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Abstract: In the current context of increasingly severe global environmental problems,
green innovation policies have attracted much attention as an important means to promote
sustainable economic development, achieve efficient resource utilization, and be environ-
mentally friendly. Since green innovation involves various factors such as technology
research and development and policy support, active cooperation and coordination among
governments at all levels are required. Therefore, the theoretical analysis of the game
strategy of green innovation among regional governments is particularly important. This
paper focuses on inter-governmental collaboration, constructs a tripartite evolutionary
game model between the central government and different local governments, analyzes
the revenue situation of each party under different policy tendencies, and studies the
impact of changes in different factors such as local government green innovation revenue
and central government tax revenue on the stability of green innovation policy through
simulation analysis. The results show that the adoption of punitive policies by the cen-
tral government is more conducive to the formation of a stable collaborative governance
mechanism. In addition to direct governance costs and benefits, the tax coefficient of local
governments and the reduction in local enterprise profits are also key factors affecting
regional collaborative governance. On this basis, this paper discusses the game strategies
of different regional governments in promoting green innovation from the perspectives of
the central government and local governments and puts forward policy recommendations
to promote regional collaborative green innovation at the mechanism construction and
specific operational levels, providing theoretical guidance for inter-governmental green
innovation cooperation.

Keywords: tripartite evolutionary game; collaborative governance; punitive policy;
green innovation

1. Introduction
A series of environmental quality problems have caused ecological imbalance, seri-

ously threatening the survival and sustainable development of mankind [1]. According to
data from the World Health Organization, about 6.7 million people die from air pollution
worldwide every year [2]. Meanwhile, this kind of air pollution [3] has a wide diffusion
range, strong fluidity, and strong spatial spillover and spatial correlation, and it is prone
to spreading rapidly and widely. It is difficult to fundamentally solve regional pollution
problems on the whole through unilateral or local governance [4–6]. The context of green
innovation offers local governments an opportunity to cooperate in dealing with environ-
mental problems together [7]. Therefore, cross-regional collaborative governance actions
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are needed to effectively control pollution, reduce governance costs [4], etc., and thereby
improve people’s quality of life and economic development.

Under such circumstances, strengthening the coordinated environmental governance
mechanism and the sense of coordinated responsibility characterized by regional link-
age, resource sharing, and mutual reliance has become the top priority in environmental
governance. Jutze and Gruber [8] were the first to propose that air pollution has the charac-
teristics of diffusivity, and its impact is not only on the economy, society, environment, and
interests of the masses in one region. Regions should unite and adopt policy measures to
manage environmental quality [9,10] and deal with it jointly. At the same time, in pursuit of
economic growth, traditional extensive development has ignored environmental costs, re-
sulting in the continuous deterioration of the environment. Green innovation, however, can
provide technical means, management concepts, etc., for local governments’ cross-regional
environmental collaborative governance, which helps break through the limitations of the
traditional governance model and enhance collaborative governance capacity [11]. How-
ever, regional heterogeneity leading to economic and environmental interests, individual
and overall interests, etc., has hindered regional cooperative governance [12], such as the
emergence of the “free-rider” during regional government collaborative governance. Green
innovation can balance the interests of all parties by creating new profit points and reducing
such behavior [13]. Therefore, the collaborative environmental governance actions among
regional governments require original driving forces, such as regulations from superior
governments [14], scientific collaborative mechanisms (such as performance assessment),
etc. [15]. Green innovation can be integrated into these mechanisms to improve gover-
nance effectiveness [16]. Hence, based on the demand for local governments to coordinate
and cooperate to deal with complex environmental problems, the decisions of the central
government are particularly important in the comprehensive governance framework.

Meanwhile, environmental pollution is mainly caused by industrial enterprises pursu-
ing maximum profits. Without environmental regulations, they will not take into account
the various costs of polluting behaviors. When there are environmental regulations, due to
the mutual restraint of their own interests, the optimal strategy of each party will change
along with the changes in the behavior of the other parties. Therefore, the subsidy policies
and penalty policies of the central government have an important influence on enter-
prises’ emission reduction. Under government supervision, only when the penalties for
non-compliant enterprises are large enough can enterprises be prompted to take emission
reduction measures, and the subsidies for enterprises should be greater than the difference
between the cost and benefit after enterprises’ emission reduction [17]. Therefore, this
paper introduces subsidy policies and penalty policies of the central government, and then
analyzes the policies under which local governments will choose collaborative governance
and the “free-rider” through the revenues of production-oriented enterprises and the tax
situation of the government.

Regarding this, this article focuses on the following questions: (1) Is the central govern-
ment’s subsidy policy or punishment policy more conducive to stabilizing the formation of
the collaborative governance mechanism among regional governments? (2) How can we
balance the collaborative governance mechanism and the free-riding mechanism among
regions to maximize benefits? (3) How can we balance the top-down implementation
mechanism of the central government–local government–enterprise and the bottom-up
feedback mechanism of the enterprise–local government–central government through the
income distribution coefficient in the game system?

To address these issues, this paper focuses on inter-local government collaboration,
takes production enterprises as the research object, constructs an evolutionary game model
of the central government, local government, and production enterprises, analyzes the



Systems 2025, 13, 153 3 of 31

revenue situation under two different policy tendencies of subsidy policy and punishment
policy, and incorporates the central government’s tax revenue and production enterprise’s
revenue into the overall consideration of the game. Through numerical simulation analysis,
the impact of changes in different factors such as revenue and cost on policy stability is
studied, and specific analyses are made on the parameters that may affect the collaborative
mechanism, and the degree of influence of the parameters is clearly explained.

The main contributions of this paper are as follows:
(1) Based on policy discussions and theoretical research, this paper explores the

decision-making situations of local governments regarding collaborative governance
and free-riding by constructing a game matrix to simulate the gains and losses in inter-
governmental collaborative governance and makes targeted analyses of the feasibility and
key points of regional cooperative governance, thereby providing guidance for policy im-
plementation. (2) This paper classifies the participation behavior of the central government
into two specific behaviors, i.e., rewards and punishments, and incorporates the tax rev-
enue of the central government and the revenue of production enterprises into the overall
consideration of the game, expanding the research on collaborative governance under the
central government’s policy. (3) Through the top-down implementation mechanism and the
bottom-up feedback mechanism, this paper introduces the income distribution coefficient
into the game system. By comparing the subsidy policy and the punishment policy, it is
found that the central government’s adoption of the punishment strategy is more conducive
to the formation of a stable collaborative governance mechanism. The smaller the local
government’s tax coefficient, the smaller the decrease in the revenue of local enterprises,
and the more inclined regional governments are to collaborative governance.

The subsequent research organization of this article is as follows: Section 2 conducts
a literature review on inter-governmental games; Section 3 constructs the basic model
and the assumptions for analysis; Section 4 conducts numerical simulation analysis of the
evolutionary situation; and Section 5 draws relevant conclusions and countermeasures
and suggestions.

2. Literature Review
This paper mainly unfolds from aspects such as green innovation, inter-governmental

collaborative governance, government subsidies and penalties, and game evolution. First
of all, in terms of green innovation, green innovation emphasizes the effective utilization of
resources and pollution reduction through new knowledge, new technologies, and new
ideas. Green innovation can not only help enterprises obtain good environmental effects
but also promote the improvement in economic benefits [18]. With the progress of rele-
vant research, Rennings et al. [19] believed that green innovation has “dual externalities”
generated by “spillover effects” and “external environmental costs”. Moreover, green tech-
nology innovation can effectively reduce environmental pollution, thereby improving the
environmental performance of enterprises and then enhancing enterprise performance [18].
Luo et al. [20] held that green technology innovation can not only bring benefits to con-
sumers and enterprises but also reduce the negative impact on the environment. Green
technology innovation can also promote energy conservation, emission reduction, and
green production from an environmental perspective by enhancing the overall industrial
efficiency [21]. In addition, the formation and diffusion of green technology innovation
among regions are not independent of each other but have spillover effects [22]. For re-
gions with strong innovation capabilities, neighboring areas may improve their innovation
capabilities, reduce innovation costs, and simultaneously promote economic development
and ecological construction through learning and imitation [23]. At the same time, govern-
ment intervention is one of the important means to correct the “market failure” brought
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about by externalities. Therefore, in order to promote green technology innovation and
application, government intervention is essential, and a win–win situation for economic
growth and environmental protection can be achieved by implementing means such as
green innovation policies and environmental regulations [24]. In the existing research,
scholars mainly focus on how to reduce environmental pollution and promote economic
development through green technology innovation. However, few studies incorporate the
collaborative cooperation mechanism between the central government and local govern-
ments into the overall consideration of environmental governance and fail to specifically
incorporate the role mechanism of the government into the game model to promote green
innovation. Based on this, this paper improves the research on the role mechanism of the
central government–local government–enterprise in the context of green innovation by
introducing the role mechanisms of the central government and local governments as well
as the research on enterprise technological innovation.

