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Cross-regional governance of government often faces various problems, which often brings great loss to the society. +e global
outbreak of the novel coronavirus pneumonia (NCP) in early 2020 has not only caused serious economic and social losses to
various countries but also put the current public health event governance system to a severe test. +e cross-regional character and
spillover effects of public health outbreak governance often make it difficult to coordinate cross-regional governance. In this
context, this paper adopts a regional evolutionary game analysis framework and studies the cross-regional governance of public
health emergencies by constructing a symmetric game of peripheral regions and an asymmetric game of core-peripheral regions.
+e marginal contribution of this paper is to attempt to construct a symmetric game model for peripheral regions and an
asymmetric gamemodel for core and peripheral regions using an evolutionary game approach to study the behavioral strategies of
multiple regions in the governance of public health emergencies, and it is found that when the regional spillover effects and
governance costs are small or the economic and social damages caused by public health emergencies are large, all regions will
choose to conduct coordinated governance. Otherwise, there will be regions that choose to “free-ride.” +is “free-rider” mentality
has led to the failure in achieving good cross-regional collaborative governance of public health emergencies, resulting in a lack of
efficiency in the overall governance of public health in society. However, when the spillover effect of regional governance exceeds a
certain critical value, the result of the regional governance game is also the socially optimal result, when public health emergencies
are effectively governed. At the same time, the relevant findings and analytical framework of this paper will provide a policy
reference for the cross-regional governance of the current new crown epidemic.

1. Introduction

+e outbreak of the novel coronavirus (COVID-19) in early
2020 caused a huge impact on the social and economic
stability in a short period, with countries experiencing
economic shutdowns to a certain extent, causing incalcu-
lable losses to economies and societies around the world, as
well as posing a serious challenge to the emergency man-
agement systems and capabilities of countries with public
health emergencies. +e initial period coincided with the
early stages of the Chinese Traditional Spring Festival, and

with the large-scale population movement, the epidemic
spread rapidly to the surrounding provinces and the whole
country, with Wuhan being the center. Among them,
Henan, Hunan, Anhui, Jiangxi, Guangdong, Jiangsu,
Chongqing, Sichuan, Shandong, and Zhejiang were the main
destinations of outflows and also became the provinces with
the most serious outbreaks in China, except for Hubei [1].
+e massive population movement has gradually turned the
new crown epidemic into a major public health event with
global repercussions, causing significant economic losses
and human casualties [2]. +e shortcomings of the current
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public health emergency governance model in response to
major public health emergencies have been exposed [3].

Public health events are public measures taken by the
public sector to prevent diseases, extend life expectancy, and
improve health. +ese include not only public health events
caused by nondiseases but also those caused by epidemic
diseases and so on [4, 5]. In recent years, repeated outbreaks
of major public health events have not only been severe and
harmful but also often have a cross-regional character [6, 7],
and their management needs to rely on cooperation among
multiple regions. China has made it clear since 2018 that
public health events should be governed by a model of
coordinated governance of multiple subjects and multiple
regions with a common interest as the goal. However, due to
the differences in interests between regions, the externalities
of regional governance, and the uncertainty and complexity
of regional governance decisions, it is difficult to achieve
coordinated governance across regions. +e difficulty is
mainly reflected in the following ways: (1) +e association
and conflict of interests of multiregional subjects exacerbate
the complexity of their governance decisions, thus making it
more difficult to coordinate multiregional governance be-
haviors. +e governance of public health emergencies has a
significant regional spillover effect, and local government
decisions have an impact on the interests and decisions of
other regions, while the governance of public health
emergencies often requires the suppression of economic
activities at the cost of the incentive to “free-ride,” which
leads many regions to choose nongovernance or lax gov-
ernance. +ey can enjoy the benefits of governance in other
regions while reducing the impact and cost of governance or
strict governance on the local economy. It reduces the ef-
ficiency of governance of public health emergencies, making
it difficult to effectively control public health emergencies
and causing greater losses to the society and economy. (2)
+e uncertainty of multiregional decision-making leads to
the lack of stability of multiregional collaborative gover-
nance of public health emergencies. When each region
pursues the maximization of its own interests, the mutual
influence of interregional interests makes the region’s
governance decisions inevitably dependent on other regional
policies. Considering the asymmetry of information related
to interregional decision-making and the severity of public
health emergencies, regions will inevitably have to con-
stantly adjust their strategies based on the relevant infor-
mation they receive, thus increasing the uncertainty of
regional governance decisions and adding difficulties to the
governance of public health emergencies. +erefore, there is
a need to provide a framework for analyzing the decision-
making behavior of multistakeholders in a complex and
uncertain environment, to provide a reference for future
government policy formulation in the face of cross-regional
governance of major public safety emergencies.

