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Abstract: Environmental pollution management is about the sustainable development effects of
enterprises and the quality of life of people. However, the frequent occurrence of various types of
enterprises polluting the environment in recent years has revealed many problems, such as the lack
of monitoring by relevant central agencies, the ineffective supervision by local governments, and the
failure of public complaints. This paper considers the rent-seeking phenomenon of enterprises in
pollution prevention and control, constructs a tripartite evolutionary game model between enterprises,
local governments and central government, analyzes the evolutionary stability of each participant’s
strategy choice, explores the relationship between the influence of each factor on the strategy choice
of the three parties, and further analyzes the stability of the equilibrium point in the tripartite game
system. The results show that there is no evolutionary equilibrium strategy in the current Chinese
environmental governance system; the reward and punishment policies of the local government and
central government have a guiding effect on the strategy choices of enterprises in a short period of
time, but the guiding effect will gradually weaken after a period of time, and cannot completely
curb the irregular strategies of enterprises; the dynamic reward scheme can effectively alleviate
the fluctuation of the game system and make the strategy choices of enterprises converge to the
ideal state.

Keywords: environmental governance; dynamic rewards and punishments; simulation analysis;
tripartite evolution game

1. Introduction

After 1978, China’s GDP was known as the “Chinese miracle” with an average annual
growth rate of nearly 10% [1], but behind the rapid economic development was the scale
investment of resources and energy and the traditional emergency rescue development
mode with high investment, high consumption, and high pollution. On the one hand,
according to the “2020 Eco-Environmental Quality Profile”, the average proportion of
light pollution, moderate pollution, heavy pollution, and serious pollution in 337 cities
above the prefecture level in 2020 will be 13%, and 135 cities still have air pollution. Hebei
Province, Henan Province, Shanxi Province, and Shandong Province are the provinces
with the highest concentrations of non-standard and severely polluted areas. China ranks
12th from the bottom according to the data of the 2020 Global Urban Air Pollution Survey
Report; the air quality of the majority of domestic cities still exceeds the standard; 32 cities
are on the list. In addition, according to a document from the Ministry of Ecology and
Environment of the People’s Republic of China, water pollution in the central and southern
regions is severe, and the carrying capacity of resources and the environment in certain
regions is nearing its limit [2], which means that the need for a shift in the social and
economic development model has become increasingly apparent. On the other hand, as
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China’s economy enters the new normal, the contradiction between economic development
and environmental protection is increasingly intensified [3], which objectively requires
China to constantly innovate its economic development model and achieve green and
sustainable economic development. It also means that green development has become an
inevitable trend. To this end, the Chinese government has issued a large number of relevant
environmental regulation policies [4-6]. The report of the 19th National Congress of the
Communist Party of China identified pollution prevention and control as one of the three
major battles of the new era, and proposed that air, water, soil, and agricultural non-point
source pollution should be the primary objectives of future governance, aiming to guide and
urge resource-based enterprises to actively implement green transformation, and further
form a green development system of “central government monitoring, local government
regulation and corporate implementation”. In other words, the central government entrusts
and authorizes the Ministry of Ecology and Environment of the People’s Republic of
China to supervise the implementation of the environmental policies of local governments
and the green development of enterprises [7], and local governments are responsible for
carrying out the supervision and enforcement of the green development of enterprises
in their regions [8], so as to ensure the consistency of the top and bottom, and make
joint efforts to stifle and reverse the trend of increasing resource depletion and ecological
degradation in the country at source [9]. Similarly, a similar three-level management
system exists in certain nations, such as the “EPA-state government-enterprise” structure
in the United States and the “AGDA-state/local government-enterprise” structure in
Australia, etc. Under this system, even though it helps to improve the effectiveness of
environmental governance, the phenomenon of companies ignoring the environment in
pursuit of their greatest interests is still prevalent [10], according to information reported
by the Ministry of Ecology and Environment from January to December 2021. There were
132,800 environmental administrative penalty decisions issued at the national level, with a
total of CNY 11,687 billion in fines and confiscations and an average fine of CNY 88,000
per case. This exposed the extent of environmental pollution caused by certain businesses
as well as numerous problems, such as the ineffectiveness of local government oversight
mechanisms and the failure of central government oversight. Governance of these issues
is crucial for the development of the nation, the well-being of the population, and the
sustainable growth of businesses.

Nowadays, the majority of research on environmental governance focuses on the
underlying causes of environmental pollution, the formulation and implementation of
environmental policies, and the study of the game relationship between environmental gov-
ernance subjects. In research on the causes of pollution, on the one hand, scholars examine
the impact on the polluted environment in terms of economic development [11], techno-
logical development [12], and industrial structure [13]. For instance, Tian [14] believes
that excessive pursuit of the economy will lead businesses to disregard environmental
protection and cause environmental pollution; the environmental pollution caused by
technological development is reflected in daily life, such as automobile exhaust emissions
and waste cosmetics and cleaning products. The disposal of supplies exerts some pressure
on the environment [15]; the impact of industrial structure changes on the environment
is mainly reflected in the energy industry. Shi et al. [16] believed that as coal resources
are depleted, the energy- and resource-intensive industrial structure will accentuate and
exacerbate environmental pollution issues. In this regard, some scholars believe that ef-
fective pollution reduction can be achieved through the implementation of appropriate
environmental protection policies.

