are listed as follows.

Since some of the variables failed the stationary test, the variables were differentiated
first-order. The results show that all variables are stationary after the first-order differ-
ence. The cointegration relationship among GDP and other variables exists because p
value is less than 0.05 in cointegration test. Further testing reveals that the roots of the
characteristic equations converge within the unit circle, which means that the model is
stable and there are convergent solutions to the differential equations.

Table 2. Granger-causality test

Null hypothesis Obs F-statistic P value A/R

A does not Granger Cause B 192 — p ≥ 0.05 Accepted

A:IFRQAB:LNGDP 192 3.80677 0.024 Rejected

A:LNGDP B:IFRQA 0.03594 0.9647 Accepted

A: IFPQA B:OPENESS 192 3.26757 0.0403 Rejected

A:OPENESS B:IFPQA 0.55975 0.5723 Accepted

A:IFVAR B:OPENESS 192 13.1366 5.00E−06 Rejected

A:OPENESS B:IFVAR 0.3632 0.6959 Accepted

A:IFPQA B:INFLATION 192 9.76876 9.00E−05 Rejected

A:INFLATION B:IFPQA 2.3305 0.1001 Accepted

A:IFQEV B:IFPQA 192 9.59883 0.0001 Rejected

A:IFPQA B:IFQEV 0.6388 0.5291 Accepted

A:IFRQA B:IFPQA 192 8.50195 0.0003 Rejected

A:IFPQA B:IFRQA 0.93642 0.3939 Accepted

A:IFRQS B:IFPQA 192 0.14838 0.8622 Accepted

A:IFPQA B:IFRQS 3.25127 0.041 Rejected

Note: From theGranger-causality test above, therewas significant unidirectionalGranger-causality
from the quarterly mean of stock index futures to economic growth; From the quarterly moving
average to the openness; From the VaR of stock index futures to the openness; from the quarterly
moving average to the inflation rate; From the quarterly moving average to the quarterly volatility;
From the quarterly mean to the quarterly moving average; From the quarterly trading volume to
the quarterly moving average. Granger-causality tests between other factors(such as openness and
LnGDP, Inflation and LnGDP) have been done and their relationships are bidirectional
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The two-variable causality test proposed by Granger can determine how useful some
variables are in predicting other variables, and thus provide a basis for the choice of vari-
ables in the PVAR model. As shown in Table 2, some of the proxy variables of financial
derivatives reject the original hypothesis that the proxy variables of financial derivatives
are not Granger causes of LNGDP at 1% or 5% significance level, while other origi-
nal hypotheses are accepted, indicating that there is a one-way Granger causality nexus
between financial derivatives(stock index futures in this case) and economic gain(GDP
growth), which shows that financial derivatives have a significant impact onGDPgrowth,
while the growth has no significant effects on financial derivatives.

Table 3. LnGDP variance decomposition

Period LNGDP OPENESS INFLATION IFPQA IFQEV IFRQA IFRQS IFVAR

1 100 0 0 0 0 0 0 0

2 60.5959 22.3381 0.3011 1.3173 0.0791 7.3905 7.3587 0.6194

3 52.5461 27.2695 0.1450 1.3324 0.4049 8.3641 5.8018 4.1361

4 47.1822 27.9393 0.2875 1.8718 0.5853 10.2352 5.2344 6.6643

5 45.9121 27.5283 0.5600 1.7989 0.5825 9.9098 5.5216 8.1868

6 44.6617 26.6965 1.0793 3.8907 0.6105 9.6137 5.5088 7.9388

7 43.1540 24.4422 1.0091 9.0651 0.5867 9.0992 5.2080 7.4358

8 45.2797 22.1896 0.8989 10.6317 0.6149 8.3609 5.4059 6.6184

9 47.7759 19.8212 0.7899 9.3443 0.9960 8.1251 6.8302 6.3174

10 46.7219 18.6242 0.7508 8.8926 1.2326 8.5742 8.2075 6.9962

Table 3 shows the variance decomposition results of LnGDP, which indicates how
macroeconomic factors and variables of stock index futures affect the GDP. The results
show that market openness and the quarterly moving average have a large impact on
GDP, and the impact is largest in the lagged period of four periods, while the impact of
inflation rate and the quarterly trading volume is smaller. The impact of the quarterly
moving average and the quarterly risk value are reflected in the long-term impact, which
is more obvious when the lag period is longer, while the impact of the quarterly volatility
of futures is larger in the immediate period and the long-term period, and is non-linearly
distributed.

Table 4 evinces the test results of the panel regressions, which show that market
openness, the quarterly moving average of futures indices, and inflation have more
significant positive effects on economic growth.
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Table 4. Panel regression of LnGDP

FE PCSE

Openess −62.4033*** −105.3148***

(00000) (00000)

Inflation 0.00973 0.2755***

(0.1120) (00000)

IFPQA 9.06e−06*** −0.00002 ***

(0.0020) (00000)

IFQEV −0.0013** −0.0037

(0.0300) (0.38)

IFRQA −11.2162*** 10.6915

(0.0060) (0.565)

IFRQS −1.5744 −1.2186

(0.4190) (0.930)

IFVaR −0.3853 4.4588

(0.6330) (0.450)

CONST 11.1449*** 11.1786***

(0.0000) (00000)

Observations 192 192

R-squared 0.3572 0.5441

No. of
countries

6 6

6 Conclusion

This study, adopting mainly the quarterly data for six major countries, investigates how
the performances of PVAR model for estimating the causality among GDP and other
variables. Notwithstanding financial risk management is of great significance to finan-
cial derivatives and economic growth, it seems difficult for the model to explain how
the risk indicators affect the gross domestic product of a country, hampering the govern-
ments or financial institutions to put forward the effective and enduring method of risk
management that can enliven the derivatives market.

However, my research did find existing evidence among economic growth, financial
derivatives, and financial risk management factors. First, based on the tests of Granger
Causality, LnGDP variance decomposition and panel regression—the PVAR estimation,
the findings reveal that trade openness, quarterly moving average of the futures index
and inflation rate are greater positive correlated with economic growth than other vari-
ables. Second, the direction of Granger causality among financial indicators and GDP
internationally is confirmed based on selected data: Apart from the one-way causality
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from the quarterly average of stock index futures to LnGDP, these six nations experi-
enced bidirectional causal relationship among economic growth, risk factors of financial
derivatives market and other macroeconomic variables.

As the results of estimation does not plausibly embody the essentialities of financial
risk factors, the model has to be refined and the risk measures might be taken as, in
any cases, the control factors to examine the nexus between financial derivatives and
economic growth such as futures, options and swaps in the markets again.
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for Perfecting Logistics Information

Transmission
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Abstract. In modern society with the rapid development of technology, the appli-
cation of blockchain shows great potential. Currently, the supply chain logistics
model has a series of problems in information transmission, which cannot meet
the increasing demand of the industry. However, blockchain technology can effec-
tivelymakeup for these defects.Blockchainwhichbasedonde-centralization tech-
nology ensures the security and reliability of information, thus greatly improving
the transparency and efficiency of the supply chain. In the future, the combina-
tion of blockchain technology and IoT can also further boost the development
of the supply chain. However, in the current practical production, there are still
some problems between the blockchain and the supply chain, making the degree
of integration of the two in the application layer is not high. This paper aims to
discuss the application potential and current challenges of blockchain technology
in supply chain logistics in the future and to provide ideas for the application
research of intelligent logistics system based on blockchain.

Keywords: Blockchain · Supply chain · Logistics · Information ·
Decentralization

1 Introduction

In today’s fast-growing global information age, the application of emerging technologies
has become a particularly important and urgent issue in economic society. blockchain
technology is certainly one of them.

Blockchain technology is essentially a decentralized database [1], a model for the
application of new computer technology that Bitcoin has made widely known. Since
Nakamoto came upwith Bitcoin, the blockchain technology behindBitcoin has had huge
potential applications in all walks of life. Bitcoin, for example, is a new type of electronic
currency not issued by a central bank such as the Bank of England but controlled by
a decentralized network of computers. The network relies on cryptography and other
technologies to manage the supply of Bitcoins and track who owns them. Hence, Bitcoin
is also called cryptocurrency. The bank records the customer’s balance in a ledger and
Bitcoin uses a ledger aswell, but it ismaintained by a decentralized network of computers
known as a distributed ledger. When a new batch of entries is added to the distributed

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
C. Yuan et al. (Eds.): Proceedings of the 4th International Conference on Economic Management
and Green Development, AEPS, pp. 264–272, 2021.
https://doi.org/10.1007/978-981-16-5359-9_31

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5359-9_31&domain=pdf
https://doi.org/10.1007/978-981-16-5359-9_31


Blockchain in Supply Chain 265

ledger, they contain a reference to the previous batch of entries so that all participants
can verify the true origin of all entries in the ledger themselves. These batches are called
blocks and the entire collection is a blockchain. No Bank or other single third party
records the ledgers and verifies transactions and no single entity controls the ledgers.
Therefore, blockchain technology was created to transfer value, especially in the context
of digital currency Bitcoin. For its part, the main use of blockchain includes payments
and other financial transactions. Blockchains implement peer-to-peer transactions by
eliminating the need for a trusted intermediary to verify transactions, a role that is
necessary when peers do not know or trust each other.

Therefore, according to blockchain’s essence, its basic characteristics can be sum-
marized as followed: First, decentralization. In the whole blockchain network nodes,
they can be classified as accounting, which completely avoids the operation of the cen-
ter. During the process of data, it is no longer dependent on the central node and each
client can record, update, store, and transfer data in real-time, making the information
more open and transparent. Second, openness. This is for the blockchain common chain
because the information of the common chain can be read and written by anyone as long
as it is the node of the whole network system where nodes with accounting rights can
be carried out. This kind of network storage data is based on the cryptology principle.
Through the blockchain network in the system, data can be updated in time on the shar-
ing platform, which improves the speed of information circulation and transparency of
enterprises [2]. Third, tamper-proof. Each node on the blockchain can receive a com-
plete copy of the database from the system in the form of a subdatabase. It is invalid for
a node to tamper with the database unless it can control more than 51% of the nodes
in the whole system at the same time. Otherwise, it will not affect the data of other
nodes [3]. Fourth, anonymity. The anonymity of blockchain is a cryptographic technol-
ogy used to protect privacy, such as deterministic wallet, coin mixing mechanism, ring
signature technology, zero-knowledge proof, etc., which greatly guarantee the secrecy
of blockchain information. Fifth, traceability. The mechanism of the blockchain is that
the last block has a hash value for the previous block, just like a hook, which can only
be hung up if the hash value in front is identified. It is a complete chain. This makes
it easy to query the data because the block is uniquely identified. So, consumers can
authenticate the products they consume based on the seller and the logistics data in each
link.

Thus, the advantage of the blockchain embodies that it creates transparency and
security for digital transactions because data is classified and encrypted. It also breaks
the traditional tradingmodel of centralized control with trusted third-party organizations
at its core. Neither information nor funding is dependent on the presence of intermediate
entities, which makes the blockchain more reliable and stable [4]. The blockchain, for
example, offers a new trading and payment system for financial markets [5].

Due to the advantages of blockchain technology (consensus mechanisms, times-
tamps, etc.), this technology can be applied to most industries such as health care and
energy markets. Recent research, however, has focused on distributed ledgers and finan-
cial transactions [6]. By contrast, there are not so many papers focusing on supply chains
and blockchain. Nevertheless, as the supply chain structure is more and more complex,
the stakeholders are more and more diverse and hard to tackle. There are still some



266 Y. Qiu

problems to be solved, such as the imperfect response mechanism of the supply chain,
the uncoordinated links of storage, purchase, transportation, and distribution, and the
imbalance of supply and demand caused by the non-transparent information of thewhole
supply chain. Centralized Management Systems also face corruption, fraud, and tam-
pering in the supply chain. Under the environment, blockchain technology is a necessity.
On the one hand, blockchain technology not only provides a good solution for identity
management in the supply chain [7], but also realizes mutual or multi-party trust due
to its local decentralization and non-destructive modification [8]. On the other hand,
the application of blockchain technology can improve efficiency and security, increase
transparency, and reduce costs [9]. Meanwhile, blockchain can be combined with IoT
technology to realize product tracking, traceability, and real-time measurement [10].

2 Role of Blockchain in Solving Deficiencies in Traditional SCM

2.1 Opaque Information

In the supply chain, the information among various main bodies is often difficult to share
transparently, which results in the asymmetry of information between the main body.
Furthermore, trust problems that arise from the asymmetry of information will circum-
scribe the supply chain to improve its efficiency. The circumstance may be on account of
its low level of information, but also often due to business game between upstream and
downstream [11]. If the information can be shared transparently, it will help companies
to avoid the monopoly of a central information source and to better select suppliers and
measure the performance of the corresponding development plan. Or more specifically,
companies can track product life cycles and assess green sustainability potential by pro-
viding visual historical data and characteristics of product transactions (source, quantity,
quality, time). These can greatly reduce the company’s risk and cost. When it comes to
costs, among the three types of transaction costs (transportation, management, and infor-
mation), the main cost type facing supply chains today is information cost. Therefore,
enterprises need to solve how to share information with their partners under different
visibility to ensure the authenticity, integrity, and invariance of data and to minimize the
negative impact of trust issues on the supply chain echelon.

Aiming to solve basic problems of information transparency, traditional logistics
chooses to build a modern information base platform and an integrated supply chain
management information system to strengthen the information flow efficiency among
enterprises. However, faced with how tomaster the scale of information sharing and how
to limit the information capacity, traditional logistics enterprises rely more on the gov-
ernment and industry authorities to formulate the corresponding supervision policy and
management system for external constraints. Also, in order to achieve information shar-
ing, traditional logistics enterprises choose to use some incentives like “bulk discount”,
“pricing discount” etc. to promote members on the chain actively opening information.

But platforms of information sharing tend to make information centralize in one
center, such as an ERP system. While easy to navigate, it’s harder to keep a stream of
information relatively intact when such platforms are under attack. Besides, government
mechanisms are less flexible when some of the companies’ private information needs to
be protected or encrypted in time.What’smore, incentivemechanisms are often designed
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to redistribute profits based on information sharing or to carry out price incentives but
it is also easy to cause problems concerned about uneven distribution or unreasonable
pricing, leading to unobvious incentive effect.

The application of blockchain technologymakes up for the above problems. From the
perspective of the openness of blockchain, it can better eliminate the trust asymmetry and
coordinate activities between both sides more effectively. Besides encrypting the private
information of each party in transactions, the blockchain’s data is open to all, making the
systemhighly transparent. From the perspective of the decentralization of the blockchain,
to achieve the information equivalence and improve the trust degree of members in the
supply chain, the distributed database of the decentralization of the blockchain allows
all the participants to record and share at the same time. It not only ensures the reliability
and integrity of the transaction data information but also makes information open to
upstream and downstream enterprises. Thus, information such as demand changes can
be fed back to every subject in the chain in real-time and every enterprise can keep abreast
of the latest progress of logistics. For example, raw material producers, manufacturers,
distributors, and retailers can share storage information and sales information with the
help of a logistics information system constructed by blockchain technology. This will
improve the authenticity of point-of-sale (Pos) or point-of-purchase (POP) information.
Under the “decentralized” supply chain coordination, each link’s data platform will
become a pedigree of distributed public accounts. Through the blockchain consensus
algorithm, each node reconstructs the trust mechanism with the “peer-to-peer” network
protocol, which transforms the initial distrust among the subjects into the trust of the
blockchain mechanism itself. On this basis, the mode of centering on the traditional
logistics company and transferring logistics information at different levels will also
be transformed to a new mode of transferring logistics information with no hierarchy
and sharing of information [12]: merchants, users, logistics enterprises, and other multi-
cooperation agentswill jointly construct andupdate informationdata in an equal capacity.
Moreover, it effectively circumvents the possibility that logistics data information is
manipulated by a central subject and ensures the visibility and reliability of information
flow.

2.2 Unsafe Logistics Transmission

Nowadays, the chain of a supply chain is getting longer and longer and some problems,
like data fraud and loss, personal information leakage, appear frequently in the process
of information transmission. For example, if some data is not integrated into the whole
supply chain information system or the full channel participation of the information
system is not realized [13], it will be hard to pinpoint exactly where the problem is.
Also, during the process of logistics transmission, guaranteeing whether a party in the
commodity has provided true and reliable information is difficult to realize. Thus, when
products are found to have problems of quality or safety, it will have difficulty judging
the subject of liability and tracing back the source of problems.

Based on the overall direction of the supply chain, in face of data fraud and loss,
the main bodies of the traditional supply chain are often unable to avoid such problems
in advance. Companies generally conduct constraints through business models, such as
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withholding performance fines upon discovery of false information. Also, to avoid infor-
mation disclosure, individuals are generally forced to conduct self-restraint by establish-
ing incentive mechanisms or sign confidentiality agreements before cooperation. How-
ever, none of these methods can directly identify the subject of problems. Instead, all
parties just take the initiative to ensure information security through after-action punish-
ment or positive incentive, which makes each subject hide the fluke mentality of evading
responsibility and buck-passing behavior. Subdivided into specific logistics links, most
of the domestic logistics and express companies provide a mobile phone to inquire a
tracking number so customers can inquire about the arrival time of the goods at each
transfer station. But until the end customer receives the goods, they know little about
the specific transportation of goods. Once the goods are found to have problems and the
customer wants to trace back afterward, accurate monitoring information will often be
missing. Even if not missing, there is the possibility of tampering and hiding.

Blockchain uses distributed accounting to link supply chain information together in
a complete and orderly manner after accurately recording the information of each node.
This interlocking featuremakes it very difficult to change the contents of a blockchain but
easy to trace, whichmakes the information traceable and tamper-proof. It also guarantees
the authenticity of the data recorded on the chain. Also, if someone intentionally enters
false information in the first place, it will be received by all parties as information on all
nodes is updated simultaneously and the evidence of fraudwill be permanently recorded.
Thismakes counterfeitingmore expensive. Therefore, the possibility of source data fraud
is greatly reduced. These characteristics of blockchain overcome opportunism behaviors
such as the responsibility shifting of participants in traditional logistics operations and
provide an effective guarantee for the coordination of information in the supply chain.
It also improves the degree of trust and transaction efficiency and provides reliable
traceability for the responsibility division of supply chain subjects. In Singapore, for
example, 2016 Fresh Turf is using blockchain technology to build a network of lockers
that connect to lockers, transfer logistics, and help users track parcels. Because the parcel
can be uniquely identified on the blockchain, the transaction trust problems such as the
difficulty of adducing evidence and accusing and accusing can be solved [15]. Also,
the anonymity of blockchain technology can be achieved through cryptography on each
node to achieve selective encryption. It largelymakes information “selective visible”. For
example, the “zero-knowledgeproof”,which is verypromising in blockchain technology,
cannot only fully prove that they are the legal owners of certain rights, but also do not
leak out the relevant information, further ensuring the security of information.

2.3 Asymmetric Logistics Information and Inefficient Cooperation

The supply chain covers different stages such as raw material procurement, transporta-
tion, production, and storage. Each stage has different levels of suppliers, so the extension
and complexity of the supply chainmake it difficult to improve the efficiency of informa-
tion transmission in the first place. And under the original business model, paper-based
waybills were often more secure because electronic versions will be tampered with and
impossible to be authenticated. It can’t have the same effect as the paper document with
an official seal [15]. But the paper order also brings about low efficiency of informa-
tion sharing and inaccurate information transmission, which aggravates the bullwhip
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effect and increases the communication cost. Coupled with the surge in emergent prob-
lems of supply chain logistics during the outbreak of coronavirus, the issue of inaccurate
information transmission and high communication costs has become increasingly promi-
nent. Therefore, how to transfer information quickly and accurately to reduce inefficient
communication in the supply chain is an urgent problem to be solved.

To solve the problem of communication efficiency, parties in the supply chain will
centralize the related data of different levels through platform integration to the lean sup-
ply chain. But once the integration is not completely realized, troubles like link paralysis
or missing consolidated information will emerge. Although enterprises encourage using
electronic documents to save time and cost, there is still no strong technical guarantee
of the reliability of the information.

Since the outbreak of the epidemic, the supply chain logistics business, which relies
on centralized informationmanagement, has been seriously interrupted.Many processes
in emergency logistics and each process is related to form a community of destiny, so
there is a risk that the whole emergency supply chain will be paralyzed.Moreover, in this
epidemic, the information is updated quickly, involving many issues and being highly
intrusive but platforms cannot handling with centralized processing of data immediately.
So, information asymmetry or even mistakes will occur during information transmission
[16]. However, if we can use the distributed bookkeeping principle of blockchain, many
problems can be easily solved. On the one hand, we can help the upstream and down-
stream enterprises to establish a secure distributed bookkeeping. Since the information
in bookkeeping is open to all trading parties, monitoring each other is feasible. On the
other hand, through the “smart contract” technology of blockchain, the content of the
agreement between enterprises is recorded in the form of code on the account book.
Once the terms of agreement come into effect, the code will be automatically executed
to realize the self-verification, self-transmission, and self-management of transaction
data. For example, when a buyer transacts from a supplier, a contract can be created on
the chain. The contract is to send the payment to the supplier when the logistics data
indicates that the goods have arrived at the destination. As soon as the arrival message
is sent, the money will be transferred automatically. Besides, the blockchain technology
can make data be backed up in each node of cooperative subjects so that the integrity of
the information system will not be affected even if data of any single node is damaged.
The intelligent contractmechanism of blockchain enables the logistics system to be auto-
matically executed by referring to the agreed standard process without being affected
by external conditions. Under this mechanism, there is no need to repeat communi-
cation between logistics entities, and unnecessary intermediate links are eliminated. It
also enables the free operation and change of information among nodes, which effec-
tively avoids the waste of resources caused by repeated processing and transmission of
information and reduces the cost of information processing.

3 Prospect and Challenges for the Integration of Supply Chain
and Blockchain

In the future, blockchain can provide greater scalability for the original supply chain
and form a larger scale of supply chain management, without worrying about the man-
agement chaos between transactions and the tedious audit required by internal systems



270 Y. Qiu

and processes. In this way, more legitimate supply chain entities will participate in shar-
ing regardless of the geographical location of the members, thereby eliminating any
single point of failure. The location flexibility of blockchain greatly increases the time
efficiency of interaction, making it a new way of global collaboration [17].

In addition, on this basis, the supply chain is expected to open up a new business
model that can further integrate and analyze information flow, business flow, and logistics
based on the combination of IoT and blockchain with wider operability. Take the storage
link of the supply chain as an example. In terms of business flow, the technology means
of “IoT + blockchain + big data” can realize the warehouse control form integrating
transaction risk management, liquidity management, and financial platform docking
which can endue real property to the chattel in the warehouse. In terms of logistics,
combined with RFID, radar and other IOT technology, the operation process of each
link in the supply chain process is further reasonably. In terms of information flow, the
key node data of participants are registered through blockchain to achieve the purpose
of intelligent goods control and guarantee the authenticity of data.

Although the combination of blockchain and supply chain will bring huge advan-
tages, in the current real economy, the degree of integration of blockchain technology
in supply-chain related industries is not very high. The reasons that affect, explicitly or
implicitly, the landing of blockchain in the supply chain are as follows.

(1) Technical difficulties
For the supply chain industry, it takes a lot of investment to be able to put these
combined technologies towork.Besides, it is very difficult to ensure the data privacy
of all parties in the sharing of data. And there are very few people left to work on
and continue to work on blockchain technology. Therefore, the “scale” effect of
blockchain technology has not been formed yet.

(2) Blockchain’s dilemma
The current blockchain technology has encountered an “impossible triangle”, that
is, it cannot achieve scalability, decentralization, security at the same time. For
example, as the information of unit blockchain on the supply chain becomes more,
it needs to improve its malleability, but the cost is to make the algorithm simpler and
easier to verify, so it cannot guarantee security. Also, there is no specific reference
application for cross-chain interaction between different underlying architectures
of blockchain or between blockchain and non-blockchain. On the most important
“transaction performance”, the throughput of blockchain is still extremely low. The
performance problem is still the shortboard of the running blockchain, whichmakes
the technology of the blockchain unable to link up with the real economy. When
blockchain technology is booming and all parties put into the blockchain, there is
also a need to balance the benefits of the mechanism.

(3) Imperfect environment and supporting system of blockchain
The implementation of blockchain technology is facedwith the problemof cognitive
environment and ecological supporting facilities. On the one hand, the public’s
understanding of blockchain technology generally stays at the stage of Bitcoin and
the blockchain itself is obscure and difficult to popularize. On the other hand, the
blockchain technology still needs to be improved in all aspects, especially in terms
of the solution of extensibility (TPS), the guarantee of the authenticity of data,
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the certainty of execution mechanism of intelligent contract, and the protection of
intelligent contract by law (contractual loophole). The hysteresis makes it difficult
for blockchain to be implemented on a large scale in the field of the supply chain.

(4) Immature incentives
Adding incentives to ensure that as many valuable participants as possible are
willing to join the database is a big indicator, known as uplink data. The uplink data
means that existing stakeholders or groups may have to be broken up, like a chain
of medical records or medical records. But if there is no data injection or little data
on the blockchain, network benefits will not form. Maersk and IBM, for example,
kept the database growing by getting other big shipping companies to participate
in their blockchain-related global shipping projects. However, not all companies
have the charisma of Muskie or the purchasing power of Walmart to negotiate with
their suppliers to persuade them to participate in their blockchain projects. Another
incentive is to link the costs and benefits of information sharing, such as supply
chain financing, but the credit of small and medium-sized enterprises still needs to
be further judged.Of course, if you can issue tokens directly to the early participants,
it will attract more people later on.With token as the carrier, digital rights and assets
can be realized, which makes the value circulation more efficient and transaction
cost lower. However, it is difficult for some enterprises related to supply chain
logistics to have the technical support to issue digital currency, and relevant laws
in China do not clearly define the illegal issue of digital currency. Therefore, the
failure of coming up with an incentive mechanism to attract participants in the early
stage is one of the reasons for the lack of better development of blockchain in the
supply chain.

4 Conclusion

Under the background of blockchain development, the paper focuses on how to solve the
pain points in the current supply chain through blockchain technology and analyzes the
advantageous prospects of blockchain technology and some existing problems. Based on
the basic characteristics of blockchain, this paper introduces the successful application
of blockchain in the limitation of the traditional supply chain and does a summary. This
paper aims to analyze and solve existing contradictions through in-depth communication
between the two fields and takes an insight into the future of blockchain technology in
the supply chain field.
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Abstract. This conference paper examines the recent shift in today’s art market
dedicated specifically to drawing. The main scope of this paper intends to answer
the question of how the market of drawing fits into the global art market as a
whole andwhat the effects art and drawing fairs have on the environment. Through
the calculations of environmental issues, such as carbon footprint and the offset
of carbon emissions, one is able to understand the impact that these fairs have
on green development. Qualitative research has been conducted in the form of
gathering information through books and articles along with a series of interviews.
Those interviewed are closely involved in various institutions public and private,
such as The Drawing Now Art Fair in Paris and Art on Paper, Brussels; these
institutions all focus on the practice of drawing within the contemporary art world.
The implications of this paper are to understand the impact that drawing fairs have
on the environment in contrast to art fairs in general.

Keywords: Contemporary drawing · Drawing fair · Art fair · Art market ·
Environment · Carbon footprint · Offset carbon footprint · Green development

1 Introduction

One of the biggest players in the economic mechanics of the art market are the fairs [1].
Whether they are art fairs showcasing a variety of artworks and artists, or more niche
markets, which focus on drawing, photography or video art [2], these fairs greatly impact
the art world as a whole [3].

The top art fairs that occur worldwide, listed in order of their prestige are: (1) Art
Basel, Basel, (2) Frieze Art Fair, London, (3) TEFAF,Maastricht, (4) The Armory Show,
New York, (5) FIAC, Paris, (6) Art Dubai, Dubai, and (7) Scope Art Show, New York,
Basel, Hamptons, London, Miami [4].

In the 2020 Art Basel report, dealers reported that $2.5 billion or 15% of these sales
were made before the fair began, while $10.6 billion or 64% of sales were made during
the fair, and $3.5 billion or 21% of sales were made after the fair had ended [5].

2 Drawing Fairs

A drawing fair is similar to an art fair in that it is also a marketplace for selling and
exhibiting works of art, but those classified as drawings, not in any other mediums. It
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should be noted that the clientele of art fairs versus those of drawing fairs are completely
different. While most of those who attend the major art fairs of the world are the global
millionaire and billionaire class, or the one percent of the wealthy class in the world [6],
drawing fairs have a much more local clientele, with most of their attendees being from
central Europe [7].

The largest, most respected drawing fairs occur mostly in Europe, with the following
list being provided as an example of the contemporary fairs that take place: (1) Drawing
Now Art Fair, Paris, France, (2) DDESSIN, Paris, France, (3) Art on Paper Brussels,
Brussels, Belgium, (4) Drawing Room Fair, Madrid and Lisbon, (5) Draw Art Fair,
London.

Among the popular art fairs were drawing fairs and other niche medium-based fairs
occurring in Europe. The Fair Director of Art on Paper, Brussels, Gilles Parmentier was
interviewed for this research. He has been managing the drawing fair for two years and
his role is based around developing and organizing the quality of the fair and working
with galleries to maintain sustainable relationships [8]. Parmentier states that within the
sector of the art market, drawing is particularly easy to show and to sell, as it generally
encompasses small format works. This enables easier transportation, exhibition, and
storage of the works of the artists, galleries and collectors involved [8]. He affirms that
drawings are, in general, less expensive than paintings and this difference in price point
has allowed collectors, even young collectors, to acquire works. The collectors coming
from major art fairs find the artists at drawing fairs, like Art on Paper, Brussels more
easily accessible. Art on Paper, Brussels is particularly sought after for collectors who
are less well off, in that they can both collect drawings at reasonable prices and dine
with the artists [8].

Parmentier says drawing fairs are putting drawing in the spotlight and organizing fairs
in a way that brings together all the sector’s actors. This creates a goodwill for drawing
[8]. This goodwill for drawing has been increased further, as Elizabeth Tenenbaum, a
private curator, advisor and appraiser, as well as the manager of private collections, such
as for the JoAnn Gonzalez Hickey (a collection of drawings), states that “auction houses
began adding drawing by contemporary artists to day and evening contemporary sales
rather than segregating drawing into prints and drawings sales,” which has increased the
value, prestige and consideration of drawings [9].

Drawing fairs have been deemed particularly important for the future. Attracting
more local clientele makes the fairs more environmentally friendly. Research shows that
fairs like Art Basel impact the environment more heavily than niche fairs in this respect
[8].

Don Thompson, author of The $12 Million Dollar Stuffed Shark: The Curious Eco-
nomics of Contemporary Art affirms this: there are some large art fairs who chase “jet-
setters” when instead they should “concentrate on the pool of collectors close to home,
those who spend $5,000 to $50,000 at a time…every fair needs to know what its niche is
[6].” That being said, Christine Phal, the President of Drawing Now Art Fair and creator
of The Drawing Lab in Paris states that “we will have completely won when I will not
be told that I have a «niche» art fair. I want to leave my «niche» (kennel in French) and
leave my leash on the sidewalk [10]!”.
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3 Carbon Emissions Offsets

One can calculate their carbon footprint in order to determine the environmental impact
of attending or shipping works to art fairs, as well as the carbon offsets required to
“balance out” their carbon footprints [11]. According to Naomi Rea of Artnet, “Money
can be invested in projects to plant trees and protect forests, or to fund renewable-energy
programs,” which often “take place in developing nations [11].”

Rea calculates that a team of five individuals traveling a round-trip economy flight
fromNewYork toArt BaselMiami on a commercial airlinewould emit between 2.43 and
3.3 metric tons of carbon dioxide. A business or first-class flight of the same destination
would emit between the equivalent of 4.2 and 7.06 metrics tons of carbon dioxide. In
order to offset their carbon footprints, those individuals would have to spend a total of
between $24.60 and $71.48 depending on their seat class [11]. It should also be kept in
mind that these figures do not include the carbon emissions of those who fly on private
jets [11]; as the majority of those who attend art fairs are of the one percent of the
wealthiest class in the world [6], it is suspected that the number of those who fly on
private jets is quite high.

The same formula can be used to calculate travel from London to Paris on a com-
mercial airline [12]. If the same team of five were instead travel more locally by staying
within Europe, the carbon emissions would be on 0.54 metric tons of CO2 for the 432.15
miles traveled by flying economy. Those destinations traveled on business or first class
would create an equivalent of 0.81 metric tons of CO2 [12]. In comparison, the offset
of carbon emissions would cost between $4.06 to $8.22 for a combined price of all five
travels flying roundtrip. That creates a difference of between $20.54 and $63.26 saved
carbon emissions offset dollars by attending more local drawing fairs such as Drawing
Now Art Fair, rather than larger art fairs, such as Art Basel.

It is also important to consider the artwork that is shipped from the artist or gallery’s
location to the art fair itself. Rea uses the example of shipping the “eight 40-ton steel
blocks that make up Richard Serra’s Equal (2015) from his fabricators in Wetzlar, Ger-
many to the new MoMA in New York” by cargo ship, which would equate to the emis-
sions equivalent of about 73.5 tons of CO2 [11]. But the work must also travel to and
from the ports in Hamburg and New York, equating to an additional 20 tons of CO2
emissions. In order to offset the emissions of transporting a work of this scale, it would
cost $1,012.50 [11].

While the research of drawing fairs’ carbon footprint and emissions are rather new,
requiring further investigation, drawings aremuchmore accessible and easier to transport
than paintings and sculptures, as the scale is normally comparably smaller and lighter
than the latter [8]. In addition, the location of shipment from gallery or artist’s location
to the location of the drawing fair is considerably less distant than art fairs as a whole.
One can therefore conclude that the offset of carbon emissions would be much lower
in comparison for shipment, although further research is still required to confirm exact
numbers in this area of research.

As the pandemic of COVID-19 has had a dire impact on the art market at large,
according toPatrickHeide, owner of thePatrickHeideGallery inLondon andparticipator
in drawing fairs in Europe, states that “what is apparent is that fairs will probably have
a tough time next year” as less galleries will likely be able to attend [13]. Yet, while
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large fairs such as Art Basel will quite likely stay around, the number of art fairs who
have a large budget without a comparable quality of art presented at the fair may see a
reduction in participation and attendance or might even disappear. In contrast, drawing
fairs, whose price points are typically much lower and have a very loyal clientele may
be able to benefit from the financial crisis through accruing or maintaining participants
and attendees from central Europe [13].

4 Conclusions

Rather than spending money to offset the carbon footprint of art fairs, the focus could,
and arguably should, be placed on drawing fairs, which have a much smaller carbon
footprint by nature. This alternative model has a more local clientele as opposed the
much larger model of art fairs, such as Art Basel. It should be noted that this research is
part of a larger body of work, which also worked to study the hypothesized effects that
the pandemic of COVID-19 will have on the art market. The effects of the pandemic
on larger art fairs expects to have a reduction in the number of fairs, as travel will be
limited. This allows for drawing fairs to take a larger role in the art market, through the
use of less travel and less shipment of artwork.

Appendix

Gilles Parmentier, Personal Interview, Conducted by phone on July 9, 2020.*
RY: So my first question is, can you provide a brief description of who you are, your
relationship to the drawing market and your relationship to drawing?
GP: Okay, so my name is, uh, Gilles Parmentier and, I’m a fair director of Art on
Paper Brussels. So I’m now managing the fair for two years, so I managed the two last
editions, that means that we don’t have a complete period, we don’t have an edition this
year but I’ve managed the two last editions, 2018 and 2019. Uh my background is more
communication and management oriented so I’m not, uh, an expert in the art sector and
in the drawing sector, but I’m, uh, generally advised by more of drawing specialist and
also advised by an art director. So my role consists more in developing, uh, the fair of
controlling the quality of the fair, the organization of the fair, in the communication of
the fair in elements of the fair and in relationships with galleries, collectors and partners
and institutions. So that consists of mainly my part of the job and it’s really, really a
wonderful job. And I manage in a team of two persons so I’m working more with the art
director but also with a fair coordinator and someone who is taking care of the gallery
section. Galleries are really important for us because they are our clients and partners. As
organizators of the fair we are working with the galleries and the galleries are selected
by a selection community each year, so they have to apply to take part in the fair. And
when they are selected they can start to communicate with the fair and have contribution
with the fair in Brussels with us. And every year we, I mean for the two last editions,
we selected around 40 galleries because we have the chance to explore new locations
in Bozare, so we have the bigger place. And that means we go up and that means we
continue to improve the quality of the fair and also because edition, because compared
to the first editions of Art on Paper, we are now doubling the participation of galleries.
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RY: Yes, so what is your definition of a drawing, or when does a drawing stop being a
drawing, in your mind?
GP: It’s a really hard definition. I think that, and it’s really interesting to discuss about
that because in the whole drawing, not the drawing world, but I mean the drawing
sector, artists, gallerists, art directors, fair directors, institutions, curators, everybody has
their own definition and it’s always difficult to find the word of drawing. My personal
definition is that drawing starts with gesture and as Art on Paper, we’re linking generally
drawing to the paper. But it’s really hard to find the start of the drawing because, for me,
drawing is a gesture and it can start also in your mind. You can start drawing in your
mind for such you are living your art piece and then realizing the art piece on paper for
example of some piece of support. So drawing is really a world in itself.
RY: Okay, thank you. And what is the role of drawing in the art market?
GP: I think that the world of drawing is really evolving and evolving in the sense that
50 years ago, I cannot say that no one was interested in drawing. That isn’t true. But
we see that more and more people are starting to collect, to show, to propose, to realize
also, drawings. And I feel that this is starting to increase from the year 2000 and there
is a tendency, so we see now that there are more art fairs, but also more galleries, more
artists starting to focus on drawing as a main practice. And I think it’s a positive, it’s a
positive evolution. You will have to ask me why is it like that, why that situation. It’s
hard to analyze. But I think there are some facts. The first fact is that for artists but also
for galleries, for the market sector these are pieces that are generally from small format,
generally easy to take with you, to show, easy to, to, also sometimes to make in storage.
And these are pieces where in the past decades were not that much showing. So I think
it’s interesting to show that again because its a way to a way to reveal starting the creation
process of artists. Another thing is that drawings in general, comparing to paintings for
example, in general are less expensive generally. And so that’s also an opportunity for
collectors but also for young collectors to start a collection. To start to discuss and enter
and dine with artists. Another thing is that a lot of actors, like institutions also are starting
to make drawing centers, to make drawing or institutions that focus on drawings. So you
have a lot of exhibitions specially that focus on artists who are maybe practicing drawing
but also drawing as a teen, so this is a contribution. It’s a contribution that puts drawing
on the spotlight. And also the fact that more and more fairs are organizing fairs that are
specifically organizing drawings, fairs that bring together all the actors in the sector. And
it creates also a simulation, it creates also a good will for drawing that we see now.
RY: And you mentioned the price point of drawing being less than like, say, a painting.
Why do you think that is?
GP: I don’t have a rational explanation. I’m not sure about that. I think it’s historical,
but I don’t have a precise explanation about that because for me, drawings are, as a sort
of gesture, are a way to explore an art piece with a lot of intention because you are
really close to the creation, really close to the artist’s, to what you want to express. And,
for me, it has a lot of values because it’s really beauty. Drawing doesn’t lie. I mean,
you cannot lie with drawings. You cannot use a lot of techniques to hide something.
If you’re looking at the drawings you are completely and directly consumed with the
artist’s intention. So for me it has a lot of value, but maybe it’s undervalued.
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RY: So, why is the economy of drawing a new and somewhat under researched field?
Does it have to do with, what does it have to do with, or is it?
GP: I think, I think it’s really totally an undersized and drawingwill get higher and higher
from the communities, the drawing fairs I mean. The role of drawing is evolving I mean
taking more and more places. It’s not, it’s still I mean, in the like the southern market
comparing it with paintings. It’s a little bit like if you compare with photography against
I feel that drawing is still finding like photography, it’s totally different mediums, totally
different approach but it’s helpful to tie them together as recognition that it’s normally
not had.
RY: And why in your opinion were drawing fairs created?
GP: I mean, I think that drawing fairs are responding to a need. A lot of galleries, a
lot of artists, as I said, are focusing on drawing. And there is a space in the art market
because if you are comparing like Art Basel and niche and contemporary drawing fairs,
niche fairs, so fairs that specialize in a dedicated medium has an increasing opportunity
to propose another way to discover a practice. And I think that this kind of fair, like
us, has a role to play to propose to discover to attract the attention to the public to new
proposals, to new artists and new practice. And I think it’s a good position, like niche
fairs, are generally located on the first border market, but on the local market like we
are focused on the European market mainly. And this fair has a like a human level,
has a human, its not a transnational, it’s not working worldwide. We have, we have a
local level, which is really interesting because you can meet the artists, you can go to
their workplace, you can discuss with them, you can follow them during the years. And
we, I think our work proposal is really I think it will go further in the coming decades.
And comparing with the huge worldwide fairs like Basel who will have, I think, some
problems regarding the environment, regarding the need of people to go – the rush to go
everyday or every week to another place around the world, just to buy art. I think it’s a
total different corporation…
RY: What type of success have you seen with drawing fairs?
GP: Lots of success. Just have a look at the importance that drawing is now taking in
the main galleries around the world. Just look at the exhibitions specially dedicated on
drawing. Just look at the artists deciding to draw as a main practice. I think drawing is
really evolving and we have lots of, all sorts of transactions, lots of sellings of drawing
everyday. I mean clearly, if you look at the auction houses, drawing is taking now a
place more and more importance. But, it’s still difficult. It’s more drawing well-known
international drawing pieces who can be sold with the internet. If you don’t know the
person, their piece, you have to feel it, to discover it, by your hands or by your eyes. And
so it’s all part of the business for the piece like the drawing of Leonardo DiVinci, then
you can sell it around the world by the internet with auction houses. But for new artists,
for emerging artists, you have to feel it and you have to [untranscribable word]…
RY: Okay. And what influence do auction houses play in the creation of drawing fairs?
GP: I think we have to work closely with them. It’s difficult to find the balance, the good
balance because at the fair we aremainly workingwith galleries and the artists, emerging
artists or established artists. And the auctions are a little bit difficult because we see them
as a competitor for galleries or for the fair. But I think there is a good complimentor we
can feel and I think, for example, we are beginning to work with auction houses in the
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coming years. As a partner, we can focus together on drawing. And I think if we have,
the more actors you have working in the same direction, the more it will be positive for
the sector…
RY: Okay, yeah. That makes total sense. Is there more or less respect towards drawing
in the expansion of the drawing market?
GP: I think there is more. Definitely more respect towards drawings. And, as I said,
it’s a movement with more involved everyday or every year. So there is more and more
respect for drawing, that’s totally clear.
RY: Okay, yeah. Does this, does this rise in drawing fairs reflect a shift in the value of
drawing?
GP: It’s evolving, yeah. I think it’s evolving. For emerging artists, it’s still difficult to,
I mean, to go upper quickly. You have like a window, a glass window which reach you
to go a high level of price quickly. But for established artists, yeah, we’ve seen that
the price of art pieces are really evolving, and we’ve seen that it’s evolving on the high
tradition. So yes, the rise of drawing fairs reflects also in the value of drawing. We’ve
seen it. Every year we are selling, and the galleries are selling more and more drawings
every year, more expensive.
RY: Okay. And where do you see drawing moving towards in the future artistically?
GP: That’s really interesting and that’s really more for the part of the art director. The
practice of drawing is really evolving and every artist, a lot of artists are making evolving
the [untranscribable word] of drawing. Drawing isn’t only on paper, but it can be also
on the wall, but it also can be on the sculpture, and the sculpture can be a drawing as
well. So, I mean there is a recycle of resources which are not finished, and I think this is
really, really exciting to see how drawing is evolving and how far it can go. Go farther
and go back.
RY: Okay. And my last question is, how do you differentia–differentiate, I’m sorry,
between the value of art from an artistic point of view and a financial point of view?
GP: This is a discussion we can have with a specially talking about the value of a
drawing, I think the value of an art piece is really, is really changing right now. But the
obvious point of view is, for me and a personal point of view, is you don’t have works
of, I don’t know, a Jeff Koons, you know, people are paying millions to buy one. So, it’s
totally personal for me. And so, there is a real personal value based on your expertise,
on your preferences, but also a more objective value on the work of the artist, his career,
his traject of work, but also, the insurance that curators, galleries and institutions put on
you. But, on the final standpoint of view, you know, today, the value of an artwork is
really, is really difficult to define besides you have platforms that can give you a lot of
information about the auctions of the selling price of an auction or an artist. But it’s not
objective, it’s more subjective for me.
*full interview available by request.

ElizabethTenenbaum,Personal Interview,Conductedby email exchangeonAugust
5, 2020.
Artwiseinc.com
RY: Can you provide a brief description of who you are, your relationship to drawing
and your relationship to the drawing market?

http://Artwiseinc.com
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ET: I was an artist and I have worked in the contemporary art field for 20+ years. I
ended up starting my own business managing private collections and eventually became
a private curator, advisor and appraiser. I have managed the JoAnn Gonzalez Hickey
collection which is a collection of drawings for the past 12 years. I also became the
director of Syzygy-nyc.org, an academic platform through which the JoAnn Gonzalez
Hickey collection is lent to colleges and universities for study.
RY: Can you provide a notion of what a drawing is? What constitutes a drawing from
another medium for example? Or when does a drawing stop being a drawing?
ET:Drawing is a line in space or on a surface. Line determines the form.Most commonly
drawing is defined by marks on paper but not limited to this definition. We often debate
the difference between drawing and painting. The medium is less important than the
mark making. Drawing can have dimension but the overall feeling would be of lines
or marks made. I think of Fred Sandback yarn works as an example of this. The yarn
delineates planes and architectural volumes, while others may say this is an installation
or a sculpture, I still read them as drawings… No paper or pencils involved. There are
works on paper which are more painterly and layered with paint. This I perceive as a
painting on paper, rather than a drawing. Negative space plays a role in how a work on
paper feels more or less like a drawing.
RY: Why is drawing so hard to define?
ET: As contemporary artists innovate, and push boundaries drawing is a prime play-
ground for this sort of experimentation due to the accessibility and immediacy of draw-
ing. There has been a major blur in artists identifying themselves by medium. Instead
of identifying as a “sculptor”, “painter”, or “photographer” contemporary artists call
themselves artists or interdisciplinary artists so as not to be pigeonholed into one way of
making art. This shift has contributed to the difficulty we now have in defining drawing.
Often contemporary artists seek newmeans of expression allowing for a great expansion
in the definition of drawing. The avant-garde played a key role in this as progress is made
in adapting to modern mainstream thinking… see next question.
RY: In your opinion, how has avant-garde influenced the definition of what a drawing
is?
ET: The avant-garde, specifically dadaism used paper as a medium and a place to exper-
iment. The key concept of the Dada movement was that art could be made of anything
(such as the found object readymades Duchamp presented as art). World War I created
some scarcity of materials. Artists still had access to paper and printed materials which
naturally led to collages and drawings. The avant-garde presented the idea that art need
not be beautiful rather more important to explore, innovate and rebel. Drawing isn’t
elitist or precious.
RY: Why is the economy of drawing a somewhat new and under researched field?
ET:Drawing was often considered preparatory for painting or sculpture. It wasn’t show
or shared in exhibition and was rarely considered a principal practice by artists until
Dadaism. It has taken a bit less than a century to build an economy around drawing. It
runs parallel to photography in this way, even though the technology of photography is
much newer than cave drawings.
RY: What is the role of drawing in the art market?
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ET: Drawing has become an accepted contemporary medium. The marketplace
recognizes artists who draw as their only medium of artmaking.
RY: Is it true that drawings typically sell for less than other art mediums?
ET: This depends entirely on the artist. It is true that drawing is often priced less than
painting. I think that people still consider the amount of time or labor to create the
artwork and scale when pricing art, which is a very commercialized way of assessing
retail prices.
RY: How have artists who draw contributed to the respect of drawing as an artistic
medium?
ET:Artists who draw have stuckwith drawing. The increase in graduate art programs has
also lead to artists who draw teaching and having notoriety as mentors to younger artists.
This has helped to build the respect of drawing as a medium as well. More museums
have had exhibitions featuring artists who draw. Curators and publishers recognizing
artist who draw with exhibitions at MoMA. Vitamin D: New Perspectives in Drawing
book published by Phaidon in 2005.
RY: How, in your opinion, did contemporary drawing influence the creation of drawing
fairs?
ET: So many more artists are making drawings and exhibiting than ever before. Con-
temporary drawing fairs exist because drawing is an accessible collecting price point for
artists whose paintings and sculptures sell for far more.
RY: How, in your view, did the 2008 economic crisis play a role in the creation of
drawing fairs?
ET: This was a big turning point for drawing. Some collectors suddenly did not have
the budget or confidence to purchase big ticket items, works on paper came to fill a void
at a lower price point.
RY: How have auction houses played a role in the creation of drawing fairs?
ET: Auction houses began adding drawing by contemporary artists to day and evening
contemporary sales rather than segregating drawing into prints and drawings sales, thus
driving up the prestige, value and consideration in the marketplace.
RY:Why are there not, in your opinion, high end drawing fairs in New York, like there
are in Europe?
ET: I think that Americans are not focused on drawing alone. Sales at NY Sothebys
and Christies lump major high end drawings into the bigger contemporary and post-war
sales. We are newer as a nation to the idea of collecting and patronage which is has a
very long history in Europe. We also do not have the same level of art history education
as Europe which creates a deeper understanding of the arts by the general population.
RY: Does the increase in drawing fairs in Europe reflect a shift in the value of drawing?
ET: I do think that more and more collectors are examining and considering drawing as
an important medium hence more drawing art fairs.
RY: How do European drawing fairs impact the American drawing market?
ET: I think that the European drawing fairs have helped move the needle higher on the
price points in America as many galleries are expected to price match an artist that is
represented in both Europe and the US.
RY: How do you see drawing fairs being changed by COVID-19?
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ET: Absolutely all art fairs are changed by COVID-19 as people will not feel safe to
gather in larger groups to view art. The online viewing rooms and virtual are fairs have
now become the marketplace for art sold at artfairs. I don’t know that galleries will
continue to pay booth rent if they can have some successful online sales instead.
RY: How do you see drawing as a medium being changed by COVID-19?
ET: Due to the necessity of online viewing I see that artists whose drawings translates
well in digital images will have better success at sales. This may lead to artists making
drawing with online viewing in mind (possibly bolder, brighter and more graphic).
RY:How do you differentiate between the value of art from an artistic point of view and
a financial point of view?
ET:Works of art can be rich with information, style, beauty etc. and not havemuch value
in the marketplace. So much of the value comes from the artist’s pedigree/education,
name recognition, curatorial support, institutional exhibitions, marketing and other fac-
tors. For me it depends on what is the purpose of making such evaluations, as I am a
qualified appraiser. Art appreciation is not limited to value. My 5 year-old son has made
some wonderful art from an artistic point of view but is not part of the marketplace at
large.

Christine Phal, Personal Interview, Conducted by email exchange on August 16,
2020.*
RY: Can you provide a brief description of who you are, your relationship to drawing
and your relationship to the drawing market?
CP: I have wanted to work in the artistic field since my adolescence, and, more specif-
ically in cinema as film director. But I had to go towards another field, more scientific
and medical. I worked for about twenty years as a pharmacist, and then I turned the
page after meeting visual artists and a formation in the art market. I opened a gallery in
1990 to show young artist’s work and, even if painting was quite represented, drawing
exhibitions quickly took center stage there. But what interested me more was to allow
new audiences to discover contemporary art and have access to it. Drawing proved to
be the best vector allowing this access to art and to the artists. Since drawing is cheaper
than painting or sculpture, the idea of an art fair dedicated to contemporary drawing
sprang in my mind. Thus, the ‘first salon of contemporary drawing’ was born in April
2007. The market at the time was underdeveloped but the enthusiasm of visitors since
the first edition validated my feeling. In 2010, we took the name Drawing Now art fair
to better show the international profile of the fair. RY: Can you provide a notion of what
a drawing is? What constitutes a drawing from another medium, for example? Or when
does a drawing stop being a drawing?
CP: It’s always difficult to give a definition of contemporary drawing because it can
take so many different shapes! At Drawing Now art fair we state that drawing can leave
the paper and take on extremely varied substrata, and that the tools for making it are as
varied. Contemporary drawing can take over walls, ceilings, space, digital screens et the
most varied of substrata. It can be made with the finger, with all sorts of pencils, pens,
etc. Maybe the best way of defining it is the presence of tracing! (‘le trait’, i.e. the line).
When painting supplants it, and particularly oil painting, and when the whole surface is
covered, then drawing disappears in favor of painting.
RY: What is the role of drawing in the art market?
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CP: Drawing has taken a much more important place in the international art market.
When we talk about the art market the only sources we have are sales and auction sales.
The numbers I quote are communicated by Artprice. In 2019 the sales of drawings
represented 23% of worldwide sales. Unfortunately in France they only represent 4%
of those and China leads with 54% of its global volume! The volume of sales in France
was multiplied by 3 in France. I insist that the only numbers we have are those of public
sales and that we do not have the numbers of gallery sales or artist ones!
RY: Why is the economy of drawing a new and somewhat unresearched field?
CP: Maybe because the sums in question do not spike the same interest as the record
sales of Banky or Damien Hirst?
RY: What role does the history of drawing play in the market of drawing?
CP: In times of crisis, buyers reassure themselves with artists with a well-established
price level.When things calm down, the prices attained by the artists in the progression of
their notoriety reassure buyers on the fact that the drawing market is in constant progres-
sion and that drawing became a medium in itself, with its place alongside photography,
painting and sculpture.
RY: In your perspective, how has avant-garde influenced the drawing market?
CP: I don’t think that the role of drawing in the avant-garde has been well identified
and therefore it doesn’t, I think, have a real influence in the market. On the other hand,
and echoing my previous answer, we note in fairs that there is an attraction to that
avant-garde!
RY: In your perspective, what role does Outsider Art play in the market of drawing?
CP: The art named Outsider in Anglo-Saxon countries and Art Brut in Europe has, in
10 years, had a progression in parallel with that of contemporary drawing, by being inte-
grated simultaneously in famous private collections and institutional collections like the
Centre Pompidou. An important amount of work is the responsibility of some art deal-
ers who very seriously took Art brut at the heart of contemporary drawing by informing
institutions and creating a faithful following. Drawing is particularly present in Art Brut
for economic reasons. Certain famous examples showed how these artists use all the
surfaces they can find to draw!
RY: Why, in your opinion, were drawing fairs created?
CP:Wemustn’t forget that the Salon du Dessin ancien (*meaning AncientMasters up to
the beginnings of the xxth century*) has existed for more than 30 years and that it draws
attentive and passionate collectors. It was created by dealers that wanted to establish a
given and fixedmoment in the year in Paris to present their best works. Tomy knowledge,
it’s the oldest drawing fair. We followed suit in 2007 by taking on the contemporary field
of drawing and focusing on the last 50 years of contemporary drawing in its diversity. I
am convinced that the particularities of drawing allow for a real meeting with the work
of the artists. The other fairs that followed us profited from this interest of collectors for
the medium.
RY: What type of success have you seen with drawing fairs?
CP: Since the first Salon in 2007 the public was present in great number, attentive
and enthusiastic and the galleries participating had an never seen before commercial
success. With time, success was established and sensed by collectors, artists, galleries
and institutions who never miss an edition of the fair. Personally, what moves me is that
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a great majority of the collectors I meet say that Drawing Now is their favorite fair! This
is rather difficult to say after the cancelling of the 14th edition and it is difficult to show
my enthusiasm!
RY: How, in your view, did the 2008 economic crisis play a role in the creation of
drawing fairs?
CP: In 2008 there was only us and the Salon du Dessin Ancien so I don’t feel that there
was a specific role on the fair played by the crisis.
RY: What influence do auction houses play in the creation of drawing fairs?
CP: None!
RY: Why are there not, in your opinion, drawing fairs in New York?
CP: I think that there are a lot of fairs in The United Sates and New York! Maybe the
fact that drawing is now very present in general big art fairs is enough for the market!
RY: Is there more or less respect towards drawing with the expansion of the drawing
market?
CP: Drawing has really taken on a place for itself. We will have completely won when
I will not be told that I have a «niche» art fair. I want to leave my « niche» (kennel in
French) and leave my leash on the sidewalk!
RY: Does this rise in drawing fairs reflect a shift in the value of drawing?
CP: I think that mostly it is a way to stimulate new collectors and amateurs. There is
a new reconfiguration of drawing by young artists who cannot aspire to exhibit at Art
Basel or FIAC! The more drawing is shown, the more value it takes on.
RY: Where do you see drawing moving towards in the future artistically?
CP: Surely by taking on all shapes of drawing, from performance to Comics, from Art
Brut to animation! The borders are more and more permeable and artists play with that
really well.
RY: Where do you see drawing as a value in the art market?
CP: When I see the record prizes of drawing Chinese artists, I think that there is still a
long way to go. But little by little drawing takes its own place!
RY:How do you differentiate between the value of art from an artistic point of view and
a financial point of view?
CP: For me there are several markets: the art works one buys according to their value
with a notion of financial gain from the get go and the buyers who have a real interest
for art and artists. In France, we say « those who buy with their ears and those who buy
with their eyes and heart». Drawing belongs to the latter category!

*Translated from original French response by Joana P.R. Neves and available upon
request.
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Experimental Study on the Effect of Thermal
Comfort on Parameters

Junyi Zhao(B)

Country College of Arts, Humanities and Social Sciences, The University of Edinburgh,
Edinburgh, UK

Abstract. The thermal comfort of buildings affects people’s lives from a variety
of aspects. Thermal Comfort is the degree of people’s satisfaction with the current
thermal environment through their subjective thinking.This paper introducesPMV
model, Berkeley model and the results of local thermal sensation experiment, to
further understand the relationship between human physiological measurement
and indoor and outdoor environment, it is concluded that in the experiment of
Thermal Comfort, the experimental variables will be affected by many factors,
and the future research should further consider various experimental factors.

Keywords: Thermal comfort · Individual differences · Experimental research

1 Introduction

In modern architecture, thermal discomfort is still prevalent, and this phenomenon will
significantly reduce the building quality of life, so people need to create a thermal
comfortable living environment. How to create a loose and comfortable indoor thermal
environment for people to live in has been a popular issue in the study of building
structure. With the development of building technology and code, the thermal comfort
of facilities needs to meet future growth and demand. According to the experimental
results, it is found that the research on the thermal reaction of the human body is not
mature at home and abroad. Based on the above background, this paper makes further
theoretical and experimental research on the individual difference of human thermal
response, physiological measurement of the human body and related indoor and outdoor
environmental factors.

1.1 Definition of Thermal Comfort

ASHRAE 55 defines thermal comfort as the human psychological state of being satisfied
with the thermal environment and evaluates it through subjective thinking [1]. This
suggests that the heat balance of the body and its surroundings is related to the sensation
of heat [2]. And (ISO7730,ASHRAE55) specifies the exact physical criteria for creating
an acceptable thermal environment, such as temperature, airflow and humidity limits [1].
Generally, Thermal Comfort is classified according to the type of environment: outdoor,
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semi-outdoor or indoor. At present, there are two main research methods for indoor
comfort: one is the classical steady-state model based on human body heat balance
model and developed for air-conditioning space, the other is an adaptive model [1].
Thermal Comfort related to thermal sense is one of themost critical performance indexes
of ventilation, heating and air conditioning systems, including physiological models
(thermal regulation in the human body and psychological models [3].