Evolutionary game (EGM) is a new development in game
theory in recent years, which originally arose in the field of
biology and was first proposed by Smith et al. [8] in their study
of symmetric population games. +ey also clarified the basic
concept of the evolutionary game—evolutionarily stable
strategy (ESS). +eir development abandoned the assumption

of perfect rationality in classical game theory and replaced it
with the assumption of bounded rationality, combining the
equilibrium analysis in traditional game theory with the dy-
namic, evolutionary analysis in biology, thus giving rise to
evolutionary game theory [9]. In the 1990s, economists and
social scientists used biological evolutionary game theory to
study socioeconomic problems and made breakthroughs es-
pecially in the areas of transition and formation of social
systems, social governance, and so forth [10].+e evolutionary
game assumes that the participants are not rational individuals
with infinite reasoning ability and cannot precisely calculate
the Nash equilibrium strategies and make corresponding
choices like the individuals in traditional games, but contin-
uously learn and adjust their strategies and gradually converge
to a stable Nash equilibrium strategy according to the results of
each game in the process of repeated games. +erefore, by
constructing a multiregional evolutionary game model on the
governance of public health emergencies, we can well capture
the complexity and uncertainty in the process of public health
emergencies governance and provide a good analytical
framework for the study of cross-regional coordinated gov-
ernance of public health emergencies.

Currently, less attention has been paid to the regional
governance of public health emergencies in existing studies.
+e studies mainly focus on proposing suggestions for im-
proving the construction of public health governance systems
using case studies [11–14]. Some scholars have also used
traditional statistical regression methods and big data statis-
tical methods to study the factors for the governance efficiency
of public health events [15–18] to achieve accurate governance
and prevention and control of major public health emer-
gencies. Research on the governance of public health emer-
gencies using game theory has mainly focused on the
government, social organizations, and the public, while re-
search on how to effectively achievemultiregional cooperation
in governance is scarce. Yang et al. [19] used evolutionary
game tools to study the governance decisions between the
government and health organizations in the governance of
public health emergencies. Le et al. [20] and Liu et al. [21] used
evolutionary games to study the diffusion mechanism of
epidemics and how the government and the public participate
in the comanagement of epidemics. A few other scholars [22,
23] studied the influence of media on the governance of public
health emergencies by constructing a game model of the
prevention and control center, media, and the public.

In summary, existing studies hardly cover the issue of
multiregional collaborative governance in public health
emergencies, and especially the literature using the evolu-
tionary game framework is even scarcer. To this end, the
marginal contribution of this paper is to attempt to construct
a symmetric game model for peripheral regions and an
asymmetric game model for core and peripheral regions
using an evolutionary game approach to study the behav-
ioral strategies of multiple regions in the governance of
public health emergencies. On this basis, the equilibrium
state and governance efficiency of the cross-regional gov-
ernance game of major public health events are analyzed and
relevant policy recommendations are proposed as a refer-
ence for the current new crown epidemic as well as the
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multiregional coordinated governance decisions of possible
sudden major public events in the future.