From an environmental policy perspective, in recent years, countries have developed
environmental policies centered on a low-carbon economy, pollution prevention and con-
trol, energy conservation, emission reduction, and cleaner production. For instance, the
Chinese government’s “14th Five-Year Plan for Soil, Groundwater and Rural Ecological
Environmental Protection,” the United States” “National Environmental Policy Act” and
“Qil Pollution Act,” and Australia’s “Clean Air Regulations,” etc. On the basis of dis-
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tinct policy characteristics, these policies can be categorized as command-and-control,
market-incentivized, or public participation. The command-and-control type refers to the
government’s direct control [17]; the market-incentive type is a policy that encourages
enterprises to conduct cleaner production through the formulation of various reward and
punishment policies [18]; and the public-participation type refers to public participation
and encourages public participation in the form of reporting and supervision [19]. En-
vironmental governance policies are aimed at enhancing the efficiency of environmental
governance. According to the various ways that policies are initiated, they are typically
divided into two categories: “central initiation-local application” and “central initiation.”
The “central initiation” policy is typically a non-local, normative policy that lacks local
characteristics. The second is to require the local government to develop a local policy
based on the interpretation of the central policy and to combine local characteristics with a
strong sense of individuality.

In the study of environmental governance subject behavior, some scholars have in-
dicated enterprise industrial activities are the primary factor leading to environmental
deterioration [20], arguing that Chinese enterprises are capital intensive, and green devel-
opment must bear high adjustment costs and sunk costs [21], under huge cost pressure
enterprises will inevitably lead to the local government “rent-seeking” to seek interest
exchange [22]. Some local governments with local protectionism are afraid of the threat of
interest damage and take the opportunity to exchange interests with “rent-seeking” enter-
prises, and to achieve “win-win” [23]. Due to information asymmetry [24], it is difficult for
the central government to grasp local environmental behaviors in time, leading to the long-
term existence of such “cooperation” between enterprises and the local government [25].
The state has also introduced environmental tax [26] and other governance measures, but
has still failed to fundamentally solve the environmental pollution problem, which has
brought great losses to the society. Game analysis is helpful to simulate and predict the
implementation effect of environmental tax regulations and reward and punishment mea-
sures. Using evolutionary game theory, Xiu [27] and Aubert [28] discussed the complexity
of rare earth mining areas and water resource environmental governance. Sun et al. [29]
used evolutionary games to demonstrate that central government regulation positively
affects the strategies chosen by local municipal governments and businesses. Wang [30]
analyzed the effect of market regulation on economic and environmental performance
using evolutionary game theory; Luo [31] and Wang et al. [32] used evolutionary game
theory to analyze the environmental governance strategy game between local governments
or environmental regulatory departments and enterprises and found that the cost of gov-
ernment supervision and the punishment of illegal enterprises are the key factors affecting
the behavior of both sides.

To sum up, the existing studies have affirmed the enterprise, local government, and
national ecological environment role in environmental governance, but these studies have
mostly analyzed enterprises, local government, and central government as a separate
individual, lacking in environmental governance interests between the interests and quanti-
tative considerations of behavior interaction. Given that evolutionary games are an effective
method to study the dynamics of multi-actor strategies with limited rationality, they are
also applicable to the study of environmental governance. This paper constructs a three-
party evolution game model of enterprises, local government, and central government, and
analyzes the interactive behaviors of the three parties in environmental governance from
the perspective of game theory. By solving the equilibrium strategy, the evolution law of
enterprise behaves differently under different situations and the interaction mechanism be-
tween enterprises, local governments, and central government provides a factual basis for
the governance role of the local government and central government; lastly, relevant coun-
termeasures and suggestions are proposed based on the game derivation and numerical
analysis results.

The rest of this paper is organized as follows: Section 2 constructs a three-party
evolutionary game model; Section 3 introduces the evolutionary stability strategies in
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different situations through numerical simulation and illustrates the impact of parameter
changes on these strategies; Section 4 discusses the simulation results of Section 3; and
finally, Section 5 discusses the conclusions of this study and proposes corresponding
policy recommendations.

2. Materials and Methods

Numerous variables come into play when it comes to environmental governance. This
paper, in accordance with Chinese policy, draws on Ioppolo’s point of view [25] and selects
enterprises, local governments, and central government as game participants from various
administrative levels in China. Each of the three will consider how to make the best use of
available resources in order to maximize their own benefits, and each participant will have
two strategies to choose from.

There are two environmental management strategies available to businesses: “Cleaner
Production” and “Non-cleaner production.” Cleaner Production: On the one hand, busi-
nesses must incorporate environmental management into their planning and decision-
making processes, actively fulfill their corporate social responsibility, optimize resource
allocation, and reduce waste and pollution emissions. On the other hand, they must invest
human and financial resources in order to acquire or develop cutting-edge technological
products, optimize the use of secondary energy, and achieve energy conservation and con-
sumption reduction, among other environmental goals. Non-cleaner production: Negative
treatment of environmental management, including inaction on environmental manage-
ment, in production and operations focuses exclusively on the costs and benefits directly
related to their own interests, ignoring the social and environmental costs associated with
their operations.

Local governments employ two strategies in the environmental governance process:
“Regulation” and “Non-regulation.” Regulation: Enforcing environmental protection laws
and standards at the national level, developing guidelines for regional environmental
governance, establishing limits on the total amount of pollution in the area under their
jurisdiction, and rigorously approving construction, renovation, and other projects involv-
ing various enterprises within their jurisdiction. Non-regulation: focuses exclusively on
economic development within the jurisdiction’s boundaries, ignores sustainable green de-
velopment, and takes no action against enterprises’ environmentally irresponsible behavior.