Secondly, when facing issues such as the governance of highly diffusive pollutants
like air pollution, collaborative governance among governments is crucial. The behav-
ioral decisions of regional governments will affect the governance outcomes. Scholars
are committed to exploring effective governance models. For example, Li et al. [25] simu-
lated the behavioral decisions of regional governments regarding air pollution and other
governance through constructing a game model. The aim was to find the stable mode of
inter-governmental cooperation in pollution control, the motives of collaborative subjects,
and the mechanisms for benefit distribution and compensation. Meanwhile, it is also very
necessary to study the coordination methods of collaborative governance policies. The
research of many scholars has provided important references. In terms of the collaborative
pollution control mechanism, Jiang et al. [26] found that collaborative governance policies
include top-down coordination and horizontal coordination among local governments.
However, local governments vary in their response speed to the central government, gover-
nance indicators, and specific measures. In terms of environmental protection governance
strategies, Cui and Chen [27] discovered that with the addition of environmental protection
performance assessment, the environmental protection governance strategies of neighbor-
ing cities change from “competition” to “imitation”, which is likely to encourage “free-rider”
behavior. Based on this, Tacconi et al. [28] and Liu et al. [29] focused on studying regional
bundling, signing cooperation agreements, and establishing effective reward–punishment
mechanisms. The results showed that under the influence of the government, all subjects
in the supply chain have a stronger will to collaborate and innovate. In terms of comparing
game results, Yeung [30], Yanase [31], Li [32], and Huang et al. [33] constructed a coopera-
tive game system and concluded that in non-cooperative games, the environmental policy
level deviates from the social optimum, and cooperation is better than non-cooperation. In
the abovementioned literature, scholars mainly focused on the effectiveness of horizontal
collaborative relationships among cross-regional governments at the same level on envi-
ronmental sustainability. However, few studies incorporated the central government into
the overall consideration of collaborative governance for game stability and most failed
to specifically present the participation methods of superior governments in the model.
Based on this, this paper expands the research area of regional collaborative governance
by introducing a study on the participation of the central government in the collaborative
governance behaviors of regional governments.

In terms of government subsidies and punishments, the government plays an impor-
tant coordinating role in environmental protection [34]. The government’s subsidy and
punishment policy tools have a significant influence on enterprises’ emission reduction.
Constructing a cross-regional joint environmental pollution governance framework is help-
ful in improving the effectiveness of environmental pollution governance. Whether it is a
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punishment policy or a subsidy policy, it is closely related to whether enterprises abide by
environmental regulations and can achieve emission reduction and pollution reduction.
For example, enterprises may have different reactions in the face of different levels of
punishment policies, and government subsidies can prompt enterprises to improve clean
production behaviors. In terms of the impact of punishment policies, Barrett [35] studied
the non-cooperative ecological game of environmental decisions among local governments
and found that it is optimal for enterprises to abide by environmental regulations when
the government implements strict environmental standards (that is, a large degree of
punishment). Siamak et al. [36] believed that the punishment policy should be at least
equal to the pollution treatment cost. Wang et al. [37] found that under static punishment,
environmental pollution cannot reach evolutionary equilibrium, but it can be achieved
under dynamic punishment. Regarding the impact of subsidy policies, Fairchild [38] and
Sun et al. [39] pointed out that increasing government subsidies for green production enter-
prises can effectively improve enterprises’ clean production behaviors and indirectly reduce
environmental pollution. Eichner and Pethig [40] found that when analyzing symmetric
countries, the competition between government emission taxes (which can be regarded as a
punishment method) and capital taxes has a significant impact on environmental pollution.
Wu and Xiong [41] studied the government subsidy mechanism in the supply chain and
concluded that sufficient innovation incentives given by the government have a great
impact on enterprises’ green innovation. Zhu and Dou [42] concluded that the supervision
of polluting enterprises can be strengthened by reducing the government supervision cost
through a third-party supervision mechanism, and at the same time, relevant subsidies
should be increased to strengthen environmental regulations. In the abovementioned
literature, most scholars studied the impact of one or more types of government regula-
tions on pollution treatment effects. However, few studies simultaneously incorporated
subsidy and punishment means into the central–local–enterprise game analysis. In fact, it
is quite important to discuss the influencing factors and action mechanisms of the strategic
behaviors of each subject in the game [43]. In view of this, this article introduces subsidy
and punishment strategies as the participation methods of the central government into the
research on the coordinated governance behaviors of regional governments so as to enrich
the theoretical research on regional coordinated governance.

Finally, in terms of research methods, some scholars have used parameters [44,45],
the DID model [46], the CGE model [47,48], quasi-natural experiments [49,50], the spatial
panel model [51], the extended shift–share analysis method [52], system dynamics [53], etc.,
to study whether these models can directly or indirectly improve air quality to control air
pollution and explore the policy factors and paths affecting air quality. And an increasing
number of scholars have explored pollution control issues through game models. Yu [54]
drew on the experience of the European Union and the Netherlands in water pollution
control and, on this basis, studied China’s transboundary water pollution issues. Kim
et al. [55] designed a set of games with externalities and connections to solve the problem
of cross-regional water resource management. Fernandez [56] established a game theory
model and found that the cooperative game of water monitoring and information sharing
decisions is conducive to reducing pollution costs and pollution damages. Li et al. [57]
established a model for determining the comprehensive treatment strategy of cross-regional
lake pollution in China based on environmental green costs. The research results provide a
theoretical basis for the formulation of emission permit prices. Huang et al. [33] constructed
the evolutionary game theory of the enterprise supply chain and demonstrated that enter-
prises will adopt different coping strategies in response to environmental policies. In the
abovementioned literature, when studying environmental governance issues in the context
of green innovation, scholars mainly used theoretical analysis, empirical analysis, and
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the extended shift–share analysis method, while the evolutionary game analysis method
was less adopted. Therefore, this paper closely focuses on the central–local–enterprise
dimension and conducts in-depth research by using the evolutionary game model. This
helps to analyze the impact of the game relationships among relevant entities on the system
equilibrium. It has certain applicability for the evolutionary game analysis of the ideal
“cooperation” among the continuous improvement in environmental pollution, central
policies, local government responses, and enterprise implementation.

3. Evolutionary Game Model Construction
3.1. Problem Description

Due to the integrity of the ecosystem and the spatial spillover of pollution, when
facing environmental pollution problems, the need for inter-regional government coordi-
nation and co-governance has gradually become a consensus. Green innovation policy is
implemented layer by layer from top to bottom, and the central and local governments are
the key links in the implementation of the policy. The choice of green innovation strategies
by the central and local governments will directly affect the implementation of the entire
country’s green innovation strategy. Since green innovation governance is a whole, the
green innovation governance among adjacent local governments will interact with each
other due to diffusion, which also leads to the possibility that some governments may
choose the “free-rider” strategy to enjoy the welfare of the improvement in green innova-
tion in adjacent local governments. At the same time, through the feedback mechanism
of the central government–local government–production enterprise and the production
enterprise–local government–central government, the subsidy policy and punishment
policy are analyzed from the perspective of government revenue and enterprise revenue to
the efficiency of regional government collaborative governance. Therefore, studying the
interaction relationship between green innovation behaviors among regional governments,
rationalizing the direction of behavioral evolution among regional governments, and un-
derstanding the essence of green innovation problems at the government level is conducive
to improving the efficiency of the joint governance of green innovation.

In decision-making with bounded rationality, the decision-making behaviors of hor-
izontal peer governments are homogeneous and indifferent. According to the classical
game theories proposed by Rapoport et al. [58], Gibbons [59], Friedman [60], Fuden-
berg and Eric [61], and Yang et al. [62], multiple local governments participating in inter-
governmental cooperation can be simplified into local governments A and B. With this
simplification method, it is possible to more accurately analyze the complexity involved
in regional collaborative governance and the interaction mechanism among local govern-
ments and achieve the simplification and clarification of complex problems. When the
central government participates, it is easier to issue ecological compensation requirements
for the victim and rewards and punishments for “cooperation” and “non-cooperation”.
The benefits in this paper mainly consider the economic benefits of production-oriented
enterprises and the benefits of the government. At the same time, the impact and distribu-
tion of different decision-making behaviors on the costs and benefits of green governance
must also be taken into account. Therefore, it is necessary to set the income distribution
coefficient and the incoordination benefit loss coefficient in the game model of this paper.

3.2. Model Assumptions

Based on the influence of the central government’s subsidy policy and punishment
policy on the collaborative governance of local governments’ green innovation, and com-
prehensively considering the factors affecting the strategy selection of green innovation
participants, this paper proposes the following parameter hypotheses:
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Hypothesis 1: Research background and theoretical framework. Without considering other con-
straints, the relationship between the central government and local governments in the issue of air
pollution control is described. The central government formulates green innovation decisions. Local
governments formulate local air pollution control decisions based on the decisions of the central
government and further control and make decisions on enterprises. Therefore, the government will
receive feedback on the benefits of enterprises and form a complete game system through the logical re-
lationship from the top-down implementation mechanism to the bottom-up feedback mechanism. The
benefits that local government A and local government B can obtain from production-oriented enter-
prises are φQA and φQB (this article considers tax revenue), respectively, and the benefits that cen-
tral government G can obtain from production-oriented enterprises are δQA and φQB. When local
government A and local government B choose to collaborate in governance, the benefits of production-
oriented enterprises decrease by qA and qB. The benefits that local governments can obtain from
production-oriented enterprises are φ(QA − qA) and φ(QB − qB), and the benefits that central
government G can obtain from production-oriented enterprises are δ(QA − qA) and δ(QB − qB),
respectively. Among them, under different political systems, the tax coefficients of the central
government and local governments on enterprises are different. Through the magnitude of the
tax coefficients, the functions of different political systems can be explored. Meanwhile, in the
Appendix A, we supplement the analysis of the model when the central tax on enterprises is a
function relationship K(Q).