2. Governance Game for Public Health
Emergencies in Peripheral Regions

It is assumed that the core area is where the outbreak of a
major public health event takes place, and the area around
the core area is the peripheral area. Another assumption is
that the core area is faced with a more serious situation that
the public health event can spread to the peripheral area. In
this section, an evolutionary game model is constructed for
the collaborative governance of peripheral regions to an-
alyze the collaborative governance of public health emer-
gencies among peripheral regions, and a game model is
constructed for the core region and peripheral regions in
Section 3 to analyze the collaborative governance of public
health emergencies between the core region and peripheral
regions.

2.1. Model Construction. Suppose there are two symmetric
peripheral regions around the core region where a public
health event occurs, facing a possible public health outbreak
in their respective jurisdictions, such as being at risk of a
large-scale spread of the new coronavirus virus, which will
cause great damage to the economy, society, and lives in case
of widespread spread. +e loss is denoted by π. +e gov-
ernments of the peripheral regions will manage the public
health event by curbing economic activity, using social re-
sources, etc., incurring a governance cost ofC. Because of the
extremely destructive nature of public health emergencies, it
is assumed that the cost of a public event outbreak is much
greater than the cost of governance, that is, π>>C. When
only one peripheral region is engaged in the governance, the
probability of an outbreak in that region is p and there is a
spillover effect to the other peripheral region. +e larger the
spillover effect, the lower the probability of an outbreak in
the region with no governance, with zero cost of governance.
Assume that the size of the spillover effect of governance in
one peripheral region on another peripheral region is αp,
which denotes the probability of a public health outbreak in
the region with no governance, where α (1≤ α≤ (1/p))is the
spillover coefficient, and when α� 1, the probability of an
outbreak in the nongovernance region will depend entirely
on the region with governance. In other words, the region
with no governance can fully enjoy the externality generated
by the region with governance. When the spillover effect
generated by the governance region is zero (α� 0), the
nongovernance region cannot enjoy the externality from the
governance region at all, at which point the region without
any governance is bound to encounter a public health
outbreak. +en, the probability is 1. +erefore, a larger α
means a smaller spillover effect and fewer benefits to the
free-riding nongovernance region, and vice versa. Mean-
while, only when both regions take part in joint governance

can the public health events in the two regions be completely
controlled, with a probability of an outbreak at 0. +erefore,
based on the above assumptions, the payoff matrix of the
public health event governance game in the periphery is
shown in Table 1.

+is paper further assumes that decision-makers in all
regions are boundedly rational, and in the process of the
regional governance game on public health events, their
decisions are constantly adjusted to maximize the benefits of
their regions based on the information obtained, and
therefore, their decisions are often uncertain and constantly
changing with the governance strategies of the other region.
+erefore, it is assumed that peripheral region 1 chooses its
governance strategy with a certain probability x and con-
stantly adjusts its probability to maximize the benefit of its
region. Similarly, it is assumed that peripheral region 2
chooses its governance strategy with a certain probability y

and constantly adjusts its probability to maximize its benefit.
+e strategy adjustment follows the replicator dynamic
equation with the following expression [24–26]:

F xv(  �
dxv

dt
� xv E xv(  − E , (1)

where xv denotes the probability that a participant in the
game will use a strategy v, E(xv) denotes the expected payoff
for the participant using the strategy v, and E denotes the
average payoff for a participant choosing all possible
strategies.

2.2. Solving Game Equilibrium. Based on the payoff matrix
of the peripheral region game and the replicator dynamics
equation, the replicator dynamics equation for the strategy
adjustment in peripheral region 1 and peripheral region 2
can be derived.

(1) Let U1,0 denote the expected return obtained when
peripheral region 1 adopts a governance strategy,
U1,1 the expected return obtained when peripheral
region 1 adopts nongovernance strategy, and U1 the
average return obtained by peripheral region 1.
Specifically,

U1,0 � − Cy +(− πp − C)(1 − y),

U1,1 � − παpy − π(1 − y),

U1 � xU1,0 +(1 − x)U1,1.

(2)

+en, the replicator dynamics equation for the
strategy adjustment in peripheral region 1 is as
follows:

dx

dt
� x U1,0 − U1 

� x(1 − x) [(1 + α)πp − π]y − (πp + C − π) .