Central government employs two strategies in the process of environmental gover-
nance: “Monitoring” and “Non-monitoring.” Monitoring includes developing and im-
proving policies related to ecological and environmental protection, assessing the extent
to which provincial and municipal governments implement their policies, supervising
the implementation of national emission reduction targets, and so forth. Non-monitoring
entails failing to pay attention to provincial and municipal environmental development,
failing to investigate the implementation of provincial and municipal policies, and ignoring
public demands for a greener living environment, among other things.

2.1. Model Assumptions

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

Hypothesis 1 (H1). Assume that the probability of an enterprise choosing a “Cleaner Production”
strategy is x and 0 < x < 1, and that the probability of an enterprise choosing a “Non-cleaner
production” strategy is 1 — x. The enterprise’s primary benefit is R;. When an enterprise opts for
the “Cleaner Production” strategy, it incurs the cost C1. Simultaneously, the local government and
central government will provide enterprises with E1 subsidies and E, rewards for their behavior.
When enterprises prioritize profit maximization over environmental protection and cause excessive
environmental pollution, they will face punishment Q from the local government. However, if
the local government adopts a strict supervision strategy during this time period, it will not only
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confiscate the rent-seeking cost K (K < Cy), but also punish the enterprise S1. Additionally, regardless
of the strategy employed by an enterprise, it must pay an environmental tax. The tax rate is «,
but the amount of pollutants discharged under various strategies varies. When an enterprise is
committed to cleaner production, the amount of pollutants discharged is M1, but when it is not, the
amount is My (M, > Mj).

Hypothesis 2 (H2). Assume that the probability of the local government adopting the “Regulation”
strategy is y and 0 <y < 1; and that the probability of the local government adopting the “Non-
requlation” strategy is 1 — y. The local government’s basic income is Ry. When local governments
exercise strict oversight, they incur time, energy, and other costs C,. If the local government is
carefully supervised by central government, and if the local government is properly supervised,
the local government will receive Eq. If it is determined that the local government was negligent,
punitive measures will be taken against it, which will be recorded as S;. If the enterprise is found to
have violated environmental protection laws during this time period, central government will also
hold the local government accountable H.

Hypothesis 3 (H3). Assume that central government chooses the “Monitoring” strateqy with a
probability of z and 0 < z < 1; the probability of choosing the “Non-monitoring” strategy with a
probability of 1 — z. Bear in mind that central government’s basic income is Rz, and the cost of
monitoring is C3. When central government chooses not to supervise, and local governments and
enterprises “combine with the same stream,” their own credibility is diminished, resulting in social
losses D.

On the basis of the foregoing assumptions, the strategic combination between the
enterprise, the local government, and central government can be obtained, as shown in
Tables 1 and 2.

Table 1. The benefit matrix of the tripartite game between enterprises, local governments, and central
government.

Game Participants

Local Government

Regulation (y) Non-Regulation (1 — y)
7C1+R1+E1+E270€M],’ 7C]+R1+E2*D(M1;
Monitoring (z) —Cy+ Ry — E1 + E3 + aMy; Ry — Sy + aMy;
PC1eane.r Central R3 — C3 — E3 — E2 R3 — C3 + Sz — Ez
roduction
) Government Non- —C1+ Ry +E1 — aMy; —C1 + Ry — aMy;
. . *Cz + R2 — El + D(Ml; R2 + tXM],’
Monitoring (1 — z) Rs Rs
Enterprise
Rl—sl—Q—K—(XMz; Rl—K—Sl—WMz;
N ) Monitoring (z) —Co+ Ry + Q+K + E3 + aMpy; Ry +K+ S, — H;
on-cleaner R3 —C3 —E3+ S R3 —C3+51+5;
Production Central
a1 —x Government Non- Ri — Q — K — aMy; Ry — K — aMpy;
Monitoring (1 — z) —Cy+Ry+Q+ K+ E3 +aMy; Ry + K — H+ aMy;
& Ry — D Ry —D

Note: The relationships of all formulas in the table are derived from the above assumptions.
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Table 2. Definition of variables within the model.

Symbols Definition
C1 The cost of cleaner production
(@) The cost of regulation
Cs The cost of regulation
Ry Corporate basic income
R, Local basic benefits
R3 Central government’s basic income
51 When corporate rent-seeking is found to be punished
Sy When local governments do not supervise, they are punished
D Social losses when central government does not monitor

Table 2. Cont.

Symbols Definition

Local government punishes companies for not being
environmentally friendly

K Corporate rent-seeking costs

Local governments are punished with additional governance costs

H additional treatment costs
Eq Local government subsidies to enterprises
E, Central government rewards enterprises
Es Central government awards local governments
104 Environmental tax rate
M, Pollution emissions of enterprises during cleaner production
M, Pollution emissions when companies ignore the environment

Note: The variables in the table are derived from the above assumptions and correspond to the formulas in Table 1.

2.2. Model Analysis
2.2.1. Replication Dynamic Equation and Equilibrium Points of Enterprise

Note that the expected value of a company adhering to cleaner production is V11 and
the expected value of adopting a neglectful approach to environmental development is V1,
with an average expected value of V.