1.2 Individual Differences

When setting up a research model, the experimental process needs to take into account
individual characteristics that are independent and accessible. Individual differences in
thermal comfort can be divided into individual differences and intra-individual differ-
ences. Among them, the unique differences refer to the differences of heat sensation
between people in the same environment, and the intra-individual difference refers to
the difference of heat sensation on different occasions of the same domain. There are
two ways to address individual differences in heat regulation models. One is the passive
system of the human body; the other is the active control system of the human body
[3]. In the present research of individual difference thermal comfort, the subjects are
usually divided according to certain conditions. After controlling the quantity and the
variable, the experiment is carried out to collect the thermal response data of different
human bodies. Finally, the collected data are analysed. Subjects were classified by age,
sex, country, climate, level of exercise mood and so on. Gender and age are considered
to be the two primary sources of individual differences. At present, many studies still
cannot draw a relatively consistent conclusion. That is the reason for individual differ-
ences and the factors that exist differences are still unclear. A person’s thermal comfort
depends in part on subjects’ activities and clothing, and in part on four environmental
variables: Air Temperature, average radiant temperature, air velocity, and humidity [4].
Therefore, some studies show that if clothing and anthropometric parameters can be
effectively controlled by variables, then the differences in thermal comfort will be more
accurate. It is concluded that the difference between clothing and physiological response
of the human body is probably the most significant parameter for the thermal comfort
differences between groups and individuals.

1.3 Indoor Environment Control Mode

The interaction between the indoor background and the human body is also one of the
factors involved in thermal comfort. The architecture account for about 30% of global
energy consumption and contribute significantly to climate change [5]. With the PMV
model as the core, the difference of indoor environment perception will become the
main factor that affects people’s work. The study found that the thermal environment
is the main factor that affects the comfort of a particular office worker. The difference
between indoor environment perception will have a negative influence on their working
environment rating [6]. Rapid advances in technology provide opportunities to address
individual differences in the built environment from centralized fixed set points to per-
sonalized air conditioning. Personalized building air conditioning strategies work best
for people, including women and the elderly Air-conditioning strategies in personalized
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buildings are most beneficial to people who include women and the elderly [7]. Occu-
pants of modern buildings are often affected by the climate in which they work, and
adaptive models of thermal comfort predict that humans will become more comfortable
indoors rather than outdoors [8].

1.4 Thermophysical Parameter

The acquisition of a human physiological signal is an essential step in the experiment.
It has long been thought that skin temperature is a significant factor in judging the
temperature perception caused by the environment. And then it also affects thermal
comfort in cold climates. The distribution of skin temperature on the body surface
is also a significant factor in causing cold. The higher the uniformity, the higher the
comfort. There are three main ways to collect physiological signals: 1. In Vitro mea-
surement and in Vivo measurement are divided according to the objects of size. 2.
According to the measurement conditions, it is divided into non-invasive measure-
ment and invasive measurement. 3. According to the measurement results, it can be
divided into one-dimensional information measurement and multi-dimensional infor-
mation measurement. In the study of thermal response of the human body, the measure
of thermal physiological parameters belongs to in Vivo measurement, and most of them
are non-invasive contact measurement.

Mathematical modelling of the thermal response of the human body is a useful tool,
which can understand human activity at different environmental conditions and levels.
Benefit from the development ofmodern bio-thermalmodels, the transient or steady-state
non-uniform thermal response of human body can be predicted [9]. From amathematical
point of view, the human body can be divided into two mutually regulated temperature
control systems: Active Control System and Passive Control System. Cybernetics model
simulates the active system. The passive control system is modelled by simulating the
heat transfer phenomena occurring in the physical human body and its interior and
surface. Finally, a comparison is made between the predictions of the model and the
known solutions [10].

1.5 Existing Problem

(1) Current studies tend to suggest that the differences between individuals are primarily
due to clothing and physiological responses (such as metabolic rate, peripheral
vasoconstriction/vasodilation, etc.). Still, there is no substantial evidence to support
this view, therefore, more in-depth research should be carried out from these two
aspects.

(2) When measuring the physiological parameters of human skin, it is necessary to
select the local-part to be calculated, and the usual approach is to use the most com-
mon parts (DUBOISE’s 7-point method) directly from the formula or to use the fac-
tors that canmore accurately and sensitively calculate the average skin temperature.
In fact, with the proliferation of wearable products, the elements that are measured
should be chosen as much as people want and are easier to measure, rather than
based on formulas. This requires further research on the relationship between local
physiological/subjective parameters and global physiological/personal parameters.
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(3) Although the control mode of air conditioning has changed, there are still some
problems. For example, there is a lack of consideration of human body parameters,
or the skin temperature is only represented by the skin temperature of the wrist, or
SSDImodel replaces the PMVmodel because of its complexity and slowcalculation
speed. Whether other parts and other thermal physiological parameters can be used
as a better regulation basis, and whether the PMV model needs to be simplified,
these questions need to be further studied.

1.6 Research Method

(1) Individual clothing differences can be reflected by clothing thermal resistance, and
other parameters can be directly obtained by using a questionnaire, that is, by asking
participants to fill in the current clothing situation. Also, it can be obtained indirectly
by measuring the thermal parameters of the human body surface and clothing sur-
face. An individual difference prediction model can get individual Metabolic rate
differences. Individual differences in the contraction/relaxation of blood vessels can
be expressed by parameters such as heart rate, blood pressure, skin temperature,
skin heat flow, etc. To sum up, the measurement of physiological signals is fun-
damental in this step, and that should first determine the appropriate experimental
equipment.

(2) The research chooses the measuring position considering the conditions of use of
the non-invasive contact measuring instrument and people’s will. Through multi-
statistical analysis, regression analysis and other data analysis methods, the laws of
these experiments are summarized.

(3) Based on the PMV model, the strategy of environmental regulation is put forward
according to the collected physiological parameters, subjective feeling and ecolog-
ical parameters. The system can be programmed into the receiving terminal, and
an infrared transmitter can be installed on the receiving terminal so that when the
human body is in the indoor environment, the receiving airport can collect data in
real-time and control the indoor air conditioning by adjusting the strategy.

2 Investigation of Experimental Model

In this section, the research background and the purpose of the PMVmodel, the Berkeley
model and local thermal sensing are introduced.

2.1 The PMVModel

The PMV model, which means the predicted average vote, is the most widely used
measure of thermal comfort for medium indoor buildings in the international standard
ISO 7730. Based on the steady state heat transfer theory, the PMVmodel was calibrated
with data fromNevins andMcNall, and a series of climate chamber studies thatmeasured
the thermal experience of large numbers of American students. It predicts ASHRAE’s
subjective warmth ((cold (3), cool (−2), slightly cool (−1), neutral (0), slightly warm
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(1), warm (2), hot (3)). The called for input variables are air temperature, average radiant
temperature, air humidity, speed, metabolic rate, and clothing insulation [11].

The ASHRAE database is a combination of comprehensive measurements of a wide
range of climates, the number and types of buildings, the diversity of cultural back-
grounds, and the thermal environment, also it is very suitable for PMVmodel validation.
The results of Humphreys andNicol show that [11] the relationship between PMVmodel
and comfort is not as close as that between air temperature and earth temperature. In sub-
sequent studies, Humphreys found that average indoor temperature may be associated
with differences in PMV and average comfort. In their paper “The validity of ISO-PMV
for Predicting Comfort votes in every-day thermal environments”, Humphreys andNicol
discuss how the difference between PMV, and actual voting depends on the variables
used to calculate PMV, and further discuss the effects of climate. Finally, they discuss
the scope of improving PMV and prove that it is feasible to improve PMV to improve
its performance.

Because people’s perception of temperature is different, PMV models can not accu-
rately predict a person’s comfort level in some cases. Instead, it predicts the average
comfort level of the human body in the same level of physical activity, wearing the
same clothing with the same thermal insulation, and in the same thermal environment.
Although the PMV data in the database represent only a sufficiently large population,
they differ in terms of thermal clothing insulation, thermal environment and metabolic
rate, so this rarely happens in practice. In the experiments in this paper, to avoid this
situation, they calculated the PMV for each particular occasion and subtracted the cor-
responding actual comfort vote. The individual differences available in this process are
unbiased but low-precision estimates of the real differences between the PMV model
and the actual voting. If there are no deviations during the experiment, the distribution
of any batches extracted from these deviations has an average value that is not sig-
nificantly contrasting from zero. Its standard deviation results are based on individual
differences between people and any errors related to the development and evaluation of
PMV models.

There are individual differences in the factors that lead to the differences in the exper-
iment. The differences in body temperature are considered to be neutral, and personal
judgments vary over time. This dispersion from individual differences cannot be ignored,
and typical thermal comfort climate studies have found that it has a scale unit, which
standard deviation of less than one. But in the practical experiment application, the data
used to calculate PMV will inevitably be affected by the random error of measurement
and estimation. At the same time, the use of the equation itself may also lead to unex-
pected errors. PMV is an approximation of a hugely complicated physical, biological,
and cognitive system that includes the thermal surroundings, the human body, and the
mind, it heralds comfortable voting, a definition of a state of mind. It cannot be ruled
out that some of the factors that add to comfortable voting have been absent or included
in a less precise manner. The PMV equation is based on the theory of steady-state heat
transfer, a state that has never been accurately described in everyday life, which means
it can be better described as a dynamic heat balance. In a word, the standard deviation
of difference may come from three aspects: measurement error, individual difference
and equation error. The direction of the overall PMV bias was an overestimation of the
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average subjective temperature of a population in a warm environment, and this differ-
ence is of technical significance because it has a practical impact on the operation of
the building and may lead to the facility providing avoidable cooling. It can even be
used as a thermal simulation in the design process to influence design decisions can be
misleading in suggesting that the building needs to be cooled to continue a comfortable
indoor environment in the summer.

The analysis shows that there is an obvious nonlinear relationship between the mean
indoor temperature and the PMVmodel deviation. The psychologymay be influenced by
the climate’s perception of indoor comfort, but the possibility of ignoring physiological
effects is not in linewith experimental principles. For instance,metabolic rates are usually
appraise using standard activity lists, and because people used to warm meteorological
character have decreased metabolic rates for the same task lists. Therefore, with the
same activity list, the results of possibility hide metabolic differences. Physiological
adaptations do affect the body’s thermal comfort preferences for different body states
of importance, in which case the transformation to heat is well cite. Still, the adaptation
to cold is less individual. However, whether physical, physiological or psychological
factors, the outdoor temperature is an essential factor that causes the deviation of PMV
measurement [11].

The predictions generated by the PMV model were biased towards operating tem-
perature, humidity, airflow, outdoor temperature, metabolic rate and clothing insulation.
When PMV is used to predict the average comfort degree of people in the daily environ-
ment of buildings, especially in a warm climate, it will produce severe error. At present,
the revision of ISO7730 should pay attention to the limitation of PMV in buildings and
give the appropriate range of use according to the empirical results.

2.2 The Berkley Comfort Model

TheBerkley comfortmodel is amodified version of the STOLWIJKmodel thatmeasures
the body’s heat regulation. STOLWIJK’s 25-node model of thermogenesis presents the
basic concepts, algorithms, physical constants, and physiological control subsystems for
many modern multi-node models. The STOLWIJK model is established on six parts of
the body: the head, torso, arms, hands, legs and feet. The Berkley Comfort model in
this paper can simulate any number of systems with significant improvements. In most
practical applications, the Berkley Comfort model uses 16 body parts to segment the
thermalmannequin. Each part consists of four layers of body tissue, core, muscle, fat and
skin, and a layer of clothing. The model uses the standard finite difference Algorithm to
calculate the heat transfer between each node. TheAlgorithmcan ensure the optimization
of the computational resources while keep the numerical stability. Berkley’s comfort
model uses a series of discrete stages of fluctuating length to resemble a continuous
combination of almost any environment, clothing, and metabolic condition. The model
can predict the developments of transient and spatial asymmetry conditions that are
entirely lost in global models just as the two-node PMV model [12].

The Berkeley model is mainly improved in the following aspects:

1. The measured body nodes are changed from six to unlimited nodes. In this exper-
iment, 16 nodes are used to directly correspond to the human body model, which
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can accurately measure the heat transfer system of each part of the human body and
the thermal insulation value of the clothing and can be directly substituted into the
thermal comfort model. The anthropomorphic model provides valuable data for each
node while measuring the environmental heat flux.

2. Human body heat regulation mainly through regulating blood flow to achieve,
through the contraction and expansion of blood vessels, the body to adjust blood
circulation to manage skincondition, upturn or reduce heat fall to the environment.
The original Stolwijk model simulated that the arterial blood temperature of the
whole body was the same. Still, the climate of the limb would be unstable in a
relaxed environment, so the central Artery/vein counter current heat exchange was
decided after adjusting the blood flow model and improve the hemoperfusion model
to estimate the local tissue blood flow.

3. Added clothing nodes to simulate heat and humidity capacitance. Stolwijk model
believes that clothing is an insulating material without mass, but transient effect
experiments have proved that the heat capacity of clothing will affect the results.
Wet Capacity is essential to accurately simulate the evaporation heat loss of the
human body through clothing, and a regain approach is used to calculate themoisture
absorption of a given fabric at relative humidity.

4. An addition to the conduction of heat through a surface in contact with an object.
In practically all environment, the body is in connection with a solid surface by
conducting heat, also it can help to increase the insulation treatment of the clothing
model under the steady-state condition. Still, under the transient state condition, the
concrete surfacemay have a vast thermal mass to affect the experiment result. In sub-
sequent improvements to the model, the Berkeley model included contact surfaces
for each part. The contact surface uses the far-field temperature and heat transfer
coefficient as the boundary conditions, which also include thermal conductivity,
specific heat, initial temperature and thickness.

5. The convective and radiative heat transfer coefficients are developed based on the
existing ones. The average radiative temperature of each body segment can be cal-
culated as a linear model of radiative heat transfer and as an explicit model of Stefan
Boltzmann’s law. The Stolwijk model uses a mixture of convective and radiative
heat transfer coefficients. The Berkeley model separates convective heat transfer
from radiative heat transfer. The advantage of this approach is that in non-uniform
environments, the results are more accurate using real three-dimensional models of
the human body and patten factors between the body and any set of environmental
surfaces.

6. In addition to heat transfer with the surrounding surface of the long-wave radiation,
the human body is generally solved to solar radiation, heat lamps or other sources of
radiation. The Berkeley model already includes a two-band radiative heat fluxmodel
that separates the heat flux into short-and long-wave components. The absorption
of short-wave radiation through the skin or clothing; the absorption of long-wave
radiation through the skin or clothing.

7. Use angle factor to calculation the explicit radiation heat transfer. Each person’s
Human physiology is very different, and these distinctions affect the perception
of thermal comfort. To do this, the Berkeley model used a pre-processor called
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bodybuilder to test the degree to which physiological variation affects the body’s
perception of thermal comfort.

2.3 Local Thermal Sensation

The thermal environment is usually asymmetric, which means that the space is uneven
or transitional over time. Environmental conditioning systems can take advantage of
nonuniformity and transient operation to curtail the amount of energy required to present
a suitable environment. The human body’s response to an asymmetrical climate depends
on its local thermal perception, but there is no sensory model that can predict these
local effects. PMV models are the most commonly used heat sensing models that have
evolved under uniform steady-state conditions. Although they cannot predict short-term
responses, they can treat the body as an aggregate based on physiological averages
and sensations. Although models grow in recent years can forecast rude behaviour, the
project can only predict sense at the whole-body level, so they are of limited value for the
assessment of heterogeneous environments. This article interprets the development of 19-
site local sensory models adapted to non-uniform and transient conditions. Humans can
only feel thewarming of the environment through the thermoreceptor, located on the skin
and at the core. The body’s heat receptors sense the temperature of the surrounding tissue
and express signals to the brain that interpret the environment as heat. The properties of
heat receptors determine the thermal response, with Thermoreceptor being able to adapt
to changes in temperature but less efficient in responding to relatively stable temperature
states [13].

The local thermal sensation model was developed based on human experiments in
which air was used to cool or heat various parts of the body. However, since the model
is concerned with sensing skin and core temperature, rather than the surrounding envi-
ronment, the local thermal sensing model can be applied to other heat transfer models.
The body’s thermoreceptor can sense tissue temperature, not ambient temperature, so as
a result, the local thermal model is appropriate for this experiment. It requires extensive
testing to overlays the full area of test conditions in all parts of the body. In this project,
only a subset of viable test conditions can be performed, concentrate more on cooling a
part of the body in a warm environment than heating it in a cool one. These experiments
were carried out under the condition that the temperature of the cooling air produced a
reasonably rapid rate of change in skin temperature.

The local thermal sensing model was exploited and validated using information
from sedentary subjects. During the course of the study, it was impossible to determine
its applicability at a higher level of activity. The experimental results show that the
coefficients of the model can be applied to the case of sweating after considering the
influence factors of sweating. If this combines a sensory model with a computer model
of thermal physiology, it can then calculate the skin and core temperatures and their
settings. The structure of themodel is reasonable because its factor justifies the processes
involved. The coefficients of the model are easy to be tested and modified, which means
that there is an extensive area of environmental conditions during the experiment without
changing the form of the model.
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3 Experimental Data and Analysis of Experimental Model

This section mainly introduces the experiment concrete research data and in the actual
application.

3.1 The PMV Model

Fig. 1. Difference histogram.

To evaluate the overall accuracy of PMV, the experimental model aggregates all
available devices into a unitary distribution. Figure 1 shows a histogram of all the dif-
ferences, representing the overall picture of the data available worldwide. The average
deviation of the chart indicates that the calculated PMV values are as a whole and are
higher than the actual ASHRAE voting scale unit of 0.11± 0.01. The data, which com-
bined results from different buildings, climates and seasons around the world, showed
no significant bias in the PMV model data.

Since the equation error comes from the approximate value in the exponential for-
mula, the equation error can usually be uncovering by testing the different amount of all
suspicious variable. In the absence of an equation misstep affecting the variable, there
is no compelling deviation from the variable unless the effect is due to a change in the
relevant variable, which itself is affected by the equation error. In the database, the air
temperature and the mean radiant temperature change together (r2 = 0.96). The differ-
ence between them is minimal, with an average absolute difference of 0.5 k. Therefore,
these data are not suitable for measuring the relative weights of air temperature and
mean radiant temperature in PMV. During the experiment, it is better to use “operating
temperature” to indicate their combined effect. The operating temperature in the table is
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a simple average of the air temperature and the bureau radiation temperature, which is
a sufficient approximation to be obtained, given the small differences between the two.
As can be seen from the data in Fig. 2, the results of the univariate analysis show that
the differences in the experimental results are very significant. The PMV overestimated
how warm it would feel at room temperatures above 27°, and at higher temperatures, the
bias became severe. Figure 3 shows the same process that applies to airflow. Variance
analysis studies show that PMV is not significantly biased at low speeds, but if the square
root of air velocity exceeds 0.45, or 0.2 m/s, it exaggerates the sense of warmth. The
PMV model thus underestimates the cooling achieve of elevated airflow.

Fig. 2. PMV bias against variables.

Since the equation error comes from the approximate value in the exponential for-
mula, the equation error can usually be detected by testing the different amount of any
suspicious variable. Unless the effect of the equation error is produced by a change in
a related variable, which itself is affected by the equation error, these effects will not
have a significant deviation from the variable. It is, therefore, necessary to examine all
the variables that may give rise to errors in the equation and to consider them in their
joint action.

The analysis shows that there is a considerable deviation for all the variables that
cause PMV. Any variable is more limited in scope than is given in ISO 7730. But these
effects are not necessarily independent, and the apparent deviation of any appropriate
variable rest with the values of all other biased variables. The results depend on the
structure of the database so that differences may vary between buildings and between
different types of indoor environments. When look at additional data, the relationships
between the variables are other, and the results are different.
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Fig. 3. Bias in PMV against the variables.

Fig. 4. A analysing of measured and fictitious temperatures as steady-state conditions ranging
from 10 to 50 °C.

3.2 The Berkley Comfort Model

As a preliminary validation of the model, the simulated skin temperature was compared
in the literature with some physiological studies by other researchers. These studies
include several steady-state conditions and three transient environmental conditions.

The flexibility of the internal model structure is maintained in the application of
the Berkeley model, which ensures that the model can be changed without recompiling
the code. Parts of the body are connected by blood, and nodes conduct and exchange
heat with each other. Each piece of the node forms a link tree, and the structure of
each segment does not need to be precisely the same. For example, if the subjects were
wearing shorts, the model would generate a path for the thighs to wear clothing and bare
skin. If the issue is wearing trousers, only the direction of wearing will be created.

Under steady-state conditions, the predicted core temperature is very close to the
measured value (within 0.5 °C) (Fig. 4). In the transient process, the actual arm temper-
ature is higher than the simulated arm temperature, but the final results are very similar.
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The original STOLWIJK model tended to predict higher skin temperatures from colder
environments. The reason is that the STOLWIJKmodel assumes that in the central blood
model, the node receives the same blood temperature as the core of the body. At the same
time, counter current heat conduction reduces the skin temperature of the limb, resulting
in a decrease in arterial blood temperature. Increasing the counter current blood model
can improve the consistency between the model and limb experiment data. It is con-
cluded that the model can accurately predict the core and limb skin temperature in a
specific temperature environment.

The adjustable input structure of the Berkley Comfort Model, as well as its char-
acteristics for evaluating transient non uniform thermal environments, has been widely
used in experimental applications. For example, a non-uniform or hierarchical environ-
ment is provided for a mission/environment system or ventilation displacement device
in evaluating innovative HVAC methods. On the other hand, the internal test environ-
ment is very short and has a highly uneven radiation load, which will have an impact
on the evaluation of occupant comfort. The input structure of the Berkeley Comfort
model allows it to evaluate thermal comfort in a more rigorous manner and connect to
the building simulation program.

3.3 Local Thermal Sensation

In this paper, the local perception model is a function of the local skin, the average skin
temperature and their change rate (Fig. 5), local and mean surface temperatures show
responses to safe conditions, and the derivatives of surface and central temperatures
perform responses to transient conditions. The local skin temperature represents the
thermal state of the local skin in the static part of the model. Although core temperature
is difficult to use to determine the value of the body’s neutral set point, it may be another
way to represent the overall state of the bodybecause it’smore variable in the body and the
body than it is in the temperature response. But when the goal is to describe a short-term
change in body temperature, the deficit disappears. Because the centre temperature has
a higher resolution than the average surface temperature, the centre temperature is used
in the active part of the model. During the experiment, the prediction of local sensation
was positioned filly on physiological data, not environmental parameters, so each body
part had a unique model that could capture asymmetric features in any environment.

Fig. 5. Thermal sensation scale.
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Fig. 6. The relationship from the average skin temperature to the whole-body thermal sensation
(a) sensation take for a function of the mean skin temperature (b) feeling as an action of the skin
temperature difference (c) sensation as a function of the skin temperature.

When skin temperature was between greatly low and high, the correlation between
skin temperature and the thermal sensation was nearly linear. To include the whole
range of skin temperature, the logistic function of local skin temperature is needed to
express the difference between the local skin temperature and its set value. When the
sensation of a body part is uninvolved, the setting point of the body part is the local
skin temperature of the position. The trend is approximately a linear function of the
average skin temperature from 29 to 34 °C (Fig. 6), or a linear function of the difference
between the average skin temperature and the setpoint (from −3 to 1 K) (Fig. 6). The
linear relationship disappeared, and the thermal sensation level decreased when the skin
surface temperature was above or below the intermediate range. It is suggested that local
sensation is the logical function of local skin sensation, and the difference from local
skin temperature to set point is used to analysis the whole range of skin temperature
variation. The set point for the body part is the limited skin temperature where the body
part is neutral (zero). The Logistic function is linear in the middle, as shown in Fig. 3,
and tends to level off as skin temperature increases or decreases. The local sensation is
affected by both local temperature and global thermal state.

Figure 7 shows an example of this phenomenon. The solid circle is obtained by cold
test at room temperature of 16~20 °C and whole body at low temperature. These open
triangles are temperature measurements taken at room temperatures from 28 to 32 °C,
with the entire body in a warm state. Each data point is from a specific local cooling or
heating test at the end of the body’s thermal state has been stabilized.
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Fig. 7. Local sensation, local skin temperature, and cold or warm whole-body state.

The experimental results show a clear separation of the local sensation relative to the
warm or cold overall hot state. Parts of the body that have the same skin temperature feel
more generous when the whole body is cold and colder when the entire body is warm.

4 Conclusion

This paper studies the influence of thermal comfort on the human body and its devel-
opment requirement. The thermal sensation in thermal comfort is linked to the thermal
balance of the human body and its surroundings, and in experiments on thermal comfort,
priority is given to the social psychology of evaluating environmental conditions through
their subjective thoughts. In the course of the investigation, the test of the human body’s
physiological instinct is to help the interior design of the building to understand the
structure of the building, and to build a more extensive indoor thermal environment that
covers people. In the course of the experiment, it is necessary to take into account not
only the differences between different groups of people and the additional requirements
of the thermal environment. It is essential to know how to control the indoor thermal
setting in the building.

In this paper, from the individual differences, indoor environmental control and
thermal physiological parameters of these three different factors to carry out various
experimental studies, the conclusions are as follows:

1. From the PMV model experiment, it is concluded that the difference between dif-
ferent indoor types between other buildings may lead to the change of human phys-
iological feeling. Individual differences in the control of the variables of the data



300 J. Zhao

will also affect the results of the experiment. The power between the variables will
affect each other, and the experimental results will change because of the different
relations among the variables. Some experimental results show that the PMVmodel
overestimates people’s subjective temperature assessment in a warm environment,
which results in large differences between the experimental results and the predicted
results.

2. The Berkley comfort model is an improvement on the Stolwijk model, which not
only expands the experimental node range but also ensures data stability, Berkley’s
comfort model captures physiological information while maintaining the flexibility
of the internal model structure, resulting in more accurate data and a more rigor-
ous way to assess thermal comfort. At the same time, Berkley comfort model can
simulate almost any environmental conditions. In the transient and non-uniform ther-
mal environment, the improved model provides a more abundant possibility for the
experiment variable deployment.

3. Local thermal sensation is developed based on human experiment, which is based on
the development of 19 local sensation models of the human body under non-uniform
and transient conditions, by measuring the local temperature and average surface
temperature. Comparing the two, the conclusion is that the whole-body temperature
feels cold, and the local weather feels warm under the premise of having the same
skin temperature. Conversely, when the entire body is in a warm condition, the local
feeling will be more inclined to cold.

The results thus far have been skewed by variables and other factors beyond our
control because the subjective aspects of human perception cannot be controlled. After
the experiment of measuring the physiological parameters of the human body, the local
thermal sensation experiment can get relatively accurate results. The subjective, physio-
logical parameters of the human body will change with the experimental variables. Sim-
plification and optimization of the empirical model can effectively improve the accuracy
of the experimental results in a specific region. However, in the current experimental
research, there is no very perfect experimental setup, and it is necessary to consider
further various experimental factors related to thermal comfort research.
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Abstract. As the market gradually plays a decisive role in social and economic
development, seizing customer resources has become the top priority for enter-
prise development, and customer data is the information foundation for seizing
customer resources, retaining customers, and improving customer satisfaction.We
are now in the era of big data, and the role of data in the development of enter-
prises has become increasingly prominent. Mastering data has become a symbol
of mastering wealth, and enterprises’ data quality construction has become an
important way for sustainable development. This article analyses and summarizes
several practical methods of editing customer data, hoping to provide some help
to Chinese enterprises and governments in maintaining customer relationships.

Keywords: Customer relationship management · Edit customer information data

1 Introduction

The theory of customer relationship management is developed based on the theory
of relationship marketing [1]. Its core lies in taking the customer as the centre, fully
doing a good job in the collection, exploration, utilization of customer information,
implementing customer service and obtaining customer satisfaction [2]. In the actual
application process, the most important link is to collect customer information and
perform data processing [3]. When performing data processing, customer information
data can be classified from different perspectives [4].

2 Edit Data According to Customer Value

Customer value refers to the total benefits that the customer’s entire life cycle can bring to
the company. It includes two major parts: potential value and current value. On the basis
of fully collecting customer information, companies can conduct customer development
analysis based on customer business indicators and then determine Value customers.
Potential value customers and other customer types provide corresponding levels of
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service based on value to achieve customer satisfaction, customer loyalty and customer
retention, and optimize the input and output efficiency [5, 6].

The evaluation of customer value can be analysed and considered through current
value and potential value, and the current value evaluation and potential value evaluation
of customers can be decomposed into corresponding indicators, and the category of
customer value can be obtained by coordinated analysis [7]. This model is shown as
Fig. 1:

Fig. 1. Customer value evaluation mode diagram 1.

Generally speaking, customers with low contribution to the company also have less
expectation of service demand. The higher the value, the higher the demand for service.
Therefore, the company can combine customer value evaluation and provide correspond-
ing services referring to high, medium, low and potential distribution, so as to improve
the comprehensive satisfaction of all levels of value customers and achieve continuous
optimization of customer relationships with limited resources.

3 Edit Data According to Customer Satisfaction Evaluation

Customer satisfaction is the basis of keeping customers and realizing customer loyalty,
and it is also one of the purposes of customer relationship management and customer
service. Grasping customer satisfaction, improving customer satisfaction in a targeted
manner, and developing customer service are key tasks for customer relationshipmainte-
nance. Customer satisfaction evaluationmodel is a more effective satisfaction evaluation
tool [8]. This model is shown as Fig. 2:
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The customer satisfaction evaluation model is developed from the five aspects of
reliability, security, tangibility, responsiveness, and personalised care. Based on the
actual situation, corresponding indicators are designed and scored, to evaluate the cus-
tomer’s satisfaction with the service and follow the satisfaction degree to edit customer
information.

Fig. 2. Customer value evaluation mode diagram 2.

4 Edit Data Information According to the Service Blueprint

Kahneman [9], winner of the Nobel Prize in Economics in 2002, after a long period of
in-depth research, he proposed the famous peak-end law, that is, people’s evaluation of
experience mainly depends on the memory of the peak and the end. Comparing with
the peak-end law, it can be concluded that doing a good service must pay attention to
the customer needs at the peak moment and the end-point experience. If we want to use
this theory to build a service system, it is required to describe the whole processes of the
horizontal service, find the peak-end moment, explore the customer response demand
and do a good job of service design.

The service blueprint is a deepening of the peak-end law, which includes not only the
horizontal external customer service processes, but also the vertical internal company
service activities. When an enterprise is editing customer information, it can record cus-
tomer demand information frommultiple contents such as customer behaviour, employee
service behaviour, tangible display, background service and supportive activities.
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5 Edit Data from the Perspective of Data Quality Evaluation
Dimensions

According to specific actual conditions, various international organizations have pro-
posed their owndata quality evaluationdimensions [10]. The requirements ofUSnational
accounting for data quality are from the three dimensions of accuracy, comparability,
and applicability. The British statistics department conducts quality assessment in terms
of timeliness, effectiveness, accuracy, and objectivity. The statistical departments of
Europe, Canada, Australia, and other countries, as well as international organizations
such as the IMF, have also proposed their own corresponding data quality analysis
and evaluation dimensions. In general, the analysis dimensions proposed by various
scholars and countries are basically similar. Chinese companies can also learn from
three dimensions of accuracy, comparability and applicability which are used for data
recording.

6 Optimize Data in Terms of Data Quality Factors

When companies edit customer information data, they should also pay attention to some
factors affecting data quality, including inherent data quality problems, quality problems
during data acquisition, quality problems during data analysis and processing, errors
caused by insufficient preparation, errors during data collection, data processing errors
and errors caused by personal subjective factors [11, 12].

7 Conclusion

Through the above explanation, I believe that companies can edit customer informa-
tion data from the aspects of customer value, customer satisfaction evaluation, service
blueprint, data quality evaluation dimensions and optimize data from the aspects of data
quality influencing factors. When faced with so many angles of data classification, it is
often difficult to choose. To solve such problems, the American mathematician Sadie
proposed the famous analytical hierarchy process (AHP) [13], which can decompose
the core problem into several impact factors and factor supporting indicators. In AHP,
the upper and lower logical hierarchical structure between the impact factors and its
indicators is constructed and the judgment matrix is established. Through the expert
evaluation method, the importance of each factor indicator is determined in pairs com-
parative judgment. Based on the judgment matrix, the feature vector is calculated, and
the corresponding weight of each indicator is obtained, and then the influence degree
of the lowest level indicator on the overall goal is obtained. This method can provide a
good way for how to select data [14, 15].
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Abstract. The construction of digital platform refers to the realization of major
transformation and optimization and innovation of management and operation
by enterprises combining with new Internet technologies, bringing new value
and transparency to customers and employees in digital business, forming an
interconnected company, so as to enhance their core competitiveness. This paper
firstly studies the module design of the company’s digital platform construction,
and then puts forward some measures to ensure the construction of the module
project, hoping to provide theoretical help for some enterprises towards intelligent.
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1 Introduction

If an enterprise wants to achieve intelligent manufacturing, it must carry out digitization
firstly and then intellectualization, because digitization is the basis of business model-
ing, as well as the basis of network information flow, business system and intelligent
processing equipment integration and big data. Digital platform is a deep integration of
the theoretical basis of enterprise information construction, combined with new Internet
technology, to realize major transformation and optimization innovation of management
and operation, and bring new value to enterprises, customers and employees. It will build
a transparent and interconnected company from five aspects of digital marketing, digital
R & D, digital procurement, digital warehouse logistics and digital service, Thus, it can
form an absolute advantage in a constantly changing digital economic environment [2].

2 Function Module Design of Digital Platform

2.1 Digital Supply Chain Module

The digitalization of supply chain module cannot be separated from the construction of
the following functions: the standardization and electronization of sales business process
and processing information management [3]; the use of information management sys-
tem from the sales contract, customer orders, customer delivery, inventory and accounts
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receivable comprehensive management, and customer demand system docking, accu-
rate acquisition of customer order demand; optimization of sales process, Connect a
large number of breakpoints in the previous process [4]; provide the actual warehouse
business management of the finished product warehouse of the sales department; pro-
vide the management, evaluation and maintenance of customer information; provide the
tracking of sales orders; provide the delivery management of goods; provide the statis-
tics and query of sales information to improve the accuracy of sales forecast, so as to
reduce inventory and improve the response ability to the market; Establish flexible pric-
ing system and order management system matching with customization; strengthen the
closed-loop feedback between after-sales problems and R & D system, quickly classify
and handle customer problems according to customer problems, and form a knowledge
base. Once similar problems occur, solutions can be given in time.

2.2 Digital Manufacturing Module

In the construction of digital production, it is necessary to establish a flexible multi-
organization application architecture, quickly set upmulti-factories, multi-organizations
and business relationships among them, and help enterprises optimize the business coop-
eration process amongmultiple factories andorganizations [5]. The production execution
layer is mainly divided into workshop, production execution, production control, equip-
ment management and quality management. Among them, the production execution
system includes production planning, real-time monitoring, data acquisition, field mon-
itoring and other functions. It mainly provides real-time data and processing functions
for specific production scheduling and analysis within the enterprise. The production
control system includes processing equipment, control system, detection system, etc.,
to detect the finished products. Production control level, such as production progress,
workshop site records, equipment efficiency analysis, personnel efficiency analysis, etc.;
quality control level, such as pass rate, scrap rate, cause analysis of defects, etc.; mate-
rial management level, such as stock age analysis, parts management, material shelf life
management, etc. [6].

2.3 Digital Financial Budget Module

The construction of digital financial budget module should provide the following func-
tions: procurement and payment business: assets, equipment, etc. are included in the
procurement asset management and expenses are included in the procurement expense
management [7]; prepayment and a/P ratio are determined in the contract link and funds
are arranged as awhole; sales collection business: receivablesmanagement of enterprises
in the digital A/R management platform, which is mainly completed through the circu-
lation of a/R documents, collection documents and sales invoice documents; expense
budget management and control business: online application of expenses, reimburse-
ment and payment application, mobile application of expense reimbursement, budget
control in advance, and post analysis; cost management and control business: the con-
cept of cost center is established to make the expense distribution more accurate through
quota factor and to realize the multi-dimensional cost calculation and analysis table of
cost center + product + production order; budget business: establish a sound budget
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management system of the company as the starting point of internal control of the group
and effectively carry out pre-construction, in-process control and post analysis of various
expenses.

2.4 Other Business Digital Modules

The digital construction of other business mainly aims at the construction of human
resources and mobile platform mentioned in the analysis of other business needs.

Human Resource Management. Organization construction is to realize the organiza-
tional structure, position, position and professional title system needed by enterprise
strategic development. Basic module, the data in this module is used for organizational
performance management. Department salary accounting and human resource construc-
tion. Therefore, in all industries and enterprises, the organization construction is the
structure. Build other business platforms.

Mobile Office Management Mobile office collaboration can make data managers get
rid of the shackles of time and space. By using smart mobile terminals such as mobile
phones or tablets, a real-time datamanagement mechanism of enterprises interconnected
with computers can be established. Data management and communication can be carried
out at any time to improve the efficiency of data management and promote the growth of
enterprise benefits.Mobile office supports intelligentmobile terminals based onAndroid
and IOS [9, 10]. Therefore, it is necessary to strengthen the ability of enterprise mobile
office management.

3 Safeguard Measures for Establishing Digital Platform Module

3.1 Organization Guarantee

In order to strengthen the management and control in the implementation process of the
digital platform module, coordinate and mobilize the strength of all aspects, foresee the
possible problems and solve them in time, enterprises should establish a digital platform
strategy committee to strengthen the organizational guarantee.

3.2 Method and System Guarantee

As the implementer of the digital platform, the enterprise will strictly ensure that all
systems comply with relevant specifications and standards, and comply with the pro-
visions of relevant national quality standards, and also adhere to the management and
operation policy of “careful design, standardized construction, quality-oriented, user
first” management and operation policy [11].
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3.3 Project Implementation Schedule Management

After the establishment of the digital platform module, it is necessary to strengthen
the project implementation schedule management. All the specific work is carried out
according to the project work schedule. In the process of project implementation, the
project implementation progress is controlled. In case of deviation, the project work plan
needs to be adjusted accordingly [12].

3.4 Project Progress Monitoring

In the process of digital platform project construction, the enterprise will monitor the
overall progress in the following ways: according to the “project schedule” jointly con-
firmed by both parties, the project manager will work with all relevant teams to work
out a more detailed “time schedule” according to the overall project progress, Ensure
that the implementation can be carried out in strict accordance with the time schedule,
so as to monitor the progress of the project [13].

3.5 Risk Response Guarantee

The risk management of digital platform module construction is one of the important
aspects of project management. By identifying risks, actions can be taken before prob-
lems occur. Risk management provides necessary input for the planning process and
helps to make scheme selection and decision-making. In order to reduce and avoid the
project risk caused by the consequences of decision-makingmistakes, enterprises should
make a project risk management plan in advance, analyze and identify project risks at
the beginning of the project [14].

4 Conclusion

This paper describes the construction of digital platform for intelligent manufacturing,
and studies the construction of digital platform and the safeguard measures of platform
construction, which meets the needs of current information management, and hopes to
provide some theoretical help for enterprises in China and other countries in the world
to carry out informatization construction.
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Abstract. Air transportation, with the fastest speed, the highest reliability, and
the best level of safety, is still one of the main methods of long-distance passenger
transportation and time-constrained transportation. Due to the high costs in fuel
andmaintenance, and limited transportation capacities, it becomes themost expen-
sive type of transportation. However, the operational support for air transportation
inevitable brings a lot of energy consumption and greenhouse gas (GHG) emis-
sions. Both the in sky emissions and on-ground emissions would together generate
great air pollution issues for airlines. As the core parts of airline operations, both
fleet management and energy management are important for airline groups to take
continual sustainable optimizations. This paper would adopt some Key Perfor-
mance Indicators (KPIs) to benchmark some Chinese and overseas airline groups’
environmental-related figures and to evaluate their environmental performance
situation.

Keywords: Environmental operation · Fleet management · Energy
management · KPIs

1 Introduction

In the context the Reformation and Opening, and trade globalization, China has
become increasingly connected with the world.Whether the official exchanges, business
exchanges, cargo transportation, or vacation trips, the demand for air transportation are
constantly increasing. According to the Ministry of Transport of China, in 2019, China
has 62 air transportation companies, 238 airports engaged in transportation, 3,818 regis-
tered aircraft, 5521 operating routes, and the total civil aviation transportation turnover
of 129.33 billion ton-kilometres [1, 2]. Those airlines consume plenty of resources and
emit numerous GHG, which will have a severe impact on the ecological environment. In
2019, the four major aviation group companies accounted for 84.9% of Chinese total air
transport turnover, China Southern Airlines (25.2%), Air China (24.6%), China Eastern
Airlines (19.5%), and Hainan Airlines (15.6%) [1, 2]. Taking the fourth-ranked Hainan
Airlines as an example, it consumes a total of 5,360,917 tons of energy and causes
11,476,749 tons of carbon dioxide emissions [3].
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Committing to the environment issue, multiple airline groups around the world
already launched a series of special initiatives. Emirates Airlines through establish-
ing the “Amarula Trust” program to supports elephant conservation projects and the
development of eco-tourism skills [4]; All Nippon Airways Group developing the next-
generation volatile organic compounds free paint system to provide better material
weather resistance [5]; Air France launched optional carbon footprint reduction service
“Trip and Tree”, through passengers’ donation supporting afforestation projects [6];
Qantas Airways through the “Reconciliation Action Plan” inspiring Indigenous rangers
to work for the regeneration of native vegetation [7]; Air New Zealand cooperate with
the Department of Conservation’s to protect the biodiversity of New Zealand [8].

At the meantime, the Chinese civil aviation industry also gives serious concern
about this topic. China Eastern Airlines promotes three-colour garbage bags help com-
plete nearly 30 tons of cabin garbage classification [9]; Hainan Airlines insists on “Fly
safe, Fly green” operation strategy [3]; Xiamen Airlines replaces and upgrades cabin
disposable consumables with bamboo products [10]; Air China established Phoenix Cul-
tural and Creative Studio to make aviation-themed products by recycling scrap materials
from retired aircraft [11]; China Southern Airlines developed “Aviation Fuel ‘E’ Cloud”
real-time big data sharing platform [12]. Overviewing these airline groups’ practices,
including direct green operation measures and indirect green business cooperation. We
could affirm their efforts to be greener, but due to the mode of action and the effective
period duration are various, the environmental influence is hard to evaluate.

To identify the level of the environmental performance of Chinese domestic airline
groups, this paper tends to conduct business analysis in operation field for them and take
some overseas airline groups as its contrasts. Benchmarking the acquired data will help
airlines clarify the advantages and disadvantages of green operations to affect the future
resource allocation for environmental protection investment.

2 The Environmental Operations of Airlines

2.1 Method and Data

This paper tends to select two each for Chinese domestic airline groups and overseas
airline groups as research samples. According to the “Best Airlines 2020Award” ranking
data from the Airline Rating website [13], the best two airlines around the world are Air
New Zealand (ANZ) and Singapore Airlines (SIA). Due to no Chinese airlines show on
this ranking list, we take another rating data from this website, “Compare Airline Safety
Ratings” [14], as the reference. In which, the Air China (CCA) and China Southern
Airlines (CSN) achieve the best performance in Chinese Airline Groups. Those four
corporations in Table 1 are the samples of the comparison analysis.

CCA is the only civil airline flying the national flag in China. In addition to its normal
passenger and cargo business, it also undertakes important domestic and foreign flight
support tasks such as travel by state leaders, charter flights, and emergency flights. It built
a green and low-carbon circular operation model to achieve its “Become a world-class
air transport company with global competitiveness” vision.

CSN is the airline with the most transport aircraft, the most developed route network
and the largest annual passenger volume in China. As a huge level of carbon emitter, it
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has formulated the “Energy Conservation and Emission Reduction Management Man-
ual”, “Energy and Environmental Protection Management Business Process” and other
systems to achieve green flight.

Table 1. ICAO code chart.

Airlines ICAO code

Air New Zealand ANZ

Singapore Airlines SIA

Air China CCA

China Southern Airlines CSN

ANZ as the largest airline in New Zealand and the main air carrier in the South
Pacific, it pursuits to enriching New Zealand by connecting New Zealand to the world.
By following the United Nations Sustainable Development Goals (SDGs), it established
a sustainable framework to monitor its actions, optimizing its operational efficiency.

SIA might be the most special one, which pays attention to the future of travel, by
reducing the current environmental footprint. For achieving the ambition of long-term
sustainable development, it proposes several environmental targets, such as eliminating
plastic straws and reducing 30% waste from buildings.

The source of collecting data on these corporates’ environmental operation mea-
sures has two main types. Both ANZ and SIA demonstrate their measures in Sustain-
ability Reports (SD report), while CCA and CSN publish this information through their
Corporate Social Responsibility Report (CSR report). Besides, other relevant activities
are shared on their official websites also become a significant data source. To process
information, this paper would apply the Benchmarking Analysis Method, which could
compare corporates’ internal data aswell as conducting data analyticswith external com-
petitors [15–17]. And the KPIs figures during the analysis would contribute tomeasuring
and monitoring, which might be help identify performance weakness [18, 19].

2.2 Environmental Operations

All of the chosen airlines treat environmental sustainable development as an important
part of their social responsibility. As shown on their reports, they devote themselves to
conducting a series of operation actions to improve its environmental performance. In
this part, we would benchmark their performance from two core dimensions by using
some KPI’s to display, fleet operation management, and energy operation management.

Fleet Operation. In the scope of fleet operation management, these corporates adopt
various measures to make themselves more sustainable and environment-friendly. In
FY19/20, CSN promoted the single-engine taxi-in project, in which one engine will be
turned off when the aircraft is taxiing to reduce taxiing fuel consumption. It implemented
a total of 160,882 single-engine slip-in flights, saving 3,042 tons of fuel [12]. SIA devel-
ops digital green operating procedures to help pilots make more informed decisions, as
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well as adopting a similar single-engine taxi-in project, which reducing 10,000 tonnes
fuel consumption [20]. Besides these specific approaches, the most typical actions are
fleet structure improvement. Along with the increase in the service life, the operating
efficiency of old aircraft will inevitably show a downward trend as time goes by. All
of them continually purchasing higher efficiency aircraft, which used to replace out-
dated aircraft. For example, in FY19/20 the SIA order nineteen Airbus A350–900 and
twenty-nine Boeing 787–10, which would bring 25% more fuel-efficient than previous-
generation aircraft [20], while ANZ through technology innovation and new aircraft
procurement achieving 1.8% average annual fuel efficiency improvement compared to
2009 baseline [21]. Compared with ANZ and SIA, as huge scale fleet owners, both CCA
and CSN also committed to fleet structure improvement in recent years (Table 2).

Table 2. Aircraft introduce.

Airline FY15/16 FY16/17 FY17/18 FY18/19 FY19/20

CCA 66 54 56 50 48

CSN 58 53 79 104 54

Although the overall performance of ANZ and SIA are the top around the world, in
the perspective of fleet size, they far lower than CCA and CSN, especially ANZ just has
112 aircraft. In contrast, both CCA and CSN had owned more than 500 aircraft fleet five
years ago (Table 3).

Table 3. Fleet size.

FY15/16 FY16/17 FY17/18 FY18/19 FY19/20

ANZ 104 103 114 113 112

SIA 173 178 186 202 203

CCA 590 623 655 669 699

CSN 667 702 754 840 862

Usually, operating a larger scale fleet would cause more energy consumption and
green gas emissions. However, the positive correlation growth of emission volume that
accompanies the fleet scale increase, does not reflect the efficiency of green operations.
This part attempt to adopt the Average fleet age and CO2 emission (CO2-e) per tonne-
kilometre as the KPI to benchmark their performance.

As shown in Table 4, during the period between FY15/16 and FY19/20, although
ANZ shows a decreasing trend for the average fleet age in recent two years, it has the
worst overall performance, in each year it ranks the bottom. The performance of SIA
is the opposite of ANZ, it has the best average performance during the past five years,
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Table 4. Average fleet age.

FY15/16 FY16/17 FY17/18 FY18/19 FY19/20 Average

ANZ 7.50 7.00 7.50 7.10 7.10 7.24

SIA 6.44 6.68 6.55 6.42 5.92 6.40

CCA 6.30 6.36 6.53 6.62 6.96 6.55

CSN 6.30 6.60 6.67 6.50 6.70 6.55

even keep the youngest fleet in recent two years, especially decrease to 5.92 years in
FY19/20. As for two Chinese airlines, both of them place at the middle level with similar
performance.

The performance of each airline in Table 5 demonstrate a different situation than
Table 4. In the field of CO2-e per tonne-kilometre, ANZ achieves the best overall per-
formance during the period and controls its figures remaining at a stable level (between
0.72 kg and 0.75 kg). After undergoing an improvement from 0.89 kg to 0.74 kg, SIA
data face a significant rebound to 0.81 kg. And then, even not be the worst one, the CCA
still demonstrates a negative decrease data trend, which got worse to 0.93 kg. Lastly,
although the five-year performance far away from other airlines, the figures of CSN has
a continual decrease trend, which already down below 0.90 kg (0.87 kg in FY19/20).
In general, in the field of fleet operation management, Chinese airline groups have an
obvious advantage in their fleet scale, which might create more revenue, but from the
perspective of sustainable green operation, they do not as good as overseas airline groups.

Table 5. CO2-e per Tonne-kilometer (kg)

FY15/16 FY16/17 FY17/18 FY18/19 FY19/20
ANZ 0.74 0.73 0.72 0.73 0.75
SIA 0.89 0.88 0.84 0.74 0.81
CCA 0.87 0.86 0.87 0.87 0.93
CSN 0.95 0.95 0.92 0.89 0.87

Energy Operation. GHG emissions are one of the important influencing factors lead-
ing to global climate change [22], and extreme weather caused by climate change will
also have a huge impact on air transportation, involving various aspects including cost,
safety, and the environment [23]. As the airline corporate, aviation fuel consumption is
one of the main sources of GHG emissions. Therefore, how to achieve more efficient
energy operation management has become the focus of these companies in the aspect of
environmental sustainability. In FY19/20, CCA further expands its energy management
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system, incorporating its southwest branch into the framework of the energymanagement
system to enhance entire energy consumption efficiency. Besides, it continually devel-
ops its energy structure optimization, using bridge-mounted equipment power supply
mode to replace the aircraft auxiliary power unit, and applying “ground support vehicle
‘oil-to-electricity’ project”. CSN adopts new biofuel, 1 megajoule of heat produces 24 g
of carbon dioxide equivalent, to perform intercontinental flight missions, which would
reduce 73% CO2-e. SIA launched a pilot project on the Data-driven Statistical Contin-
gency Fuel approach, which estimates saving aviation fuel 4,000 tonnes each year. And
ANZ continually implements its “Carbon Reduction Programme”, which saved 3,341
tonnes of fuel or 10,557 tonnes of CO2-e. To benchmark their energy operation perfor-
mance, we would take the other KPIs as the reference, and the GHG emission figures
would use the sum of Scope1 and Scope2 [24].

Firstly, considering the different aircraft numbers in the fleet would affect the total
CO2-e volume, as a result, we tend to calculate the GHG emission (tonnes CO2) per
hundred aircraft for each airline.

Table 6. GHG emission (tonnes CO2) per hundred aircraft

FY15/16 FY16/17 FY17/18 FY18/19 FY19/20

ANZ 3,313,419 3,515,342 3,274,816 3,476,768 2,838,809

SIA 8,055,008 7,910,699 7,620,742 8,168,415 8,035,856

CCA 3,273,288 3,349,053 3,272,153 3,519,133 3,325,894

CSN 3,196,042 3,280,385 3,352,706 3,202,536 3,320,916

Observing Table 6, two Chinese airlines corporate achieve ideal performance, they
keep a stable energy efficiency even operating huge scale fleet with continual expan-
sion. After four years of steady, ANZ’s figures achieved a significant decrease, down to
2,838,809 in FY19/20. As for the performance of SIA, which is unexpected. Its figures
are two times more than other airlines, even close to three times than ANZ in FY19/20.
The result of SIA might have its special factors, but to a certain extent, its energy opera-
tion efficiency does need further review and enhancement. However, due to each market
and route has specific features, there are obvious differences for these airlines in match-
ing aircraft types and fleet sizes, which might influent their CO2-e. Therefore, this paper
used another KPI for energy operation performance benchmarking.

The second KPI is the Scale-CO2-e Ratio (SCR), which reference to enterprise
ecological efficiency because the fleet scale can be seen as the value of a product or
service. Based on this KPI, this study could measure the comparison of growth speed
between carbon dioxide emissions andfleet scale. It involves the annual fleet scale growth
rate (FSGR) and annual CO2-e growth rate (CEGR). Due to the figures of FSGR and
CEGR are in percentage, as a result, the final formula would do subtraction directly,
which is “SCR = FSGR-CEGR”, the larger the value, the higher the efficiency. And
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if the SCR value is less than 0, which means the speed of CEGR faster than FSGR.
Through comparing the value size, we could figure out which airlines’, fleet size growth
with CO2-e as opportunity cost, has higher efficiency (Table 7).

Table 9 demonstrate the SCR figures in the past four years, if judge from the size
of the data discreteness, CSN has the smallest standard deviation, CCA and SIA have
close figures, while ANZ shows a much higher figure. The size of the standard deviation
could reflect the steady of operation efficiency under Scale-CO2-e dimension. Because,
when establishing a mature operation management system, the CO2-e would increase
in a certain ratio related to the fleet scale growth. However, the data discreteness could
just represent the data stability, as for the real performance, this study needs to observe
its SCR figures in each year (Table 8).

Table 7. Four airlines FSGR Data

FY15/16 FY16/17 FY17/18 FY18/19 FY19/20
ANZ 104 103 114 113 112
ANZ FSGR - -0.96% 10.68% -0.88% -0.88%
SIA 173 178 186 202 203
SIA fsgr - 2.89% 4.49% 8.60% 0.50%
CCA 590 623 655 669 699
CCA FSGR - 5.59% 5.14% 2.14% 4.48%
CSN 667 702 754 840 862
CSN FSGR - 5.25% 7.41% 11.41% 2.62%

Table 8. Four Airlines CEGR Data

FY15/16 FY16/17 FY17/18 FY18/19 FY19/20
ANZ 3,445,956 3,620,802 3,733,290 3,928,748 3,179,466
ANZ CEGR - 5.07% 3.11% 5.24% -19.07%
SIA 13,935,164 14,081,045 14,174,581 16,500,198 16,312,787
SIA CEGR - 1.05% 0.66% 16.41% -1.14%
CCA 19,312,400 20,864,600 21,432,600 23,543,000 23,248,000
CCA CEGR - 8.04% 2.72% 9.85% -1.25%
CSN 21,317,600 23,028,300 25,279,400 26,901,300 28,626,300
CSN CEGR - 8.02% 9.78% 6.42% 6.41%

As shown in Fig. 1, ANZ undergoing a violent fluctuation, it successfully reaches to
around 20% in FY19/20, but once down to less than –5% twice. In most years, the data
of SIA is positive, besides a dramatic decline in FY18/19. It is worth noted that, in that
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Table 9. SCR Data

FY16/17 FY17/18 FY18/19 FY19/20 Standard Deviation

ANZ -6.04% 7.57% -6.11% 18.19% 0.118

SIA 1.84% 3.83% -7.80% 1.63% 0.052

CCA -2.44% 2.41% -7.71% 5.74% 0.059

CSN -2.78% -2.37% 4.99% -3.79% 0.040

year, both ANZ and CCA meet the same problem and demonstrate similar data. In fact,
during this period, CCA also faces with the data fluctuating like ANZ, but in most years
it not as good as ANZ. And CSN, which has the smallest standard deviation, actually
SCR value performed the worst. As a result, the status of the ideal figures should be as
achieve SCR value as higher as possible and avoid dramatic data fluctuation.
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Fig. 1. Four airlines SCR data scatter plot.

3 Discussion

This paper has conducted a series of benchmarking for environmental operations between
Chinese andoverseas airline groups.During the future researches, not onlyfleet operation
management but also energy operation management could reference more aspects of
data.

As mentioned before in the chapter about fleet operation management, this paper
pays attention to Average fleet age and CO2-e per Tonne-kilometer. However, all of
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these figures arewhole company dimension data, if this study attempt to conduct in-depth
research on fleet operation management, airline corporates could grasp these two types
of data by branch. Firstly, adopting internal benchmarking to compare the performance
of each branch in these two aspects, by which they could figure out which branch has
the best performance and which should get enhancement immediately. Secondly, taking
external benchmarking to compare branches in the same market or route with other
airlines. Through the external benchmarking they could identify in which market has
more competitiveness. Based on considering these two benchmarking methods, it would
be meaningful for helping these airline corporates to improve resource allocation in the
future.

Energyoperationmanagement also has somepotential research aspects. For example,
the analysis of fuel consumption and CO2-e for each aircraft type. Whether in CSR
reports or SD reports, airlines just disclosure their total figures, but the data of each
fleet, consist of the same aircraft type, did not be published. We all know, most airlines
are researching and developing new biofuel. However, considering many factors such
as aircraft engine, flight load, fuel tank volume, and fuel characteristics, various types
of biofuel with different compositions may only apply to certain aircraft models. From
the perspective of energy utilization, formulate specific energy operation management
system by aircraft types could enhance operational efficiency and decrease unnecessary
costs.

4 Conclusion

This paper found that based on the analysis of multiple dimensions of data, the over-
all environmental operations performance of the two Chinese airlines is not as good
as that two overseas airlines, especially for data involving carbon emissions such as
CO2-e per tonne-kilometre. However, both Air China and CSN are actively seeking
new and more environmentally friendly operations, including management systems, big
data services, flight technology innovation, and infrastructure construction. Overall, the
analysis of environmental operations shows that various airlines have paid enough atten-
tion. Whether it is China Southern Airlines with a large fleet or Air New Zealand with a
small fleet but a good evaluation, they all agree that green operations can help companies
achieve their goal of reducing carbon emissions and becoming environmentally friendly.
It is undeniable that the continuous expansion of the scale of the company will indeed
increase the difficulty of management and reduce the efficiency of operations. However,
the environment is an important part of sustainable development, airlines as one of the
numerous CO2 emitters, how to achieve green operations and green flights might be a
long-term topic for them that will never be able to ignore.
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Ethical or Abusive? A Review of Two
Leadership Influencing Mechanisms
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Xiyuan Avenue, West Hi-Tech District, Chengdu, China

Abstract. Few studies have reviewed the mechanisms of ethical leadership and
abusive supervision. Based on the review of the leadership literature of top jour-
nals in the past two decades, this paper summarizes the influencing mechanism
and research perspectives of these two kinds of leadership. Previous studies have
shown that ethical leadership has positive effects on employees and teams, while
abusive supervision has negative effects on employees and team performance.
However, existing literature mainly uses employees’ self-concept, motivation,
emotion, and other mediations to explain the influence of leadership on subordi-
nates. This paper summarizes the main research perspectives of ethical leadership
and abusive supervision. It sorts out the development background of two kinds of
leadership research, which has a guiding role for follow-up research.

