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Abstract: Under the ‘PPP + EPC + whole-process engineering consultation’ mode, this article con-
structs a replication dynamic evolutionary game model of the main participants, namely, the gov-
ernment, social capital, and the whole-process engineering consulting company. In this paper,
we analyze the evolutionary trajectory and evolutionary equilibrium strategy of tripartite inter-
action and three parties’ strategy choices under the influence of different parameters. Using the
Python numerical simulation method to simulate the tripartite evolutionary paths under different
parameters, this article finds the relationship between social capital, the whole-process engineering
consulting company’s behavior choices, and government incentive mechanisms. There is a strong
synergistic effect between the behavior choices of social capital and the whole-process engineering
consulting company.

Keywords: PPP; EPC; the whole-process engineering consultation; evolutionary game

1. Introduction

In February 2017, the Chinese government first defined the concept of ‘the whole-
process engineering consultation’ in the Opinions on Promoting the Sustainable and Healthy
Development of the Construction Industry. It is a new form of engineering consulting service
in which one company provides professional advice on the organization, management, eco-
nomic, technical, and other aspects of the whole life cycle of construction projects, such as
pre-planning, investment decision-making, bidding, survey and design, cost construction
and completion operation. By introducing a third party, the whole-process engineering
consulting company, the government hopes to improve the quality and efficiency of the
project. In May of the same year, the Ministry of Housing and Urban-Rural Development of
China issued the 13th 5 Year Plan’ for the Engineering Survey and Design Industry, encouraging
companies that engaged in investment consulting, survey, and design consulting, supervi-
sion consulting to establish whole-process engineering consulting companies through joint
operation or mergers and acquisitions. In April 2020, the Ministry of Housing and Urban-
Rural Development of China issued the Technical Standards for Whole-Process Engineering
Consulting Services in Housing Construction and Municipal Infrastructure Construction Projects
(Draft for Comments), which proposed the contract terms should be clarified between the
engineering consultant and the client, as well as some special services can be provided, to
further standardize whole-process engineering consultation.

From 2017 to 2020, research on whole-process engineering consultation mainly fo-
cused on two aspects: first, demonstrating the feasibility of whole-process engineering
consultation. This includes using SWOT analysis to explore the macro market background
of whole-process engineering consultation [1] and evaluating the institutional guarantee of
whole-process engineering consultation from a policy system perspective [2]. The second is
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providing plans and guidance for the establishment and development of the whole-process
engineering consulting company. This included proposing to expand service content, build
talent teams [3], and change business modes [4] to transform supervision companies into
whole-process engineering consulting companies, and proposing to establish industry
service technology standards [5] and strengthen reputation construction [6] to achieve
sustainable development.

Since 2020, research has gradually delved into practical application fields. The main
manifestation is that, firstly, there is an increasing amount of research on the ‘EPC + whole-
process engineering consultation’ mode. EPC (Engineering Procurement Construction)
means that the contractor is responsible for the general contracting of design, procurement,
and construction. This is conducive to the continuous optimization of the overall plan,
improving the integrity of each stage of the project and clarifying the responsible parties.
Sun et al. [7] are the first to conduct relevant research and proposed that the implementation
of EPC requires the support of the whole-process engineering consultation. Afterward,
scholars refined the specific implementation plan of this mode from the perspectives of
law [8], organizational mode [9], business process [10], etc. Secondly, some articles began to
conduct contract research, including exploring the charging standards and modes [11,12], as
well as the formulation of terms [13] for the whole-process engineering consulting company.
Thirdly, specific application research has begun to emerge. Such as power transmission
and transformation engineering [14], rail transit engineering [15], and airport terminal
construction engineering [16].

As the whole-process engineering consulting service enters the field of engineering
construction, it is closely connected to the PPP (Public-Private-Partnership) mode. Under
the PPP mode, private enterprises and private capital cooperate with the government to
participate in the construction of public infrastructure, share benefits and risks and improve
supply efficiency. Since 2013, many regions have extensively adopted the PPP mode to
alleviate debt risks and improve the investment and financing environment. But they still
face many challenges to implementation, such as a lack of project experience by consulting
companies in the early stages of projects, inability to comprehensively predict risks, complex
bidding procedures for PPP projects, difficult management, and high investment control
risks. While PPP projects need more professional and complex teams to conduct specific
operations and management, the whole-process engineering consultation just has such
integrity and comprehensiveness [17]. Moreover, the dominant investor in PPP projects
is social capital which means the government’s position as the owner of the investment
entity under the traditional mode has been changed, and social capital has more discourse
power. In addition, the PPP mode often adopts the EPC mode. Coupled with the legitimacy
of the ‘two bids merge into one bid’ contracting mode under the PPP mode, the project
company and the winning social capital may become one, and the design company and
the construction company may become one. This makes it possible for the social capital
existing in the project company to transfer benefits to itself as the designer and constructor,
which further determines the necessity of control from the whole-process engineering
consultation [18].

The success of a project lies in all stakeholders being fully considered and achieving a
balance of interests [19]. Under the ‘PPP + EPC + whole-process engineering consultation’
mode, the most critical participants are the government, social capital, and the whole-
process engineering consulting company. Balancing the interests of these three parties is
one of the keys to achieving project success. In addition, factors such as the ability and
resources of social capital have an impact on the effectiveness of government incentives [20].
Besides the government incentives for social capital, the government incentives for the
whole-process engineering consulting company also have an impact on their respective
benefits [21]. Because evolutionary game theory is developed on the basis of biological
evolutionary theory, it first uses the proportion of individuals in a group who choose
different pure strategies to replace the mixed strategies in game theory and then analyzes
the strategy selections of the subject. Finally, it analyzes the evolutionary equilibrium
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problem [22]. Evolutionary game theory overcomes the difficulties of rational assumption
and multiple equilibria in neoclassical economics and classical game theory. It reflects
that participants’ decisions need to undergo an adaptive adjustment process influenced
by various deterministic or stochastic factors in their environment. So, this article uses
the evolutionary game method to explore the impact of different government incentive
mechanisms on the strategic selections of social capital and the whole-process engineering
consulting company, and then explores the benefits of the three parties and analyzes the
evolutionary equilibrium problem. In previous literature, some scholars have studied the
benefits and evolutionary equilibrium of two or three parties under the PPP mode, but
relevant research is still rare. In China, He et al. [23] studied the interest game and behavior
evolution of the government, social capital, and the public based on prospect theory. They
proposed that reasonable incentives and appropriate rewards and punishments from the
government can promote participants to meet their own interest needs. Cheng et al. [24]
analyzed the interaction behavior and stable state of the subject under the premise of
the limited rationality of the three parties and found that punishment mechanisms can
reduce the speculative behavior of social capital. In addition, Liang et al. [25] analyzed the
evolutionary stability strategies of performance monitoring agencies and project compa-
nies led by social capital in PPP projects and proved the rationality of paying based on
performance. Xu et al. [26] and Wang et al. [27] conducted an evolutionary game analysis
from the perspective of risk sharing between the government and social capital in PPP
projects and found that reasonable transfer of benefits and risk sharing encourage social
capital to actively cooperate.

