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Te establishment of an emergency management system has obvious complexity, and the establishment of an enterprise’s
emergency management system is infuenced by external factors such as assessment agencies and regulatory departments as well
as by the internal infuence of various factors within the enterprise itself, such as profts and personnel quality. In order to study the
impact of diferent factors on the construction of emergency management systems of enterprises under the current regulatory
environment and under the existing reward-penalty mechanism, this study introduces factors such as rent-seeking behavior and
economic level to build an evolutionary game model composed of enterprises, third-party safety assessment agencies, and
government regulators. Based on the ofcial statistics published in China and the feld evidence of enterprises, third-party
agencies, and emergency management departments in Nanjing, Jiangsu Province, China. Te evolution path of the game system
and the infuence of the reward-penalty mechanism, rent-seeking behavior, and economic level on the strategy evolution process
of the gamemodel were analyzed by numerical simulation.Te results show that there is a mechanism of mutual promotion in the
strategy evolution of the game subjects, and the strategy choice of each subject shows the following characteristics: (1) reasonable
subsidies and penalties play a positive role in promoting the construction of emergency management systems by enterprises. (2)
Increasing the rent-seeking costs of enterprises and the reputational impact of regulators can promote the positive evolution of
enterprises’ and regulators’ strategies. (3) Reducing the cost of the establishment can help enterprises establish emergency
management systems, but it will reduce the probability of strict supervision by the regulators. Terefore, the government should
develop a reasonable reward-penalty mechanism to replace fxed payments to enterprises and third-party agencies with tax
reductions. In addition, local governments should establish an information and consultation mechanism and make the system
construction and evaluation process public.

1. Introduction

Te safe production of enterprises has always been related to
people’s lives and health, social and economic development,
and national stability, and has always been one of the hot
issues that has attracted much attention [1]. As an important
way to improve the antirisk ability of enterprises and re-
gions, the emergencymanagement system has receivedmore
and more attention from the government and researchers
[2]. Te government has formulated a series of emergency-
related plans, established relevant systems, mechanisms, and

laws for emergency management, and formed an emergency
management system that can be applied in relevant felds
[3–5]. However, the frequent production safety accidents in
recent years have exposed the low level of emergency
management in enterprises, which cannot adapt to the re-
quirements of emergency management in the new envi-
ronment [6]. Terefore, it is an inevitable trend to improve
the emergencymanagement capability of enterprises to meet
the current environmental emergency management re-
quirements [7]. An enterprise emergency management
system is a component of a national emergencymanagement
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system that creates a framework for the procedures, re-
sponsibilities, and processes required to prevent accidents
and reduce accident losses and casualties. Enterprises form
an enterprise emergency management system by developing
various emergency measures, stocking emergency materials,
and improving the emergency capability of staf [8]. Improve
the whole emergency response capability of society by
connecting the enterprise emergency management system
with the national emergency management system [9]. Al-
though the construction cost of the emergency management
system is large, it can reduce the probability of accidents and
the loss from accidents [10]. In order to encourage enter-
prises to establish emergency management systems, regional
governments have developed reward-penalty mechanisms to
compensate for corporate profts [11, 12]. However, due to
the diferent economic development of each region, there are
diferences in the expenditure costs of enterprises in the
process of building emergency management systems, and
government subsidy incentives are not enough to ofset the
construction costs [13]. In addition, because enterprise
managers often lack emergency-related expertise, it is dif-
fcult to establish a perfect emergency management system
simply by relying on the enterprise itself [14]. In order to
improve this situation, the government has introduced a
third-party safety assessment agency to participate in
emergency management work. On the one hand, third-party
agencies can provide technical support related to emergency
management for enterprises [15]. On the other hand, third-
party safety assessment agencies provide emergency man-
agement assessment services for governments and enter-
prises, which can complement government regulation and
eliminate the “trust crisis” of society in government su-
pervision [16]. Terefore, in the new regulatory environ-
ment, local governments need to adjust regulatory policies in
time to respond to the behavior strategies of enterprises and
third-party agencies.

Te rent-seeking theory was introduced to China by Wu
[17] in 1988 for the study of rent-seeking and corruption.
Rent-seeking is an unproductive activity carried out by
departments or individuals with common power, which they
use to promote their own interests [18, 19]. As for-proft
organizations, third-party agencies are bound to accept rent-
seeking situations from enterprises for the sake of their own
interests [20]. Te rent-seeking phenomenon in the process
of establishing the emergency management system of en-
terprises is mostly manifested as a corruption phenomenon
caused by interpersonal relationships or money. Te exis-
tence of rent-seekingmakes regulation amere formality [21].
Espinosa et al. [22] found that unreasonable policies en-
couraged the rent-seeking behavior of enterprises. Zhu and
Zhang [23] analyzed the impact of rent-seeking behavior on
the regulatory system and found that the long-term existence
of rent-seeking behavior would hinder the improvement of
the regulatory system. Jiang et al. [24] found that subjects
who accepted rent-seeking would conceal the actual state of
the enterprise or ignore the existence of hidden dangers,
which declined the level of security of the enterprise. Feng
et al. [25] found that rent-seeking behavior could increase
the number of corporate accidents while weakening the

efectiveness of the regulatory system by analyzing corporate
survey data. With limited government regulation, enter-
prises seek rent from third-party safety assessment agencies
to pass emergency management assessments [26]. Driven by
interests, third-party agencies are bound to have the pos-
sibility of accepting rent-seeking [27]. Rent-seeking behavior
leads to low levels of enterprise emergency management and
increases the likelihood of accidents [28]. Terefore, the
opportunity to proft from the low level of enterprise
emergency management still exists at this stage [29].
Moreover, if an enterprise notices that other enterprises are
gaining excess revenue through rent-seeking, it will imitate
the mentality and implement imitation [30].Tis will reduce
the overall emergencymanagement level of the industry, and
will weaken the degree of connection between enterprises
and the government emergency management system, and
ultimately reduce the national emergency response capa-
bility. Terefore, it is necessary to take the rent-seeking
behavior of enterprises into consideration and conduct an
in-depth study.

With the arrival of the big data era, new elements such as
big data analysis, big data decision-making, and big data
management have been injected into emergency manage-
ment, giving full play to the unique advantages of big data
[31]. In terms of theory, the current research mainly focuses
on the problems and countermeasures faced by emergency
management in the age of big data. Bu [32] analyzed the
application of big data in emergency management and
pointed out that it was necessary to defne the application
strategies of big data in diferent emergency management
stages, which ensured that the application value of big data
could be fully exerted. Yang et al. [33] analyzed the devel-
opment status of big data and emergency management and
found that the application of big data had a signifcant
impact on the emergency management system framework
and emergency management efciency. In terms of tech-
nology, Pérez-González et al. [34] built a data analysis
platform to integrate data from diferent cities and provide
data support for decision-making in emergency manage-
ment. On the basis of big data analysis, Zhang et al. [35] used
artifcial intelligence technology to assist emergency man-
agement, improving risk prediction and emergency response
capabilities. In order to realize the emergency management
technology driven by data intelligence, it was necessary to
analyze a large amount of data to obtain efective data.
Terefore, it is necessary to improve the infrastructure of the
emergency management system in order to obtain a large
amount of data [36]. At present, the construction of the
national emergency management system has achieved initial
results, and how to improve enterprises’ emergency man-
agement systems needs further analysis.

