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Although haze risk management is mainly under government control, willingness of stakeholders is compulsory to determine.
,erefore, this study constructs a tripartite game model of government, public, and enterprises and determines the haze risk
evolution model considering the initial willingness of stakeholders. Moreover, numerical simulation analysis was also conducted.
,e results revealed that stakeholders were affected by the change due to initial willingness to participate in and reach the
equilibrium at different speeds. It is found that if subsidy coefficient of the government is big, it will reach equilibrium faster. ,e
bigger the penalty coefficient is, the better the pollution reduction effect of pollutant discharge enterprises. It is found that, at the
final equilibrium stage, the government will eventually choose to withdraw from supervision, but the speed of withdrawing varies
with different regulatory intentions. Study results stress that the government should actively participate in supervision to reduce
environmental pollution.

1. Introduction

In central Asia, haze causes enormous health issues. In the
last five decades, haze in China reached the highest level [1].
According to the statistics of the world health organization,
in 2018, about 93% (1.8 billion children) of the children
under the age of 15 breathe haze every day which posed a
serious risk to health. In 2016, 600,000 children died of acute
lower respiratory tract infection caused by polluted air [2].
Haze became serious issue because it threats society,
economy, and health [3]. In order to tackle this problem, the
Chinese government has listed the treatment of haze pol-
lution as an important part of ecological civilization con-
struction [4]. China has achieved rapid economic growth;
however, less attention has been paid on environmental
issues [5].

Studies on haze risk mainly focused on governance risk
using evolutionary game method. Evolutionary game theory

to the adjustment process of group behavior as a dynamic
system describes the behavior of each individual and its
relationship with the community and the formation of a
mechanism of the individual behavior and group behavior
[6]. ,e theory was used to study the evolution mechanism
of haze risk stakeholders which usually involves three
groups, the government, the public, and the enterprises.
Recently, the research on tripartite game has gradually in-
creased. Che et al. [7] studied the evolution and stability
strategies of the government, small loan companies, and
small and microenterprises under the government loan risk
subsidy policy. Liu and Xia [8] constructed a tripartite game
model of stakeholders in the online lending market and
analyzed the influence of different strategy choices on the
operation of the online lending market. In terms of industry,
Zhou et al. [9] analyzed the evolution and stability strategy of
the three parties by establishing a tripartite asymmetric
evolutionary gamemodel among the government, the banks,
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and the enterprises on the basis of the government rewards
and punishments on banks and enterprises at the same time.
Yu and Chen [10] constructed a tripartite model of logistics
of the enterprises, the government, and the consumers and
analyzed the gradual stability of green innovation diffusion.
In addition, the tripartite game has been studied in terms of
energy conservation and environmental protection [11, 12],
carbon pollution reduction [13, 14], ecological compensa-
tion [15, 16], land expropriation [17], take-away waste re-
covery [18], and commodity quality [19] in combination
with stakeholders, environmental supervision evolution
strategy, and system dynamics [20, 21].

Most of the existing studies are based on perfect rationality
with special emphasis on game equilibrium analysis. It makes it
difficult to reveal themechanism of individual group formation
[22]. Because environmental problems have the characteristics
of historicity, incomplete information, and strong adaptability
of environmental subjects, every participant actually has some
rationality. Each player seeks optimization strategy through
simulation, learning, and variation.,erefore, researchers have
introduced evolutionary game theory into the study of envi-
ronmental supervision and analyzed the framework of strategic
interaction evolution. Zhang and Li [23] constructed an
evolutionary game model for heterogeneous intergovern-
mental collaborative control of haze and introduced the
compensation mechanism and punishment mechanism to
analyze the dynamic evolution path of the game system under
unconstrained conditions and the evolutionary stability
strategy under unconstrained conditions. Xu et al. [24] con-
structed an evolutionary game model to study urban low-
carbon traffic construction under the background of haze.