Hypothesis 2: Strategic parameters and core variables. There are a total of three participants in the
game system, namely, local government A, local government B, and central government G. Among
them, the strategy sets of local government A and local government B are (collaborative governance,
free-riding); the strategy set of central government G is (subsidy policy, punishment policy); z repre-
sents the probability that central government G chooses the subsidy policy; and 1 − z represents the
probability that central government G chooses the punishment policy, where z ∈ [0, 1]. Collaborative
governance means that local governments A and B cooperate and complement each other’s advan-
tages and continuously strive to achieve the maximum benefit of air pollution production control to
solve the problem of air pollution production. “Free-rider” means that either local government A or
local government B actively governs high-energy-consuming enterprises while the other does not
govern high-energy-consuming enterprises in the process of air pollution control; in this scenario,
the party that actively governs high-energy-consuming enterprises is unable to obtain the expected
governance benefits. Let x represent the probability that local government A adheres to collaborative
governance in the strategy selection, then 1 − x is the probability of adhering to free-riding. Simi-
larly, y represents the probability that local government B adheres to collaborative governance in the
strategy selection, and 1 − y is the probability of adhering to free-riding, where x, y ∈ [0, 1]. Their
different strategy choices will affect the revenue of production enterprises in the governance area,
which is also the main innovation point of this paper.

Hypothesis 3: Revenue and cost. Let R be the revenue obtained when local government A chooses
the collaborative governance strategy, V be the revenue obtained when local government B chooses
the collaborative governance strategy, α be the revenue distribution coefficient of local government
A in the total revenue of air pollution control, and β be the revenue distribution coefficient of local
government B in the total revenue of air pollution control. At the same time, the revenue distribution
coefficients α and β satisfy 0 ≤ α, β ≤ 1 and α+ β = 1. Let H be the revenue that local government
A and local government B bring to central government G through collaborative governance. When
local government A chooses to carry out collaborative governance and local government B does not,
the revenue obtained by the central government is γAH; when local government B chooses to carry
out collaborative governance and local government A does not, the revenue obtained by the central
government is γBH. Among them, 0 ≤ γA, γB ≤ 1 and γA + γB = 1.
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The air pollution control costs of local government A and local government B are CA

and CB, respectively. When both parties adhere to the collaborative governance strategy
in the cooperation, they will reduce the governance costs to cA and cB, respectively, due
to the efficiency improvement in the cooperation. Therefore, the cooperation costs when
both parties choose the collaborative governance strategy at the same time are (CA − cA)
and (CB − cB), respectively. When one party of the local government chooses collaborative
governance and the other party chooses “free-rider” behavior, the party that chooses
collaborative governance still cannot obtain all the governance benefits under the condition
of paying the governance cost, that is, the governance effect will be damaged due to
the inaction of the party that chooses “free-rider” behavior, and the loss coefficient is
wi(i = A, B), where 0 ≤ wi ≤ 1.

Hypothesis 4: Policy impacts. When central government G chooses the subsidy policy, the central
government will give certain policy subsidies and preferential policies to the local governments that
collaborate in governance. Let GA and GB be the policy subsidies given by central government G to
local governments A and B that collaborate in governance; when central government G chooses the
punishment policy, central government G will punish the local governments that choose “free-rider”
behavior. Let FA and FB be the punishments given by central government G to local governments A
and B that choose “free-rider” behavior (if both parties do not govern, that is, they are punished in
the form of “free-rider”).

To sum up, the parameter settings are shown in Table 1.

Table 1. Summary of model parameters.

Parameters Meanings

x The probability that local government A will choose to carry out collaborative governance to achieve
air pollution control.

y The probability that local government B will choose to carry out collaborative governance to achieve
air pollution control.

z The probability that central government G will choose the subsidy policy.
α The revenue distribution coefficient of local government A in the total revenue of air pollution control.
β The revenue distribution coefficient of local government B in the total revenue of air pollution control.
R The revenue that local government A will obtain when choosing a collaborative governance strategy.
V The revenue that local government B will obtain when choosing a collaborative governance strategy.
φ The tax rate of the local government on productive enterprises.
δ The tax rate of the central government on productive enterprises.

GA
The policy subsidy given by the central government to local government A for

collaborative governance.

GB
The policy subsidy given by the central government to local government B for

collaborative governance.

H The revenue obtained by the central government when local government A and local government B
both choose to carry out collaborative governance.

γA

The proportion of the revenue obtained by the central government when local government A chooses
to carry out collaborative governance and local government B does not choose

collaborative governance.

γB
The proportion of the revenue obtained by the central government when local government B chooses to
carry out collaborative governance and local government A does not choose collaborative governance.

QA
The revenue that the government can obtain from local enterprises in area A when local government A

does not choose the collaborative governance policy.

QB
The revenue that the government can obtain from local enterprises in area B when local government B

does not choose the collaborative governance policy.
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Table 1. Cont.

Parameters Meanings

qA
The reduction in the revenue of local enterprise A when local government A chooses a collaborative

governance policy.

qB
The reduction in the revenue of local enterprise B when local government B chooses a collaborative

governance policy.
CA The cost of air pollution control of local government A.
CB The cost of air pollution control of local government B.

cA
When local government A chooses collaborative governance, it reduces the governance cost to

improve efficiency.

cB
When local government B chooses collaborative governance, it reduces the governance cost to

improve efficiency.
FA The penalty given by the central government to local government A that selects “free-rider” behavior.
FB The penalty given by the central government to local government B that selects “free-rider” behavior.

wi
The loss coefficient of the synergy governance benefit caused by the inaction of one party with

“free-rider” behavior.

3.3. Solving Evolutionary Stable Strategies

When central government G implements subsidy policies and punishment policies,
the game payment matrix of collaborative governance between local government A and
local government B is shown in Tables 2 and 3.

Table 2. The game payment matrix of collaborative governance between local government A and
local government B when central government G conducts subsidy policies.

Local Government B

Collaborative Governance
y

Without Collaborative Governance
1−y

Local
Government

A

Collaborative
Governance

x

α(R + V) + φ(QA − qA) + GA − (CA − cA)
β(R + V) + φ(QB − qB) + GB − (CB − cB)
H − GA − GB + δ(QA − qA) + δ(QB − qB)

αR + φ(QA − qA)− CA − wA + GA
βR + φQB

γAH − GA + δ(QA − qA) + δQB
Without

Collaborative
Governance

1 − x

αV + φQA
βV + φ(QB − qB)− CB − wB + GB

γBH − GB + δQA + δ(QB − qB)

φQA
φQB

δQA + δQB

Table 3. The game payment matrix of collaborative governance between local government A and
local government B when central government G conducts punishment policies.

Local Government B

Collaborative Governance
y

Without Collaborative Governance
1−y

Local
Government

A

Collaborative
Governance

x

α(R + V) + φ(QA − qA)− (CA − cA)
β(R + V) + φ(QB − qB)− (CB − cB)

H + δ(QA − qA) + δ(QB − qB)

αR + φ(QA − qA)− CA − wA
βR + φQB − FB

γA H + FB + δ(QA − qA) + δQB
Without

Collaborative
Governance

1 − x

αV + φQA − FA
βV + φ(QB − qB)− CB − wB

γBH + FA + δQA + δ(QB − qB)

−FA + φQA
−FB + φQB

FA + FB + δQA + δQB

(1) The replication dynamic equation and evolution path of central government G.
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The expected revenue of central government G when it selects the subsidy policy is:

EY
G = xy(H − GA − GB + δ(QA − qA) + δ(QB − qB)) + x(1 − y)(γA H − GA+

δ(QA − qA) + δQB) + (1 − x)y(γBH − GB + δQA + δ(QB − qB))+

(1 − x)(1 − y)(δQA + δQB),
(1)

The expected revenue of central government G when it selects the penalty policy is:

EN
G = xy(H + δ(QA − qA) + δ(QB − qB)) + x(1 − y)(γA H + FB + δ(QA − qA)+

δQB) + y(1 − x)(γBH + FA + δQA + δ(QB − qB))+

(1 − y)(1 − x)(FA + FB + δQA + δQB),
(2)

The expected revenue of central government G when choosing the supervision and
non-supervision strategies with probabilities of z and 1 − z is:

E(G) = zEY
G + (1 − z)EN

G , (3)

Then, the replicator dynamic equation of central government G is:

F(G) = dz
dt = z

[
EY

G − E(G)
]
= z

[
EY

G − zEY
G − (1 − z)EN

G
]
= z(1 − z)(EY

G − EN
G ) =

z(1 − z)[x(FA − GA) + y(FB − GB)− (FA + FB)],
(4)

(2) The replication dynamic equation and evolution path of local government A.

The expected return when local government A selects a collaborative strategy is:

EY
A = zy[α(R + V) + φ(QA − qA) + GA − (CA − cA)] + z(1 − y)(αR+

φ(QA − qA)− CA − wA + GA) + (1 − z)y × [α(R + V) + φ(QA − qA)−
(CA − cA)] + (1 − y)(1 − z)(αR + φ(QA − qA)− CA − wA),

(5)

The expected payoff when local government A chooses the “free-rider” strategy is:

EN
A = zy[αV + φQA] + z(1 − y)(φQA) + (1 − z)y[αV + φQA − FA]+

(1 − y)(1 − z)(−FA + φQA),
(6)

The expected return of local government A when choosing the collaborative and
“free-rider” strategies with probabilities x and 1 − x, respectively, is:

E(A) = xEY
A + (1 − x)EN

A , (7)

Then, the replicator dynamic equation of local government A is:

F(A) = x
[
EY

A − E(A)
]
= x

[
EY

A − xEY
G + (1 − x)EN

G
]
= x(1 − x)

(
EY

A − EN
A
)

= −(1 − x)x(CA + wA − cAy − wAy − zGA + FA(−1 + z)− αR + φqA)
, (8)

(3) The replication dynamic equation and evolution path of local government B.