(3)
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When the strategy adjustment in peripheral region 1
stabilizes, i.e.,(dx/dt) � 0,

x
∗
1 � 0,

x
∗
2 � 1,

y
∗
3 � a �

πp + C − π
(1 + α)πp − π

.

(4)

(2) Let U2,0 denote the expected return obtained when
peripheral region 2 adopts a governance strategy,
U2,1 the expected return obtained when peripheral
region 2 adopts a nongovernance strategy, and U2
the average return obtained by peripheral region 2.

Similarly, the replicator dynamics equation for strategy
adjustment in peripheral region 2 can be obtained as follows:

dy

dt
� y U2,0 − U2 

� y(1 − y) [(1 + α)πp − π]x − (πp + C − π) .

(5)

When the strategy adjustment in peripheral region 2
stabilizes, i.e., (dy/dt) � 0,

y
∗
1 � 0,

y
∗
2 � 1,

x
∗
3 � b �

πp + C − π
(1 + α)πp − π

.

(6)

When (dx/dt) � 0 and (dy/dt) � 0, there are four
equilibrium points in the evolutionary game about the
governance of public health events in the peripheral region:
(0, 0),(0, 1),(1, 0),(1, 1), and(b, a).

2.3. Stability Analysis of Equilibrium Solutions. Let
F(x) � (dx/dt), G(y) � (dy/dt) analyze the stability of each

local equilibrium point of this two-dimensional dynamical
system using the Jacobian matrix:

J �

zF(x)

zx

zF(x)

zy

zG(y)

zx

zG(y)

zy

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�
c11 c12

c21 c22

⎡⎣ ⎤⎦,

c11 � (1 − 2x) [(1 + α)πp − π]y − (πp + C − π) ,

c12 � x(1 − x)[(1 + α)πp − π],

c21 � y(1 − y)[(1 + α)πp − π],

c22 � (1 − 2y) [(1 + α)πp − π]x − (πp + C − π) .

(7)

+e stable equilibrium point of the replicator dynamic
equation satisfies the following two conditions:

tr(J) � c11 + c22 < 0,

det(J) � c11c22 − c12c21 > 0.
(8)

From the Jacobian matrix of the replicator dynamic
equation, Table 2 is obtained.

According to the stability condition for the equilibrium
solution of the evolutionary game, the following proposition
can be derived.

Proposition 1. When α> (C/πp), there exists a unique
stable equilibrium point (1, 1) for the evolutionary game of
public health event governance in the peripheral region; that
is, the peripheral regions eventually choose (governance,
governance) and remain stable.

When the externalities of governance in one peripheral
region are too small for other peripheral regions, both sides
would choose to govern, and the benefits of “free-riding” in
the nongovernance region are too small to significantly
reduce the probability of public health outbreaks in the
region, resulting in insufficient expected benefits for the
peripheral regions in taking the decision not to govern.+us,
the choice to govern is mutually beneficial. At the same time,
when the spillover effect is certain, the smaller the cost of
governance and the greater the harm caused by a public
health outbreak to the regional economy and society, both
regions tend to choose governance, and from the perspective
of economic efficiency, the outcome of the game is socially

Table 1: Matrix of game gains in the peripheral regions.

Peripheral region 1
Peripheral region 2

Governance Nongovernance
Governance − C, − C − πp − C, − παp
Nongovernance − παp, − πp − C − π, − π
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optimal. +erefore, public health events can be effectively
controlled with the collaboration of multiple regions. For the
current new crown epidemic, some peripheral
regions believe that once the epidemic breaks out locally, it
will cause great damage to the local economy and society.
Additionally, even if other peripheral regions choose relevant
governance measures, such as city closure and production
shutdown, the positive spillover effect on the region is small,
so many peripheral regions actively take relevant measures to
suppress the spread and outbreak of the epidemic in their own
regions. +us, an evolutionary game equilibrium with joint
governance of all peripheral regions is formed.