Keywords: Ethical leadership · Abusive supervision · Influencing mechanisms

1 Introduction

Leadership is a key resource for employees and teams. In leadership research, scholars
have found that both positive leadership (e.g., ethical leadership) and negative leadership
(e.g., abusive supervision) are common in organizations and affect employee behavior
and team performance. At present, ethical leadership and abusive supervision have been
widely concerned by scholars, but few articles have compared them together. There is
a lack of literature to systematically review their influencing mechanism and specific
context. Therefore, to fill the research gap, this paper combines the two for comparative
analysis.

Ethical leadership and abusive supervision are two contrasting styles of leadership.
Ethical leadership has been defined as “the manifestation of normative and appropriate
conduct in individual behaviors and interpersonal relationships, and the enhancement
of subordinates’ moral behaviors through reciprocal communication, reinforcement,
and decision-making” [1]. Abusive supervision refers to “the extent to which followers
perceive chronic supervisor hostility through verbal and nonverbal behaviors to the
exclusive of physical contact.” [2]. They have different styles and different functional
boundaries, so they have different effects on employees and teams. This paper will
explore the influence of ethical leadership and persistent supervisor hostility in different

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
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specific situations. It focuses on the influencing mechanism of moral leadership and
supervisory abuse. Based on a review of 122 relevant works on leadership research
in top journals in the past two decades, this paper summarizes their mediations and
boundary conditions for employee work results and team results, which is of certain
guiding significance for future leadership research.

2 Research Mechanism

2.1 Mediators

This section reviews the leadership research literature from top management journals
(ABS rated 4 or above) over the past two decades, as shown in Fig. 1. Research trends
have changed over the past two decades. First of all, leadership research has changed
from performance-oriented to employee-oriented, and the research results have changed
from simple performance to diversified employee behaviors. Secondly, the research
perspective is transformed from static to dynamic, and scholars gradually realize the
dynamic changes of key situations such as attention, emotion, and pressure between
leaders and subordinates. Finally, the understanding of leadership has become more
comprehensive. Instead of simply believing that positive leadership will bring positive
effects, more emphasis has been placed on the role boundary of leadership.

Mediator A. Employees are influenced throughfivemediators – self-construal, efficacy,
cognition, collective outcome, and organizational support – by ethical leaders, which are
expounded as follows.

Firstly, as a social referent, ethical leaders can cultivate employees’ moral traits thus
altering or shaping their self-construal both vicariously and directly. Previous studies
have revealed that followers are inclined to learnmoral values and politics from their eth-
ical leader by regarding him as a rolemodelwho also contributes to the rise of employees’
self-esteem and feelings of organizational respect. Hence, organizational identification
is enhanced, through which ethical leaders can affect followers’ job performance. Zhu
et al. added relational identification into focus and deemed that employees may identify
with the core member to meet their fundamental needs like affiliation [3].

Secondly, ethical leadership relates to efficacy, especially resolution efficacy and
group ethical voice efficacy. By defining success not only in the attainment of goals
but also in social processes employees learn, ethical leaders enhance their subordinates’
resolution efficacy, which is a specific form targeted at conflict resolution [4]. With the
help of the social learning process which is especially important to their leaders’ ethical
behaviors, employees’ group ethical voice is activated, thus forming control beliefs,
conceptually related to the concept of self-efficacy [5].

Thirdly, when ethical leaders offer narratives expressing proactive organizational
expectations, subordinates garner a cognitive anchor which guides moral equity judg-
ments. If retrospective evaluations of ethically-related situations are developed, followers
will form judgments about workplace deviance as being ethically inappropriate while
they gain an understanding of the importance of cooperative behaviors when supervisors
account for the outlook about how to interact with co-workers. Both are fulfilled through
sense-making and social learning [6].
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Fourthly, research focuses on collective outcome as a mediator, through which eth-
ical guidance affects employees. By meeting the needs of team members, decreasing
the occurrence of interpersonal disputes among subordinates, and enhancing reward
expectancy for diligent work, ethical leaders yield team cohesion effectively [7].
Walumbwa et al. revealed a link between ethical leadership and workgroup conscien-
tiousness [8].Moral leaders display behaviors signaling honesty, self-discipline, reliabil-
ity, responsibility, high standards, and truthfulness which are consistent with hallmarks
of conscientiousness and therefore shape the norms the workgroup is likely to formulate.

Finally, organizational support links moral guidance and employees. As a compre-
hensive motivational mechanism, psychological empowerment operates through four
cognitions: meaning, impact, self-determination, and competence, two of which are
influenced by ethical leadership. To be more specific, through developmental interac-
tions, such as reciprocal dialogue, moral leaders perceive subordinates’ concerns and
provide constructive and positive feedback accordingly, thus enhancing confidence in
their followers’ competence. Also, the model for employees is critical to understanding
the full scope of one’s decisions,which is beneficial to foster a sense of self-determination
[8].

Mediator B. Figure 1 displays stress, emotions, perceptions, efficacy, identifica-
tions, and other factors mediating the relationship between abusive supervisors and
subordinates, which are delineated as follows.

Firstly, abusive supervision influences employees mediated by stress. Supervisory
abuse—such as deriding, undermining, and censuring subordinates—signals a chronic
stressor that is in connection with psychosomatic complaints [9]. Prior study unfolds
that to reconstruct fairness and relieve frustration got from abusive leaders, followers are
inclined to transmit the displaced aggression by annoying and irritable interactions with
a partner instead of striking back to their leaders on account of concerning the fallout
related to their career lives, which reinforces the tension between employees and their
partners [11].

Secondly, abusive supervisors lead to destructive behaviors of followers through
negative impacts on their emotions. Froma psychological perspective, receiving negative
treatment in the social group, such as criticism, ridicule, and abuse, a person will be
perceived as not valued and the supervisory hostility represents a continual deterioration
in relationships. Employees are in consequence marginalized; thus their self-esteem is
diminished [12].

Thirdly, abusive supervision associates with perceptions. For instance, perceived
organizational obstruction is positively related to abusive supervisors on account
of the influence that the negative social exchange between leaders and employees
has on employees’ negative social exchange perceptions of their organizations [13].
Schaubroeck et al. have revealed that when receiving more supervisory abuse than group
members who report to the same leader, the person perceives less peer respect because
subordinates show great deference to supervisors, viewed as experienced evaluators and
the authority in organizations, which adversely impact employees [14].

Fourthly, some research discusses efficacy as a mediator of the relationship between
supervisory abuse and subordinates. Abusive supervision relates to low psychological
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safety which conduces to the development of collective efficacy. When receiving persis-
tent supervisor hostility, employees are inclined to be wary of putting forward ideas and
even deem themselves incompetent, which is harmful to task-related teamwork, thus
lessening collective efficacy [15].

Finally, identification is an important explanatory mechanism. Through persuasions
and serving themselves as exemplars, supervisors influence employees in identify-
ing with organizational values. Abusive supervision actions, such as belittlement and
ridicule, don’t abide by core values which are crucial components of organizations,
hence a negative impact on followers’ identification with those values [16]. Besides,
there are some other types of mediators – deontic reaction, surface acting, rumination,
and moral courage. Targets of supervisory abuse are inclined to use surface acting to
comply with social norms of emotional displays, such as fake positive emotions to avoid
further abuse and suppressions of negative emotions to avert coworker derision [17].

Shared Mediators. There are some shared factors mediating the relationship between
ethical leaders and employees and between abusive supervisors and their followers,
among which motivations are the most common one. To motivate the work unit’s behav-
ior to meet organizational requirements, supervisors implement policy control systems
aligning with their moral principles. Extrinsic motivation, controlled motivation in par-
ticular, such as monetary benefits, conduces to employees’ behavioral regulation [18].
H. Zhang et al. Asserted that continual abusive supervision was liable to form a negative
organizational climate which may undermine intrinsic motivation, hence a decrease in
creativity and work enjoyment [19].

2.2 Moderators

Moderators are mainly divided into two parts – individual characteristics and organiza-
tional environment. In terms of the former part, the trait of moral judgment is the leading
factor, such as moral foundations, moral courage, follower’s moral attentiveness, and so
forth. Employees with high moral judgment are more likely to be influenced by moral
leadership, and more averse to abusive leadership in contrast.

2.3 Results

Figure 1 classifies results into proximal and distal from both individual and organiza-
tional level, among which, proximal results are mainly divided into employee attitudes,
employee behaviors, and team results, while employee performance and organizational
performance are included in distal results.

In terms of employee attitudes, there exist general work attitudes, such as job pursuit,
turnover intention, and job satisfaction, and specific attitudes, such as work withdrawal,
constructive resistance, and organizational identification. For instance, when abused by
supervisors, subordinates perceive lower peer respect in social groups, which under-
mines the potential for them to foster a sense of belonging, a crucial part in connecting
an individual to teams. Hence, employees’ turnover intentions increase [20]. Also, if
followers of abusive supervisors don’t take measures (e.g., suppression) to manage their
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negative emotions, theywill develop high levels of emotional exhaustion, thus increasing
work withdrawal [21].

General behaviors like organizational citizenship behavior, workplace deviance,
and voice behavior, and specific behaviors (e.g., problematic drinking) are included
in employee behaviors. Prior study reveals that leader-member exchange is generally of
high quality in the context of ethical leadership, which compels employees to foster a
sense of obligation to engage in the workplace in a reciprocate way [22]. More com-
monly discussed in the area of team results is the engendered impact on the working
groups and families, such as group cooperation and work-to-family conflict.

In terms of performance, followers of ethical leaders perform better on account of
high organizational identification with which individuals are inclined to align their inter-
ests with those of their teams [3]. Besides, Walumbwa et al. asserted that group mem-
bers’ high performance related to ethical leaders’ role-modeling process, high LMX, and
behaviors of interacting directly with team members’ performance management [8].

3 Theoretical Perspective

When summarizing and refining the existed literature, the authorfinds that the influencing
mechanism of the two kinds of leadership is analyzed generally from three various
perspectives – the resource, interpersonal and emotional perspective, which will be
expounded as follows.

3.1 The Resource Perspective

From the perspective of conservation of resources, leadership is regarded as a kind of
situation of increasing and losing employee resources. Ethical leadership conduces to
resource increment. Its presence supplements the consumption of employees’ resources,
through which employees are encouraged to actively respond to the changes in the orga-
nizational environment and devote themselves to thework processes. For example,moral
leadership can improve employees’ self-efficacy, and this mechanism plays a more sig-
nificant role in proactive personality. However, abusive supervision consumes resources.
Supervisory abuse, such as gruff manners and harsh behaviors toward subordinates,
results in resource depletion, emotional exhaustion, and a sense of pressure. Followers’
resources are used to deal with such intensive circumstances. Hence, it is difficult for
employees to concentrate their energy on the work processes and actively contribute to
the team. Some research reveals that out of the fear of their resource loss, employees are
inclined to take reflexive behavior and reduce the initiative behavior and voice behav-
ior, thus leading to negative results (e.g., work-to-family conflict, work withdrawal, and
lower performance).

3.2 Interpersonal Perspective

The interpersonal perspective focuses on the influence of leadership style on subordi-
nates’ interpersonal relationships, the relationship between the two, and the impact of
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the relationship quality on employees’ behavior and performance. Generally, the rela-
tionship between moral leadership and subordinates is better. Ethical leaders tend to be
more friendly and they would like to admit their own mistakes frankly. Equal dialogues
with employees and attention to the development of subordinates also conduce to higher
exchange quality. In this case, followers aremorewilling to contribute to the organization
in return for the leader’s efforts. For example, ethical leadership increases the organi-
zational identity of employees, thereby reducing turnover intention and improving job
satisfaction. On the contrary, abusive supervision, such as ridicule, negligence in emo-
tional care, and lack of empathy towards employees, curtails the relationship between
supervisors and their followers. Subordinates perceive irrationality and have a lower
psychological sense of belonging to social groups. Therefore, unwillingness for them to
pay for the organization and repay leaders is fostered. Supervisory abuse reduces indi-
viduals’ perception of justice who feel the interpersonal justice is much unfair because
leaders scold without any consideration, which results in turnover intention, reduction
in employees’ sense of happiness, and even counter-productive, deviant, and revengeful
behaviors.

3.3 Emotional Perspective

From theperspective of emotion, leadership is regarded as an important factor in influenc-
ing employees’ emotions. Ethical leadership can generate good emotions for employees.
Ethical leaders elicit a moral atmosphere to the team. As an employee, affected by the
positive atmosphere within the team, he tends to be in a good mood and feels that his
co-workers are amicable and reasonable, hence more willing to contribute to teams (i.e.,
a positive emotion). At the team level, due to the positive ethical climate brought by
the exemplary role of moral leaders and their friendly behaviors, team members are in a
positive attitude and become more united, thereby increasing organizational citizenship
behavior of the team. Abusive supervisors engender negative emotions. Intuitively, when
employees encounter injustice and unreasonable abuse and criticism from leaders, they
perceive inequity in the team. Therefore, they not only produce negative emotions but
also fear leaders for punishment and abuse. Such emotions all result in subordinates’
inability to concentrate on their work, thus reducing job satisfaction.

4 Conclusion and Discussion

Through reviewing existing research, this paper summarizes the main influencing mech-
anisms of ethical leadership and abusive supervision. The main findings are as follows:
First, ethical leadership and abusive supervision, as two distinct leadership styles, have
different impacts on employees and teams. In general, ethical leadership can improve
employees’ initiative, employee performance, and team performance. Abusive supervi-
sion undermines motivation and harms employees and teams. Secondly, existing studies
have established a rich explanation mechanism between the two kinds of leadership and
work results, including common intermediarymechanisms (such asmotivation and emo-
tion) and their unique intermediarymechanisms. Finally, the existing literature generally
analyzes the influencing mechanism of two kinds of leadership from three perspectives:
the resource perspective, interpersonal perspective, and emotional perspective.
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This research has the following three contributions. First, by summarizing the
research results of top journals, this paper sorts out the research mechanisms of the
two kinds of leadership respectively, which lays a foundation for follow-up research to
some extent. Secondly, by further refining the literature, this paper summarizes three
common theoretical perspectives and clarifies the characteristics of each. Finally, this
paper makes a comparative study of ethical leadership and abusive supervision to clarify
their results for employees and teams. Of course, this study inevitably has some short-
comings, such as the absence of further discussion on the situational nature of ethical
leadership and abusive supervision. Recent studies have shown that abusive supervision
has positive effects under some conditions, and ethical leadership may also bring nega-
tive effects such as the leader’s moral superiority. On this basis, the following research
can further discuss the functional boundary of the two kinds of leadership.
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Abstract. Normally, economists believe that predictions are purely based on rel-
evant information and collective understanding acquired from well-researched
surroundings. Also, many works in classical economics suggest that emotions–
both positively active and negatively calming – could widen gaps between rational
human and real people. in this study, this author conducts an experiment seeking
to understand the impact of emotion intervention on performance using 90 high
school students to test how different emotions affect their predictions towards the
traditional Chinese game named pitch-pot which requires players to throw sticks
from a set distance into a large canister. The main finding of this work is that peo-
ple’s predictions do have a relationship with their emotions and this connection is
especially strong when the emotions are in positive states.

Keywords: Emotional effect · Decision making · Experimental study ·
Determinants of rationality

1 Introduction

Classical works in economics tend to assume the rational economic man as the guiding
yardstick for understanding human behaviour [1]. However, this assumption has recently
been challenged by behavioural economists with experimental and observational evi-
dence [2]. One of the main claims behavioural economists made is that emotions which
are considered as variables that play a very significant role in our daily life and social
connection, have the potential to affect the real behaviours of people in everyday life [3]
on the one hand, but also make people commit some simple heuristics mistakes [4] on
the other hand. This study builds on the research by looking at the impact of emotion on
decisions making on a group of high school students using experimental design.

2 Manuscript Preparation

2.1 Experimental Design

To assess the impact of emotions on people’s decisions, the author applied three treat-
ments to the randomized-allocated subjects [5]. To apply the interventions on emotions
using random assignment techniques [6], 90 students were randomly divided into three
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groups and one student (who is not familiar with the test group) was randomly picked.
He or she was asked to throw a stick to a pitch pot that is put a mile away. The selected
member had 5 chances to throw the sticks overall. All tested members needed to predict
the result of each throw, as shown in Table 2 below. They did one prediction every time
before the person is throwing, which means they were perfectly able to learn from the
previous result and remake the prediction for the next throwing [7].

Before the experiment started, all students were asked to finish questionnaires to
collect basic information of tested members, including age, gender, class, GPA, native-
ness. Then, students that were in group one were asked to predict the result without
giving any affections. And then the conductor of the experiment told them people who
get the right prediction in the following five turns would get a small award, so students
were assumed to be more motivated than they were in the first round.

However, the rest two groups of people’s emotions were given controlled treatment
[6]. People from the second group were asked to watch a clip from a comedy after
answering the basic questions on the questionnaires and before making predictions.
Then they were asked to write down what they saw in the film how they feel about
it on the questionnaire. By contrast, The third group watched a horror movie before
making predictions, as shown in Fig. 1. So basically, each participant in these two
groups experienced typically followed three steps: (1) completed a survey about personal
information, (2) watchedmovies, and wrote down feelings, (3) made predictions. In Step
1, the conductor approached potential subjects by entering each classroom during the
break time and inquired about their interest in filling out a survey that would take about
ten minutes. Most of them just agreed without hesitation, as they were told that everyone
whoparticipated in this experimentwould receive a small gift as a reward.Also, it seemed
quite interesting for a high school student who always struggled with schoolwork to join
in unusual activity. I briefly explained the whole procedure and then I handed out the
questionnaires. After inviting a student to stand in front of the class to throw the stick,
I gave time for all students to inspect the pitch pot, the distance, and the stick. For all
three groups of students, the physical products which were used in the experiment are
the same.

A few noteworthy aspects of the experimental design merit further consideration.
Asking students to write their feelings down helps me to figure out if their emotions
have been affected successfully and what are their current emotion [8]. The result shows
that most students’ emotions have been successfully transformed into the right state.
For example, students who watch horror movies always use words like disgusting, dark,
nervous, scared to describe their feelings.
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Given the research design, I have the following three predictions:

1. People are more likely to make positive predictions when given positive interven-
tions.

2. The predictions people made are more negative under negative interventions.
3. The effect of the intervention on emotion would diminish as the times of repetition

increases. Thismight be a result of the learning/adaptational process [2]where people
are trying to adjust themselves.

2.2 Experimental Results

Tables
Table 1 presents the summary statistics of the variables collected from the participants
in the experiment by groups. The following variables are collected from the participants.
The actual age of the students is represented by the variable, age. Using male as a
benchmark, the female is coded as 1 under the variable, gender. Grade denotes the actual
year that the person spent in school and GPA measures the average score the person has
at school: 0 for high, 1 for midium level, 2 for low level. Native-ness characterizes the
fact that whether the person is born and lived in the city where the experiment took place:
0 if native, 1 if non-native and emotions denote their self-assessment to their emotional
state: 0 if emotional, 1 if non-emotional. Table 1 presents the summary statistics of the
participants in the experiment by groups.

Table 1. Selected characteristics of participants

Group 0 mean
(std. dev.)

Group 1 mean
(std. dev.)

Group 2 mean
(std. dev.)

Age 16
(0)

15.14
(0.73)

15.95
(0.83)

Gender 0.21
(0.42)

0.38
(0.50)

0.65
(0.49)

Grade 11
(0)

10
(0)

11.05
(0.51)

GPA 0.5
(0.62)

0.55
(0.51)

1
(0)

Native 0.21
(0.42)

0.05
(0.22)

1
(0.31)

Emotions 0.58
(0.51)

0.70
(0.47)

0.70
(0.47)

Notes: See text descriptions

Table 1 provides a summary of the basic information of all subjects. Looking across
all these variables, the variable age and grade share similar characteristics across the
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groups. Disparities across groups for variables Native could be a concern, which would
be controlled in the regression specifications.Group0andGroup1 share a similar average
age and average GPA but they a big disparity with those of Group 2. By analyzing the
numbers of standard deviation, it is easy to tell that many subjects in one group have
the same characteristics. For example, Group 0 includes students that have the same age
and are in the same grade. Students in Group 1 are also in the same grade level. And in
Group 2, the average GPA (stated by themselves) is at the middle level for all students.
By analyzing the numbers of standard deviation, it is easy to tell that the subjects in one
group are relatively similar in many aspects like Group 0 has the same age and Group 1

Table 2. Summary of the predicting results from the experiment

Group 0 Group 1 Group 2

Panel A: mean of different predictions

1st 0.05
(0.229)

0.52
(0.512)

0.15
(0.366)

2nd 0
(0)

0.38
(0.498)

0
(0)

3rd 0.10
(0.315)

0.42
(0.507)

0
(0)

4th 0.16
(0.375)

0.24
(0.436)

0.15
(0.366)

5th 0.74
(0.452)

0.29
(0.463)

0
(0.308)

Total 0.95
(0.621)

1.86
(1.014)

1.40
(0.754)

Panel B: Percentage of Making
positive predictions

0 19.05 9.52 71.43

1 60.00 30.00 10.00

2 25,00 50.00 25.00

3 0 100 0

Panel C: Percentage of making
positive predictions in the different
turns

1st turn 6.67 73.33 20.00

2nd turn 0 100 0

3rd turn 18.18 81.82 0

4th turn 27.27 45.45 27.27

5th turn 63.64 27.27 9.09
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includes students who are in the same grade level. Students in group 0 are all the same
age, and students in group 2 have similar academic performances.

Table 2 offers the average predicting results people made in the experiments.
Throughout the experiment, numbers are used to denote the predicting results: 1 demotes
“hit” and 0 denotes “miss”. From Panel A, we can tell the data of Group 0, has the ten-
dency of converging to 1 which means the tested members are more likely to predict
“hit” as the repetition of the game increases. And the probability turns to be the highest
in the last round.However, for Group 2, the average predicting result is the closest to 1
in the first round. Results of Group 2 consist of the lowest number at any term and the
lowest total prediction number. From Panel B, it is obvious to tell that people without
intervention are more likely to make 1 positive predictions throughout the game, while
those who are under positive intervention generally tend to make 3 positive predictions
out of 5 trials. In opposite, those who are controlled to have negative emotions have the
highest possibility to make 0 positive prediction. Panel C indicates a similar pattern as
Panel A. People in Group 0 are more likely to predict “hit” for the last trial while Group
1 shows a higher possibility of predicting “hit” at the first three trials. Group 2 shows a
slightly higher average number both for the first and for the last trials.

Based on the assumption of equal variance, to conduct a formal statistical test, this
author performs a t-test for equalization of means and reports the associated p-values
below for each of the interesting outcomes.

Although the analysis above has already provided conclusions that are consistent
with the main predictions of the study, other factors that may affect the decision-making
process still need to be controlled. These other subject-specific variables [9] can be
related to the outcome by using a typical econometric model:

Y_{i,t} = constant + \β * D_i + \γ* control variables + error term.

X includes subject-specific variables that may affect the prediction results. Variables
in X are listed in Table 1 and include age, gender, class, GPA, native-ness, and a variable
indicating whether the subjects consider themselves as emotional people in their daily
lives.WhileY is determined by all variables。Using group 0 as baseline control. Selection
bias is eliminated via experimental design (Table 3).

Table 3. Summary of P-values from pairwise T-test for equalization of mean

Group 0 vs 1 Group 0 vs 2 Group 1 vs 2

1st predict 0.0007 0.3293 0.0108

2nd predict 0.0019 0.1436 0.0015

3rd predict 0.0019 0.9473 0.0005

4th predict 0.5387 0.0000 0.4892

5th predict 0.0035 0.0184 0.1405

Total predictions 0.0017 0.0000 0.0000

Times of correct prediction 0.0002 0.3298 0.0000
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Table 4. Summary regression

– 1 – 2 – 3 – 4 – 5

Total Predict Total Predict Total Predict Total Predict Total Predict

0.Group 0 0 0 0 0

(.) (.) (.) (.) (.)

1st prediction

1.Group 0.471*** 0.489*** 0.434*** 0.470*** 0.442**

– 3.8 – 3.9 – 3.51 – 3.68 – 3.41

2.Group 0.0974 0.144 0.00611 0.0967 0.037

– 0.78 – 1.07 – 0.04 – 0.76 – 0.25

2nd prediction

1.Group 0.381*** 0.368*** 0.349*** 0.398*** 0.350***

– 4.08 – 3.89 – 3.78 – 4.16 – 3.67

2.Group 0 – 0.0331 – 0.00676 0.0116 – 0.031

0 (–0.33) (–0.07) – 0.12 (–0.28)

3rd prediction

1.Group 0.323** 0.348** 0.364** 0.300* 0.379***

– 2.93 – 3.15 – 3.42 – 2.66 – 3.5

2.Group – 0.105 – 0.0411 0.0252 – 0.21 0.0848

(–0.94) (–0.35) – 0.21 (–1.07) – 0.68

4th prediction

1.Group 0.0802 0.0464 0.0998 0.048 0.0365

– 0.64 – 0.37 – 0.78 – 0.38 – 0.28

2.Group – 0.00789 – 0.0952 0.0448 – 0.0298 – 0.0682

(–0.06) (–0.72) – 0.32 (–0.23) (–0.45)

5th prediction

1.Group – 0.451** – 0.444** – 0.411** – 0.491*** – 0.427**

(–3.44) (–3.32) (–3.28) (–3.70) (–3.27)

2.Group – 0.637*** – 0.618*** – 0.460** – 0.664*** – 0.460**

(–4.80) (–4.32) (–3.32) (–5.00) (–3.05)

Total prediction

1.Group 0.910*** 0.908** 0.934*** 0.842** 0.882**

– 3.5 – 3.43 – 3.58 – 3.19 – 3.23

2.Group – 0.547* – 0.553 – 0.328 – 0.593* – 0.382

(–2.08) (–1.95) (–1.14) (–2.25) (–1.21)

t statistics in parentheses.
* p < 0.05, ** p < 0.01, *** p < 0.001.
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Finally, Table 4 reports regression estimates. Dependent variables equal 1 if the
subject chose to predict “in”, 0 otherwise. Gender = 0 if male, 1 otherwise. GPA = 0
if the subject said his GPA is at a high level, GPA = 1 if it is at the middle level, 0
denotes for low level. Native = 0 if the subject is native-born, 1 otherwise. ***Denotes
coefficient estimate is significant at the P <. 05 lev. Overall, compares the results with
Group 0, the significant level of Group 1 is very significant for all five trials while that
of Group 2 is only significant at the first and the fourth trial. Also, according to the
regression estimates table of the first prediction, by comparing the results with Group 0,
the significant level of Group 1 is very significant for the first four trials and relatively
less significant for the last trial. However, none of the trials done with Group 2 shows a
significant result.

3 Conclusions

In this study, several unique insights are yielded through examining the behavior in three
groups with positive or negative affect, allowing me to consider whether optimization
as a modeling tool in neo-classical predictions is reasonable.

The first insight is emotions in all kinds of structures would interrupt our predictions.
Secondly, positive affect ismore obvious thannegative affectwhen it comes to predicting.

To find out whether humans differ from people that the set of assumptions defined
[9] in other ways, further investigations and more experiments are needed. If stronger
evidences can prove that the divergence is large, then economic models may need to
stick to some new things. Making central concepts unchanged, economists will become
more sophisticated in their ability to characterize the optimal solutions to problems as
well as to make predictions about how people would react to new environments.
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Abstract. Constructive deviation, as a new type of behavior, has attracted wide
attention from scholars. Previous studies have explored the influence and mecha-
nisms throughwhich constructive deviation operates as a dependent, intermediate,
and moderating variable. This article reviews the research on the concept of con-
structive deviation and its related theories. It also discusses the limitations of
constructive deviation and future research directions.

Keywords: Constructive deviation · Conceptual connotation · Related
variables · Future research directions

1 Introduction

As organizations become more flexible, performance-oriented and globalized, it is nec-
essary for employees to be more creative and innovative at work. If the employees want
to innovate in their workplace, they may deviate from the institutional norms and pro-
cedures. While some studies have shown that deviation from the norm may be harmful
[1], others found that it can be beneficial to organizations and significantly improve their
effectiveness [2, 3]. In addition, although employee compliance with norms is important
to the operation and development of an organization, strict compliance with all rules
and regulations may inhibit employees from seeking innovative ways to solve problems
at work [2]. With the ever-changing and developing environments of organizations, the
rules need to be adapted to the environment and the development. Sometimes the rigid
and unchanging rules not only harm the interests of the organization, but also prevent its
development. It is common to find that the employees violate the institutional rules due
to pro-social intentions, and such behavior can promote innovation and development.
This study will systematically revise and discuss the existing research on constructive
deviation, and then make suggestions for future research directions.

2 The Concept of Constructive Deviation

The scholars developed the concept of constructive deviation, advancing their ownunder-
standing and definition of the term. According to Galperin (2003), constructive deviation
is a behavior that violates the rules of an organization that is usually voluntarily con-
ducted by employees to increase the well-being of the organization or its stakeholders
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[2]. Warren (2003) defined constructive deviance as a behavior that violates the formal
rules of the group but that is beneficial to the group [3]. Vadera et al. (2013) proposed
that, in an unpredictable and suddenly changing world, employees may deviate from the
established path and become more creative, more efficient, and more relevant [4].

In summary, although scholars have different definitions and explanations of con-
structive deviation, they all agree that it ultimately benefits an organization. While the
various definitions contain similar underlying dimensions, they vary slightly in their
description of specific behaviors (see Table 1).

Table 1. Definition of constructive deviation

Author Definition Similarities

Galperin (2003) [2] Voluntary behavior that violates
the organization’s core norms in
order to increase the well-being of
the organization or its stakeholders

Ultimately beneficial for the
organization

Warren (2003) [3] Behavior deviates from the norms
of the reference group but
conforms to the super-norms and
benefits the reference group

Vadera et al. (2013) [4] Employees may deviate from the
established path and become more
creative, and this beneficial
deviation is called constructive
deviation

3 Constructive Deviation and Other Similar Concepts

Warren (2003) outlined that constructive deviation is a general term that includes many
types of behaviors, such as principled organizational dissent, anti-role behavior, moder-
ate activism, whistleblowing, exercising the right to speak, and pro-social behavior [3].
According to the theory of organizational citizenship behavior (OCB), there are some
differences between constructive deviation and these different types of behaviors. Con-
structive deviation, pro-social rule breaking (PSRB), andOCB have both similarities and
differences. In order to further define the concept of constructive deviation, this article
summarizes and compares the views of different scholars.

3.1 Constructive Deviation and PSRB

The concept of PSRBwas first introduced byMorrison [5], who defined it as the process
through which employees deliberately violate an organization’s formal policies, regula-
tions, or prohibitions for the benefit of the organization or its stakeholders. Compared
with the traditional view that rule violation is a form of opportunism or laziness from
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the part of self-serving employees, some types of violations of organizational policies
may be due to good intentions. In particular, individuals that have a strong tendency
to take risks can significantly contribute to constructive deviance [6] and PSRB [5].
Different leadership styles also have an influence on these two behaviors. For example,
authoritarian leadership was found to have a significant negative effect on constructive
deviation [7] and PSRB [8]. As we can see, both constructive deviation and PSRB are
spontaneous acts carried out by employees for the purpose of improving the interests of
the organization and violating the organizational rules. The rules violated by construc-
tive deviation include formal and informal norms, while the notion PSRB emphasizes
that the violations are formal rules and regulations.

3.2 Constructive Deviation and OCB

Galperin proposed that constructive deviance is related to OCB because the various
aspects of employee performance involved in these behaviors exceed their formal work
responsibilities. However, these two concepts are very different. OCB is a discretionary
behavior that is not recognized by the formal reward system but that can promote the
effective operation of the organization.Unlike organizational citizenship behavior,which
is more subordinate and passive in nature, constructive deviations include intentional
measures (Table 2).

Table 2. Comparison between constructive deviation and other similar behavior

Constructive Deviation and PSRB Constructive Deviation and OCB

Similarities Both are non-mandatory, voluntary
actions conducted by employees;
individual behaviors outside the scope
of official work responsibilities;
behaviors are beneficial to the relevant
interests of the organization; behaviors
are deviant and violate organizational
norms or regulations

Both are discretionary behaviors that
are not recognized by the formal reward
system but can promote the effective
operation of the organization

Differences The organizational norms violated by
constructive deviations include both
formal and informal ones (Bennett &
Robinson, 2000); the rules violated by
PSRB are the official ones set by the
management of the organization [5]

Unlike OCB, which is more subordinate
and passive in nature, constructive
deviation includes intentional and
significant violations of organizational
norms [9]

4 Theory

Until now, different scholars illustrate constructive deviation from different perspectives.
The main theories go as follows:
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4.1 Social Exchange Theory

Social exchange theory mainly refers to the phenomenon where individuals create and
maintain exchange relationships with others under the assumption that they will get a
reward [10]. If employees perceive lower organizational support, they will build some
support networks to reduce avoid any resistance in their violation of rules. As such,
there is an interaction between attitude, perception, and behavior. According to social
exchange theory, constructive deviation is a way for employees to contribute to the
positive exchange relationship they experience within the organization.

4.2 Social Identity Theory

Social exchange theory refers to an individual’s knowledge about belonging to a certain
social group and the emotional and value meaning that arises from identifying with a
particular group. Individuals realize that they belong to certain social groups, and at the
same time realize the emotional and value meaning that this identity brings to them [11].
Social identity theory illustrates that people’s efforts to achieve and maintain a positive
social identity may cause deviations from the norms.

4.3 Social Anomie Theory

Social anomie theory explains deviant behavior by emphasizing that social imbalances
and changes lead to a decline in the acceptance of social rules and norms [12]. Anomie
theory assumes that specific conditions within the social structure produce a certain envi-
ronment in which deviation from convention and norms becomes an expected response.
Therefore, social anomalies are the erosion of values, norms, and rules. Furthermore,
certain institutional environments put pressure on individuals, prompting them to act
unconventionally. That is, they push past the rules and their restrictions of rules and
engage in deviant behavior, including constructive deviation behavior.

5 The Causes and Consequences of Constructive Deviation

Existing studies have explored the antecedent variables of constructive deviant behavior
from multiple levels. The individual level includes active personality [13], psychologi-
cal empowerment, and risk tolerance [6, 14] is positively related to constructive deviant
behavior. The team level includes empowered leaders [7, 14–16] authoritarian leader-
ship [7], inclusive leadership [17].The results show that empowered leaders and inclusive
leadership has positive impact on constructive deviant behavior [7, 14–16],but authori-
tarian leadership is negatively related to constructive deviant behavior [7].The organiza-
tional level includes organizational justice [18], moral identity [18], and organizational
culture [19] is positively related to constructive deviant.

After reviewing the relevant literature, we noted that most of the existing studies
pay more attention to the positive impact of constructive deviation. This study describes
the effects of constructive deviation at the three levels (individual, team, and orga-
nization). At the individual level, constructive deviant behaviors can make employ-
ees feel marginalized or socially isolated [20]. Conversely, employees who adopt con-
structive deviant behaviors can improve work efficiency and services [14]. In addition,
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constructive deviant behaviors can also increase employee performance, promote self-
improvement, and help others gain more knowledge [21]. At the organizational level,
constructive deviation can improve the organization’s environmental adaptability. That
is, employeeswhoparticipate in constructive deviant behaviors can be described as active
change agents, who help the organization adapt to changes and to new environmental
constraints in a dynamic world market [4]. In short, the existing research on constructive
deviation mostly focuses on the organizational level and the individual level. There is
a lack of research at the team level, and most of the research focuses on the impact of
constructive deviation.

6 Discussion of Constructive Deviant Behavior and Future
Research Prospects

For an organization, constructive deviation has both advantages and disadvantages. On
the one hand, it can increase the management costs and risks and, on the other hand,
it can improve the creativity of the organization. Managers must learn how to motivate
constructive deviation among their employees in order to promote their organization’s
development. While exploring the theoretical roots of constructive deviations, schol-
ars have made several constructive suggestions based on the management style of the
organization.

6.1 Managerial Strategies for Constructive Deviation

According to the literature, constructive deviation is usually a bottom-up, unplanned
activity that occurs without the formal authorization of the relevant management depart-
ment. In general, constructive deviation is not part of the organization’s formal planning,
so there is a lack of corresponding resources to encourage and promote this behavior
among employees. Although constructive deviation ultimately benefits the organization
and its stakeholders, we do not fully know how to effectively identify the constructive
deviation of employees. Recognizing the constructive deviant behavior of employees
brings great challenges to leaders and their organization. Although leadership styles such
as authoritarian leadership and inclusive leadership can promote constructive deviant
behaviors to a certain extent, scholars also call for the need to explore more types
of leadership style and constructive deviant behavior [19],we also need to explore the
relationship between other leadership styles and constructive deviation.

6.2 In-Depth Exploration of the Mechanisms Through Which Constructive
Deviation Operates

After years of research on constructive deviation,a majority of the results shows that the
benefits of constructive deviation for individuals and organizations include improved
work efficiency (personal level) and increased ability of the organization to adapt to
the environment (organizational level). Future research can further explore the potential
negative effects of constructive deviation and its influencemechanisms at both levels.And
future research also needs to illustrate the mechanisms of constructive deviation from
different theories.
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6.3 Research on Constructive Deviant Behavior in Different Regions

More research is needed to understand how constructive deviation operates in different
regions (i.e., how it works in Chinese versus Western cultures). For example, the collec-
tive tendencies of Chinese culture and the individualism of Western society may lead to
large differences in the constructive deviant behavior of Chinese andWestern employees.
In the context of a Chinese society in favor of institutional norms, it would be interesting
to see whether employees’ behavior is consistent with the Western notion of creative
freedom still needs to be explored. In addition, most of the constructive deviation mea-
surement tools were developed in the Western context. Whether these tools are suitable
for employees in Chinese organizations remains to be verified. Therefore, research on
constructive deviation in China should also incorporate more regional cultural factors
that are characteristic of the Chinese environment.
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Economy Based on Block Chain Technology
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Abstract. This paper introduces the application research of sharing economy
based on block chain technology, which is divided into four parts. At the begin-
ning, the author starts with the problems and describes the definition of the shar-
ing economy. Then, the problems existing in the sharing economy are discussed,
namely, network effect and unsound credit system. In addition, the sharing econ-
omy also enhances the harm caused by monopoly. At the same time, once unqual-
ified resources appear on the shared platform, users’ sense of use will be greatly
reduced, and platforms are easy to go bankrupt. Next, the paper discusses the
possibility of using blockchain to solve problems existing in the sharing economy,
and describes the principle of using blockchain to solve network effects, as well
as the reasons why blockchain can be used to solve the problem of sharing plat-
form: 1. Trust sharing to match supply and demand. 2. Data sharing, providing
credit protection. 3. Smart contracts to provide solutions. 4. Permission sharing,
revolutionary change. After that, the block chain technology is formally applied
in the field of car sharing, here the author creates a fully functional, convenient
and fast car networking economy ecosystem based on shared car functions, inte-
grated taxiing capabilities, car networking systems, and so on, as a case in point,
to illustrate the advantages of introducing blockchain into the sharing economy.
Finally, the author summarizes the above. In fact, it can be seen from the previous
content that it is feasible to introduce the block chain into the sharing economy,
which can smoothly solve the problems existing in the sharing economy in the
market. But at the same time, the application of blockchain technology in the
sharing economy scenario also has some obstacles. Therefore, the application of
blockchain technology in the sharing economy is desirable, but still needs to be
improved.

Keywords: Sharing economy · Blockchain · Network effect

1 The Problem Analysis of the Sharing Economy

1.1 Concept of the Sharing Economy

The sharing economy is a term used in applied economics, first proposed in 1978 by
Marcus Felson, a sociology professor at Texas State University, and Joel Spaeth, a
sociology professor at the University of Illinois. The sharing economy can be defined as
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a new economic model based on strangers and the temporary transfer of the right to use
goods for the main purpose of obtaining certain remuneration.

The concept of the sharing economyfirst emerged in the 1970s by foreign researchers
Marcus Felson and Joe Spaeth, whose research focused on individual car rental and shar-
ing, calling it a new cooperative consumption model called “individual-to-individual”
that enables effective control of transportation costs. As a result of the reform of infor-
mation technology, the sharing economy has also been updated and developed rapidly,
becoming the most active business model in recent years. Botsman and Rogers [1] came
up with three sharing economies by analyzing a large number of real-world cases 0.
Those are the paid-for-value product service system for tangible products, the social
wealth redistribution system for second-hand trading of salty fish assets, and the coop-
erative lifestyle system for virtual asset sharing. In this regard, Acquier et al. studied
the sharing economy in terms of overcapacity, and he believed that the excess resources
occupied by individuals should be shared among other members of the society and that
there should be some benefit [2]. The sharing economy is an economy that collaborates
more than competes, which is the view ofMurillo et al. [3]. He believes that in the digital
economy with information technology as its core, social capital is more important than
financial capital. Consumers attach great importance to the right to use goods, which is
more important than ownership. Nowadays, people pay more attention to the concept
of environmental protection and sustainable consumption. Shared value has replaced
exchange value, and the sharing economy has brought about radical changes in the
original economic model.

However, there are still many problems to be solved in the practice of sharing
economy.

1.2 Network Effect

One of the common characteristics of Internet enterprises is the network effect, and the
sharing industry is no exception. In economics, network effects are often explained by
network externality.

Research on “network effects” or “network externality” dates back to the 1950s,
when Leibenstein (1950) analyzed literature on the effects of comparison and vanity [4].
The first economist to analyze the phenomenon of network effect was Rohlfs (1974),
who systematically analyzed the interdependence of consumer demand in telecommu-
nications services, and concluded that the utility a user obtained from communication
services increased with the number of people joining the system [5]. Rohlfs’ research
on communication services includes inverted U-shaped demand curve, and start-up and
critical capacity problems in network expansion, etc., which play a key role in laying
the foundation for subsequent research. In the 1980s, Katz and Shapiro (1985) formally
defined the concept of “network externality”, i.e., when a consumer uses or consumes
a product or service, the utility or value he receives increases as the number of people
using that product or service increases [6]. Katz’s research on “network externality” has
promoted the development of network effect-related research, and has become one of the
most widely cited definitions by follow-up researchers, calling the network externality
network effect. In the early 1990s, with Liebowitz, the scholars represented by Margolis
(1994) questioned the study of the mainstream literature, pointed out that network effect
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and network externality were different concepts, and used the externality theoretical
framework to analyze the two concepts in depth [7]. They promoted the meaning of net-
work effect, and thought that the network effect referring to the value of an action was
affected by the number of participants taking the same action, while network externality
refers to the unutilized benefits in the transactions of network participants when balance
occurs, and the difference is the ability to internalize the influence of other participants
in the network. In summary, Liebowitz et al. believed that when the net value of an
action is affected by the number of agents using the same action, the network effect
exists, and Liebowitz and others defined the concept of “network effect” more broadly,
including Katz and Shapiro’s definition of “network externality”, and better covered the
research content of Leibenstein and Rohlfs, etc. Liebowitz and Magrolis’ views were
later accepted by scholars such as Katz, but in many scholars’ articles, network external-
ity and network effects were used as the same concept. Economides (1995) then pointed
out that network externalities arose from the “complementarity” of network structure
based on the analysis of network types and network externality, and summarized rel-
evant literature research as macro-method and micro-method, in which macro-method
assumed the existence of network externality and tried to model its results.

Externality generally includes positive externality and negative externality. Network
externality refers to positive externality, i.e., the more users there are, the more utility
each user gets, and the value of each person on the network is in direct terms with
the number of other people on the network. Network externality is divided into direct
externality and indirect externality. Direct network externality is the change of economic
benefit caused by the change of the number of users consuming the same product, that
is, the increase of the value of goods is directly caused by the increase of the number of
users consuming a product. Indirect network externality is the change of value caused
by the increase of the number of users of a product and the increase of the number of
complementary products and the decrease of price [8].

It is generally believed that with the increase of the number of network users, the
utility of total userswill increase geometrically. In practice, however, accurate calculation
of network effects is more difficult. Shapiro and Walliams (2000) found that consumers
can obtain two basic utility and network utility from the network effect product, which
refers to the utility that the product itself brings to the consumer, and does not change
with the size of the user of the product [9]. However, network utility mainly comes from
the demand dependence between user networks, which changes with the expansion of
the user scale of products. Network utility comes from the size of the network, which
is positively related to the size of the network, and also reflects a kind of economies of
scale, but this kind of particular economies of scale does not come from the supply side
of the market, but from the demand side of the market, so many scholars refer to the
network effect as the demand-side economies of scale. The network effect is based on
the user base effect plus the effect increment with the increase in the number of users.

The utility function of the product with network effect is:

U = r + v(Xe) (1)

where U is the total utility of the product, r is the basic utility of the product, and
v(Xe) is the network effect and a function of the expected size of the user, in terms of Xe.
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This model based on the size of the user’s expected network is adopted by most scholars,
such as Katz and Shapiro (1986) [10], and Economides (1996) [11]. We usually refer
to the equation of network effects, which change with the expected size of the user, as
a network effect function. A typical network effect function is the Metkav Law, which
holds that the value of the network is squared by the number of conference users. This is
actually assuming that the value of each consumer’s network product is directly related
to the size of the network, i.e., a linear network effect function.

The network effect function is as follows:

v(Xe) = rXe (2)

where r is generally referred to as network effect intensity, which indicates whether
the network effect is obvious or not. In particular, r= 0 indicates that the network effect
is 0. The network effect intensity of the product can be controlled by the manufacturer.
For example, the network effect intensity of the online game with the friend function is
greater than that of the online game without the friend function.

Many subsequent studies have shown that it is more likely that the network effect
increases in square multiple in the early stage, diminishing marginal utility may appear
in the later period. In the later period, the network effect evolves into a long tail effect.

We can also draw inspiration from the long tail curve,which is a logarithmic function:

y = logax(0 < a < 1) (3)

The network effect can be understood as a reverse function of the long tail effect,
and the function is as follows:

y = logax(a > 1) (4)

In reality, this function can also be understood in two ways. For example, the early
growth of drivers and users of Uber may be very important to you, but by the end of
hundreds of billions of drivers, users to join have little impact. In addition, if the network
effect grows by square times, competitorswill have no place to live, which cannot explain
the rivalry between platforms such as Google and baidu, Eleme and Meituan.

The network effect not only drives the rise ofmany Internet services, but also prevents
users from migrating to competitors. Imagine if you want to leave WeChat and find a
competitor. Even if a competitor has better features or better protection of your privacy,
or reflects your values, you can’t change because your friends are not there. If you’re
not there, your friends won’t change. “Thus, it is difficult for competitors to compete
simply by offering better products.”

Because of the network effect, it also has a series of problems, such as that the
Internet enhances the ability of monopolies to behave badly. Start-ups need to attract
users, but it’s hard to attract from existing users based on network effects. The wide
reach, ubiquitousity and openness of the Internet mean that businesses can explode. And
the nature of Internet companies - information - means that there are dangers, and the
harm is not just economic. Internet monopolies contribute to the worst aspects of human
nature, exacerbating income inequality and even profiting from the use of their platforms
to undermine democracy. Under the influence of this effect, the survival space of start-up
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enterprises is very small. It is difficult to compete with monopoly enterprises, which also
hits the enthusiasm of start-ups and further strengthens the degree of monopoly in the
industry.

Common solutions are usually to regulatemonopolies, but the results are often rough,
clumsy and undesirable. It is time for more competition to address these issues more
effectively.

1.3 The Credit System is Imperfect

The participants of the generic economy include the Shared platform, the supplier of
idle resources, and the consumer who needs idle resources and the Shared platform.

The sharing platform serves both the supplier and the demander. At present, shar-
ing platforms adopt the centralized storage mode, storing the personal information and
transaction records of users (suppliers and consumers) into central databases. There are
two main problems in this management mode. One is that once the central database is
attacked illegally, the information of users and the platform will be leaked. Second, the
Shared platform maintains the database unilaterally and has the ownership of the data.
Therefore, the rights and interests of users (suppliers and consumers) are not equal to
those of the Shared platform, causing certain credit risks between users and the Shared
platform. In order to expand the market share, sharing platforms blindly expand the
amount of information in the database without paying attention to the credit assessment
of relevant users, which will lead to the deterioration of the service quality of sharing
platforms and the aggravation of the trust crisis between users and sharing platforms.
Since Shared resources are available to everyone, quality assurance of resources is an
issue that requires careful consideration.Once unqualified resources appear in the Shared
platform, the user experience will be greatly reduced and the platform will easily go out
of business.

The crisis of trust between users (suppliers and consumers) also threatens the sustain-
able development of the sharing economy. There is evidence that in the sharing economy,
people choose to trade or partner in all kinds of exclusive behaviors. Peer-to-peer shar-
ing economy transactions, for example, may also increase peer-to-peer discrimination.
According to a survey and analysis of Airbnb users in the United States, African Amer-
ican men pay 12% less rent on Airbnb platforms than other hosts for the same location
and type of house. A follow-up study found that African Americans were more likely to
be rejected by landlords. In addition, experiments have shown that Uber drivers gener-
ally discriminate against African Americans, with African American consumers waiting
longer on average and having their appointments cancelled more often when using Uber.

2 Appling Blockchain to Solve the Problem

2.1 Blockchain Background Description

The blockchain technology proposed by Ben Cong in 2008 has great potential in the
field of information resource sharing by virtue of its characteristics of open consensus,
centering, anonymization and traceability [3]. It is generally believed that blockchain
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is a distributed ledger and consensus algorithm to generate effective blocks through
timestamps and non-symmetric encryption technology encryption chain data blocks, to
ensure that it is not tamperable and non-repentant, and the use of smart contracts to
achieve data verification and circulation [3]. Researchers have made a large number
of literature reviews on blockchain technology. Christidis and Devetsikiotis noted that
blockchain technology gave us a distributed and equivalent network in which distrustful
members can interact with each other verifiably without the need for trusted authority
[3]. Ahram et al. believed that blockchain technology promised to increase transparency
and accountability in supply chain networks, resulting in more flexible value chains [3].
Yli-Huumo and others found thatmost of the papers focused on bitcoin systems, less than
20% focused on other blockchain applications, including smart contracts and licensing,
and most of the research focused on uncovering and improving blockchain limitations
from a privacy and security perspective, but many of the proposed solutions lacked a spe-
cific assessment of its effectiveness [3]. Casino and others have thoroughly categorized
blockchain applications in different sectors, including supply chain, business, healthcare,
Internet of Things, privacy, and data management, identifying key topics, trends, and
emerging research areas, noting deficiencies identified in the literature, in particular the
limitations of blockchain technology, and how these limitations arise in different sectors
and industries [3]. Hughes and others reviewed the literature in detail, combing through
the commercial value, security, business models, crypto transactions, limitations, and
practicality of blockchain technology, emphasizing that while there are currently few
commercial-grade blockchain applications, the technology shows significant potential
to benefit from industry-wide use [3].

2.2 Blockchain Solves the Network Effect

Virtual currencies can help start-ups compete with existing ones that benefit from the
network effect.

Virtual currencies pave the way for start-ups to compete with Internet monopolies,
giving start-ups a chance to kick-start their own network effects. A start-up can create
its own cryptocurrency and distribute it to users as an incentive to experiment with the
service. Cryptocurrencies are used to encourage users to join the service. This is basically
a free trial of a cryptocurrency version of classicmarketing technology. Cryptocurrencies
can become more valuable as services are available. Basically, early users are tied to the
success of startups.

Blockchain has the advantages of distributed data storage, encryption, irreversible,
and disintermediated, and it may be available to build a larger network than the Internet
with distributed data storage, which can cause greater network effects. We see this
possibility in Bitcoin. On the Internet, we have the Alipay system, WeChat payment
system, and various commercial banks in various countries’ payment systems. Although
some of these systems can transfermoney to each other, they are affiliatedwith the central
database of different countries, and transaction costs are relatively high. However, the
Bitcoin network is a distributed data storage system, and anyone in theworld can generate
a very large number of addresses in the Bitcoin network, the real-time global transfer,
whose transaction costs are lower and the network effect is greater.
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The privatization of blockchain data has the external effect of big data. In the current
Internet network, data are stored in various central databases, and users do not have data
ownership and use rights. In a blockchain network, data are privately owned by the users,
who have their own data, which can be authorized for use and sharing. This privatization
mechanism can greatly stimulate user participation in blockchain networks, as well as
the protection and sharing of data. Data sharing brings the network effect of big data.

2.3 Blockchain Solves the Problem of Shared Platforms

Trust Sharing to Match Supply and Demand. The great thing about blockchain tech-
nology is that it is centralized and trusted, enabling transactions through machines and
algorithms in a completely unfamiliar network environment. Without the trust endorse-
ment of the central organization, all participating network nodes can determine their
identity through blockchain code and encryption technology, resulting in trust sharing,
which can solve the problem of mutual trust in the process of anonymous transactions,
greatly improving the speed and timeliness of data processing. The transaction process
in the traditional Internet involves the supply side, the demand side and the intermediary
agencies to achieve a three-way joint realization. Through the use of blockchain technol-
ogy, the traditional Internet transactions in the “intermediary system” can be completely
abandoned, and the supply and demand of the two sides directly connect together to
achieve the optimal match between supply and demand. Blockchain technology is an
ideal solution for the sharing economy because of the frequent matching processes that
occur between products and users in a shared economy scenario.

Data Sharing, Providing Credit Protection.Blockchain is essentially a distributed
sharing system, ledger distributed sharing, data distributed storage, transaction dis-
tributed records, participants distributed collaboration, system distributed maintenance.
“Sharing” is brought about by the revolutionary changes, that is, the system’s data stor-
age, transaction verification, and information transmission process are all reassured,
distributed, open, and transparent. Shared data are running simultaneously in all partic-
ipating network nodes, and no one can tamper with or destroy the ledger, because no
one can control all the network nodes at the same time. This kind of technical advan-
tage, which is embodied in “fairness”, makes blockchain technology have extensive and
in-depth application value in finance, insurance, intellectual property rights, charity and
public welfare. As for the sharing economy, it also provides a fundamental guarantee
for the formation of user experience as the core of the credit system.

Trust sharing to match supply and demand. Smart contracts are contracts that
can be executed automatically in network information platforms and systems when
certain conditions are met. The smart contract is one of the most popular business
models in the development of blockchain technology, and the smart contract system
based on blockchain technology has the dual advantages of automatic execution and
trustworthy, so that it can help realize the business scenarios of the sharing economy, such
as product reservation, default compensation and so on, which involve online trust and
make the sharing economy more perfect and reliable. With the continuous improvement
of blockchain technology, smart contracts are expected to become a standardized solution
for the sharing economy in specific applications in the future.
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Permission sharing, revolutionary change. Based on blockchain technical rules,
data require the consent of most participants to the validity of the data before it can
be confirmed. In the form of rights sharing, each participant acts as a data provider,
validation party, and user, working together to maintain the security and validity of
blockchain data. As a result, no organization has full control over the data. The biggest
thing about the Internet age is that not only data sharing, but also data permission sharing
is a revolutionary change in blockchain.

3 Blockchain Application Examples

Shared cars are the most commonly used shared product for today’s users, so we’re
here to create a fully functional, convenient and fast car networking economy ecosystem
based on shared car functions, integrated taxiing capabilities, car networking systems,
and so on, as a case in point, to illustrate the advantages of introducing blockchain into
the sharing economy.

3.1 Analysis of the Existing Internet Ride-Sharing Platform

In addition to the existing problems in the online taxi platform we said above, there are
other more specific drawbacks summarized here. It is well known that for Didi, Uber,
Lyft and other taxi platforms, the revenue from the calling business is the core. In the
“call service”, “commission” is an important source of income. When a platform grows
up, can it only charge “the channel fee”?

Moreover, the decline in subsidies, long waiting times for orders caused by a
decline in word-of-mouth, safe travel issues, and competitive pressure from the industry
are mostly the existing dilemma faced by ride-sharing platforms. Passengers, drivers,
platforms and others have their own different concerns and an urgent need for solutions.

On the one hand, in the existing shared platforms, there are also problems that can-
not be ignored. Under the “black swan” of the outbreak, pessimism and helplessness
are spreading to the entire automotive industry. Supply chain disruptions, factory shut-
downs, dealer shutdowns, and shrinking market demand are all challenges faced by the
automotive industry today. A series of hidden dangers in the automotive industry have
been multiplied by the outbreak.

The continued growth of the automotive industry over the years has come from the
fact that cars were used in the past as an asset to a family’s must and a good life. How-
ever, with everyone’s understanding of the car changes from “a symbol” to “a tool”,
the popularity of shared cars and other modes of travel, innovation between new energy
vehicles and traditional vehicles, coupled with too much cost of the holding of vehi-
cles, too expensive to keep cars, consumer choice, and serious vehicle homogenization
competition, it results in consumers more and more cautious about the consumption of
cars.

On the other hand, auto companies do not know what cars to build. If cars are built
but cannot sell out, they can only be backlogged. “The current situation is that there is
supply-side and consumer demand, but the core problem is that there needs a connecting
medium between the supply side and the demand side.”
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3.2 Car Networking Economic Ecosystem Design

The original intention of this paper is to build the blockchain and taxi module and shared
car module as a car networking system, because fast and affordable taxiing and sharing
car functions can attract users, and to build a follow-up database that contains many
convenient functions for car owners. The solutions are as follows:

Blockchain technology is a centered organization. If each driver can add relevant
information, such as driver identification, vehicle and service location, and evaluation,
etc. to a specific menu, and then record it on the blockchain, when someone needs to take
a taxi, blockchain can filter out the “suitable driver”, and then the transaction between
the passenger and the driver can be made through a point-to-point mode. It can better
improve the quality of the driver and the protection of the legitimate rights and interests
of passengers and personal safety.

Among the above user pain points, the most obvious commonality is the balance of
interests. So how to achieve blockchain? Or how to do it? We know that blockchain trust
is primarily reflected in the fact that users in the blockchain do not need to trust the other
side of the transaction, nor do they need to trust a centralized institution. They only need
to trust the software system under the blockchain protocol to implement the transaction.

The premise of this self-trust is the consensus mechanism of blockchain, i.e., in a
market ofmutual distrust, the sufficient condition for the nodes to agree is that each node,
out of consideration for maximizing its own interests, will spontaneously and honestly
abide by the pre-set rules of the agreement, judge the authenticity of each record, and
ultimately record the record as true into the blockchain.

In other words, if nodes have their own independent interests and compete with each
other, it is almost impossible for them to conspire to deceive you, especially when the
nodes have public credibility in the network.

Blockchain technology is the use of a set of consensus-based mathematical algo-
rithms to establish a network of “trust” between machines, so that to carry out a new
credit creation through technical endorsement rather than central credit institutions.

We can change the revenue model of the balance sheet often adopted by traditional
corporate organizations through consensus mechanism, which is often based on profit.
Although many companies are also trying to apply blockchain technology, it is difficult
to really change the original logic if the valuationmodel does not change, and blockchain
can allow the industry chain upstream and downstream to share the benefits. Such as
in the platform system, a large number of value circulation can be formed through the
consensus mechanism, resulting in a wealth of application scenarios. The resulting data
can be used as a basis for building complex platforms with many features.