Game theory is a mathematical programming method to
describe the process in which participants choose the op-
timal solution to the strategy in the game process. In recent
years, many scholars have proposed many game methods in
the feld of game theory. Romanuke [37] outlined a theory of
refning pure strategy efcient Nash equilibria in fnite
noncooperative games under uncertainty. Te theory is
based on guaranteeing the corresponding payofs for the
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participants by using maximultimin, which is an expanded
version of maximin. Romanuke [38] suggested a tractable
method of solving noncooperative 2-person games in which
strategies are staircase functions. Te solution is meant to be
Pareto-efcient. Giri and Dey [39] established two game
models of diferent recovery methods for supply chain re-
covery, developed three-game theory methods, and analyzed
the optimal pricing decisions and corresponding profts of
each participant. Evolutionary game is a new research
method based on traditional game theory [40]. Unlike
traditional game theory, evolutionary games assume that
human rationality is limited and that complete information
conditions are unnecessary [41]. Currently, evolutionary
game theory has good applications in many felds such as
economics, computer science, and management. Long et al.
[42] and Zheng et al. [43] analyzed the supply chain deci-
sion-making model of construction and demolition waste
(CDW) under diferent backgrounds using evolutionary
game theory, providing a reference for the government to
formulate a regulatory plan. Jamali et al. [44] used the
evolutionary game model to analyze the pricing decision-
making process of the Iranian manufacturing industry and
found that, with the support of the government, enterprises
will change their strategies in a shorter time. Colivicchi and
Iannucci [45] found that insurance may play an active role in
improving pollution by building a game model between
insurance companies and pollution enterprises. Tese
studies provide a reference for the application of evolu-
tionary game theory in emergency management. Many
researchers have applied evolutionary game theory to the
feld of emergency management [46, 47]. Te government
hopes that enterprises can improve their own emergency
response capabilities to reduce the occurrence of accidents,
but enterprises usually ignore the construction of emergency
management systems because improving emergency re-
sponse capabilities will raise their operating costs and in-
crease their burden. Terefore, regulators need to provide
subsidies as a means for enterprises to increase their profts.
However, subsidies can increase the expenses of the regu-
lator and make the regulator hesitate in formulating the
incentive system [48]. On the basis of this research, Xu et al.
[49] added a third-party agency to the game model and
studied the impact of regulatory policies on the decision-
making behavior of game players. Chen et al. [50] considered
the impact of rent-seeking behavior on the strategic selection
of all parties and proposed a series of measures to control
rent-seeking behavior. Tese studies show that evolutionary
game theory is an efective method for studying how to
adjust policies when there are conficts of interest among
multiple subjects.

In summary, in the current environment, enterprises’
construction of emergency management systems is not only
afected by their own knowledge level and expenditure costs
but is also afected by third-party agencies and the behavior
of government regulators. For the sake of their own interests,
game participants will make behaviors in line with their own
interests under the premise of limited rationality.Tis choice
of behavior is consistent with evolutionary game theory.
Terefore, the evolutionary game model can accurately

simulate the behavioral choices of game participants. Te
research on evolutionary game theory in the feld of
emergency management has made positive contributions to
improving the level of emergency management. Limited by
the selection of parameters and the development level of
emergency management, there are still the following
shortcomings: (1) Tere is a lack of study of the overall
strategy evolution process of game participants by analyzing
the single decision process of game participants because it is
focused on the infuence of a single factor on the subject’s
decision choice. However, in the process of repeated games,
enterprises, third-party agencies, and governments will
continuously adjust their own strategies according to the
changes in each other’s strategies and fnally reach dynamic
equilibrium [51]. (2) Although the existing research has
introduced more parameters into the model, the parameters
introduced in the model are not comprehensive, and there
are still defciencies in the current environment. As a
component of the national emergency management system,
the enterprise emergency management system determines
the level of the national emergency response capability. By
improving the enterprise emergency management system,
the collection of big data on emergency management can be
improved, and the development of emergency management
digitalization and the application of intelligent technology
can be promoted. In recent years, the government has
formulated many policies to improve the emergency man-
agement system. Te implementation of these policies
means that the factors afecting the strategic choices of
enterprises and third-party agencies have also increased
correspondingly. More critically, existing studies have ig-
nored the impact of regional economic diferences on the
construction of emergency management systems, which
makes the cost of enterprises constructing emergency
management systems diferent. Tese parameters will afect
the decision-making choices of game participants. Ten,
how do the construction cost and rent-seeking cost of the
system afect the decision-making behavior of enterprises?
What is the dynamic evolution of the decision-making
choices of the game participants? In the new regulatory
environment, how can we improve the enthusiasm of an
enterprises toward establishing emergency management
system?

Te purpose of this study is to analyze the efects of rent-
seeking behavior, system construction costs, and govern-
ment reward-penalty mechanisms on the construction of an
enterprise’s emergency management system and to reveal
the optimal strategies of game participants in diferent sit-
uations. Find the best way to improve the enthusiasm for
enterprise emergency management system construction
under existing regulatory policies, improve the current
situation of enterprise emergency management, and im-
prove the regional emergency management level. To the best
of the authors’ knowledge, this study introduces the system
construction coefcient into the research of emergency
management for the frst time. By adjusting the construction
coefcient, we can analyze the dynamic evolution process of
the strategy selection of game participants in diferent re-
gions under the current regulatory mode, which improves
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the availability of the model. On the one hand, this study
establishes an evolutionary game model in line with the
current situation of emergency management system con-
struction, which makes up for the shortcomings of existing
models and improves the accuracy of simulation results. On
the other hand, this paper provides a decision basis for the
construction cost and rent-seeking behavior in diferent
conditions of strategy selection. It also provides a reference
for the government to develop a reasonable reward-penalty
and supervision mechanism, which is conducive to the
improvement of regional emergency management.

Tis paper is organized as follows: Section 2 establishes
the evolutionary game model of enterprises, third-party
agencies, and regulators. Section 3 analyzes the strategy
stability of each game subject. Section 4 carries out a nu-
merical simulation and analyzes the infuence of various
parameters on the evolution process of each party’s strategy
selection. Section 5 discusses the simulation results. Section
6 summarizes the conclusions and limitations of this paper.

2. Model Assumptions and Construction

Evolutionary game theory breaks through the completely
rational assumption of traditional game theory, and par-
ticipants are also transformed into groups with specifc
commonalities. On the basis of theoretical analysis, it studies
the stable equilibrium strategy formed by the continuous
evolution of behaviors, such as imitation and learning
among groups. At this time, if the external conditions or the
internal cognition of the participants change, the game
group will adjust the group behavior according to these
changes to achieve a new stable equilibrium. Diferent from
traditional game theory, evolutionary game theory pays
more attention to the strategy selection process of game
participants than to exploring how to obtain the optimal
strategy. Terefore, evolutionary game theory is more ap-
propriate for studying the development and choice of things
in the real world. Evolutionary game theory is of great
signifcance to interdisciplinary research. In this paper,
enterprises, third-party agencies, and regulators are regar-
ded as game participants to study their behavior choices and
stability strategies under their own income judgments and
regulatory environments.