An expected return when local government B selects a collaborative strategy can be
expressed as follows:

EY
B = xz[β(R + V) + φ(QB − qB) + GB − (CB − cB)] + z(1 − x)(βV+

φ(QB − qB)− CB − wB + GB) + (1 − z)x[β(R + V) + φ(QB − qB)−
(CB − cB)] + (1 − x)(1 − z)(βV + φ(QB − qB)− CB − wB),

(9)
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The expected payoff when local government B selects the “free-rider” strategy is:

EN
B = zx(βR + φQB) + (1 − z)x(βR + φQB − FB) + (1 − x)z[φQB]+

(1 − x)(1 − z)(−FB + φQB),
(10)

The expected return of local government B when choosing the collaborative and
“free-rider” strategies with probabilities y and 1 − y, respectively, is:

E(B) = yEY
B + (1 − y)EN

B , (11)

Then, the replicator dynamic equation of local government B is:

F(B) = y
[
EY

B − E(B)
]
= y(1 − y)

(
EY

B − EN
B
)
= −(1 − y)y(CB + wB − cBx−

wBx − zGB + FB(−1 + z)− βV + φqB),
(12)

3.4. Stability Analysis of the Evolutionary Game

In the game system, there are three participating subjects, namely, local government
A, local government B, and central government G. Among them, the strategy sets of local
government A and local government B are (collaborative governance, free riding) and the
strategy set of central government G is (subsidy policy, punishment policy). Let x represent
the probability that local government A adheres to collaborative governance in the strategy
selection, then 1 − x is the probability of adhering to free-riding. Similarly, y represents the
probability that local government B adheres to collaborative governance in the strategy
selection, and 1 − y is the probability of adhering to free-riding. z represents the probability
of the subsidy policy of central government G, and 1 − z represents the probability of the
punishment policy.

The replicator dynamic equation of central government G is:

dz
dt

= z(1 − z)
(

EY
G − EN

G

)
= (1 − z)z(FA(−1 + x)− xGA + FB(−1 + y)− GBy)

The replicator dynamic equation of local government A is given by:

dx
dt

= −(1 − x)x(CA + wA − cAy − wAy − zGA + FA(−1 + z)− αR + φqA)

The replicator dynamic equation of local government B is presented as follows:

dy
dt

= −(1 − y)y(CB + wB − cBx − wBx − zGB + FB(−1 + z)− βV + φqB)

Next, we conduct a stability analysis of the evolutionary game to obtain the equilib-
rium points:

Proposition 1. There exist multiple local equilibrium solutions in this evolutionary game dy-
namic system: E1(0, 0, 0), E2(0, 0, 1), E3(0, 1, 0), E4(1, 0, 0), E5(0, 1, 1), E6(1, 1, 0), E7(1, 0, 1),
and E8(1, 1, 1). These equilibrium solutions all satisfy F(G) = 0, F(A) = 0, F(B) = 0.

Regarding central government G and local governments A and B, the following
replicator dynamics system can be obtained:

F(G) = (1 − z)z(FA(−1 + x)− xGA + FB(−1 + y)− GBy)
F(A) = −(1 − x)x(CA + wA − cAy − wAy − zGA + FA(−1 + z)− αR + φqA)

F(B) = −(1 − y)y(CB + wB − cBx − wBx − zGB + FB(−1 + z)− βV + φqB)

, (13)
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Then, the Jacobian matrix corresponding to this replicator dynamics system is:

J =


∂F(G)

∂z
∂F(G)

∂x
∂F(G)

∂y
∂F(A)

∂z
∂F(A)

∂x
∂F(A)

∂y
∂F(B)

∂z
∂F(B)

∂x
∂F(B)

∂y

, (14)

We need to analyze the stability situation of the local equilibrium point E1(0, 0, 0), and
the Jacobian matrix at this time can be expressed as follows:

J =

 −FA − FB 0 0
0 −(CA + wA − FA − αR + φqA) 0
0 0 −(CB + wB − FB − βR + φqB)

, (15)

It can be seen that the eigenvalues of the Jacobian matrix at this time are λ1 = −FA − FB;
λ2 = −(CA + wA − FA − αR + φqA) ; and λ3 = −(CB + wB − FB − βR + φqB) . By anal-
ogy, substituting the eight equilibrium points into the above Jacobian matrix, respectively,
the eigenvalues of the Jacobian matrix corresponding to each equilibrium point can be
obtained, as shown in Table 4.

Table 4. Eigenvalues of the Jacobian determinant.

Equilibrium Point Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E1(0, 0, 0) −FA − FB −(CA + wA − FA − αR + φqA) −(CB + wB − FB − βV + φqB)
E2(0, 0, 1) FA + FB −(CA + wA − GA − αR + φqA) −(CB + wB − GB − βV + φqB)
E3(0, 1, 0) −FA − GB −(CA − cA − FA − αR + φqA) (CB + wB − FB − βV + φqB)
E4(1, 0, 0) −GA − FB (CA + wA − FA − αR + φqA) −(CB − cB − FB − βV + φqB)
E5(0, 1, 1) FA + GB −(CA − cA − GA − αR + φqA) (CB + wB − GB − βV + φqB)
E6(1, 1, 0) −GA − GB (CA − cA − FA − αR + φqA) (CB − cB − FB − βV + φqB)
E7(1, 0, 1) GA + FB (CA + wA − GA − αR + φqA) −(CB − cB − GB − βV + φqB)
E8(1, 1, 1) GA + GB (CA − cA − GA − αR + φqA) (CB − cB − GB − βV + φqB)

According to the method proposed by Friedman [63], to determine the stability of the
Jacobian matrix, if all eigenvalues of the Jacobian matrix have negative real parts, then the
equilibrium point is an evolutionarily stable strategy (hereinafter referred to as ESS). If at
least one eigenvalue of the Jacobian matrix has a positive real part, then the equilibrium
point is an unstable point. According to the original assumption, it is easy to know that
(FA, FB, GA, GB) > 0, and it can be determined that in the above Jacobian matrix, the stable
points can only appear at E1(0, 0, 0), E3(0, 1, 0), E4(1, 0, 0), and E6(1, 1, 0). The following
inferences can be obtained:

Corollary 1. When CA + wA − FA − αR + φqA ≥ 0 and CB + wB − FB − βV + φqB ≥ 0, the
local equilibrium point E1(0, 0, 0) is ESS. The stability representation of the system equilibrium
point is shown in Table 5.

Table 5. Stability analysis of the equilibrium point in Corollary 1.

ESS Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E1(0, 0, 0) −FA − FB < 0 −(CA + wA − FA − αR + φqA) ≤ 0 −(CB + wB − FB − βV + φqB) ≤ 0

Among them, CA and CB are the air pollution control costs of local governments A
and B, respectively. If the air pollution control costs of local governments are high, then
local governments A and B will tend not to choose collaborative governance. FA and
FB are the penalties given by the central government to local governments A and B that
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choose “free-rider” behavior. If the penalties of the central government are small and
close to zero, local governments A and B will tend not to choose collaborative governance.
(In reality, why would local government A and local government B both choose to “free
ride” simultaneously? For example, within the regions of local government A and local
government B, improving the air quality of the atmospheric environment requires a series
of measures such as closing down highly polluting enterprises, promoting the use of clean
energy, and upgrading vehicle exhaust emission standards, which involves high costs such
as compensation for enterprise shutdowns and new energy subsidies. For instance, if local
government A vigorously promotes the shutdown and transformation of highly polluting
enterprises, it will face resistance from enterprise owners, need to invest a large amount of
funds for the resettlement of enterprise employees and technology transformation subsidies,
and also bear the pressure of short-term economic decline. However, the atmosphere is
fluid. Once the atmospheric environment of this urban agglomeration is improved, all cities,
including the region where local government B is located, will experience benefits, such as
the improvement in residents’ health levels and the attraction of more high-end industries.
When local government B sees that local government A faces numerous difficulties and
costs in controlling air pollution, it will want to enjoy the fruits of local government A’s
efforts without doing anything itself. And local government A will also hesitate to take the
lead in governance due to concerns about the same problems. Thus, both sides have the
idea of free-riding). αR is the revenue for only local government A to carry out collaborative
governance, and βV is the revenue for only local government B to carry out collaborative
governance. If the revenue from collaborative governance is very small, then, eventually,
local governments A and B will tend not to choose collaborative governance. qA and qB

are the reduction in the revenue of local enterprise A and local enterprise B when local
governments A and B choose collaborative governance, that is to say, when both qA and qB

are zero, it indicates that local governments A and B will tend not to choose collaborative
governance. If at least one of qA and qB is greater than zero, it means that at least one local
government chooses collaborative governance, which is contrary to the tendency of local
governments A and B not to choose collaborative governance.

Overall, in order to facilitate the analysis of the signs of the eigenvalues correspond-
ing to different equilibrium points, and without loss of generality, we assume that the
governance benefits of local governments are greater than the governance costs, that is,
αR − CA − wA > 0, and βV − CB − wB > 0. Since αR − CA − wA ≤ φqA − FA and
βV − CB − wB ≤ φqB − FB, when local government A and local government B choose
collaborative governance, the reduction values qA and qB of enterprises are larger and the
more likely it is for φqA − FA > 0 and φqB − FB > 0. This is contrary to Corollary 1, where
local governments A and B tend not to choose collaborative governance.