Overseas research on the evolutionary game of PPP mode mainly focuses on the field
of environmental protection and governance. Zhao et al. [28] established an evolutionary
game model between the government, financial institutions, and consumers to explore
the impact of effective incentive mechanisms on consumers’ carbon emissions reduction.
Fang et al. [29] and Xue et al. [30] analyzed the impact of key parameters under the PPP
mode on cooperation between parties from the perspective of renewable resources such
as solar energy utilization and water pollution control. In addition, in terms of research
on the balance of benefits under the PPP mode, Song et al. [31] believe that users focus on
the use cost, social capitals focus on the investment income, and the government focuses
on the use of public funds. Therefore, they analyzed the key parameters and evolutionary
stability conditions that affect tripartite cooperation. They found small price compensation
or construction and operation compensation are difficult to change the unsatisfactory
evolutionary stability, but changes in parameters can significantly affect the evolutionary
path of cooperation. Han et al. [32] explored the strategic selections of the government
and social capital under the PPP mode and found that strong equity preferences of social
capital can increase the speculative behavior of social capital. When the cost of government
regulation is lower than the benefit, the government will regulate social capital’s strong
equity preferences to reduce speculation.

The evolutionary game research of interest balance is also used in fields outside of
engineering. Li et al. [33] constructed an evolutionary game model to analyze people’s
travel options under incentive and punitive measures and found that punitive measures are
more effective in alleviating traffic congestion. Liang et al. [34] analyzed the evolutionary
equilibrium strategy of the system under the government reward and punishment mecha-
nism and found that static taxation and dynamic subsidy are superior to other policies in
promoting the development of green buildings. Wang et al. [35] also constructed a green
technology innovation system involving the government, enterprises, and consumers,
analyzing the impact of different strategies on consumers’ purchase of green products
and enterprises’ green innovation and the final evolutionary stability strategy. Cui [36]
analyzed the evolutionary game strategy of the public, enterprises, and regulatory entities
in the context of collaborative governance and obtained an evolutionary equilibrium result
for each party that can produce good environmental credit regulatory effects. Xu et al. [37]
constructed an evolutionary game model for governments, environmental service compa-
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nies, and pollutant discharge companies, exploring the effects of environmental pollution
punishment strategies in multiple scenarios and which factors affect evolutionary stability.

Based on the above research, this article constructs an evolutionary game model
of three main participants, the government, social capital, and the whole-process engi-
neering consulting company, and analyzes the different incentive mechanisms by the
government, namely encouraging social capital or the whole-process engineering consult-
ing company, whether this lets social capital actively cooperate or lets the whole-process
engineering consulting company actively participate in the work. The setting of parameters
will also have an impact on the benefits and strategy selections of participants. Ana-
lyzing the evolutionary equilibrium strategies of each party, providing guidance and
reference for practical work. This article attempts to innovate in the following aspects.
Firstly, under the policy background of the introduction of the whole-process engineer-
ing consultation, construct a tripartite model of the government, social capital, and the
whole-process engineering consulting company under the ‘PPP + EPC + whole-process
engineering consultation’mode, which is the trend of engineering practice. Secondly,
consider the impact of different government incentive options on social capital and the
whole-process engineering consulting company’s behavior choices. Meanwhile, consider
the relationship between their behavior choices and government incentive mechanisms. Fi-
nally, analyze the guiding role of the results of the tripartite strategy selections for practical
engineering practice.

2. Assumption and Establishment of Evolutionary Game Model
2.1. The Relationship between Participating Entities

Under the framework of the ‘PPP + EPC + whole-process engineering consultation’
mode in this article, the government can choose to provide incentives to social capital
or to the whole-process engineering consulting company, specifically in the form of tax
incentives or subsidies, which will produce the incentive cost for the government. The
government sends out implementing agencies to cooperate with social capital and con-
tribute to establishing a project company according to the proportion agreed in the contract,
becoming the shareholders of the project company. The project company entrusts the whole-
process engineering consulting company to participate in the project and be responsible for
supervision. It not only supervises social capital but also performs the responsibility of pro-
viding ‘1 + N + X’ consulting services for the project, namely the whole-process integrated
project management + investment, survey and design, and other professional consulting +
special services that are not self-implemented but should coordinate for management or
control. Due to the legitimacy of the ‘EPC + two bids merge into one bid’ mode, there is
collusive behavior within social capital. If it is found by the whole-process engineering
consulting company, fines will be imposed, and the whole-process engineering consulting
company can be rewarded for its effective supervision. However, there are also bribery
behaviors between social capital and the whole-process engineering consulting company.
The relationship between participants is shown in Figure 1 [38].
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Figure 1. Relationships among Participants in the ‘PPP + EPC + Whole-Process Engineering Consult-
ing Company’ Mode.