For the shared car business, there are vehicle suppliers upstream. Vehicle suppliers
involve manufacturers, dealers, car rental companies, auto finance companies, and indi-
vidual car owners, etc. Manufacturers, dealers, renters put more energy directly to the
user to sell cars, make car rental, and do shared travel. This matter is not a priority con-
sideration, but now in the transition period, manufacturers, dealers, renters’ willingness
to participate in is greatly enhanced.

Based on the accumulation of user data, the platform can provide a series of solutions
for manufacturers. For example, by sharing test drives to the market, consumers can
experience more models, thus affecting consumers’ ultimate spending decisions.
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For example, the platform can work with manufacturers, using “travel packages” to
allow car owners to take out part of their idle time to share with car owners to offset
some of the cost of car purchases. While consumers can buy cars at low cost, they can
also change the purchase of vehicles from “depreciation” to “value added” and drive car
sales, and subscription services allow users to enjoy more flexible car use rights on the
platform.

Consumers can also purchase service package from the platform if they agree to par-
ticipate in shared travel. Service package includes a certain number of door-to-door car
wash, door-to-door repair, routine maintenance, door-to-door insurance and emergency
rescue, door-to-door annual inspection and other services. The entire service process is
transparent and traceable.

Previously difficult to match, owners can enjoy more models, more revenue, and
protect assets when they are used efficiently. Through word-of-mouth, the platform will
become more and more popular. The car scene can also be extended from time-between
daily rental to full rent, and even from passenger cars to mini-passengers and cargo.

For the upstream end, the pressure of overcapacity can be alleviated and the incre-
ment of vehicle operations can be generated, while the platform can expand the scope
of services, such as: upstream and various technology suppliers, including intelligent
drivers, car networking suppliers, AI technology suppliers, and big data technology sup-
pliers, etc., to meet the country’s development direction and promote the development
of these technologies. For consumers, the pressure to buy a car and keep a car has been
greatly eased, which is after the three markets adding up to the market space. Even
after the platform can also consider entering the second-hand car market, after all, the
platform has mastered the use of vehicles. So, maintenance of the entire process of data
can create a relatively fair second-hand car trading market.

Next, carefully describing the specific functional design: the ride blockchain linkage
module is made through zero pumping, to quickly accumulate drivers and riders and to
achieve a fast-matching supply and demand platform. Both parties will earn “points”
after the user calls the car and the driver serves. All the data of the platform is uploaded
and stored by the user, with camera real-time scanning traffic information. Then the
video content is encoded and translated, graded, weighted and labeled. The users in the
process of driving collect travel data through the platform. By contributing bandwidth
to store data, they will get points, that is, “drive mining” and “storage mining”. This
enables the sharing of traffic data resources and provides data for technology providers
such as driverless vehicles.

The core problems such as user authentication, credit system, data sharing and data
security are solvedwell by using the decentralized shared car blockchain linkagemodule
developed by blockchain technology. Shared automotive blockchain linkage module
can support franchisees and other partners to quickly access the headquarters platform,
support the sharing of data, build alliances, reduce data redundancy, and reduce enterprise
costs, while the platform can provide a rich DAP API interface, expand the scope of
services, upstream and downstream and different service providers to create a huge
car networking system. Points can be earned by using a shared car and returning it as
required, charging the car and completing various “small tasks” on the app each day.
And the promotion of civilized cars can also greatly improve the points. Civilized car
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points are based on the user’s historical car behavior comprehensive score, with regular
dynamic updates.

Points can be exchanged directly for “token”, and customers can freely use “token”
in the car network economy system. This economic system is a manufacturing and
travel system after the three markets add up to the market space, covering a variety of
car-related consumption, and bringing great convenience to consumers.

4 Conclusions and Prospects

As can be seen from the above cases, it is feasible to introduce blockchain into the sharing
economy, and it can smoothly solve the existing problems of the sharing economy in the
market that need to be solved urgently. Block chain technology is established between
point to point in the network and reliable trust. It removes the interference of value
transfer agent, public information and privacy, improve decision-making and protect
individual rights and interests, in order tomake sharing economy provide a new technical
support, and make the supply and the demand for cars provide a connection between the
media. To realize the sharing economy and build car networking system is a kind of ideal
solution. The Internet of Vehicles provides an interactive platform for intelligent vehicles
to share traffic safety-related information, such as road conditions and brake warnings,
with surrounding vehicles. These information can help vehicles timely know the traffic
environment, so as to improve the safety and efficiency of traffic [19, 20].However, due to
the highmobility of vehicle networking nodes, vehicles often encounter many unfamiliar
vehicles in the process of driving, making the credibility of the messages they receive
questionable, especially when malicious nodes appear in the network, by deliberately
broadcasting false messages to disrupt the normal operation of the network [21]. The
trustmanagementmechanism can help the vehicle to judgewhether the receivedmessage
is credible or not, and help the manager of the Internet of vehicles to know the reputation
of each vehicle, so as to take reward or punishment measures for specific vehicles [22,
23]. The trust management mechanism usually sets a trust value for a vehicle based on
its historical behavior, which is used to comprehensively evaluate the credibility of the
messages broadcast by the vehicle [24]. The higher the trust value is, the higher the
credibility of the information released by the car will be. The generation of trust value
usually requires the receiver of the message to make a posterior score on the credibility
of the message based on other information, with direct observation and other methods.
The trust value of a car can be formed when all the scores about a car are accumulated
by using a specific method. Compared with the traditional wireless network, such as
cellular network, the Internet of vehicles has stronger and stricter requirements for trust
management. First of all, most of the data transmitted in the traditional wireless network
are information and entertainment businesses. Even if there are falsemessages, it will not
seriously affect the personal security of users. Themost important function of the Internet
of vehicles is the transmission of traffic safetymessages.Whether suchmessages are true
or not is directly related to the driving decisions of vehicles and the safety of passengers’
lives. Therefore, trust management mechanism is urgently needed to deal with false
messages. Secondly, the time delay tolerated by traffic safety services in Internet of
vehicles is much lower than that in traditional wireless networks, which puts forward
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higher requirements for the performance of trust management mechanism. Therefore,
the trust management mechanism in the Internet of Vehicles is obviously higher than
the traditional wireless network in terms of necessity and performance requirements,
which needs to be further studied. The continuous development of blockchain technology
brings new ideas to distributed data storage and management, which can be an effective
method to solve the above problems. The application of block chain technology in
the field of Internet of vehicles trust management can give full play to its advantages.
By connecting the base stations into a distributed blockchain network, the problems
such as high delay, poor scalability and single point failure in the centralized trust
management mechanism can be effectively solved, and the security and consistency of
data storage can be guaranteed. Even if a small number of base stations had storage
errors or were controlled by an attacker, it would not affect the consensus results of the
entire network. Using the trust data stored in the base station, the vehicle can efficiently
learn the trust value of the message sender, and then evaluate the trustworthiness of the
received message.

Of course, there are some hurdles to applying blockchain technology to the sharing
economy scenario. At present, there is still no perfect consensus mechanism that can
simultaneously solve security, environmental protection, efficiency and other problems,
which poses a certain obstacle to the large-scale application of block chain technology
in the sharing economy. In addition, regulators and arbitration methods are not yet clear.
Under the existing blockchain technology, users cannot appeal to any institution when
they have doubts about the fairness of transactions. At the same time, the blockchain is
designed to be linked in a loop that can trace back from any point to the original block,
querying all the information on the chain. However, this can only ensure the fairness of
blockchain transactions, but cannot guarantee the legitimacy of blockchain transactions,
and it will become extremely difficult to track criminalACTS. In the long run, blockchain
technology faces potential security concerns. At present, the algorithm of blockchain
technology is relatively safe, but with the development of quantum computer and other
new computing technologies, asymmetric encryption algorithm has a certain possibility
to crack in the future, which is also a potential security threat that blockchain technology
faces.

Therefore, the application of block chain technology to the sharing economy scenario
is desirable, but it still needs to be continuously studied and improved.
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Research on Industrial Chain Development
of Web Celebrity Economy in China
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Abstract. With the Internet wave rushing to the public, since the advent of the
self-media era, the rapid development of the Internet celebrity economy industry
has gradually become a trend of the times, and it is an important opportunity for
China to achieve high-quality development and economic modernization. Based
on the analysis perspective of the industrial chain, this article will demonstrate
the concepts and functions of the upstream, midstream and downstream of the
Internet celebrity economic industry chain, and hope to provide relevant policy
recommendations for the development of this emerging industries.

Keywords: Internet celebrity economy · Industrial chain · Content production
side · Communication channels ·Monetization

1 Introduction

In recent years, the Internet in China is developing rapidly. Figure 1 shows the develop-
ment trend of Internet users in China from 2000 to 2019, and Fig. 2 shows the develop-
ment trend of China’s Internet penetration rate in the past seven years from 2002 to 2018.
As shown in Figs. 1 and 2, both the number of Internet users and the Internet penetration
rate in China have been developing rapidly in the past 20 years. With the help of China’s
Internet development advantages, since the self-media age has quietly arrived, the Inter-
net celebrity economy has begun to develop rapidly as a derivative business economic
model. In recent years, China’s Internet celebrity economy has shown a development
trend of diversified output content, professionalization of online celebrities, diversified
forms of realization of online celebrities, continuous derivation of the online celebrity
industry chain, and professionalization of online celebrity economic operations. And the
branch industries of the Internet celebrity economy have penetrated into every aspect of
people’s lives.

As of 2018, the total number of audiences in China’s Internet celebrity economic
system has continued to grow, reaching 588 million people, and the trend of industrial-
ization has become more obvious. The rapid growth of the Internet celebrity economy
has not only provided more employment opportunities for young people, but has also
been injected with a large amount of capital to continue to help this industry into the next
peak. Therefore, the Internet celebrity economy has the potential to make a significant
contribution to the economic growth of China, even the whole world. This article will
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discuss from the perspective of the Internet celebrity economic industry chain, analyze
the role and existence value of the upstream, midstream and downstream of the Internet
celebrity industry chain, and try to give relevant suggestions.

Fig. 1. Number of Internet users in China

Fig. 2. Internet penetration in China

2 Literature Review

Related to the subject of this article, there are mainly the following two aspects of liter-
ature. The first aspect focuses on the research of the Internet celebrity economy and its
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businessmodel. ShenXiao and others [1] used themethod of content analysis to interpret
the incubation platform, identity image, content dissemination, fan characteristics, and
evolution mode of Internet celebrities, and finally summarized the four major trends of
Internet celebrities’ future development, and from the Internet celebrities themselves,
live Platform, public, society, government and other perspectives put forward counter-
measures for Internet celebrity governance. Sun Jing and Wang Xinxin [2] commented
on Internet celebrities and Internet celebrity economy from the perspective of celebrity
theory and related domestic and foreign research. Cui Maohui [3] conducted a SWOT
analysis of online celebrity live-carrying goods, so as to summarize the development
trend of online celebrity live-carrying goods, and proposed how to make the live broad-
cast of goods go further. Wu Bingjie [4] takes the content-based influencer economy as
the research object, and on the basis of clearly combing the concept, background and
classification of the content-based influencer economy, from the main body of commu-
nication, content production, social asset accumulation and commercial realization In
all aspects, combined with specific cases, conduct in-depth interpretation and analysis
of the business model of the content-based influencer economy. With the rise of the
“Internet celebrity economy” business model, Yu Luying [5] used this to analyze and
elaborate on the innovation of business models in the form of new media; Xiao Zanjun
and Kang Lijie [6] pointed out that the business model of the Internet celebrity economy
mainly includes advertising, e-commerce and Content rewards, etc., and talked about the
unique characteristics of online celebrity e-commerce and online celebrity advertising,
and also proposed that the business model of the online celebrity economy is facing two
hidden concerns.

The second aspect of research mainly focuses on Internet celebrity marketing. Liang
Xinmeng [7] discusses why internet celebrity marketing is so popular, how the coopera-
tion between internet celebrities and brands will develop, and the development prospects
of internet celebrity economy. Li Yunqing [8] discussed the rise of “Internet celebrity”
marketing, the impact of the “Internet celebrity” marketing model on the advertising
industry, and solutions. Wang Miao [9] used Taobao Internet celebrity shopkeepers as
the research object to analyze the influence factors of their Weibo marketing. Based on
the online consumer behavior analysis model “AISAS model” and the theory of ABC
consumption attitudes, he constructed a microblog marketing influence factor pair The
influence model of the audience’s consumption attitude; using SPSS21.0 to analyze the
sample data, analyze the empirical results from the perspectives of communication and
psychology, and make suggestions for the development of Internet celebrities. Jialing
Liu [10] takes papi sauce as an example, analyzes the marketing strategy of Papi sauce
based on the development history of mobile internet celebrity short videos, clarifies its
successful marketing experience and analyzes its shortcomings, and has a great impact
on the development and marketing of mobile internet celebrity short videos in the future
Put forward prospects and suggestions. Fang Xin [11] observes the marketing model of
“net celebrities” from the perspective of subculture, focusing on the analysis of the char-
acteristics of “net celebrity” marketing from the perspective of style shaping, promotion
and dissemination and the process of flow monetization during the development of “net
celebrities”, sorting out and constructing How the audience’s initiative can improve the
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current “net celebrity” marketing model, and put forward suggestions for its develop-
ment and optimization. Li Pingping et al. [12] conducted research and analysis on the
“Internet celebrity” marketingmodel and the future development prospects of the “Inter-
net celebrity economy”, and explored the pros and cons of the existing marketing model.
Yin Hanzhi [13] takes the use of Chinese influencer marketing by Korean companies as
the research object to analyze the influence of influencer marketing characteristics on
consumers’ purchase intention.

Looking at the existing literature, the research of this article may have the following
innovations: (1) In terms of research topics, this article selects the newly emerging
Chinese Internet celebrity economic industry in the past ten years. At present, domestic
research focusing on this aspect is not very sufficient. (2) In terms of research methods,
this article uses the analysis perspective of the industrial chain to explore the upstream,
midstream and downstream of the Internet celebrity economy. (3) In the research sense,
this article attempts to reveal the content and role of the industrial chain under the
rapid development of China’s Internet celebrity economy industry, and tries to provide
policy recommendations on the Internet celebrity economy for achieving high-quality
development in China.

3 Industrial Chain

The industrial chain is a concept in industrial economics. Thismeans that due to the same
production goals, there is a link between multiple production departments that closely
links them. This association line is sorted according to a specific logical relationship
and timeline layout. There’s just like a bond in them and they are indispensable to each
other. Regarding the Internet celebrity economic industry chain, this article believes
that there are the following three levels, which complement each other and promote the
development of the Internet celebrity economic industry.

3.1 Upstream of the Industrial Chain

The upstream of the Internet celebrity economic industry chain is the content production
side. The rapid rise and growth of the Internet celebrity economy is inseparable from
the compatibility and demand of the current market. In order to cater to consumer
preferences, Internet celebrities need to have the talents and outstanding personalities
that can withstand the test of the market. And the first way to achieve this is through the
packaging and building of Internet celebrity brokerage companies andMCN companies,
that is, “Somebodymade it”. The companywillwork onmany aspects, such as cultivating
the ability of Internet celebrity artists to create video content, buying a press release for
them to attract attention, planning various online activities, and creating topics to stabilize
the personality of Internet celebrity artists (Foodie, innocence, grumpy blogger, etc.).
The support of brokerage companies and professional teams can help Internet celebrities
win more traffic and maximize their actual commercial interests. The other way is to
“self-build”. As the name suggests, individuals create themselves to become Internet
celebrities, and packaging and popularity rely on their own efforts to develop. However,
comparedwith the former, thismethodhas obvious disadvantages.Without the assistance
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and support of the team, it will be a lot of pressure to complete all the work alone, and it
may also lead to imperfect and inefficient output in the field they involve. So it is difficult
to attract audiences and be recognized and sought after. For example, a self-built internet
celebrity who sell goods not only needs to plan live broadcast scripts, event themes, and
benefits, but also strive to establish the IP image of the store and individual, and control
the rhythm and respond to emergencies during the live broadcast. The need for Internet
celebrities to handle it themselves is indeed not something that can be done solely by
personal strength.

For the upstream of the industry chain, that is, the content production side, this article
believes that the excellent Internet celebrities cultivated must eventually be marketed.
As public figures, their words and deeds will inevitably affect their audience. Therefore,
it is their responsibility to maintain a positive image in front of the camera, to establish
their own personal settings and to lead fans to become better themselves, and it is also
a prerequisite for the development of the upstream of the Internet celebrity industry
chain. For example, on May 15th, the Chinese Internet celebrity, Wei Ya, jointed the
United Nations to help the public welfare live broadcast in Rwanda, Africa, focusing
consumers’ attention on Rwanda, and she relied on her excellent business capabilities
plus the accumulated followers in the domestic market since she started broadcasting,
related products are sold out almost in one second. Not only that, so far, Wei Ya has done
59 public service live broadcasts, she have explained what she said: “I hope your guys
give this industry time, but also give it the right guidance, e-commerce live broadcast
can also become an upward force in China in the future” in a practical action. From
this, it can be seen that the point that cannot be ignored in the upstream of the Internet
celebrity industry chain is the improvement of the Internet celebrity’s own capabilities.
The products in Wei Ya’s live broadcast room were out of stock in a few seconds. More-
over, she teamed up with the United Nations to carry out the live broadcast, occupying
the Center position in the propaganda posters. All of the above demonstrates Wei Ya’s
professional level in the field of Internet celebrity economy.

In addition, the key to developing the upstream of the Internet celebrity economic
industrial chain is innovation. With the great strides of the 21st century, although the
Internet celebrity economy industry is still named as an emerging industry, more and
more people have set up accounts of social media and entered the ranks of Internet
celebrities, further promoting the development of internet celebrity economy and even
leading to the saturation of the Internet celebrity market. In the great era of Internet
development, Internet celebrities who imitate others will only be replaced by a new gen-
eration that survive from the severe competition. Therefore, whether Internet celebrities
can produce innovative content is particularly important. Internet celebrities with novel
features and unique styles are becomingmore precious. They can attract more audiences,
help themselves achieve a long journey, and also promote the prosperity of the Internet
celebrity economy.

3.2 Midstream of the Industry Chain

The midstream is the content dissemination and distribution channel. With the rapid
development of technology, new media such as Douyu and Kuaishou are in the ascen-
dant, and the dissemination channels are no longer limited to offline. Take Douyin, a
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short video platform that is currently very popular in China as an example. It is a short
video software, and many anchors and internet celebrities have developed better on this
platform. As of the end of 2019, Li Jiaqi, the Chinese “Lipstick Brother”, had 36.05
million fans, 210 million likes, and 284 published works on Douyin. In the past 90 days,
each work of his had an average of 310,000 likes and 21,000 comments, ranking 11th on
the entire platform. And these data are no less than some of the popular Chinese stars. In
this link, various platforms are themain body, and Internet celebrities rely on the platform
for content distribution. For platforms, Internet celebrities are an important “resource”,
attracting audiences to strengthen the development of the platform; for Internet celebri-
ties, the ecology and influence of the platform help them accumulate popularity. In view
of this, this article believes that in the middle of the industry chain, the platform plays
a vital role in the Internet celebrity industry that relies on new media. It is almost the
main way for new Internet celebrities to gain exposure and win audiences. For Internet
celebrities, not only need to enhance their own capabilities, but also need a platform
with a large user base, a stable audience, and the opportunity to obtain resources and
be promoted to participate in activities. For example, a Chinese audio-sharing platform,
“Himalaya”, which has more than 600 million mobile phone users and more than 50
million overseas users, has been very active in organizing and launching activities, and
has also achieved remarkable results in helping to build contracted authors, as well as
making clusters of publishing house radio stations and writers’ radio stations. For the
platform, they also need excellent Internet celebrities to bring the fan economy to achieve
transformation of economic benefits, such as through fan appreciation and other ways to
realize the flow of cash. But whether it is a platform or an individual, contribution and
gaining profit are not unilateral. Helping each other and achieving a win-win situation
is a vital link between both parties. As the famous economist, Milton Friedman, once
said “The most important single central fact about afree market is that no exchange takes
place unlessboth parties benefit.”

3.3 Downstream of the Industrial Chain

The downstream is the monetization link. Brokerage companies spend a lot of money to
train Internet celebrities and various companies to introduce content production incentive
plans to compete for Internet celebrities is not unreasonable. Internet celebrities rely
on their outstanding output content and use the platform as a springboard to gather
audiences, ultimately to achieve a goal-to obtain revenue. This link is based on the name
of responsibility is net red to complete the transformation from their own audiences to
income, and this link will generally be achieved through three ways. The first is to sell
products, relying on their accumulated popularity, audiences and marketing methods,
through some price reductions or benefits, to promote products to consumers as Internet
celebrity. For example,Wei Ya, a top-level Taobao anchor, is an Internet celebrity anchor
who makes a profit by selling products. She has already been involved in beauty, snacks,
skin care products field and so on. The second is to sell services. The anchors cater to
consumers’ preferences by virtue of their professional level and obtain their affirmation.
Most of the manifestations of this behavior are rewards that we are very familiar with.
For the Internet celebrity who obtain profits through this method, the platform will be
divided into various fields according to their professional abilities, such as good-looking
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anchors, seiyuu anchors, etc. Audiences will choose different fields and types of anchors
according to their different needs. Watching and doing entertainment, then they will
give a cash feedback. The third is to sell advertisements. Internet celebrity and anchors
develop commercial cooperationwith advertisers, and use their professional nature of the
large audiences of Internet celebrities to spread the products of advertisements to their
consumer audiences. This monetization method is a test of how Internet celebrities can
control their fans’ perception and acceptance. They need to be cautious in interspersing
advertising content so as not to lose their existing audiences. For the downstream of
the industry chain, this article believes that regardless of the three methods, fans and
followers are a necessary prerequisite for Internet celebrities to realize the conversion of
audiences to income. For the first type of monetization method to sell products, Internet
celebrities using this method generally focus on selling some goods, and the key to
gaining consumer groups, repeat customers and even being fans of Internet celebrities
lies in having characteristics, such as outstanding appearance. But more importantly,
the Internet celebrity themselves must have excellent sales ability and the product itself
is worth buying by consumers, otherwise it is very likely to lose potential fans and
audiences in the process of selling the goods, and even implicate them. In addition,
wearing traffic does not mean shaking up the pillow and sleep in peace. The scope of
business and the operation and maintenance of fans must be carefully considered by the
Internet celebrity. For example, the fan base of beauty bloggers is mostly young women.
Recommending beauty products to them meets the consumption scene and the needs of
the crowd. In this way, the Internet celebrities can firmly grasp the needs and preferences
of fans and maintain the activeness of fans. However, if an Internet celebrity sells cars
to fans, there are still a few fans who will buy it.

For the second type of monetization method to sell services. At a time when the
Internet celebrities of good-looking appearance are everywhere and the Internet celebrity
economy is booming, it is not uncommon to see Internet celebrity and anchors selling ser-
vices, but those who stand out are those with unique charm and value in the professional
field. For example, in 2016, China’s short video self-media blogger papi was suddenly
well-known. In the entertainment-oriented social environment, her video content has
novel topics and novel viewpoints, which rarely reflects a collective social sentiment,
which are extremely resonated. In the nascent age of the Internet celebrity industry, her
style is unique. As of this year, Papi has over 30 million fans on Weibo.

For the third type of monetization method to sell advertisements, it is a more risky
way tomonetize for Internet celebrities. This method has both risks and benefits. Internet
celebrities need to balance the proportion of advertising content with their daily output,
use their creativity and characteristics to combine advertising with output, and present
a better visual experience to fans, so that they will not lose followers and even stimulate
sales of that products.

4 Conclusions and Policy Recommendations

The Internet celebrity economy is a new economic model brought about by the develop-
ment of new media. It opens up a new path for the development of the Internet economy,
while at the same time providing a full range of more convenient services to the social
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audience, and playing a role in spreading positive energy. Based on the analysis per-
spective of the industrial chain, this article conducts research on the Internet celebrity
economy and its marketing model. Specifically, the following three conclusions and pol-
icy recommendations are drawn: (1) The upstream of the industry chain of the Internet
celebrity economy is the content production end, which includes two ways of creat-
ing and self-creating. The key to development lies in a positive and innovative Internet
celebrity content. (2) The middle reaches of the internet celebrity economic industry
chain are content dissemination and distribution channels, including various new media
platforms. For Internet celebrity, the key to operation is a media platform with a large
user base and a stable audience; for platforms, the key to development is excellent out-
put content and a strong fan economy. (3) The downstream of the industrial chain is the
monetization link, which includes three ways of selling products, selling services, and
selling advertisements. For Internet celebrities who are monetized by selling products,
characteristics and sales ability are the key to development; for Internet celebrities who
are monetizing through selling services, proprietary characteristics and innovation are
the key to development; for For Internet celebrities who are monetizing through selling
advertisements, balancing advertising content with everyday output is key.

In addition, this article points out three other suggestions for the development of
the Internet celebrity economy: (1) Internet celebrities are an indispensable part of this
emerging industry, mostly for the younger generation. The words and deeds of Internet
celebrities themselves will have a certain impact on them. The country and platform
should relentlessly ban and block disqualified Internet celebrities to help their audiences
develop healthily and maintain this new format. (2) The platform should balance the
resources given to the contracted Internet celebrities, and not restrict the flow of amateur
bloggers to ensure that the platform tends to be a good atmosphere. (3) Virtual products,
such as virtual currency used to reward Internet celebrities, should be protected like
personal property. In order to avoid unnecessary disputes, the user rules issued by the
platform should recognize the ownership of propertywhile rewarding Internet celebrities
owned by the platform and the Internet celebrities themselves.
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Abstract. This article examines to what extent do stock splits affect stock returns
of Chinese companies. Stock splits may affect investor’s judgement of stocks by
transmitting some signals or information, and then influence stock return. Based
on the event studymethod, we establish a researchmodel and draw a conclusion by
analyzing Abnormal Returns (AR) and Cumulative Abnormal Return (CAR). We
analyses a dataset of Tencent and WeTrade Group around their announcement of
split. According to the research results, we conclude that stock split has no obvious
effect on stock returns. This conclusion is in contrast with some previous research
results, which may be due to the influence of China’s market characteristics.

Keywords: Stock split · Stock return · China

1 Introduction

Stock split refers to the allocation of additional shares to shareholders according to the
existing shareholding ratios. When a stock split occurs, the company “repurchases” its
outstanding shares, and then changes the original one into more shares. The split ratio
can be 2:1,3:1 or higher, and par value will be reduced, while maintain the total amount
of shareholders’ equity and increase the liquidity of the stock. There are a number of
famous companies made a stock split in their process of growing up, like Berkshire
Hathaway and Apple. The research by Guo, Liu and Song (2008) show that acquiring
firms’ manager use stock splits as a way to raise the share value before announcing
stock-exchange mergers and acquisitions [1].

Investors in the stockmarket are pursuing higher returns, many companies use corpo-
rate strategies to affect their stock returns. Stock split, as one of these strategies, always
considered to pass on a positive signal about the development prospect of the company,
which helps to improve investors’ confidence in the company. The signaling theory was
shown in the model of Leland and Pyle, which conclude that the management can use
financial decision to transfer information that served as a signal about the firm value
[2]. Brennan and Copeland show that management use stock split as a costly signal
of firm value to transfer private information about company prospects to investors [3].
While some other researches like Ross also set model about this theory and make similar
conclusion [4–6].

Therefore, whether the stock split will have a significant impact on stock returns
has attracted attention, and many people have carried out research on it. Fama, Fisher,
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Jensens and Roll research that firm tend to make stock split during “abnormally” good
time and stock split can only effect market by its dividend implications [7]. Conroy,
Harris and Benet find stock split have a negative effect on shareholder liquidity, and the
observed rise in the variability of return is partly considered to be result of increase in
bid-ask spread [8].

Although previous studies have analyzed the possible impact of stock splits, there
are few related studies in China due to the uncommon of stock splits. Thus, we select
two Chinese companies with large difference in scale and stock price, using the method
of event study to explore whether the stock split will have a significant effect on stock
returns.

2 Data and Methodology

2.1 Model

The aim of the research is to test if the stock split will have a positive influence on the
stock price around the implementation of the policy. To solve the problem, we use the
event study method and set regression model as following:

Rt = β0 + β1Rmt + μ. (1)

Where.
Rt = individual stock return.
Rmt = contemporaneous market return.
μ = regression error term.
In the model, we use stock’s daily closing price to calculate stock return, and select

S&P500 index on behalf of the market return. The variables is represented as following:

Rt = lnPt+1 − lnPt. (2)

Rmt = lnIt+1 − lnIt. (3)

Where.
Pt = stock closing price on day t.
It = Index closing price on day t.
In order to test the effect of the strategy, we pick estimation period and event period

from each stock, and conduct regression analysis respectively. If we set the implement
day as t = 0, the event period should consist of t = −E,…, 0,…, E, and the estimation
period should even add some “quarantine” period before the event period.

We predict the returns that should occur during the event window a following:

R
′
t = β0 + β1Rmt. (4)

and then compare with the actual returns that happened Rt.
To do the comparison, we establish the following two formulas:

ARt =Rt − R′
t(t= − E, . . . ,E) (5)
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CARt =
∑t

s=−E
ARS. (6)

While ARt is defined as the so-called Abnormal Returns, and CARt is Cumulative
Abnormal Return for each t in the event period.

2.2 Viable Selection

According to themain purpose of the research, the data is collected fromYahoo!Finance,
about three company–Tencent, WeTrade Group and Yunji, as well as S&P 500 Index.
These data are intercepted from some time period during July 2013 to September 2020,
about seven years. To ensure the authenticity and rationality of the research, all the data
are obtained from this website.

We each variable based on its reliability and the statistical requirement of the model.
These variables are talked over then.

The dependent variable,Rt , is stock return calculated by the closing price. To research
stock split’s influence on both big business and the small one, we intercept the data from
two sample, Tencent andWeTrade Group. Tencent had divided its stock by a ratio of 5:1
on May 5th, 2014, while Wetrade Group did a 3:1 one in Aug 30 this year.

The independent variable, Rmt , is used to represent the market return at time t. Here
we choose S&P 500 index, which is one of the most authoritative stock indexes, for the
calculation of return from the market portfolio.

The key periods of calculate Rt , as well as Rmt , are defined separately in the two
companies. For Tencent, we defined E = 47, defined the event period from March 6 to
July 24, and drawn estimation period from June 3, 2013 to Feb 5 2014. But when we
come to WeTrade Group, we find this company just went public on July, 23, only one
month before the split. Since its history is too short to support our model, we decide to
use another company with similar business model and scale to calculate the estimation
period model. Therefore we select the data of YunJi from May 6019 to March 9, 2020
to represent the estimation period, and still use the data of the original company from
Aug 5 to Sep 28 when calculating Rt

′.
In addition, we assumed that other omitted factors will not change the stock price

significantly during the test period.

3 Rt

The result from the regression of two companies are shown as Table 1:
The coefficients of Rt show the relationship between market return and stock return,

during estimation period, the increase of market return would boost stock return of both
companies, and ARt show the difference between expected stock return and the real one,
which is entirely assumed to attributable to the split strategy.

In order to find out whether the stock return fluctuation is in the normal range, we
set a null hypothesis that stock split has no effect. If we accept this hypothesis, then ARt

should subject to normal distribution N
(
0, σ 2

ε

)
, and CARt should also submit to normal

distribution N
(
0, (t + E)σ 2

ε

)
, where σ is the standard deviation during the estimation
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Table 1. Result of regression.

Tencent WeTrade Group

Rt ′ ARt Rt Rt ′ ARt

β0 0.003** −0.00009 −0.003 −0.006** −0.0002 0.005

β1 0.522*** 0.148 0.374 0.746*** 1.91 1.165

Note: the value with ***and** represents that its significant level is
less than 0.01and 0.05

window. In general, we use t-test to test the authenticity of the original hypothesis at
95% confidence level. However, there are a number of data in our sample, so we decide
to use the method of gph to test the significance. The results are shown as Fig. 1:

WeTrade Group

CI CAR

WeTrade Group

AR

Tencent

CAR CI

Tencent

AR CI

Fig. 1. AR and CAR.

Figure 1 above show the line graphs of the AR, CAR and confident interval during
the event window. From the chart, we can see that the lines of AR and CAR are all stay
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inside the symmetric bands.Which means that the stock return does fluctuate to a certain
extent, and the volatility in the days before and after the announcement of stock split
and the implementation of the strategy is relatively larger compared with other days but
the range of fluctuation does not exceed the normal range. Therefore, we can accept H0
that stock split has no significant effect on stock return at 95% confidence level.

4 Conclusion

In this paper, we use event study to set a model to research to what extent does the
split affect stock returns through the data analysis of the two companies--Tencent and
WeTrade Group. The empirical study shows that for the companies, splits were followed
by average abnormal return and cumulated abnormal return, which means the market
reaction on stock return is not significant at 95% confidence level. This is not consistent
with the research results of Grinblatt and other authors [9]. That may be why Chinese
major companies are not keen on stock split.

Chinese stock market possesses one of the largest individual investor groups in the
world. In 2014, the proportion of retail investors holding shares in China was as high
as 50%,while that in the US stock market was only 19% [10]. Margin trading and
short selling are limited in China, and these policies have a significant impact on the
trading of the less affluent individual investors who are considered to be the net buyer
after split announcement [11]. In addition, stock splits are sometimes used as a tool for
insiders to sell stocks due to their low average education and lack of sufficient investment
knowledge. Therefore, after the Shanghai stock Exchange increased the information
disclosure requirements for the stock split announcement in 2015, the investors’ reaction
to the split was not as positive as before [12].

The companies we chose are both engaged in internet related industries. Due to
the popularity of the internet, the transparency of the internet company is relatively
high, which is not conducive to the implementation of the signal effect of stock split
as investors can make their own judgement according to the information disclosed.
Therefore, managers cannot pass information to the market thereby affect the stock
returns through stock split.

Although we can make such a conclusion under this situation, but it not completely
accurate due to the defects on the number of companies, since there are not that many
Chinese company do the split in recent years. According to the increase on Tencent
share price in the next few year, we can doubt if the result will remain the same in the
test during a longer period. As the research by Da and Warachka show the difference
between long term and short term analysis [13]. And for the other aspects and factors
that may be affected by stock split, further research is needed in the field of split.
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Abstract. Recent studies show that the long-run trend of a mature economy
grows with only labor-augmenting technological change. This study theoretically
inspects the direction of technical change through the perspectives of labor produc-
tivity growth and profit maximization, and empirically investigates the direction
of technical change in China. The theory study suggests that the direction of
technical change to ensure stable growth of labor productivity is the proportion
of labor-augmenting and capital-augmenting technical change converges to labor
output elasticity and capital output elasticity. The empirical study result shows
that labor-augmenting technical change is the mainstream of technical change in
China aswell. However, profitmaximization is not the driven force that decides the
direction of technical change, while policy-driven growth in fixed capital invest-
ment has promoted labor-augmenting technical change in the Chinese economy.
Meanwhile, there are more capital-saving technical changes in Japan and other
advanced countries in recent years. These findings raise important policy sug-
gestions that both labor-augmenting and capital-augmenting technical change are
essential, and the orderly directed technical change is critical to economic growth.

Keywords: Direction of technical change · Labor-augmentation ·
Capital-augmentation · Labor productivity · Economy of China

1 Introduction

Induced innovation is a hypothesis first proposed by John Hicks (1932). He proposed
that a change in the relative prices of production factors is a spur to innovation, a directed
innovation that will develop technologies to economize on the costly production factors
[1]. It means that technical changes are hardly neutral in their factor-saving potential. He
classified technical change to labor-augmenting (labor-saving) and capital-augmenting
(capital-saving) technical change according to its effect on the ratio of marginal product
of capital to marginal product of labor. Kennedy (1964) argued that induced innovation
will push the economy to an equilibrium with a constant relative factor share [2]. Recent
theories and empirical studies show that the long-run trend of a mature economy grows
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with only labor-augmenting technical change. Meanwhile, the shares of national income
allocated to labor and capital tend to be constant.

Since the market-oriented institutional and economic reform, China has experienced
enormous economic growth. Low labor costs have attracted many investments and make
“made in China” spread all over the world. Goodwin (1967) argues that higher labor
productivity increases the profitability of investment, generates a tighter labor market,
and causes real wages to increase [3]. With the growth of the economy, the level of
productivity is constantly improving, accompanied by a substantial increase in average
wages and labor costs. Meanwhile, China accelerated its higher education industrializa-
tion in the year 2003. The number of the high-level labor force increases rapidly. The
total number of university graduates is more than 8.3 million in 2019 [4]. The growth of
the economy, the growth of labor productivity and the increase of human capital make
China a country with rising labor costs.

On the one hand, the Chinese government is promoting the transformation of the
economic structure. On the other hand, in order to reduce labor costs, a large number of
labor-intensive firms began tomigrate fromChina to countries with lower labor costs, for
example, Vietnam. Figure 1 shows that from 2008 to 2017, average real wages doubled
in China, while the wage growth rates are less than 10% in most advanced countries [5].

Advanced countries

Emerging countries

Source: Global wage report 2018/19 (ILO, 2018) 

Fig. 1. Average real wage index for advanced and emerging countries, 2008–17
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The Kaldor’s “stylized” facts for long-term economic growth indicates that capital-
output ratio and functional distribution of income are roughly constant as well. However,
the factor income shares are no longer constant. Although not universal, the decline in
labor income share is a global trend in recent decades [6]. The labor income share in
35 advanced economies fell from around 54% in 1980 to 50.5% in 2014 [7]. Figure 2
is the decline of labor income shares in China, Japan, and the United States. The labor
income shares in China have increased in recent years, and the one in Japan has also risen
slightly after 2015. However, they are still well below the previous levels. Some studies
suggest that the decline of labor income share could be dampened but continue [7]. It
means that decreasing labor cost is a long-term global trend. The related literature shows
that the decline of labor income share across the world is a result of globalization, the
weakening of labor market institutions, the growing pressure from financial markets to
shift surpluses generated by large businesses towards investors, and capital substitution
and technology [6, 7]. Huang and Xu (2009) argue that the key cause of a declining labor
share in China is labor-augmenting technical change [8].

The result of recent studies that the long-run trend of a mature economy grows with
only labor-augmenting technical change means labor-augmenting technical change is
more critical to an economy in the long term, especially a mature economy. Meanwhile,
changes in the relative prices of production factors induce innovation to economize
on the costly production factors. As a developing country, China is a labor-surplus
economy. However, the labor costs have increased significantly in China, while rental
rates of fixed capital have not changed much. The increasing labor cost should induce
technical change bias toward labor-augmenting innovations in China, a developing and
labor-surplus economy. This research addresses the following questions:

Q1. Can pure labor-augmenting technical change ensure steady economic growth, the
growth of labor productivity?

Q2. Does technical change is also directed toward labor-augmenting innovations in
the high-tech manufacturing sectors in China, a developing and labor-surplus
economy?

2 Related Literatures

The existing theoretical studies and empirical studies are developed on the basis of the
pursuit of maximum profit for the firms. Acemoglu studies an aggregate production with
two inputs, labor, and Z, which could be capital, land, or other critical inputs [9–11].
The framework of his model of the factor bias of technical change is an analysis from
both the demand side and the supply side for new technology (innovation). He pointed
that the forces determining the direction of technical change are the price of factors (the
price effect), the market size (the market size effect: a larger market for the technology
leads to more innovation), and the substitution effect that “the more abundant factor is
substituted for the less abundant one, and has a lower marginal product [9].” He finds
that the economy grows with the purely labor-augmenting technical change in the long
run. Tax policy, labor supply, and savings change factor shares in the short run but have
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Notes: Unadjusted labor income share for China. Adjusted labor income share for

Japan and the United States. The unadjusted labor income share excludes the income 

from self-employment, and is lower than the true share of labor income.  

Source: Author's graphing base on the labor share data from AMECO for the United 

States and Japan, and from ILO for China.

Fig. 2. The decrease in labor share (whole economy)

no or little effect in the long-run. He expands his model of directed technical change
to different inputs for policy suggestions, for example, the clean and dirty inputs with
environmental constraints [12].

Irmen extends Uzawa’s steady-state growth theorem and uses a similar study frame-
work with Acemoglu. His studies focus on the analysis of the endogenous labor-
augmenting technical change. He pointed out that population ageing intensifies the rela-
tive scarcity of labor with respect to capital, and leads to more labor-augmenting and less
capital-augmenting technical change as well [13]. He argues that only labor-augmenting
technical change in the steady-state does not mean to neglect capital-augmenting tech-
nical change. He suggests that the steady-state must induce sufficient capital-saving
technical progress to offset the depreciation of this stock [14].

Based on the theoretical studies, several empirical studies to the theory of directed
technical change are carried out [15–18]. They adopt Kennedy’s innovation possibilities
frontier and analyzes the demand side and the supply side. Time series data for the
United States and panel data for a sample of countries are used for estimations. These
studies show that the long-run trend of a mature economy grows with labor-augmenting
technical change. Meanwhile, the trend which holds in mature economies also holds in
the manufacturing sector of developing countries [18].
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This study carries out from the analysis of the relationship between directed technical
change and economic growth, growth of labor productivity. It can make up for the
shortcomings of only focusing on profit maximization. This study is the first study
from the perspective of labor productivity growth. The value of this study is significant.
Meanwhile, previous empirical studies verify the situation in the United States and the
general transnational situation. There are a few studies on the economy of China. This
research conducts an empirical analysis in China.

For the analysis, this paper theoretically inspects the direction of technical change
through the perspective of labor productivity growth, which is based on Kennedy’s
innovation possibilities frontier and the Cobb-Douglas production function. Second,
this paper empirically investigates the direction of technical change in China through a
comparative study among the economies in China, Japan, and the United States. Here
uses the model extended from the definition of labor-saving and capital-saving technical
changes from Kennedy. Furthermore, a Granger causality test is conducted to verify the
causes of labor-augmenting technical change in China.

3 Direction of Technical Change: The Illustrative Models

3.1 Growth of Labor Productivity and Direction of Technical Change

Kennedy’s innovation possibilities frontier indicates that the development and adoption
of innovations is a resource-consuming process characterized by a trade-off between the
maximum feasible rates of labor-augmentation and capital-augmentation [2]. Here set δ
as the proportional rate of labor-augmentation technical change. Then, the proportional
rate of capital-augmentation technical change is 1− δ. Thus, the production function in
Cobb-Douglas format is

Y = (A(1− δ)K)α(AδL)β,

0 < δ < 1, 0 < α, β < 1, α + β = 1
(1)

where Y is output, K is capital input, L is labor input, and A is technical change. Then,
the labor productivity, the output per capita y is,

y = A((1− δ)k)αδβ (2)

where y is output per capita, and k is capital per capita. Take logs and differentiate
Eq. (2),

Here, technological progress A is exogenous. Its growth rate is constant, Ȧ
A = g. Let

gy, gk , gδ be the growth rate of y, k and δ. The growth rate of labor productivity gy is

gy = g + αgk + β − δ

1− δ
gδ (3)
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In Eq. (3), when δ < β, expanding the proportion of labor-augmentation tech-
nical change, gδ > 0, the growth rate of labor productivity will be higher. When
δ > β, if expanding the proportion of labor-augmentation technical change, however,
the growth rate of labor productivity will be lower. In contrast, reducing the propor-
tional rate of labor-augmentation technical change, gδ < 0, the growth rate of labor
productivity will be higher. Inspection of Eq. (3) reveals that the proportional rate of
labor-augmenting technical change converges to labor output elasticity, and the propor-
tional rate of capital-augmenting technical change converges to capital output elasticity.
The situation concludes from other studies that only labor-saving technical change can
occur and capital-saving technical change will vanish, is not realistic and could not exist.

When δ = β, gδ = 0, the proportional rate of labor-augmenting and capital-
augmenting technical change remains constant, respectively equaling to the output
elasticity of labor, and the output elasticity of capital. Then, the growth rate of labor
productivity is

gy = g + αgk (4)

In the steady-state, y and k will be growing at the same rate, gy = gk . Output per worker
grows at the rate of technical change per labor-augmentation unit

gy = g

β
(5)

3.2 Profit Maximization and Direction of Technical Change

Profit is the difference between value of products and value of input factors. Setting the
price of products as 1, and r as the lending interest rate of capital and w as the average
wage, the profit π is

π = (A(1− δ)K)α(AδL)β − rK − wL (6)

For K, profit maximization means ∂π
∂K = 0,

α(A(1− δ))αKα−1(AδL)β − r = αY

K
− r = 0.

For L, it is the same. Then,

αY

K
= r,

βY

L
= w (7)

According to Kennedy’s definition, labor-saving technical changes will reduce the
amount of labor required to produce a unit of product (unit labor saving, p), capital-
saving ones will reduce the amount of capital required to produce a unit of product (unit
capital saving, q). Following the definition, the unit labor saving p and the unit capital
saving q from technical change are

pt = 1− Lt
Yt

Yt−1

Lt−1
, p < 1 (8)
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qt = 1− Kt

Yt

Yt−1

Kt−1
, q < 1 (9)

where the subscript t refers to the time. An improvement will be labor-saving, neutral
or capital-saving according as p is greater than, equal to or less than q [2]. According to
Eq. (7), (8) and (9), when profit is maximized, the relationship between p and q is

pt − qt = rt−1

rt
− wt−1

wt
(10)

When wt
wt−1

> rt
rt−1

, pt > qt . It means when the wage w, the price of labor, increases
sharply relative to the interest rate r, the price of capital, profit-maximizing firms develop
labor-saving technologies. When wt

wt−1
< rt

rt−1
, pt < qt . It means when the interest rate

r increases sharply relative to the wage w, profit-maximizing firms develop capital-
saving technologies. And, when wt

wt−1
= rt

rt−1
, profit-maximizing firms develop neutral

technologies, pt = qt .
Equation (10) and Eq. (3) suggest that both profit maximization and labor productiv-

ity growth should be considered when choosing the direction of technical change. Equa-
tion (10) shows that profit-maximizing firms will generate innovation to economize on
the costly production factors to gain greater profits. However, Eq. (3) suggests that only
one direction of technical change will decrease labor productivity. In long-run steady
growth, the proportions of labor-augmenting and capital-augmenting technical change
should be constant as labor output elasticity and capital output elasticity, respectively.

4 Empirical Estimate, Result and Interpretation

4.1 Models and Data for Empirical Studies

The empirical studies exams the unit labor savings p and the unit capital savings q
from technical change in China, Japan, and the United States to analyze the situation
in China. Equation (8) and (9) will be used to estimate. Equation (10) will be used
in Granger causality test to identify the causes which decide the direction of technical
change in China.

Data used in the empirical analysis are from NBSC database (the National Bureau
of Statistics of China), AMECO database (the annual macro-economic database of the
European Commission’s Directorate General for Economic and Financial Affairs), ILO
data (the International Labor Organization), and World Bank data.

Capital stocks for thewhole economy of China are the estimation fromHerd (2020)1.
Capital stocks for Japan and the United States are available directly from AMECO. All
data are at constant prices to eliminate the impact of inflation. Table 1 lists the information
of all variables and data sources.

1 Herd, Richard. 2020. Estimating Capital Formation and Capital Stock by Economic Sector in
China: The Implications for Productivity Growth (English). Policy ResearchWorking Paper No.
WPS 9317. Washington, D.C.: World Bank Group. http://documents.worldbank.org/curated/
en/846601594661216544/Estimating-Capital-Formation-and-Capital-Stock-by-Economic-Sec
tor-in-China-The-Implications-for-Productivity-Growth.

http://documents.worldbank.org/curated/en/846601594661216544/Estimating-Capital-Formation-and-Capital-Stock-by-Economic-Sector-in-China-The-Implications-for-Productivity-Growth


380 J. Li

Table. 1 Variables, data and sources

Variable Data Sources

China

(1980~2017)

Output (Y) GDP Herd, Richard. 2020

Capital stock (K) Capital stock Herd, Richard. 2020

Labor (L) Total employment NBSC

Capital price (Rent) Lending interest rate WDI, World Bank

Labor price (Wages) Average wages ILO

Japan, the United

States, and G7 countries
(The time span varies by

country, the longest is

1960~2019)

Output (Y) GDP AMECO

Capital stock (K) Capital Stock AMECO

Labor (L) Total employment AMECO

Capital price (Rent) Lending interest rate WDI, World Bank

Labor price (Wages) Real unit labor costs AMECO

4.2 Unit Labor Savings and Unit Capital Savings in China, Japan, and the United
States

Table 2 reports the statistical distribution of the savings of labor to produce a unit of
product p and the savings of capital to produce a unit of product q which come from
the labor-augmenting and capital-augmenting technical change in China, Japan, and the
United States. Figure 3 diagrammatically shows the changes of unit labor savings p
and unit capital savings q in these three countries. According to Kennedy (1964), an
improvement will be labor-saving, neutral or capital-saving accordingly as p is more
significant than, equal to or less significant than q. The first quartile, the third quartile,
and the mean of unit labor savings p are greater than unit capital savings q in China,
Japan, and the United States. Furthermore, in most years, unit labor savings p is more
significant than unit capital savings q in all three countries. It means that themainstreams
of technical change in these three countries are labor-augmenting technical change.

Figure 3 shows that unit labor savings inChina is relatively stablewith a slight decline
in recent years, while unit capital savings have been declining in the past 40 years. In the
1960s and 1970s, the Japanese economy experienced a rapid decline in both unit labor
savings and capital savings. However, its unit capital savings began to increase slowly
in the early 1980s, and the decline in unit labor savings began to slow down. Both unit
labor saving and capital saving are relatively stable, with a slight downward trend in
the United States. In China, the gap between unit labor savings and capital savings is
widening. In Japan, the situation is the opposite. The gap is gradually narrowing after
the early 1980s, and unit capital savings have even surpassed unit labor savings in recent
years. Most of the time, the gap between unit labor savings and capital savings was
relatively small in the United States. The gap was relatively large from 2001 to 2009,
the period of the real estate bubble.

Not only in Japan, in Group of Seven, unit capital savings in Germany, Italy, and
the United Kingdom are also greater than unit labor savings in recent years. It means
that there are more capital-saving technical changes in these countries, although the gap
between the two savings is not big. The real data shows that capital-saving technical
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Table. 2 Statistical distribution of unit labor savings p and unit capital savings q in China, Japan,
and the United states.

Notes: GDP and capital stock are constant at 2010 price for China, 2015 price for Japan and the 
United States. The statistic method for total employment in China changed after 1990. In 
consequence, P in China for 1990 is not available.
Source: made by the author

Statistic Periods N Mean St. Dev. Min Pctl(25) Pctl(75) Max
p in China 1980~2018 38 7.534 2.322 1.803 6.202 8.721 12.056
q in China 1980~2018 39 - 0.413 3.898 - 9.371 - 2.606 2.981 7.665

p in Japan 1960~ 2019 59 2.899 3.080 - 4.486 0.774 4.153 9.998
q in Japan 1960~2019 59 0.060 2.670 - 8.976 - 1.214 1.360 6.526

p in US 1960~2019 59 1.600 1.232 - 2.409 0.849 2.476 4.307
q in US 1960~2019 59 0.446 1.730 - 3.735 - 0.164 1.499 4.095

change will not vanish and it is unrealistic that only labor-saving technical change can
occur in the mature economy.

Notes: GDPand capital stock are constant 2010 price for China, 2015 price for Japan and the 
United States.The statistic method for employment of China changed after 1990. P in China 
for 1990 is not available.   
Source: made by theauthor 

Fig. 3. Changes of unit labor savings p and unit capital savings q in China, Japan, and the United
states
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Analyzing it together with the GDP growth and the capital stock growth data (Fig. 4),
we can see that the growths of capital stocks in these three countries are different. In
Japan, the growth rate of fixed capital investment declined since 1970s.After experienced
four consecutive years of negative growth from 2009 to 2012, it has increased slightly
in recent years. The growth of fixed capital investment in the United States is relatively
stable. However, it had a drop during the global financial crisis and has not yet returned
to the level before the crisis.

The growth of capital stocks in China is increasing since the year of 2000. After
experiencing a growth phase dominated by labor-intensive production, the Chinese gov-
ernment began to strengthen fixed capital investment and take fixed capital investment as
an essential driving force for economic growth. In the first 20 years of China’s reform and
opening up, investment mainly concentrated in the eastern region. In 1999, the Chinese
government launched the Western Development Plan. In 2003, the strategy of revitaliz-
ing the industrial base in the Northeast was proposed. Then, the plan of promoting the
growth of the central region was carried out in 2004. Driven by the policies, the growth
of capital investment in these three regions has accelerated significantly.

Meanwhile, the government began to encourage and support the development of
the non-public economy actively. The legitimate rights and interests of the non-public
economy were written into the Constitution in 2004. In consequence, private investment
has become a vital force in China’s economy. In 1980, investment in the state-owned and
collective firms accounted for 86.9% of total investment. However, it accounted only for
29.6% in 2017. Investment in the shareholding firms, private firms, and foreign-invested
firms accounted separately for 28.9%, 33.8%, and 3.9% [19]. China has also increased
investment in infrastructures such as high-speed railway, highway, telecommunication
networks, ecology and urban infrastructure. In China, the rapid growth of fixed capital
investment, which has exceeded the GDP growth in the past ten years, mainly comes
from the impact of fiscal policy [20]. The fall of unit capital savings are a consequence
of the rapid growth of fixed capital investment.

In addition, the unit labor savings in China and Japan are more correlated with their
GDP growth, comparing to that in the United States. It means that employment in China
and Japan is relatively stable, while employment in the United States is fluctuating. The
economy in the United States is more market oriented. It is common to cut the workforce
to achieve satisfactory quarterly or annual performance. On the contrary, in China and
Japan, firms will avoid layoffs due to short-term performance and seek stable growth.
Table 3 lists the statistical distribution of the growth of GDP and capital stock in these
three countries at constant prices.

4.3 Granger Causality Test Results

The difference of unit labor savings and unit capital savings, p − q, represents labor-
augmenting, neutral or capital-augmenting technical change according to it is greater
than, equal to or less than 0. Equation (10) suggests that p − q will equal to rt−1

rt
− wt−1

wt

when profit is maximal. However, Pearson correlation test shows that rt−1
rt

− wt−1
wt

and p−
q are negative weak correlations (−0.3478) in the economy of China (Table 4). It means
that profit maximization is not the driven force that decides the direction of technical
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Notes: GDP and capital stock are constant at 2010 price for China, 2015 price for Japan and
the United States. The statistic method for employment of China changed after 1990. P in 
China for 1990 is not available. 
Source: made by the author  

Fig. 4. GDP and capital stock growth vs. unit labor and unit capital savings in China, Japan, and
the United states

change in China. However, average wage (0.9050) has significant positive correlations
with p − q.

Figure 4 shows that the unit labor savings is positively correlated with the GDP
growth, and the unit capital growth is negatively correlated with the capital growth in
China. However, the GDP growth and p − q are negative weak correlations (−0.3635),
while the unit capital growth (0.9982) has significant positive correlations with p − q,
or labor-augmenting technical change.

Table 5 summarizes the Granger causality test results. Columns (1) to (3) list esti-
mates of the causality coefficient from capital growth to p − q with the number of
lagged differences ranging from one to three. Columns (4) to (6) list the coefficient
from average wage to p− q. It shows that the growth of capital stock and average wage
drive labor-augmenting technical change for long-run. Despite the growth of wages
cause labor-augmentation, the relative change of factors’ prices has not correlated with
technical change direction in China.

5 Conclusions

Recent studies show that the economy goes with a purely labor-augmenting technical
change in the long run as firms pursue profit maximization in the short run or long
run process. From the perspective of labor productivity growth, however, the only
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Table. 3 Statistical distribution of GDP and capital stock growth in China, Japan, the United
States.

Notes: GDP and capital stock are constant 2010 price for China, 2015 price for Japan and the 
United States.
Source: made by the author

Statistic Periods N Mean St.Dev. Min Pctl(25) Pctl(75) Max
GDP G_China 1980~2018 39 9.444 2.826 3.918 7.793 11.087 15.192
Capital G_China 1980~2018 39 9.811 2.620 5.512 7.500 11.164 15.297

GDP G_Japan 1960~2019 59 3.754 3.834 - 5.416 0.970 5.528 11.953
Capital G_Japan 1960~2019 59 3.625 2.832 - 0.814 0.709 5.391 9.274

GDP G_US 1960~2019 59 3.059 2.038 - 2.537 2.068 4.400 7.237
Capital G_US 1960~2019 59 2.566 0.629 0.987 2.143 3.063 3.714

Table. 4 Pearson correlation test results in China

Notes:  represents
Source: made by the author

p - q w - r GDP Growth Capital Growth Ave wage Lending IR
p - q 1
w - r -0.3478 1
GDP Growth -0.3635 -0.4119 1
Capital Growth 0.9982 -0.3857 -0.3372 1
Ave wage 0.9050 -0.1974 -0.4075 0.8835 1
Lending IR -0.3647 0.4207 -0.4390 -0.3805 -0.2753 1

Table. 5 Granger causality test results in China, 1980−2018

Note:  · p<0.1; *p<0.05; **p<0.01; ***p<0.001

Source: made by the author

Capital Growth Average wage

(1) (2) (3) (4) (5) (6)

Pearson's cor 0.9982 0.9982 0.9982 0.9050 0.9050 0.9050

Lags -1 -2 -3 -1 -2 -3

F-test 24.024*** 7.723** 4.569** 5.8482* 6.5267** 6.5655**

p-value <0.001 0.001833 0.009706 0.02526 0.007883 0.005353

Obs. 37 36 35 22 21 20

labor-augmenting technical change will damage the growth of the economy. Equa-
tion (3), shows that to achieve labor productivity growth, the proportional rate of labor-
augmenting technical change converges to labor output elasticity, and the proportional
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rate of capital-augmenting technical change converges to capital output elasticity. Both
labor-augmenting and capital-augmenting technical change are essential to economic
growth. When the proportion of labor-augmenting technical change is low, promoting
labor-augmenting technical changewill enhance economic growth.When the proportion
of labor-augmenting technical change is too high, higher than labor output elasticity,
promoting capital-augmenting technical change will enhance economic growth. It is
essential for economic growth to properly guide the technical change.

From the perspective of the gap between unit labor savings and unit capital sav-
ings, the mainstreams of technical change are labor-augmenting technical change in
China even it is a developing and labor-surplus economy. The growth rates of wages
are high in China, while the lending interest rate is relatively stable. However, profit
maximization is not the driven force that decides the direction of technical change in
China. Policy-driven growth in fixed capital investment has promoted labor-augmenting
technical change in China. Meanwhile, in recent years there are more capital-saving
technical changes in Japan, as well as in Germany, Italy, and the United Kingdom. It
means capital-augmenting technical change is going with labor-augmenting technical
change in advanced economies.