Through the abovementioned analysis, it is found that Corollary 1 explores the
decision-making model of local government collaborative governance from elements such
as local government costs, central government punishment strategies, the benefits of lo-
cal government collaborative governance, and the decreasing value of enterprise green
innovation benefits. Through clear logical analysis, contradictions in some relationships in
assumptions and derivations are discovered. This analysis method provides a theoretically
analyzable framework worthy of in-depth discussion for researching the strategic choices
of local governments in air pollution control and is enlightening.

Corollary 2. When CA − cA − FA − αR + φqA ≥ 0 and CB + wB − FB − βV + φqB ≤ 0, the
local equilibrium point E3(0, 1, 0) is the ESS. The stability representation of the system equilibrium
point is shown in Table 6.
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Table 6. Stability analysis of the equilibrium point in Corollary 2.

ESS Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E3(0, 1, 0) −FA − GB < 0 −(CA − cA − FA − αR + φqA) ≤ 0 (CB + wB − FB − βV + φqB) ≤ 0

In Table 6, CA − cA represents the cost of air pollution control when local government
A chooses collaborative governance and CB represents the cost of air pollution control for
local government B. If the cost of air pollution control for local government A is high and
cA = 0, then local government A will tend not to choose collaborative governance; however,
when cA > 0, local government A is more inclined to choose collaborative governance,
which is contrary to local government A’s disinclination to collaborate. FA and FB are,
respectively, the penalties imposed by the central government on local governments A
and B that choose “free-rider” behavior. If the penalty for local government A by the
central government is small and the penalty for local government B is large, then local
government A tends not to choose collaborative governance, and local government B tends
to choose collaborative governance. αR is the benefit of only local government A engaging
in collaborative governance, and βV is the benefit of only local government B engaging in
collaborative governance. If the benefit of local government A’s collaborative governance
is very small and the benefit of local government B’s collaborative governance is very
large, then local government A tends not to choose collaborative governance, and local
government B tends to choose collaborative governance. qA and qB are, respectively, the
reduction in the benefits of local enterprises A and B when local governments A and B
choose collaborative governance policies. When qA is zero, local government A will tend
not to choose collaborative governance, and when qB is greater than zero but relatively
small, local government B will tend to choose collaborative governance. If qA is greater than
zero, it means that local government A’s inclination to choose collaborative governance is
contrary to its disinclination to choose collaborative governance.

Overall, in order to facilitate the analysis of the signs of the eigenvalues corresponding
to different equilibrium points, and without loss of generality, it is assumed that the
governance benefit of the local government is greater than the governance cost, that is,
αR − (CA − cA) > 0, and βV − CB − wB > 0. Since αR − (CA − cA) ≤ φqA − FA and
βV − CB − wB ≥ φqB − FB, if local government B selects 0 ≤ φqB ≤ FB, that is, local
government B selects governance, then only when local government A selects collaborative
governance can φqA − FA > 0, which is contrary to Corollary 2.

In the abovementioned analysis, Corollary 2 focuses on elements such as the cost
of local government collaborative governance, the punishment strategy of the central
government, the benefits of local government collaborative governance, and the decrease
in the benefits of enterprise green innovation. Then, it explores the decision-making
model of local government collaborative governance. Through rigorous logical analysis,
the contradiction points in some relationships in the assumptions and derivations are
identified. This analysis constructs an inspiring theoretical analysis framework for in-depth
research on the strategic choices of local governments in air pollution governance.

Corollary 3. When CA + wA − FA − αR + φqA ≤ 0 and CB − cB − FB − βV + φqB ≥ 0, the
local equilibrium point E4(1, 0, 0) is the ESS. The stability representation of the system equilibrium
point is shown in Table 7.
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Table 7. Stability analysis of the equilibrium point in Corollary 3.

ESS Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E4(1, 0, 0) −GA − FB < 0 (CA + wA − FA − αR + φqA) ≤ 0 −(CB − cB − FB − βV + φqB) ≤ 0

In Table 7, CA is the cost of air pollution control for local government A and CB − cB

is the cost of air pollution control for local government B when choosing collaborative
governance. If the cost of air pollution control for local government B is high and cB = 0,
while the cost of air pollution control for local government A is low, then local government
B will tend to choose not to engage in collaborative governance, while local government
A will tend to engage in collaborative governance. However, when cB > 0, it indicates
that local government B is more inclined to engage in collaborative governance, which
is contrary to local government B’s disinclination to engage in collaborative governance.
FA and FB are, respectively, the penalties imposed by the central government on local
governments A and B that choose “free-rider” behavior. If the penalty for local government
A by the central government is large, and the penalty for local government B is small,
then local government A will tend to engage in collaborative governance, while local
government B will not tend to engage in collaborative governance. αR is the benefit of
only local government A engaging in collaborative governance, and βV is the benefit
of only local government B engaging in collaborative governance. If the benefit of local
government A’s collaborative governance is very large, and the benefit of local government
B’s collaborative governance is very small, then local government A will tend to engage in
collaborative governance, while local government B will tend not to engage in collaborative
governance. qA and qB are, respectively, the reduction in the benefits of local enterprises
A and B when local governments A and B choose to engage in collaborative governance.
When qB is zero, local government B will not tend to choose to engage in collaborative
governance, and when qA is small, local government A will tend to choose to engage in
collaborative governance. If qB is greater than zero, it means that local government B’s
inclination to choose to engage in collaborative governance is contrary to its inclination not
to choose to engage in collaborative governance.

Overall, in order to facilitate the analysis of the symbols of the eigenvalues corre-
sponding to different equilibrium points, and without loss of generality, it is assumed
that the governance income of the local government is greater than the governance cost,
namely, αR − CA − wA > 0, and βV − (C B − cB) > 0. Since αR − CA − wA ≥ φqA − FA

and βV − (C B − cB) ≤ φqB − FB, local government A chooses 0 ≤ φqA ≤ FA, that is,
local government A chooses collaborative governance, while local government B only
chooses collaborative governance. It is possible to make φqB − FB > 0, which is contrary to
Corollary 3.

In the abovementioned analysis, Corollary 3 focuses on elements such as local gov-
ernment costs and collaborative governance costs, the central government’s punishment
strategies, local government collaborative governance benefits, and the reduction in enter-
prise green innovation benefits to explore the decision-making model of local government
collaborative governance. Through meticulous and rigorous logical analysis, contradic-
tions in some relationships between assumptions and derivations are found. This analysis
creates an inspiring theoretical analysis framework for the in-depth exploration of local
governments’ strategic choices in air pollution control.

Corollary 4. When CA − cA − FA − αR + φqA ≤ 0 and CB − cB − FB − βV + φqB ≤ 0, the
local equilibrium point E6(1, 1, 0) is the ESS. The stability representation of the system equilibrium
point is shown in Table 8.
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Table 8. Stability analysis of the equilibrium point in Corollary 4.

ESS Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E6(1, 1, 0) −GA − GB < 0 (CA − cA − FA − αR + φqA) ≤ 0 (CB − cB − FB − βV + φqB) ≤ 0

In Table 8 (CA − cA) is the cost of air pollution control for local government A when
choosing collaborative governance and (CB − cB) is the cost of air pollution control for local
government B when choosing collaborative governance. When (CA − cA) and (CB − cB)

are relatively low, local governments A and B will tend to choose collaborative governance.
FA and FB are, respectively, the penalties imposed by the central government on local gov-
ernments A and B that choose “free-rider” behavior. If the penalties for local governments
A and B by the central government are relatively large, local governments A and B will
tend to choose collaborative governance. αR is the benefit of only local government A
engaging in collaborative governance, and βV is the benefit of only local government B
engaging in collaborative governance. If the benefits of collaborative governance for both
local government A and local government B are very large, local governments A and B will
tend to choose collaborative governance. qA and qB are, respectively, the reduction in the
benefits of local enterprises A and B when local governments A and B choose to engage in
collaborative governance. When qA and qB are relatively small, local governments A and B
will tend to choose collaborative governance.

Overall, in order to facilitate the analysis of the signs of the eigenvalues corresponding
to different equilibrium points, and without loss of generality, it is assumed that the
governance benefit of the local government is greater than the governance cost, that is,
αR − (CA − cA) > 0 and βV − (C B − cB) > 0. Since αR − (CA − cA) ≥ φqA − FA and
βV − (CB − cB) ≥ φqB − FB, when local government A chooses 0 ≤ φqA ≤ FA and local
government B chooses 0 ≤ φqB ≤ FB, local governments A and B will tend to choose
collaborative governance, and the central government adopts a penalty policy, which is
consistent with Corollary 4.

Corollary 4 explores the conditions for local government collaborative governance
from factors such as the cost of local government collaborative governance, the punish-
ment strategy of the central government, the benefits of local government collaborative
governance, and the reduction value of enterprise green innovation benefits. By analyzing
the relationships among various elements, it is reasonable to draw the conclusion that the
equilibrium point is ESS, which is of great significance for understanding the local gov-
ernment decision-making mechanism. Such an analysis is conducive to in-depth research
on the interaction between the central and local relationship in air pollution control and
provides a theoretical prototype for subsequent related research.