2.2. Model Assumptions

(1) The ‘PPP + EPC + whole-process engineering consultation’ mode used in this article
only analyses the main participants, that is, the government, social capital, and the whole-
process engineering consulting company, and their learning behavior is bounded rationally.
The strategic selection space for the government is SX = (implement incentives for the
whole-process engineering consulting company, implement incentives for social capital), the
strategic selection space for social capital is SY = (actively cooperate, passively cooperate),
the strategy selection space for the whole-process engineering consulting company is
SZ = (actively participate, passively participate);

(2) The probability of the government choosing to implement incentives for the whole-
process engineering consulting company is x ∈ [0, 1], and the probability of choosing to
implement incentives for social capital is 1− x. The probability of social capital choosing to
actively cooperate is y ∈ [0, 1], and the probability of choosing to passively cooperate is
1− y. The probability of the whole-process engineering consulting company choosing to
actively participate is z ∈ [0, 1], and the probability of choosing to passively participate
is 1− z. The parameter assumptions are shown in Table 1. Among them, the impact of
government incentives on the positive behavior of the whole-process engineering consult-
ing company α and the impact of government incentives on the positive behavior of social
capital β are directly proportional to their respective incentive cost, and α, β, k > 1. The
government incentive cost for the whole-process engineering consulting company I1 less
than the government incentive cost for social capital I2. At the same time, the incremental
benefits of active cooperation of social capital ∆π is greater than the incremental benefits of
active participation of the whole-process engineering consulting company ∆V. The distri-
bution coefficient of incremental benefits of social capital a, and the distribution coefficient
of incremental benefits of the whole-process engineering consulting company b, meet the
requirement of 0 < a + b < 1;

(3) The government’s benefits come from public satisfaction, the improvement of social
benefits, and the enhancement of the city’s image after the completion of the project. There
are two types of incentive mechanisms for the government, namely, giving incentives for
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social capital and giving incentives for the whole-process engineering consulting company.
The incentive methods are tax incentives and subsidies, namely incentive costs.

Table 1. Parameter Symbols and Meaning.

Parameter Meaning of Expression

X Government

Y Social capital

Z The whole-process engineering consulting company

x The probability of the government choosing to implement incentives
for the whole-process engineering consulting company

1− x The probability of the government choosing to implement incentives
for social capital

y The probability of social capital choosing to actively cooperate

1− y The probability of social capital choosing to passively cooperate

z The probability of the whole-process engineering consulting
company choosing to actively participate

1− z The probability of the whole-process engineering consulting
company choosing to passively participate

R Government’s general benefits from the implementation of
project construction

V The whole-process engineering consulting company’s general salary

C1 Cost of active cooperation of social capital

C2
Cost of active participation of the whole-process engineering

consulting company

a Distribution coefficient of incremental benefits of social capital

b Distribution coefficient of incremental benefits of the whole-process
engineering consulting company

α
The impact of government incentives on the positive behavior of the

whole-process engineering consulting company

β
The impact of government incentives on the positive behavior of

social capital

I1
The government incentive cost for the whole-process engineering

consulting company

I2 The government incentive cost for social capital

f Government fines for negative behavior of social capital

∆π Incremental benefits of active cooperation of social capital

∆V Incremental benefits of active participation of the whole-process
engineering consulting company

i The spillover effect of positive behavior of the whole-process
engineering consulting company on government revenue

j The spillover effect of positive behavior of social capital on the
government’s benefits

k The combined effect of the positive behavior of social capital and the
whole-process engineering consulting company

p The excess benefits generated by the negative behavior of
social capital
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2.3. Model Building

Based on the above assumptions, this article constructs a revenue matrix for govern-
ment, social capital, and the whole-process engineering consulting company, as shown in
Tables 2 and 3.

Table 2. Tripartite Game Matrix of Government, Social Capital, and the Whole-Process Engineering
Consulting Company.

Government Incentives for
the Whole-Process

Engineering Consulting
Company

Government Incentives for
Social Capital

Active cooperation of
social capital

Active participation of the
whole-process engineering

consulting company
(A1, B1, D1) (A2, B1, D1)

Passive participation of the
whole-process engineering

consulting company
(A1, B1, D2) (A2, B1, D2)

Passive cooperation of
social capital

Active participation of the
whole-process engineering

consulting company
(A1, B2, D1) (A2, B2, D1)

Passive participation of the
whole-process engineering

consulting company
(A1, B2, D2) (A2, B2, D2)

Table 3. Revenue Value of the Tripartite Game between the Government, Social Capital, and the
Whole-Process Engineering Consulting Company.

Strategy Combination Benefits of the Government Benefits of Social Capital
Benefits of the

Whole-Process Engineering
Consulting Company

(A1, B1, D1) R + k(iα∆V + j∆π)− I1 π + ak(∆π + α∆V)− C1 V + bk(∆π + α∆V) + I1− αC2
(A1, B1, D2) R + j∆π − I1 π + a∆π − C1 V + b∆π + I1
(A1, B2, D1) R + iα∆V − I1 + f π + aα∆V − f + p V + bα∆V + I1 − αC2
(A1, B2, D2) R− I1 π + p V + I1
(A2, B1, D1) R + k(i∆V + jβ∆π)− I2 π + ak(β∆π + ∆V) + I2− βC1 V + bk(β∆π + ∆V)− C2
(A2, B1, D2) R + jβ∆π − I1 π + aβ∆π + I2 − βC1 V + bβ∆π
(A2, B2, D1) R + i∆V − I2 + f π + a∆V + I2 − f + p V + b∆V − C2
(A2, B2, D2) R− I2 π + I2 + p V

Evolutionary game theory is developed from the concept of biological evolution
introduced by traditional game theory. It does not require the government, social capital
and the whole-process engineering consulting company to be completely rational, nor does
it require the complete transmission of information between them. The core of this model
is evolutionary strategy and replication dynamics. The evolutionary stability strategy
in this article refers to the stable state in which the government, social capital, and the
whole-process engineering consulting company resist the invasion of mutation strategies.
The replication dynamics refers to the three game entities adjusting their own strategies
through learning, trial and error until the stable state is reached. From the above income
payment matrix, the expected benefits and average benefits of each entity can be calculated.

(1) Calculate the replication dynamic equation based on the expected benefits and
average benefits under different government strategies:

F(x) = x(1− x)[(−I1 + I2) + yz(k− 1)(iα∆V − i∆V + j∆π − jβ∆π) + zi∆V(α− 1) + yj∆π(1− β)] (1)



Buildings 2023, 13, 1604 8 of 20

(2) The expected benefits, average benefits, and replicator dynamics equation under
different strategies of social capital is as follows:

F(y) = y(1− y){xz[a∆π(1− β)(k− 1) + a∆V(α− 1)(k− 1)] + x(a∆π − C1)(1− β)+
z[aβ∆π(k− 1) + a∆V(k− 1) + f ] + aβ∆π − βC1 − p} (2)

(3) The expected revenue, average revenue, and replicator dynamics equation under
different strategies of the whole-process engineering consulting company is as follows:

F(z) = z(1− z){xy[b∆π(1− β)(k− 1) + b∆V(α− 1)(k− 1)] + x(b∆V − C2)(α− 1)+
y[bβ∆π(k− 1) + b∆V(k− 1)] + b∆V − C2}

(3)