Vii. = yZ(—C1 +Ry+Ei+Ey— IXM1) + (1 —y)Z(—Cl + R+ E; — IXMl)
+y(1—2)(—=C1+ Ry +E1 —aMy)+ (1 —y)(1 —z)(—C1 + Ry —aMy)

Viz :yZ(Rl—Sl—Q—K—UCMz)-i-(l—y)Z(Rl—Sl—K—IXMz)

Ay -2)(Ri = Q- K—aMy) + (1 —y)(1 —z)(R; — K—aMy)

Ve =aVi1+(1—-x)Vp

Then, the replication dynamics equation for cleaner production in companies is:

F(x) =% =x(1-x)(Vi1— Vi)
=x(1—-x)[(E1 +Q)y+ (E2 + S1)z +a(My — My) + K — (]
G(z) =(E1+Q)y+ (E2+S1)z+a(My — M) +K—-C

According to the differential equation stability theorem, for an enterprise’s probabil-
ity of choosing cleaner production to be stable, it must satisfy the following conditions:
F(x) =0and dF(x)/dx < 0. G(z) is an increasing function with respect to z due to
d0G(z)/dz > 0.

Thus, when z = [C; — K—a(My — My) — (E1 + Q)y]/(S1+ E2) = z*, G(z) = 0,
dF(x)/dx =0, and F(x) = 0, all x are in the evolutionary stable state; when z<z*, G(z) <0,
dF(x)/dx|, _ <0, then x = 0 is the enterprise’s evolutionary stable strategy; otherwise,
x = 11is the enterprise’s evolutionary stable strategy.
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2.2.2. Replication Dynamic Equation and Equilibrium Points of Local Government

Note that the expected value of a local government to regulation is V51, the expected
value of a local government to no-regulation is V,, with an average expected value of V.

Vor =xz(—Co+Ry—E1+Es+aMp)+x(1—z)(—Co+ Ry — E; +aMy)
+(1—x)z2(-Co+ Ry + Q+ K+ Ez +aMy)
+(1—-x)(1-2)(—Co+ Ry + Q+ K+ aMy)

Voo =xz(Ry — Sp +aMq) +x(1— Z)(Rz + lXMl)
+(1—x)z(Ry+K—=S, —H+aM) + (1 —x)(1 —z)(Rp + K— H + aMy)
Vy=yVar +(1-y)V
Then, the replication dynamic equation for strict local government regulation is

=y(1—y) (Va1 — Vo)

Fy) =g
y(I-y)[(Es+S2)z— (E1 +H+Q)x + H+ Q — (]

J(z) =(E3+S2)z— (E1+ H+Q)x+ H+Q—C,

According to the differential equation stability theorem, the probability of local gov-
ernments exercising strict supervision in a stable state must satisfy the following conditions:
F(y) = 0 and dF(y)/dy < 0. As a result of 9](z)/9dz > 0, J(z) is an increasing function
in terms of z. Thus, whenz = [(E1+ H+ Q)x —H—Q+ C]/(E3+ S2) = z*, J(z) =0,
dF(y)/dy = 0 and F(y) = 0, all y are in an evolutionary stable state; when z < z*, J(z) <0,
dF(y)/ dy|y _ 0<0,y = 0is the local government’s evolutionary stability strategy; otherwise,
y = 11is the local government’s evolutionary stability strategy.

2.2.3. Replication Dynamic Equation and Equilibrium Points of Central Government

The expected value of monitoring by central government of the People’s Republic of
China is V31, and the expected value of non-monitoring is Vs, the average expected value
is V.

Vi =xy(Rs —C3— E3 — E2) + x(1 - y)(Rs = C3 + S2 — E»)
+(1-x)y(R3—C3—E3+S1)+(1—x)(1—y)(R3 —C3+ 51+ S7)

Vao = xyR3 + x(1 = y)Rs + (1 = x)y(Rs — D) + (1 — x)(1 = y)(R3 — D)
Vo=2Va+(1-2)Vn

Then, the replication dynamic equation for central government is

Il
N o

F(z) 4 =2(1—2) (Va1 — Vi)
(1 —Z)[—(E3+Sz)y— (E2+51 +D)x+51 +52+D—C3]

L(y) = —(E3+S2)y— (E2+S1+D)x+S1+S2+ D —Cs3

According to differential equations’ stability theorem, the probability that central gov-
ernment chooses to monitor in a stable state must satisfy the following conditions:F(z) = 0
and dF(z)/dz < 0. L(y) is a decreasing function with respect to y due to dL(y)/dy < 0.
Thus, when Yy = [51 +S+M;+D—-C3— (Ez + 51+ D)X]/(Eg + 52) = v5, L(y) =0,
dF(z)/dz = 0 and F(z) = 0, then all y are in an evolutionary stable state; when y < v/*,
L(y) >0and dF(z)/dz|, _ ;> 0, thenz =01is central government’s evolutionary stabilization
strategy; otherwise, z = 1 is the evolutionary stabilization strategy.