Proposition 2. When α< (C/πp), there are two stable
equilibria (0, 1) or (1, 0) in the evolutionary game between the
peripheral regions; i.e., they eventually choose (governance,
nongovernance) or (nongovernance, governance), which then
remain unchanged. +e phase diagram of its evolutionary
game is shown in Figure 1, where the coordinates of point H
are (b, a), and since the game for the peripheral regions is
symmetric, i.e., a � b, the probability of convergence to points
A and C is the same, i.e., PA � PC � (1/2).

When the externalities of the governance area on the
nongovernance area are large enough and exceed a certain
threshold, one party chooses to govern and the other chooses
to “free-ride” on the benefits of the area with governance, both
seek to control the risk of public health outbreaks in the
region through the spillover effects and to save on the cost of
governance. At this point, the benefits are higher for the party
with no governance than for the governance party. At the
same time, the greater the cost of governance, the less eco-
nomic harm caused by public health events, so there is always
a tendency for one party to choose to “free-ride.” At this point,
multiregional cooperation in the management of public
health events is not possible. In the case of the current new
crown epidemic, for example, some peripheral regions are
considering whether to adopt governance or control measures
such as city closure or suppression of economic activities, but
these measures will cause local economic losses and affect
local economic development and people’s normal life. As a
result, some peripheral regions adopted stringent governance
measures while others adopted simple response measures,
either by not adopting relevant governance measures or by
taking relatively lenient governance measures while enjoying
the spillover effects of strict governance of the new epidemic
in other regions, thus maximizing the benefits to the region.

However, even if regional cooperation in governance
cannot be achieved, an equilibrium outcome where only one

party governs is not necessarily inefficient. +e details are as
follows.

Proposition 3. When (C/πp) − 1< α< (C/πp), the equi-
librium state in which the game of public health event
governance in the peripheral regions finally converges to
(governance, nongovernance) or (nongovernance, gover-
nance) is not socially optimal. +e optimal state is one in
which both sides govern, so the public health event is not
effectively governed in this case.

+e proof is as follows: when the peripheral regions all
choose to govern, the total social benefit is US,1 � − 2C; when
the peripheral regions choose (governance, nongovernance)
or (nongovernance, governance), the total social benefit is
US,2 � − (1 + α)πp − C. Since(C/πp) − 1< α< (C/πp), US,2
<US,1. In this case, the equilibrium is not socially optimal at
this time, and “free-ride” for the nongovernance region will
lead to insufficient social governance for public health
events, which cannot be effectively controlled.

Proposition 4. When α< (C/πp) − 1, then US,2 >US,1.
Specifically, the stable equilibrium of the game (governance,
nongovernance) or (nongovernance, governance) is socially
optimal, and the equilibrium outcome of the game corre-
sponds to the socially optimal outcome.+is is because when
the spillover effect from the governance region is large
enough to allow the other region to control local public
health events without governance, there is no need for all
regions to be governed and to waste resources on gover-
nance. As such, the regional game results in a socially op-
timal outcome with public health events can be effectively
controlled.

+erefore, according to Propositions 3 and 4, for the
current management of the new crown epidemic, although
some peripheral regions have the speculative mentality to
“free-ride” on the governance of other regions, resulting in
no joint regional governance in the evolutionary game in the
peripheral regions, as long as the spillover from regional

Table 2: Analysis of local equilibrium points.

Equilibrium points c11 c12 c21 c22

(0, 0) − (πp + C − π) 0 0 − (πp + C − π)

(0, 1) απp − C 0 0 πp + C − π
(1, 0) πp + C − π 0 0 απp − C

(1, 1) − (απp − C) 0 0 − (απp − C)

(a, b) 0 c∗12 c∗21 0

O A

C B

H

Figure 1: Phase diagram of game evolution with peripheral
regions.
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governance to other regions is large enough, it is best for
some regions to choose not to govern.

3. The Core-Periphery Regional Public Health
Emergencies Governance Game

+is section focuses on the analysis of the evolutionary game
model between the core area where a public health emer-
gency occurs and its peripheral area and analyzes the issue of
synergistic management of public health emergencies in the
core and peripheral regions.