4. Numerical Simulation and Result Analysis
To intuitively observe the impact of game system parameter value changes on evolu-

tionary stability, MATLAB2022 was used to simulate the system’s trajectory. In the domain
of numerical simulation, MATLAB plays a pivotal role in evolutionary game theory re-
search, particularly in the context of strategic decision-making and institutional evolution.
As a powerful computational tool, MATLAB’s advanced matrix operation capabilities
provide an efficient solution for addressing complex strategic interactions and payoff
calculations inherent in evolutionary games, which are fundamental to understanding
organizational behavior and market dynamics. The software’s robust graphical functions
significantly enhance the analytical framework of the evolutionary game theory. These
visualization tools enable researchers to effectively capture and present the dynamic evolu-
tionary trajectories of strategic interactions. For instance, the temporal evolution of strategy
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frequencies can be precisely illustrated, offering valuable insights into the pattern and con-
vergence of strategic decision-making processes—a crucial aspect in both organizational
strategy and economic policy analysis. Furthermore, MATLAB’s optimization toolbox
serves as an essential component for in-depth analysis of evolutionary stability strategies
(ESSs), which are critical for understanding equilibrium selection and convergence proper-
ties in game-theoretic models. This functionality is particularly relevant for examining the
stability and efficiency of collaborative governance mechanisms, such as those between
central and regional governmental entities. Through numerical simulation analysis using
MATLAB, researchers can effectively demonstrate which strategic approaches adopted by
central authorities are more conducive to the formation and evolution of stable regional
governance coordination mechanisms. This analytical capability provides substantial em-
pirical evidence and decision-making support for policy formulation and institutional
design, contributing to the advancement of both theoretical research and practical applica-
tions in public administration and economic governance. The integration of MATLAB’s
computational capabilities with evolutionary game theory frameworks offers a robust
methodological approach for analyzing complex socio-economic systems, particularly
in understanding the dynamics of institutional evolution and strategic interactions in
governance structures.

Based on the above conclusions in this paper, under the condition that αR + cA + FA ≥
φqA + CA and βV + cB + FB ≥ φqB + CB, that is, within the evolutionary framework that
ensures the stability of the collaborative governance model, the influence effect between
each parameter was simulated. This paper analyzed the central government’s strategy
selection under different situations and whether local governments choose the game equi-
librium point of collaborative governance. However, only from the perspective of the
mathematical model, the changing process of decision-making cannot be well grasped.
Therefore, this section will conduct an analysis by combining relevant cases according to
this research.

A case study is an effective means to solve current scientific problems [64]. In case
analysis, there are no specific criteria for sample selection, but it should be in line with the
research questions [65]. Previous studies have shown that case studies are widely used in
research on partner selection in innovation ecosystems and environmental regulations [66].
However, due to data confidentiality, following the methods of Zhang et al. [67] and Zhan
et al. [68], we use a fictional case for illustration. This fictional case can, to a certain extent,
reflect the universality of this case analysis, thereby enhancing the value of this research.
This paper takes the impact of the multi-agent strategic behavior pattern of the central
government–local government–high-energy-consuming enterprises in air pollution on
green innovation as an example for analysis.

Under the wave of global green innovation, air pollution control has become the focus
of common concern. The central government (which can be regarded as the federal-level or
national-level government in various countries) actively plays a leading role and adopts a
two-way strategy of combining punishment and subsidy. On the one hand, heavy taxes or
severe fines are imposed on high-energy-consuming enterprises with sub-standard pollu-
tion emissions. This measure aims to increase the violation costs of such enterprises and
make them realize the unsustainability of the traditional extensive production model. For
example, a large-scale chemical enterprise was levied a huge fine due to long-term excessive
emission of air pollutants, which significantly reduced its profit. On the other hand, rich
subsidies, including capital injection and technical guidance, are given to enterprises that
actively respond to green innovation and invest resources in green technology transfor-
mation, energy conservation, and emission reduction. Local governments (which can be
regarded as federal-level or national-level governments in various countries) carry out col-
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laborative cooperation. They break regional boundaries and share information and jointly
plan for air pollution control. In cross-regional industrial parks, local governments jointly
levy differential taxes on high-energy-consuming enterprises within the parks. This tax
policy is based on the energy efficiency level and pollution emission degree of enterprises,
prompting enterprises to strive to improve energy efficiency and reduce pollution emissions
in order to reduce costs. Under this policy environment, many high-energy-consuming
enterprises have to embark on the road of green technology innovation. For instance, a
traditional thermal power generation enterprise, in order to relieve the cost pressure caused
by tax increases, vigorously invests in research and development of carbon capture and
storage technology and devotes part of its funds to the development of renewable energy,
gradually transforming into a diversified clean energy supply enterprise. This not only
improves the survival state of the enterprise itself but also makes positive contributions
to global air pollution control. This multi-agent collaboration and enterprise innovation
model on a global scale promotes air pollution control to develop in a benign direction.

Based on the abovementioned case analysis and combined with the research of Zhang
et al. [69], Chu et al. [70], and Yang et al. [62], we assigned values to the model parameters.
Suppose that the probability that local government A selects collaborative governance to
achieve air pollution control is x = 0.5, the probability that local government B selects
collaborative governance to achieve air pollution control is y = 0.5, the probability that
central government G selects subsidy policies is z = 0.5, the revenue distribution coefficient
of local government A in the total revenue of air pollution control is α = 0.6, the revenue
distribution coefficient of local government B in the total revenue of air pollution control
is β = 1 − α = 0.4, the revenue that local government A will obtain when it selects the
collaborative governance strategy is R = 1.0, the revenue that local government B will
obtain when it selects the collaborative governance strategy is V = 1.5, the tax proportion
of local governments on production-type enterprises is φ = 0.25, the policy subsidy given
by the central government to local government A that conducts collaborative governance is
GA = 0.3, the policy subsidy given by the central government to local government B that
conducts collaborative governance is GB = 0.2, the decline value of local enterprise A’s
revenue when local government A selects the collaborative governance policy is qA = 1.2,
the decline value of local enterprise B’s revenue when local government B selects the
collaborative governance policy is qB = 2, the air pollution control cost of local government
A is CA = 0.6, the air pollution control cost of local government B is CB = 1.3, the
reduction value of the governance cost for improving efficiency when local government
A selects collaborative governance is cA = 0.8, the reduction value of the governance
cost for improving efficiency when local government B selects collaborative governance
is cB = 1.5, the punishment given by the central government to local government A that
selects “free-rider” behavior is FA = 0.5, the punishment given by the central government
to local government B that selects “free-rider” behavior is FB = 0.4, the collaborative
governance benefit loss coefficient caused by local government A’s selection of “free-rider”
behavior is wA = 0.7, and the collaborative governance benefit loss coefficient caused by
local government B’s selection of “free-rider” behavior is wB = 1.4.

4.1. The Impact of Initial Intentions on the Evolution of Local Government
Collaborative Governance

As can be seen in Figure 1, the higher the initial probability of local government
A choosing a collaborative strategy, the more inclined local government B is to choose
a collaborative strategy. When the initial probability of local government A choosing a
collaborative strategy is lower than 0.5, local governments choose not to cooperate. When
the initial probability of local government A choosing a collaborative strategy is higher
than 0.8, local governments choose collaborative governance. As can be seen in Figure 2,
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the higher the initial probability of local government B choosing a collaborative strategy,
the more inclined the other local government is to choose a collaborative strategy. When
the initial probability of local government B choosing a collaborative strategy is lower
than 0.5, local governments choose not to cooperate. When the initial probability of local
government B choosing a collaborative strategy is higher than 0.8, local governments choose
collaborative governance. The results show that regardless of how the initial probabilities
of local government A and local government B change, the central government is more
inclined to make punishment policies.
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Figure 2. The impact of the collaborative governance probability y of local government B on the
collaborative governance probability x of local government A and the subsidy policy probability z of
central government G.

On the one hand, this is because when one local government chooses collaborative
governance, the other government can choose collaboration to obtain collaborative gover-
nance cost reduction (cA, cB), collaborative governance benefits (R, V), and local enterprise
revenue reduction (qA, qB). On the other hand, due to the central government’s choice of
punitive measures, local governments are more inclined to choose collaborative governance
to avoid punishments. At this time, when one party shows a clear tendency towards
collaborative governance, the probability of the other party being punished for “free-rider”
behavior will increase greatly. Therefore, as the willingness of one party to collaborate
gradually increases, the willingness of the two local governments to reach a consensus on
collaborative governance is stronger and faster, which also makes the evolution system
shorter to reach stability. In addition, under the current assignment conditions, the probabil-
ity of change in the local government’s initial governance strategy will not have a significant
impact on the decision-making evolution of the central government. This indicates that
the central government can achieve evolutionary stability under the state of punishment
policy, and the stable state is less affected by the strategies of local governments.
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As can be seen in Figure 3, the change in the probability of the central government
choosing a subsidy strategy only has a slight impact on the governance tendency of
local governments, and this slight impact is manifested in that as the initial value of the
probability of the subsidy strategy increases, the speed at which local governments tend
towards non-collaborative governance increases, and the two local governments are more
inclined to choose the “free-rider” strategy. This indicates that when the government
adopts a subsidy policy, local governments are more inclined to choose a non-collaborative
governance strategy. In the governance game, the central government’s punishment
strategy is more likely to motivate local governments to carry out collaborative governance
than the subsidy strategy. The results show that when the central government tends to
choose a subsidy strategy, local governments will choose not to collaborate in governance.
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4.2. Parameter Sensitivity Analysis

As can be seen in Figures 4 and 5, the revenue distribution coefficient α of local
government A has nothing to do with whether local government A and local government
B conduct collaborative governance and the revenue distribution coefficient β of local
government B has nothing to do with whether local government A and local government B
conduct collaborative governance. Regardless of how the revenue distribution coefficient α

and the revenue distribution coefficient β change, the central government is more inclined
to choose a punishment strategy. This result shows that the governance revenue distribution
coefficient is not one of the fundamental reasons for the different governance game results
between the two places, and the regulatory role of the superior government, that is, the
central government’s choice of punishment strategy, plays a decisive role in governance.
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Figure 4. The impact of α on x, y, and z. The impact of the revenue distribution coefficient α of local
government A on the collaborative governance probability x of local government A, the collaborative
governance probability y of local government B, and the subsidy policy probability z of central
government G (α = 0.3, 0.6, 0.9).
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Figure 5. The impact of the revenue distribution coefficient β of local government B on the proba-
bility x of collaborative governance of local government A, the probability y of collaborative gov-
ernance of local government B, and the probability z of subsidy policies of central government
G (β = 0.2, 0.6, 0.8).