3. Evolutionary Game Model Analysis and Evolutionary Equilibrium

This section mainly identifies the long-term equilibrium strategy of a system composed
of the government, social capital, and the whole-process engineering consulting company
by analyzing the replicator dynamics equations, namely the dynamic differential equations
mentioned above, F(x) = 0, F(y) = 0, and F(z) = 0. We can obtain the evolutionary
equilibrium point of the three parties, namely, E1(0, 0, 0), E2(1, 0, 0), E3(0, 1, 0), E4(0, 0, 1),
E5(1, 1, 0), E6(1, 0, 1), E7(0, 1, 1), E8(1, 1, 1), and E9(x∗, y∗, z∗). Among them, E9(x∗, y∗, z∗)
needs to meet the following equations:

(−I1 + I2) + yz(k− 1)(iα∆V − i∆V + j∆π − jβ∆π) + zi∆V(α− 1) + yj∆π(1− β) = 0
xz[a∆π(1− β)(k− 1) + a∆V(α− 1)(k− 1)] + x(a∆π − C1)(1− β) + z[aβ∆π(k− 1) + a∆V(k− 1) + f ] + aβ∆π − βC1 − p = 0

xy[b∆π(1− β)(k− 1) + b∆V(α− 1)(k− 1)] + x(b∆V − C2)(α− 1) + y[bβ∆π(k− 1) + b∆V(k− 1)] + b∆V − C2 = 0
(4)

The following will specifically analyze the evolutionary stability and long-term stability
strategy of each participant in the game model, as well as the conditions they should meet.

3.1. Stability Analysis of Government Strategy Selections

Thus, when F(x) = 0, it can be seen that when x = 0 or x = 1,
y = (−I1+I2)−zi∆V(α−1)

z(k−1)(iα∆V−i∆V+j∆π−jβ∆π)+j∆π(1−β)
. From the stability of the replicator dynamics

equation, it can be seen that when F(x) = 0, dF(x)
dx < 0, x is an evolutionary stable strategy.

From Equation (1), we can get the government’s replicator dynamics equation and
takes its derivative as follows:

dF(x)
dx

= (1− 2x)[(−I1 + I2) + yz(k− 1)(iα∆V − i∆V + j∆π − jβ∆π) + zi∆V(α− 1) + yj∆π(1− β)] (5)

Below is a discussion of the following situations:

(1) When y = (−I1+I2)−zi∆V(α−1)
z(k−1)(iα∆V−i∆V+j∆π−jβ∆π)+j∆π(1−β)

, F(x) ≡ 0, any value of x is in a stable
state, and the government’s strategic selection does not change over time;

(2) When y 6= (−I1+I2)−zi∆V(α−1)
z(k−1)(iα∆V−i∆V+j∆π−jβ∆π)+j∆π(1−β)

, the government has two strategies,
x = 1 and x = 0. The specific situations are as follows:

When I2 − I1 > j∆π(β − 1), (−I1 + I2) + yz(k− 1)(iα∆V − i∆V + j∆π − jβ∆π) +
zi∆V(α− 1) + yj∆π(1− β) > 0, equation always holds. The government incentive cost
for social capital is relatively high, while the spillover effect of positive behavior of social
capital on government benefits is relatively small. x = 1 is a stable state of government
evolution, and the government selects to give incentives for the whole-process engineering
consulting company.

When 0 < y < I1−I2−zi∆V(α−1)
z(k−1)(iα∆V−i∆V+j∆π−jβ∆π)+j∆π(1−β)

, we can obtain dF(x)
dx

∣∣∣
x=1

< 0,
dF(x)

dx

∣∣∣
x=0

> 0, x = 1 is an evolutionarily stable state, and the government chooses to give
incentives to the whole-process engineering consulting company.
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When I1−I2−zi∆V(α−1)
z(k−1)(iα∆V−i∆V+j∆π−jβ∆π)+j∆π(1−β)

< y < 1, we can obtain dF(x)
dx

∣∣∣
x=1

> 0,
dF(x)

dx

∣∣∣
x=0

< 0, x = 0 is an evolutionarily stable state, and the government chooses to give
incentives for social capital.

3.2. Stability Analysis of Social Capital Strategy Selection

Give F(y) = 0, we can obtain y = 0 or y = 1,x = βC1+P−aβ∆π−z[aβ∆π(k−1)+a∆V(k−1)+ f ]
z[a∆π(1−β)(k−1)+a∆V(α−1)(k−1)+a∆π−C1

.

From the replicator dynamics equation, we can get that when F(y) = 0, dF(y)
dy < 0, y is an

evolutionary stable strategy.
From Equation (2), we can obtain social capital’s replicator dynamics equation and

take its derivative as follows:

dF(y)
dy

= (1− 2y){xz[a∆π(1− β)(k− 1) + a∆V(α− 1)(k− 1)] + x(a∆π − C1)(1− β) + z[aβ∆π(k− 1) + a∆V(k− 1) + f ] + aβ∆π − βC1 − p} (6)

Below is a discussion of the following situations:
Situation 1: When x = βC1+P−aβ∆π−z[aβ∆π(k−1)+a∆V(k−1)+ f ]

z[a∆π(1−β)(k−1)+a∆V(α−1)(k−1)+a∆π−C1
, F(y) ≡ 0, any value of y

is in a stable state, and social capital’s strategic selection does not change over time.
Situation 2: When x 6= βC1+P−aβ∆π−z[aβ∆π(k−1)+a∆V(k−1)+ f ]

z[a∆π(1−β)(k−1)+a∆V(α−1)(k−1)+a∆π−C1
, social capital has two

strategies, y = 0 and y = 1. The specific situations are as follows:

(a) aβ∆π − βC1 − P > 0

When a∆π−C1 > P, we can obtain dF(y)
dy

∣∣∣
y=1

< 0, dF(y)
dy

∣∣∣
y=0

> 0, and the incremental

benefits allocated by social capital due to the active cooperation of social capital are greater
than the sum of the excess benefits generated by negative behavior and the cost of active
cooperation. So y = 1 is the evolutionarily stable state of social capital, and social capital
selects active cooperation.