3.1. Model Construction. +is section still assumes the ex-
istence of two regions, a core region 1 where a public health
event breaks out and a peripheral region 2 surrounding that
core region. +e core region is the origin of the public health
event, with a higher probability of a large-scale spread and
greater difficulties in governance.+us, it is assumed that the
governance cost of core region 1 is greater than that of
peripheral region 2, i.e., C 1 >C 2. When the core region is
governed but the peripheral region is not, the governance of
the core region will exert a spillover effect on the peripheral
region. +e size of the spillover is βq, where q denotes the
probability of a public health outbreak in the region when
only one region is governed, and the spillover coefficient
1< β< (1/q) that measures the spillover effect of the core
region to the peripheral regions. It is further assumed that
there is no spillover effect of governance in the peripheral
region to the core region because public health outbreaks in
the core region are more severe, governance in the peripheral
region simply cannot have an impact on the core region, and
the peripheral region cannot control local public health events
alone and will be affected by the spread of public health events
in the core region at any time and then suffer from the
outbreak again. +erefore, as long as the core region is not
governed, the probability of public health outbreaks in the
peripheral region is 1, and the impact of governance in the
peripheral region on the core region is almost 0.When the two
regions join forces to govern, public health events in all re-
gions can be completely controlled, during which both regions
pay the cost of governance. Based on the above assumptions,
the payoff matrix of the public health event governance game
between the core and peripheral regions is shown in Table 3.

It is assumed that core region 1 chooses a governance
strategy with a certain probability μ and continuously adjusts
the probability to maximize its benefits and that peripheral
region 2 chooses a governance strategy with a certain
probability υ and continuously adjusts the probability to
maximize its benefits.

3.2. Solving Game Equilibrium. Based on the payoff matrix
of the core-periphery region game and the replicator

dynamics equation, the replicator dynamics equation for the
game strategy adjustment in core region 1 and periphery
region 2 can be derived.

(1) Let Uc,0 denote the expected return obtained when
core area 1 adopts a governance strategy, Uc,1the
expected return obtained when core area 1 adopts a
nongovernance strategy, and Uc the average return
obtained by core area 1.
Specifically,

Uc,0 � − C1υ + − πq − C1( (1 − υ),

Uc,1 � − π,

Uc � μUc,0 +(1 − μ)Uc,1.

(9)

+en, the replicator dynamics equation for the core
region 1 strategy adjustment is as follows:

dμ
dt

� μ Uc,0 − Uc  � μ(1 − μ) πqυ − πq + C1 − π(  .

(10)

When the core region 1 strategy adjustment stabi-
lizes, i.e.,(dμ/dt) � 0,

μ∗1 � 0,

μ∗2 � 1,

υ∗3 �
πq + C1 − π

πq
.

(11)

(2) Let Up,0 denote the expected return obtained when
peripheral region 2 adopts a governance strategy,
Up,1 the expected return obtained when peripheral
region 2 adopts a nongovernance strategy, and Up

the average return obtained by peripheral region 2.

Specifically,

Up,0 � − C2μ + − πq − C2( (1 − μ),

Up,1 � − πβqμ − π(1 − μ),

Up � υUp,0 +(1 − υ)Up,1.

(12)

Table 3: Core and periphery game benefit matrix.

Core region 1
Peripheral region 2

Governance Nongovernance
Governance − C1, − C2 − πq − C1, − πβq
Nongovernance − π, − πq − C2 − π, − π
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+en, the replicator dynamics equation for the strategy
adjustment in peripheral region 2 is as follows:

dυ
dt

� υ Up,0 − Up 

� υ(1 − υ) [πβq − π(1 − q)]μ + π(1 − q) − C2 .

(13)

When the strategy adjustment in core region 1 stabilizes,
(dμ/dt) � 0.