While the evolution process of a game system composed of enterprises, local govern-
ments, and central government can be described by their respective replication dynamic
equations, it is still impossible to predict the equilibrium point to which the system will
tend during the evolution process. We obtain eight pure-strategy equilibrium solutions
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and multiple mixed-strategy equilibrium solutions using the differential equations’ sta-
bility principle [33]. However, as Ritzberger’s research [34] indicates, the mixed strategy
equilibrium solution cannot be an evolutionary stable strategy (ESS); this game system
requires only the analysis of eight pure strategy equilibrium solutions. The three-party
evolutionary game has a different stability analysis than the two-party evolutionary game.
Friedman’s positive and negative determination of the Jacobian matrix determinant and
trace to discuss the ESS is no longer applicable, and the Lyapunov first judgment method is
used in this paper to carry out the ESS’s judgment. The necessary and sufficient condition
for the system to be asymptotically stable is that all eigenvalues of the Jacobian matrix
have negative real parts; if at least one of the eigenvalues of the Jacobian matrix is positive,
the equilibrium point is the evolutionary unstable point; if the eigenvalues of the Jacobian
matrix contain both zero and negative values, the equilibrium point is in a critical state,
and its stability depends on the following sections, which will examine the stability of each
strategy combination. The game system’s Jacobian matrix is as follows:

oF(x)/0x OF(x)/dy oF(x)/oz
J=| 0F(y)/ox O0F(y)/dy OF(x)/oz
0F(z)/0x O0F(z)/dy OF(z)/oz
OF(x)/0x = (1 —2x)[(E1 + Q)y + (E2 + S1)z + a(My — My) + K — C4]
oF (x)/dy = x(1—x)(E1 + Q)
oF (x )/8 =x(1-x)(S1 + Ep)
oF(y)/9x = y(1 - y)(B —z53)
dF(y) /oy = (1 =2y)[(Es +S2)z — (E1 + H+ Q)x + H+Q — ]
oF(y)/0z = y(1 —y)(Es + S2)
0F(z)/dx = —z(1 —z)(Ez + S1 + D)
oF(z)/dy = —z(1 —z)(E3 + 52)
0F(z)/0z = (1 —2z)[—(E3+ S2)y — (E2+ S1+ D)x+ S1 + So + D — G35

To obtain the corresponding eigenvalues, substitute each equilibrium solution into the
above Jacobian matrix, as shown in Table 3.
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Table 3. Stability analysis of balancing points.

Balancing Point Eigenvalue Aq,A5,A3 Stability
E2+51+Q(M27M1)+K7C1,
(0,0,1) Es+S,+H+Q—Cy, Conditional
C3—5—-5-D
E1+E+Q+ S +a(My;—M;)+K—Cy,
0,1,1) C,—H—-Q—E3—S5, Conditional
E3—51—-D+C;
Eq +Q+0¢(M27M1)+K7C1,
(0,1,0) C,—H-Q, Conditional
—E3+5+D—-Cs
C1 — K—a(My — M),
(1,0,0) C, — Eq, Conditional
—Ey+ 5, —C3
leKfslegle(szMl),
(1,0,1) Es+ Sy —E; —Cy, Conditional
Ey — S, +Cs
C —K—-Q—E —a(My— M),
(1,1,0 Co + Eq, Unstable
—C3—Ey—Ej
a(Mp — M) +K—=Cy,
(0,0,0) H+Q—-GCy, Conditional
S1+S+D—-C;
Ci—K—-S—Ey—E; —Q—a(My— My),
(1,1,1) Cy+E; — Sy —Es, Unstable

C3+Ey+Es

Note: The eigenvalues are obtained by the matrix. Since C; + E; > 0 and C3 + E; + E3 > 0, the points (1,1,0) and
(1,1,1) are Unstable. Furthermore, based on the actual situation, the rent-seeking cost of an enterprise must be less
than the cost of cleaner production, that is, K < Cy, or it fails to meet the practical significance.

As an example, the point (0,0,0,) is used to discuss the conditions for satisfying the
evolutionary stabilization strategy. The eigenvalues of the Jacobi matrix of the system
at (0,0,0)are Ay = a(Mp — M) +K—C;, A = H+Q—Cy, A3 =51+ S+ D —Cs. If
A1<0, A2<0, A3<0 are also satisfied, then this point is a stable point for the evolution of this
conditional system. By analogy, the conditions for the remaining conditional asymptotically
stable points are shown in Table 4.
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Table 4. Stability conditions at each balancing point. (Unstable points excluded).

Balancing Point Conditions Number
E1+Q+a(My— M) +K—-C <0,
(0,1,0) C,—H-Q<QO, 1

—E3+5+D—-C3<0
C1 7K7£X(M2*M1) <0,
(1,0,0) —Cz — El < 0, 2
—Ey+5,—C3<0
leKfslezle(szMl)<O,
(1,0,1) Es+ Sy, —E;1 —Cy <0, 3
E, — S, +C3<0
lX(Mz*Ml)+K7C1 <0,
(0,0,0) H+Q-G <0, 4
S14+S+D—-C3<0.
Er + 51 +D¢(M27M1) +K—-Cq,
0,0,1) E3+Sy,+H+Q—Cy, 5
C3—51—-S5—-D
E1+E+Q+ S +a(My;—M;)+K—Cy,
0,1,1) Co—H-Q—E3—5y, 6
E3—S51—-D+Cj
Note: Unstable points have been removed from this table. In addition, for the convenience of discussion, the
possible stable points are marked with numbers, and the numbers have no practical significance.

As shown in Table 4, when central government does not monitor both local and
enterprise-level activities, there is only one stable strategy for enterprise-level cleaner pro-
duction with a value of No.2 (1,0,0), (cleaner production, no-regulation, no-monitoring),
which corresponds to the replicated dynamic phase diagram shown in Figure 1. In com-
bination 2, conditions —C, — E1<0, C; — K — a(Mp — M;)<0 and —E; + S; — C3<0 must
be met, namely that the cost of green development to the firm is less than the sum of the
firm’s rent-seeking costs and environmental taxes, and that the cost of strict monitoring by
central government is greater than the difference between the fines it collects from local
governments for poor regulation and the rewards it gives to firms.