An extensive literature shows that labor income shares in a majority of countries
across the world is falling. It means that average wage growth has lagged behind average
labor productivity growth. In recent decades, the financial market oppresses businesses
to take caremore to stockholders and ignore stakeholders, for example, employees. How-
ever, low wage growth will dampen household consumption and thus reduce aggregate
demand. It is very critical that both capital and labor share the results of labor produc-
tivity improvement. The benefit of stockholders and the welfare of stakeholders should
be balanced. A further study on the influence of the financial market in the direction of
technological change is essential to economic growth.
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Mechanism of the Effect of Financialization
on Economic Growth from the Perspective

of Talent Flow

Keyan Li(B)

95 Morgan St, Apt 10A, Stamford, CT, USA

Abstract. Since the 1980s, financial sectors began to expand rapidly and have a
growing proportion in GDP which is referred as “financialization”. Thus a lot of
scholars had studied the relationship between financial development and economic
growth. The study first discusses the effect of financial development and finan-
cialization on economic growth. And then, the paper discusses the effect of talent
inflow in financial industry on economic growth. Finance industry attracts a lot
of talents when financial has developed to a certain degree. Meanwhile, financial
sectors will occupy relatively excessive talent so that the lack of talent in pro-
duction industry will hinder the economic growth. The third section first showed
the relationship between the talent inflow and financialization. They positively
correlated at the beginning and then level off gradually with the increasing of
talent inflow. This section also provides an inverted “U” relationship between the
increment of talent in financial sectors and economic growth. The last section pro-
vides a summary and the shortcoming of the inverted “U” relationship. Moreover,
this paper suggests that the government should strengthen financial regulation and
limit financial innovation to prevent financial industry from occupying excessive
talent.

Keywords: Finance · Financial development · Economic growth · Talent inflow

1 Background

1.1 Introduction of Financialization

In the context of economic globalization, the financial development becomes more and
more important to the development of the real economy. By allocating capital to max-
imize the value of resources, the financial sectors can promote economic growth. On
the other hand, the rapid development of the financial industry is not always conducive
to economic development. It may lead to inefficient and unreasonable allocation of
resources, thus hindering economic development.

Since the wave of financial deregulation in the 1980s, the financial sector has grown
rapidly. Finance and economy gradually infiltrate into each other and act together as
a whole. As the proportion of the financial sector in the national economy gradually
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increased, the scale of financial assets expanded, and the profit of the financial sector
soared. Thus the financial sectors has attracted a large number of highly educated and
high-quality talents. Some scholars began toworrywhether the expansion of the financial
sector will hinder economic growth.

Due to the increasing financialization of economic relations, that is, the economic
relations in the society are more and more manifested as bond, debt, equity, dividend,
risk, insurance and so on; the financialization of social assets meaning that the proportion
of total financial assets in GDP increasing gradually and the economic financialization
becomes more and more obvious. Economic financialization refers to the increment of
the ratio of the total value of monetary and non-monetary financial instruments to the
total value of national wealth in a country’s national economy. It is noteworthy that the
rapid development of financial economy still has two sides.

This article discussed the promotion and obstruction of the economic financialization
on the economic development from the perspective of talent structure. According to
Foster, Magdoff and Sweezy (1966) came up with that the increasing role of finance
which was a new form of capitalism was termed as “financialization” [1]. Krippner
regarded the growing weight of finance in the American Economy as “financialization”
[2]. He put forward that the financialization of the economy caused extreme wealth
and income polarization in the US which was eroding the social bases of American
democracy [2].We can seefinancialization as an economic phenomenonof the increasing
importance of finance, financial markets, and financial institutions to the working of the
economy.

1.2 Effect of Financialization on Economic Growth

Most academics had a point that finance can improve the efficiency of resource alloca-
tion and lower the cost of finance so that it can support the development of economy.
For instance, financial repression constrained the economic development in develop-
ing countries [3]. There was a significant and strong positive correlation between the
development of financial intermediaries and economic growth in China—a developing
country, which means that the development of financial intermediaries were likely to
promote economic growth [4].

A large number of empirical researches using the increasing amount of data of related
indexeswith various econometricmethods indicated that financializationwere positively
associated with economic growth. For instance, Bencivenga and Smith who developed
an endogenous growth model with multiple assets found the financial intermediaries
shifting the composition of savings toward capital and reducing socially unnecessary
capital liquidation tended to promote growth [5]. Aghion et al. found the financial devel-
opment result in the improvement of level of material capital accumulation and resource
allocation efficiency [6].

However, there are also a few economists were worried about the disproportionate
growth of finance like James Tobin referred to ‘the casino aspect of our financialmarkets’
[1].Moderate financial development is necessary for the optimal economic growth while
financial repression or financial excess will hinder the economic growth [7]. And until
2007, a growing number of economists began to pay close attention to ‘financialization’.
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With the rapid expansion of finance industry, a number of economists revisited the
effect of financial development on economic growth especially after the subprime crisis
and their understanding had changed a lot. One of the major factors to the subprime
crisis was the soaring defaults in subprime housing mortgages and credit crunch caused
by the collapse of a housing bubble. It was exactly a time that financial deregulation
prevailed. Lack of financial regulation resulted in the rapid expansion of financial sector
and financial innovation which significantly improved the level of risk taking so that
systematic risk accumulated and financial crisis appeared [8]. More and more economist
began to pay attention to the potential downsides of financial development.

By reexamining the empirical relationship between financial development and eco-
nomic growth, Favara found there was no significant indication that financial devel-
opment spurs economic growth and the relationship was weak even negative for some
specifications [9]. There is also evidence indicates that at current levels of household and
business credit further expansion slows growth instead of promoting [10]. Cecchetti and
Kharroubi investigated how financial development affects aggregate productivity growth
and focusing on advanced economies, they found that that a fast-growing financial sector
is detrimental to aggregate productivity growth [11].

According to the findings “opposite” to previous cognition that finance facilitate
economic growth, what can be said for sure is that financial development or “finan-
cialization” definitely wouldn’t spur economic growth all the time. There is a threshold
effect in the finance-growth relationship which means finance exerts different effects on
economic growth on different level and more finance is not always better [12].

In addition, the enterprise-level empirical research showed the financialization of
economy had significant negative impact on the investment rate of non-financial enter-
prises which reduced material capital investment [13]. As a result, it lowered the added
value by production department.

We can’t insist the point that financial development will be favourable to economic
growth anymore in the present era. According to recent researchers, there must be a
complicate relationship between finance and growth.

2 The Effect of Talent Inflow in Financial Industry on Economic
Growth

The expansion of financial sector and high-paying jobs will certainly influence the struc-
ture and efficiency of human resource allocation. Because of the scarce human resource,
the increase in financiersmeans high-quality talents flowed to financial sectormust result
in the decrease in entrepreneurs [14]. According to Goldin, from 1970s to 1990s, there
was an obvious increase in the proportion of people working in financial sector who
graduated from Harvard University [15]. In developed countries, financial deregulation
leads to the increasing proportion of telent in financial sector while that decrease in
production department and productivity become lower.

However, there are also some economists argue that the increasing number of people
pursuing career in financial sector will facilitate financialization of economy and be a
stimulus to the economic growth [16]. If financial development is beneficial to economic
growth regardless of the level of financialization, we can conclude that the increasing
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share of finance in employment will be beneficial to economic growth as well because
more workforce in financial sectors will improve efficiency of the industry. But this is
just an ideal result beforemost economists reexamine the relationship between financial-
ization and economic growth so that we can’t say a wealth of talent flowing to financial
sectors can help economic growth all the time.

Finance accounts for a higher share of GDP than of employment before 1940s and
after 1980s and they have roughly the same growth tend [14]. Talent is the critical
factor for all sectors. More talent in one industry means more efficiency and output
of per unit capital. According to career choices of MIT graduates, Shu finds that the
financial industries attract high-quality talent. In consequence, the increasing amount of
talent brings about more effectively capital allocation for financial sectors [17]. In other
words, financial sectors need talent while talent is a scarce resource and the problem is
that the increase talent of one industry will cause the decrease in another industry. Due
to the two sides of financialization, merely promoting or preventing the talent flow to
financial industry doesn’t work for current economy situation.

According to the diminishing marginal effect, assuming that all else equal and work-
force input increases by the same amount continuously, the increment of the product
provided will decrease after increasing to a certain value, then the marginal output of
the workforce will decrease. Conversely, after the output increasing to the certain value,
the same increment of output will need increasing talent input on the basis of the law of
marginal cost. However, according to Philippon, instead of increasing returns to scale,
financial sectors have constant returns to scale and the cost doesn’t reduce with the
expansion of scale [18]. Just by looking at the development of financial sectors with-
out considering other factors we can find that there must be a most appropriate portion
of talent input or else too little or excessive talent will lower the efficiency of finance
industry.

The early development of finance can truly help economic growth by improving
financing efficiency, for example, before subprime crisis, most studies showed that finan-
cial development was positively correlated with growth. In fact, subprime crisis was a
warning sign of too much finance. Too much finance can even hinder economic devel-
opment due to holding excessive economic resources which causes crowding out effect
to real economy [18]. In the light of crowding out effect, the economic growth caused
by increment of talent in financial sectors may be counteracted by the decrease of talent
in production industry or even impede growth. Attracted by high-paid jobs and rapid
expansion in financial industry, high-quality talent tends to work in finance so that finan-
cial development contributes to economic growth by improving efficiency of resources
allocation. But at the same time, the production industry will lose part of the scarce
resource—talent resource which are originally expected to flow to. With the continu-
ously expansion, the gradually significant reduction of talent can even cause reduction
in GDP.

3 An Inverted “U”Model of the Effect of Talent Inflow to Financial
Sectors on Economic Growth

There may be an inverted ‘U’ relationship between talent inflow in financial sectors
and economic growth. At the beginning when the level financiallization of economy
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have not reached a point after which financialization will be negatively correlated with
economic growth, talent inflow can increase the output of financial sectors. But when
financialization has already began to occupy excessive resources, it will hinder economic
growth.

For the relationship between talent inflow and financialization which to some extent
can represent the level of financial development, as Fig. 1 shows, it will be positively
correlated at the beginning and then level off gradually with the increasing of talent
inflow.

Fig. 1. The relationship between talent inflow in finance industry and financialization.

Given the relationship between financialization and economic growth, the increase
of high-quality talent in financial sectors may have an irregular inverted “U” relation-
ship with economic growth. As Fig. 2 shows, the increment of talent resource will
definitely improve the efficiency of financial sectors, but the improvement is relatively
less obvious than other industries due to the constant returns to scale. With the rising
level of financialization, the economic growth gradually slow down after it has reached
the top of the “inverted U”. As mentioned earlier, the unit auxo-action from the unit
of increasing financialization for growth will decrease. But during this period, financial
sectors keep expanding which will attract a great number of high-quality talents and
even occupy the talent resource for other industries. Later excessive financialization will
hinder economic development. Thus, after the slower growth, financialization begins to
have negative effect to the growth. At the same time, because talent resource is a kind
of scarce resource, the lack of talent in production sectors will hinder economic growth.
Therefore, a certain proportion of the number of high-quality talent, for instance, people
with bachelor degree or above work in financial sectors need to be found to maximize
the positive effect of finance on economic growth.
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Fig. 2. The relationship between talent in flow in finance industry and economic growth.

4 Conclusions

This paper discussed the relationship between talent inflow in financial sectors and
economic growth and indicate an inverted “U” relationship between them. Through
discussing how the level of financialization react with talent inflow to indicate the rela-
tionship between the inflow and economic growth. More talent in production sector
means higher efficiency of output and more talent in financial industry means higher
efficiency of capital allocation. But excessive talent inflow in financial sectors will make
talent resource in production industry which can hinder economic growth. In the future,
exploring a proportion of talent in financial sectors which can maximize the positive
effect of financialization on economic growth is necessary. This is also the shortcoming
of this paper because lack of empirical data to determine a best proportion. Scholars have
some discussion about it, but there is no direct proof of the “inverted U” relationship.
In addition, some scholars also showed that when the financial sectors boom, financial
institutions draw high-quality talents away from the regulator sectors and equilibrium
misbehavior by financial workers increases [19]. This will hinder financial development
at first which may indirectly hinder economic growth. Thus, excessive talent inflow to
financial sectors should be evaded.

The appropriate proportion of talent inflow to financial sectors is a topic of consider-
able importance. Alvarez concluded the potential relationship between dependence on
finance and wage share which shows increased dependence on financial profits is likely
to decrease wage share in non-financial corporations [20]. In other word, the decreased
wage share is also likely to hinder the talent inflow to production sectors. In this sense,
the government should tighten financial regulation and limit excessive financial innova-
tion lacking real value. At the same time, it is necessary to encourage credit to flow to
real economy to sustain long-term economic development. Moreover, financial regula-
tion should be attached more importance. The high profits of financial sectors attracted
excessive talent, the managers tend to engage in speculation. In order to ensure appro-
priate proportion of talent in financial sectors, improving regulation system to increase
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transparency and limit exceptionally high profit are necessary to prevent the financial
sectors from occupying superfluous talent resource.
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Abstract. The economic development of the real estate industry in recent years
has been a good economic performance. As the transmission signal of real estate
economic development trend, house price ushered in a development peak in 2015.
The rise of house prices has always been a hot research topic. Previous studies
mostly focus on the relationship between supply and demand, macro tax and
other aspects, but less from the perspective of land mortgage. This paper selects
the landmortgage and commercial housing price data of 297 prefecture level cities
to establish the fixed effect model, and finds that the expansion of land mortgage
scale will lead to the rise of commercial housing price. As the core force of macro-
control, the government should strengthen the supervision of the land mortgage
market, strictly control and improve the access threshold; The government should
release and develop the landmortgaged by the government and the land not opened
by the developers as soon as possible, so as to alleviate the soaring house prices
from the supply side. At the same time, in the process of regulation and control,
we should also pay close attention to the housing demand, guide the housing price
to return to rationality, try to meet the housing demand of the regression due to
high housing price, and improve people’s livelihood.

Keywords: Land mortgage · House price · Panel data

1 Introduction

As an important driving industry of China’s economic development, real estate has been
widely concerned by all walks of life. Although the rapid development of real estate has
been normalized and the growth rate is slowing down, and the government has always
implemented the policy concept of “the house is for living, not for speculation”, but in
the past few years, the development of real estate is still at a high level. Since 2015, the
real estate market ushered in a small peak: in 2015, the national real estate development
investment was 9597.9 billion yuan, a nominal increase of 1.0% over the previous year.
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However, by 2016, the national real estate development investment reached 10258.1
billion yuan, a nominal increase of 6.9% over the previous year, and has maintained a
high growth rate since then. Until 2019, national real estate development investment is
13219.4 billion yuan, an increase of 9.9% over the previous year. Real estate investment
has been expanding, on the other hand, the demand for real estate is not weak at the
initial stage: in 2016, the sales area of commercial housing reached 157349 million
square meters, an increase of 22.5% over the previous year. With the double support of
investment and demand, house prices continued to rise, and the growth rate of sales area
in the following years slowed down, and the sales area of commercial housing in 2019
decreased by 0.1% compared with the previous year.

House prices are also rising at a faster pace. The average price of commercial housing
sales in China was 6324 yuan in 2014 and 6793 yuan in 2015. Only one year later, the
average price of national commercial housing sales jumped to 7476 yuan in 2016 and
8726 yuan in 2018.

Another element that accompanies the house is land. The value of land itself is
directly related to the house price. Due to the public ownership system of land with
Chinese characteristics, land mortgage has become the main way of land appreciation.
As early as 2013, there were 403900 hectares of land in 84 key cities nationwide, with
a total mortgage loan of 7.76 trillion yuan. In 2013, 367000 hectares of state-owned
construction land were transferred nationwide, with the contract price of 4.20 trillion
yuan, increasing by 13.7% and 56.3% respectively. Thus, the scale of land mortgage is
gradually expanding.

Real estate, as an industry which is widely concerned by the public, is also an
important pillar industry of China’s economic development. As the core element of the
industry, house price plays an important role in the whole economy. Therefore, from the
perspective of landmortgage scale, it is very necessary to study the path and transmission
mechanism of real estate price rising.

2 Literature Review

For the problem of high real estate prices, many scholars have summarized it from the
perspectives of school district housing, geographical location, infrastructure construction
and so on. Zhang et al. (2020) believed that the consistent education policy would still
lead to the rise of housing prices, that is, the more educational resources attached to the
house, the higher the price; Zhang et al. (2018) proposed that the high housing price
in school districts actually covered the cost of choosing high-quality schools; Gu and
Zhou (2015) tookWuhan as an example to explore that the spatial distribution of housing
prices inWuhan is the result of the comprehensive effect of urban planning, geographical
location, environmental landscape and housing attributes [1]. Most of these studies are
inseparable from the basic analysis framework of the economic principle that supply
and demand affect prices. There are also scholars from the perspective of real estate tax
analysis, from the macro perspective of the government to explore real estate prices. Sun
and Cui (2018) found that personal housing property tax will reduce the house price, but
also reduce the housing demand of families [2]. Among them, there are many researches
on the real estate price from the perspective of land, According to the analysis of land
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market by Zhang et al. (2019), China’s local economic development and large-scale
urban construction rely heavily on the land market, which land acts as a lever.

However, there is little research on the perspective of land mortgage, and to study
land mortgage, it is necessary to analyze the land system. China’s land system has a
strong socialist color. The socialist system with Chinese characteristics determines the
implementation of public ownership of land and the ownership of land by the state. Fu
Hongcai et al. (2018) divided the three rights of land into ownership, contracting right
and management right. The state holds the ownership of the land, which provides a
fundamental possibility for the government to mortgage land and obtain financing. In
essence, the financing channel of local finance not only has the support of land system,
that is, a large number of land resource reserves in the hands of the government, but
also has the guiding factors on administrative guidance. When exploring the interaction
mechanism between land transfer and land price, Zheng et al. (2014) pointed out that in
the early stage of economic development and market transformation, the GDP oriented
local assessment mechanism prompted local governments to find out the breakthrough
point of economic development by expanding urban construction in the face of pressure,
thus turning a large number of land resources inventory intofinancing tools. Similarly, not
only the government, but also with the continuous development and improvement of the
financial market and the continuous relaxation of policies, the influence of landmortgage
in other areas is also increasing. For example, under the development goal of Inclusive
Finance, China’s rural land contractual management right mortgage loan reform has
brought timely financial support to rural small farmers, and farmers themselves have
high enthusiasm for the financial product model (Li and Luo 2015).

3 Research Methods and Data

3.1 Data Source and Model Establishment

The data used in this paper comes from the database “city annual database of Guoxin real
estate information network”. In the process of data collection, the statistical yearbooks
and Statistical Bulletins of 297 prefecture level cities are selected in the period of 1999–
2015. On the basis of collecting widely used macroeconomic indicators, great emphasis
is also placed on the data of land mortgage and real estate prices. Finally, in terms of
land mortgage, three indicators are collected: land mortgage loan, land mortgage area
and land mortgage valuation; and the most representative commodity housing price is
selected for real estate price.

The following equation is constructed to investigate whether the land mortgage has
a transmission mechanism to the price rise of commercial housing in prefecture level
cities.

ln pochit = α0 + α1 ln lmlit + α2 ln grpit + α3 ln nrrpit + β0findperit + β1sindperit + μit + εit
(1)

ln pochit = α0 + α1 ln lmait + α2 ln grpit + α3 ln nrrpit + β0findperit + β1sindperit + μit + εit
(2)

ln pochit = α0 + α1 ln lmvit + α2 ln grpit + α3 ln nrrpit + β0findperit + β1sindperit + μit + εit
(3)
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Among them, poch represents the price of commodity housing in prefecture level
cities, lml indicates the local land mortgage loan, lma indicates the land mortgage area,
lmv expresses the value of the land mortgage, grp indicates the gross domestic product,
nrrp indicates the number of registered residence population, findper represents the
proportion of the primary industry, sindper represents the proportion of the second
industry, μ indicates the individual fixed effect of the various cities, and ε indicates
random disturbance. i and t in each variable indicate the corresponding prefecture level
city and year respectively. α1 ∼ α3, β0 and β1 are regression coefficients.α0 is a constant
term.

In the process of data preprocessing, it is found that the data of commercial housing
price, landmortgage loan, landmortgage area and landmortgage valuation are skewness.
Therefore, logarithmic processing is carried out. At the same time, in the process of
analyzing data, the proportion of gross domestic product and household registration
population is fixed, and the proportion between primary industry and the second industry
is added to improve the actual economic relevance of the study.

4 Result Analysis

4.1 Descriptive Analysis of Scatter Plot

Firstly, the logarithm variables are described and analyzed by scatter plot. Taking
lnlml, lnlma and lnlmv as independent variables and ln poch as dependent variables,
three scatter plots were generated by SPSS software (Figs. 1, 2 and 3).

Fig. 1. Scatter chart of the logarithm of commercial housing price and land mortgage loan.
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Fig. 2. Scatter chart of the logarithm of commercial housing price and land mortgage area.

Fig. 3. Scatter chart of the logarithm of commercial housing price and land mortgage valuation.

The abscissa of scatter chart is the logarithm value of land mortgage loan, land
mortgage area and land mortgage valuation respectively. The ordinate is the logarithmic
value of commercial housing price. The slope of regression trend line is about 0.15.
Through the analysis of scatter diagram, it is obvious that there is a certain correlation
between land mortgage and the price of commercial housing in prefecture level cities.

Then, from the logic theory level, we can roughly infer the transmission mecha-
nism behind it: land mortgage brings capital inflow to investors, and then drives the
construction of land infrastructure. After the completion of construction and supporting
measures, the added value of land will increase. As an important guide of house price,
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the improvement of land value will inevitably lead to the increase of house price. Of
course, to get such a transmission mechanism, we need further scientific test.

4.2 Regression Analysis Based on Fixed Effect Model

Although the scatter plot shows a relevant trend, the simple regression analysis involving
only two variables lacks rigor, and the factors influencing the real estate price are far
more than that, and the goodness of fit R2 is not ideal on the whole. Therefore, in order to
explore the transmission mechanism more scientifically, this paper adopts a fixed effect
model to fix the two variables that may affect the price of real estate and the household
registration population. After that, the above three equations are analyzed and the results
are as follows (Tables 1, 2 and 3).

Table 1. Regression results of commercial housing pricewith landmortgage loan as core variable.

Table 2. Regression results of commercial housing pricewith landmortgage area as core variable.

The Coef. in the table represents the regression coefficient of the variable. Std.err
represents the standard error, and the probability values of t andP jointlymeasurewhether
the regression coefficient is significant. From the above table, we can draw a conclusion
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Table 3. Regression results of commercial housing price with land mortgage valuation as core
variable.

that after the two variables of fixed local gross domestic product and household registered
population, the core explanatory variables of land mortgage have basically significant
impact on the price of local commercial housing. With the regression coefficient is
0.0205, the tail probability of landmortgage loan is 0, showing a strong significance and a
positive impact on the price of commercial housing; The tail probability of landmortgage
valuation is 0.029, which also has the significance. The influence to the commercial
housing is positive, and the regression coefficient is 0.01. In spite of the influence of
land mortgage area on the price of commercial housing is not significant, the basic
conduction direction is consistent with the direction described in the scatter diagram.
Therefore, we can basically conclude that the expansion of land mortgage scale has
indeed caused the rise of commercial housing prices to a certain extent.

In addition, it can be seen from the table that the proportion of the secondary industry
has a significant negative correlation with the housing price, and the regression coeffi-
cients are generally between 0.004 and 0.007. That is to say, the greater the proportion
of the secondary industry in the local total output value, to a certain extent, the higher
the degree of local industrialization, the less demand for labor force, and the relative
reduction of population. Therefore, from the macro perspective, the overall demand for
commercial housing is low, which leads to the decrease of local commercial housing
prices.

5 Conclusions and Policy Recommendations

It can be seen that land mortgage plays an important role in the promotion of housing
prices. There are many logical transmission mechanisms behind it. From the perspective
of government entities, in the market environment of pursuing rapid economic develop-
ment in the early years, the GDP oriented performance evaluation standard pushed the
government to the road of exchanging land resource reserve for local economic devel-
opment. A large area of land was mortgaged for development, so the land added value
increased, and the price of commercial housing rose naturally.

In order to stabilize the price of commercial housing and regulate the real estate
market, the government should pay enough attention to the land mortgage market. The



Research on the Transmission Mechanism of Land Mortgage Scale 401

expansion of the scale of land mortgage undoubtedly intensifies the risk of the land
market to a certain extent, and the investment return cycle of the real estate market
is long. If the mortgage chain breaks in the process, it will bring huge losses to the
mortgagor; At the same time, with the rising prices of commercial housing, although
housing demand is rigid demand, for most people, commercial housing is as consumer
goods rather than investment goods, that is, normal goods rather than giffen goods.
With the rising prices, the substitution effect of commercial housing is greater than the
income effect, and people are more likely to transfer to other markets (such as the rental
housing market). As is shown in the above data in 2019, the sales area of commercial
housing has decreased slightly. The government should strengthen the supervision of
the land mortgage market, strictly control and improve the access threshold; For the land
mortgaged by the government itself through the financing platform and the undeveloped
land in the hands of developers should be released anddeveloped as soon as possible, so as
to alleviate the soaring house prices from the supply side. In the process of regulation and
control, government should also pay close attention to the housing demand, implement
more preferential tax policies or relief policies, and try to meet the housing demand of
the regression due to high housing prices, so as to truly achieve the purpose of improving
people’s livelihood.
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Abstract. Above the solid base founded by Alfred Marshall, Robert Solow, Paul
Romer, and other famous economists around the world, this article focuses on
exploring new aspects of economic growth based on the Romer Economic Growth
Model. By adding two new variables, the heterogeneity and the ability to absorb
knowledge, into themodel, which are twomain conditions that allows the spillover
effect of knowledge, this article realizes that such an effect is, in fact, a mutual
communication between industries, in which they absorb knowledge from each
other. In order to set up a newmodel based on theRomer EconomicGrowthModel,
this article imports the two variables into the model, and finally achieve a new
endogenous economic growth model. Theoretically, this will be a more inclusive
economic growth model: Romer Economic GrowthModel, SolowGrowthModel,
and AK Model are all special situations of this model. Mathematically, since this
model emphasizes the impact of ability to absorb knowledge in the economic
growth, comparing to previous economic growth models, this one will hold a
stronger point in explaining endogenous economic growth.

Keywords: Romer economic model · Endogenous economic growth

1 Introduction

Seeking the origin of economic growth is one of the most archaic and crucial problems
in Economics in the history of the globe. In the 17th century,William Petty had proposed
that “Labour is the Father and active principle of wealth, as lands are theMother.” After-
ward, Adam Smith labeled “capital” as a new factor of production. With the growth
of the modern economy, knowledge and innovation started to be noticed as essential
roles in economic growth, which indicated new standards of theories in explaining how
this growth happened continuously. A large number of famous economists around the
world, such as Kenneth Arrow, Nicholas Kaldor, Robert Solow, and Hirofumi Uzawa,
had emphasized that knowledge, technique, and innovation represent the major elements
in pushing modern economic growth [1–4]. However, what they built in their models,
normally, illustrates that the improvement of technique and the acquisition of newknowl-
edge are exogenous, which means they happen naturally. That actually limited the most
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tremendous momentum of economic growth into a box. Whereas, Paul Romer (1986),
the winner of the Nobel Memorial Prize in Economics, thought differently [5]. In his
model, the production of new knowledge and the activity of innovation are nominated
as variables, explained how market mechanism and economic policies spur the forward
research and innovation in enterprises, which, in the deepest degree, gave the prob-
lem a reasonable explanation in the modern world. Romer’s theory is still called “the
Endogenous growth theory” (1998) [6].

The dimensions of society, such as culture, politics, laws, etc., can be varied from
country to country, it seems impossible for Romer and all successors to create a single
model to explain the world. Therefore, Romer pinpointed knowledge as his variable
to have further research. The best part of Romer’s Endogenous growth model is to
endogenesis the knowledge and technique innovation, which excluded the intervention
of government policies. While Romer believes that since new knowledge cannot be
rigged by a single company, which means when new knowledge has been produced, all
other enterprises can learn the knowledge totally and use it for their own good to create
profit. However, is gaining new knowledge as easy as it tells us? Therefore, this article
will dig more into knowledge, based on Romer’s Endogenous growth model.

Experiences of years of studying tell the story that learning consumes time and
wealth. Riches can always acquire better education sooner and faster than the poor.
Such a theorem can be applied in the economic growth that abilities to learn, absorb, and
transform knowledge of different companies are different. For example, themanagement
philosophyof large enterprises and small enterprises are different.While a large company
gives birth to a newmanagement philosophy, which could be regarded as new knowledge
in the economic system, the ability of small enterprises to learn is tiny. Whatsmore,
Romer’s Endogenous growth model suggests that the economy of large countries will
always develop faster than small countries, which is challenged by the fact that large
countries, such as India, are not necessarily growing faster, now. The purpose of this
article is to import two new variables about knowledge based on Romer’s Endogenous
growth model to make the model more convincing and explanatory.

However, limitations of the Romer Economic Growth Model is amplified due to the
progress of modern economic system, which can be described as two major points: (1)
it had not detailed the necessary preconditions of the spillover effect of knowledge; (2)
though it was not obvious yet in 1986, now we can find a dilemma that, according to
Romer, large countries will always be able to develop faster than small countries; how-
ever, it can still not be able to explain why large countries like India are not necessarily
develop faster than small countries [7]. In this article, two new variables (precondi-
tions) will be imported to improve the Romer Economic Growth Model. After all, the
Endogenous Growth Model will be more convincible and explanatory.

2 The Romer Economic Growth Model

The Romer Economic Growth Model hypothesizes that the production function of the
identical industry can be contributed by the private knowledge k, the total knowledge that
a society obtains K, and other inputs x. First of all, Romer supposed that no other inputs
other than knowledge growth, which can be refer to x = x. Therefore, the production
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function of the industry can be represented by:

y = f (k,K) = F(k,K, x) (1)

In the function, F indicates that for k and x, the returns to scale remains unchanged, and
for k and K, it’s a progressive increase model for return. In the Romer Economic Growth
Model, the total knowledge of society K measures the externalities of knowledge, or
technique, to the contribution of output. Therefore, when private industries are deciding
about new investments, they do not have to consider K as a changing variable, which
means K(t), as the level of the total knowledge, is fixed. However, for social planners,
such as politicians, will need to consider the change of K and how its internality and
externality will affect the output when deciding on new investment. For these social
planners, the total knowledge of society K is the sum total of knowledge possessed by
each individual industry in the given society, which can be figured by K = sk. There are
some constraint conditions for the increasing rate of knowledge of the private industry,
which can be referred to as the relationship between the total investment for producing
new knowledge l and knowledge production k̇. The rate of increase in private industry’s
knowledge possession is the ratio between the private industry’s investments and the
private industry’s knowledge possession, which can be expressed by:

k̇

k
= g

(
l

k

)
(2)

In this function, g is an increasing function which has an upper limit γ , g(0) = 0,
g

′
(x) > 0, g

′ ′
(x) < 0. We can have the conclusion that the profits of producing new

knowledge is decreasing.
Under this circumstance, the artificial planning P∞(K) and social planning PS∞ can

be expressed by:

P∞(K): max
∫ ∞

0
u(c(t))e−δtdt

s.t.
k̇

k
= g

(
l

k

)
= g

([
f (k, sk) − c

]
k

)
(3)

PS∞: max
∫ ∞

0
u(c(t))e−δtdt

s.t.
k̇

k
= g

(
l

k

)
= g(

[f (k,K) − c]
k

) (4)

Romer explained the beingness of these two questions and gave an assumption that
competitive equilibrium and social optimum are inconsistent. Competitive equilibrium
is a condition of social suboptimum, since all the competitive industries in the market
regard K(t) and price of set values and the private marginal product of knowledge is
∂
∂k f (k,K). However, for social planners, the social marginal product of knowledge is
∂
∂k f (k,K) + s ∗ ∂

∂K f (k,K). Since the private marginal product of knowledge is smaller
than the social marginal product of knowledge, the producers will choose a knowledge
production that is lower than the social optimum level, which will eventually lead to the
increasing rate of competitive equilibrium being smaller than the increasing rate of social
optimum [8]. Therefore, Romer stood steady on the side of government intervention.
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3 Improved Model

Because of the heterogeneity of k, the total knowledge that society obtains K cannot
be simply equal to sk; instead, it should be related to the heterogeneity degree of the
information of knowledge each industry possesses. Moreover, the spillover effect of the
total social knowledge should be related to the ability that each industry absorbs different
kinds of knowledge, such asmanagement and techniques.Depend on all discussed above,
we can set a more realistic expression about the total social knowledge K:

K = (sk)αβ (5)

In the expression, 0 ≤ α ≤ 1, 0 ≤ β ≤ 1, α represents the ability that an industry
absorbs specific new knowledge, which is largely related to the level of education, and β

represents the diversity of the new knowledge (in other words, how different is the new
knowledge compare to the existing ones). If one of α and β, or both, equals 0, which
means, if the knowledge obtains by different industries remains consistent and/or the
industry’s ability to absorb new knowledge is none, the knowledge will not experience
spillover effect. On the other hand, if and only if α = 1 and β = 1, we can conclude
that knowledge has a total spillover effect. When 0 < α < 1 and/or 0 < β < 1, the
knowledge has a partial spillover effect.

After the modification from K = sk to K = (sk)αβ , the new artificial planning
P∞(K) and social planning PS∞ can be expressed by:

P∞(K): max
∫ ∞

0
u(c(t))e−δtdt

s.t.
k̇

k
= g

(
l

k

)
= g(

[f (k, (sk)αβ
) − c]

k
) (6)

PS∞: max
∫ ∞

0
u(c(t))e−δtdt

s.t.
k̇

k
= g

(
l

k

)
= g

([
f (k,K) − c

]
k

)
(7)

Theorem 1: The existence of solutions in social planning situation. We suppose that U, f,
and g are real continuous functions, and U and g are concave functions. If f

(
k, (sk)αβ

) ≤
μ + kρ , ρ > 0, 0 ≤ g(x) ≤ γ , and μ,ρ,γ are real numbers. If γρ is smaller than the
discount rate δ, and the value of αβ is equal to the critical value, which leads to k → ∞,
the marginal profit of f

(
k, (sk)αβ

)
about k is a constant m > δ, or when the value of

αβ is larger than the critical value, PS∞ has the equilibrium solution of the increasing
rate over 0. When the value of αβ is equal to 0 or the value of αβ cannot exceed the
critical value, which makes the marginal profit of f

(
k, (sk)αβ

)
about k decreases, the

equilibrium increasing rate of the social optimum is going to be 0.
Because of f

(
k, (sk)αβ

) ≤ μ+kρ and the upper limit of g(x) is γ , the upper limit of
the increasing rate of spending c is γρ, γρ smaller than the discount rate δ will guarantee
the existence of finite solutions.
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4 Results

One thing that worth to notice is that after modified artificial planning reaches equilib-
rium, it is going to be K = (sk)αβ instead of K = sk in the Romer Economic Growth
Model. When α = 1 and β = 1, which, as above, means the knowledge has a total
spillover effect, the modified model will be in the same shape as the Romer Economic
Growth Model. When one of α and β, or both, equals to 0, or the value of αβ can-
not exceed the critical value, which makes the marginal profit of f

(
k, (sk)αβ

)
about

k decreases, the modified model will be regarded as the Solow Growth Model. If it
happens, the competitive optimum and the social optimum will be the same. When the
value of αβ is equal to the critical value, which leads to k → ∞, the marginal profit
of f

(
k, (sk)αβ

)
about k is a constant m, the modified model will be the same as the AK

Model (Khaled Hussein & Thirlwall, A. 2000) [9].
In the modified model, the new private marginal product of knowledge is

∂
∂k f (k, (sk)

αβ); on the counterpart, for social planners, the new social marginal product
of knowledge is ∂

∂k f
(
k, (sk)αβ

)+ s(sk)αβ−1 ∗ ∂
∂K f (k, (sk)

αβ). Under this circumstance,
in order to reach the Pareto Optimality (Yew-Kwang Ng, 1973) [10], Romer’s political
advice will also need to be utilized as well. Since the private marginal product of knowl-
edge and the social marginal product of knowledge are both increasing functions related
to αβ, the larger αβ is, the larger private and social marginal product of knowledge will
be. The consequence is: not only both the socially optimal knowledge stock and equi-
librium knowledge stock will be larger, but both the socially optimal rate of economic
growth and the equilibrium optimal rate of economic growth will be larger.

5 Conclusion

By importing new variables about heterogeneity and the ability to absorb knowledge,
there are several further conclusions can be made depend on the results above.

The spillover effect of knowledge is related to the diversity of the new knowledge
β. Therefore, duplicate construction will be tremendously harmful to one country’s eco-
nomicpower, since duplicate constructionwill result in lowering the indexof the diversity
of new knowledge, the marginal product of knowledge, socially knowledge stock (both
the social optimal and the equilibrium optimal), and increasing rate of economic growth
(both the social optimal and the equilibrium optimal).

From the modified model, we can conclude that international trade will have a pos-
itive effect on economic growth. During the international trade, the number of different
kinds of knowledge that countries can learn will increase substantially; on the other side,
it can also open a whole new market for a country, which as a result increasing the value
of s, total industries in the function, and the marginal product of knowledge. Eventually,
it will reflect to increasing the rate of economic growth.

The ability to absorb new knowledge α is highly related to the citizen’s overall
educational level. Therefore, reinforcing the investment in educational programs and
stockingmore andmore high-valued human capitalswill accelerate a country’s economic
growth.
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Abstract. This paper mainly focuses on the influence of confirmation bias and
gambler’s fallacy effect on people’s behaviors in the short-term markets. The
model sets the gambler’s fallacy effect as an endogenous variable of the represen-
tative heuristic, and uses the information to explain confirmation bias. After using
the Bayesian method to assign different prior distributions according to the differ-
ent market conditions, I find these two biases both have effects on the stock price
and they will be changed by the different market types. Besides, results also show
that in 2019–2020, confirmation bias plays a more important role in the tech-stock
market. When the market increased more in the last week, the gambler’s fallacy
effect is more significant.

Keywords: Confirmation bias · Gambler’s fallacy effect · Bayesian method

1 Introduction

Today, people always want to invest in the financial markets, so, how to make a rea-
sonable evaluation and prediction for the market is important. The assumptions of the
Black-Sholes model indicate that the fluctuation of the stock return can be described by
the Brownian Motion. In other words, it suggests that every step of the price change is
random and cannot be predicted. However, if we relax the assumptions, as the Farmer,
Nourry, Vendittiwe say, we would notice that the markets are not efficient because
of the complex environmental factors and people’s behaviors, and that is the founda-
tion for our analysis, where we aim to use the past information to predict the future
activities [1].

Poteshman and Serbin point out the existence of irrational behaviors in financial
markets through the evidence of the stock options [2]. This paper will focus mainly
on two biases of people’s behaviors. One is the gambler’s fallacy effect; the other one
is the confirmation bias. The gambler’s fallacy effect is derived from the law of the
small numbers, which means that people always use the small sample to evaluate the
whole situation. Rabin tries to model this bias from the probabilistic perspective with
the Bayesian method and puts forward two useful views. The one is the explanation
that the people always consider the situation without replacement. The other one is the
assumption that every draw in the experiment is identical and independent. These two
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things provide the direction for future research [3]. Besides, there are many practical
researches. In the lottery play, Clotfelter and Philip J. Cook show that in the “three digit
games”, the winning numbers will not be chosen in a while [4]. Suetens and Tyran focus
on whether the gender is the factor of the bias and show on average that men are about
1% less likely to bet on numbers drawn in the previous week than on numbers not drawn
[5]. Besides gender, Fong, Rob Law and Lam also examine the other three factors: the
latest outcome, streak length and outcome frequency [6]. In the financial world, K. Loh,
Warachka and Kudryavtsev, Cohen, and Hon-Snir also show that people have this bias
in the stock markets [7, 8]. It means if people see stock returns have the same sign in
the past several days, they may predict that the sign will reverse in the next following
days. However, confirmation bias means that people will insist more on their belief so
that when they observe the news or events which are consistent with the belief, they will
get more information and deepen their confidence. Research always needs to focus on
using some ways to simulate the prior belief, in other words, confidence in something. In
political beliefs, Taber, Lodge andWesterwick,Mothes, Polavin both use the experiment
to show that when people choose the news they want to read, they have the confirmation
bias [9, 10]. Kassin, E.Dror b, Kukucka show that in criminal events, the prior belief
such as confession and fingerprint always influence the judgment [11]. Moreover, as
Santamaria proposes, it also influences the investment strategy [12]. It means that if
investors believe the company and industry are great and the stock will increase, when
they see the same-sign sequence of returns, theywill believe themomentumcan continue.

Then, it is obvious that these two biases have some similarities. They both consider
people’s prior belief in certain thing and influence their prediction for the future. How-
ever, they may lead to two opposite directions. The one is a reversion; the other one is
momentum. Therefore, this paper will focus on using the Bayesian method to combine
these two biases to model people’s behaviors in the financial market since the method is
always a suitable way to deal with problems under different prior conditions. First, for
the gambler’s fallacy effect, Tversky and Kahneman, who raise the bias firstly, explain it
by the representative heuristic, whichmeans the people’s thoughts are in a certain pattern
[13]. Therefore, the paper treats the effect in an endogenous way and assumes it is only
related to the prior belief and time. For the confirmation bias, many researchers, such as
Taber, Lodge and Cipriano and Gruca, are more willing to set a stimulation mechanism
in dealing with political and financial topics [14]. After these procedures of handling the
prior belief, people are more likely to show confirmation bias. Thus, I consider people’s
different acceptance ratio based on the different tendencies of the information. Finally,
we combine these two models to analyze people’s choices in different types of the stock
market with different prior settings. By Metropolis-Hastings method, we have verified
that these two biases have different effects on the stock price and with changes in the
type of the markets, gambler’s fallacy effect will have different influences.

2 Model

This paper will mainly focus on the short-term issue, where people tend to show gam-
bler’s fallacy effect and confirmation bias. Tomodel the people’s behaviors in themarket,
we consider a time interval: [T0,T ]. Based on the characteristics of the biases, we can
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divide the interval into two parts: [T0, 0] and [0,T ]. The first part is the time to decide
people’s prior belief by observing some sequences or some customs and habits, and it
will influence the intensity of the following process. We can use the Bayesian method to
model them. The second part is the time that the biases have happened and influenced
people’s behaviors and choices. Based on the different situations between T0 and T,
people will show their behaviors in different ways.

2.1 Gamble’s Fallacy Effect

We should notice that people use the representative heuristic to guide their future activ-
ities, which is related to considering the small sample. For example, if we flip a coin
and get the head many times, people may think the next toss is very likely to be tail, but
the actual probability is just 0.5. Therefore, we can model this logic through a constant
representative process, and it is not influenced by the outside environment. If we set wt

as the gambler’s fallacy effect at time t, we can get the following model:

w0 = d0

wt = wt−1 + q(T − t)2 (1)

In this model, d0 is influenced by the prior belief of the representative heuristic from
time T0 to 0. The larger the d0, the scarcer the prior situation and the gambler’s fallacy
effect will be stronger. For each wt , it is only influenced by the time factor q.

2.2 Confirmation Bias

As for the confirmation bias, people will be influenced by the different kinds of infor-
mation. If the type of news is the same as their prior confidence, they will pay more
attention to it. However, if the news is in the opposite direction, it will have less effect
on people. We define the xti as the i th information people receive at time t:

xti =
⎧
⎨

⎩

1 news is positive
0 news is neutral
−1 news is negative

(2)

Then, we can define the confirmation model as follows:

k0 = c0

kt = ∑

i
(aDn + bDm) ∗ xti (3)

c0 is the prior confidence, which is also decided between time T0 and T. When the c0 is
larger, people will insist more on their belief and have more reaction to the information
which is consistent with their mind. Dn and Dm are the dummy variables of the infor-
mation which represent the same and opposite direction with c0. Therefore, if xti is the
good news compared with the prior confidence, Dn = 1, and Dm = 0, and if xti is the
bad news compared with the prior confidence, Dn = 0, and Dm = 1. a and b are two
parameters to control the extent that people receive different information.
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2.3 Logistic Regression with Bayesian Method

The Bayesian method considers prior factors, so it is a suitable method to deal with these
two biases based on the different prior conditions. Ignoring other biases in the financial
markets, if we categorize the response variable into binary format, the model can be a
logistic regression. Setting x1 = kt, x2 = wt,P(Yi = 1|x, γ, β) = p, we can get the
following model:

log
(

p
1−p

)
= β0 + β1γ1x1 + β2γ2x2 (4)

β0 means the the whole prior environment. I assume the d0 and c0 are subject to two
independent normal random variables, which are N (μ1, σ ) and N (μ2, σ ). Because
of the opposite directions of the two biases, the prior distribution of β0 is subject to
N (μ1 − μ2, σ ). β1 and β2 represent the power of the confirmation bias and gambler’s
fallacy effect respectively. γj is binary variable, which evaluate whether the bias has the
significance influence on the reponse variable. We also should set the appropriate prior
distribution for them based on different conditions.

3 Practical Research

I have used the real financial data to realize the model and compare the influences of the
two biases in the different market types.

3.1 Data Selection

Concentrating on the stockmarkets, I first collect the close price of the Apple Inc(AAPL)
from 12-06-2019 to 12-04-2020. Then I change them to the categorized response
variable.

yi =
{
1 Pricei+1 > Pricei
0 Pricei+1 ≤ Pricei

(5)

Then for finding the agency variable of the information, I use other three related close
prices in technology fields (MSFT, TSM, NVDA). People can always see the whole
market changing at the same time, so if they see three or two of them is increasing, they
may have positive confidence in the market. Otherwise, they may lose confidence in
investment. At this time, we do not consider the negative effect and different influences
of news.

xit =
{
1 Two or three related stocks are increasing
0 Otherwise

(6)

For endogenous variable of gambler’s fallacy effect, I choose to evaluate it by weeks.
Therefore, as T = 5, it is changed from t = 1 to 5 in a weekly cycle.

In addition, I choose to divide the market into several types using the different
numbers of increasing or decreasing of the AAPL in the last five weekdays, which
means T0 is 5. For example, the type 2 market means AAPL increases two days in the
last weeks.
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3.2 Bayesian Processing and Results

Because of the limitation of the samples in each market types, I only put the type 2, 3,
4 market in practice, which the sample numbers are 160, 135, 90. The prior distribution
of β0 is different in each market types. In the type 4 or type 3 market, the prior mean of
the gambler’s fallacy effect is larger than the type 2 market. It is shown in Table 1.

Table 1. Prior of distribution of β0

Market type Prior of distribution of β0

Type 2 N(1,4)

Type 3 N(0,4)

Type 4 N(−1,4)

Table 2. Mean of Parameter Value

Market type Only confirmation bias Add gambler’s fallacy effect (mean)

Type 2 (β0) −0.845; (β1) 2.007 (β0) −0.900; (β1 ∗ γ1) 2.002; (β2 ∗ γ2) 0.095

Type 3 (β0) −1.182; (β1) 2.498 (β0) −1.285; (β1 ∗ γ1) 2.553; (β2 ∗ γ2) −0.006

Type 4 (β0) −0.506; (β1) 1.331 (β0) −0.616; (β1 ∗ γ1) 1.423; (β2 ∗ γ2) 0.115

For the parameter for confirmation bias (β1), I set the prior distribution is N(1, 4)
since in 2019–2020, investors always have high expectations in the tech-related stocks.
In addition, I set the parameter for gambler’s fallacy effect (β2) is N(0, 4) because of the
endogenous feature.

UsingMetropolis-Hastings method, the results are shown in Table 2 and Table 3. We
can notice that confirmation bias always has the decisive effect on the all three market
types and cases, but only in about half of the cases, gambler’s fallacy effect can have
its influence. It means in the 2019–2020, people believe more on momentum for the
tech-stock market. Besides, only in the type 3 market, the gamblers fallacy effect will
have the mean negative relationship with the confirmation bias.

Table 3. Relationship

Market type Probability of γj = 1 Negative effect

Type 2 (p1) 0.9996; (p2) 0.3790 0.0784

Type 3 (p1) 0.9997; (p2) 0.4443 0.5488

Type 4 (p1) 0.9982; (p2) 0.5862 0.2073

However, whenwe research on the details about the two biases, in the type 4markets,
the gambler’s fallacy effect has the highest probability of γ2 = 1, and in the type 3 and
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4 markets, it has a larger negative effect. Therefore, it is shown that when the marketing
is more consistent in increasing in the last week, the negative feature of gambler’s
fallacy effect is always more obvious. In other words, people will think more about the
representative heuristic for reverse in the stock price.

4 Conclusions

In this paper, I analyze the confirmation bias and gambler’s fallacy effect, which both
have some prior conditions, but finally go to the different directions. Combining with
Bayesian Method, I model and realize them by using some financial stock prices. I have
found that in the tech stock markets of 2019–2020, confirmation bias will have a more
important impact. Besides, with the increasing of the market types, the gambler fallacy
effect will be more distinct.

However, there are actually other biases in the financial markets, so getting rid of the
influences of them is another essential topic for the following research. Moreover, there
are some developments I hope to find a way to deal with such as changing the extension
of the confirmation bias or trying different time for prior distributions and prediction
period since these two bias may produce some opposite effects in the long-term based on
the research of Barberis, Andrei Shleifer, and Robert Vishny and Wilkinson [15, 16]. I
hope that we can use the model in the real markets according to its usefulness. In several
different markets’ situations such as volatile markets and stable markets, different types
of stocks, and different information, I also hope that the model can give investors and
governments some perspective to decide whether and when investing, find some suitable
entering time points, and monitor the risk and volatility in the markets to make some
appropriate policies in time.
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Abstract. The urban population in Mexico doubled between 1980 and 2010,
while urban sprawl increased tenfold on average [1]. This unsustainable growth
is exemplified in the Guadalajara Metropolitan Area (GMA). Among the negative
effects of urban sprawl are environmental, social, and economic problems, many
of which stem from increasing dependence on the private car in a dispersed,
fragmented and low-accessibility urban environment. One of the driving forces
behind this urban sprawl is an increase in the cost of housing in Guadalajara: 11%
between 2018 and 2020 [2] combined with a decrease in the average income of
its inhabitants [3]. In addition, an increase in the supply of social housing in the
municipality of Tlajomulco de Zúñiga, at the fringe of the metropolitan area, has
encouraged urban sprawl. This article explores a series of social housing policies
for low-income groups to access affordable housing in the city urban core, in order
to limit or prevent further urban sprawl. Among the housing policy alternatives
explored here are rental housing, inclusive housing and land banks.

Keywords: Sustainability · Social housing · Urban sprawl

1 Introduction

At present, there is legitimate concern about major environmental and social problems
associated with the phenomenon of climate change, in large part aggravated by overde-
pendence on cars, which are mandatory in a context of urban sprawl. The urgent need
to reduce greenhouse gas emissions has been placed on the public agenda, and for this
it would be necessary to reduce the use of cars.

However, this presents a serious challenge given that this mode of transport is inex-
tricably linked to the design of our cities. For this reason, the urban form of our cities has
become critically important. The GMA has followed a model based on urban expansion
that produces scattered, fragmented cities with low accessibility. This urban expansion
model also implies the conversion of agricultural land, forests and ecologically fragile
zones to urban uses such as housing; this negatively affects the quality of water, soil and
biodiversity [4].
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Additionally, the sprawl-type urban expansion model has exacerbated residential
segregation of the most vulnerable population groups, driving them to the metropolitan
periphery of Guadalajara.

This is the result of what CEPAL [5] refers as “territorial heterogeneity”, what Soja
[6] calls “distributional inequality,” and what Harvey [7] defines as “territorial injustice”
. These concepts essentially describe how residents of consolidated municipalities, com-
pared tomunicipalities on the periphery, enjoymore and better public services and oppor-
tunities for material well-being. The municipalities in the periphery are characterized by
high levels of poverty, lowquality and fewer public services; greater public insecurity and
environmental injustice; and longer travel distances to access services, employment and
entertainment activities, which produces high levels of social exclusion [8].

Urban sprawl inMexican cities haveworsened in the last twodecades. The urban pop-
ulation inMexico doubled between 1980 and 2010, while territorial expansion increased
tenfold on average over the same period [9]. This trend was mirrored in Guadalajara,
where the metropolitan urban expansion tripled between 1980 and 2015, while the pop-
ulation only doubled (see Table 1). IMEPLAN [9] further estimates a 57% expansion in
urban land for the period 2015–2045, which will undoubtedly increase the magnitude
of social and environmental problems and negative externalities.

According to Ewing et al. [10] urban expansion is characterized by dispersed, dis-
connected and low-density residential developments and a rigid separation of land uses,
where residences are isolated from places of consumption, employment and entertain-
ment. Anderson et al. [11] add that such urban expansion implies a growth of the
metropolitan limits towards the outside. This implies a reduction in the intensity of
all forms of land use, measured in terms of population and business density. This “urban
expansion” model is thus the antithesis of a “compact” city model.

The adoption of the sprawl-based urban expansion model in Mexico has multiple
causes. Among them are (1) the construction of road infrastructure to facilitatemotorized
mobility, and (2) thewide access to credit for the purchase of newsocial housing in remote
places of the metropolitan periphery, where residential developments are built on cheap
land regardless of the insuficient provission of public services, such as education and
health. In the metropolitan periphery it is difficult to find neccesary day to day services
close enough to access by foot or bicycle, and public transit is limited. As a consecuense,
car use becomes essential to function efficiently [12]. Therefore, it would be very difficult
to reduce car use and the negative impacts it has on the environment and society.

2 Environmental Externalities of Automobile Dependence

The increase in traffic in Guadalajara has contributed to a drop in average speed
(23.5 km/h) and an increase in the average time per trip [13]. Urban sprawl with its
associated low-density urban development model has contributed to this increase in
the average distance of trips. The transport and construction sectors in Mexico jointly
produce about 35% of greenhouse gas emissions [14].

In Guadalajara, the massive construction of subdivisions (both social housing and
market rate) in increasingly remote areas of the metropolitan periphery, together with
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the longer trip distances to access these destinations, have important environmental con-
sequences. These include negative impacts on the recharge of water tables, contributing
to floods and rising temperatures (paved urban areas generate “heat islands”) [15].

Table 1. Population growth and urbanized territory in the GMA, 1980 and 2015.

Variable Guadalajara
metropolitan area

1980 2015

Territory sprawl 22,329 ha 69,250 ha

Population 2′371,278 4′865,122
Source: IMEPLAN 2016.

3 Social Externalities

It is estimated that 92% of the world’s population breathes highly polluted air and
every year 3 million people die from exposure to pollutants in the air [16]. Infants and
children are at especially high risk: 570,000 children under the age of five die from
respiratory infections due to exposure to air pollution. Air pollution also increases the
risk of suffering from heart disease, stroke, and cancer [17].

In Mexico there are 20 thousand deaths per year due to air pollution, mainly among
those over 65 years [18]. One of the problems in Mexico is the high number of older
vehicles on the road, which pollute at greater rates than newer vehicles. During 2011 in
the GMA, 39% of the vehicles were more than 10 years old, which polluted 400% more
than the most recent models [19].

Injuries resulting from road incidents are the leading cause of death among adoles-
cents in the world: In 2015 they caused the death of 115,000, most of them pedestrians,
cyclists and motorcyclists [20]. In Mexico, traffic incidents cause 24,000 deaths, 40,000
disabled, and 750,000 injured per year [21]. Jalisco is the second state in Mexico with
the highest number of deaths in road incidents.

Urban form affects the proclivity to exercise. Various studies have found that people
who live in compact communities (dense, connected, and mixed-use) tend to be more
physically active than thosewho live in suburban areas [22, 23]. This is important because
physical inactivity contributes to an increased risk of chronic diseases and conditions
such as obesity, hypertension, diabetes, cancer, and heart disease. All of this adds up to
increased costs for the public health sector. The sedentary lifestyle, partly a product of
the high rate of motorization and longer trips in part due to urban sprawl, has contributed
to an obesity rate of 33% in Mexican cities (and a 39% overweight rate).

As mentioned above these conditions lead to chronic diseases such as diabetes,
which are very expensive to treat [24]. In Guadalajara, noise pollution mostly from cars
also causes severe consequences, such as the loss or decrease of hearing capacity, and
physiological and psychological diseases that affect balance, the nervous system, sleep,
and work performance [25].
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4 Economic Externalities

The average annual cost for the diagnosis and treatment of diabetes mellitus in 2008 in
Mexico was 77 thousand pesos, and 70 thousand pesos for cardiovascular diseases [26].
In the metropolitan area of Guadalajara during 2009, air pollution cost more than 4,000
million pesos; traffic incidents, 4.970 million; road congestion, 10,635 million; noise,
1,615 million; diseases [27, 28]. These data confirm the perniciousness of the negative
externalities associated with car use in a urban sprawl context.

5 Discussion: Population Loss in Guadalajara and Intra-municipal
Migration

The case of the municipality of Guadalajara does not fit the typical pattern of urban
expansion in Mexico. Guadalajara has lost nearly 200,000 inhabitants in recent years,
dropping from 1,650,000 inhabitants in 1990 to 1,460,000 in 2015 [29]. In contrast,
the metropolitan periphery increased its population in the same period of time. Intra-
municipalmigration from the city ofGuadalajara to the periphericalmetropolitanmunic-
ipalities is explained in part by (i) the increase in the cost of land and housing in Guadala-
jara [30], (ii) the low incomes of the population in the GMA: 69% of the employed
population earns around 7,300 pesos per month [31, 32], and (iii) the increase in the
supply of social housing in the metropolitan periphery.

This is the context in which urban sprawl in the metropolitan area of Guadalajara
occurs, with the negative externalities mentioned above resulting from car use in a urban
sprawl context. In the next section, a series of housing policies which can contribute to
provide access to affordable housing to low-income groups in the inner city of Guadala-
jara at the time that may contribute to reduce urban sprawl are discussed. The policy
alternatives are rental housing, inclusive housing, land trusts/land banks, and the “Tanteo
y retracto”.

6 Social Housing Policies

6.1 Rental Housing

Rental housing reaches very high levels in countries like Germany and Austria: 60%
and 50%, respectively. The case of the city of Berlin is paradigmatic: 89% [33]. Rental
housing in Mexico has been growing recently, nearly doubling between 2000 and 2010,
from 2.8 to 4 million units. Guadalajara is one of the cities where it has grown the most:
currently 33% of housing is for rent [34, 35].

Rental housing programs in the consolidated city would enable low-income groups
to access housing at a lower rent than what the market offers. The rental housing pro-
grams work through (i) subsidies for suppliers, such as tax incentives and preferential
financing for private developers for the construction of rental housing; and (ii) support
for consumers, particularly the socially disadvantaged who require help to pay rent.

As Ponce posits [36] the increase in the cost of housing in cities, as well as social and
demographic changes have contributed to the growth of rental housing, both in absolute
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numbers and as a proportion of all housing. Among the advantages of rental housing in
the urban core are its contribution to the renovation of urban centers; access to homes for
socially disadvantaged groups; the flexibility it offers to seasonal workers; the increase
in employment and services (which reduces the social exclusion to which low-income
groups displaced to the metropolitan periphery are exposed); and an increase in the
mixing of socio-economic strata. The rational is that through access to rental housing
in the urban core, socially disadvantage groups currently living in the metropolitan
periphery would be able to move to the consolidadated city.

6.2 Land Banks and Community Land Trusts

Land Banks emerged in the 1960s to make it easier for governments to acquire surplus
properties, in part, for the purpose of increasing social housing units [37]. This policy
flourishes in a context in which the real estate market does not function efficiently, which
keeps land prices very high (ibid).