2.1. Problem Description. In the current process of national
emergency management system construction, government
regulatory authorities in diferent regions establish emer-
gency management systems according to regional condi-
tions and guide local enterprises to efectively interface with
government emergency management systems. At the same
time, the government encourages proft-making third-party
safety assessment agencies to act as external supervisory
forces to provide emergency management system consulting
and assessment work for enterprises.

In the construction of the enterprise emergency man-
agement system, the third-party safety assessment agency,
according to the enterprise’s own situation and in combi-
nation with the establishment requirements of the

emergency management system of the local government,
helps the enterprise establish and improve the emergency
management system, perfectly connects with the govern-
ment regulatory department, and organizes experts to
evaluate the establishment of the enterprise emergency
management system. By analyzing the current situation of
emergency management in various regions and the relevant
information disclosed by the government, it is concluded
that the regulatory authorities in diferent regions have
developed reward-penalty mechanisms that can be used to
supervise the performance of enterprises and third-party
agencies in emergency management. At the same time, the
government has proposed a “blacklist” system and a whistle-
blowing system for production safety, made the process of
building emergency management systems for enterprises
and third parties open, and strengthened the supervision of
public opinion in the emergency management system. To a
certain extent, the implementation of these systems has
infuenced the decision-making choices of enterprises in
establishing emergency management systems.

For the regulators, it is difcult to supervise enterprises
and third-party agencies in all aspects, and the regulatory
cost is high, resulting in deregulation. For enterprises, the
increased workload and capital investment required to
establish an emergency management system will reduce the
enthusiasm for system construction. But considering the
regulatory factors of the supervisory department, enter-
prises will make rent-seeking from third-party agencies.
For third-party agencies, the stronger the enterprises’
willingness to rent-seeking, the higher the cost of rent-
seeking, and the higher the feasibility of their accepting
rent-seeking. Terefore, there is an obvious game rela-
tionship among the enthusiasm of enterprises to establish
the system, the rent-seeking choice of the third-party
agencies, and the supervision strength of the supervisory
department.

In summary, in the current supervision environment, in
addition to the reward-penalty mechanism, the government
has also formulated the “blacklist” system and a whistle-
blowing system in the feld of production safety. Te exis-
tence of the reward-penalty mechanism means that the
enterprises and the third-party agencies face rewards and
punishments. Te blacklist system and the whistle-blowing
system in the feld of production safety mean that social
public opinion supervision has been introduced in the feld
of emergency management, which also indicates that the
government regulatory department has the impact of rep-
utation loss.

2.2. Basic Assumptions and Parameter Settings. According to
the previous description, this research constructs a dynamic
game model of enterprises, third-party safety assessment
agencies, and government regulatory departments, as shown
in Figure 1. Under the current environment, according to
the actual situation of the enterprise emergency manage-
ment system construction, the following assumptions are
made. Te defnition of each parameter in the model is
shown in Table 1.
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Assumption 1. Enterprises, third-party safety assess-
ment agencies, and government regulatory depart-
ments all participate in the game. Te three parties are
all participants with bounded rationality, and their
strategic choices gradually evolve over time to stabilize
and optimize strategies.

Assumption 2. Te strategic choice space of enterprises
is S1 � (active, passive), the strategic choice space of
third-party safety assessment agencies is S2 � (accept
rent-seeking, reject rent-seeking), and the strategic
choice space of government regulatory departments is
S3 � (strict supervision, lax supervision). Te proba-
bility that the enterprise chooses the strategy of actively
establishing the emergency management system is X,
the probability that the third-party safety assessment
agency chooses to reject the rent-seeking strategy is Y,
and the probability that the government regulatory
department chooses the strict supervision strategy is Z.
Assumption 3. After the enterprise has passed the
emergency management assessment, the income ob-
tained by continuing production is R. When the

enterprise passively establishes the emergency man-
agement system, it will lower the standard and reduce
the construction cost. We set the cost of enterprises
passively constructing emergencymanagement systems
as C0. Considering the variability of economies and
technologies in diferent regions, the costs noted by
companies in diferent regions to improve their
emergency management will vary. Terefore, the es-
tablishment coefcient θ is introduced in this study,
and the higher the coefcient, the higher the con-
struction cost of enterprises in the region under the
same conditions. Te cost of an enterprise’s active
construction of an emergency management system is
(1 + θ)C0, (0< θ≤ 1), that is, θC0 represents the cost
diference between an enterprise’s active and passive
establishment of an emergency management system. If
an enterprise constructs an emergency management
system passively, to pass the assessment, it will seek rent
from a third-party safety assessment agency. Te rent-
seeking cost is C1(C1 < θC0). Rent-seeking costs mainly
include the enterprise’s speculative cost (C2) and the
cost of bribing third-party agencies. Te cost of
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Figure 1: Tri-party evolutionary game relationship.

Table 1: Defnition of parameters.

Parameter Defnition
C0 Te costs for enterprises to passively set up emergency management systems.
θ Te establishment efect coefcient of the emergency management system.
C1 Rent-seeking costs for enterprises.
C2 Speculative costs for enterprises.
C3 Speculative costs of third-party safety assessment agencies.
C4 Te cost of strict supervision by government regulators.
C5 Cost of governance spent by government regulators.
R Benefts of the enterprise after passing the emergency management assessment.
P Assessment benefts of third-party safety assessment agencies.
B1 Government subsidies to enterprises that pass emergency management assessments.
B2 Government subsidies to third-party safety assessment agencies.
Fa Fines paid by enterprises.
Fb Fines paid by third-party safety assessment agencies.
M Social benefts obtained by government regulatory departments.
N Reputational loss is incurred by government regulatory departments when they choose a lax supervision strategy.
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speculation mainly includes the cost of falsifying var-
ious emergency management fles and records.
Assumption 4. Te company must be evaluated by a
third-party safety assessment agency. After the evalu-
ation is qualifed, the company can continue produc-
tion. Te third-party agency charges the enterprise a
certain appraisal fee as the revenue of the third-party
agency, set as P. When an enterprise passively estab-
lishes an emergency management system, if the third-
party safety assessment agency refuses to seek rent, the
assessment is unqualifed. If the third-party agency
intends to seek rent, it will engage in rent-seeking
behavior with the enterprise to help it pass the
emergency management assessment. At this point, the
third-party agency needs to help the enterprise falsify
records and issue false evaluation reports, which re-
quires a certain cost. Tese costs are the speculative
costs of the third-party agency, set as C3.