When 0 < x < βC1+P−aβ∆π−z[aβ∆π(k−1)+a∆V(k−1)+ f ]
z[a∆π(1−β)(k−1)+a∆V(α−1)(k−1)+a∆π−C1

, we can obtain dF(y)
dy

∣∣∣
y=1

< 0,

dF(y)
dy

∣∣∣
y=0

> 0. So y = 1 is the evolutionarily stable state of social capital, and social capital

selects active cooperation.
When βC1+P−aβ∆π−z[aβ∆π(k−1)+a∆V(k−1)+ f ]

z[a∆π(1−β)(k−1)+a∆V(α−1)(k−1)+a∆π−C1
< x < 1, we can obtain dF(y)

dy

∣∣∣
y=1

> 0,

dF(y)
dy

∣∣∣
y=0

< 0. So y = 0 is the evolutionarily stable state of social capital, and social capital

selects passive cooperation.

(b) aβ∆π − βC1 − P < 0

When a∆V + βC1 + P > ak(β∆π + ∆V) + f , we can obtain dF(y)
dy

∣∣∣
y=1

> 0,

dF(y)
dy

∣∣∣
y=0

< 0. The sum of increment benefits allocated by social capital due to the active

participation of the whole-process engineering consulting company, the cost of the active
cooperation of social capital, and the excess benefits generated by the negative behavior of
social capital are greater than the sum of increment benefits allocated by social capital due
to joint positive behavior, and government fines for negative behavior of social capital. So
y = 0 is the evolutionarily stable state of social capital, and social capital selects passive
cooperation.

The rest of the analysis is the same as in the case of aβ∆π − βC1 − P < 0, so we will
not reiterate them here.

3.3. Stability Analysis of the Whole-Process Engineering Consulting Company Strategy Selection

Given F(z) = 0, we can obtain z = 0 or z = 1,
y = C2−b∆V−x(b∆V−C2)(α−1)

x[b∆π(1−β)(k−1)+b∆V(α−1)(k−1)]+[bβ∆π(k−1)+b∆V(k−1)] , From the replicator dynamics
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equation, we can get that when F(z) = 0, dF(z)
dz < 0, z is an evolutionary

stable strategy.
From Equation (3), we can obtain the whole-process engineering consulting company’s

replicator dynamics equation and take its derivative as follows:

dF(z)
dz

= (1− 2z){xy[b∆π(1− β)(k− 1) + b∆V(α− 1)(k− 1)] + x(b∆V − C2)(α− 1) + y[bβ∆π(k− 1) + b∆V(k− 1)] + b∆V − C2} (7)

Situation 1: When y = C2−b∆V−x(b∆V−C2)(α−1)
x[b∆π(1−β)(k−1)+b∆V(α−1)(k−1)]+[bβ∆π(k−1)+b∆V(k−1)] , we can

obtain F(z) ≡ 0, any value of z is in a stable state, and the whole-process engineering
consulting company’s strategic selection does not change over time.

Situation 2: When y 6= C2−b∆V−x(b∆V−C2)(α−1)
x[b∆π(1−β)(k−1)+b∆V(α−1)(k−1)]+[bβ∆π(k−1)+b∆V(k−1)] , the whole-

process engineering consulting company has two strategies, z = 0 and z = 1. The specific
situations are as follows:

(a) b∆V − C2 < 0

When bβ∆π + C2 > bk(β∆π + ∆V), we can obtain dF(z)
dz

∣∣∣
z=1

> 0, dF(z)
dz

∣∣∣
z=0

< 0.
The sum of incremental benefits allocated by the whole-process engineering consulting
company generated by the active cooperation of social capital when the government
selects to incentivize social capital, and the cost of active participation of the whole-process
engineering consulting company is greater than the increment benefits allocated by the
whole-process engineering consulting company due to joint positive behavior. So z = 0 is
the evolutionarily stable state of the whole-process engineering consulting company, and
the whole-process engineering consulting company chooses to passively participate.

When 0 < y < C2−b∆V−x(b∆V−C2)(α−1)
x[b∆π(1−β)(k−1)+b∆V(α−1)(k−1)]+[bβ∆π(k−1)+b∆V(k−1)] , we can obtain

dF(z)
dz

∣∣∣
z=1

> 0, dF(z)
dz

∣∣∣
z=0

< 0. z = 0 is the evolutionarily stable state of the whole-process
engineering consulting company, and the whole-process engineering consulting company
selects passive participation. When C2−b∆V−x(b∆V−C2)(α−1)

x[b∆π(1−β)(k−1)+b∆V(α−1)(k−1)]+[bβ∆π(k−1)+b∆V(k−1)] <

y < 1, we can obtain dF(z)
dz

∣∣∣
z=1

< 0, dF(z)
dz

∣∣∣
z=0

> 0. z = 1 is the evolutionarily stable state of
the whole-process engineering consulting company, and the whole-process engineering
consulting company chooses to actively participate.

(b) b∆V − C2 > 0

xy[b∆π(1− β)(k− 1) + b∆V(α− 1)(k− 1)] + x(b∆V −C2)(α− 1) + y[bβ∆π(k− 1) +
b∆V(k− 1)] + b∆V − C2 is always valid, we can obtain dF(z)

dz

∣∣∣
z=1

< 0, dF(z)
dz

∣∣∣
z=0

> 0. z = 1
is the evolutionarily stable state of the whole-process engineering consulting company, and
the whole-process engineering consulting company chooses to actively participate.

3.4. Analysis of Game Subject Equilibrium

Friedman believes that the evolutionary stability strategy of an evolutionary game can
be obtained from the local stability of the Jacobian matrix of the corresponding replicator
dynamic system. Based on the above analysis, the Jacobian matrix is

J =


∂F(x)

∂x
∂F(x)

∂y
∂F(x)

∂z
∂F(y)

∂x
∂F(y)

∂y
∂F(y)

∂z
∂F(z)

∂x
∂F(z)

∂y
∂F(z)

∂z


In an asymmetric evolutionary game, only the stability of the pure strategy equilibrium

needs to be discussed [39]. So, this article only discusses the stability of the eight points,
E1(0, 0, 0), E2(1, 0, 0), E3(0, 1, 0), E4(1, 0, 0), E5(0, 1, 1), E6(1, 0, 1), E7(1, 1, 0), and E8(1, 1, 1).

According to the Lyapunov criterion, when all eigenvalues of the Jacobian matrix
are less than 0, the equilibrium point is asymptotic stability. When the Jacobian matrix
has eigenvalues greater than 0, the equilibrium point is an unstable point. With E1(0, 0, 0)
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as an example, its eigenvalues are λ1 = I2 − I1 > 0, and this equilibrium point is an
unstable point.