Community land trusts acquire the land, build housing, and then rent units often
for 99 years to cooperatives that provide housing for low-income families. The families
acquire all the rights of a homeowner except the right to sell the unit at a profit. Its sale
price is established through a formula approved by the trust, which generally allows
the recovery of the purchase price, plus home improvements, and some cost-of-living
adjustment, but excludes the value of the land, which remains in the trust rent [38].

This approach can contribute to increasing the supply of affordable housing for low-
income families. The trust establishes ground rules to ensure that housing is permanently
available to families in need, at the most affordable rental prices possible.

According to Madden and Marcuse [39] among the advantages of these trusts, it
stands out that they contribute to controlling and keeping the rent price low, when the
land acquired by the government is not sold, but rented. They enable the creation of
permanently affordable housing for low-income households, including future residents.
They reduce the intensity of inequality induced by a privatemarket that considers housing
for its exchange value and not for its use value. They also help develop communities and
stabilize neighborhoods [38].

On the other hand, they can also generate conflicts if the compensation offered by
the government to the owners of the land is considered low, which does not ensure their
stability. In any case, these approaches eliminate the variable of the high cost of land,
facilitating the possibility of offering affordable housing for low-income groups in the
consolidated city, and avoiding their displacement to the metropolitan periphery. This
is possible, in part, because in both cases the possibility of speculating on an abnormal
increase in the value of land and housing is waived.

6.3 Inclusionary Zoning

This policy seeks to combine low- and high-income families in the same development
[40, 41]. It regularly works through an agreement with private developers to provide a
certain number or proportion of low-income housing units in a development in exchange
for permission to build more units. Inclusive housing programs are local policies that
harness the economic benefits of rising real estate values to create affordable housing.
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These programs often require developers to sell or rent between 10 and 30% of new
residential units to low-income individuals [40].

Inclusionary housing policies may offer different terms, type of support, and per-
centages of low income units. In some cities it is a mandatory policy while in others it
is voluntary [42]. The central idea is that local authorities are given additional powers
to ensure that new housing developments include a proportion of affordable housing to
meet a growing demand for housing for socially disadvantaged groups [43]. This policy
allows for denser and taller private housing developments in established areas. There
are different variants of this policy in terms of type of support.

Essentially, the units reserved for low-income groups are paid for with the profits
generated by the authorized surplus housing, at market prices. The key questions of this
policy, according to Maden andMarcuse [40] are: who is included in the program and in
what proportion? The lower the income of the groups served and the higher the required
proportion of these to be included, the better.

This is a program designed to act against discrimination exercised by the housing
market, by ensuring that socially disadvantaged people have access to decent housing in
central areas of the city. Therefore, this program acts to reduce residential segregation, a
form of discrimination that restricts opportunities for access to quality employment and
services to low-income groups, and inhibits social diversity.

In NewYork City, this program is known as the “80–20.” That is, 80% of households
in an inclusionary housingproject are high income,while 20%aremiddle and low income
[44].

In San Francisco and Washington, D.C., state laws require cities to give developers
“density bonuses” to build affordable housing [42]. Those in favor of this policy argue
that it promotes social housing without having to spend public resources via subsidies,
while those who are against claim that this policy raises house prices by reduces the
supply of market rate units [42]. In California from 1988 to 2005, the policy increased
multi-family housing units and reduced single-family housing units [45].

6.4 Right of Urban Preference “Tanteo y retracto”

An alternative that local governments have to control the cost of land and housing and
real estate speculation is that used in the cities of Barcelona and Paris: the right of
preference “Tanteo y retracto” [46]. This instrument empowers cities to offer to buy
land and housing on the private market in previously selected areas, at a regulated price,
and convert it to social housing, which increases the number of social housing units.

Usually, the acquisition of a home occurs through the integration of a public fund
for that purpose. Ampudia [47] points out that the Barcelona City Council has acquired
land and housing by this means in central neighborhoods, at a price below the market,
to develop public housing or provide spaces for economic activities of social interest,
protecting the businesses that are being expelled by the phenomenon of gentrification.
The Barcelona City Council in some cases uses a model to transfer control over housing
for 75 years to cooperatives, to manage social housing.

The Paris City Council has the “right of urban preference” through which it can
acquire land and real estate for sale in the private market in “areas of action” defined for
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it. Like Barcelona, it does so at prices below the market. This has been a useful strategy
to temper gentrification.

The purchase process works as follows: the City Council has the right to be the first
to make a purchase offer (with a regulated price) on any property that goes on sale in the
private market [48]. The notary is obliged to notify the City Council of the intention to
sell a property, so that within a period of less than two months the city government can
determine whether the offer is of interest. If the property is of interest to the municipality
the price will be determined, which may vary downwards from what is established by
the owner. If the new price is agreed upon, the purchase proceeds. Otherwise, the owner
can either ask a judge to determine a new price or abandon the transaction [47].

7 Conclusions

The GMA’s urban sprawl has led to a harmful urban model of development that is
disproportionately dependent on private car use. The environmental, social and economic
cost of the negative externalities of urban sprawl closely associated with car use are very
high. One of the main causes of urban expansion and, therefore, of the intra-municipal
migration of the poorest inhabitants fromGuadalajara city to the metropolitan periphery,
is (i) the high cost of land and housing in the consolidated city of Guadalajara, (ii) the
low wages of its inhabitants, and (iii) excessive growth in the supply of social housing
in the remote urban periphery.

The social housing policies discussed in this article can help to remove the high cost
of land in Guadalajara from the intra-urban social housing equation, and therefore offer
affordable housing for socially disadvantaged populations, avoiding their involuntary
displacement towards the metropolitan periphery, and thereby decreasing pressures to
continue expanding the metropolitan territory.

It is imperative to design public policies that ensure efficient coordination between
the policy areas of transport, land use and housing to produce more sustainable and
compact cities, where the problem of urban sprawl can be tempered. In addition, it is
still necessary to increase accessibility within the municipality of Guadalajara by means
of more and better mass public transport; increase the population density of downtown,
and the mix of land uses [49, 50]; while increasing the supply of affordable housing, a
pending issue.Without these conditions,wewill inevitably continue to suffer the negative
externalities of the current urban sprawl model of urban development. The design and
implementation of a social policy around housing that offers opportunities for the poorest
groups to live in the “compact” city and benefit from accessibility to public services,
urban facilities, and job opportunities, should be one of the highest priorities of local
governments not only in the city of Guadalajara but in Mexico.
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Abstract. Based on the relatively stable development of China’s border areas and
the high willingness of neighboring countries to develop friendly cooperation with
China, in September and October 2013, Chinese President Xi Jinping put forward
the cooperation initiative to build the “Belt and Road”, and actively carried out
cooperation with countries along the route Cooperation to create a community
of interests. In the process of developing mutually beneficial cooperation, the
cross-border ethnic groups on the border have great advantages and become an
indispensable part of the country’s external communication. The value and future
development expectations of the new era explain the importance of ethnic cultural
exchanges in the context of cross-border ethnic cultural integration in the new era,
and propose some strategies for cultural communication.

Keywords: Cross-border ethnic groups · Cultural communication · Strategic
research · Ethnic minorities

1 Introduction

Nation refers to a group of people who are objectively distinguished in culture, language,
history and other groups. It is a concept formed by studying human evolutionary history
and race in modern times. Due to historical reasons, a country can have different ethnic
groups, and a nation can live in different countries.

In the context of modern nation-states, cross-border ethnic groups are a special
existence. Different scholars have different perspectives and understandings of cross-
border ethnic groups. Mr. Ma Rong proposed in “How to Understand “Cross-Border
Ethnic Groups”” that the concept of “cross-border ethnic groups” means that members
of a certain “nation” live in an internationally recognized On both sides of the national
border, their place of residence “crosses” the national border. An important prerequisite
for recognizing the concept of “cross-border ethnicity” is to recognize that members of
the group living on both sides of the border belong to the same “nation”.

Therefore, due to the artificial division of national borders, an ancestor’s blood has a
certain origin, and the same or similar groups in language, culture, religious beliefs, etc.
are divided into different political entities, this group can be called cross-border nation.
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TheEwenki nationality is an ethnic group inNortheastAsia. Itmainly lives in Siberia,
Russia, andChina’s InnerMongolia andHeilongjiang provinces. It also has a small distri-
bution inMongolia, while the Ewenki nationality is called the Ewenki in Russia. Ewenki
means “people living in the mountains and forests”. They are divided into three parts:
Sauron, Tunguska, and Shilu Ewenki. In history, they were called Sauron, Tungusic, or
Yakut by other peoples. The Manchus called them Sauron, the Yakuts called the neigh-
boring Evenkis Tunguska, and the Russians called the part of the Evenkis mixed with
Yakuts called Yakuts. The Ewenki language belongs to the Tungusic branch of the Man-
Tungus language family of theAltaic language family. There are three dialects of Buteha,
Tungusic and Aoluguya, and there is no written language. This article takes the Ewenki
ethnic group located on the Sino-Russian border as an example, analyzes the value
of cross-border ethnic cultural research and future development expectations through
related documentation, and elaborates the importance of ethnic cultural exchanges in
the context of cross-border ethnic cultural integration in the new era, and it is cultural
Spread some strategies.

2 The Value of Cross-Border Ethnic Cultural Research

2.1 Social Value

The Need to Resolve Cultural Conflicts and Maintain National Cultural Security.
Cross-border ethnic groups can become the link of cultural exchanges between neigh-
boring countries. Benedict Anderson believes that the common culture is the decisive
factor of national identity, which is fundamentally cultural identity. The conflicts of
nation-states are mainly caused by conflicts of ethnic cultures. Therefore, respecting the
differences and diversity of ethnic cultures, and respecting the religious beliefs and cus-
toms of cross-border ethnic regions are important prerequisites for winning their support
and recognition. In the process of globalization, the exchanges between various regions
and ethnic groups in the world are becoming more frequent. Cross-border ethnic cul-
tural exchanges are conducive to mutual understanding and friendship, and thus resolve
cultural conflicts.

At the same time, due to the diversity of ethnic cultures and strong cultural het-
erogeneity, for the two multi-ethnic countries of China and Russia, strengthening the
study of cross-border ethnic groups will help deepen the reform of ethnic regions and
promote their economic, cultural and social development. Comprehensive development
and consolidation of the country’s unity and stability.

The Need for International Cooperation. Culture is the link of exchanges and coop-
eration between countries, and culture first will promote the development and progress
of the cultural field. The cross-border ethnic groups on both sides of the national bor-
der have similar cultural accumulations and ideological foundations, so they have more
advantages in international exchanges and cooperation, and it is easier to form cultural
identity during cultural exchanges. At the same time, the country’s “One Belt One Road”
strategy is also encouraging our nation Culture “going out”, facing the huge cultural mar-
ket demand and the need to enhance the country’s cultural soft power, cross-border ethnic
culture can provide the foundation and meet the needs.
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2.2 Cultural Value

Meet the Needs of National Cultural Diversity and Commonality. The “World Dec-
laration on Cultural Diversity” adopted at the 31st session of UNESCO stated: “Cultural
diversity is the source of communication, innovation and creativity. Indispensable. In
this sense, cultural diversity is the common heritage of mankind, and it should be recog-
nized and affirmed in consideration of the interests of contemporary people and future
generations”.

Cross-border ethnic cultures are characterized by cultural diversity. The Ewenki
ethnic group located on the Sino-Russian border is associatedwith geographical location,
environment, and properties, so the culture is more distinctive. For example: birch bark
culture, fur culture, hunting culture, music and dance culture, horse culture, dog culture,
etc. These cultures are completely different from the cultures of neighboring nations.

The Need for National Cultural Protection and Development. Most cross-border
ethnic cultures are ethnic minority cultures. As a multi-ethnic country composed of 56
ethnic groups, more than half of them are cross-border ethnic groups. Ethnic cultures are
diverse, but in the process of modernization, the unique culture of cross-border ethnic
groups it is also suffering from shocks. For example, the languages of the indigenous
peoples on the Sino-Russian border are disappearing. Therefore, studying cross-border
ethnic culture helps to propose effective ways to protect and inherit ethnic minority
cultures to maintain cultural diversity.

3 Status Quo of Chinese and Russian Cultural Tendencies

According to data from the Russian Public Opinion Survey Foundation (a survey con-
ducted from June 30 to July 1, 2018), overall, 49% of Russians prefer to live in Europe,
and only 28% prefer to choose China. This tendency is stronger among 18–30-year-olds.
In the survey of these groups, 61% of the respondents tend to Europe, and 27% tend to
China.

This shows that the Russian people have a certain willingness to contact Chinese
culture, but compared to European culture, Chinese culture is still not attractive enough.
Therefore, there is still a lot of room for improvement in my country’s national image
and Sino-Russian cultural diplomacy.

4 An Analysis of the Status Quo of Cross-Border Ethnic Groups
(Ewenki) Between China and Russia

4.1 Historical Evolution

The Ewenki nationality is a nationality scattered in Northeast Asia. Before the 17th
century, part of the Ewenki nationality lived within the territory of China, and some lived
outside the territory. Heilongjiang was originally an inland river in China. Tsarist Russia
first invaded the Heilongjiang basin in the 17th century and translated Heilongjiang as
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“Amur”. Since then, Heilongjiang has become the boundary river between China and
Russia.

On September 7, 1689, China and Russia signed the Nerchinsk Treaty. The treaty
stipulates that the large areas of territory east of Lake Baikal, south of the Lena River,
north of the Ergun River, and west of the Gerbizi River are Russian territory. As a
result, the Hezhe, Ewenki, Oroqen and other ethnic groups who live here all year round
are classified as ethnic minorities in the Russian Far East. The Ewenki nationality has
become a cross-border ethnic group, which is called the Ewenki nationality in China
and the Ewenki nationality in Russia.

4.2 Main Distribution

Population and Distribution in China. According to the 2010 China National Census,
there are 30,875 Ewenki people in China, of which 26,201 are located in the Inner Mon-
golia Autonomous Region, accounting for about 87% of the national Ewenki population.
They mainly live in the Daxinganling and Hulunbeier grasslands in the northeast. The
ethnic groups, Han, Daur, Oroqen and other ethnic groups live in a scattered manner,
forming the distribution characteristics of large dispersion and small settlement.

Population and Distribution in the World. The Ewenki nationality is most distributed
in Russia, and a few are distributed inMongolia. In Russia, the Ewenki people are called
the Evenki. According to the 2010 Russian census, there are 37,843 Evenki people. In
Mongolia, there are also a small number of Ewenki people with a population of about
3,000.

5 Prospects for the Future Development of Cross-Border Ethnic
Cultural Communication

5.1 Facing New Opportunities

China-Russia Relations are Developing Rapidly. On June 5, 2019, China and Russia
signed the “Joint Statement of the People’s Republic of China and the Russian Feder-
ation on the Development of a Comprehensive Strategic Partnership for a New Era”,
indicating that Sino-Russian relations have entered a new era. The statement proposed
in the statement to jointly promote China’s initiative The “Belt and Road” initiative and
the “Eurasian Economic Union” initiated by Russia will help China and Russia to carry
out friendly cooperation in culture, education, and economy. After the Ukrainian crisis,
the Far Eastern society’s favor with China has further increased. 2013 ~ In 2015, a social
survey conducted by the Russian Levada Center in Russia showed that the proportion
of people who think “China is an ally of Russia” has doubled, from the previous 20%
to 43%. However, in recent years, the social xenophobia in the Russian Far East has
increased compared with the past, and Russia’s awareness of China lags behind the level
of political cooperation between the two countries. Therefore, under the background
of national strategic support, deepen cultural exchanges between the two countries and
draw closer the ethnic groups distance, cross-border ethnic cultural communication has
good development prospects.
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Technological Innovation. Now entering the era of “Internet +”, the development of
newmedia has changed the carrier and method of cultural communication. Realistic and
substituting webcasting provides a broad space for the spread and innovation of national
culture and accelerates culture. The speed andbreadth of communicationwill help further
expand the influence of Chinese cultural confidence. The popularity of Tibetan boy Ding
Zhen in Japan also reflects the widespread nature of Internet communication.

Economic and technological development has also enhanced transportation advan-
tages. The railway, highway, water transportation, aviation and other transportation
infrastructures in the eastern border area of Northeast China are relatively complete.
Dandong Port, located at the northernmost coastline, is the most convenient sea-rail
logistics channel connecting Russia, Mongolia, North Korea, South Korea, and Japan.
It can provide transportation between China and Russia. Materials provide favorable
conditions.

5.2 Challenges Faced by Cross-Border Ethnic Cultures

Differences in Cultural Identity. Due to differences in countries, in different cultural
places and cultural spaces, and affected by different social systems, history and cul-
tural values, the differences in the thinking and behavior of cross-border ethnic groups
have formed, and the understanding of national lifestyles and historical destiny It is
also different from concern. Every nation makes a judgment based on its own cultural
identity, which will inevitably lead to contradictions or conflicts, which will restrict the
communication between the two nations. Russian culture has a certain degree of duality.
For example, it not only hopes to develop the Far East, but is also wary of the rapidly
rising China. The difference in cultural identity constitutes an invisible obstacle to the
development of cultural and educational interaction between China and Russia.

The original Oroqen language of the Oroqen people is currently only used by a
small number of elderly people in their 70s and 80s. The Oroqen people in China speak
Chinese and use Chinese characters on a daily basis. The Ewenki people in Russia speak
Russian and use Russian. In terms of eating habits, Oroqen the ethnic group has been
influenced by the national culture and has fully adapted to the local food customs.

Lack of Support for Cultural Communication in Border Areas. Border areas are
often areas where the country’s economic development strength is relatively weak, and
local governments cannot afford the cost of cultural construction. Therefore, cultural
activities are often not deep and regular. At the same time, the lack of funds has
also led to the lack of resources for the government to train talents specializing in
cultural communication, which has brought certain difficulties to cross-border cultural
communication.

Relatively Weak Cultural Status. In the context of the strengthening of globaliza-
tion, the squeeze of the weak culture by the strong culture has become more and more
serious. During the communication process, they have been forced to accept the huge
impact from the strong culture. The emergence of new media has expanded the cul-
tural communication influence of ethnic minorities. However, due to the influence of the
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mainstream society and the subtle influence of the media, the trend of ethnic minorities’
sinicization is also very obvious. Even many ethnic groups have the characteristics of
losing their own national language. This is especially obvious among the Ewenki people
and in the Soviet Union. The compulsory implementation of Russian in the period has
made Russian the language of inter-ethnic communication among the Evanki people.
Only the elderly over 60 years old continue to use the Evanki language because they
have not received formal education. The protection of weak culture is also a current
dilemma one.

The Concept of Cultural Inheritance is Relatively Backward. In terms of school
education in the two countries, under the bilingual teaching in our country and the
mother tongue teaching advocated by Russia, graduates have gradually integrated with
the local society, and boarding education has also caused problems in the way parents
and children teach traditional national culture. Although the Ewenki nationality’s ability
to accept mainstream culture and integration into modern life has been enhanced, many
ethnic members of the Ewenki nationality have shown a lack of interest in their own
culture, unwilling to learn their own language and lifestyle, and inherit and spread their
own traditional culture. There was conflict.

6 Cross-Border National Cultural Communication Strategies

6.1 Use Media Resources to Achieve Effective Communication

It is a necessary means of cultural communication in the Internet age to spread national
culture through new media channels. At home, intangible cultural heritage culture can
be spread to young groups through live network, and at abroad, national culture can be
transmitted to foreign people through the same means. Therefore, it is a way to show
the living conditions of Oroqen to foreign audiences by making Oroqen nationality
documentaries or related programs. China has also paid attention to Oroqen nationality
documentaries, but they have a long time ago, and most of the audiences are domestic
people. At present, there are no documentaries from the perspective of foreign audiences.

Dissemination is only one link. How to make the national culture truly recognized
and accepted by foreign cultures is still the key. Therefore, dissemination must not only
be broad, but also effective. At the same time, we must also pay attention to not only let
the national culture “go out”, but also let the excellent foreign culture “in” in order to
achieve the purpose of inclusiveness and mutual integration.

6.2 Show National Characteristics and Build Cultural Brand

The Ewenki nationality in China is mainly distributed in Heilongjiang and InnerMongo-
lia. The diverse ethnic minority cultures can eventually rise to the image of the city and
the country, and the Ewenki people in the neighboring country must have closer contact
with the neighboring cities, so based on the further extraction of local ethnic cultural
characteristics in regional cities is also the need for external cultural communication.
There is an introduction method in “Hulunbuir City Image and Ethnic Culture External
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Communication”, that is, by summarizing Hulunbuir’s long grassland culture and refin-
ing the spiritual connotation of the city, to enable foreign people to fully understand that
grassland culture is an important part of Chinese culture.

At the same time, it is necessary to actively export cultural products and build national
cultural brands. The cultural products and services in Heilongjiang and Inner Mongolia
are relatively weak. It is recommended to cooperate with domestic and foreign film
and television companies, cultural institutions and other relevant departments through
various channels. Set out to create cultural products with distinctive characteristics.

6.3 Highlight Ethnic Origin and Strengthen Cultural Identity

The cross-border ethnic groups living on the Sino-Russian boundary river-Heilongjiang
have the same roots in ethnic and historical development, and share the values of respect-
ing the old and loving the young, bearing hardships and standing hard work. The clan
homology of cross-border ethnic groups is a great advantage. In the celebration of reli-
gion and festivals, theOroqen people and theEwenji people have retained theShamanism
beliefs and some common ancient customs. For example, the Oroqen people of the two
countries respect the god of fire. The tradition of the Bonfire Festival, so on New Year’s
Eve, bonfires will be lit in front of every house, praying that the god of fire will give the
tribe more prey next year.

Cultural dissemination should start from these common points. Different food and
art performances of the two countries can be incorporated into the bonfire festival, and
cultural elements of the two countries’ literature, entertainment, fashion, clothing and
apparel can be incorporated into the design of cultural tourism products; cross-border
tourism product design It can be integrated into the Sino-Russian bridge, transnational
affection, immigrants and other elements to show the characteristics of Sino-Russian
border culture.

6.4 Strengthen the Construction of Digital Economy and Support National
Cultural Innovation

Support the development of the Internet industry, use 5G, virtual reality technology,
big data and other intelligent interactive technologies to apply in cultural consumption,
education and health, transportation and travel, and encourage national digital creative
industries, such as digital museums, digital cultural centers, digital art galleries, etc.
At the same time, it supports the original research and development of digital content,
and uses creative design as the driving force to focus on the development of film and
television animation, software games, and digital publishing. It is similar and different
in the traditional characteristics of national culture.

As the Ewenki traditional culture relies on precepts and deeds, oral inheritance and
other characteristics, VR virtual reality, artificial intelligence and other technologies are
restored to the daily life of nomads, and its characteristic costume culture and food
culture are preserved to a great extent, with national characteristics and creativity. The
design attracts young people, and builds an intra-ethnic communication platform through
the unique customs and habits of the Ewenki ethnic group, so that the Ewenki ethnic
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group is no longer a single ethnic group, and communicates and exchanges in a modern
way to a greater extent, strengthening the Ewenki culture at home and abroad Agree.

6.5 Build a Self-media Communication Mechanism

In the era of new media, ethnic minorities have more diverse choices for disseminating
their national culture. Establishing a diversified and multi-level cultural dissemination
mechanism has become one of the important ways to promote minority culture. The
main body of dissemination has gradually transitioned from traditional media reporters
to Ewenki people. Due to the inaccurate reports of traditional media, the Ewenki people
have resisted. Therefore, each Ewenki people propaganda through the media, which is
more conducive to the outside world to understand the real Ewenki At the same time,
the filming of the Ewenki nationality documentary has formed a positive influence, so
that more people have a strong interest in the Ewenki nationality, and it is also conducive
to the self-promotion of the ethnic group by means of live broadcast and short video, in
the protection and development of ethnic minorities. At the same time of culture, it also
helps it maintain its authenticity.

7 Conclusions

In Chinawith asmany as 32 cross-border ethnic groups, these cross-border ethnic groups
are not only a member of the Chinese nation, but also an important part of the soft power
of Chinese culture. Under the advocacy of China’s “OneBelt, One Road” initiative, more
and more countries and ethnic groups have participated in it. Each cross-border ethnic
group on the border is a postcard displayed by the country. In the wave of modernization
and modernization, foreign culture cannot be allowed to influence their destiny and
future, which becomes a difficult problem in the protection and dissemination of national
culture. Today under the development of new media, for cross-border ethnic groups, it
is both an opportunity and a challenge. How to develop cross-border ethnic culture has
also become an issue that cannot be ignored among the nations. As an important part
of the “One Belt, One Road” initiative, cross-border ethnic groups are also of great
significance to every country.
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Abstract. With the rapid development of next-generation gene sequencing tech-
nology and information technology, the medical model is changing from the tradi-
tional “one-size-fits-all” model to the precision medical model, which is based on
the specificity of individual genetics, environment and lifestyle to develop indi-
vidualized treatment and prevention plans. In this study, through the analysis of
publicly published precision medicine market reports, we summarized the driving
factors and obstacles to the development of precision medicine, and estimated
the global market value for the current and next decade. The factors that promote
the development of precision medicine include technological progress, market
demand, changes in medical models, and public attention and government action.
The factors hindering the development of precision medicine include high price,
technical limitations, scarcity of professionals, and lack of appropriate policies
and regulations. The global precision medicine market size is estimated at USD
53.7–87.2 billion in 2019 and it is expected to reach USD 146.8–278.6 billion
by 2030 and the compound annual growth rate (CAGR) from 2020 to 2030 is
11.13%. The precision medicine market can be segmented by ecosystem, end
user, treatment and geography. By ecosystem and end user, diagnostic-related
segments occupy the main part of the precision medicine market. By therapeutics,
the oncology segment dominates the precision medicine market with an estimated
more than 30% market dominance. North America is the largest and most poten-
tial regional precision medicine market, in 2019, its market was 31.4–54.6 billion
and contributed approximately 35.0–46.8% of the global market values. Europe
is the second-largest market with a market size of 15.1–34.3 billion in 2019. The
Asia-Pacific region is the fastest growing precision medicine market with a CAGR
of 14.4–16.6% in next few years. It is foreseeable that precision medicine is one
of the fastest-growing industries in the world in the next ten years.

Keywords: Precision medicine · Global market value · Influencing factors

1 Introduction

Health and disease are the result of complex interactions between genetics and the
environment. Due to the limited information collection and processing capabilities in
the past, traditional medical models have to adopt a “one-size-fits-all” approach. Most
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drug treatments are designed for “average patients”. As a result, clinical practice based
on the traditional medical model may be successful for some patients, but ineffective or
have side effects for others.

With the rapid development of next-generation gene sequencing technology and
information technology (IT), the genetic information of each patient can be obtained
quickly and accurately. In addition, the widespread use of electronic medical records and
the artificial intelligence processing of medical big data has promoted the transformation
from traditional medical models to precise medical models.

Precisionmedicine is defined as “an emerging approach for disease treatment andpre-
vention that takes into account individual variability in genes, environment, and lifestyle
for each person”. Compared with the traditional medical model, the advantages of pre-
cision medicine are obvious. Therefore, incorporating precision medicine into routine
clinical practice has become an agenda for global health care development. In this study,
based on the analysis of publicly published precision medicine market reports, we sum-
marized the driving and hindering factors of the development of precision medicine, and
estimated the global precise medicine market size for the current and next decade.

2 Method

We used “Precision Medicine Market” as the keyword to search the literature on Pro-
Quest Central and downloaded the 200 most relevant articles. Based on the data in
the literature, we estimate the value of the current global precision medicine market,
including ecosystems, end users, therapies, and geographic regions, as well as the global
market value in the next 10 years.

3 Results

3.1 The Factors Affecting the Development of Precision Medicine

The main factors that promote the development of precision medicine include techno-
logical progress, market demand, changes in medical models, and public attention and
government action. Specifically, technological progress includes advances in low-cost
gene sequencing technology, precision imaging technology, next-generationmonoclonal
antibody-based platforms, proper storage of genome data, cloud-based solutions, big
data analytics, artificial intelligence, integration of wireless technologies with portable
healthcare devices, etc. Market demand includes ageing population, rising prevalence of
cancer and chronic diseases, etc. The changes in medical models include the shift from
treatment to prevention, personalized treatment, targeted therapies, gene therapy, com-
panion diagnostics, digitization of healthcare, reduce adverse drug reactions through
pharmacogenomics testing, etc. The public attention and government action include
patient’s involvement in personal healthcare, high public awareness, potential to reduce
the total cost of healthcare, payers willing to reimburse the cost of high-value drugs,
government investment in research and development, amendments to health policies
and regulations to make precision medicine more adaptable, etc.
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The main factors hindering the development of precision medicine include high
price, technical limitations, scarcity of professionals, and lack of appropriate policies
and regulations. Specifically, the high price includes high diagnostic cost, high cost of
deployment, lack of a systematic approach to fund high-cost personalized drugs, lack
of robust reimbursement landscape, etc. Technical limitations include lack of research
and evidence on molecular mechanisms/interactions, limited knowledge of precision
medicine, lack of a unified data integration framework due to the multiple data systems
used in patient data collection, lack of data sharing mechanism, challenge of secure
storage of large volumes of sequenced data, potential risk of hardware or software
failure, etc. Scarcity of professionals refers to lack of well-trained professionals with
knowledge of both clinical medicine and IT. Factors in policies and regulations include
security and privacy of sensitive patient information, lack of appropriate health policies
and regulations, and lack of awareness about the possible applications of precision
medicine, etc.

3.2 The Global Precise Medicine Market Size for the Current and Next Decade

The global precision medicine market size is estimated at USD 53.7–87.2 billion (Bn)
in 2019 and it is expected to reach USD 146.8–278.6 Bn by 2030. The global precision
medicine market is expected to exhibit a CAGR of 11.13% between 2020 and 2030
(Table 1 and Fig. 1).

Table 1. Global precision medicine market size.

Year Market size (USD billion)

2015 38.9–39.1

2016 40.0–47.0

2017 45.7–54.0

2018 52.0–78.9

2019 53.7–87.2

2020 54.1–70.0

2021 59.8–78.8

2022 66.1–88.6

2023 87.7–98.3

2024 80.7–96.6

2025 85.5–119.9

2026 84.0–141.7

2028 120.3–216.8

2030 146.8–278.6
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Fig. 1. Global precision medicine market size (USD billion).

3.3 Precision Medicines Market Size and CAGR in Different Segments in 2019

Precisionmedicinesmarket has been segmented based on ecosystem, end user, therapeu-
tics and geography. By ecosystem and end user, diagnostic-related segments occupied
the main part of the precision medicine market. It is estimated that the market of global
diagnostic tool companies is 19.9–24.3 Bn in 2019, and the CAGR in future several years
is 11.5%; the diagnostic companies is 11.0 Bn, and the CAGR is 11.5%; the market of
companion diagnostics is 10.6–15.4 Bn, and the CAGR is 11.4%. The drug discovery
segment also occupies a considerablemarket. In 2019, itsmarket was 12.4 Bn andCAGR
in future several years is 8.3%. Precision medicine software market has a high growth
rate, and its market is 1.1–1.2 Bn in 2019, the CAGR is 11.4–13.6%.

By therapeutics, the oncology segment dominates the precision medicine market
with an estimated more than 30%market dominance due to the growing cases of cancer.
Its market is 33.1–36.6 Bn in 2019, the CAGR is 11.9–13.9%.

By geography, North America is the largest and most potential regional precision
medicine market. In 2019, its market was 31.4–54.6 Bn and CAGR is 10.8% and it con-
tributed approximately 35.0–46.8% of the global market values. Europe is the second-
largest market for global precision medicine with a market size of 15.1–34.3 Bn in 2019
andCAGRof 10.3–13.4%.Germany andU.K are expected to experience significantmar-
ket growth. The Asia-Pacific region is the fastest growing precision medicine market in
the world with a market size of 11.3–22.0 Bn in 2019 and CAGR of 14.4–16.6%. Due to
the aging population and the rising incidence of chronic diseases, China has a dominant
position in the Asia Pacific precision medicine market. India and Japan are expected to
experience significant market growth. The precision medicine market in Latin America
will be driven by the development of health infrastructure and population growth. Due to
the poor socio-economic status, growth in the Middle East and Africa is slow (Table 2).
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Table 2. Precision medicine market size and CAGR in different segments in 2019.

2019 (Bn) CAGR

Diagnostic tool companies 19.9–24.3 11.5%

Diagnostic companies 11.0 –

Companion diagnostics 10.6–15.4 11.4%

Drug discovery 12.4 8.3%

Precision medicine software market 1.1–1.2 11.4–13.6%

Oncology segment 33.1–36.6 11.9–13.5%

North America 31.4–54.6 10.8%

Europe 15.1–34.3 10.3–13.4%

Asia-Pacific 11.3–22.0 14.4–16.6%

4 Conclusions

With the rapid development of IT technology andDNAsequencing technology, precision
medicine will replace the traditional medical model in the future. Especially in recent
years, significant progress has been made in the diagnosis and treatment of cancer and
the development of new drugs. Developed countries in North America, Europe and the
Asia-Pacific region have invested a lot of research funds and formulated corresponding
health policies and regulations to promote the development of precision medicine. It is
foreseeable that precision medicine is one of the fastest-growing industries in the world
in the next ten years, and the growth rate will remain over 10%.
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Abstract. Financial capital plays a very important role in the cultural industry
which has high sunk costs and volatile returns. Therefore, studying the impacts
of cultural finance policy on the financing efficiency of cultural corporates has
practical significance. This paper used a sample of listed non-financial firms from
2006 to 2018 and studied the association between cultural finance policy and
the financing efficiency of cultural corporates based on the information asym-
metry theory and principal-agent theory. The empirical research results show
that cultural finance policy significantly increases cultural corporates’ financing
efficiency. These results enlarged the research content of cultural corporate and
provide theoretical guidance for supporting the development of cultural corporate.

Keywords: Public finance · Cultural industry in mainland China · Financing
efficiency

1 Introduction

Cultural enterprises building upon creativity and innovation and relying on human
resources as the main assets often are confronted with financing difficulties due to the
comparatively large initial investment and the unpredictability of future return. In 2010,
nine major government departments, collectively issued the Guiding opinions on Finan-
cial Support for Invigorating and Developing Cultural Industry Prosperity, which is
China’s first special policy document on cultural finance at the national level. Since
then, competent cultural authorities and local governments have issued measures to sup-
port the development of cultural finance successively, targeting the establishment of a
multi-level capital market and the enlargement of cultural enterprises’ direct financing
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scale; indeed, investigation of the impact of cultural financial policy on the financing
efficiency of cultural enterprises of certain burden practical implications.

Although scholars reviewed the financing efficiency and contributed substantial
research findings, the comparatively longer period samples and impact of policy envi-
ronment changes on the financing efficiency of cultural enterprises are less investigated.
Building upon information asymmetry and principal-agent theory, this paper takes all
Chinese non-financial listed enterprises from2006 to 2018 as samples to study the impact
of cultural finance policy on the financing efficiency of cultural enterprises.

2 Theoretical Foundation

2.1 Financing Cost

Cultural enterprises have labour and cultural resources as the core input, and capital
as an important input factor, namely, cultural industry is categorized as knowledge-
intensive and capital-intensive industries. The production of cultural enterprises depends
on labour’s intellectual work to excavate and select cultural resources, to combine cul-
tural resources with symbolism, and to produce cultural products and services as a
consequence. This complexity confers the ultimate value of cultural products and ser-
vices high uncertainty. The financial capital is crucial to Cultural enterprises with high
sunk costs and fluctuating returns. As for Chinese scholars, Zeng firstly proposed the
concept of ‘financing efficiency’ in mainland China, claiming that financing efficiency
and financing cost would influence financing decisions [1]. Financing efficiency has
been broken down into fund-raising efficiency and allocation efficiency, in which fund-
raising efficiency refers to the enterprise’s ability to obtain capital at the lowest cost,
while allocation efficiency refers to the enterprise’s ability to employ the capital for the
most efficient use [2]. The fund-raising efficiency is determined by financing cost, while
the latter is up to return of capital allocation. The financing cost of cultural enterprises
falls into external financing costs and internal financing costs. The external financing
cost stems from the following three aspects.

The first aspect is the information asymmetry. The ultimate value of the products
and services of cultural enterprises is highly uncertain; the operation risk of enterprises
is large, and the profit sustainability is difficult to estimate.

Secondly, financial products and services are lacking pertinence. Traditional enter-
prises rely on tangible collateral for debt financing from financial institutions such as
banks or non-financial institutions, while cultural enterprises mainly rely on intellectual
property rights and human capital which fail to be scientifically and effectively assessed
under the Chinese current evaluation system. The majority of financial institutions can-
not satisfy the financing requirements of cultural enterprises and exhibit the shrunken
motivation to develop and tailor products and tools suitable for cultural enterprises [3].

The last aspect is the absence of the effective mechanism in capital market of cultural
sector. Now, in mainland China, there are public cultural organizations and pure cultural
enterprises, and they play different roles for the development of culture. However, it
should be noted that the development of capital market of cultural sectors is lagging
behind other sectors such as manufacture, Hi-tech, and transportation, etc. In reality,
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the lack of a systematic culture finance market construction regime and corresponding
preferential policy issues induced to the low financing efficiency.

The preceding three phenomena aggrandized the external financing cost of cultural
enterprises. Since external financing could not acquire sufficient funds, must funds be
supported by internal financing, which also increases the opportunity cost of internal
financing. Therefore, the financing cost of cultural enterprises is far exceeding that of
other types of enterprises. The particularity of cultural enterprises further aggravates
the conflicts of interest among shareholders, management, and creditors, due to high
uncertainty of the ultimate value of cultural enterprises’ products, services, and relatively
great risk of target investment projects. Besides, as cultural enterprises are mainly large
state-owned cultural enterprises and small andmedium-sized private cultural enterprises,
their governance capabilities are generally low, which would intensify the contradiction
between shareholders, management, and creditors. In the face of these issues, the return
of capital allocation of cultural enterprises is lower than that of other companies.

2.2 Culture Finance Policy

After the release of the Plan on Reinvigoration of the Cultural Industry in 2009 and the
Guiding opinions on financial support for invigorating and developing cultural industry
prosperity in 2010 (hereafter referred to as Guiding opinions), the cultural industry has
been promoted to national strategic industry, and the financial environment of the cultural
industry was greatly improved. We proposed that the promulgation of cultural finance
policy improves the financing efficiency of listed cultural companies at least from the
following two aspects.

Reduce the Financing Costs. Firstly, the implementation of cultural finance policy
could reduce the financing costs of listed cultural companies and improve the fund-
raising efficiency in financing efficiency. As mentioned above, the high financing cost of
cultural enterprises mainly attributes to information asymmetry, deficient targeted finan-
cial products and services, and insufficient institutions. For information asymmetry, the
Guiding Opinions required financial institutions to establish a scientific credit rating
system and business evaluation system and establish a multi-level loan risk-sharing and
compensation mechanism for the cultural industry. To tackle the lack of pertinency of
financial products and services, the Guiding Opinions required the formulation and the
perfection of the measures for the evaluation, pledge, registration, custody, circulation,
and realization of intangible assets such as patent rights and copyrights. The Guiding
Opinions also demanded the financial institutions to develop credit products suitable
for cultural enterprises. For the lack of institutions, the Guiding Opinions supported the
central and local finances to set up investment funds for the cultural industry, on that
basis, to develop themulti-level capital market vigorously and increase the scale of direct
financing of cultural enterprises.

Enhance the Return of Capital Allocation. Secondly, the promulgation of the cul-
tural financial policy could enhance the return of capital allocation of listed cultural
companies and promote the allocation efficiency in financing efficiency. The return of
capital allocation of cultural enterprises is lower than that of other enterprises, largely
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ascribing to biggish conflicts of interest among shareholders,management, and creditors.
TheGuidingOpinions required the cultural enterprises to establish amodern corporation
system and consummate the company’s financial management system and governance
structure. The aforementionedmeasures were capable of improving the governance level
of cultural enterprises, moderating the conflicts of interest among shareholders, manage-
ment and creditors, raising the return on the capital allocation of cultural enterprises, and
then improve the allocation efficiency in the financing efficiency of cultural enterprises.

The preceding theoretical paved the firm foundation to garner further insights into
the following hypothesis relating to financing efficiencies.

H1: The promulgation of the cultural financial policy was conducive to the
financing efficiency of cultural enterprises.

3 Sampling and Data Description

This paper took all A-share listed companies from 2006 to 2018 as the initial data,
since the Ministry of Culture has promulgated the Outline for the Culture Development
Planning during the National 11th Five-Year Plan Period in 2006, which stressed the
development of cultural and creative industries. To guarantee the robustness and per-
tinence of the research results, the process of data screening was deliberately kept up
to the following rules: (1) all financial companies are eliminated due to differences in
accounting standards; (2) all samples with missing financial data were removed. The
sample dataset was composed of 28,204 samples extracted from China Stock Market &
Accounting Research Database (CSMAR). This article employed Stata15.0 for initial
data processing. To control the influence of some special values, a 1% winsorization
level has been applied to the sample dataset (Table 1).

Table 1. Descriptive statistics result.

Variable Sample size Mean Median Standard deviation Maximum Minimum

DEA 28204 0.753 0.749 0.059 1.000 0.457

Culture 28204 0.092 0.000 0.289 1.000 0.000

Nature 28204 0.436 0.000 0.496 1.000 0.000

Size 28204 21.960 21.810 1.309 25.910 19.010

CF 28204 0.042 0.042 0.076 0.255 −0.200

Relate 28204 0.497 0.000 0.500 1.000 0.000

GDP 28204 21.330 24.000 8.263 31.000 1.000

The descriptive statistical results of all variables provide an overview of the dataset.
The evaluation object (Culture) has an average at 0.092, indicating that 9.2% of enter-
prises belong to cultural enterprises and the amount of cultural enterprises is relatively
modest (SD = 0.289). For control variables, the average value of Nature is 0.436, indi-
cating that 43.6% of enterprises have state-owned property rights. The maximum and
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minimum of the scale of enterprises (Size) is 25.910 and 19.010, and there’s a signif-
icant difference in the scales of sample enterprises (SD = 1.309). The maximum and
minimum of cash flow (CF) is 0.255 and −0.200, while the difference in cash flow is
narrow among sample enterprises (SD = 0.076). The average level of the macroeco-
nomic situation (GDP) is 21.330, with a median of 24.000, illustrating that the sample
enterprises are mainly registered in economically developed regions.

4 Regression Analysis

The Tobit model combined with the difference-in-difference model (DID model) was
applied to verify hypothesis 1. The model (1) has been set up as follows:

DEAit = α0 + α1Cultureit + α2Afterit + α3Cultureit × Afterit +
∑

kαk Controlit + φit (1)

Dependent variable is DEA in the model (1), referring to the variable of financing
efficiency. The majority of existing studies relied on fuzzy comprehensive evaluation
method, the ratio of return on investment (ROI) to cost of capital (ROI), multiple regres-
sion linear model, and DEAmodel for evaluation. DEAmodel, as a linear programming
model, eliminates the influence of subjective factors and has good objectivity. By refer-
ring to the previous research, we derived the financing efficiency of cultural enterprises
and other enterprises from DEA’s constant return to scale model (CCR) and variable
return to scale model (BBC) [4,5]. The comprehensive technical efficiency calculated
by the two models is the financing efficiency of enterprises. The input index of the DEA
model conveys the financing scale and financing cost, and the output index reflects the
return of capital allocation (Table 2).

Table 2. Input and output indicator definition.

Indicator category Indicator name Measurement method

Input indicator Aggregate liability Total indebtedness

Aggregate stock rights Paid-in capital

Aggregate internal financing Sum of surplus reserves and undistributed
profit

Financial expense Total financial expense

Output Indicator Business growth Increase rate of operating income

Return on total asset Net profit/total assets at the beginning of the
year

Operating income Sum of operating income

Since the DEA model requires input-output data to be non-negative, we nondimen-
sionalized the data of input and output indicators to ensure all data to be positive without
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any impact exerted on the final research results. The specific treatment method is shown
in the model (2).

yij = 0.1 + 0.9 × xij − min(xij)

max
(
xij

) − min(xij)
(2)

The application of DID requires a corresponding experimental group and control group.
In model (1), the cultural enterprise and other enterprises are the experimental groups
and the control group respectively, andCulture is the variable to distinguish the treatment
group and the control group. If the enterprise belongs to the cultural enterprise, it is 1;
otherwise, it is 0. The method to judge a cultural enterprise is whether the description of
the main business in its financial report conforms to the criteria of Cultural and Related
Industries Classification (2018). After represents the dummy variable to distinguish the
period before and after the release of the Guiding Opinions. The release time of the
Guidance is 2010, however, there was a time lag for the effect taking place; variable
After 2010 is 1, and the variable before 2010 is 0. Culture × After regression coefficient
is the observed object, indicating differences in the financing efficiency between cultural
enterprises and other enterprises before and after the issue of the Guiding Opinions.

In model (1), Control indicates the Control variable. The selection of control vari-
ables, using the nature of property rights, the scale of enterprises, cash flow, governance
level, and macroeconomic situation were derived from previous research [6,7]. The
detailed implications and measurement methods are in Table 3.

Table 3. Variable definitions and measurement methods.

Variable Implication Measurement methods

DEA Financing efficiency The comprehensive technical efficiency is
calculated according to the DEA and BBC models

Culture Appraisal object Dummy variable. Cultural enterprise
(experimental group) is 1, other enterprises
(control group) is 0

After The period of cultural finance policy
implementation

The dummy variable of the release of Guiding
opinions. After 2010, the variable is 1; otherwise,
it is 0

Nature Nature of property right When the enterprise is state-owned stock, it is 1;
otherwise, it is 0

Size Scale of enterprise The natural log of the total assets of listed
companies at the end of the year

CF Cash flow The ratio of net cash flow from operations to total
assets

Relate Governance level If there is no correlation between the top ten
shareholders, it is 1; otherwise, it is 0

GDP Macroeconomic situation The GDP ranking of the company’s registered
location in the corresponding year. The higher the
ranking, the higher the GDP
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Table 4 is the regression results of the model (1). In column (3), the coefficient of
Culture is−0.016, and the coefficient of Culture×After is 0.015, which is significant at
the 1% level as well. The results validate hypothesis 1. The Guiding Opinions reversed
the relationship and enabled the financing efficiency of cultural enterprises to be superior
to that of others. The control variables, nature of property rights, the scale of enterprise
and governance level are negatively correlated with financing efficiency, while cash flow
and macroeconomic situation are positively related to financing efficiency, with all of
five correlation significant at 1% level.

Table 4. Cultural financial policies and financing efficiency.

Variables (1) (2) (3)

DEA DEA DEA

Coefficient T-value Coefficient T-value Coefficient T-value

Culture −0.004*** −2.66 −0.013*** −5.00 −0.016*** −
Culture
× After

0.013*** 4.45 0.015*** 5.38

After −0.008*** −9.99 −0.006*** −7.15

Nature −0.011*** −14.50

Size −0.005*** −18.19

CF 0.192*** 42.29

Relate −0.002*** −3.37

GDP 0.001*** 5.77

Constant 0.741*** 180.88 0.746*** 181.10 0.859*** 116.69

Ind Control Control Control

Observations 28204 28204 28204

P > chi2 0.000 0.000 0.000

LR chi2 1519.430 1621.200 49.686

LL 40212.07 40262.96 41460.82
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

5 Conclusions

The financing efficiency of cultural enterprises was generally lower than that of other
enterprises before the release of the Guiding opinions, and the financing efficiency
of cultural enterprises has been significantly promoted by the policy. By facilitating
the financial innovation of the cultural industry, and ameliorating the issues such as
information asymmetry between the supply anddemand side of the capital in the industry,
the financing efficiency is improved.
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Although the computing method of financing efficiency in this paper is drawn on
the results of existing scholarship, it may not accurately reflect the financing efficiency
of cultural enterprises and may reduce the accuracy of the conclusion in this paper.
Nevertheless, the research content of this paper is still of certain theoretical and practical
implication, which enriches the research on cultural enterprises and financing efficiency.
We aim to shed light on a comprehensive understanding of the impact of cultural finance
policy on cultural enterprises and provide theoretical guidance to better facilitate the
development of cultural enterprises.
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Abstract. In recent years, more and more college students have joined the stock
market due to a bull market in China. However, it is controversial whether they
should invest in the stock market during the period of university. In this paper,
through the questionnaire survey of college students in Tianjin, in order to analyze
their stock investment behavior, Logistic model is used to research on college
students’ willingness to invest in stocks, and factor analysis is used to investigate
the reasons of investing in stocks for college students. According to the results, it
is suggested how to guide the stock investment behavior of college students in the
future.

Keywords: Stock investment behavior · College students · Logistic model ·
Factor analysis

1 Introduction

As an important part of future investors, college students get lots of attention and their
status and habits of investment would affect their future investment tendency. The phe-
nomenon of investing in stocks among the group of college students heated increasingly.
How to treat the phenomenon of investing in stocks of college students correctly is always
a subject to be thought and studied deeply by college educators. Financial investment can
enable contemporary college students to have a better concept of wealth and financial
awareness, but college students lack of financial investment and management knowl-
edge [1]. The financial management consciousness of college students is still in a stage
of start. It should put forward opinions on college students’ proper guidance in finan-
cial investment from the perspective of university, family and society to make students
establish good financial management concepts, to create a good environment of finance
and investment for college students [2]. Majority of scholars hold agree opinion and
think that it could establish a healthy investment concept for college students by positive
education and leading from the perspective of school, parents and society.

Then what kinds of college students are more likely to enter into the stock market?
What is the motivation for college students to enter the stock market? Before education
is being conducted, it should urgently make a thorough research on the stock investment
behavior of current college students. The most existing literatures mainly focus on the
research of investment behavior of residents and institutions, even though there are
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some studies to research financial investment behavior of the university students as
investors, concentrating on college students born after 90’s in south of China. As times
are changing, learning and living environment are different, it is dying to know how it
is going in north of China. Therefore, college students in these five years are taken as
respondents in Tianjin, the financial center of northern China, to conduct questionnaires
investigation and empirical analysis of intention of college students in stock market
investment in-depth to answer the two questions mentioned above.

2 Literature Review and Questionnaire Design

The research on college students’ stock investment behavior is mainly carried out from
two aspects mentioned above. The first problem can be solved by analyzing the factors
influencing college students’ stock investment intention. Most of the students who have
entered the stock market are motivated by the desire to learn financial knowledge, accu-
mulate experience and investment [3]. Young people, especially students in school, have
the characteristics of group life and are easily affected by the surrounding crowd [4].
Second, on the basis of the previous research questions, this paper further explores the
reasons of college students’ stock investment, so as to solve the second question what the
motivation for college students to enter the stock market is. Zheng, Zhang and Fang [5]
finds that more than 80% of college students are motivated to enter the market because
of earning the price difference. Liu [6] concludes that the number of college students
involved in investment and financial management is more and more and their willing to
invest in stock become stronger, but there are also some phenomena of following trend
blindly as students.

Based on the research achievements of predecessors, this paper draws on existing
questionnaires combining with the characteristics of the present college students. The
questionnaire was distributed randomly to several universities in Tianjin for researching
from November to December in 2019. There are 235 questionnaires being collected and
195 questionnaires are valid in total. The effective of collecting is 83%. The respondents
are involving undergraduates, graduates and PHD students. The proportion of under-
graduates is 82.06%. There are 52 students investing in stocks and the ratio is 26.67%.
The other 143 students don’t have any experience of investing stocks and the ratio is
73.33%. The proportion of these two groups is 1:2.75. From the gender perspective,
there are 84 males (43.08%) and 111 females (56.92%). The ratio of these two groups
is approaching 1:1. From the major perspective, there are 147 students (75.38%) from
majors in economic and management and 48 students (24.62%) from non-economic and
management majors. The ratio is nearly 3:1. Thus, the samples are highly representative.

3 Analysis of Stocks’ Investing Intention of College Students

On the basis of the results of the existing research [7], and combining with the basic
situation of the questionnaire, the willingness of college students to invest in stocks can
be expressed as whether they have ever invested in stocks. Therefore, this part will use
the data obtained from the first part of the questionnaire and try to establish a Logistic
model to analyze the influencing factors of college students’ willingness to invest in
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stocks. The willingness to invest in stocks can be expressed if any experience in trading
stocks, which is taken as dependent variable (y1). There are 13 independent variables,
which are Gender (x1), Major (x2), Grade (x3), Household income (x4), The number
of relatives and friends investing in stocks (x5), Familiarity with financial media (x6),
Average monthly living expenses (x7), Knowledge of stocks (x8), Expected returns of
stocks (x9), Tolerance for volatility of market prices (x10), Maximum loss tolerance of
assets (x11), Maximum tolerance for assets volatility (x12), Degree of risk appetite (x13).

Before doing Logistic model, the independent sample t-test and test of variance are
used to observe if any significant differences in the variance and mean of each vari-
ables between the two groups, one is investing in stocks and the other is not. From the
results, the grade, household income, familiarity of financial media, average of monthly
living expenses, knowledge of stocks, tolerance for market prices, maximum loss tol-
erance of assets and maximum tolerance for assets volatility, the variances of these 8
variables are not equal significantly, and the mean of them is significant different at
different significance levels (10%, 5% and 1%). It may tell that these 8 variables may be
significantly relative to willingness to invest in stocks. The variance of other variables
can be considered as being equal between the two groups. While the mean of gender,
the number of investing stocks of relatives and friends and degree of risk appetite is all
significant different at 5% significance level. The mean of major is significant different
at 10% significance level. The mean of expected returns of stocks is not significantly
different between the two groups, which means that this variable may be not relative to
the willingness to invest in stocks.

It can be found from the correlation coefficient matrix between variables that it is
a significant correlation between each variables. The KMO test value is 0.661 which
is more than 0.6. Bartlett spherical test value is 532.814 and the probability is 0.000
which is less than the significance level 0.05. These results tell that variables are highly
correlated. In order to avoid collinearity, principal components of variables other than
dummy variables are extracted before Logistic regression is used. In addition, all data
samples are randomly divided into the training group and the test group, with the training
group sample size accounting for 2/3 of total and the test group sample size accounting
for 1/3. The training group sample is used for regression analysis, and the test group
sample is used to test the accuracy of the established model.

Four principal components have been extracted using the principal component anal-
ysis program in SPSS19.0. The cumulative variance contribution rate is 65.067%, basi-
cally preserving the original variable information. From the results of coefficient matrix
of principle components (shown in Table 1), the absolute values of zx12,zx11 are the max-
imum relatively from the component F1, which represents the risk tolerance of college
students. The absolute values of zx7,zx3,zx4 are maximum relatively from the component
F2, which represents the economic capability of college students. The absolute value of
zx8 is the maximum relatively from the component F3, which represents the knowledge
of stocks. The absolute value of zx9 is the maximum from the component F4, which
represents the expected return of stocks.

It takes the extracted four principal components and two dummy variables, which
are gender and major, as independent variables, and whether trading in stocks, which is a
binary variable for Logistic regression, is taken as the dependent variable. The Forward
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method (Wald) was selected as the filtering method for variables to the model. The
results show in Table 2 and only F1 and F2 pass the Wald test. The Logistic model can
be established as shown in Eq. (1). The Logistic model can be expressed as standardized
variables shown in Eq. (2).

Table 1. Coefficient matrix of principle components

Variables Coefficients of principle
components

F1 F2 F3 F4

zx3 0.167 0.392 −0.425 0.260

zx4 0.317 0.327 0.477 0.085

zx5 0.368 0.255 −0.015 −0.072

zx6 0.313 0.088 −0.318 −0.232

zx7 0.241 0.475 0.422 −0.117

zx8 0.295 0.123 −0.499 0.226

zx9 0.124 −0.243 0.215 0.738

zx10 0.281 −0.330 0.127 −0.125

zx11 0.375 −0.354 −0.032 −0.320

zx12 0.415 −0.300 0.031 −0.118

zx13 0.292 −0.208 0.022 0.354

Note: zxi represents the standardized xi , Fi
represents the extracted principle components.

Table 2. Logistic model abstract

Variables Coefficient S.E. Wald Sig.

F1 −0.356 0.126 7.926 0.005

F2 −0.394 0.164 5.794 0.016

Constant 1.247 0.225 30.616 0.000

ln
p

1− p
= 1.247− 0.356F1 − 0.394F2 (1)

ln
p

1− p
=1.247− 0.214zx3 − 0.242zx4 − 0.232zx5 − 0.146zx6 − 0.273zx7 − 0.153zx8

+ 0.052zx9 + 0.030zx10 + 0.006zx11 − 0.030zx12 − 0.022zx13 (2)

From Eq. (2), there are 3 independent variables are positive relative with the will-
ingness to invest in stocks, which are the expected returns of stocks, the tolerance for
volatility of market prices and the maximum loss tolerance of assets. It means that the
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willingness to invest in stocks will increase when the expected returns of stocks, the
tolerance for volatility of market prices and maximum loss tolerance of assets increase
respectively. Other variables are all negative with the willingness to invest in stocks. The
higher values of the grade, the household income, the number of relatives and friends
investing stocks, the familiarity with financial media, the average monthly expenses, the
knowledge of stocks, the maximum volatility of assets and the degree of risk appetite,
the weaker the willingness of investing stocks for college students. The possible reason
is that college students do not establish an awareness of stock investment and financial
management. They don’t pay much attention on finance or stock news in daily life. Most
of them just hear about something related investment in stocks from surrounding people
without researching by themselves. The coefficients of average monthly expenses, the
household income, the number of relatives and friends investing in stocks, and the grade
are relatively maximal, which means these 4 variables may influence the willingness
to invest in stocks much more. It can be stated that the college students’ willingness to
invest in stocks ismainly influenced by their economic capability, relatives and friends as
well as their ages. The average monthly living expenses has the lowest correlation with
college students’ willingness to invest in stocks. The possible reason is that they don’t
have extra money to invest in stock market, and also they may not have enough financial
awareness. Due to the loss of information in both the principal component extraction
and Logistic progress, the regression results are partially different from those obtained
by the independent sample t test.

It can be used to predict if college studentswill make stock investment by the Logistic
model obtained by regression. Generally, 0.5 is used as the probability limit. That is,
when the probability is larger than 0.5, college students will be judged to make stock
investment. While when the probability is less than 0.5, college students will not make
stock investment. In this paper, the accuracy of the prediction of Eq. (2) is tested with
samples from the test group. The prediction accuracy is as high as 76.92%.

4 Reason Analysis of College Students’ Investing in Stocks

This part focuses on the reasons of college students to make stock investment. The
objective of research is only for those college students who have experience of stocks
investment, so the data collected from the second part of the questionnaire is used with
an effective sample size of 52. There are 18 questions being proposed with certain
correlations among the questions. Therefore, this part intends to use factor analysis
method to extract representative influence factors and to analyze the importance of each
influence factor.

According to Wu and Yao [7] as well, we put forward the possible reasons from
four aspects which are the self-fulfillment factors, the psychological factors, the market
factors and the economic factors. The Likert’s five-point scale is used. The values of 1–5
are representing the “Strongly Disagree” to “Strongly Agree” respectively. All questions
are settings from the angle of subjective perception of college students. The design and
descriptive statistics of each indicator are shown in Table 3.