Assumption 5. Te cost of strict supervision by the
government regulatory department is C4, it is mainly
used to hire experts in the feld of emergency man-
agement who can check the current status of emergency
management of enterprises. When the government
chooses a strict supervision strategy, enterprises that
passively establish an emergency management system
will be fned Fa, and third-party safety assessment
agencies that intend to rent-seek will be fned Fb. If the
enterprise passes the emergency management status
assessment, the government regulatory department will
give the enterprise and the third-party safety assess-
ment agency certain subsidies, set as B1, B2.
Assumption 6. Enterprises actively establishing emer-
gency management systems are conducive to economic
development and social stability and reduce govern-
ment spending on accident disposal and rescue. It will
bring social benefts M to the government. When
enterprises passively establish emergency management
systems and enter into rent-seeking agreements with
third-party agencies, they reduce social emergency
response capabilities and lead to frequent accidents,
which will increase the cost of social governance. Te
government will spend C5 to rectify the status quo of
the enterprise’s emergency management. When the
government regulatory department adopts a lax su-
pervision strategy, it will lead to a lack of supervision
and the public will lose trust in the government, which
will cause reputational damage to the government
regulatory department, which is quantifed as N.

2.3. Model Construction. Based on the abovementioned
assumptions, combined with evolutionary game theory, the
decision tree of the three-party behavioral evolutionary
game system can be obtained according to the interactive
impact of the three actors and their corresponding interests,
as shown in Figure 2. Te decision tree can be obtained from
the mixed strategy gain matrix of the three-party behavioral
evolutionary system, as shown in Table 2. Te order of the

three gain and loss expressions in the table corresponds to
the enterprise, the third-party safety assessment agency, and
the government regulatory department, in turn.

3. Model Analysis

3.1. Strategic Stability Analysis of the Enterprises.
According to the game system strategy decision tree and the
beneft matrix, the expected beneft Ea1 for an enterprise to
choose an active strategy, the expected beneft Ea2 for
passively building an emergency management system, and
the average expected beneft Ea can be obtained, respectively,

Ea1 � yz R + B1 − (1 + θ)C0  +(1 − y)z R + B1 − (1 + θ)C0 

+y(1 − z) R[ − (1 + θ)C0 +(1 − y)(1 − z) R[ − (1 + θ)C0,

Ea2 � yz − C0 − C1 − Fa(  +(1 − y)z R − C0 − C1 − C2 − Fa( 

+y(1 − z) − C0 − C2(  +(1 − y)(1 − z) R − C0 − C1 − C2( ,

Ea � xEa1 +(1 − x)Ea2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

Te replication dynamic equation for the enterprise’s
strategy choice is

F(x) � x(1 − x) C1 + C2 − θC0 − y C1 − R(  + z B1 + Fa(  . (2)

Te strategy evolution phase diagram of the enterprise is
shown in Figure 3. Te area of A1 in the fgure indicates the
probability that the enterprise chooses an active strategy, and
the area of A2 indicates the probability that the enterprise
chooses a passive strategy.

According to the enterprise strategy evolution phase
diagram, when y is less than y0, it means that the probability
that the third-party safety assessment agency has moved
toward rent-seeking is higher. Compared with actively
establishing an emergency management system, adopting
rent-seeking and speculation to pass the emergency man-
agement present situation assessment can cost less; there-
fore, enterprises will be inclined to choose the passive
strategy. When y is greater than y0, it indicates that the
probability that the third-party safety assessment agency
chooses to reject rent-seeking is higher. At this point, rent-
seeking behavior cannot help enterprises pass the emergency
management present situation assessment. Enterprises will
choose the active strategy to avoid being punished by
government regulatory departments and reduce their own
losses.

Similarly, when Z is greater than Z0, government reg-
ulatory departments have a higher probability of choosing a
strict supervision strategy, and vice versa, government
regulatory departments tend to choose a lax regulation
strategy. When government regulator departments choose a
strict supervision strategy, infuenced by factors such as
fnes, rent-seeking costs, and speculation costs, enterprises
realize that the only way to pass government regulation and
avoid fnes is to actively establish an emergencymanagement
system and improve the level of emergency management of
enterprises. On the other hand, when government regulatory
departments loosely regulate, the probability of enterprises
choosing an active strategy tends to be 0 at this time because
of incomplete access to information and the inability to
determine the status of enterprises’ emergency management.
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3.2. Strategic Stability Analysis of the Tird-Party Assessment
Agencies. According to the game system strategy decision
tree and income matrix, the expected income Eb1 of the
third-party safety assessment agency’s rejection of rent-
seeking, the expected income Eb2 of accepting rent-seeking,
and the average expected return Eb are

Eb1 � xz P + B2(  +(1 − x)z P + B2( 

+x(1 − z)P +(1 − x)(1 − z)P,

Eb2 � xz P − C3 − Fb(  +(1 − x)z P − C3 + C1 − Fb( 

+x(1 − z) p − C3(  +(1 − x)(1 − z) P + C1 − C3( ,

Eb � yEb1 +(1 − y)Eb2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(3)

Te replicated dynamic equations for the strategy se-
lection of the third-party safety assessment agency are

F(y) � y(1 − y) C3 +(x − 1)C1 + z B2 + Fb(  . (4)

Te strategy evolution phase diagram of the third-party
safety assessment agency is shown in Figure 4.Te area of B1
in the fgure indicates the probability that the third-party
safety assessment agency chooses to reject the rent-seeking
strategy, and the area of B2 indicates the probability that the
third-party safety assessment agency chooses to accept the
rent-seeking strategy.

According to Figure 4, the probability that a third-party
safety assessment agency chooses to reject rent-seeking is
higher when Z is greater than Z0. Similarly, when z is less
than Z0, the probability that a third-party safety assessment

Table 2: Mixed strategy game matrix of enterprises, third-party safety assessment agencies, and government regulatory departments.

Tird-party safety assessment
agencies

Government regulatory department
Strict supervision z Lax supervision 1 − z

Enterprises

Active x

Reject y R + B1 − (1 + θ)C0, P + B2, M − B1 − B2 − C4 R − (1 + θ)C0, P, M

Accept 1 − y
R + B1 − (1 + θ)C0, P − C3 − Fb,

M + Fb − B1 − C4
R − (1 + θ)C0, P − C3, M

Passive
1 − x

Reject y − C0 − C2 − Fa, P + B2, Fa − B2 − C4 − C0 − C2, P, 0

Accept 1 − y
R − C0 − C1 − C2 − Fa, P − C3 + C1 − Fb,

Fa + Fb − C4 − C5

R − C0 − C1 − C2, P + C1 − C3,
− C5 − N
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Figure 2: Decision tree for gaming system strategy.
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Figure 3: Phase diagram of the evolution of enterprise strategy
selection.
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agency chooses to reject rent-seeking is lower. Tis in-
dicates that when the probability of government regula-
tory departments adopting a strict supervision strategy is
higher than the critical value Z0, the third-party safety
assessment agency stabilizes on a rent-seeking rejection
strategy as the evolution of the system continues. At this
point, the third-party safety assessment agency avoids
government fnes and receives a reward. If the probability
of government regulatory departments adopting a strict
supervision strategy tends to 0, the third-party safety
assessment agency’s rent-seeking rejection strategy also
tends to 0, indicating that the reward-penalty mechanism
alone cannot efectively restrain the third-party safety

assessment agency from accepting corporate rent-seeking
behavior.