(1,11

0,1,1)

(1,0,1)

(0,0,1)

(1,1,0)

©1,0
) 1,0,0

0,0,0)

Figure 1. (1,0,0) Copy dynamic phase diagram.

When central government chooses to monitor the local as well as the enterprise, there
exists a stable strategy combination of enterprise cleaner production with one value of
No.3 (1,0,1), i.e., (green development, no regulation, monitoring), which corresponds to
the replicated dynamic phase diagram shown in Figure 2. In combination 3, the conditions
Ci —K—81 — E; —a(My — M7)<0, E3 + Sp — C; — E1<0, E; — Sp + C3<0 need to be satis-
fied, that is, the cost paid by enterprises to choose cleaner production is lower than the
sum of rent-seeking costs, environmental taxes, fines for rent-seeking behavior, and the
state’s incentives for environmental behavior of enterprises; the sum of the cost of local
government supervision and the amount of subsidies paid to enterprises is lower than
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the sum of the incentives and penalties for proper supervision of local governments by
central government; the cost of strict monitoring by central government is lower than the
difference between the fines it charges local governments for poor supervision and the
incentives it rewards companies for their cleaner production practices.

1,1,1)

(0,1,1)

1,0,1)
(0,0,1)

" (1,1,0)

01,0 ) 7
h T 00
000

Figure 2. (1,0,1) Copy dynamic phase diagram.

3. Simulation Analysis

In a three-party game, the changes of various parameters will have varying effects
on the game’s strategic choices, which will in turn influence the dynamic changes of the
evolutionary process. Through simulation analysis, the validity of the game system’s
stability can be confirmed, and the evolution trend and speed of the game system in various
scenarios can be analyzed. This study analyzes the effect of changes in pollutant emissions,
environmental taxes, and static and dynamic reward and punishment measures on the
game system by assigning parameter values and utilizing Matlab tools to simulate the
behavior evolution process of the central government, local governments, and businesses.
To more accurately reflect the current state of environmental governance, we use relevant
cases (the Ministry of Ecology and Environment’s third batch of typical cases of ecological
environmental law enforcement) and parameter settings from the relevant literature [35] to
assign values to various variables, solet C; =4,C, =2,C3=4,R; =8, Ry =5,R3=3,51 =4,
$2=2,D=6,Q=2,K=1,H=1,E1=15E,=2,E3=1.

3.1. Simulation Analysis of Environmental Taxes and Emissions on Enterprises’ Strategy Choices

In reality, enterprise quality awareness is generally low, and their behaviors are
typically a mix of self-discipline and non-self-discipline, implying hypothesis x = 0.5;
local governments are constrained by limited regulatory resources, and while they can
investigate and deal with illegal enterprises quickly through special governance and other
methods, they cannot be normalized, implying hypothesis y = z = 0.5. According to the
existing research, the emission value and corresponding environmental tax coefficient
are changed before and after the enterprise pollutes, while the other parameters remain
constant, and the simulation is run with x = 0.5 as the enterprise’s initial strategy choice.

As illustrated in Figure 3, corporate strategy is influenced by both its own external
pollutant discharge and the external environment, such as changes in environmental tax
rates. If cleaner production can significantly reduce an enterprise’s pollutant emissions
and even partially offset the additional costs of cleaner production, businesses will be
more receptive to environmental protection. When the amount of pollutants discharged
under the two strategies remains constant, it is clear that environmental taxes have an
effect on business behavior. Increased tax rates will encourage businesses to prioritize
environmental stewardship over self-interest. Similarly, when the tax rate is constant,
businesses can effectively reduce pollution emissions by implementing green technology
and other environmental tools. The more emissions are reduced, the more businesses will
pursue cleaner production strategies.
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Figure 3. Impact of changes in emissions and taxes on the evolution of enterprise strategy choices.
(@) My — M =2; (b) My — My =4; (c) My — M =6.

3.2. Simulation Analysis of Incentives and Subsidies on Enterprises’ Strategy Choices

This section investigates the effect of local subsidies E; and state incentives E, on
corporate strategy selection. On the basis of the preceding section, the difference in pollutant
discharge between disregarding environmental protection decisions and pursuing cleaner
production is fixed at 4, that is, M; — My =4 and = 0.5. WithE; =1,2,3,4,and E; = 2,
3,4, 5, and all other data remaining constant, examine the local government and central
government under various initial strategy choices, with local subsidy E; and state reward
E;. The impact on enterprise strategy selection is illustrated in Figures 4 and 5.

04 1 0.4
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Figure 4. Impact of local subsidies on enterprises’ strategy choices. (a) E; =1; (b) E; =2; (c) E; = 3;
(d) Eq =4.
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Figure 5. Impact of central government incentives on enterprises’ strategic choices. (a) Ey = 2;
(b) E» =3; () E; = 4;(d) E» = 5.

As illustrated in Figures 4 and 5, the local government’s subsidy policy for cleaner
production and the state’s incentive policy for cleaner production both contributed to the
enterprise’s strategic choice. Increased subsidies and incentives will encourage businesses
to pursue a “cleaner production” strategy. Simultaneously, when subsidies and incentives
are identical, businesses are more susceptible to state-level incentives. Similarly, the likeli-
hood of central government’s participation and the likelihood of strict oversight by the local
government both have a propelling effect on corporate strategy selection. As the probability
of supervision increases, the likelihood of businesses shifting to “cleaner production” as an
initial strategy increases, but it will still show a downward trend over time, demonstrating
that despite increased participation and the amount of incentive subsidies, enterprises’
“non-cleaner production” behavior cannot be completely eradicated.