SPSS19.0 is also used for factor analysis. The reliability and validity of sample data
are tested before factor analysis. Cronbach’s Alpha coefficient is used to measure the
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reliability test. The Cronbach’s Alpha of the 18 test items is 0.929, reaching above 0.8
indicating that the data shows internal consistency and high reliability. The KMO test
and Bartlett test are used for the validity test. The KMO test value is 0.826, and the
Bartlett spherical test statistic Sig< 0.01, indicating that there is a significant difference
between variables correlation, which is suitable for factor analysis.

The principal component analysis method is used to extract common factors, and
the common factors are extracted according to the condition that the characteristic value
is greater than 1. The results show that a total of 4 common factors can be extracted.
The factor loading matrix is rotated according to the maximum equilibriummethod. The
rotation results show that the variance contribution rates of the four common factors are
19.062%, 18.380%, 18.242%, and 17.292%, respectively, with a total contribution rate
of 72.974%, indicating that these four factors could better explain the reasons for college
students to invest in stocks. The extraction rate of the variables by common factors is
above 60%, so it can be seen that common factors can reflect most of the information of
each variable.

Table 3. Indicators and descriptive statistics

Influence factor Indicator content Mean S.E.

Self-fulfillment factor Knowledge of stocks 2.962 1.154

Achieve financial independent 2.885 1.114

Reveal intelligence 3.058 1.178

Feel happy to make money 3.019 1.111

Improve financial management skills 3.308 1.147

Exercise psychology quality 3.327 1.024

Psychological factor Envy to make money in the stock market 2.885 1.182

People around to talk about stocks a lot 2.750 1.169

Consider the stock market as legal casinos 3.115 1.149

People around to invest stocks 2.846 1.092

Feel out of style not investing stocks 2.481 1.196

Feel interesting to invest stocks 3.250 1.186

Market factor Strong policy support 3.077 0.987

Stock market getting better 2.846 0.937

Economic factor Not enough living costs 2.962 1.400

Make money fast 2.827 1.150

Rising prices 3.115 1.182

High yield investment 3.115 1.182

From the results shown in Table 4, it is high correlation between factor 1with the four
following statements: envy to make money in the stock market, not enough living costs,
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consider the stock market as legal casinos and reveal intelligence. It can be named as
economic benefit factor. It is high correlation between factor 2 with exercise psychology
quality, improve financial management skills, high yield investment, feel interesting to
invest stocks and strong policy support. It can be named as self-fulfillment factor. The
factor 3 is high correlatedwith knowledge of stocks, feel out of style not investing stocks,
stockmarket getting better, achieve financial independent and feel happy tomakemoney.
It can be named as financial management consciousness factor. The factor 4 is correlated
with rising prices, people around to talk about stocks a lot, make money fast and people
around to invest stocks. It can be named as environment around factor.

According to the ratio of variance contribution rate of each factor to the total vari-
ance contribution rate, the influence weight of each factor on college students’ stock
investment behavior can be calculated, as shown in Table 5. Among them, the economic
benefit factor has the largest influence, the self-fulfillment factor is the second, and the
financial management consciousness factor is the third one. The environment around
factor has the least influence. As we can see, there is a few difference between the influ-
ence weights of each factors. It is indicating that the factors affecting college students
in Tianjin to invest in stocks are variety and each factors seem important to influence

Table 4. Rotated component matrix

Variables Component

1 2 3 4

Envy to make money in the stock market 0.758 0.197 0.207 0.232

Not enough living costs 0.752 −0.066 0.027 0.036

Consider the stock market as legal casinos 0.732 0.209 0.097 0.201

Reveal intelligence 0.679 0.339 0.115 0.352

Exercise psychology quality 0.263 0.834 0.084 0.282

Improve financial management skills 0.228 0.748 0.182 0.359

High yield investment 0.107 0.664 0.206 0.113

Feel interesting to invest stocks 0.030 0.551 0.462 0.354

Strong policy support 0.375 0.467 0.445 0.295

Knowledge of stocks −0.118 0.411 0.747 0.075

Feel out of style if not investing stocks 0.315 −0.136 0.732 0.314

Stock market getting better 0.546 0.306 0.670 0.062

Achieve financial independent 0.532 0.359 0.568 0.072

Feel happy to make money −0.047 0.496 0.555 0.349

Rising prices 0.106 0.389 0.018 0.819

People around to talk about stocks a lot −0.025 0.140 0.546 0.760

Make money fast 0.462 0.219 0.034 0.724

People around to invest stocks 0.308 0.118 0.500 0.673
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college students’ investing stocks. But they don’t have a certain understanding of the
volatility of the stock market and the impact of nations’ policy. With the progress of the
times and the diversification of information, college students can understand the knowl-
edge of investment and financial management from a variety of channels. However, it
is still worrying that the speculative psychology of college students who want to make
fast money by speculating in the stock market still accounts for most of the reasons,
and there is a certain phenomenon of blind following and a lack of self-discrimination
ability.

Table 5. Name and weighting of each factor

Name of factors Dependent variables Weighting

Economic benefit factor Envy to make money in the stock market,
Not enough living costs, Consider the
stock market as legal casinos, Reveal
intelligence

26.12%

Self-fulfillment factor Exercise psychology quality, Improve
financial management skills, High yield
investment, Feel interesting to invest
stocks, Strong policy support

25.19%

Financial management consciousness
factor

Knowledge of stocks, Feel out of style
not investing stocks, Stock market
getting better, Achieve financial
independent, Feel happy to make money

25.00%

Environment around factor Rising prices, People around to talk
about stocks a lot, Make money fast,
People around to invest stocks

23.70%

5 Conclusion and Suggestion

This paper takes college students in Tianjin as the respondents of investigation. Logistic
model and factor analysis are used to make an empirical study on college students’ will-
ingness and reasons of stock investment. From the perspective of investment intention,
firstly, the monthly average living expense is an important factor to identify whether
college students invest in the stock market. The grade, the household income and the
number of relatives and friends investing in stocks also have influence onwhether invest-
ing in stocks of college students, and they are all negative impact. Secondly, the expected
returns of stocks, the tolerance for volatility of market prices and the maximum loss tol-
erance of assets have positive impact on whether college students’ stock investing. It
is indicating that the college students may seek for risk so that they don’t have enough
risk awareness and they are lack of financial quotient from the other side. From the
perspective of investment reasons, the economic benefit is the primary reason for col-
lege students to invest in the stock market, the self-fulfillment factor and the financial
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management consciousness factor are the second and third reasons respectively. It can
be seen that college students have more diversified motivations to invest in the stock
market, and they tend not only to use the stock market to make money, but also to take
it as a platform to exercise their mind and improve their financial management ability.
However, the phenomenon of speculation and following the trend is still prevalent among
college students.

According to the above conclusions, it puts forward the following suggestions on
how to guide college students to invest in stocks rationally. First, from the perspective
of colleges, it should conduct necessary investment and financial education for all stu-
dents not only for those majored in finance and management. It should be conducted
some general courses like public compulsory courses to develop financial concept so as
to cultivate students’ financial intelligence. Second, colleges should hold some stocks
simulation trading competition among college students collaborating with the security
companies. These kinds of competitions can be set up as one of practice courses for
college students to select, it not only can complete several practice credits, but also can
exercise professional knowledge and psychology during these competitions. Third, from
the perspective of students, college students need to set up a rational investment view.
Before entering the stock market, it should make their own motives and assess their risk
tolerance clearly. It shouldn’t follow the crowd blindly, shouldn’t have gambler psy-
chology. In the courses of investing, students should learn to allocate time reasonably,
and shouldn’t spend excessive energy to go up in stock market quotation so as to affect
normal study and life.

Appendix

Questionnaire on Stock Investment Behavior of College Students.
Dear students,
Thank you very much for your participation in our survey. This questionnaire aims

to understand the stock investment situation of college students and is only used for
academic research. Your careful answer will contribute to the successful completion of
our investigation. Thank you again for your support for this survey!

Part 1 Basic Information and Stock Knowledge Survey

1. Your gender
2. Your major
3. Your grade
4. Your family’s annual income (including salary, bonus, securities investment

income, deposit interest, etc.)
5. How many of your relatives and friends are in the stock market?
6. Which of the following financial channels/software/websites are you familiar with?

(multiple choices)
7. In addition to tuition fees, your average monthly living expenses are about
8. How much do you know about stocks and other related knowledge?
9. What can ordinary foreign investors invest in domestic stock exchanges?



456 R. Chen

10. At present, the implementation of the delivery system of A shares in stock markets
of Shanghai and Shenzhen is

11. The daily price limit of ordinary listed A shares is
12. Investors called the stock of a large company with an important position in the

industry, good performance, and good dividend
13. At present, the capital account of Chinese investors is generally opened at
14. When the return rate reaches what, you will enter the market (consider the

opportunity cost of stock market risk, capital, time, etc.)
15. When the market price fluctuation degree is less than how much, you will choose

to enter the stock market
16. The maximum loss you can accept on your assets is
17. The maximum volatility you can accept on your assets is
18. A has an 80% probability of losing 4000 yuan (20% probability of no loss), and B

has a 100% probability of losing 3000 yuan. You are inclined to choose
19. Assuming the following four investment possibilities, you think the most likely

investment portfolio you will choose is
20. Do you have any experience of stock investment?

Part 2 Investigation on Stock Investment Motivation

The following questions are used to investigate the motives of college students investing
in stocks. There is no right orwrong answer. Please tick the number you choose according
to your true opinion:1. Strongly disagree 2. Almost disagree 3. Not sure 4. Almost agree
5. Strongly agree.

1 2 3 4 5

21. I think stocks are a high-yielding investment

22. I know a lot about the stock market

23. I envy my friends and relatives who make money by investing in stocks

24. In my opinion, the national policy has given great support to the
development of stock market

25. I think the stock market will continue to do well within a year

26. I think investing in stocks will help me achieve financial independence

27. I think the stock market is a legal casino

28. I think investing in stocks can show my intelligence

29. I often don’t have enough money to live on

30. It makes me happy to make money by investing in stocks

31. It helps me to improve my financial skills

32. Many people around me often talk about stocks

33. I think it can make quick money by investing in stocks

34. The stock market is good for training my psychological quality

35. I would feel behind if I didn’t invest in stocks

(continued)



Analysis of Stock Investment Behavior 457

(continued)

1 2 3 4 5

36. I find it very interesting to invest in stocks

37. The rise in prices (inflation) has raised my awareness of financial
management

38. Many people around me are investing in the stock market
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Abstract. Factor models play an important role in the domain of asset pricing.
In the recent years of research, factor models are usually developed and analyzed
separately and topics are scattered. Thanks to the efforts of economists, a variety
of findings have been discovered and presented. Due to the complexity of factor
models, a comprehensive understanding is very essential to better understand
them. To fill this gap, we examine different kinds of factor models, including
the CAPM model, the q-factor model, and Fama-French’s three- and five-factor
models. Based on a systematic review of the previous research, we find that all
of these models are created by data mining. In this case, a theory-based model is
needed for further development.

Keywords: Factor models · Factor theory · Development

1 Introduction

In the modern world, the stock market is a very important means of pursuing return.
However, due to its uncertainty, investments in the stock market often do not reap the
expected returns. In fact, economists have long been studying the laws of the stockmarket
to find the factors that can influence stock market returns. William Sharpe established
the Capital Asset Pricing Model (CAPM) in 1964, which argues that systematic risk is
the main factor that affects stock returns when asset portfolios are fully diversified. This
model is amilestone in the field of capital asset pricing. However, subsequent researchers
find that stock returns are poorly correlated with market risk and there are plenty of
studies that have rejected the validity of the CAPM. The interpretation of the CAPM’s
error can be mainly divided into the two categories of the risk-based and nonrisk-based
alternatives. The former which consists of multi-factor asset pricing models develops
under the premise that investors are rational and capital markets are sound, which is
difficult to detect statistically, while the latter includes deviations due to data snooping,
investor irrationality and market frictions, transaction costs, and liquidity effects, which
is easily detectable [1].

Furthermore, Gibbons, Ross and Shanken also question the testing of the CAPM in
their paper, arguing that some of the model’s testing premises have not been validated.
They use a multivariate statistical approach to test the questionable central point of the
CAPM: all market portfolios are mean-variance efficient, and the result explains why
the null hypothesis is rejected. When we use GRS test to check the stock returns with
this model [2], the value of interception is still pretty large (pricing error is not jointly
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equal to zero), which means a large number of factors which may affect the result still
have not been considered [3].

Based on this result, a body of literature has shown that certain neglected indicators
have better explanatory power for stock returns. Basu and Bhandari find that the P/E
and leverage ratios of firms respectively have a surplus effect on stock returns [4, 5].
Thus, the search for efficient pricing factors has become a major research component of
capital asset pricing. Building on their predecessors, Fama and French further state that
the CAPM cannot explain the variation in returns on different stocks, and that besides
beta risk, firm size and book-to-market ratio are also significant elements in capital asset
pricing which give rise to the improvement of the factor models [6].

In this paper, wewill show the development process and the impact of different factor
models by introducing the concept of model factors and analyzing their mathematical
formulas. In addition, this paper contains the critique of the factor models’ explanatory
scope and the model test methods, reflecting the characteristics of current factor models
and the existing problems from a more comprehensive perspective.

This paper consists of five separate sections. Section 1 describes the background
of the asset pricing field and the beginning of factor model development. Section 2
gives the introduction of different factor models and their concepts. Section 3 offers
the comments on and development of factor models, including their limitations and test
methods. Concluding remarks are offered in Sect. 4.

2 Factor Model Theory

2.1 Introduction of Factor Model Theory

The first breakthrough is the three-factor model proposed by Fama and French, which,
as the name implies, is constructed from three different factors: market factor, size factor
and value factor. They state that it has stronger explanatory power than the CAPM and
can explain about 60% to 70% of the return anomalies in the market. This caused a
dramatic stir in the financial field at that time and people began to discover and value
the stability and certainty that factor models could bring.

However, with further research on factor models, some scholars find that the three-
factor model is still invalid to explain some of the anomalies in stock return pricing.
Thanks to successive related studies, more and more stock return anomalies have been
discovered. In order to better explain the stock return, researchers have made continuous
revisions to the three-factor model in terms of these anomalies. Hou, Xue and Zhang
point out that there are still some asset pricing anomalies are not covered by the Fama-
French three-factor model. In this case, they come up with a four-factor model (dubbed
the q-factor model) which can capture more anomalies of stock market. In their related
paper, the q-factor model adds the profitability and investment dimensions to the market
and size factors, consisting of four factors. They provide a detailed list of the current
market anomalies. While we using the q-factor model, most of the market anomalies
including momentum, earnings, intangibles and trading frictions are well resolved [7].

In the meantime, the development of the factor model keeps continuing. In 2015,
using their three-factor model as the base, Fama and French added twomore factors (i.e.,
profitability and investment effect) to themodel to come upwith a new five-factor model.
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Compared with the three-factor model, the five-factor model is more powerful for the
anomalies that about 80% to 90% of the anomalies can be explained by the five-factor
model, which proves the success of the addition of profitable factor and investment factor
[8].

2.2 Factor Model Building and Regressions

This section focuses on the brief details of each factor model mentioned below. In this
section, we will introduce their respective regression formulas and explain the specific
definition and generation of each factor. Finally, we will test their ability to explain
expected returns.

Three-Factor Model

Rit − Rft = ai + bi
(
Rmt − Rft

) + si(S − B)t + hi(H − L)t + eit (1)

Equation (1) presents the three-factor model. In this equation, Rit is the return of the
portfolio over period t; Rft is the risk-free return (which in the stock market can be
expressed as the return on shares of banks or government bonds); Rmt is the return of
the entire market, and the size factor is formed by small minus big, which represents the
difference in returns between small- and large-size companies (dubbed as S−M ). In fact,
in the stock market, since the growth space is more significant, small-size companies are
more likely to have higher expected returns. While the value factor, on the other hand, is
formed by high minus low, which represents the difference between the returns of high
B/M companies and the returns of low B/M companies (dubbed as H − L). Where B/M
is the book-to-market value ratio, which refers to the ratio of a company’s book value to
its stock market value. This factor shows that in the stock market, low B/M companies
tend to be more profitable than high B/M companies. At last, the final eit is the residual
term, which includes all the factors that fail to be covered by the above factors but can
still affect the stock market return outcome (e.g., rational human thinking, etc.).

Fama and French propose three grouping methods to construct risk factors. The
first is the 2 × 3 method which firstly divides all stocks into two groups of small- and
large-market capitalization in light of the median market capitalization of the stocks,
and then divides all stocks into three groups according to the 30% and 70% quantile of
book-to-market ratio; secondly, with the combination of the two parameters of market
capitalization and book-to-market ratio, all stocks can be separated into 6 portfolios.
Again, Fama and French replace the book-to-market ratio with operating profit margin
and investment style respectively and repeat the above steps to divide the stocks into
12 portfolios. Next, they calculate the market capitalization-weighted average return for
each of the above portfolios for each period. Finally, they construct four factors on the
basis of the difference between the returns of the different portfolios. The second is
the 2 × 2 method which substitutes the 30% and 70% quantile with the 50% quantile.
The third is the 2 × 2 × 2 × 2 × 2 method in which the four indicators are crossed
simultaneously and the whole stock is separated into 16 portfolios.

However, the test result suggests that there are other factors that still have a significant
impact on asset returns. Thus, the three factors of market, size and value are insufficient
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to fully interpret the expected returns of different portfolios, and other valuable factors
still need to be explored to improve the level of explanation [6].

Four-Factor Model

E
[
ri − rf

]
= β i

mktE[rMKT ]+ β i
MEE[rME]+ β i

i/AE
[
rI/A

] + β i
ROEE[rROE] (2)

Among these four factors,MKTexpresses themarket excess return, while rME represents
the result of subtracting the return on a portfolio of big-size stocks from the return on
a portfolio of small -size stocks, which is the same as the “RMt − RFt” and “S-B” in
the Fama-French three-factor model. However, the other two factors are different from
Fama-French’s. Instead of focusing on B/M, they add two factors (i.e., investment and
profitability) to explain the return, in which rI/A means the result of subtracting the
return on a portfolio of low investment stocks from the return on a portfolio of high
investment stocks and rROE refers to the result of subtracting the return on a portfolio of
high profitability stocks from the return on a portfolio of low profitability stocks [7].

When constructing the factors, Hou, Xue and Zhang use a 2 × 3 × 3 independent
triple ranking of market capitalization, single-quarter ROE, and total asset change I/A
to reflect the relationship between the expected returns in different conditions. The size
value is divided at the median, while ROE and total asset change are divided at 30% and
70% quartile. In this case, the independent triple ranking yields a total of 18 portfolios,
with the stocks in each portfolio weighted by market capitalization.

In order to show the efficiency of their work, they list the 447 anomalies put forth by
academics, covering six sorts: momentum, value/growth, investment, earnings, intangi-
bles and trading frictions. However, by using the four-factor model as the pricing model,
they find that 436 (98%) of these anomalies are no longer significant, which lays a solid
foundation for the subsequent Fama-French five-factor model [7].

Five-Factor Model

Rit − RFt = ai + bi(RMt − RFt) + si(S − B)t + hi(H − L)t + ri(R−W )t + hi(C − A)t + eit
(3)

The Fama-French five-factor model is constructed on the three-factor model, which
inherits the market, size and value factors from the prior one, and the additional two
factors are constructed by the difference of return between stocks (firms) with low and
high profitability (R-W), and the difference between firms with high and low investment
(C-A). When constructing the portfolio model on their original three-factor model, Fama
and French still divide the market capitalization into two groups through the median,
then divide the return on equity (ROE) and total asset change into three groups through
the 30% and 70% deciles, thus perform a 2 × 3 arrangement to obtain six different
portfolios, and test the relevant variables through the weighting method.

The result shows that the five-factor model has more explanatory power than the
three-factor model, but it still remains some deficiency that fails to explain somemarket-
specific anomalies. For example, when the profitability is low, investing in more small-
capitalization stocks will have the problem of below-average returns [8].
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GRS Test. The GRS method is employed to test the explanatory power of all the factor
models to the expected returns. If the factor models can fully explain the return of
different scenarios in the market, there should be no abnormal return, which means that
the interception of the portfolio regression in the GRS test is zero. Conversely, if the
value of the intercept term of the GRS test is significantly large than zero, it means that
the explanatory power of the tested model is weak and there are other unincluded factors
that influence the regression results [2].

As for the three-factor model, the result shows that the GRS statistic (p-value) is
greatly different from the table value, but the q-factor model performs better and more
robustly than the Fama-French three-factor model in the test, with a smaller intercept
term and the ability to capture the anomalies of momentum. In addition, the value of the
GRS statistic for the five-factor model is smaller than that of the three-factor model, and
the absolute value of the intercept term of the regression (which represents abnormal
returns) is also smaller [2].

3 Development of Factor Models

As for the development of factor models, a number of questions have been raised by
different scholars. For example, the test method used to check the accuracy of themodels
is somewhat problematic.According toKan,Robotti andShanken, although the two-pass
cross-sectional regression (CSR) has been a very popular way to test the factor models,
it still remains critical issues because it has an implicit premise that expected returns are
completely linear in the valuation of beta [9]. But in fact, when non-trading factors are
involved, manymodels do not satisfy the linear relationship well, and thus CSR test does
not explain the expected returns in those cases well. Roll and Ross question the linear
relationship between expected returns and the value of β. Subsequently, other professors
have demonstrated the limitations of OLS and R2, replacing non-trading factors with
simulated portfolios and using multivariate statistical methods for regression modeling.
Through examining the performance of the CAPM model at sample cross-sectional
R2, they find that many of these models are rejected at conventional statistical levels.
Furthermore, when they test whether model irregularities affect the standard errors of the
β0 and risk premium estimates. The results show that standard errors vary significantly
when the underlying factors do not trade-off (e.g., macroeconomic factors). Although
the paucity and noise of statistics often prevent the conclusions from being sufficiently
convincing, the advantage of the Fama-French three-factor model over the CAPM is still
statistically significant [10].

Fama-French’s factor model is also not invulnerable. Over the years of 1972 to 2015,
the alphas for H-L when regressed on Mkt or Mkt and S-B by Barillas and Shanken are
highly significant, whereas the alphas for S-Bwhen regressed onMkt orMkt andH-L are
modest. Through aggregating all of the evidence, they show the result which arrives at
posterior probabilities with the benchmark prior of 60% for the two-factor model (Mkt
and H-L) and only 39% for the Fama-French three-factor model, with the remaining
1% split between CAPM and Mkt and S-B. In this case, it is necessary to have simple
statistical tools that can interpret the various models jointly in a model-comparison
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framework. By grouping factors of the same type and comparing the CAPM, the three-
factor and five-factor models, the four-factor model, Barillas and Shanken conclude that
the six-factor model has the highest posterior probability, with six factors, including
Mkt, I/A, ROE, S-B, H-L and U-D, and that the value and momentum factors are not
redundant any more when more timely H-L is taken into account. The validity of the
six-factor model is also demonstrated after we test 25 portfolios and allow for smaller
departures. On this basis, the other top models are closely related to the six-factor model
in terms of composition. All this evidence supports that the explanatory power of the
six-factor model is better than that of the Fama-French three-factor model [11].

In addition, due to the fact that the factors in Fama-French’s models are supposed to
span the space of the unknown state factors, the possibility of specification errors in the
model has been raised. Modified Hausman artificial regression is a valuable way to test
for measurement errors. Through the generalized method of moments (GMM) based
panel data approach, Racicot and Rentz conclude that the only consistently significant
factor is the market factor [12].

4 Conclusions

By reviewing factor models and their development in the previous literature, we find
that the explanatory power of the factor models for different market anomalies rises
with recent research. Among all the mainstream models mentioned in the paper, the
market factor and size factor have high generalizability as the basics. These two factors
also pass model comparison tests. Although the model factors have been changing and
developing all over time, all models have certain limitations and cannot provide rea-
sonable explanations for certain market anomalies. There are also some corresponding
limitations in the test methods, which may lead people to wrong results and insights
about the true market risks.

Based on the above analysis, we find that the theoretical base of the factor models
is still weak since most of the new model factors are discovered by data construction
and mining, while the portfolio of different factors is coming up through data mining. In
fact, there is no completely perfect factor model that can solve all the market anomalies.
There is still a long way to build a parsimonious model with high explanatory power.
Therefore we suggest more research should be done in the factor model field since the
limitations of data mining techniques are about to be reached and thus a clear theoretical
base is crucial for further development.

References

1. MacKinlay, A.C.: Multifactor models do not explain deviations from the CAPM. J. Financ.
Econ. 38(1), 3–28 (1995)

2. Gibbons, M., Ross, S., Shanken, J.: A test of the efficiency of a given portfolio. Econometrica
57(5), 1121–1152 (1989)

3. Sharpe, W.F.: Capital asset prices: a theory of market equilibrium under conditions of risk. J.
Financ. 19(3), 425–442 (1964)

4. Basu, S.: The relationship between earnings’ yield,market value and return forNYSEcommon
stocks: further evidence. J. Financ. Econ. 12(1), 129–156 (1983)



464 J. Yang

5. Bhandari, L.C.: Debt/equity ratio and expected common stock returns: empirical evidence. J.
Financ. 43(2), 507–528 (1988)

6. Fama, E.F., French, K.R.: Common Risk Factors In The Returns On Stocks And Bonds. J.
Financ. Econ. 33(1), 3–56 (1993)

7. Hou, K., Xue, C., Zhang, L.: Digesting anomalies: an investment approach. Rev. Financ. Stud.
28(3), 650–705 (2015)

8. Fama, E.F., French, K.R.: A five-factor asset pricing model. J. Financ. Econ. 116(1), 1–22
(2015)

9. Kan, R., Robotti, C., Shanken, J.: Pricingmodel performance and the two-pass cross-sectional
regression methodology. J. Financ. 68(6), 2617–2649 (2013)

10. Roll, R., Ross, S.A.: On the cross-sectional relation between expected returns and betas. J.
Financ. 49(1), 101–121 (1994)

11. Barillas, F., Shanken, J.: Comparing asset pricing models. J. Financ. 73(2), 715–754 (2018)
12. Racicot, F.-E., Rentz, W.F.: Testing Fama-French’s new five-factor asset pricing model:

evidence from robust instruments. Appl. Econ. Lett. 23(6), 1–5 (2015)



International Portfolio Management:
A Volatility-Based Method

Yijin Chi(B)

University of California, Davis. 1 Shields Avenue, Davis, CA 95616, USA

Abstract. Volatility-based portfolios behave differently to returns in different
countries, for different factors, and over different time periods. In this paper, an
adjusted management portfolio is constructed and distributed to both developed
countries and the Asia-Pacific region (excluding Japan) to observe how the man-
agement strategy alters and influences the return of the five factors Mkt, SMI-
NUSB, HMINUSL, RMINUS, and CMINUSA over the three-time period. My
strategy is to use the reciprocal of the variance realized last month to approximate
the conditional risk-return trade-off. I find that the returns of the five factors in
developed and developing countries react differently to the new portfolios. This
paper is not only a typical risk-based portfolio interpretation but also a study of
the structure of expected returns over time.

Keywords: Factor models · Volatility-based method · Developed and
developing countries

1 Introduction

The adjusted-managed portfolio is constructed to produce a greater excess return,
increase Sharpe ratios, and generate greater utility gains for investors. From other stud-
ies [1], it is obvious that a risk-adjusted portfolio strengthens and produces significant
risk average return by managing and diversifying the allocation. However, the effect of
managed strategies on the rate of return of various factors in different countries and time
periods remains to be studied and verified.

I distribute the adjusted-managed portfolio to both developed and Asia-Pacific (ex-
Japan) region to see if there is any conspicuous increase or decrease in return of the
five factors: the size of the company (SMINUSB), book-to-market values (HMINUSL),
excess market returns (Mkt), profitability (RMINUSW), and investment (CMINUSA).
I calculated the risk-benefit return by the reciprocal of the variance recorded from last
month. Then, I observe the results of average and excess returns for developed and
developing countries over three time periods, i.e. 2000–2007, 2008–2019, and 2000–
2019. The results show that the five factors in developed countries all have higher excess
returns in the adjusted portfolio throughout the three-time period, while only the average
returns of Mkt factor in Asia are better during 2000 and 2007.
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This paper can be divided into the following sections. Section 2 is the literature
review as the introduction of economic models, factors, and facts. Section 3 presents
how the data is formed. Section 4 discusses my empirical strategy and results of the
return based on the volatility management portfolio. Section 5 is the conclusion and
discussion.

2 Literature Review

It is essential to understand the relationship between expected return and systemic risk
by considering the equilibrium condition of the capital market and observing the capital
asset prices model (CAPM). “Individual preferences” and “natural relations” interact are
considered to determine the equilibrium net interest rate and the market risk premium
[2]. Investors should manage and adjust their portfolios according to changes in risk to
obtain a well-performing portfolio. Usually, the risks inherent in assets can be avoided
through diversification, so the total risk of assets is not the relevant influencing factor of
their prices. Moreover, to obtain equilibrium in the capital market, researchers usually
assume all investors can borrow or lend equally at a common net interest rate and
investors’ expectations are homogeneous. On the other hand, Lintner [3] discusses that
there are increasing effects of investment uncertainty and risk on asset prices and rational
decision-making of individual investment. Investors should select the optimal security
portfolio based on risk and be risk-averse for lower investment volatility and stable return.
Also, investors should be aware of the different expected rates of return in each portfolio
so that standard deviation, variance, and covariance are necessary because they provide
direct evidence for figuring out the most appropriate functional relationship between
the required rate of return and relative risk. Furthermore, the general equilibrium model
of capital asset pricing has received considerable attention in recent years. The stocks
with high systematic risk and volatility mean the stocks are underperforming, where that
high-beta stocks have negative alpha (return), and low-beta stocks have positive alpha
[4].

The Fama-French (FF) three-factor, four-factor, and the five-factor model are pro-
posed to capture risks and explain anomalies [5]. First, the FF three-factormodel includes
the size factor, value factor, and market factor. It is designed to describe stock returns
in the asset pricing and portfolio management. The idea behind the model is that the
companies with small-cap and high value usually have regularly better performance in
the market [6]. Following, the FF four-factor model adds a fourth factor, momentum
(UMD), to a market size model that improves portfolio returns at a given level of risk.
The four-factor model increases the “explanatory power of the model to 95%” [7], com-
pared to 90% in the three-factor model. The FF five-factor asset pricing model capturing
two more factors, profitability and investment, for an average stock return performance,
and it can explain some anomalies and cross-sectional variations in expected average
returns that are not targeted by the other two models. Also, it captures the uncertainty
of the impact of state variables on expected returns because many of the changes in
average rates of return are related to profitability and investment because they are made
by natural selection.

Further factors are introduced to explain the risk and return. Frazzini and Lasse
[8] propose a model with leverage and margin constraints that vary with investors and
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time and find out that the factor betting against beta (BAB) is important in explaining
the impact of capital friction on asset pricing. High-risk beta assets require lower risk-
adjusted returns than low beta assets so that leverage is required. Also, there is a result
that implies the investors who are more constrained should increase their holdings of
high beta assets in their portfolios. On the other hand, downward losses are the financial
risk associated with losses and the risk of the actual return that is below the expected
return [9]. If the downward trend of an asset in the down market is greater than the
upward trend in the upmarket, its return is often very low. Also, the downside beta value
in the past is a good predictor of future covariance and market decline. Moreover, there
are different measurements, such as valuation ratios, that can be used to predict return.
The valuation ratios were positively correlated with subsequent returns and the implied
predictability of returns was considerable in the long run [10].

Some tests show that a volatility-managed strategy is better than other strategies
since it is less vulnerable to volatility shocks. The volatility-based portfolio adjusts the
monthly rate of return based on the inverse of the variance realized last month by reduc-
ing the risk exposure when there is high variance, and vice versa [1]. Investors should
reduce risk in the event of a volatile shock and gradually increase the risk exposure as
the volatility shock subsides.When volatility is high, a less risky managed portfolio gen-
erates a larger return and significant utility gains for investors. Usually, after recessions,
financial crises, and market crashes, volatility tends to be high, so investors should be
risk-averse because the risk is higher when the stock market has high volatility. Overall,
the volatility management portfolio and strategy can be used to price a wider range of
dynamic strategies and greatly reduce pricing errors.

3 Data

In order to study how the portfolio should be constructed and managed to get relatively
less risk and achieve the best performance in return, I analyze the daily return data from
the Fama and French (FF) five-factor model [5] of both developed and Asia Pacific
ex Japan countries. The five factors are composed of the size of the company (SMI-
NUSB), book-to-market values (HMINUSL), excess market returns (Mkt), profitability
(RMINUSW), and investment (CMINUSA) in average stock return performance.

The developed districts include Australia, Austria, Belgium, Canada, Switzerland,
Germany, Denmark, Spain, Finland, France, Great Britain, Greece, Hong Kong, Ireland,
Italy, Japan, Netherlands, Norway, New Zealand, Portugal, Sweden, Singapore, and
United States, while the Asia Pacific ex-Japan countries include Australia, Hong Kong,
New Zealand, and Singapore.

All the data come from the Kenneth R. French Library website, and all the returns
for the five factors in the portfolio are calculated in United States dollars on a daily
basis by the FF library in 2000–2019, including dividends and capital gains, rather than
consecutive compound interest. In order to construct the Mkt, SMINUSB, HMINUSL,
RMINUSW, and CMINUSA factors, the regional stock is split into two market values
with big and small stocks and three groups with B/M, profitability (OP), and investment
(INV) at the end of June each year. First of all, the size of the company is measured by
SMINUSB(smallminus big), as the average return of small stockportfoliosminus the big
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stock portfolios. The second factor BM is measured by HMINUSL (high minus low), as
the average return of the two value portfolios minus the average return on the two growth
portfolios. Thirdly, the excess market return (Mkt) is measured by Rm–Rf, which is the
return of the portfolio minus the risk-free return. Forth factor profitability is measured
by RMINUSW (robust minus weak) as the average return on the two robust operating
profitability portfolios minus the average return on the two weak operating profitability
portfolios. Finally, the investment factor is measured by CMINUSA (conservative minus
aggressive) as the average return difference between two conservative portfolios and
two aggressive portfolios. For each of the 5 factors, there are 5217 daily returns being
observed and recorded from 2000 to 2019.

4 Empirical Strategy and Results

4.1 Empirical Strategy

The return of the portfolio usually varies with the investment method, time, size, and
special risk. In order to compare the result effectively, I first divide two datasets, i.e.
developed and Asia Pacific ex Japan region, into 3 time periods, as from 2000 to 2007,
2008 to 2019, and 2000 to 2019. Driven by empirical evidence that volatility is highly
variable, persistent, and unpredictable [1], I approximate the conditional risk-benefit
trade-off by the reciprocal of the conditional variance. Also, the way I build a portfolio
with volatility management is to measure excess returns by the reciprocal of conditional
variances.

fmt+1 =
c

σ
∧2
t (f)

ft+1 (1)

σ
∧2
t =

1

22

21∑

d=0

(ft−d − 1

22

21∑

d=0

ft−d) (2)

The ft+1 measures excess return of the “buy and hold portfolio”. The variance (σ
∧2
t ,

Eq. (1, 2)) realized last month is used as a proxy for conditional variances for building
the portfolio. Then, the first 22 days are used to predict the variance in day 23rd (Eq. (2)),
in order to make portfolio construction simpler. The constant c is used to control the
investment strategy’s average exposure.

Then, based on the measure of conditional variance, the investment strategy will
either increase or decrease the exposure to the portfolio each month. Moreover, we can
figure out the performance of the adjusted investment strategy over time and whether
it brings any effect on the five factors by observing the calculated alpha value, as the
intercept. The classical alpha value of the volatility management portfolio represents
the excess return from various factors that people can receive after controlling for the
risk in the market. In this paper, it explains the effectiveness of the newly formed and
unexplained portfolio.

Finally, I construct the time series regression on the original factors for the portfolio
managed by volatility (Eq. (3)). The significantly positive alpha means that the timing
of the fluctuations increases the Sharpe ratio relative to the original factor. The Sharpe
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ratio is a measure of the return on a risk-adjusted financial portfolio, and a portfolio with
a higher Sharpe ratio is considered superior to a similar portfolio because it represents
the portfolio brings a higher excess return for the specific factor. On the other hand, the
alpha measures whether the volatility management strategy boosts the return, while beta
is the measure of volatility and systematic risk.

fmt+1 = α + βft+1 + εt+1. (3)

4.2 Results

Table 1 is the statistical summary that shows the corresponding average returns for
investment strategies for the five factors over three time periods. For the performance
of the developed country, by comparing the mean, as the average return, of the five
factorsMkt, SMINUSB, HMINUSL, RMINUSW, and CMINUSA throughout the three-
time period: 2000–2007, 2008–2019, and 2000–2019, the results indicate that there are
positive average returns for all of the 5 factors from 2000–2019 for developed countries.
Also, the portfolio brings significantly high return for factors HMIUNSL andMkt during
2000 and 2007 inAsia region. However, by comparing themean ofAsia-Pacific ex-Japan
countries within the three-time period, the average return decreases for the 5 factors over
time. Also, there is a negative average return for the SMINUSB factor over the three
periods.The investment strategy performes well overall, but it brings different effects
over different time periods and factors.

On the other hand, Table 2 shows whether the adjusted management portfolio has
yielded excess returns to the five factors in the developed countries by observing the
alpha value. The standard errors are showed in parentheses, and *** represents p <

0.01, ** represents p < 0.05, * represents p < 0.1. The rate of return for the Mkt
factor doubled between 2008 and 2019 compared to 2000–2007, and the Mkt factor has
the largest significant average excess return. Also, the return of the factors SMINUSL
and HMINUSL increased significantly between 2000 and 2007. Although this new
investment strategy has shown a less rewarding performance on the CMINUSA factor
than before, it contributed significantly to the overall return on all five factors.

On the other hand, Table 3 showswhether themanaged portfolio brings excess returns
to the five factors in theAsia-Pacific ex-Japan countries by observing the alpha value. The
modified investment strategy is significantly effective for Mkt and RMINUSW factors
according to the increasing alpha value because it brings a significant and higher excess
return between 2008 and 2019. The larger alpha indicates that investors are able to benefit
from volatility time. For example, an alpha increase from 0.147 to 0.168 from 2000–
2007 to 2008–2019 for Mkt and almost double the excess return for factor RMINUSW.
However, there is negative alpha for factor SMINUSB and HMINUSL, which indicates
that the specific factor is underperforming under the risk adjusted portfolio.

Finally, by comparing the mean between developed countries and the Asia-pacific
region, the average rates of return for the five factors in developed countries have better
overall performance between 2000 and 2019 than those in Asia region. Also, developed
countries have lower standard error for the five factors, which indicates that the market
is more complete. However, the Asia-pacific region has higher return for all five factors
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during 2000–2007. For example, Mkt factor has the highest return of 0.043 in Asia
pacific. In addition, by comparing the alpha value of the two regions between 2000 and
2019, we can tell that the adjusted investment portfolio has a better performance for the
five factors in the developed countries, which that there is positive and higher excess
return, despite there is a negative return for factor CMINUSA. A positive alpha indicates
that volatility management strategy extends the mean-variance boundary and increase
the Sharpe ratio [1] compare to the original portfolio, which indicates that the adjusted
portfolio brings excess return for investors.

Overall, a portfolio managed by volatility produces a significant risk-adjusted return
on factors Mkt and RMINUSW since there is no negative return throughout the years.
Also, volatility-based strategy is less vulnerable to volatility shocks and takes less risk
during bad times. When volatility is high, a less risky managed portfolio generates
larger alphas, increases the Sharpe ratio, and produces significant utility gains for mean
variance investors.

Table 1. Summary statistics.

Mkt SMINUSB HMINUSL RMINUSW CMINUSA

2000–2007 (Developed)

Mean
Standard Error

0.009
0.018

0.019
0.010

0.055
0.010

0.020
0.007

0.036
0.009

2000–2007 (Asia)

Mean
Standard Error

0.043
0.020

−0.004
0.011

0.042
0.013

0.020
0.012

0.014
0.009

2008–2019 (Developed)

Mean
Standard Error

0.025
0.018

−0.002
0.007

−0.006
0.006

0.016
0.004

0.003
0.004

2008–2019 (Asia)

Mean
Standard Error

0.016
0.020

−0.015
0.010

0.014
0.009

0.017
0.008

0.017
0.008

2000–2019 (Developed)

Mean
Standard Error

0.019
0.013

0.007
0.006

0.018
0.005

0.017
0.004

0.016
0.004

2000–2019 (Asia)

Mean
Standard Error

0.027
0.015

−0.011
0.007

0.025
0.007

0.018
0.007

0.016
0.007
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Table 2. Regression results for developed region (Alpha).

Mktm SMINUSBm HMINUSLm RMINUSWm CMINUSAm

2000–2019 0.225***
(0.019)

0.087***
(0.038)

0.087***
(0.052)

0.103***
(0.054)

−0.239***
(0.071)

2000–2007 0.167**
(0.023)

0.184**
(0.061)

0.461***
(0.110)

0.177
(0.098)

−0.141
(0.124)

2008–2019 0.264***
(0.027)

0.039
(0.047)

−0.100
(0.044)

0.026
(0.054)

−0.232
(0.077)

Table 3. Regression results for Asia-pacific ex-Japan region (Alpha).

Mktm SMINUSBm HMINUSLm RMINUSWm CMINUSAm

2000–2019 0.164***
(0.016)

−0.017***
(0.027)

−0.005***
(0.020)

0.083***
(0.024)

0.008***
(0.038)

2000–2007 0.147***
(0.019)

−0.0006
(0.035)

−0.0003
(0.023)

0.022
(0.028)

−0.062
(0.053)

2008–2019 0.168***
(0.022)

−0.030
(0.038)

−0.001
(0.029)

0.121***
(0.034)

0.054
(0.053)

5 Conclusion and Discussion

In this paper, volatility-based portfolio models are established for developed regions and
the Asia-Pacific region (excluding Japan) in three time periods to capture heterogeneous
markets features. The investment strategies are used in the 5 factors Mkt, SMINUSB,
HMINUSL, RMINUSW, and CMINUSA to figure out the effective of the models on the
returns. This paper shows that the modifiedmanagement portfolio and investment strate-
gies have different performances for different factors in different time periods and coun-
tries. Compared to developing countries, developed countries have significantly higher
return. There are fundamental differences between developing and developed coun-
tries since developed countries have better regulations and complete markets. Overall,
a portfolio managed by volatility tends to offer huge risk-adjusted returns for investors.
Investment portfolios should be adapted from time to time to suit the specific needs of
specific countries.

Investors should notice that the same portfolio strategy approach does not apply to all
countries and different countries’ investment strategies should be discussed separately.
The adjusted investment portfolio delivers higher overall excess returns for the five
factors in the developed countries than the developing countries, and the Mkt factor has
the best performance throughout the time. In this study, the former 22 trading periods’
return data are used to predict the variance on the day of 23 and then the variance is used
to adjust portfolios. However, the time length could be changed to analyze whether a
better performance of the portfolio can be found. This study could provide investors a
better understanding of volatility-based investment strategies.
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Scene Marketing Strategy in E-commerce Era

Liao Sihan(B)

Jiangxi Normal University, Nanchang, China

Abstract. The development of mobile Internet technology has greatly promoted
the expansion of scenes in the e-commercefield, andusers are increasingly inclined
to feel products and brands frommarketing scenes. Based on this, this paper studies
a series of challenges faced by scene marketing in the e-commerce era: difficulty
in obtaining traffic, excessive experience consumption and small supervision of
enterprises. Starting from themarketing strategy, this paper explores how to realize
the effective use of scenes in the e-commerce era, providing new ideas andweights
for the long-term competitive development of enterprises.

Keywords: E-commerce · Scene marketing strategy · Experience · Date

1 Literature Review

Professor Bernd Schmitt of Columbia University proposed “experiential marketing” for
the first time in his book Experiential Marketing, which mentioned that scene market-
ing is to provide different experiences according to different customers, thus arousing
consumers’ sympathy and is a new stage in the development of experiential market-
ing. Peng Lan pointed out in Scenes: New Elements in the Mobile Media Era that the
arrival of the e-commerce era has resulted in fragmentation of information and time,
and scenes have become a new link connecting information flow, relationship flow and
service flow. Cai Xueyong mentioned in his article “Finding Your Commercial Value in
the Scene Era” that through the application of intelligent devices and advanced means,
the future scene era will change and affect various industries and their subdivided ver-
tical fields, and people’s scene fields will undergo great changes. Wu Dingming and
Shi Yibin in Reproduction of Meaning and Desire: Research on Innovation of Online
Advertising under Scene View Valve expounds the advantages of application scenes in
the Internet era. Consumers enter a “real-time” scene under the catalysis of consumption
concept, service experience, aesthetic taste, advertisement penetration, etc., thus mak-
ing consumers immersed in the situation to generate consumption desire and commodity
significance. According to the existing research, application scenarios have become an
important means of marketing in the e-commerce era. Scenario marketing conforms to
the general trend of modern marketing and has been widely used now. However, there
are still many hidden dangers and challenges behind the prosperity of scene marketing,
which is worth pondering. This paper will put forward future marketing strategies and
expectations for the field of e-commerce scene design based on its shortcomings.
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The advent of the e-commerce era has changed the information flow mode of con-
sumers and formed a new consumption scene. As a medium, scene is loaded with the
functions of transmitting information and creating experience environment, which is
influenced by space environment, social environment and psychological environment.
Now, the bonus period for traffic as an entrance has passed. Consumers not only pay
attention to simple commodity trading, but also value the process value between buy-
ing and selling, so as to meet their own psychological needs such as identity and sense
of belonging. The scene will reshape the products, marketing, channels and connection
methods of e-commerce, become a new tool for brand communication needs in the era of
big data, and provide new ideas and weights for the long-term competitive development
of enterprises.

2 Application of Scene Marketing in E-commerce

In the era of mobile Internet, almost every life scene is facing the possibility of being
defined. The wide application of intelligent devices has fragmented people’s time and
information, making it possible for any life scene to be converted into actual consump-
tion. The e-commerce market has begun to change from traditional price orientation to
scene orientation.

Robert Scober and Sher Israel introduced the concept of “scene” into the application
level in their book The Coming Age of Scenes. Based on this, the “five scene forces” are
proposed:mobile devices, socialmedia, big data, sensors and positioning systems, which
play the roles of experience carriers, information adaptation, logical tools, information
acquisition and physical positioning respectively. Users are more and more inclined to
feel products and brands from marketing scenes. Carefully built scenes are easier to
stimulate customers’ interactive experience and consumption behavior, thus forming an
effective cycle of communication between scenes and users and realizing efficient links
between enterprises and consumers, which has become an indispensable and important
tool in the e-commerce era.

In the application field, the ultimate goal of scene marketing is to provide adaptation
information and services under specific scenes. Different from the traditional marketing
method, which takes economies of scale as the leading factor, scenario marketing takes
“people” as the core, that is, customers, customers as the center, starting from customer
needs. Based on the scene requirements of virtual space, social applications such as
WeChat, Weibo and Little Red Riding Book solve the needs of users for instant mes-
saging and realize interaction and association on the Internet. The application of short
videos and live broadcasts, such as fast hands and trembles, promotes the high integration
of technology, content and space, and uses scenes to construct emotional mobilization
mechanisms to promote viewers’ consumption. E-commerce platforms such as Taobao
and Jingdong seamlessly connect online and offline through dynamic “links” formed by
mobile Internet technology and intelligent terminals, and carry out accurate marketing
through big data to enhance consumers’ information experience. With the application
of scenes in the e-commerce field, the single physical environment marketing commu-
nication has changed to the compound scene marketing communication. The spatial
dimension, the time dimension and the relationship dimension further highlight the
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dominant position of consumers, meet the needs of higher levels in Maslow’s demand
theory, and satisfy the psychological value of individual consumers, thus realizing the
improvement of brand image transformation into sales effect.

3 Challenges Faced by E-Commerce Scene Marketing

3.1 It is Becoming More and More Difficult to Obtain Traffic

Traffic usually refers to the number of visits and views of e-commerce, reflecting the
public’s preference for different platforms. Judging from the current market, the entry
threshold for e-commerce is not high. As long as you have a We Media account, you
can apply for an e-commerce platform. Moreover, the platform has no requirements on
the content and quality of content editing. For example, common graphic forms, sound,
short video forms and live broadcast forms have all become the media for its platform to
publicize. The creation of new scenes, new links and new experiences emerge one after
another, but it is very difficult to really attract market traffic. It is also because of the
low marketing threshold in We Media that market competition has become very fierce.
The effective realization of flow is accidental and uncertain. To realize the goal of profit
transformation, we must need the support of large We Media platforms, in addition to
flow support.

3.2 Excessive Experiential Consumption Leads to Disorderly Consumption

The concept of scene marketing has been widely recognized by the market since China’s
accession to theWTO, and various enterprises have even used all their efforts to struggle
in the fierce market competition environment. For example, the upsurge of live broadcast
in recent years has appeared on major e-commerce platforms in a short period of time.
While draining, it also shows the characteristics of similarity and compulsion. It is very
difficult for the new anchor to make further breakthroughs, and the audience will also
have visual and auditory fatigue, resulting in a decrease in the retention rate. In order
to stimulate consumers’ unnecessary consumption, some cosmetics anchors filled the
studio with commodities of major brands to stimulate the audience’s senses. There are
also some anchors who use marketing skills to increase the added value of commodities,
giving the audience the illusion that the value of products is increasing, thus falling
into the pseudo desire of consumption. Although the pulling effect of live broadcast on
the economy cannot be ignored objectively, it is also easy to cause some audiences to
fall into the whirlpool of irrational consumption and impulsive consumption such as
entertainment and ostentatious display of wealth, leading to disorderly consumption.

3.3 Inadequate Supervision of Enterprises, Creating the Illusion of “False
Prosperity”

Behind the barbaric growth of e-commerce, there are problems of safeguarding rights
and difficult platform supervision. The first is the issue of user privacy. When predicting
consumer demand, scene data will be widely collected. Nowadays, everyone will carry
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their mobile phones with them.When mobile phone users enter a certain scene, they can
be identified and complete information collection. This work will involve the privacy
of consumers. If the privacy issue is not handled properly, it will lead to the disclosure
and even abuse of user information. In addition, the supervision of the national network
security policy is not perfect, and it is difficult for enterprises to supervise in all directions.
Once the information is disclosed, it will seriously market the reputation and reputation
of e-commerce platforms.

In addition, some merchants and platforms increase commodity sales through false
data streams. For example, consumers are misled by hidden rules in the industry such
as bill-brushing and data fraud, and consumers’ explicit needs are met by gimmicks,
concessions and othermeans, resulting in “false prosperity” of e-commerce and affecting
the industry atmosphere.

4 Scene Marketing Strategy in E-Commerce Era

Marketing strategy type Specific marketing strategy Specific representative
measures

Product strategy Pay attention to user experience
and accurate push to meet the
personalized needs of consumers

Through links, the fragmented
information of consumers is
connected, the user behavior
trend is grasped, and accurate
marketing is carried out

The scene is regarded as a part of
the product, and a certain demand
and desire of consumers are
increased through intangible
products to meet the potential
demand of customers

Use graphic posts, short videos
and live broadcasts to create
immersive scene experience
and enhance users’ telepresence

Promotion strategy Make proper use of public
relations, give consideration to
social interests while developing
oneself, assume social
responsibilities, maintain a
harmonious social and political
environment, and establish a good
image of the enterprise

Make proper use of big data,
abide by relevant laws and
regulations, and establish a
good corporate image and
public opinion propaganda

4.1 Regard Links and Experiences as the Core of E-Commerce Scenarios

What is currently referred to as scenario marketing, It is based on the needs of consumers
in information, products and other aspects as the starting point, Around the marketing of
a series of scenes such as consumers’ life and work, the scenes are reconstructed based
on the dynamic “link” formed bymobile Internet technology and intelligent terminals, so
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that the scenes can form a multi-dimensional fragmentation, thus improving consumers’
information experience and carrying out accurate marketing communication [1].

O2O has created full-channel links, and consumers have realized seamless connec-
tion of contacts based on online and offline. Marketing logic is no longer to attract atten-
tionwith traffic, but to take people as the center and scene evolution as the lifestyle. Scene
labeling, multi-screen linkage and full-channel method are all scene linking methods.
The combination of social media and mobile devices, big data, sensors and positioning
systems can produce extremely rich and personalized content and user data, thus accu-
rately making user portraits, mastering the behavior trends of the Internet as a whole and
individual users, and providing diversified and personalized consumption experiences
for them.

The scene brings experience by reconstructing the link between the enterprise and the
consumer. Experience determines the user’s consumption will, consumption motivation
and even the core of the final conversion link. It endows the user with a wider range
of psychological feelings and social significance when making individual actions and
purchases, and makes the information about brands, products and other aspects of the
enterprise have a more positive impact on consumers. It can also encourage users to
form active content creation, and continuously derive new scenes and new links through
sharing, thus providing more communication opportunities for enterprises.

4.2 Establishing Immersive Marketing Experience to Enhance Telepresence
and Commodity Trust

The establishment of the scene is a kind of social and commercial activities to attract
users and bring immersive experience to users. Real scenes can increase users’ telep-
resence and commodity trust. Telepresence is the perception of the disseminator when
interacting with others, which is enough to enable both parties to understand each other’s
characteristics and the meaning behind communication in the communication process.
Therefore, increasing telepresence will help individuals to obtain more information and
experience in the communication process [2]. In the content field guided byKOL, graphic
posts, short videos and live broadcasts are the threemagic weapons that fully embody the
immersion effect. The connection between KOL and fans enables consumers to immerse
themselves in the scene consumption.

Take Li Ziqi, a popular online blogger, as an example. She showed her living envi-
ronment, countryside, streams, rice and other rural scenes in the video, and filmed the
production process, materials and procedures of the product. Using real rural scenes,
daily life reproduces and shows the original appearance of the product, making users
feel as if they were in their surroundings, as if the purchased product was made by Li
Ziqi, enhancing the telepresence and trust of the product, thus increasing the purchase
intention.

In addition, immersion marketing is also widely used in e-commerce live broadcast,
such as the process of picking fruits from fruit trees to packing boxes, which enables
users to directly understand the planting environment and product quality, and also
provides the opportunity for live broadcast fruit selection. When selling food, try it out
in the live broadcast room to show the real color and quality of the food, and give voice
description and visual stimulation, which greatly stimulates users’ purchasing desire.
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The sensory upgrade brought by live broadcast enables us to feel the product more
truly, understand the product in a more three-dimensional way, generate a brand-new
marketing scene, quickly realize the focus of users and sales transformation,make brands
closely connected with consumers, effectively eliminate the blindness of traditional
marketing, and greatly improve the overall marketing efficiency. At the same time, the
live broadcast has created a platform for enterprises to communicate with consumers
and provided opportunities for direct communication. It is an indispensable marketing
method for enterprises to understand consumers’ feedback more accurately and quickly
and establish immersive scene experience.

4.3 Make Proper Use of Data and Information to Protect the Rights and Interests
of Consumers

To do a good job of scene analysis and user portrait, we need to rely on the support
of various information data. This information includes the consumer’s location, pre-
ferred brands, daily browsing records, actual purchasing behavior, etc. Enterprises will
draw pictures of users according to big data, and consumers’ preferences and behaviors
will become clear and predictable. Using AR, VR and other identification and sensing
systems, focus on consumer scene interaction and emotional experience. Through face
recognition, consumers are accurately recognized and their consumption preferences and
characteristics are recorded. In the next consumption, face recognition is used to provide
more effective recommendations and targeted services for its personalized information,
thus enhancing consumers’ respect for needs and consumption experience.

After obtaining this information, the work organization must do a good job in the
confidentiality of the data information, not only to supervise the collection and use of
the data, but also to ensure the effective use of the data. Nowadays, consumers have a
sense of privacy protection, but China is still far from the legalization of the Internet.
In the data analysis of user scenarios, enterprises should consciously and strictly follow
the network security management regulations and information confidentiality standards,
protect the rights and interests of consumers, and establish sincere cooperation, equality
and mutual benefit public relations with the public. At the same time, establish a good
corporate image, let the public know the relevant information of the enterprise in a timely
manner, consciously assume the publicity function, actively publicize the corporate
culture, business philosophy, employee cultivation, and establish a good image in the
hearts of the target consumers and the public.

5 Conclusion

To sum up, in the e-commerce era, seizing the scene is the best time to understand
users. The scene realized the logical change from the traditional “product-centered” to
“consumer-centered”. Through data and links, the behavior trend of individuals is pre-
dicted, and a premium is paid for the scene through experience, bringing the experience
of “integration of time and space”. Each enterprise, brand is a group of independent
perception and experience, Only by creating marketing with temperature and emotion,
integrating and evolving commodities into a way of life, realizing the effective use of the
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We Media platform, and making brands the only choice for consumers in this scenario,
canwe increase users’ support in the long run and provide core advantages for the growth
of enterprise value.
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Abstract. The purpose of this paper is to investigate how a government sets pre-
cise subsidy policy to stimulate a manufacturer to reserve capacity for emergency
supplies. Firstly, we develop a benchmark model where a manufacturer should
determine its capacity strategy for future emergency supplies without government
subsidy. We identify the thresholds for the manufacturer on reserving capactiy or
not. Secondly, we put forward and compare four types of subsidy polices, includ-
ing no subsidy, fixed subsidy, marginal subsidy, and hybrid subsidy. Thirdly, we
study the government’s precise subsidy policies. The results show that the fixed
subsidy policy is optimal if the fixed investment for capacity reserve is high but
the marginal cost is low. When the fixed investment is low but the marginal cost
is high, marginal subsidy policy is the optimal policy. The government should
choose the hybrid subsidy policy if the fixed investment and marginal investment
are both high. Numerical examples are included to illustrate the major results.

Keywords: Capacity reserve · Emergency supplies · Subsidy policy

1 Introduction

The capacity reserve for emergency supplies plays an important role in disaster relief
and mitigation. When a disaster strikes, the manufacturers should quickly produce the
emergency supplies. Unavailability of supplies leads to ineffective emergency response.
To enhance emergency service level, government should provide subsidy policies for the
manufacturers when they have no incentives to invest in capacity reserve for uncertain
emergency demand.

There is a growing literature that studies capacity reserve and the impact of gov-
ernment subsidy. Whybark (2007) studied the emergency supplies capacity reserve and
argued that capacity reserve should be considered in the emergency supplies inventory
management. Goyal and Netessine (2011) showed that volume flexibility can mitigate
aggregate demand uncertainty for both complementary and substitutable. Chen et al.
(2016) pointed out that capacity reserve is an effectivemeasure to reduce physical reserve
cost and improve distribution efficiency. Li andZhao (2016) showed that capacity reserve
can effectively alleviate the demand for emergency supplies when supply interruption is

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
C. Yuan et al. (Eds.): Proceedings of the 4th International Conference on Economic Management
and Green Development, AEPS, pp. 480–486, 2021.
https://doi.org/10.1007/978-981-16-5359-9_56

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5359-9_56&domain=pdf
https://doi.org/10.1007/978-981-16-5359-9_56


Capacity Reserve Decision for Emergency Supplies 481

caused by emergency. Serel et al. (2001) found that capacity reserve contracts for man-
ufacturers and long-term suppliers can reduce the manufacturers’ purchasing cost, and
the risk of supply interruption. Although capacity reserve has many advantages, manu-
facturers might have no incentives to invest in it as it incurs both fixed cost and marginal
cost. Some literature studies government subsidy policies which support manufacturers
to reserve capacity. Zhang and Li (2013) studied the optimal investment decision of
manufacturers on capacity reserve and supplies reserve under government subsidy. Yao
et al. (2018) showed that the government’s outsourcing of capacity reserve can increase
both government and companies’ benefits. Chen et al. (2017) studied a risk-sharing plan
for joint storage of emergency supplies by non-profit organizations under government’s
subsidy.