Literature focused on haze management but not on haze
risk in China. Pan et al. [25] and Jiang and Fang [26] used
evolutionary game theory to study the evolutionary game
equilibrium between government and enterprise behavior.
,e evolution of haze risk is mainly a two-party game, with
the social public as a variable and rarely as a participant. At
the same time, most tripartite game papers consider the
problem of how to calculate the stable equilibrium point and
the influence of parameter changes on the equilibrium point
and seldom pay attention to the initial willingness of
stakeholders. It can be seen from the literature retrieval that
the existing previous research results have certain reference
function for the management of haze risk but there were still
some deficiencies. First, most studies of haze risk use the
government and enterprises as the main stakeholders but
only introduce public behavior as exogenous variables into
the gamemodel, and there is no game analysis among public,
government, and enterprises. Second, there is no detailed
analysis of the way the government participates in the risk of
haze, and often only financial support was considered. ,e
mechanism of punishment for enterprises in the real world
was ignored. Finally, haze risk studies mainly focused on
governance and rarely involved other stakeholders.

Based on the research gaps, this study constructs a
tripartite game model including government, public, and
enterprises from the perspective of evolutionary game and
discusses the gradual stability of haze risk. Considering the
influence of the change of stakeholders’ willingness on the

steady and equilibrium speed of each participant, and in-
tegrating the government subsidy and penalty mechanism to
dynamically, the study analyzes the impact on pollution
reduction intensity of enterprises. Moreover, numerical
simulation is used to obtain the evolution path of haze risk
under different parameters.

2. Materials and Methods

2.1. Construction of the Tripartite Game Model. In order to
study the evolutionary gamemodel effectively, in the process
of describing the tripartite evolutionary game among the
government, public, and enterprises, it is necessary to make
some hypothesis.

Suppose there are three stakeholders in the game model.
,e government (local government), which shall supervise
and inspect the situation of enterprise pollution and for-
mulate relevant policies, the public, in order to monitor the
government implementation and enterprise pollution re-
duction efforts, and the enterprises, subject to the super-
vision of the government and the public, are the
implementer of reducing risk of haze.

Brokers’ hypothesis was as follows. ,e purpose of
stakeholders is to maximize their own interests. ,e govern-
ment is the advocate of environmental protection.,e focus of
regulatory departments in decision-making is to maximize
social and environmental interests, while the goal of the public
and enterprises is to maximize individual economy.

Finite rational hypothesis was as follows. ,is paper
discards the traditional game and chose the evolutionary
game, mainly because the limited rationality of stakeholders
is more in line with the actual situation.

,e government has two strategies: “supervise” and “no
supervise.” ,e public has two choices for the behavior
strategies of government and enterprises: “participation”
and “no participation”. Similarly, enterprises have two
strategies for haze risk: “no pollution” and “pollution.”

2.2. Definition of Parameters. According to the model hy-
pothesis, the parameters defined in Table 1 are used in the
model considered by the government, public, and enter-
prises when choosing the strategy.C1 <φP1 means that the
cost of management and control of enterprises is less than
that of sewage fines; otherwise, enterprises choose to dis-
charge pollutants. P4 >P3 >P2 >P1 is known by definition.
I>C5 means that the cost of pollution control is higher than
the opportunity cost of no pollution. R>C6 means that the
benefits of public participation are greater than the costs.

2.3. Construction of Payoffs Matrix. ,e evolution of haze
risk can be seen as a result of the dynamic game among
government, public, and enterprises. ,e strategies of
government supervision and no supervision, public par-
ticipation and no participation, and enterprise no pollution
and pollution are combined based on the hypothesis of the
model. ,e payoffs matrix of the three parties is shown in
Table 2.
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When the government chooses the supervision strategy,
the public chooses the participation strategy, and the en-
terprises choose the no pollution strategy. ,e government
payoffs are the benefits brought by the no pollution strategy
under the public participation F3 minus the regulatory cost
of the government C1 + C2 and the green no pollution
subsidy ωI to the enterprises, so the government payoffs are
F3 − ωI − C1 − C2.

,e public payoffs are the payoffs R of the participation
event minus the supervision cost C6 of the participation
event, so the public payoffs are R − C6, and the payoffs of the
same enterprise areP3 + ωI − I. Similarly, the game values of
other governments, the public, and enterprises can also be
obtained.

3. Evolutionary Stable Analysis

3.1. Expected Payoffs. In Table 3, we can see the expected
payoffs (Ug1, Ug2) and the average expected payoffs Ug of
the government’s choice of the “supervision” strategy and
“no supervision” strategy:

Ug1 � yza1 +(1 − y)za2 + y(1 − z)a5 +(1 − y)(1 − z)a6;

Ug2 � yza3 +(1 − y)za4 + y(1 − z)a7 +(1 − y)(1 − z)a8;

Ug � xUg1 +(1 − x)Ug2.