J1 =

I2 − I1 0 0
0 aβ∆π − βC1 − p 0
0 0 b∆V − C2


Substitute eight equilibrium points into the Jacobian matrix to obtain the eigenvalues

of the Jacobian matrix, as shown in Table 4.

Table 4. Eigenvalues of the Jacobian Matrix.

Equilibrium Point Eigenvalue

E1(0, 0, 0)
I2 − I1

aβ∆π − βC1 − p
b∆V − C2

E2(0, 0, 1)
I2 − I1 + i∆V(α− 1)

akβ∆π + a∆V(k− 1) + f − βC1 − p
C2 − b∆V

E3(0, 1, 0)
I2 − I1 + j∆π(1− β)

βC1 + p− aβ∆π
bβ∆π(k− 1) + bk∆V − C2

E4(1, 0, 0)
I1 − I2

a∆π − C1 − p
α(b∆V − C2

E5(0, 1, 1)
I2 − I1 + ki∆V(α− 1)− kj∆π(β− 1)
βC1 + p− akβ∆π − a∆V(k− 1)− f

C2 − bβ∆π(k− 1)− bk∆V

E6(1, 0, 1)
I1 − I2 − i∆V(α− 1)

ak∆π + aα∆V(k− 1) + f − p− C1
α(C2 − b∆V)

E7(0, 1, 1)
I1 − I2 + j∆π(β− 1)

C1 + p− a∆π
b∆π(k− 1) + bαk∆V − αC2

E8(1, 1, 1)
I1 − I2 + kj∆π(β− 1)− ki∆V(α− 1)

p + C1 − f − ak∆π − aα∆V(k− 1)
αC2 − b∆π(k− 1)− bk∆α∆V

To make the model analysis meets the generality and conform to the actual situation
of the construction project, the initial parameters are set to meet the following conditions.

I2 − I1 + j∆π(1− β) < 0
aβ∆π − βC1 − p < 0

b∆V − C2 < 0
(8)

Under given conditions, E1(0, 0, 0), E2(1, 0, 0), E3(0, 1, 0), E6(1, 0, 1), E7(1, 1, 0) both
have eigenvalues greater than 0, so they are unstable points. The following is an analysis of
the evolutionary equilibrium state of the game subject in two situations.

Situation 1: When I2 − I1 + ki∆V(α− 1)− kj∆π(β− 1) < 0, akβ∆π + a∆V(k− 1) +
f − βC1 − p > 0, C2 − bβ∆π(k− 1)− bk∆V < 0, the excess benefits generated by negative
behavior of social capital is too low, and the benefits that social capital obtained from the
combined effect of positive behavior of social capital and the whole-process engineering
consulting company is too high, government incentives will promote active cooperation of
social capital. It is the same for the whole-process engineering consulting company. If social
capital actively cooperates, and the whole-process engineering consulting company also
actively participates, their behavior has a synergistic effect. Therefore, the eigenvalues cor-
responding to the equilibrium points E4(1, 0, 0) and E5(0, 1, 1) are less than 0, {government
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incentives for the whole-process engineering consulting company, passive cooperation,
passive participation} and {government incentives for social capital, active cooperation,
active participation} are evolutionary equilibrium strategies.

Situation 2: When I2 − I1 + ki∆V(α− 1) − kj∆π(β− 1) > 0, αC2 − b∆π(k − 1) −
bkα∆V < 0, ak∆π + aα∆V(k− 1) + f − C1 − p > 0, the cost of active participation of the
whole-process engineering consulting company is too high, and the benefits generated by
the joint positive behavior of social capital and the whole-process engineering consulting
company exceed the cost of active participation, the positive behavior of social capital and
government incentives will promote the active participation of the whole-process engineer-
ing consulting company; this is the same for social capital, where the behavior of the two
has a synergistic effect. However, due to the lower cost or higher benefits of providing
incentives for the whole-process engineering consulting company, the government always
selects to provide incentives for the whole-process engineering consulting company. There-
fore, the eigenvalues corresponding to equilibrium points E4(1, 0, 0) and E8(1, 1, 1) are less
than 0, {government incentives for the whole-process engineering consulting company, pas-
sive cooperation, passive participation} and {government incentives for the whole-process
engineering consulting company, active cooperation, active participation} are evolutionary
equilibrium strategies.

4. Simulation Analysis

To verify the correctness of the above analysis, based on the evolutionary replication
dynamic equation and constraint conditions, use Python to simulate and analyze the
model, analyze the impact of key parameters on the three-party evolutionary equilibrium
strategy, and obtain the three-party evolutionary equilibrium state. Assuming that the
initial probability of different strategy selections for the government, social capital, and the
whole-process engineering consulting company is 0.5, in order to more intuitively reflect
the trajectory changes at the beginning of evolution, the evolution time t is taken as 20 units.
Considering the actual engineering situation and related research [21], the parameter values
are as follows: a = 0.5, b = 0.4, C1 = 10, C2 = 6, f = 10, ∆π = 15, ∆V = 9, p = 8, k = 1.9,
i = 0.5, j = 0.8, I1 = 10, I2 = 16, α and β, respectively, proportional to I1 and I2, with
proportional coefficients are 0.16 and 0.1. The values set for the parameters comply with
the assumptions in Section 3, as shown in Formula (8), which have generality. Specifically,
a is the distribution coefficient of incremental benefits of social capital. In the PPP mode,
social capital actively participates, such as by becoming an EPC general contractor in the
project. So, it can be estimated by referring to the general provisions in the PPP contract
in the case. b is the distribution coefficient of incremental benefits of the whole-process
engineering consulting company. According to the policy agreement, the fixed rate of the
whole-process engineering consulting company is low, and this incentive can be estimated
based on the extraction coefficient of the general consulting company. C1 and C2 are related
to behavior choices. It has been assumed that the cost of negative behavior is 0. Because
social capital is responsible for most of the design, construction, operation, maintenance,
and other tasks in the project, while the whole-process engineering consulting company
only focuses on consultation, the value of C1 is higher than C2. Similarly, the value of f can
be obtained through the relative proportion of fines to profits in current legal provisions
while considering the size relationship between fine and cost. The incremental benefits ∆π
and ∆V also need to be compared with costs. Incremental benefits are generally higher than
costs; otherwise, negative behavior will not exist. In summary, the setting of parameter
values actually reflects the relative relationship between parameters, not the absolute
values of parameters in the actual project. The setting conforms to the constraints and
actual situation. Next, we analyze the key parameters a, α, β, k, i, j, ∆V, ∆π, f , and p of
the model.