This paper proposes precise government subsidy policy for emergency supplies,
which differs from the aforementioned studies. We seek to answer two research ques-
tions: (i) When does a manufacturer reserve capacity for emergency supplies? How does
it decide its optimal reserve capacity? (ii) How does a government set an optimal subsidy
policy if it is needed? To address these questions, we develop and compare the capacity
decision models without and with subsidy policy. We show how the government induces
the manufacturer to reserve capacity to reach a certain service level through optimal
subsidy policies.

This paper is structured as follows. Section 2 proposes a benchmarkmodel. Section 3
extends it to the model with government subsidy. The precise subsidy policy for
government is placed in Sect. 4. Section 5 concludes the paper.

2 Capacity Decision Model Without Government Subsidy

We first consider a benchmark model where a manufacturer should make capacity deci-
sion without government subsidy. Consider the manufacturer supplies a kind of product
to the market with capacityQ0 in a period. The length of the period is assumed to be one
unit. If there is no emergency during the period, the demand of the product is equal to
Q0. If an emergency occurs during the period, there will be another stochastic demand
x for the product from a distribution function F(x) with a density of f (x), besides the
certain demand Q0. We assume the probability of emergency is k and the emergency
occurs at the time t, where t is a random variable and is uniformly distributed from 0
to 1 with density of g(t). Faced with the uncertainty of emergency, the manufacturer
has two choices for capacity decision: to reserve capacity Q (Q ≥ 0), or not to reserve
capacity. If the manufacturer decides to reserve capacity, the total capacity for the prod-
uct is Q0 + Q. Otherwise, the total capacity is Q0. We assume that the fixed investment
in reserve capacity is I , and the marginal cost of unit reserve capacity is ρ.

If the manufacturer decides not to reserve capacity, its profit is:

�N = mQ0 (1)

If the manufacturer decides to reserve capacity, its expected profit is:

max
Q1

E�F = k
∫ 1
0{t(mQ0 − ρQ) + (1 − t)[mQ0 + ∫ Q

0 (mx − ρ(Q − x))f (x)dx

+∫ U
QmQf (x)dx]}f (t)dt + (1 − k)(mQ0 − ρQ) − I

s.t. Q ≥ 0

(2)
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The Kuhn-Tucker condition is applied to find the optimal solution. We can get
Lemma 1.

Lemma 1. If the manufacturer decides to reserve capacity, its optimal capacity (Q∗) is:

Q∗ =
{
0, ρ > ρ

F−1(1 − 2ρ
k(ρ+m)

), 0 ≤ ρ ≤ ρ
, and ρ = mk

2 − k
.

Define I = k
2 (m+ρ)(Q∗ − ∫ Q∗

0 F(x)dx)−ρQ∗. Comparing E�∗
F with �F , we can

get the decision rule for the manufacturer, as shown in Proposition 1.

Proposition 1. When ρ ≤ ρ and I ≤ I , the manufacturer decides to reserve capacity
Q∗; Otherwise, the manufacturer decides not to reserve capacity.

Proposition 1 shows when both types of costs are below a certain threshold, the
manufacturer’s optimal decision is to reserve capacity. One can see that when the man-
ufacturer applies optimal production volume, the service level is F(Q) = 1 − 2ρ

k(ρ+m)
,

as shown in Lemma 1.

3 Subsidy Policy Type

In this section, we consider the government’s subsidy policies. Let α denotes the target
service level of the emergency supplies. If the manufacturer does not reserve capacity or
the service level (F(Q)) is lower than the target service level (α), the government needs
to provide subsidy to stimulate the manufacturer to improve its capacity reserve. Policies
that stimulate the manufacturer to satisfy the target service level α are called effective
policies. The subsidy policies can be divided into four types: no subsidy (N), fixed
subsidy (ϕ), marginal subsidy (δ), hybrid subsidy (δ + ϕ). Assume the government’s
subsidy investment is C, the government should minimize subsidy investment. The
effective policy that incurs minimum cost is called an optimal policy.

3.1 No Subsidy

If the manufacturer has motivation to reserve capacity and the capacity level can satisfy
the target service level α without any subsidy, the government applies the no subsidy
policy (N-policy). From Proposition 1, we can obtain the feasible region for the policy
N is {0 < ρ ≤ ρα} ∩ {0 < I ≤ I} and ρα = km(1−α)

2−k(1−α)
. In this case, the manufacturer

will voluntarily reserve capacity and the service level (F(Q)) is not lower than α. The
manufacturer’s maximum expected profit is E�∗

F and the government’s investment is
C∗
N = 0.
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3.2 Fixed Subsidy

Fixed subsidy policy (ϕ-policy) denotes the government invests a fixed amount of ϕ to
push manufacturers to reserve capacity. Under this policy, the manufacturer’s maximum
expected profit and the government’s minimum investment are:

max
Q

E�ϕ = k
∫ 1
0{t(mQ0 − ρQ) + (1 − t)[mQ0 + ∫ Q

0 (mx − ρ(Q − x))f (x)dx

+∫ U
QmQf (x)dx]}g(t)dt + (1 − k)(mQ0 − ρQ) + ϕ − I

s.t. Q ≥ 0

(3)

min
ϕ

Cϕ = ϕ

s.t. E�∗
ϕ ≥ �N , Fϕ(Q∗) ≥ α, ϕ > 0 (4)

We now analyze the decision-making behavior of the manufacturer and government.
With Eq. (3), we can obtain the service levelFϕ(Q∗) = 1− 2ρ

k(ρ+m)
, which is independent

of government’s fixed subsidy (ϕ). Therefore, when ρ > ρα , the fixed subsidy policy
is not an efficient policy. If ϕ = 0, Eq. (3) is equivalent to Eq. (2). We can obtain
the necessary conditions for effective fixed subsidy policy is I > I , and the minimum
government investment is ϕ∗ = I − I . In summary, the feasible region for the fixed
subsidy policy is {0 < ρ ≤ ρα} ∩ {I > I}, and the government’s investment is C∗

ϕ =
ϕ∗ = I − k

2 (m + ρ)(Q∗ − ∫ Q∗
0 F(x)dx) + ρQ∗.

3.3 Marginal Subsidy

Marginal subsidy policy (δ-policy) denotes the government provides a marginal subsidy
of δ for each emergency product produced by the manufacturer. Under this policy, the
manufacturer’s maximum expected profit and the government’s minimum investment
are:

max
Q

E�δ = k
∫ 1

0
{t(mQ0 − ρQ) + (1 − t)[(m + δ)Q0 +

∫ Q

0
[(m + δ)x − ρ(Q − x)]f (x)dx

+
∫ U

Q
mQf (x)dx]}g(t)dt + (1 − k)(mQ0 − ρQ) − I

s.t. Q ≥ 0 (5)

min
δ

Cδ = k
∫ 1

0
(1 − t)[δQ0 +

∫ Q

0
δxf (x)dx +

∫ U

Q
δQf (x)dx]g(t)dt

s.t. E�∗
δ ≥ �N , Fδ(Q

∗) ≥ α, δ > 0 (6)

From Eq. (5), we can obtain the service level Fδ(Q∗) = 1 − 2ρ
k(m+ρ+δ)

, which is
related to government’s marginal subsidy (δ). The manufacturer’s profit and service
level increases as the marginal subsidy (δ) increases. When ρ > ρα , the government
can use δ to change the manufacturer’s optimal capacity. We define Iα = ρ

1−α
[αQ∗ +

Q0 − ∫ Q∗
0 F(x)dx] − k(m+ρ)Q0

2 . In this case, if 0 < I ≤ Iα , the marginal subsidy
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δ∗ = δα = 2ρ
k(1−α)

− (m + ρ); If I > Iα , we obtain δ∗ = δ0 = {δ|E�∗
δ − �N = 0}.

When ρ ≤ ρα and I > I , we obtain δ∗ = δ0 = {δ|E�∗
δ − �N = 0}. In summary, the

feasible region for the marginal subsidy policy is {0 < ρ ≤ ρα} ∩ {0 < I ≤ I}. When

δ∗ = δα , the government’s subsidy investmentC∗
δ = kδα

2 [Q∗+Q0−∫ Q∗
0 F(x)dx];When

δ∗ = δ0, C
∗
δ = kδ0

2 [Q∗ + Q0 − ∫ Q∗
0 F(x)dx].

3.4 Hybrid Subsidy

Although the feasible range for the marginal subsidy policy is large, in some cases it
is not the optimal policy. In addition, the service level is independent of government’s
fixed subsidy. Hybrid concept can effectively overcome the two disadvantages. Through
above analysis, there is an overlap area ({0 < ρ ≤ ρα} ∩ {I > I}) between the fixed
subsidy policy and the marginal subsidy policy. By comparing the investment of the two
subsidy policies, we can get Proposition 2.

Proposition 2. The fixed subsidy is always the optimal policy when the fixed subsidy
policy and the marginal subsidy are both effective policies.

We use numerical examples to show Proposition 2 intuitively. The parameter values
are set as m = 10, Q = 100, k = 0.1, α = 0.8, I = 100 (Fig. 1).

Fig. 1. Comparison of different policies.

Inspired by Proposition 2, we can provide hybrid subsidy policy: the government
uses the marginal subsidy to satisfy the target emergency service level, and uses the
fixed subsidy to satisfy the manufacturer’s profit level. The marginal subsidy policy
and the fixed subsidy policy are both special cases of the hybrid subsidy policy. The
feasible region of the hybrid subsidy policy is the largest. The government should use the
hybrid subsidy policy when the fixed policy and the marginal policy are both ineffective
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or non-optimal policies. When ρ > ρα and I > Iα , the analysis is the same as in
Sect. 3.3, the service level Fδ+ϕ(Q∗) = Fδ(Q∗), and δ∗ = δα . To satisfy the profit
level, let ϕ∗ = I − Iα . The feasible region for the optimal hybrid subsidy policy is

{ρ > ρα} ∩ {I > Iα}, and C∗
δ+ϕ = ϕ∗ + kδα

2 [Q∗ + Q0 − ∫ Q∗
0 F(x)dx]. We can get

Proposition 3.

Proposition 3. When {ρ > ρα} ∩ {I > Iα}, the government’s optimal policy is the
hybrid subsidy policy.

4 Precise Subsidy Policy

Comparing the four subsidy policies, we can get the government’s optimal strategies in
different cases. The government should classifymanufacturers according to themarginal
investment and fixed investment, and then decides precise subsidy policy according to
different types of manufacturers. With the precise policies, the government can stimu-
late the manufacturers to reach the target emergency service level with the minimum
investment (Table 1).

Table 1. The government’s precise subsidy policy.

Precise subsidy policy Marginal investment cost (ρ) Fixed investment cost (I )

No subsidy (N -policy) 0 < ρ ≤ ρα 0 < I ≤ I

Fixed subsidy (ϕ-policy) 0 < ρ ≤ ρα I > I

Marginal subsidy (δ-policy) ρ > ρα 0 < I ≤ Iα

Hybrid subsidy (δ + ϕ-policy) ρ > ρα I > Iα

5 Conclusion

In this paper, we study how a government induces a manufacturer to reserve capacity to
reach a certain service level through precise subsidy policy.We firstly study a benchmark
model where a manufacturer should determine its capacity strategy for future emergency
supplies without government subsidy. The results show that when the marginal invest-
ment and the fixed investment are both lower than the thresholds, the manufacturer will
choose to reserve capacity. Secondly, we propose four types of subsidy policies, includ-
ing no subsidy, fixed subsidy, marginal subsidy, and hybrid subsidy. The results show
that when the manufacturer has the motivation to reserve capacity and satisfy the target
emergency service level, the government applies the no subsidy policy; When the fixed
investment for capacity reserve is high but the marginal cost is low, the fixed subsidy
is the optimalpolicy; When the fixed investment is low but the marginal cost is high,
the marginal subsidy is the optimal policy; When the fixed investment and marginal
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investment are both high, the hybrid subsidy is the optimal policy. Our reseach pro-
vides management insights for the government to implement precise subsidy policy for
emergency supplies.
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Abstract. Referring to the theory of digital literacy and digital Doing-business
environment from the theoretical point of view, this article analyzes the funda-
mental and driving role of digital literacy in optimizing doing-digital-business
environment from the perspective of human capital theory and digital dividend
theory. This article summarizes ‘efficiency improving’, ‘innovation encouraging’
and ‘inclusiveness promoting’ as three major mechanisms of improving digital lit-
eracy in optimizing the digital production environment, digital innovation environ-
ment and education environment, that is, the doing-digital-business environment,
which benefit the forming of a fair, balanced, healthy and sustainable development
environment for the digital economy.

Keywords: Digital literacy · Doing-digital-business environment · Human
capital · Digital dividend

1 Introduction

After the SecondWorld War, along with the active innovation in the field of information
technology, human society has entered an important stage of transformation.Basedon the
development of digital information technology, information civilization and industrial
civilization blend with each other, constantly producing new modes of production and
living conditions. In this process, scholars from various countries have put forwardmany
new concepts, such as “information revolution”, “information industry”, “information
economy”, “information society”, “information age”, “information technology”, etc. In
China, theword “informatization” iswidely used to describe the process of the revolution,
and the reform direction is to rely on “information industry”, develop “information
economy” and move towards “information society”. In the information society, data has
becomemore important than land, material and energy resources. In order to develop and
utilize data and information resources, digital economic activities are expanding rapidly,
gradually replacing industrial production activities and becoming the main content of
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national economic activities. The status of digital economy in the national economy is
highlighted.

Since entering the information society, the extensive use of digital technology has
changed the economic activities and economic environment, booming the digital econ-
omy. In 2019, the scale of digital economy of 47 economies in the world will reach 31.8
trillion US dollars, an increase of 1.6 trillion US dollars over the previous year, and the
GDP of the same period will increase by 1.2 trillion US dollars. The growth value of
digital economy has exceeded the value of GDP growth. Among them, the added value
of China’s digital economy in 2019 has reached 35.8 trillion yuan, accounting for 36.2%
of GDP, contributing 67.7% to GDP growth.

The digital economy brings huge dividends to countries, but it also puts forward
some new requirements for the business environment. In recent years, international
organizations have incorporated the relevant indicators of business environment of dig-
ital economy into the national evaluation system. In many evaluation systems, most of
them measure the level of digital literacy, such as “Internet user skills” and “advanced
skills and development” in digital economy and society index (DESI) 2020, and ICT
skills (average years of education, total enrollment rate, and total enrollment rate) in
ICT development index released by the International Telecommunication Union, “The
proportion of people with ICT skills” and “human capital index” issued by the United
Nations Department of economic and social affairs. International organizations obvi-
ously agree on the important role of digital literacy in the construction of digital doing
business environment. However, by combing the relevant literature on digital literacy and
digital doing business environment in recent years, we found that there is no research on
the relationship and mechanism between the two. Therefore, we will analyze the impor-
tant position of digital literacy in digital doing business environment from a theoretical
perspective, provide a theoretical basis for the follow-up research, and explore the path
through which the improvement of citizen digital literacy will affect the digital business
environment.

2 Theoretical Background

2.1 The Concept of Digital Business Environment

The emergence of the word “business environment” can be traced back to the “doing
business” project which launched by the world bank in 2002. Through the establishment
of a set of global comparable business environment assessment system, the survey pro-
vides reference for different countries to improve the business environment. The world
bank defines the business environment as the sum of the time and cost that an enter-
prise in an economy needs to spend in opening an account, financial credit, protecting
investors, paying taxes and other important fields covering the whole life cycle of an
enterprise [2]. It has designed a series of business environment evaluation index systems,
and has continuously conducted annual service implementation on business laws and
regulations of various countries since 2003. This report includes 11 indicators and 190
economies in the year of 2020.
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The concept of a “digital doing business environment” first came from the United
Nations Trade and Development Council (UNCTAD) report “Developing Digital Indus-
tries” in 2017, and the World Bank proposed the “Digital Doing Business Indicators” in
2018, arguing that the digital business environment should be built to promote healthy
competition among countries and enhance the vitality of digital economic development.
The World Economic Forum (WEF) and the Harvard Business Review report “Digi-
tal Doing Business Environment Convenience 2019”, argues that the “Digital Doing
Business Environment” refers to the level of convenience that digital platforms enjoy
in entering, operating, thriving and exiting markets. Alibaba Group released the Digital
EconomyBusiness Environment Report in 2019, arguing that the “digital economy busi-
ness environment” should focus on the platform to create a good environment for resident
enterprises, referring to the technologies promote the formation of a fair, transparent and
healthy platform ecology.

The Digital Doing business environment should not only is to use digital technol-
ogy to enhance the traditional market environment of “digital+ business environment”,
more should be “digital business + environment”, a new business environment which
adapts to the digital economy and innovation development needs (as shown in Fig. 1). In
the digital economy era, the government, enterprise, platforms, interconnected between
consumers and colleges, optimizing the production relations to create value, (as shown
in Fig. 1) platform use technical tools to integrate the resources to achieve precise
matching between supply and demand, the enterprise’s products or services through the
platform to reach consumers’ hands, Consumers use the platform to pay for the product
or service, meanwhile left an important data elements on the platform, platform using
data elements on technology development to provide better service experience, on the
other hand, enterprises can get some technical support from platforms for product devel-
opment or internal management, which will improve enterprises’ operating efficiency
and accelerate product iterative innovation speed. In the process of value creating, the
enterprises, platforms, consumers the government plays an important role . Ideally, Gov-
ernment lax regulation will create a positive and relaxed production environment, the
talents with high digital literacy, high and new technology and strict standards provided
by the research institutes of universities and colleges will provide rich and innovative soil
for the value creation of the whole digital economy, here we mention two environments:
the production environment and innovation environment, there are also the current two
important sub environment of digital doing business environment.

From the analysis of the value activities, we believe that the production environment
and the innovation environment are two important aspects constituting the digital doing
business environment. In combinationwith the indicators related to the business environ-
ment of digital economy in the evaluation system of several international organizations,
the production environment is relatively broad,mainly including the digital infrastructure
environment, data security environment, competition and consumer protection environ-
ment, and regulatory and service environment. The innovation environment is relatively
narrow, which mainly includes citizen digital literacy, attitude towards entrepreneurial
risks, creative output and other aspects [3]. We can see that digital literacy indicators
are included in the digital innovation environment. There is no doubt that digital literacy
plays an important role in the digital innovation environment, but there is no relevant
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Fig. 1. Digital economy subjects & value activities

literature to study the functional relationship between digital literacy and the digital
business environment. It is of great practical significance to understand the interaction
between them to help us find a way to optimize the digital business environment and
promote the development of digital economy.

2.2 Digital Literacy Concept and its Framework

With the advent of the digital economy era, digital ability has become an essential ability
for individuals to adapt to their future work and life. International organizations such as
OECD,World Economic Forum, World Bank and United Nations have identified digital
ability as the basis for us to face the changing world in the future [4]. Digital ability
refers to the integrated use of digital information technology to achieve returns (including
economic returns, capacity growth, social participation, promotion and development
opportunities, etc.). The ability means that people will be able to use enough skills and
ability to solve social task efficiently, but do not cover the cognitive abilities of creative
ideas and ethics of social development, cultural attitudes and other advanced capabilities.
Digital ability is generally considered as a part of digital literacy, and “literacy” is
considered as a holistic concept, a concept that constantly changes and keeps pace with
The Times, as well as a high-level capability element system containing digital ability
[5].

The word “Digital Literacy” first appeared in 1994. Israeli scholar Y. Eshet- Alkalai
sums it up as “the ability to understand and use various digital resources and information
displayed on the computer” [6]. Then PaulGilster in his book “Digital Literacy” formally
put forward the concept of “Digital Literacy” [7]. He defines digital literacy as the
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ability to access, understand and integrate digital information. Specifically including
web search, hypertext reading, digital information criticism and integration skills, he
describes the Digital Literacy for the use of Digital information and understanding, and
stressed the importance of digital technology as a “basic skills”, effectively distinguish
Digital Literacy and traditional printing, speaking, reading and writing.

Obviously, digital literacy is not a single skill, but a complex and interdisciplinary
open literacy, which can promote individuals to acquire a variety of survival skills includ-
ing digital ability, improve the creative cognitive ability of social groups, and become
an important asset in the development of the information society. There is a consen-
sus among academics on the importance of digital literacy in the 21st century, but for
the framework and definition of digital literacy has been chaotic, related research has
shown that the model and the framework of digital literacy is more than 100 kinds of
[8], but there is no universal model, the framework of most frame makers are consid-
ering their political, economic and social environment, but digital literacy framework
varies from place to place, often across national interagency characteristics [9]. National
and international organizations continue to try to develop standardized digital literacy
frameworks.

In the world, the influential research on digital literacy mainly included 21st Century
Skills of the US and Key Competences of the European Union, among which the digital
literacy framework developed by the European Union had a very heavy impact on the
subsequent research on digital literacy. As one of the eight core literacy stressed by
the European Union, the digital literacy has experienced from the initial “information
technology” (emphasis on the technology itself) to the “information technology skills
and use”, “information technology skills” (emphasis on skills), and “digital literacy”
(emphasis on literacy) [10]. And the European Union defines “digital literacy” as “The
ability to use information technology confidently, critically and innovatively in work,
employment, study, leisure and social engagement”, emphasizes people’s network inter-
action and cooperation on the basis of obtaining and using information. The EU digital
literacy project, launched in 2011, sets three goals:

i. To identify the core elements that will influence digital literacy;
ii. Building on previous research, improve the EU digital literacy framework/indicators.
iii. Propose an applicable digital literacy framework to all citizens.

The digital literacy framework proposed by the project includes five literacy domains:
information, communication, content creation, security awareness, and problem solving,
as shown in Table 1. Every competency area was divided into multiple “specific Com-
petences” indicators, which were divided into A (basic), B (medium) and C (advanced)
three “competence Levels”. Then it is described in three dimensions of knowledge, skill
and attitude.
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Table 1. EU digital literacy framework

Literacy domain Overview

Information domain The ability to identify, locate, retrieve, store, organize, and
analyze digital information and determine its relevance

Communication domain Share resources, communicate and cooperate with others
through online digital tools, participate in online community
interaction, and have cross-cultural awareness, in short, the
ability to communicate in a digital environment

Content creation domain The ability to create and edit new content, from word
processing to graphics, images, videos, etc., to reintegrate
previous knowledge and content, to generate creative
expression of information and media output and
programming, and to apply intellectual property properly

Safety consciousness domain Personal protection, data maintenance, digital identity
protection, security measures, sustainable utilization
capability

Problem solving domain Identify digital information needs, select the most appropriate
digital tools according to needs, solve problems through
digital means, use technology innovatively, and solve
technical problems

3 The Status of Citizens’ Digital Literacy

3.1 Enhance the Human Capital of Digital Doing Business

From the perspective of human capital theory, people with digital literacy provide high-
quality human capital for digital doing business. The new economic theory holds that
human capital is an important factor to explain economic growth by endogenous growth
model and emphasizes that the production of human capital is more important than that
of material capital. Many scholars have three main understandings about the mechanism
of human capital acting on economic growth: One is the factors of human capital is
regarded as inputs to the production of final products directly affect economic growth.
The second is that human capital is a key input in technology production and indirectly
affects economic growth through innovation and technology diffusion. Third, human
capital is regarded as both the input factor of final product and the key input product
of technological production, which is a joint action mechanism [11]. For the digital
economy, we also tend to think of digitally literate citizens as a joint mechanism for
fostering growth models in the digital economy.

On the one hand, the citizens with digital literacy ACTS directly on the digital
economy as the input factor for the production of final products. The digital economy
represented by the new generation of productivity such as block chain, cloud computing,
big data, artificial intelligence and digital twins needs people with the above digital skills
to promote digital production and create economic value.
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On the other hand, the citizens with digital literacy, as a key input in technological
production, indirectly affects the digital economy through the diffusion of innovative
knowledge and technology, and affects the development of the digital economy by influ-
encing technological progress. The improvement of total factor productivity in digital
economy mainly depends on technological innovation and the diffusion and absorption
of cutting-edge technologies. The stock of human capital greatly influences these two
aspects. The larger the number of citizens with high quality digital literacy, the faster
the pace of knowledge innovation and technology diffusion. Accordingly, human capital
promotes the growth of productivity of digital economy more obviously.

Obviously, the starting point and end point of digital business environment construc-
tion is to protect the development of digital economy. Through the above analysis of the
action mechanism of citizens’ digital literacy on the growth of digital economy from the
perspective of human capital theory, we can see that the population with digital literacy
is an important human capital for the development of digital economy and plays a very
important role in the development of digital economy.

3.2 Help Unleash the Digital Dividend

The digital dividend refers to thewidespread benefits of using digital technologies (Inter-
net, mobile phones and all other tools for collecting, storing, analyzing and sharing
information digitally), mainly includes three aspects [12]:

i. Grow economy
ii. Expand employment
iii. Improve services

Citizens digital 
literacy

Digital 
technologies

Grow economy

Expand 
employment

Improve services

Digital dividend

Digital doing 
business 

environment

Fig. 2. The path to release digital dividend of digital literacy

As shown in Fig. 2, citizens’ digital literacy affects the release of digital dividends
by influencing the absorption and diffusion of digital technologies, thus exerting a role
in the digital business environment.
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Firstly, digital literacy has a positive effect on the absorption of digital technology
knowledge. A digital technology that achieves diffusion and commercial application
is premised on being used, but different groups of people have different preferences
for absorbing knowledge. It is inefficient for people who have never been exposed to
computer knowledge to absorb knowledge of digital technology, and the people with
certain digital literacy for digital technology knowledge absorption is efficient. They can
combine their own digital knowledge reserve to summarize and sort out the absorbed
knowledge, and are likely to research and produce new technologies or new knowledge,
so as to complete the transformation and upgrading of the existing digital technology
knowledge system.

Second, digital literacy affects the diffusion of digital technology. The diffusion
model of digital technology basically follows the diffusion of ICT technology and
The innovation diffusion model of Rogers, and generally presents an “S”-shaped curve
(Fig. 3).

Number 
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Digital
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Fig. 3. Multi-digital technology diffusion model

In the very early “O-A” phase of digital technology 1, A necessary condition was
that someone would use the technology first and the skills would be spread, and then
the digital technology diffused slowly as the number of users (digital skill owners)
increased. As the number of people with digital technical 1 skills continues to increase,
digital technical 1 enters a period of rapid development, known as the “A-B” period in the
figure. When the number of digital technology 1 users reaches a certain proportion in the
total population, that is, the number of people with the digital skills reaches saturation,
the development of digital technology 1 enters a period of stagnation and slowdown.

In the period of stagnation, the number of users no longer provides the impetus for the
development of digital technology, technology can only be innovated with people who
have this digital skill. They can improve their literacy within digital literacy domains
such as information, knowledge exchange, content creation, and problem solving, and
develop new technologies through iterative innovation (digital technology 2), then we
move on to the next diffusion phase of the technology. It can be seen that the citizens’
digital literacy is the breakthrough of the transformation from old technology to new
technology, and plays a key driving role in the iterative innovation of digital technology.



Theoretical Research on the Mechanism 495

4 Mechanisms for Improving the Digital Business Environment

Through the above theoretical analysis of digital literacy and digital business envi-
ronment, summarize three mechanisms that can help improve digital doing business
environment by improving citizens’ digital literacy (Fig. 4):

Digital literacy
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production 

environment

Digital 
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Intermediate 
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Advances in 
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Fig. 4. Mechanism of action to improve the citizens’ digital literacy for optimizing the digital
business environment

i. Improve efficiency to optimize the digital production environment including digital
infrastructure environment, data security environment, competition and consumer
protection environment, and regulatory and service environment.

Improving the citizens’ digital literacy can significantly improve the human capital
in the digital doing business environment, improve the total factor production efficiency
in the digital production environment which including the digital infrastructure environ-
ment, data security environment, competition and consumer protection environment, as
well as the regulatory and service environment.

ii. Promote innovation to stimulate the innovation vitality of digital innovation
environment.

Information technology revolution based digital information and communication
technology (ICT) is the driving force of the development of social informatization. It
is also the key to stimulate technological innovation, product and service innovation,
organizational innovation and system innovation in all fields of the whole society, so as
to optimize resource allocation and improve economic operation efficiency. The wide



496 Z. Wang et al.

application of digital technology in production, finance, scientific research and educa-
tion, medical care, enterprise and government management, and family and individual
social life has exerted a huge and profound impact on economic and social develop-
ment, fundamentally changing people’s lifestyle, behavior and values. A dynamic and
innovative business environment is conducive to the accumulation of knowledge and
technological innovation.

iii. Promote inclusiveness to create a fair, balanced, healthy and sustainable develop-
ment environment.

The vigorous development of the digital economy, push the modern social progress,
but the construction of the information society is not achieved overnight, the spread of
digital technology penetration degree also has never been uniform and indiscriminate.
The “digital divide” is widespread across countries, regions and groups of different ages,
occupations and genders, and with the further spread of technology. And as technology
spreads further, the digital divide deepens.

In the early days, researchers and policy makers generally focused on the differences
in ICT infrastructure access, that is, the differences between those who had ACCESS
and those who did not. However, with the gradual popularization of Internet access
in developed countries, especially the continuous increase of the penetration rate of
broadband access, the differences in network use gradually become prominent. Due to
different people’s different degrees of mastering network application skills, their ability
to effectively obtain and use information through the network is different, which is
specifically manifested in different aspects such as the duration, intensity and behavior
pattern of network use, and the efficiency of information search.

In recent years, Internet access has become highly pervasive in countries leading
in ICT development, and the new digital divide is becoming increasingly significant.
It has been observed that even when users have autonomous and unrestricted access
to ICT infrastructure, there are significant differences in their proficiency in using the
network to accomplish specific tasks and achieve specific goals. Even if users have the
same level of skills and reach the same level of intensity, the returns (including economic
returns, capacity growth, increased social participation, development opportunities, etc.)
they can get from Internet use are often different [13–16]. That means The difference in
digital literacy has created a new digital divide.

Improving the citizens’ digital literacy can make ordinary people more sensitive and
receptive to digital knowledge, contribute to the dissemination of knowledge, bridge
the digital gap to a certain extent, and contribute to the optimization of the educational
environment. The relationship between the educational environment and the citizens’
digital literacy is inseparable, which is a two-way correlation. Education can improve
the citizens’ digital literacy, and the improvement of the citizens’ digital literacy can in
turn strengthen the education level through technological means.

In recent years, developed countries have increased their citizens’ digital literacy
education, such as the comprehensive citizen digital literacy cultivation model of the
United States [17], the UK has integrated personal digital literacy into the vocational
development education model [18], and China is also actively exploring the education
model for improving digital literacy.
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5 Conclusion

With the popularization of information technology, digital economy plays a prominent
role in national economy, and the business environment is constantly changing.Countries
have gradually realized the importance of the digital doing business environment, and the
continuous improvement of the digital business environment has become a priority for
governments around the world. According to the analysis of the relationship between
digital literacy and digital doing business environment in this paper, we think that in
the process of optimizing digital doing business environment, we should consider the
following ways to improve the citizens’ digital literacy:

i. We should establish a multi-dimensional digital literacy cultivation model cover-
ing vocational education in primary and secondary schools and higher education,
popularize computer-related courses, improve citizens’ digital literacy from the
perspective of education, and provide high-quality human resources for the digital
doing business environment.

ii. Attaches great importance to the talent management. Technological progress is
an important factor to promote economic development and reform, we should
attach greater importance to innovation in the whole society. Give slack and proper
management to innovative talents, and establish the coordinated mechanism of
rewards and punishments to inspire talent innovation vigor, improve the stock for
the optimization of digital production and innovation environment are helpful.

iii. Attach importance to the construction of scientific and technological innovation
system. To construct a closed loop of knowledge creation from digital literacy of
talents to high-tech breakthrough can fully realize the innovation vitality stimu-
lated in the innovation environment and develop the technology growth economy
in practice.
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Abstract. The article focuses on the doing-business environment evaluation
issues in the context of the digital economy. It uses bibliometrics, knowledge
graphs, summaries to sort out relevant domestic and foreign literature on doing-
business environment evaluation, extracts and analyzes related research hotspots
in this field. The key focus areas the connotation of the doing-business environ-
ment and the evaluation index system; how the connotation of the doing-business
environment evolves with time; single dimension and comprehensive dimensions
for the doing-business environment evaluation index system according to different
research perspectives.
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1 Introduction

To encourage healthy competition between countries and build a more efficient system
of digital economy policy framework, many international organizations in the countries
to promote the digital economy best practices research in recent years, they actively
carry out all kinds of a digital national economy evaluation, the digital economy-related
indicators such as digital economy business environment, digital economy, global inno-
vation and competitiveness index into the evaluation system, which for the assessment
of digital economy business environment is becoming a national new focus.

The digital economy brings huge dividends and also puts new requirements on the
business environment. China attaches great importance to improving the business envi-
ronment, vigorously promotes the reform of “delegating powers and services” and keeps
improving the business environment. At the opening ceremony of the first China Inter-
national Import Expo in November 2018, General Secretary Xi Jinping pointed out the
need to “create a world-class business environment.” [1]. On October 22, 2019, the State
Council formulated and issued the Regulations on Improving the Business Environment.
On October 31 [2], 2019, the fourth Plenary Session of the 19th CPC Central Commit-
tee clearly stated that “improving the business environment and stimulating the vitality
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of various market entities”. In November 2019, General Secretary Xi Jinping pointed
out at the opening ceremony of the second China International Import Expo that “we
will continue to optimize the business environment, which is the soil for the survival
and development of enterprises, and constantly improve the market-oriented, legalized
and internationalized business environment.” [3]. In November 2020, In the third China
International Import and Export Expo, General Secretary Xi Jinping once again stressed
the importance of “continuously optimizing the business environment” [4]. It can be
seen that China’s vigorous efforts to improve the business environment and the positive
results achieved are the results of the great importance and continuous efforts of the
State Council of the CPC Central Committee.

In recent years, China’s digital doing Business environment has been significantly
optimized. The world Bank’s “Doing Business 2020” shows that China’s ranking of
doing Business environment has risen to 31st, 15 places higher than before [5]. Inter-
national business environment evaluation system includes digital infrastructure, digital
economy innovation environment, competition, consumer protection, data and security
environment, supervision and service environment, etc. , with countries can obtain com-
mon indicator is given priority to, focused on the development status of evaluation, the
evaluation emphasis of different groups and different, it will appear the evaluation results
can’t reflect each country to do business on the dilemma of the development of the real,
like xi general secretary said that all countries should strive to improve their business
environment, solve their own problems, can’t blame others, always whitewash himself,
Don’t shine on others and not yourself like a flashlight.

In view of this, this paper will focus on the digital business environment evaluation
research overview. Firstly, through literature measurement and knowledge map, the
domestic and foreign literature in the field are sorted out to understand their research
situation. Then, comparative analysis and induction are made for each research topic,
and literature is sorted out and described in detail. Based on the above research, the
future research trend of this field is proposed.

2 Overview of Doing Business Environment Research Based
on Bibliometrics

2.1 Analysis of Literature Volume Trend

Taking November 5, 2020, as the retrieval time point, data collection was conducted
on the literature related to business environment research in CNKI database and WOS
database respectively. In CNKI database, the choice of the old advanced search, and
the search keyword “doing business”, to ensure the quality of research, eliminate class
meeting, newspapers and other news texts, in the journal child list check the SCI source
journals, EI, core journals, CSSCI source journals and journal of CSCD as a sample,
through sorting out again the author unit is empty, the author called this newspaper
editorial articles, received 429 articles (including digital business environment with a
total of 6) relevant to the subject matter. In the WOS database, articles of economic,
management, business types were set for retrieval with “title” as the retrieval scope,
“Business environment” as the retrieval term, and the literature type was defined as
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“Article”. The literature were exported into plain text format, and repeated literature
were cleaned in the CiteSpace software. Finally, 1105 related articles were obtained.
In the past 23 years, the publication volume of relevant literatures at home and abroad
is shown in Fig. 1, and the paper growth and change curve is drawn in Excel. It can
be seen in the domestic business environment as the theme of the related literature
were identified nearly five years, growth, trend regression formula for y = 6 × 10-6e-
0.7294x, determination coefficient R2 value is 0.9; foreign to the study of evaluation
about the business environment can be traced back to 1997, the overall number showed
a trend of steady rise, trend regression line equation for y= 1.1943x+ 31.112, equation
determination coefficient R2 is 0.5387, the more as you can see, both at home and abroad
for doing business abroad study earlier than domestic, and the research trend is stable,
the relevant domestic business environment research started late, but the momentum of
rapid development, each year the number of post-show exponential growth way, this
may be related to digital development under the background of economic globalization
to the attention of the business environment.

y = 1.1943x + 31.112
R² = 0.5387

y = 6*10-6e0.7294x

R² = 0.9016
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Fig. 1. Statistics of published literatures from 1997 to 2020.

2.2 Literature Metrological Analysis Research Situation

In order to further clarify the research situation in the field of the business environment,
Citespace software was used to process the exported literature respectively and construct
the network relationship diagram between keywords. The keyword distribution network
of Chinese studies is shown in Fig. 2.
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Fig. 2. Keywords distribution network in Chinese research.

The centrality of keywords is reflected by the size of nodes. The larger the node is,
the stronger the centrality of keywords is. It can be seen that the business environment
is the core node, among which the centrality is 0.62. “Doing business”, tax business
environment, and reform of strengthening regulation and service are intermediate nodes,
amongwhich the core values are 0.33, 0.22, and0.21 respectively, indicating that scholars
focus on these aspects of a business environment. It can be seen from the figure that there
are relativelymany edge nodes, which, on the one hand, indicates the diversity of relevant
research contents in the business environment, and on the other hand, indicates that the
research is relatively scattered. Further research on network nodes reveals that although
the centrality of edge nodes, World Bank, doing Business report and indicator system
is relatively low, their degree is high, indicating that they are hot research issues in the
field of doing business.

Considering that the research samples of domestic and foreign scholars are from
different sources and the amount of data is quite different, also besides, the research in
foreign countries started earlier than that in China. If the data of the two are combined for
analysis, only the keywords of English research are in the visualized figure, and the nodes
of Chinese research will be marginalized. Taking the above considerations into account,
relevant studies on business environment English are also analyzed independently, as
shown in Fig. 3.

Different fromChinese studies, foreign studies have four central nodes, namely busi-
ness, strategy, model, and adoption. Their centrality is 0.12, 0.11, 0.1, and 0.1 respec-
tively, indicating that scholars pay high attention to business and strategy. Environment,
Competitive Advantage, Performance, Impact, Innovation, and Organization are inter-
mediate nodes, among which the centrality is 0.09, 0.08, 0.08, 0.07, 0.07, 0.07, and 0.07
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Fig. 3. Distribution network diagram of keywords in English research.

respectively, indicating that scholars focus on these aspects of the business environment.
It can be seen from the figure that there aremore nodes between different levels of foreign
studies than Chinese studies, indicating that the scope of foreign studies is more exten-
sive. It is worth noting that the centrality of the business environment is relatively low,
but its degree is relatively high, indicating that there are more studies on the combination
of the business environment and other topics.

Given this, this paper will summarize the connotation of business environment and
the business environment evaluation research, and propose the development direction of
future research in the field of business environment based on this.

3 Research on the Definition of Doing Business Environment

Materialist dialectics thought, all things have been accompanied by the development of
advance and twists and turns, the understanding of doing business is based on the practice
of reflection, the cognitive process is constantly changing, so the connotation of the
business environment has certain timeliness, uncertainty, and fuzziness, the connotation
of the current understanding of the business environment has not yet formed, in this
article, through combing the literature in the field of the domestic and foreign business
environment, to tease out business environment connotation by the timeline route of key
research, as shown in Fig. 4.

As early as in 1968, the American scholar in accordance with the west in law, and
Peter bunting in international business arrangements the conceptual framework of the
article puts forward the evaluation of investment environment of “cold heat analysis
method”, this method from the standpoint of the investor and the investment main body,
with political stability, unified market opportunities, growth status, cultural level, fiat
dysfunction, substantial barriers to investment environment, geographical and cultural
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differences in the seven factors, evaluate the investor, and the “hot” (excellent investment
environment) to “cold” investment environment (poor) one by one sorting [6].

The concept of Doing Business to enter the public eye in recent years, with the
released since 2003, the world bank’s annual “Doing Business report, the appearance
of the word” Doing Business “can be traced back to 2002, the world bank’s interna-
tional finance corporation in order to under different life cycle from multiple aspects of
the enterprise Business environment faced by analysis evaluation, launched a” Doing
Business “survey, the survey by making a comparable global Business environment
assessment system, The World Bank defines the business environment as the sum of the
time and cost required for an enterprise to comply with policies and regulations in terms
of application for an opening, production and operation, trade activities, tax payment,
closure and execution of contracts [5]. Stern regards the business environment as the
sum of current and expected policy, institutional and behavioral environments, usually
involving macroeconomic policies, government management systems and infrastruc-
ture environment, and believes that they can affect the returns and risks of enterprise
investment [7]. Benn Eifert et al. believed that the business environment is the poli-
cies, institutions, infrastructure, human resources and geographical environment that
affect the operating efficiency of different industries and enterprises [8]. Bah and Fang
attributes the business environment to five aspects: environmental regulation, corruption
governance effect, public security environment, infrastructure improvement and finan-
cial development [9].Worthington and Britten attributed the business environment to the
macro environment (such as politics, economy, law, society, etc.) and the microenviron-
ment (such as suppliers, competitors, labor market, financial institutions, etc.) that affect
the production and operation of enterprises [10]. Lan pointed out that business environ-
ment refers to the requirements of relevant policies, systems, codes of conduct and the
market and social environment faced by market players when they engage in production
and business activities or trade activities [11]. Escaleras and Chiang takes the business
environment as institutional quality, including government efficiency, regulation quality
and corruption level, etc. Escaleras and Chiang closely links the business environment
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with the government, believes that the business environment is an inevitable outcome of
the government-led economy and even considers government intervention in the market
as a routine part of the business environment [12].

The concept of “business environment” has a relatively short history inChina.Guang-
dong province is the first province to conduct systematic theoretical research and practice
on “business environment”. Guangdong has organized relevant institutions to carry out
research on the topic of “Building a legalized international Business environment”, and
commissioned Sun Yat-sen University and Guangdong University of Foreign Studies to
carry out thematic research on “Building a legalized international business environment
by adhering to the socialist market-oriented reform direction” [13]. Before doing busi-
ness the concept is the investment environment, it is the same as the development of
foreign business environment, is the early nineties of the 20th century China’s reform
and opening up the focus of attention, mainly from the perspective of foreign investment
was observed the development of a regional environment, so there is investment business
environment, strictly speaking, doing business is the development environment, includ-
ing software, hardware, hardware is the physical environment, soft environment is the
system cultural environment, they constitute the development of a country or a region
as a whole environment [14].

Ni Pengfei summarized the business environment as a combination of hard envi-
ronment, such as market and infrastructure, and soft environment, such as government
policies and services, as well as judicial, administrative and tax systems, etc., and sum-
marized the business environment as the sum of various factors in the production and
operation activities of enterprises [15]. Some scholars only regard the business envi-
ronment as a kind of institutional soft environment. The government can effectively
shape the business environment through market regulation, tax collection, infrastructure
provision, property rights protection and other policy tools [16]. Based on the perspec-
tive of globalization, Zhang et al. extended the definition of business environment and
pointed out that a systematic environment composed of business environment factors
should include regional factors such as labor cost and transportation cost, factors such
as exchange rate, tax and tariff, and supply chain factors such as products and trade [17].
From the perspective of social environment, Dong Biao and Li Renyu think business
environment refers to the business subject to engage in commercial organizations or
business conduct various circumstances and conditions, including affect business sub-
ject behavior of the political factor, economic factor, cultural factor, etc., is a country or
a region effective exchanges and cooperation and competition, embodies the economy
of the country or region soft power [13]. Wu Jingzhou pointed out that the business
environment is essentially the regulatory environment of the government. The offside,
absence and dislocation of the government will affect the business environment [18].
Wei Shuyan and Sun Feng believed that the investment and business environment is an
organic dynamic system, including political system, economy, market, social culture,
policies and regulations and other factors that interact and influence each other [19].

Lou Chengwu believed that the business environment is the development environ-
ment faced bymarket entities in a region, including the government environment, market
environment, rule of law environment, infrastructure environment, factor environment,
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etc., and it is the external manifestation of various formal systems provided by the gov-
ernment and various existing informal systems [14].MaXiangdong andWangYuesheng
believed that business environment generally refers to the sum of various external envi-
ronments such as political environment, economic environment, legal environment and
international environment in the process of establishment, operation and cancellation of
an enterprise. It is a systematic project involving many fields of economic and social
reform and opening up [20]. Li Zhijun thinks doing business is the enterprise engaged in
the business, such as innovation, financing and investment activities such as the external
environment faced by a comprehensive ecological system, including enterprise resource
conditions facing in the entire life cycle and environmental conditions, such as capital,
talent, technology, policy, including the government service efficiency, public services,
financial credit services, human resources, innovation environment and market environ-
ment six big [21]. Bo Wenguang et al. believed that the business environment is usually
a comprehensive system that a series of enterprises must deal with in the establishment
and operation process, including the institutional soft environment, market environment,
business cost environment, infrastructure environment and ecological environment [22].
Liu Zhiyong thinks doing business is contains the influence enterprise activities such as
social, economic, political and legal factors, such as many areas involved in social and
economic reform and opening to the outside of a systemic project, reflects the various
elements such as system, the rule of law, credit, but different from simple system envi-
ronment, legal environment and credit environment of the complex [23]. Xu Mingqiang
et al. believed that the business environment is an organic system containing many ele-
ments such as material, system, society and relationship, and is a systematic project
involving economic and social reform and opening up to the outside world [24].

It can be seen that scholars have different definitions of the business environment,
and each scholar defines the connotation of the business environment based on their own
research perspectives. Although there is currently no unified definition of the concept
of a business environment, it has become a consensus that the business environment
is an important factor affecting the development of enterprises. With the deepening of
scholars’ understanding of the business environment, the connotation of the business
environment is also more extensive, which is embodied in the transformation of the
investment environment to the business environment, the integration of macro and micro
perspectives, the combination of hard and soft environments, and finally the realization
that the business environment is an organic ecosystem.

In the context of digital economy, digital trade promotes the transformation from
consumption Internet to industrial Internet and finally realizes the intellectualization of
manufacturing industry, which is the expansion and extension of traditional trade in the
era of digital economy [25]. Therefore, digital trade Enders a richer connotation of busi-
ness environment -- digital business environment. Different from the traditional meaning
of Doing Business, the World Economic Forum and Harvard Business Review released
a report on the Convenience of Doing Digital Business 2019, arguing that “Doing Dig-
ital Business” is the convenience enjoyed by index platforms in the links of entering,
operating, prospering and exiting the market [26]. Alibaba Group released the “Doing
Business in the Digital Economy” report in 2019, believing that the “doing business in
the digital economy” should focus on creating a good environment for enterprises to
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enter the platform, which means enabling technology to promote the formation of a fair,
transparent and healthy platform ecology [27]. The digital business environment should
not only be a “digital+business environment” to upgrade the traditional market envi-
ronment through the transformation of digital technologies, but also a “digital+business
environment”, a new business environment that is oriented to and meets the innovative
development needs of market players in the digital economy. In terms of the evalua-
tion of the digital business environment, the main evaluation dimension includes digital
infrastructure and security systems, digital market order, digital Government Services,
digital Innovation and talent Cultivation, Digital market size.

4 Doing Business Environment Evaluation Study

Tax

Single-dimensional perspective Comprehensive perspective

Rule Of Law

Culture System Investment

Regional Doing Business Environment

National Doing Business environment

Single-dimensional business 
environment indicator system

Comprehensive business 
environment indicator system

Fig. 5. Construction perspective of doing business environment evaluation index system.

In termsof business environment assessment,was established in 2001, theworld bank
Doing Business team, responsible for Business environment index system building, and
in 2003 published its first “Doing Business report, using the index of 133 economies of
5 sets of small and medium-sized enterprise business environment to conduct a com-
prehensive assessment, after 10 years of development, has 2020 contains 11 primary
indexs (starting a business, property of the construction permits, access to electricity,
registration, access to credit, protection of minority shareholders, taxes, cross-border
trade, contract enforcement and bankruptcy, hire employees) [6]. The 49 second-level
indicators are basically studied by domestic and foreign scholars based on the logic
of the World Bank’s business environment assessment, which can be divided into two
perspectives: the one-dimensional perspective and the comprehensive perspective. The
research development process is shown in Fig. 5.

4.1 Single Dimensional Perspective Research

Aone-dimensional perspective refers to the evaluation and research on a certain aspect of
the business environment, such as taxation, rule of law, culture, etc. In terms of taxation,
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Table 1. Evaluation index system of business environment from single-dimensional perspective.

Perspective Author Year Indicators dimension

Tax business environment Wang Shaole et al. [28] 2014 Rule of law index,
efficiency index, cost
index, satisfaction index

Li Cheng et al. [29] 2020 Tax preference, time
undertaking, national
conditions difference,
intermediary market,
entrepreneur’s own quality

Government and business
environment

Peng Xianggang et al. [30] 2018 Demand identification,
service function, service
ability, service supply

Rule of law business
environment

Zheng Fanghui et al. [31] 2019 Legal environment, law
enforcement environment,
judicial environment,
law-abiding environment

Xie Hongxing et al. [32] 2019 Environment for the
formulation of laws and
policies, administrative
environment according to
law, judicial environment,
credit environment, social
environment

Business environment for
insurance industry

Sun Wujun et al. [33] 2020 Policy, rule of law,
integrity,
investment/operation,
talent taxes and fees,
cognition, public opinion

Logistics business
environment

Huang Yuyi et al. [34] 2019 Logistics demand,
development facilities,
development environment,
operation convenience,
operating cost, government
support

Wang Shaole established an index system from four dimensions, namely, tax rule of law
index, efficiency index, cost index and satisfaction index, and conducted an empirical
study with Guangdong Province as the object [28]. Li Cheng et al. evaluated the World
Bank’s tax and business environment indicator system, and believed that theWorld Bank
did not pay attention to such factors as tax preferences, time cost, national conditions
of different countries, and the quality of entrepreneurs [29]. Peng Xianggang et al.
[30], from the perspective of government affairs, constructed four evaluation indexes
of demand identification, service function, service ability and service supply, which are
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applicable to the universal evaluation framework. For the content and standard of the
rule of law environment evaluation in, Zheng Fang Hui and justice in business law,
business law, business, business to obey the law to [31] four dimensions, the system of
evaluation index system, Xie Hongxing [32] put forward from the laws and regulations
policy environment, administration according to law and judicial environment, credit
environment, social environment, the five aspects of the business environment evaluation
index under the rule of law.

From the perspective of the industry, other scholars have constructed indicators of
the business environment of the industry. Sun Wujun et al. constructed the business
environment evaluation system of China’s insurance industry from eight perspectives,
including policy, rule of law, integrity, investment, talents, taxes and fees, public opinion
and cognition, and conducted empirical analysis with Jiangsu Province as the sample
[33]. Huang Yuyi et al. proposed to build an evaluation index system of urban logistics
business environment from six aspects: urban logistics demand, logistics development
facilities, logistics development environment, business convenience, enterprise operating
cost and government support [34]. Table 1 summarizes the specific contents of the
evaluation index system.

4.2 Comprehensive Perspective Research

Acomprehensive perspective refers to the establishment of amulti-dimensional business
environment assessment index system based on the overall situation of the business envi-
ronment. By combing relevant literature, this paper finds that scholars have constructed
business environment evaluation index systems from regional and national perspectives.

At the regional level, Taking the Yangtze River Economic Belt as an example, Peng
Diyun [35] constructed the regional business environment evaluation index system from
four aspects of economic environment, market environment, infrastructure and support-
ive environment byusing the entropyweightmethod, and found that the business environ-
ment was gradually decreasing from east to west. GuXueqin [36] selected four first-level
indicators of government services, industrial transformation, regional functions and tal-
ent environment in the Yangtze River Delta region, and used entropy weighting method
to determine index weights and conduct comprehensive scores. The conclusion was that
Shanghai’s business environment was the best. Zhang Sanbao et al. conducted a quanti-
tative analysis of China’s provincial business environment from the four dimensions of
market, government affairs, legal policies and humanities, and the results showed that
China’s provincial business environment has hierarchical characteristics [37]. Yang Tao
et al. compared the business environment of Jiangsu, Shandong, Guangdong and Anhui
from the perspective ofmarket environment, policy administrative environment and legal
environment, and found that therewas no significant difference among the four provinces
in terms of first-level indicators [38]. DingDing et al. [39] constructed the urban business
environment evaluation index system from six aspects, namely government environment,
public environment, financial environment, human resources, innovation environment
and market environment, and selected relevant cities for empirical research. The results
show that there is a significant gap between cities in terms of business environment.
Radukic and Stankovic [40] used cluster analysis and variance analysis to analyze the
business environment of 17 BFC certified cities in Serbia, and put forward the key
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points of promoting FDI, including regional economic development strategy, efficient
construction permit issuing system, financial stability and development of public-private
partnership. Tang Leilei [41] designed questionnaires to obtain data from five aspects,
including market environment, policy and government environment, socialized service
environment, financing environment and legal environment, and analyzed the business
environment of small and medium-sized enterprises in Dalian (Table 2).

At the national level, PavelKorner et al. [42] measured the business environment of
the Czech Republic, Hungary, Poland and Slovakia from five aspects: corruption percep-
tion index, comprehensive governance index, capture index, opacity index and corporate
governance risk index. Based on the government and legal environment, economic envi-
ronment, social and cultural environment and technological environment, Zhang Dahai
et al. [43] constructed the business environment evaluation index system, and found that
China’s business environment improved year by year on the whole. Lou Wenqian et al.
[44] used the Doing Business database and indicators of the World Bank to evaluate
the Business environment of 62 countries along the Belt and Road, and then graded and
classified the Business environment of countries along the Belt and Road. Li Qingchi
[45], based on the analysis of the evaluation index system of business environment in
Russia, India, Singapore and Hong Kong, proposed that an index system that meets the
needs of China’s reform practice should be built to allow market players to participate
in the evaluation. Hamlova et al. [46], based on the World Bank’s 2013 business envi-
ronment assessment data, constructed an evaluation index system from the aspects of
legal regulatory intensity and the complexity and cost of the regulatory process, and
analyzed the reasons for the Czech Republic’s low ranking in business environment.
The following table lists the specific indicator systems for doing business at different
levels.

To sum up, business environment evaluation index system of research both unidi-
mensional perspective, and a comprehensive perspective, the research focus is different,
but also learn from each other and promote each other, the evaluation index system also
contains mostly business environment connotation under the good environment and soft
environment dimension, although there are now many business environment evaluation
index, the index system is also increasing, but still want to notice the different dimen-
sions of index selection repeatability and redundancy problem, at the same time should
be paid attention to in the future will index system with the characteristics of digital
economy dimension is analyzed.

5 Conclusion and Future Research

This paper summarizes relevant literature in the field of business environment suing
bibliometrics, knowledge mapping, and summary. Study found that the current business
environment evaluation study focused on the connotation of the business environment,
business environment evaluation index system from two aspects:

i. The connotation of doing business with the passage of time gradually update, schol-
ars’ understanding also in deepening, the specific performance in the investment
environment to the change of business environment, the integration of macro and
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Table 2. Different levels of doing business environment assessment indicators.

Perspective Author Year Indicators dimension

Regional level evaluation Peng Diyun et al. [35] 2019 Economic environment,
market environment,
infrastructure, support
environment

Gu Xueqin et al. [36] 2020 Government services,
industrial transformation,
regional functions, talent
environment

Zhang Sanbao et al. [37] 2020 Market environment,
government environment,
legal and policy environment,
cultural environment

Yang Tao [38] 2015 Market development
environment, policy
government environment,
science and technology
innovation environment

Ding Ding et al. [39] 2020 Government affairs, public
environment, financial
services, human resources,
innovation environment,
market environment

Radukic S et al. [40] 2015 Economic development
strategies, licensing systems,
financial stability,
development of public-private
partnerships

Tang Leilei [41] 2012 Market environment, policy
government environment,
socialized service
environment, financing
environment, legal
environment

National level evaluation Pavel Körner et al. [42] 2002 Corruption perception index,
comprehensive governance
index, capture index, opacity
index, corporate governance
risk index

(continued)

micro perspective, the combination of hardware and soft environment, finally realize
the business environment is an organic ecosystem, the digital background, based on
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Table 2. (continued)

Perspective Author Year Indicators dimension

Zhang Dahai et al. [43] 2019 Government and legal
environment, economic
environment, social and
cultural environment and
technological environment

Lou Wenqian et al. [44] 2020 World Bank Indicator System

Li Qingchi [45] 2018 Evaluation index research, the
actual needs of enterprises,
promote reform and
innovation, carry out
follow-up evaluation, into the
performance assessment

Hamlov et al. [46] 2014 The legal regulation intensity
and the complexity of the
regulation process

the connotation of the traditional business environment, digital economy will make
it has more rich connotation.

ii. The study of business environment evaluation index system has both a one-
dimensional perspective and a comprehensive perspective, and the choice of its
index dimension is closely related to the connotation of business environment.

Through the systematic review of the field of business environment assessment, it
can be found that, on the one hand, the research on business environment assessment has
been very rich and diversified, with many studies on business environment assessment
from different perspectives, levels and regions. However, on the other hand, the criteria
of the doing Business assessment index system have not yet been determined, which is
specifically reflected in the different index systems and the different weighting indexes
of the same index. Even the most internationally recognized World Bank assessment
report on doing Business has some applicability defects. In view of this, future research
can be carried out in the following two aspects:

i. To explore accurate business environment evaluation methods. Due to the influence
factors of doing business is more, the construction of evaluation index system of
the lack of integrity, the existing evaluation index system of draw lessons from the
bank’s research, mostly USES the questionnaire survey and subjective and objective
combination, are greatly influenced by subjective, lead to the lack of scientific nature
and accuracy, so the future can be through the identification of internal and external
factors affecting business environment, to reveal themechanismof action of different
factors on the business environment, and then build objective and effective evaluation
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index system, build business environment evaluationmodel of economics, to achieve
accurate assessment of doing business.

ii. Develop an intelligent system for assessing business environment. In the information
age, simulation algorithms can be developed to dynamically simulate the formation
and evolution of the business environment, reveal the action mechanism of different
factors on the business environment, and explore and develop integrated business
environment evaluation and simulation system based on emerging technologies such
as big data, artificial intelligence and cloud computing.
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