For enterprises, when the probability of choosing an
active strategy is greater than x0, the third-party safety as-
sessment agency cannot proft from accepting rent-seeking
from enterprises, and there is also the risk of being dis-
covered by government regulatory departments. To avoid
being punished by government regulatory departments, the
probability that the third-party safety assessment agency
chooses to reject the rent-seeking strategy increases. At this
point, the third-party safety assessment agency is also able to
obtain incentives from the government regulator. Con-
versely, when the enterprise’s activity to establish an
emergency management system is low, the enterprise’s
willingness to seek rent is strong, the reward-penalty
mechanism is less binding for the third-party safety as-
sessment agency, and the probability of accepting rent-
seeking increases.

Terefore, increasing the probability of rejecting rent-
seeking by third-party safety assessment agencies can improve
the probability of enterprises improving their emergency
management and the probability of strict supervision strat-
egies by government regulation.

3.3. Strategic Stability Analysis of the Government Regulator’s.
According to Figure 2 and Table 2, the expected return Ec1
for strict supervision by government regulatory depart-
ments, the expected return Ec2 for lax supervision, and the
average expected return Ec can be obtained as follows:

Ec1 � xy M − C4 − B1 − B2(  +(1 − x)y Fa − C4 − B2( ,

+x(1 − y) M − C4 − B1 + Fb(  +(1 − x)(1 − y) Fb + Fa − C4 − C5( ,

Ec2 � xyM + x(1 − y)M +(1 − x)(1 − y) − C5 − N( ,

Ec � zEc1 +(1 − z)Ec2.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(5)

Te replicated dynamic equations for the government
regulatory departments strategy choice are

F(z) � z(1 − z) − C4 + Fa + Fb + N − x B1 + N + Fa(  − y B2 + Fb + N(  + xyN . (6)

Terefore, we can obtain a phase diagram of the evo-
lution of the government regulatory department’s strategy,
as shown in Figure 5. Te area of C1 in the fgure indicates
the probability of government regulatory departments
choosing strict supervision, and the area of C2 indicates the
probability of government regulatory departments choosing
lax supervision.

As seen from Figure 5, when the probability of enter-
prises choosing active strategies is higher than x0, the C2
region shrinks, at which time the probability of government
regulatory departments choosing strict supervision de-
creases, and conversely, government regulatory departments

will tend to choose the strategy of strict supervision. When
enterprises choose a passive strategy, it will cause adverse
social impacts and reduce the social benefts of government
regulatory departments. Government regulatory depart-
ments face increased governance costs, residual losses, and
reduced social benefts, making it more difcult for the
government to govern. Te increased difculty of gover-
nance will increase the cost of governance, which will further
reduce the willingness of government regulatory depart-
ments to regulate, so the probability of government regu-
latory departments choosing strict supervision will be
reduced to some extent. However, due to the reduction of

y

z

B1

B2

z0

x01

1

1 x

Figure 4: Phase diagram of the evolution of the strategy of the
third-party safety assessment agency.
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regulation, public trust in the government decreases, and the
probability of strict supervision by the government regu-
latory departments will gradually increase under the infu-
ence of residual loss.

From the perspective of the third-party safety assessment
agency, when the probability of the third-party safety as-
sessment agency choosing to reject rent-seeking is higher
than the critical value y0, it is difcult for enterprises to pass
the assessment of the current state of emergency manage-
ment through rent-seeking, and they will actively establish
the emergency management system to avoid being punished
by the government. At this time, government regulatory
departments can reduce the expenditure of supervision costs
and gain more benefts by the lax supervision. When the
probability that the third-party safety assessment agency
chooses to reject rent-seeking is lower than the critical value
y0, it means that the third-party safety assessment agency
has a higher probability of accepting rent-seeking from the
enterprise, and the enterprise will seek rent from the third-
party safety assessment agency to pass the emergency
management status assessment and reduce the cost of ex-
penditure. At this point, government regulatory depart-
ments face a decrease in social benefts and an increase in
governance costs and reputation loss, forcing government
regulatory departments to shift to a strict supervision
strategy. When government regulatory departments shift to
a strict supervision strategy, enterprises will actively es-
tablish emergency management systems, and third-party
safety assessment agencies will choose to reject the rent-
seeking strategy.

4. Model Simulation Analysis

Numerical simulation analysis is used to visualize the
evolution of the strategy choices of enterprises, third-party
safety assessment agencies, and government regulatory
departments in the game model and to analyze the trajectory
of the infuence of changes in various parameters on the
strategy choices of each party. Based on the ofcial statistics
published in China and the feld evidence of enterprises,
third-party safety assessment agencies, and emergency
management departments in Nanjing, Jiangsu Province,
China, the parameters in the game model are set. Assume

that R � 150, θ � 0.85, C0 � 100, C1 � 40, C2 � 10, C3 � 10,
C4 � 15, Fa � 40, Fb � 20, B1 � 20, B2 � 15, N � 40 and set
the initial policy value to (0.2, 0.2, 0.2), and analyze the
impact of C1, Fa, Fb, B1, B2,N, θ on the process and outcome
of the evolutionary game.

4.1. Te Efect of C1 on the Evolution of the System. First, to
analyze the efect of C1 changes on the evolutionary game
process and results, C1 is assigned values of 30, 40, 50, 60,
and 70, and the simulation results of replicating the system
of dynamic equations evolving 100 times over time are
shown in Figure 6.

Figure 6 shows the evolution of the game model under
diferent rent-seeking costs. As seen in Figure 6, the game
system is stable at (1, 1, 0) after evolution, indicating that the
stable strategy combination formed by the system after
evolution is an active establishment, rent-seeking rejection,
and lax supervision. When C1 � 30 and 40, the strategy
choices of the enterprises have a tendency to converge to-
ward 0. As C1 increases, the enterprises converge toward 1,
and the convergence trend increases. Te strategy choice of
third-party safety assessment agencies is exactly the oppo-
site. Tis indicates that when the speculative cost is small,
after measuring the benefts, enterprises tend to pass the
emergency management status assessment by rent-seeking
from third-party safety assessment agencies, but as the rent-
seeking cost increases, enterprises gradually tend to choose
the strategy of actively establishing the emergency man-
agement system. For third-party safety assessment agencies,
the impact of rent-seeking costs on third-party safety as-
sessment agencies is opposite to that of enterprises. When
rent-seeking costs are high, the probability of third-party
safety assessment agencies choosing to reject rent-seeking
frst shows a decreasing trend and then rapidly increases,
and when rent-seeking costs are low, third-party safety
assessment agencies have no tendency to wait and see when
making strategy choices and rapidly converge to 1. From the
perspective of government regulatory departments, re-
gardless of the changes in C1 values, the strategy choice of
government regulatory departments frst converges to 1, and
after reaching the interval of 0.8–0.9, it converges to 0, and
fnally evolves to a lenient regulatory strategy.