(1)

In the game, the expected payoffs Up1 of the “partici-
pation” strategy, the expected payoffs Up2 of the “no

Table 1: Definitions of the parameters.

Parameters Definitions
φ Penalty factor obtained by an enterprise when discharging pollutants
C1 General control cost
C2 Pay additional control costs when the public participate
C3 Corporate pollution causes social losses (environmental pollution, etc.), and the government pays the cost of governance
F1 Government payoffs from enterprises’ pollution discharge with the participation of the public
F2 Government payoffs from enterprises’ pollution discharge without the participation of the public
F3 Government payoffs from enterprises’ no pollution discharge with the participation of the public
F4 Government payoffs from enterprises’ no pollution discharge without the participation of the public
I Enterprise pollution control cost
C4 Reputation cost of enterprise pollution discharge
ω Government subsidy coefficient when no pollution and government inspection are adopted
C5 Opportunity cost of no pollution policy
P1 Payoffs from pollution of enterprises with public participation
P2 Payoffs from pollution of enterprises without public participation
P3 Payoffs from not pollution of enterprises with public participation
P4 Payoffs from not pollution of enterprises without public participation
R Proceeds from public participation events
C6 ,e public supervision costs time, search, etc.
C7 ,e public do not participate in the discussion of the incident, and potential interests are damaged
x Probability of government control
y Probability of the public participation
z Enterprise pollution probability
Note. Condition (C1 <φP1, P4 >P3 >P2 >P1, I>C5, R>C6, x, y, z ∈ [0, 1]).

Table 2: Tripartite game matrix of government, public, and enterprise.

Enterprises

,e government
Supervision x – No supervision 1 − x
,e public – ,e public

Participation y No participation 1 − y – Participation y No participation 1 − y
No pollution z (a1, b1, c1) (a2, b2, c2) – (a3, b3, c3) (a4, b4, c4)

Pollution 1 − z (a5, b5, c5) (a6, b6, c6) – (a7, b7, c7) (a8, b8, c8)

Table 3:,e specific payoffs of government, public, and enterprise.

Payoffs ,e government ,e
public Enterprises

(a1, b1, c1) F3 − ωI − C1 − C2 R − C6 P3 + ωI − I

(a2, b2, c2) F4 − ωI − C1 0 P4 + ωI − I

(a3, b3, c3) F3 − C2 R − C6 P3 − I

(a4, b4, c4) F4 0 P4 − I

(a5, b5, c5) F1 + φP1 − C1 − C2 − C3 R − C6 P1 − φP1 − C4 − C5
(a6, b6, c6) F2 + φP1 − C1 − C3 − C7 P2 − φP1 − C4 − C5
(a7, b7, c7) F1 − C2 − C3 R − C6 P1 − C5
(a8, b8, c8) F2 − C3 − C7 P2 − C5
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participation” strategy, and the average expected payoffs Up

are given in the following:

Up1 � xzb1 +(1 − x)zb3 + x(1 − z)b5 +(1 − x)(1 − z)b7;

Up2 � xzb2 +(1 − x)zb6 + x(1 − z)b4 +(1 − x)(1 − z)b8;

Up � yUp1 +(1 − y)Up2.

(2)

In the game, the expected payoffs Ue1 of the “no pol-
lution” strategy, the expected payoffs Ue2 of the “pollution”
strategy, and the average expected payoffs Ue are as follows:

Ue1 � xyc1 + x(1 − y)c2 +(1 − x)yc3 +(1 − x)(1 − y)c4;

Ue2 � xyc5 + x(1 − y)c6 +(1 − x)yc7 +(1 − x)(1 − y)c8;

Ue � zUe1 +(1 − z)Ue2.

(3)

3.2. Replicated Dynamic Equation Solution. Despite the
previous analysis, the government’s replication dynamic
equation is obtained as follows:

F(x) �
dx

dt
� x Ug1 − Ug  � x(1 − x) z − φP1 − ωI(  − C1 + φP1 .

(4)

,e replication dynamic equation of the public is given
as follows:

F(y) �
dy

dt
� y Up1 − Up  � y(1 − y) R − C6 − C7 .

(5)

,e replication dynamic equation of enterprise is given
as follows:

F(z) �
dz

dt
� z Ue1 − Ue(  � z(1 − z) x φP1 + C4 + ωI( 

+ y P3 − P1 − P4 + P2(  + P4 − P2 + C5 − I.