(1) The influence of key parameter a on the evolutionary behavior of tripartite games:

Under constraint conditions, the different values of parameter a result in the govern-
ment ultimately choosing to incentivize social capital, social capital choosing to actively
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cooperate, and the whole-process engineering consulting company choosing to actively
participate, as shown in Figure 2.
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Figure 2. The Evolutionary Trajectory of Tripartite Games with Different Values of α.

In Figures 2–11, x(t) represents the change in government incentive mechanism over
time. When x(t) approaches 1, the probability of the government choosing to implement
incentives for the whole-process engineering consulting company approaches 1, and the
probability of the government choosing to implement incentives for social capital ap-
proaches 0. y(t) represents the change in the behavior choice of social capital over time.
When y(t) approaches 1, the probability of social capital choosing to actively cooperate
approaches 1, and the probability of social capital choosing to passively cooperate ap-
proaches 0. When z(t) approaches 1, the probability of the whole-process engineering
consulting company choosing to actively participate approaches 1, and the probability
of the whole-process engineering consulting company choosing to passively participate
approaches 0.
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When parameter a is set to 0.1, the distribution coefficient of the whole-process engi-
neering consulting company is too large, which makes the condition b∆V − C2 > 0 valid
(not meeting the constraint conditions). According to the above analysis, the evolutionarily
stable strategies of the whole-process engineering consulting company all involve active
participation. Furthermore, the incremental benefits allocated by social capital are too
small, making the final evolutionary equilibrium choice of social capital passive coopera-
tion. Therefore, the three-party evolutionary equilibrium strategy is {government incentives
for the whole-process engineering consulting company, passive cooperation, active partici-
pation}. Social capital is more sensitive to changes in the distribution coefficient. When the
distribution coefficient is too small until it reaches 0.1, social capital will exhibit a passive
cooperation trend. At the same time, when the distribution coefficient is less, such as 0.3,
the positive behavior strategy selection of social capital shows a lag effect compared to
the whole-process engineering consulting company. It also shows a positive state with the
choice of positive behavior in the whole-process engineering consulting company, which is
called the ‘follower effect;’

(2) The influence of key parameters α and β on the evolutionary behavior of tripartite games:

The incentive cost I1 and I2 are directly proportional to the degree of government
influences on incentives for other parties α and β, and the change in incentive costs will also
cause changes in the degree of incentive impact. Under constraint conditions, the degree of
government influence on other parties α and β caused by changes in incentive cost I1 and I2
leads to different outcomes in the trajectory of the tripartite game, as shown in Figures 3–5.
When the parameter α is relatively small, the government gives incentives for the whole-
process engineering consulting company has a small impact on its positive behavior,
and the incremental benefits increase it can bring is small. Therefore, the government
finally chooses to give incentives for social capital is more favorable. Similarly, when the
parameter β is relatively small, the government gives incentives for the social capital has a
small impact on its positive behavior, and the incremental benefits increase it can bring is
small. Therefore, the government finally choosing to give incentives to the whole-process
engineering consulting company is more favorable.

For other parties, under constraint conditions, the behavior choices of social capital and
the whole-process engineering consulting company are not affected by the degree of govern-
ment incentives because, regardless of which party is incentivized by the government, due
to the combined effect of positive behavior between the two parties, the common positive
behavior can increase the benefits of both parties, and the negative behavior of either party
will affect the benefits of the other party. At the same time, due to the supervisory role of
the whole-process engineering consulting company, it will promote the active cooperation
of social capital, and the incremental benefits generated by the positive behavior of social
capital will be greater, the positive behavior of social capital will promote the active partici-
pation of the whole-process engineering consulting company. Therefore, in the evolution
process, there is a strong synergistic effect between the choice of positive behavior of the
two. In addition, as the government increases the incentive cost for the whole-process engi-
neering consulting company, the participation of the whole-process engineering consulting
company shifts from passive to active; government incentives encourage the whole-process
engineering consulting company to actively participate. Similarly, government incentives
for social capital also promote social capital to actively cooperate;

(3) The influence of key parameter k on the evolutionary behavior of tripartite games:

When the combined effects of social capital and the whole-process engineering consult-
ing company’s positive behaviors are different, the evolutionary trajectories of the tripartite
game are shown in Figure 6. When there is no combination effect between social capital
and the whole-process engineering consulting company’s positive behaviors, social capital
ultimately tends to passively cooperate, and the whole-process engineering consulting
company will follow social capital to passively participate. As the combination effect
increases, both social capital and the whole-process engineering consulting company tend
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to engage in positive behavior. From the figure, it can be seen that when the combined
effect is small, due to the supervision mechanism of the whole-process engineering consult-
ing company itself, it can impose fines on social capital’s passive cooperation. Therefore,
social capital tends to actively cooperate with the whole-process engineering consulting
company selects to actively participate, and they have strong synergistic effects under
different combination effects. For the government, the increase in the combined effect
makes kj∆π(β− 1)− ki∆V(α− 1) > I2 − I1, so the government finally choosing to give
incentives for social capital is more favorable;

(4) The influence of key parameters i and j on the evolutionary behavior of tripartite games:

When the spillover effect of the positive behavior of the whole-process engineering
consulting company on government revenue i and the spillover effect of the positive
behavior of social capital j are different, the evolutionary trajectories of the tripartite game
are shown in Figures 7–9. From the figure, it can be seen that under constraint conditions,
the changes in spillover effects i and j do not affect the final choice of positive behavior
for social capital and the whole-process engineering consulting company. The equilibrium
strategies for the two are active cooperation and active participation.

The government’s response to changes in spillover effects is sensitive. When the
spillover effect of the whole-process engineering consulting company on the government is
relatively small, the government will evolve faster toward incentives for social capital. As
the spillover effect increases, it gradually stabilizes towards incentives for the whole-process
engineering consulting company;

(5) The influence of key parameters ∆V, ∆π, p, and f on the evolutionary behavior of
tripartite games:

The impact of different parameters ∆V, ∆π, p, and f on the evolutionary trajectories
of tripartite games are shown in Figures 10 and 11. When the incremental benefits of active
participation of the whole-process engineering consulting company are too small, and
the incremental benefits obtained by social capital are too small to be less than the excess
benefits generated by passive cooperation and the costs of active cooperation of social
capital, social capital will choose passive cooperation. Therefore, the government cannot
obtain the spillover effect of benefits generated by the active cooperation of social capital,
and the cost of incentives for the whole-process engineering consulting company is lower.
The government tends to give incentives to the whole-process engineering consulting
company. With the increase of ∆V, the whole-process engineering consulting company
chooses to actively participate, and social capital also chooses to actively cooperate. For
the government, the increase of ∆V has produced spillover and combination effects on
the increase in government revenue caused by the joint positive behavior of both parties.
When kj∆π(β− 1)− ki∆V(α− 1) > I2 − I1, the government gives incentives for social
capital. When ∆V increases to a certain extent to kj∆π(β− 1)− ki∆V(α− 1) < I2 − I1, the
government gives incentives for the whole-process engineering consulting company.