In general, enterprises and third-party safety assessment
agencies are more afected by the change in C1 values, and
the strategy choice of government regulatory departments is
less afected by the change in C1 values. Enterprises and
third-party safety assessment agencies show a tendency to
converge to 0 at smaller and larger values of C1, respectively,
but as the tendency of regulators to converge to 1 grows,
both shift their strategy choices and begin to converge to 1.
When the probability of enterprises and third-party safety
assessment agencies choosing active establishments and
rejecting rent-seeking strategies is higher, government
regulatory departments begin to converge toward 0 and
evolve into a strategy of lenient regulation.

Terefore, the government can increase the rent-seeking
cost of enterprises to enhance the probability of enterprises
choosing to actively build emergency management systems

x

y

z

C1

C2

1

1

1

x0

y0

Figure 5: Phase diagram of the evolution of government regulatory
departments’ strategies.
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by increasing the media’s disclosure capability, expanding
the infuence of enterprises’ reputations, and cultivating the
public’s awareness of emergency response.

4.2.Te Efect of Fa on the Evolution of the System. Te efect
of the change in Fa on the evolutionary process of the system
is shown in Figure 7.

Figure 7 represents the evolution of the game system
when Fa is set to 20, 30, 40, 50, and 60. At this point, there is
a stable combination of strategy for the game system (active,
rejecting rent-seeking, and lax supervision). From the en-
terprise’s perspective, as the value of Fa increases, the en-
terprise converges to 1 faster, indicating that the enterprise
chooses the strategy of actively establishing the emergency
management system in a shorter period of time. At this

point, the increase in the number of fnes forms a sufcient
deterrent for enterprises to avoid fnes if they actively es-
tablish an emergency management system. From the per-
spective of the third-party safety assessment agencies, when
Fa is low, the third-party safety assessment agencies con-
verge to 0 at the beginning of the system evolution, then start
to converge rapidly to 1, and start to slow down the con-
vergence trend when it is about to converge to 1. As Fa

increases, the rate of convergence of the third-party safety
assessment agencies to 1 begins to increase. From the
perspective of government regulatory departments, at the
early stage of system evolution, the rate of convergence to 1
gradually increases with the increase of Fa and starts to
converge to 0 gradually after reaching the maximum
probability. At the same time, the increase in Fa makes the
extreme value of the probability that the government
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Figure 6: Diagram of system evolution under diferent C1 infuences: (a) C1 infuence on system evolution; (b) C1 infuence on enterprises;
(c) C1 infuence on third-party safety assessment agencies; (d) C1 infuence on government regulatory departments.
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regulatory department chooses a strict supervision strategy
decrease, which will shorten the time it takes to reach the
maximum probability value.

Overall, an increase in fnes can create sufcient de-
terrence for enterprises, and the probability of enterprises
choosing the strategy of improving the emergency
management level increases after weighing the benefts
and losses. Te increase in the number of fnes prompts
government regulatory departments to increase the
probability of choosing strict supervision. When enter-
prises fnally choose an active strategy, the probability of
government regulatory departments choosing strict su-
pervision will gradually decrease to reduce overall regu-
latory costs and eventually choose a lenient regulation

strategy. Tird-party safety assessment agencies are
infuenced by the strict supervision strategy of govern-
ment regulatory departments, which will gradually in-
crease the probability of choosing the rent-seeking
strategy of rejection. But with the shift in the regulatory
strategy of government regulatory departments, the
evolution of the strategy of third-party safety assessment
agencies gradually slows down and fnally chooses the
rent-seeking strategy of rejection. Comparing
Figures 7(a)–7(c), the stable strategy of enterprises con-
verges signifcantly faster than that of third-party safety
assessment agencies and government regulatory depart-
ments, indicating that enterprises play the main driving
role in the evolution of the game system.
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Figure 7: Diagram of system evolution under diferent Fa infuences: (a) Fa infuence on system evolution; (b) Fa infuence on enterprises;
(c) Fa infuence on third-party safety assessment agencies; (d) Fa infuence on government regulatory departments.
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4.3. Te Efect of Fb on the Evolution of the System.
When Fb is equal to 15, 20, 25, 30, and 35, the evolution of
the gaming system is shown in Figure 8.

Fb is a fne for a third-party safety assessment agency that
makes a false assessment report on the current state of
emergency management. Specifcally, government regula-
tory departments use fnes to enable third-party safety as-
sessment agencies to remain impartial in assessing the
current state of emergency management in enterprises and
to ensure that government regulatory departments have the
true state of emergency management in enterprises. As seen
in Figure 8(b), there is a tendency for third-party safety
assessment agencies to accept rent-seeking from enterprises
at the beginning of the system evolution, but the increase of
Fb can slow down the tendency of accepting rent-seeking
from enterprises and speed up the evolution of third-party
safety assessment agencies to a rent-seeking rejection
strategy. From the perspective of government regulatory
departments, at the beginning of the system evolution, the
rate of convergence to 1 gradually increases with the increase
of Fb and starts to converge to 0 gradually after reaching the
maximum probability. At the same time, the increase in Fb

makes the maximum value of the probability that the
government regulator department chooses a strict super-
vision strategy decrease, and the time to reach the maximum
probability value shortens. From the enterprise’s perspec-
tive, the change in Fb has a limited impact on the enterprise’s
strategy evolution, but as the probability of choosing a re-
jection of the rent-seeking strategy by the third-party safety
assessment agency increases, the enterprise increases the
probability of choosing an activity strategy.

A comparison of Figures 7 and 8 shows that Fa and Fb

have more direct and signifcant efects on enterprises and
third-party safety assessment agencies, respectively. Te
increase in the number of fnes accelerates the evolution of
the strategies of enterprises and third-party safety assess-
ment agencies. However, Fb directly afects third-party
safety assessment agencies and government regulatory de-
partments, mainly refects the intensity of punishment
imposed by government regulatory departments on third-
party safety assessment agencies, and has a limited impact on
the strategy choice of enterprises.

4.4. Te Efect of B1 on the Evolution of the System.
Figure 9 represents the evolution process of the game system
of enterprise emergency management system construction
under diferent values of B1. When the value of B1 is low, the
game system shows a tendency to evolve toward actively
establishing the emergency management system, rejecting
rent-seeking, and strict supervision, but at the end of the
system’s evolution, the game subjects converge quickly to-
ward (1, 1, 0) and fnally form a stable strategy combination
of actively establishing the emergency management system,
rejecting rent-seeking, and lax supervision. When the value
of B1 is higher, the process of system evolution toward (1, 1,
0) is more direct.