(6)

By combining the previous equations, the dynamic
replication system of the government, the public, and the
enterprise is given as follows:

F(x) � x(1 − x) z − φP1 − ωI(  − C1 + φP1 ,

F(y) � y(1 − y) R − C6 − C7 ,

F(z) � z(1 − z) x φP1 + C4 + ωI(  + y P3 − P1 − P4 + P2(  + P4 − P2 + C5 − I .

⎧⎪⎪⎨

⎪⎪⎩
(7)

According to Friedman’s method, the evolutionary
stability strategy (ESS) of differential equation system can be
obtained from the local stability analysis of the Jacobian

matrix of the system [27]. ,e Jacobian matrix of the system
can be obtained from the previous formula as follows:

J �

(1 − 2x) z − φP1 − ωI(  − C1 + φP1  0 x(1 − x) − φP1 − ωI( 

0 (1 − 2y) R − C6 − C7  0

z(1 − z) φP1 + C4 + ωI(  z(1 − z) P3 − P1 − P4 − P2(  C33

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (8)

Note that C33 � (1 − 2z)[x(φP1 + C4 + ωI) + y

(P3 − P1 − P4 + P2) + P4 − P2 + C5 − I].
If F(x) � F(y) � F(z) � 0, the local equilibrium points

can be obtained as follows: E1(0, 0, 0), E2(0, 0, 1), E3(0, 1, 0),

E4(0, 1, 1), E5(1, 0, 0), E6(1, 0, 1), E7(1, 1, 0), andE8(1, 1, 1).
According to the evolutionary game theory, the equilibrium
point satisfying that all eigenvalues of Jacobian matrix are all
nontiming is the evolutionary stable strategy (ESS) of the
system.

3.3. Stability Analysis of Equilibrium Point. First of all, we
analyze the case where the equilibrium point is E0(0, 0, 0)

and the Jacobian matrix is

J1 �

φP1 − C1 0 0

0 R − C6 − C7 0

0 0 P4 − P2 + C5 − I

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦. (9)

It can be seen that the eigenvalue of the Jacobian matrix
is λ1 � φP1 − C1, λ2 � R − C6 − C7, λ3 � P4 − P2 + C5 − I.
By analogy, eight equilibrium points are, respectively,
brought into the Jacobian matrix, and the eigenvalues of the
Jacobian matrix corresponding to the equilibrium points can
be obtained as shown in Table 4.

In order to facilitate the analysis of the symbols of the
corresponding eigenvalues of different equilibrium points,
and without losing generality, assume that R − C6 + C7 > 0;
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in similar cases, the revenue of green technology of enter-
prises should be greater than the green cost minus the
opportunity cost. ,at is, P4 − P2 > I − C5, P3 − P1 > I − C5.
,e calculation results are shown in Table 5.

4. Results and Discussion

4.1. Evaluation of Government, Public, and Enterprise Game.
In order to more intuitively explore the gradual and stable
evolution track of haze risk stakeholders under different
parameter values, numerical simulation method and
MATLAB software are used for simulation analysis based on
the established evolutionary game model and different
government supervision efforts.

Parameter values are ϕ � 0.4,ω � 0.2, C1 � 7, C2 � 5,

C3 � 5, C4 � 5, C5 � 5, C6 � 1, C7 � 2, R � 5, P1 � 15, P2 �

20, P3 � 25, andP4 � 30. ,e values of x0, y0, z0 are con-
sistent in the model.

4.2. Influence of Initial State on Game Evolution. Figure 1
illustrates that there are obvious differences in the final game
results of the tripartite game groups with different initial values.
,e higher the probability of government regulators adopting
the strategy of “no supervision,” the higher the probability of
the public adopting the strategy of “participation.”

,ere is a stable equilibrium point (0, 1, 1) for the
stakeholders of haze risk; that is, in the long run, without
government supervision, the public and enterprises will
finally choose the strategies of “participation” and “no
pollution,” which is not only inevitable, but also the long-
term goal of green development in China.