3.3. Simulation Analysis of Punishment on Enterprises’ Strateqy Choices

This section examines the effects of the local penalty Q on rent-seeking behavior and
the state penalty S; on an enterprise’s non-cleaner production behavior on its strategic
choice. WithQ=1,2,3,4, 51 =3, 4,5, 6, and all other data remaining constant, examine the
local government and central government under various initial strategy choices, including
the punishment Q from local governments and punishment S; from central government.
The impact on enterprise strategy selection is illustrated in Figures 6 and 7.

As illustrated in Figures 6 and 7, both local governments and central government have
aided in the promotion of positive strategy selection by businesses. Businesses will become
more receptive to the “cleaner production” strategy as punishment increases. Simultane-
ously, when subsidies and incentives are equal, businesses will initially respond more to
relevant local policies, but will eventually succumb to central government. Additionally,
the likelihood of participation by central government and the likelihood of strict oversight
by local governments both factor into the selection of corporate strategies. A “cleaner
production” strategy is more likely to be adopted when there is more monitoring and
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regulation, but this trend changes over time, which shows that a single punitive measure

has little effect on long-term decisions by businesses.

02

0.1

Figure 6. Impact of local governments’ penalties on enterprises’ strategy choices. (a) Q = 1;
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Figure 7. Impact of central government’s penalties on enterprises’ strategic choices

(b) 51 =4;(c) 51 =5;(d) Sy = 6.
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3.4. The Impact of Dynamic Reward and Punishment Subsidies on Enterprises” Strategy Choices

The analysis of central government’s and local government’s incentive, subsidy, and
penalty measures on enterprise strategic choice reveals that both incentive and penalty
factors can promote positive enterprise strategic choice over a short period of time, but
as the game cycle progresses, this driving effect weakens, and the ideal evolutionary
state becomes impossible to achieve, indicating that the static reward and punishment
strategy cannot satisfy the ideal effect. This is because the static scheme ignores the
degree of participation of subjects across time periods, leaving the problem of game system
oscillation unresolved. Therefore, under the dual premise of demonstrating that the reward
and punishment strategy is effective for corporate behavior and demonstrating that the
company is more receptive to incentive measures, optimize the above reward scheme such
that Eq; = —y2 + E1y,and Exp = —2z2 + Eyz, respectively, to replace the original E; and E;.
At this point, the copied dynamic equation is transformed into the following:

Fx) =x(1—x)[(—~* + Eiy + Q)y + (=2 + Exz + S1)z + a(My — My) + K — C4]
Fy) =y(1—y)[(Es+S2)z— (-y* + By + H+ Q)x + H+ Q — Gy
F(z) =z(1—z)[~(E3 + S2)y — (—z* + E2z+ S + D)x + S + S + D — C3]

Simultaneously, using the given data, the simulation analysis was repeated, this time
considering the direction of enterprise evolution for the three parties under various initial
probabilities (y, z equal to 0.1, 0.3, 0.5, 0.7, and 0.9, respectively), the results of which are
shown in Figure 8:

(c) (d)

Figure 8. Impact of dynamic incentive subsidy schemes on enterprises’ strategy choices. (a) x = 0.1;
(b) x=0.3;(c) x=0.5; (d) x = 0.8.

As illustrated in Figure 8, when dynamic incentives and subsidies are used, enterprises
tend to choose the “cleaner production” strategy when the initial probabilities are different.
This demonstrates that, as the game progresses, central government and local governments
should adjust the corresponding incentive and subsidy policies to reflect the real-time
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situation of enterprises, which can not only effectively reduce the cost of supervision and
supervision, but also assist enterprises in selecting the appropriate strategy.

4. Discussion

This article employs game theory to construct a game model with three dimensions:
national, local, and enterprise, and then uses simulation experiments to verify the effect
of environmental taxes, pollution emissions, static reward and punishment policies at
various administrative levels, and dynamic reward and punishment measures on cor-
porate strategic behavior choices. From a model-building perspective, the three game
players chosen in this paper in accordance with China’s “State Council Institutional Re-
form Plan” reflect the current state of China’s environmental management while also
providing a framework for environmental governance in other countries. This is because
the majority of other countries also have a three-tiered governance structure, such as
the “EPA-state government-enterprise” structure in the United States and the Australian
“AGDA-state/local government-enterprise” structure etc.

In terms of the impact of pollutant discharge and environmental taxes on corporate
decision making, Weitzman [36] has theoretically demonstrated that government depart-
ments’ use of taxation plays a significant role in promoting cleaner production enterprises.
According to Pearce [37], environmental taxes can both compel businesses to conserve
energy and reduce emissions and encourage businesses to improve their manufacturing
technology, thereby benefiting environmental development. The simulation results pre-
sented in this article on environmental taxation and pollutant discharge corroborate these
assertions. At the same time, this paper believes that businesses are the primary source of
environmental pollution, and that different types of businesses emit pollution at varying
levels. For example, manufacturing enterprises emit more pollution than other types of
businesses, and they are more sensitive to changes in environmental taxes. Environmental
pollution is relatively low for Internet companies, and changes in environmental taxes have
little effect on the development of businesses.