When the value of B1 is set higher, companies are able to
gain more from the assessment of the current state of

emergency management, so the probability of companies
choosing to actively establish the emergency management
system has increased. In Figure 9(c), at the beginning of the
system evolution, diferent B1 values did not afect the
tendency of the third-party safety assessment agencies to
converge to 1. However, when B1 � 20 and 25, the trend of
convergence of third-party safety assessment agencies slows
down in the later stages of system evolution. In addition, as
shown in Figure 9(d), at lower B1, the government regulator
department gradually converges to z � 1 driven by the
change in the strategies of both the enterprise and the third-
party safety assessment agencies, and then gradually con-
verges to z � 0. In addition, at the beginning of the system
evolution, although the government regulator department
has a tendency to converge to z � 1, the larger B1 is, the
lower the probability of the government regulator depart-
ment choosing a strict supervision strategy. Although the
enterprises can overget subsidies after passing the emer-
gencymanagement status assessment, the enterprises are not
sensitive to the change of B1, so the evolution of the sta-
bilization strategy is slow. However, the amount of subsidy
has a signifcant impact on the third-party safety assessment
agency and the government regulator department, which
indicates that in the game system, the game strategy choice
of each subject has the tendency to develop in a coordinated
manner and follow the evolution of changes.

4.5. Te Efect of B2 on the Evolution of the System.
Figure 10 illustrates the evolutionary trajectory of the
gaming system for diferent values of B2. Te increase in B2
increases the tendency of the enterprise to converge to x � 1,
but the change is not signifcant compared to the third-party
safety assessment agency. For the third-party safety as-
sessment agency, the increase in B2 makes its convergence to
y � 1 faster. According to Figures 10(b) and 10(c), although
enterprises and third-party safety assessment agencies have
the same strategic direction in improving B2, the two
strategies evolve diferently. When the amount of subsidy
given to the third-party safety assessment agency is smaller,
the evolution of the third-party safety assessment agency to a
rent-seeking denial strategy is more direct. Moreover, the
faster the third-party safety assessment agency converges to
the rent-seeking strategy when it receives more assessment
revenue.

Meanwhile, as evolution advances, the strategy choice of
third-party safety assessment agencies shows an evolu-
tionary trend of frst choosing the rent-seeking acceptance
strategy and then shifting to the rent-seeking rejection
strategy. Accordingly, when the third-party safety assess-
ment agency receives low assessment revenue, it will tend to
accept rent-seeking at the early stage of system evolution;
however, it will shift to a rent-seeking rejection strategy in
the subsequent evolutionary process because of the regu-
latory strategy and subsidy income of the government
regulator department.

For government regulatory departments, their strat-
egy choice is mainly infuenced by the strategy choices of
enterprises and third-party safety assessment agencies.
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When the probability that enterprises and third-party
safety assessment agencies choose to actively establish
emergency management systems and reject rent-seeking
strategies is low, government regulatory departments will
increase the probability of choosing strict supervision
strategies. In contrast, when the probability of enterprises
and third-party safety assessment agencies choosing to
actively establish emergency management systems and
rejecting rent-seeking strategies is high, lax supervision
strategies become the fnal choice of government regu-
latory departments. Terefore, the strategy choices of
enterprises, third-party safety assessment agencies, and
government regulatory departments are consistent and
followable.

4.6. Te Efect of N on the Evolution of the System. Te re-
sidual loss N generated when the government regulator
department regulates unfavorably is set to 20, 30, 40, 50, and
60. Te evolution trajectory of the game system is shown in
Figure 11. Te reputational loss generated when the gov-
ernment regulator department regulates unfavorably is an
important guarantee for maintaining the strength of gov-
ernment regulation, and by setting the residual loss, it can
maintain the strength of government regulation. Specifcally,
when the emergency management level of enterprises is low,
the reputation impact will force government regulatory
departments to increase the probability of choosing a strict
supervision strategy, improve the supervision of enterprises
and third-party safety assessment agencies, force enterprises
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Figure 8: Diagram of system evolution under diferent Fb infuences: (a) Fb infuence on system evolution; (b) Fb infuence on enterprises;
(c) Fb infuence on third-party safety assessment agencies; (d) Fb infuence on government regulatory departments.
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to choose the strategy of improving emergency management
level, and third-party safety assessment agencies to choose
the strategy of rejecting rent-seeking, and fnally realize the
guarantee that the overall emergency management level of
society is at a high position. As seen from Figure 11(d), with
the development of evolution over time, the strategy choice
of governmental regulatory departments shows an evolu-
tionary trend of choosing a strict supervision strategy frst
and then shifting to a lax supervision strategy. Tis means
that in the initial stage of evolution, the probability of en-
terprises choosing to actively establish emergency man-
agement systems and third-party safety assessment agencies
choosing to reject rent-seeking strategies is low, and gov-
ernment regulatory departments, infuenced by the

reputation parameter, will rapidly converge to z � 1 and
increase the probability of strict supervision strategies,
forcing enterprises and third-party safety assessment
agencies to increase the probability of choosing to actively
establish emergency management system strategies and
reject rent-seeking strategies to improve the overall emer-
gency management level of society and reduce reputation
loss. At the end of the evolution, government regulatory
departments shifted to a lax supervision strategy because of
the high cost of regulation. In addition, a higher reputation
impact can accelerate the speed and tendency of government
regulatory departments to converge on z � 0 and improve
the efectiveness of those regulations. Overall, a higher
reputation impact increases the strength and efectiveness of
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Figure 9: Diagram of system evolution under diferent B1 infuences: (a) B1 infuence on system evolution; (b) B1 infuence on enterprises;
(c) B1 infuence on third-party safety assessment agencies; (d) B1 infuence on government regulatory departments.
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government regulatory departments’ regulations. At the
same time, companies and third-party safety assessment
agencies are infuenced by the regulatory eforts of gov-
ernment regulatory departments and change their strategies
more rapidly.

4.7. Te Efect of θ on the Evolution of the System. Te
emergency management system establishment coefcient θ
is set to 0.75, 0.80, 0.85, 0.90, and 0.95. Te results of the
game system evolution are shown in Figure 12. Te emer-
gency management establishment coefcient θ is a param-
eter that describes the intensity of cost of improving
emergency management for enterprises in regions with
diferent economic and technological levels. As shown in

Figure 12(a), as the establishment coefcient increases, the
stable strategy combination of the game system evolves from
a direct evolution to (1, 1, 0) to a development path frst to (1,
1, 1), and then to (1, 1, 0). In Figure 12(b), an increase in the
establishment coefcient raises the construction cost of
establishing an emergency management system for enter-
prises, and therefore, a decrease in the establishment co-
efcient for enterprises weakens the formation tendency of
enterprises to actively establish an emergency management
system. Specifcally, when θ is at a low level, enterprises can
obtain more emergency compensation incentives and lower
expenditure costs under the strategy of positively estab-
lishing emergency management systems. As θ increases, the
cost expenditures faced by enterprises begin to increase, so
they have the tendency to choose a passive strategy, but
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Figure 10: Diagram of system evolution under diferent B2 infuences: (a) B2 infuence on system evolution; (b) B2 infuence on enterprises;
(c) B2 infuence on third-party safety assessment agencies; (d) B2 infuence on government regulatory departments.
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under the infuence of strict supervision by governmental
supervisors, they will shift their strategy choice and gradually
increase the probability of choosing an active strategy. In
Figure 12(c), when the third-party safety assessment
agencies are able to obtain more contingency assessment
compensation incentives and less penalty losses under the
rent-seeking rejection strategy, the strategy choice of the
third-party safety assessment agencies will shift from the
tendency to accept rent-seeking to the rent-seeking rejection
strategy as θ decreases. In Figure 12(d), when θ is at a high
level, the probability of enterprises choosing the strategy to
improve their emergency management level is low, so
government regulatory departments will choose the strict
supervision strategy to motivate enterprises to choose to