Simulating the impact of the change of initial willingness
of the government, the public and enterprises participate in
the haze risk on evolution (Figure 2). Suppose that the initial
willingness of the government, the public, and the enterprise
is the same; that is, x � y � z. Figure 2 depicts that when the
initial willingness x, y, z changes at the same time, x con-
verges to 0, y, z converges to 1, and the final equilibrium
point tends to (0, 1, 1), which is consistent with the con-
clusion of Figure 1. ,e simulation results show that, with
the increase of initial willingness x, y, z, the speed of x that
tends to 0 slows down, y, z that tends to 1 speeds up, and
finally the public and enterprises actively participate in the
haze risk. During the haze risk period, when the public and
enterprises are not willing to participate in the haze risk, the
government will reduce the supervision and give full play to

the regulatory role of the public on enterprises and the
market on enterprises. ,e higher the pollution reduction
willingness of enterprises, the better the effect of pollution
reduction. Under the regulatory effect of market mechanism,
enterprises will not be able to stand in the market if they are
not innovative and positive, so enterprises will actively invest
in green pollution reduction [28].

Figure 3 simulates the impact of the change of the initial
willingness x on the public and enterprises’ participation in
the haze risk strategy. Results found that the initial will-
ingness of the public and enterprises to participate is in a
medium state. As there is initial willingness of the gov-
ernment to participate in changes continuously, the equi-
librium point of the evolution system does not change. ,e
increase of x has no effect on the convergence rate of y,
which makes the convergence rate of z increase, and the
convergence rate of z is greater than y. ,e simulation

Table 4: Eigenvalues of Jacobian matrix.

Equilibrium point Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3
E1(0, 0, 0) φP1 − C1 R − C6 + C7 P4 − P2 + C5 − I

E2(0, 0, 1) − ωI − C1 R − C6 + C7 − (P4 − P2 + C5 − I)

E3(0, 1, 0) φP1 − C1 − (R − C6 + C7) P3 − P1 + C5 − I

E4(0, 1, 1) − ωI − C1 − (R − C6 + C7) − (P3 − P1 + C5 − I)

E5(1, 0, 0) − (φP1 − C1) R − C6 + C7 φP1 + C4 + ωI + P4 − P2 + C5 − I

E6(1, 0, 1) ωI + C1 R − C6 + C7 − (φP1 + C4 + ωI + P4 − P2 + C5 − I)

E7(1, 1, 0) − (φP1 − C1) − (R − C6 + C7) φP1 + C4 + ωI + P3 − P1 + C5 − I

E8(1, 1, 1) ωI + C1 − (R − C6 + C7) − (φP1 + C4 + ωI + P3 − P1 + C5 − I)

Table 5: Equilibrium point stability.

Equilibrium point λ1 λ2 λ3 Stability

E1(0, 0, 0) + + + Saddle point
E2(0, 0, 1) − + − Unstable point
E3(0, 1, 0) + − + Unstable point
E4(0, 1, 1) − − − ESS
E5(1, 0, 0) − + + Unstable point
E6(1, 0, 1) + + − Unstable point
E7(1, 1, 0) − − + Unstable point
E8(1, 1, 1) + − − Unstable point

1

0.8

0.6

0.4

0.2

0
1

0.5

0

1
0.8

0.6
0.4

0.2
0

Figure 1: Evolution path of tripartite game behavior with different
initial values.
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results show that, with the increase of the government’s
initial willingness to participate x , the public’s willingness
to participate remains unchanged, and the enterprises’
willingness to participate is significantly affected by the
government. ,e government’s pollution penalty and
emission reduction subsidy directly affect the enterprises.
,erefore, whether enterprises discharge pollutants is
greatly affected by the government, while the public pays
more attention to whether the haze risk that affects their
own interests for a short period of time is not affected by the
change of the government’s willingness to participate
[29, 30].

,e impact of the change of the initial willingness z on
the public and enterprises’ participation in the haze risk
strategy is simulated in Figure 4. It is found that the initial
willingness of government and public participation is in a
medium state, the initial willingness of enterprises to par-
ticipate is constantly changing, and the equilibrium point of
the evolution system is unchanged. With the increase of z ,
the convergence rate of y is not affected, while that of x is
increased. ,e simulation results show that as the initial
willingness of enterprises to participate z increases, the
public’s willingness to participate remains unchanged and
the government’s willingness to participate is enhanced and
the government’s willingness to participate is less affected by
the enterprises. When the enterprise green emission is re-
duced, the government only provides emission reduction
subsidies for the enterprise. ,e public pays more attention
to the impact of haze risk for a short period of time in the
future which is not affected by the willingness of enterprises
to participate [31].