The incremental benefits of active cooperation of social capital have a similar impact on
the tripartite evolutionary trajectory. The behavior choice of the whole-process engineering
consulting company and social capital exhibits a strong synergistic effect. When ∆π is too
small, the two tend to engage in negative behavior. When the value gradually increases, the
incremental benefits generated by the joint positive behavior are greater than the positive
cost and the excess benefits of negative behavior, so the two tend to engage in positive
behavior. The government will gradually change the incentive methods as the incremental
benefits increase.

The excess benefits generated by social capital’s passive cooperation gradually increase,
causing social capital to gradually shift from active cooperation to passive cooperation.
Due to the existence of combination effects, the benefits of the whole-process engineering
consulting company decrease, and the whole-process engineering consulting company also
tends to passively cooperate, presenting a follower effect. At the same time, fines for the
passive cooperation of social capital play a corresponding role; as the fines increase, the
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negative behavior of social capital gradually changes. From the simulation results, it can be
seen that when f > p, it has a good promoting effect on the choice of positive behavior of
social capital.

5. Conclusions

Based on the bounded rationality hypothesis of game players in evolutionary game
theory, this article constructs a tripartite evolutionary game model, including the whole-
process engineering consulting company, social capital and the government, under the
‘PPP + EPC + whole-process engineering consultation’ mode. Systematically analyzes
the evolutionary equilibrium strategies of the three parties and the influence of the three
parties’ strategy selections under different parameters. Finally, combined with the Python
simulation, this simulates the evolutionary trajectories of the government, social capital,
and the whole-process engineering consulting company under different parameter values
and explores the relationship between the behavior choices of social capital and the whole-
process engineering consulting company and government incentives. Research shows:

(1) There is a strong synergistic effect between the behavior choices of social capital and
the whole-process engineering consulting company. On the one hand, there is a combined
effect between the positive behaviors of both parties; both parties’ positive behaviors will
generate higher incremental benefits for themselves. On the other hand, because either
party’s positive behavior will provide incremental benefits for the other party, and at the
same time, social capital and the whole-process engineering consulting company pursue
profit, the whole-process engineering consulting company also has a supervisory role, so
the positive behavior of one party will drive the other party towards positive behavior;

(2) There is a certain relationship between government incentive mechanisms and
social capital. When kj∆π(β− 1)− ki∆V(α− 1) > I2 − I1, the government incentive costs
for social capital and the whole-process engineering consulting company are different. If
the difference between the benefits brought by social capital’s active cooperation and the
benefits brought by the whole-process engineering consulting company’s active participa-
tion is greater than the difference in incentive costs, the government will choose to motivate
social capital. At the same time, government incentives have a promoting effect on the
choice of positive behaviors of social capital and can stimulate social capital to generate
greater incremental benefits;

(3) There is a certain relationship between the government incentive mechanisms and
the whole-process engineering consulting company’s behavior choices. When the differ-
ence between the benefits brought by social capital’s active cooperation and the benefits
brought by the whole-process engineering consulting company’s active participation is
less than the difference in incentive costs, that is kj∆π(β− 1)− ki∆V(α− 1) < I2 − I1, the
government believes that incentives for social capital are unfavorable, the government
will choose to motivate the whole-process engineering consulting company. At the same
time, government incentives have a promoting effect on the choice of positive behaviors by
the whole-process engineering consulting company and can stimulate the whole-process
engineering consulting company to generate greater incremental benefits;

(4) Social capital and the whole-process engineering consulting company are sensitive
to changes in incremental benefits ∆V and ∆π, and the improvement of incremental
benefits can promote active collaboration between social capital and the whole-process
engineering consulting company. The improvement of ∆V can promote the government
to shift from incentivizing social capital to incentivizing the whole-process engineering
consulting company. Social capital will also tend to actively cooperate as the whole-process
engineering consulting company chooses to actively participate, which is reflected as the
follower effect of social capital on the whole-process engineering consulting company. The
improvement of ∆π also can promote the government to continue incentivizing social
capital, and the whole-process engineering consulting company will also tend to actively
participate as social capital chooses to actively cooperate, which is reflected in the follower
effect of the whole-process engineering consulting company on the social capital;
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(5) The increase in fines can, to some extent, reduce the negative behavior of social
capital. When the number of fines is greater than the excess benefits obtained from the
passive cooperation of social capital, fines have a good inhibitory effect on the occurrence
of negative behaviors of social capital.

Based on the model, we can derive detailed conclusions for practical applications.
The government should appropriately introduce the PPP mode and the whole-process
engineering consultation mode based on its own financial situation, project construction
type, complexity and difficulty of project implementation, and investigate the actual situa-
tion of the project to take appropriate incentive measures to improve project performance.
Adopting appropriate penalty amounts to suppress negative behaviors such as ‘two bids
merge into one bid’ within social capital and establishing appropriate construction project
contract terms to set penalty amounts greater than the excess benefits that may arise from
negative behaviors through reasonable project research.

Although this article deepens previous research, from only focusing on theoretical
exploration to constructing a model, the model of the evolutionary game still has related
limitations. Firstly, the model assumes that the government only incentivizes the whole-
process engineering consulting company, or only social capital, which may not necessarily
exist in reality. It may incentivize both social capital and the whole-process engineering
consulting company. At the same time, there is a superposition effect between incentives,
and the impact mechanism may also be different. In future research, these situations need
to be fully considered. Secondly, because the application scope and application time of
this model, in reality, are not sufficient to provide empirical data for model testing, this
article mainly analyzes the impact of government incentives in theory, and future research
can consider adding case studies. Thirdly, the model in this article takes into account
government incentive behaviors, including tax incentives and subsidies. However, the
government itself has a regulatory role, which is not reflected in this article.
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