actively establish their emergency management system. Te
higher θ is, the greater the degree of convergence of gov-
ernment regulatory departments to z � 0 at the early stage of
system evolution. When the enterprises converge to x � 1,
the government regulatory department starts to converge to
0 and eventually chooses a lenient regulatory strategy.
Overall, improving the development level of the regional
economy and technology, reducing the establishment co-
efcient θ, and decreasing the establishment cost of enter-
prise emergency management will motivate enterprises to
establish emergency management systems. At the same time,
enterprises and government regulatory departments are
more responsive to changes in parameters and change their
strategies more rapidly.
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Figure 11: Diagram of system evolution under diferent N infuences: (a) N infuence on system evolution; (b) N infuence on enterprises;
(c) N infuence on third-party safety assessment agencies; (d) N infuence on government regulatory departments.
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5. Discussion

Te establishment of an enterprise emergency management
system is a collaborative process involving multiple entities.
As the emergency management system involves more
content and covers a wider area, the establishment of the
enterprise emergency management system needs profes-
sional help from the third-party safety assessment agency.
Te key to improving the perfection of the enterprise
emergency management system and the efectiveness of the
interface with the local emergency management system is to
increase the enthusiasm of the enterprise to establish the
emergency management system and to maintain the inde-
pendence of the third-party safety assessment agency. Te

game model of an enterprise emergency management sys-
tem establishment involving enterprises, third-party safety
assessment agencies, and governmental regulatory depart-
ments efectively describes the problem and provides an
efective way to increase the enthusiasm of enterprises in
establishing emergency management systems.

According to the results of numerical simulation, the
game model of enterprise emergency management system
establishment has the direction of following the strategy
evolution of enterprises, third-party safety assessment
agencies, and government regulatory departments within a
certain evolutionary period; therefore, enterprises, third-
party safety assessment agencies, and government regulatory
departments are the driving forces of each other’s strategy
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Figure 12: Diagram of system evolution under diferent θ infuences: (a) θ infuence on system evolution; (b) θ infuence on enterprises;
(c) θ infuence on third-party safety assessment agencies; (d) θ infuence on government regulators.
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evolution, and the strategy evolution of any party will cause
the strategy evolution of other game subjects. Tis indicates
that in the game system of enterprise emergency manage-
ment system establishment, there is a dynamic evolution
mechanism of mutual promotion and mutual infuence on
the strategy evolution of each game subject. To clarify the
dynamic evolution mechanism of each subject in the game
system of enterprise emergency management system es-
tablishment, this paper introduces parameters such as rent-
seeking cost, establishment coefcient, reputation loss, and
reward-penalty mechanisms to measure the attribute
characteristics of the game system and further reveals the
infuence mechanism of each factor on the game system.

Overall, when the strategy choice of enterprises and
third-party safety assessment agencies is not conducive to
the establishment of a high-level emergency management
system, government regulatory departments will increase
the probability of a strict supervision strategy, at which time
enterprises and third-party safety assessment agencies will
choose a strategy that is conducive to the establishment of a
high-level emergency management system. As enterprises
and third-party safety assessment agencies shift their
strategies, government regulatory departments begin to shift
to a lenient regulatory strategy.Tis shows that the evolution
of the game system is dynamic.

By objectively describing the emergency management
practice in Chinese, this study proposes a hypothetical
model for enterprises to build an emergency management
system, which has certain reference value for improving the
social emergency management system and improving the
supervision mechanism of emergency management. Tis
paper focuses on the interaction between enterprises, third-
party safety assessment agencies, and government regulatory
departments and the infuence of various parameters on the
strategy choices of enterprises, third-party safety assessment
agencies, and government regulatory departments from the
perspective of third-party safety assessment agencies’ par-
ticipation in the establishment of enterprises’ emergency
management systems. Compared with existing studies, the
focus of this study is to explore the infuence of parameters
such as rent-seeking behavior, establishment coefcients,
and reward-penalty mechanisms on the efectiveness of
enterprise emergency management system establishment
and to broaden the scope and perspective of emergency
management research to a certain extent.

6. Conclusions

6.1. Conclusions and Suggestions. Considering the possible
rent-seeking behaviors of enterprises and third-party
agencies and the difculty of establishing emergency
management systems for enterprises in diferent regions,
this paper constructs a three-party evolutionary game model
among enterprises, third-party agencies, and government
regulators. Te stability of the strategy choice of the parties
involved in the game, the evolution direction of the equi-
librium strategy combination of the game system, and the
infuence relationship between the elements are analyzed,
and the decision-making process and evolution trajectory of

the game system are explored through simulation analysis.
First of all, increased subsidies and fnes from government
regulatory departments can help promote the normative
behavior of enterprises to establish emergency management
systems and help third-party agencies refuse rent-seeking,
but increased subsidies are not conducive to government
regulators fulflling their own supervisory responsibilities.
Second, increasing the rent-seeking cost of enterprises can
motivate enterprises to actively establish emergency man-
agement systems, but it will make third-party agencies ac-
cept rent-seeking. Finally, only moderate construction costs
can promote the enthusiasm of enterprises to build emer-
gency management systems.

Te numerical simulation experiment proves that the
local government can afect the enthusiasm of enterprises to
build emergency management systems by adjusting the
corresponding regulatory policies. Similarly, regulatory
authorities should combine dynamic regulatory strategies in
a fexibly manner to avoid risks associated with backward
policies.

Regulators should consider three aspects when formu-
lating policies. First of all, the government should develop a
reasonable reward-penalty mechanism to replace fxed
payments to enterprises and third-party agencies with tax
reductions. Second, the establishment process and status
quo assessment results of the emergency management
system of the regulatory authorities can expand the impact
of corporate reputation and increase the rent-seeking costs
of enterprises. Finally, the government regulators should
strengthen the information construction, establish the en-
terprise emergency management information platform, and
master the enterprise emergency management level. Reduce
the difculty of preparing emergency management-related
data and accounts, weaken the paperwork related to
emergency management, and reduce the difculty and cost
of establishing an emergency management system.

6.2. Limitations and Future Research. Despite our contri-
butions, there are still some limitations. First of all, the
evolutionary game model does not consider the impact of
the enterprise’s internal environment. Second, data col-
lected from a single region may be insufcient. Future
research should integrate data from multiple regions with
diferent economic levels, which will enable us to put
forward more comprehensive policy recommendations.
Finally, for the sustainability of regulatory policies, we will
consider the use of repeated games and other game models
in future work.
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