As can be seen in Figure 6, the smaller the tax coefficient φ of the local government, the
more local government A and local government B tend to collaborative governance. When
φ ≥ 0.25, local governments tend not to coordinate; when the tax coefficient φ ≤ 0.1, local
governments tend to collaborative governance. Local government A tends to collaborative
governance more quickly, while local government B tends to “free-rider” behavior in the
first few cycles and then tends to collaborative governance. The results show that as
the tax coefficient φ of local governments decreases, the more local governments tend
to collaborative governance. Regardless of how the tax coefficient of local governments
changes, the central government is more inclined to choose a punitive strategy. This shows
that collaborative governance by local governments can achieve the sharing of resources
between different governments, reduce the governance costs of individual governments,
and improve the efficiency of resource utilization. At the same time, the reduction in
local government taxes may lead to increased financial pressure on local governments.
In addition, collaborative environmental governance can spread risks among multiple
governments and reduce the risk level of individual governments, thereby improving
governance effectiveness and helping to deal with environmental challenges and promote
sustainable development.
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5. Research Conclusions and Policy Recommendations
5.1. Research Conclusions

In this paper, a three-party game model for collaborative governance among regional
governments is constructed, and a numerical simulation analysis is carried out accordingly
to study the decision-making evolution path, influencing factors, and the change in the
decision-making stability of the participants in collaborative governance. The following
conclusions are drawn:
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Firstly, when the reduction in the revenue of local enterprises is relatively small, local
governments A and B will tend to choose collaborative governance. In the game system,
this is reflected in the improvement in governance revenue, which is the fundamental
reason for the difference in governance game decisions and also the key factor affecting
the stability of the collaborative model. When the reduction in the revenue of local govern-
ment enterprises brings greater synergy to the local government, the risk of collaborative
governance is relatively low and higher economic benefits are obtained. At the same time,
local governments and enterprises can give full play to their respective advantages and
achieve complementarity.

Secondly, when the central government adopts a subsidy strategy, local governments
are inclined to choose non-collaborative governance. When the central government adopts a
penalty strategy, local governments are inclined to choose collaborative governance. When
local governments are insufficiently willing to participate in collaborative governance, the
policy penalties for “free-rider” behavior by the superior government are more conducive
to promoting the realization of collaborative governance by the government.

Thirdly, the smaller the tax coefficient of local governments, the more inclined local
governments are to collaborative governance. This indicates that collaborative governance
by local governments can realize the sharing of resources among different governments,
reduce the governance costs of individual governments, and improve the efficiency of
resource utilization. At the same time, the reduction in local government taxes may lead to
increased financial pressure on local governments, while collaborative environmental gov-
ernance can spread risks among multiple governments, reducing the risk level of individual
governments in order to jointly solve the problems faced and achieve common goals.

5.2. Policy Suggestions for Inter-Governmental Collaborative Governance

Combining the analysis process of the evolutionary game model and the above con-
clusions, this paper proposes policy recommendations from the perspectives of the collabo-
rative strategy between the central and local governments and the collaborative strategy
between local governments, specifically as follows:

(1) Make the best use of the situation and give full play to the coordinating and pro-
moting role of the central government. The formation of collaborative governance
depends on the regulation and control of the central government, and compared with
encouraging regulatory measures, strict punishment measures are more conducive to
the implementation of governance. The central government should set the upper limit
of punishment while ensuring the intensity of punishment in order to obtain the best
regulatory effect. At the same time, the regulation of the central government should
take rewards and punishments as the means to support collaborative governance and
financial and other resources as the incentive to support governance.

(2) Clarify the power and responsibility mechanism and delimit the boundaries of power.
Taking air governance as an example, it cannot rely solely on the power of the central
government, but it should properly divide the powers and responsibilities of the
central and local governments in air governance work and take the central govern-
ment as the guiding center. All levels of government should make full use of their
autonomy to formulate and implement policies, regulations, and coordinated partici-
pation in line with local characteristics and strengthen the awareness of cooperative
governance among governments. At the same time, regional collaborative governance
reduces air pollution by strengthening environmental supervision, improving the
efficiency of environmental governance, and promoting environmental protection
technologies [71].
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(3) Reduce taxes and burdens and adjust the tax structure. Local governments can be
motivated to carry out collaborative governance by lowering local tax rates to reduce
the burden on enterprises, simplifying tax collection and management to reduce
the tax cost of enterprises, establishing a tax assessment mechanism to ensure the
effect of tax policies, and further optimizing the tax category settings to promote the
development of green industries.

(4) Optimize the cost structure of enterprises and promote sustainable development.
Fine management reduces operating costs, improves efficiency, optimizes produc-
tion processes, strengthens innovation to improve the quality of products or ser-
vices, and adds value. The introduction of advanced technologies can enhance com-
petitiveness and reduce dependence on policies such as subsidies. Eventually, the
value of corporate interests is reduced to encourage local governments to engage in
collaborative governance.

(5) Coordinate the distribution of interests and balance the rights and obligations of
all parties as much as possible. Local governments are the implementation level
of the central government’s policies, and inevitable interest frictions arise during
implementation. On the one hand, a pattern of mutual benefit and complementary
interests should be formed among local governments in various regions, and, on the
other hand, differentiated responsibilities should be implemented to make areas with
severe air pollution and developed areas assume more responsibilities. In specific
practice, relevant regional stakeholders should jointly seek multi-level and multi-
field cooperation and, through certain interest compensation and transfer, promote
the establishment of an interest community that can achieve interest sharing, mutual
benefit, and compensation. The results of co-governance, supplemented by investment
policy tools, should be focused on to better promote the green innovation of the local
economy [72].

5.3. Limitations and Future Research Directions

This paper mainly explores the role of the central government’s “vertical regulation”
from the perspective of interests in the tripartite evolutionary game model of the central–
local–enterprise. It finds that the smaller the local government tax coefficient, the smaller
the reduction in the income of local enterprises, and the more inclined the local governments
are to collaborative governance when the central government chooses the penalty strategy.
However, in fact, in addition to adjusting the heterogeneity differences between regions,
additional research is required to determine whether the motivation of the participation
of the central government and the value generated by its role in other aspects should be
quantitatively calculated and included in the systematic consideration. At the same time,
in our future research, in addition to focusing on the interest relationships and decision-
making interactions among various entities in the model, we will also analyze and study
the impacts of important external factors, such as social culture, political systems, and
international cooperation, on regional collaborative governance. In addition, the choice
of local governance policies is far from being as simple as cost–benefit estimation. It
includes external policy environments, current industrial conditions, and the degree of
overlap between other interests and collaborative interests. The links of collaborative
governance that these factors affect and how much impact they have all need to be taken
into account. Therefore, based on coordinating the vertical coordination of the superior and
lower-level governments and the horizontal relationship of the same-level governments,
more comprehensive and representative indicators are needed to guide policy choices
in order to make the research on collaborative governance more realistic and persuasive.
Finally, this paper simplifies multiple local governments into two, namely, A and B, for
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research. Although this is conducive to the construction and analysis of the model, it
ignores the complex and diverse differences and interrelationships among numerous local
governments in reality. In future research, multiple local governments can be included for
analysis and exploration so as to have stronger explanatory power and applicability to
actual situations.
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Appendix A

Table A1. The game payment matrix of collaborative governance between local government A and
local government B when central government G conducts subsidy policies.

Local Government B

Collaborative Governance
y

Without Collaborative Governance
1−y

Local
Government

A

Collaborative
Governance

x

α(R + V) + φ(QA − qA) + GA − (CA − cA)
β(R + V) + φ(QB − qB) + GB − (CB − cB)
H − GA − GB + K(QA − qA) + K(QB − qB)

αR + φ(QA − qA)− CA − wA + GA
βR + φQB

γA H − GA + K(QA − qA) + K(QB)
Without

Collaborative
Governance

1 − x

αV + φQA
βV + φ(QB − qB)− CB − wB + GB
γB H − GB + K(QA) + K(QB − qB)

φQA
φQB

K(QA) + K(QB)

Table A2. The game payment matrix of collaborative governance between local government A and
local government B when central government G conducts punishment policies.