The simulation results in this paper confirm the viewpoints of Olubum [38] and
Devlin [39] regarding the impact of static reward and punishment policies on corporate
behavioral decision making. This effect is only temporary. It could be because the likelihood
of local governments and national departments participating changes over time, and the
sensitivity of enterprises to policies decreases over time. The incentive effect brought
by the static reward and punishment policy gradually declines and it may even induce
enterprises to take risks, engage in rent-seeking behavior, and achieve complicity [40], all
of which are consistent with the psychological characteristics of greed [41]. On the other
hand, existing research on the effects of reward and punishment policies on corporate
behavior has failed to account for the difference in corporate sensitivity to the two types
of decision making. The simulation results indicate that businesses are more sensitive
to state and local government incentive policies than to punishment policies, which is
consistent with economics” fundamental assumption—the bounded rational person who
“seeks benefits and avoids disadvantages [42],” because the purpose of the enterprise is
to maximize benefits. When incentive and punishment policies are sensitively compared,
enterprises are more sensitive to the state’s and government’s incentive policies.

The impact of dynamic reward policies on corporate behavior is more stable and
continuous than the simulation results of static reward and punishment policy. Scholars
in the financial industry [43], agriculture [44], the Internet [45], and other industries have
reached similar conclusions, but there are few studies on environmental protection. This
conclusion is psychologically consistent with the characteristics of classical conditioning
theory, namely “acquisition, extinction, recovery, and generalization [46].” When a static
reward and punishment policy is implemented, businesses are stimulated to engage in
the corresponding behaviors, but only for a limited time. This effect fades and fades over
time, reverting to unfriendly behavior. When an enterprise adopts a dynamic reward and
punishment policy, as the policy’s effect fades, the dynamic policy can cause the enterprise
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to adjust the policy in response to changes in the environment over time, generate new
incentives for the enterprise, and keep the enterprise’s decision-making choice. Any
decision made by the decision maker in the long-term development process of an enterprise
is made after a detailed analysis of the business environment of the enterprise, and the
policy environment determines the enterprise’s development in the external environment.
Changes in policies determine the development direction of an enterprise in the future. As
a result, if the reward and punishment policy does not change for a long time, the company
will make haphazard strategic decisions and will gradually tend to make decisions that
are unfriendly to the environment. Therefore, when the reward and punishment policy
have not changed for a long time, the enterprise will make tentative decisions on strategic
choices, and will gradually tend to make decisions that are not environmentally friendly.

5. Conclusions and Suggestions

This paper analyzes the strategic choices made by enterprises, local governments, and
central government under various tax systems, and reward and punishment programs,
and discusses the systematic dynamic evolution trends and stability strategies. The evo-
lution path of the game between enterprises, local governments, and central government,
as well as the position changes of equilibrium points, are numerically calculated using
MATLAB software. The following conclusions are drawn from this paper: there is no ideal
evolutionary equilibrium state in the game system under static policies; in comparison
to the punishment policy, the company is more sensitive to the reward policy, and while
both punishment and reward have a guiding effect on the company’s strategic choice in
the short run, the guiding effect gradually fades over time and cannot completely curb
the company’s irregular strategy; the dynamic reward scheme can effectively mitigate the
game system’s fluctuation and make enterprise strategy selection tend to be ideal. Based
on the above analysis, the following suggestions are made:

Firstly, strengthen government—enterprise exchanges and encourage technological in-
novation and enterprise transformation. Relevant government policies will have an impact
on a variety of business decisions. Strengthening communication between the govern-
ment and businesses can help businesses understand their future development directions,
which is beneficial to the development of strategic decisions for cleaner production. In
terms of communication, it has the potential to accelerate the transformation of enterprises’
technological innovation while also lowering the cost of cleaner production.

Secondly, broaden the methods of supervision and increase the visibility of corporate
wrongdoing. Local government supervision and supervision by central government in-
fluences enterprise strategic decision making, enriches supervision forms, and increases
the rate of violations by companies that violate regulations, which can not only improve
supervision effectiveness, but also have a deterrent effect on other companies. As a re-
sult, it is necessary to make effective use of social channels, such as the media, increase
the frequency of public communication, and improve the local governments’ and central
government’s supervision and supervision effects.

Thirdly, use dynamic incentive measures to increase the incentive effect of enterprises’
cleaner production. Static reward and punishment policies can only guide enterprises
toward more environmentally friendly production in the short term, but their guiding
role will gradually fade away as the development process progresses. To achieve the best
incentives, central government and local governments should adjust incentive measures in
response to changes in corporate behavior.

This paper also suffers from the following flaws, which warrant future research: due
to the numerous variables that influence the effectiveness of environmental governance,
this paper only selects three game subjects based on their administrative levels and other
factors. Future research can further enrich the game subjects, such as third-party polluting
businesses, the public, internal employees, etc., thereby improving the game model’s accu-
racy. Furthermore, during the assumption process, this paper makes assumptions based
on the behavioral interaction logic of the three parties and only considers the gains and
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losses of interest, which does not accurately reflect the actual game situation. In the future,
theories from various disciplines can be incorporated to further enrich the assumptions.
For example, prospect theory and public game theory. Finally, in the process of simulation
analysis, this paper refers to the third batch of typical ecological and environmental law
enforcement cases announced by the Ministry of Ecology and Environment in 2020 and the
related literature to set basic values. Although it has a certain degree of authenticity, due to
the small number of cases, each country’s policies are also different, so the applicability to
other countries will be affected to some extent.
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