4.3. Influence ofGovernment PunishmentCoefficient onGame
Evolution. When the punishment coefficient of the gov-
ernment is 0.1 (low), 0.5 (general), and 0.9 (high), the haze
risk system finally converges to the (0, 1, 1) point with the
evolution. ,e government chose the “no supervision”
strategy, the public chose the “participation” strategy, and
the enterprise chose the “no pollution” policy. ,e evolution
path is shown in Figure 5(a). Figure 5(b) illustrates that no
matter how much punishment is imposed, the government
will eventually withdraw from supervision. ,e evolution
path is similar under different punishment conditions,
which shows that the punishment incentive is not obvious to
the government. Panel C of Figure 5 shows that government
punishment has a positive role in promoting enterprises and
ultimately making enterprises green innovation to reduce
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pollution or even not to pollute. It is found that the larger the
penalty coefficient, the faster the evolution speed of enter-
prises’ no pollution. ,is implies that the government’s
penalty measures will increase the enthusiasm of enterprises
for green emission reduction.

For production enterprises, we can see that enterprises
should not only meet the interests of consumers but also
accept the social responsibility of government supervision
from the analysis of the paper and the game model, such as
no emission of three wastes. At the same time, enterprises
must also obtain profits in order to produce and develop. In
the process of finding a balance in the tripartite game, it is
better to actively participate in the game system composed of
three parties rather than passively accepting supervision,
complaints, and paying compensation. Enterprises take the

initiative to take corresponding countermeasures in the
game, put an end to increasing the emission of three wastes
so as to avoid complaints and punishment, and achieve good
development under the condition of meeting the govern-
ment supervision and public demand so as to reduce the
penalty coefficient of enterprises by the government. In
addition, enterprises to improve the quality of products,
under the premise of social responsibility, to produce high-
quality products with advanced manufacturing technology,
will help to get market recognition and obtain good profits.

4.4. Influence of Government Subsidy Coefficient on Game
Evolution. When the subsidy coefficient of the government
is 0.1 (low), 0.5 (general), and 0.9 (high), the haze risk system
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Figure 5: Simulation diagram of evolution path of each subject’s behavior under different government punishment coefficients. (a),e evolution
of system under different government punishment coefficients. (b) Simulation of evolution path of government behavior under different
government punishment coefficients. (c) Simulation of evolution path of enterprise behavior under different government punishment coefficients.

Complexity 7



eventually converges to point (0, 1, 1) with the evolution.
,e government chose the “no supervision” strategy, the
public chose the “participation” strategy, and the enterprise
chose the “no pollution” policy. ,e evolution path is shown
in Figure 6(a). ,e figure illustrates that when the gov-
ernment subsidies reach a certain level, the enterprises will
fully realize green emission reduction and the market will
play a regulatory role; when ω is 0.5 and 0.9, the larger the
government subsidies to the enterprises is, the faster the
government evolves to withdraw from supervision, which is
because high subsidies will accelerate the power of enter-
prises to carry out green emission reduction.

However, the evolution track of the government is to
supervise first and then withdraw from the supervision when
ω is 0.1. ,is is because the effect of low-intensity subsidies
on promoting the green emission reduction of pollutant

discharge enterprises is not obvious at the early stage of
evolution. ,e government needs to further strengthen the
supervision to promote green innovation and emission
reduction of enterprises. Panel C of Figure 5 shows that the
evolution paths of emission enterprises under different
subsidy coefficients ω are basically the same. ,is indicates
that the difference in subsidy intensity has no significant
impact on the evolution process.

5. Conclusions and Policy Implications

5.1. Conclusions. Based on the method of evolutionary
game, this paper constructs a tripartite game model of the
government regulators, the public, and the group of pol-
lutant discharge enterprises. Considering the speed of the
stakeholders reaching the equilibrium point under different
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Figure 6: Simulation diagram of evolution path of each subject’s behavior under different enterprise subsidies. (a) ,e evolution of the
system under different government punishment coefficients. (b) Simulation of evolution path of government behavior under different
government punishment coefficients. (c) Simulation of evolution path of enterprise behavior under different government punishment
coefficients.
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initial willingness, the stability of the evolution of haze risk
was analyzed by integrating the government’s subsidy and
punishment coefficient and simulated by haze risk under
different parameter values. ,e study found the following.

,e government, public, and enterprises have different
influences on each other. ,e public behavior is less affected
by the government and enterprises. ,e impact of the
government and enterprises was symmetrical. In the process
of haze risk evolution, the better the green emission re-
duction of pollutant discharge enterprises, the faster the
government withdrawal from supervision.