Local Government B

Collaborative Governance
y

Without Collaborative Governance
1−y

Local Gov-
ernment A

Collaborative
Governance

x

α(R + V) + φ(QA − qA)− (CA − cA)
β(R + V) + φ(QB − qB)− (CB − cB)

H + K(QA − qA) + K(QB − qB)

αR + φ(QA − qA)− CA − wA
βR + φQB − FB

γA H + FB + K(QA − qA) + K(QB)
Without

Collaborative
Governance

1 − x

αV + φQA − FA
βV + φ(QB − qB)− CB − wB

γBH + FA + K(QA) + K(QB − qB)

−FA + φQA
−FB + φQB

FA + FB + K(QA) + K(QB)

1. Firstly, we conduct an evolutionary game stability analysis, for which we require the
equilibrium point.
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Proposition A1. There exist multiple local equilibrium solutions in this evolutionary game dy-
namic system: E1(0, 0, 0), E2(0, 0, 1), E3(0, 1, 0), E4(1, 0, 0), E5(0, 1, 1), E6(1, 1, 0), E7(1, 0, 1),
and E8(1, 1, 1). These equilibrium solutions all satisfy F(G) = 0, F(A) = 0, F(B) = 0.

Proof. Let F(G) = 0, F(A) = 0, F(B) = 0, and find the equilibrium point.
For central government G:

F(G) = ((FA(−1 + x)− GAx + FB(−1 + y)− GBy)(1 − z)z) = 0

The equilibrium condition is as follows:

• z = 0.
• z = 1.
• (FA(−1 + x)− GAx + FB(−1 + y)− GBy) = 0.

For local government A:

F(A) = −(1 − x)x(CA + wA − cAy − wAy − zGA + FA(−1 + z)−
αR + αyR − αyV + φqA) = 0

The equilibrium condition is as follows:

• x = 0.
• x = 1.
• CA + wA − cAy − wAy − zGA + FA(−1 + z)− αR + αyR − αyV + φqA = 0.

For local government B:

F(B) = −(1 − y)y(CB + wB − cBx − wBx + FB(−1 + z)− GBz−
βR + xβR − xβV + φqB) = 0

The equilibrium condition is as follows:

• y = 0.
• y = 1.
• CB + wB − cBx − wBx + FB(−1 + z)− GBz − βR + xβR − xβV + φqB = 0.

□

2. In the case of local equilibrium point stability, the Jacobian matrix is represented as
follows:

For the stability situation of the local equilibrium point E1(0, 0, 0), the Jacobian matrix
can be expressed as follows:

J =

 −FA − FB 0 0
0 −(CA + wA − FA − αR + φqA) 0
0 0 −(CB + wB − FB − βV + φqB)


For the stability situation of the local equilibrium point E2(0, 0, 1), the Jacobian matrix

can be expressed as follows:

J =

 FA + FB 0 0
0 −(CA + wA − GA − αR + φqA) 0
0 0 −(CB + wB − GB − βV + φqB)


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For the stability situation of the local equilibrium point E3(0, 1, 0), the Jacobian matrix
can be expressed as follows:

J =

 −FA − GB 0 0
0 −(CA − cA − FA − αR + φqA) 0
0 0 (CB + wB − FB − βV + φqB)


For the stability situation of the local equilibrium point E4(1, 0, 0), the Jacobian matrix

can be expressed as follows:

J =

 −GA − FB 0 0
0 (CA + wA − FA − αR + φqA) 0
0 0 −(CB − cB − FB − βV + φqB)


For the stability situation of the local equilibrium point E5(0, 1, 1), the Jacobian matrix

can be expressed as follows:

J =

 FA + GB 0 0
0 −(CA − cA − GA − αR + φqA) 0
0 0 (CB + wB − GB − βV + φqB)


For the stability situation of the local equilibrium point E6(1, 1, 0), the Jacobian matrix

can be expressed as follows:

J =

 −GA − GB 0 0
0 (CA − cA − FA − αR + φqA) 0
0 0 (CB − cB − FB − βV + φqB)


For the stability situation of the local equilibrium point E7(1, 0, 1), the Jacobian matrix

can be expressed as follows:

J =

 GA + FB 0 0
0 (CA + wA − GA − αR + φqA) 0
0 0 −(CB − cB − GB − βV + φqB)


For the stability situation of the local equilibrium point E8(1, 1, 1), the Jacobian matrix

can be expressed as follows:

J =

 GA + GB 0 0
0 (CA − cA − GA − αR + φqA) 0
0 0 (CB − cB − GB − βV + φqB)


3. From the various items in the Jacobian matrix, we can determine that the solution of

the equilibrium point is as follows:

For central government G:

∂F(G)
∂z = (1 − 2z)(FA(−1 + x)− xGA + FB(−1 + y)− GBy)

∂F(G)
∂x = z(1 − z)(FA − GA)

∂F(G)
∂y = z(1 − z)(FB − GB)



Systems 2025, 13, 153 27 of 31

For local government A:

∂F(A)
∂z = −(1 − x)x(FA − GA)

∂F(A)
∂x = −(1 − 2x)(CA + wA − cAy − wAy − zGA + FA(−1 + z)− αR + φqA)

∂F(A)
∂y = −(1 − x)x(−cA − wA)

For local government B:

∂F(B)
∂z = −(1 − y)y(FB − GB)

∂F(B)
∂x = −(1 − y)y(−cB − wB)

∂F(B)
∂y = −(1 − 2y)(CB + wB − cBx − wBx − zGB + FB(−1 + z)− βV + φqB)

4. Sensitivity analysis of the model.

Assume that K(Q) is a monotonically increasing function with respect to Q. The
game payoff matrices for the collaborative governance of local government A and local
government B when central government G implements subsidy policies and punishment
policies are shown in Appendix A Tables A1 and A2.

(1) The replication dynamic equation and evolution path of central government G.

The expected revenue of central government G when it selects the subsidy policy is:

EY
G = xy(H − GA − GB + K(QA − qA) + K(QB − qB)) + x(1 − y)(γAH − GA+

K(QA − qA) + K(QB)) + (1 − x)y(γBH − GB + K(QA) + K(QB − qB))+

(1 − x)(1 − y)(K(QA) + K(QB)),

The expected revenue of central government G when it selects the penalty policy is:

EN
G = xy(H + K(QA − qA) + K(QB − qB)) + x(1 − y)(γAH + FB+

K(QA − qA) + K(QB)) + y(1 − x)(γBH + FA + K(QA) + K(QB − qB)) + (1−
y)(1 − x)(FA + FB + K(QA) + K(QB)),

The expected revenue of central government G when it chooses the supervision and
non-supervision strategies with probabilities of z and 1 − z is:

E(G) = zEY
G + (1 − z)EN

G ,

Then, the replicator dynamic equation of local government G is:

F(G) = dz
dt = z

[
EY

G − E(G)
]
= z

[
EY

G − zEY
G − (1 − z)EN

G
]
= z(1 − z)

(
EY

G − EN
G
)

= z(1 − z)[x(FA − GA) + y(FB − GB)− (FA + FB)]

(2) The replication dynamic equation and evolution path of local government A.

The expected return when local government A selects a collaborative strategy is:

EY
A = zy[α(R + V) + φ(QA − qA) + GA − (CA − cA)] + z(1 − y)(αR+

φ(QA − qA)− CA − wA + GA) + (1 − z)y × [α(R + V) + φ(QA − qA)−
(CA − cA)] + (1 − y)(1 − z)(αR + φ(QA − qA)− CA − wA),

The expected payoff when local government A chooses the “free-rider” strategy is:

EN
A = zy[αV + φQA] + z(1 − y)(φQA) + (1 − z)y[αV + φQA − FA]+

(1 − y)(1 − z)(−FA + φQA),
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The expected return of local government A when it chooses the collaborative and
“free-rider” strategies with probabilities x and 1 − x, respectively, is:

E(A) = xEY
A + (1 − x)EN

A ,

Then, the replicator dynamic equation of local government A is:

F(A) = x
[
EY

A − E(A)
]
= x

[
EY

A − xEY
G + (1 − x)EN

G
]
= x(1 − x)

(
EY

A − EN
A
)

= −(1 − x)x(CA + wA − cAy − wAy − zGA + FA(−1 + z)− αR + φqA)
,

(3) The replication dynamic equation and evolution path of local government B.

The expected return when local government B selects a collaborative strategy can be
expressed as follows:

EY
B = xz[β(R + V) + φ(QB − qB) + GB − (CB − cB)] + z(1 − x)(βV+

φ(QB − qB)− CB − wB + GB) + (1 − z)x[β(R + V) + φ(QB − qB)−
(CB − cB)] + (1 − x)(1 − z)(βV + φ(QB − qB)− CB − wB),

The expected payoff when local government B selects the “free-rider” strategy is:

EN
B = zx(βR + φQB) + (1 − z)x(βR + φQB − FB) + (1 − x)z[φQB]+

(1 − x)(1 − z)(−FB + φQB),

The expected return of local government B when it chooses the collaborative and
“free-rider” strategies with probabilities y and 1 − y, respectively, is:

E(B) = yEY
B + (1 − y)EN

B ,

Then, the replicator dynamic equation of local government B is:

F(B) = y
[
EY

B − E(B)
]
= y(1 − y)

(
EY

B − EN
B
)
= −(1 − y)y(CB + wB − cBx−

wBx − zGB + FB(−1 + z)− βV + φqB),

In this part, the robustness analysis of the model was carried out. Specifically, the
linear relationship δQ originally representing the relationship between central tax and
enterprises was transformed into the function relationship K(Q) of central tax. After in-
depth research, it was found that for central government G, local government A, and local
government B, their respective dynamic replication equations obtained under the situation
of a linear relationship between central tax and enterprises are consistent with those in the
case where the relationship between central tax and enterprises is the function relationship
K(Q). Moreover, the subsequent propositions and inferences remain unchanged as well.
Thus, it can be seen that whether or not there is a linear or functional relationship between
the central government’s tax revenue and enterprises will not affect the research results.
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