,e larger the pollution punishment coefficient is, the
faster the enterprises can reach the nonpollution equilib-
rium. ,e change of subsidy coefficient has no obvious
difference to the stable equilibrium speed of pollutant
discharge enterprises. ,e enterprises guarantee to obtain
the same proportion coefficient subsidy under the specified
emissions. Without the difference between enterprises,
they lack the enthusiasm or innovation and emission
reduction.

For the choice of public behavior, the change of gov-
ernment’s punishment coefficient and subsidy coefficient
has no obvious influence on the evolution.,e public is only
concerned with the impact of haze risk on themselves for a
short period of time. If there is haze in the near future, the
public will actively participate in the supervision of public
opinion of enterprises and regulatory authorities. On the
contrary, if there is no haze, the public usually does not pay
attention to the relevant dynamics of environmental su-
pervision department and enterprise emission.

5.2. Policy Implications. Strengthening government supervi-
sion, implementing tough pollution investigation, and pun-
ishment as well as positive incentive measures for emission
reduction behavior can effectively curb the illegal behavior of
enterprises. By strengthening the supervision, increasing the
penalty parameter ϕ, and increasing the subsidy parameter ω,
the government can reduce the corresponding illegal extra
income and improve the enthusiasm of enterprises to im-
plement emission reduction strategies. Under different cir-
cumstances, the government can effectively curb the illegal
behaviors of enterprises by rational decision-making and
strategic choice. Although sewage enterprises play a leading
role in the development and innovation process of the country,
the construction of green sustainable development system in
China at this stage cannot do without the overall planning of
the government and the supervision of the third party public.
In fact, whether haze governance can be promoted as a whole
depends on the guidance and support of the government. As
the,ird Plenary Session of the 18th CPC Central Committee
put forward the goal of establishing a comprehensive and
systematic ecological civilization system, it can be expected
that China will speed up the revision and improvement of
environmental law, air pollution prevention and control law,
climate change law, and other relevant laws and regulations, so
as to regulate and prevent haze pollution from the source. On
the other hand, the government’s advocacy and publicity of the
concept of green development and the encouragement and

reward of public supervision behavior are conducive to en-
hancing the awareness of green development and environ-
mental protection responsibility of the third-party public, so as
to strengthen the supervision of the illegal behavior of pol-
lutant discharge enterprises, promote their energy conserva-
tion and emission reduction, and increase investment in
science and technology. ,erefore, the construction of green
environmental protection is the change of the whole social
scale. We must rely on the joint efforts of the government,
enterprises, and the public, rational decision-making of the
government, effective implementation of enterprises, and
active supervision of the public, so as to comprehensively
promote the development of urban system with low energy
consumption, low pollution, high efficiency, and high
efficiency.

Regarding to the development of time, the government
will finally choose to withdraw from the supervision. If
subsidy support for enterprises is higher, the government
will withdraw faster from the supervision. ,is is because
enterprises need to control to obtain the government’s
subsidy under the specified emissions, which slows down the
problem of multiple emissions by stealing. If the penalty
coefficient is smaller, there would be faster exit from su-
pervision. If the penalty coefficient is higher, there would be
greater willingness of government supervision and slower
speed of achieving equilibrium and stability.

At the same time, the government should also pay at-
tention to the control of supervision efforts, reasonably plan
the investment of supervision cost, avoid the waste of re-
sources caused by unreasonable distribution, prevent ex-
cessive administrative participation, and curb the
enthusiasm of independent emission reduction. ,e en-
terprises should strengthen environmental awareness, in-
crease investment in green emission reduction, and reduce
environmental pollution and excessive consumption of re-
sources. ,e public should start from themselves, participate
in the supervision of the government and enterprises, and
promote haze risk management.

,ere are some areas to be improved in this study.
Because the simulation was carried out under the different
simulation conditions, the effectiveness of the behavioral
analysis of the stakeholders in the haze risk evaluation may
be biased. In the future, data mining and the intelligent
algorithm will be used to conduct an empirical analysis on
the big data of haze risk evolution. ,is paper studies the
initial willingness of stakeholders, without considering the
factors of stakeholders’ psychological willingness. In the
future, we may add psychological willingness as a variable
into the game model or introduce prospect theory to im-
prove the evolution of haze risk.
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