When (dμ/dt) � 0 and(dυ/dt) � 0, there are four
equilibria in the core-periphery game on the governance of
public health events: (0, 0), (0, 1), (1, 0), (1, 1), and (μ∗3 , υ∗3 ).

3.3. Stability Analysis of Equilibrium Solutions. Similarly, let
F(μ) � (dμ/dt),G(υ) � (dυ/dt) analyze the stability of each
local equilibrium point of this two-dimensional dynamical
system using the Jacobian matrix:

J �

zF(μ)

zμ
zF(μ)

zυ

zG(υ)

zμ
zG(υ)

zυ

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�
c11 c12

c21 c22

⎡⎢⎢⎢⎣ ⎤⎥⎥⎥⎦,

c11 � (1 − 2μ) πqυ − πq + C1 − π(  ,

c12 � μ(1 − μ)πq,

c21 � υ(1 − υ)[πβq − π(1 − q)],

c22 � (1 − 2υ) [πβq − π(1 − q)]μ + π(1 − q) − C2 .

(14)

Similarly, from the Jacobian matrix of the replicator
dynamics equation for the core-periphery game, Table 4 is
obtained.

+e following proposition can be derived from the stable
equilibrium conditions for evolutionary games.

Proposition 5. When β> (C 2/πq), (1, 1) of the evolutionary
game between the core and peripheral regions is the only
stable equilibrium, the core and peripheral regions in the
public health event governance game finally choose (gov-
ernance, governance) and remain stable. Besides, this
equilibrium state is socially optimal. +erefore, when the
spillover effect from governance in the core region and the
cost of governance in the peripheral region are smaller, or
when the harm by the public health event is greater, both the
core region and the peripheral region tend to choose gov-
ernance, and the state is Pareto optimal. For the current
governance of the new crown epidemic, the core region of
the outbreak chooses to govern due to the great harm the
outbreak generates, but its governance has a small spillover
effect on some peripheral regions. If the peripheral regions
do not choose strict governance and control measures, there
will be a greater risk of an outbreak, and the peripheral
regions eventually have to cooperate with the core region to

jointly govern the epidemic due to the trade-off between the
cost of governance and the risk of outbreaks.

Proposition 6. When (C 2/πq) − 1< β< (C 2/πq), (1, 0) is
the only stable equilibrium point when the core region and
the peripheral region finally choose (governance, non-
governance) and remain stable, the equilibrium state is not
socially optimal. In other words, when the peripheral region
believes that the governance of the core region can produce a
sufficiently large spillover effect and the cost of governance is
large, or when the harm caused by public health events is
small, the speculative mentality of the peripheral region to
“free-ride” leads to its choice of nongovernance, thus
resulting in the core region and the peripheral region not
being able to achieve joint governance, and public health
emergencies cannot be effectively controlled. As a result,
public health governance is inadequate for society as a
whole. For the current management of the new crown ep-
idemic in the core and peripheral regions, the surrounding
areas of the core region have chosen to strictly control and
manage the local new crown epidemic, and there are few
cases of nonmanagement. +is is mainly because the epi-
demic is different from ordinary influenza in terms of a
higher risk of transmission, lower recovery rate, greater
harm, and a smaller spillover effect from the management of
the core region, so they all choose to work with the core
region.

4. GameAnalysisof theGovernanceof the“Free-
Rider” Phenomenon

According to the above analysis, when public health gov-
ernance in one region has a large spillover effect on other
regions, the latter will choose to “free-ride” and adopt a
nongovernance strategy. However, not all “free-rider”
phenomena need to be governed. Only when the spillover
effect of the governance region on other regions is within a
certain range, the game outcome of regional governance is
not socially optimal, and public health emergencies are not
effectively governed. +erefore, this section investigates the
management of the inefficient “free-rider” phenomenon
through the establishment of a joint regional management
platform, i.e., by setting up a joint cross-regional public
health governance platform or management body to manage
regional governance in an integrated manner and providing
rewards and penalties to nongovernance areas, thereby of-
fering incentives for joint regional governance. To illustrate
the moderating effect of a cross-regional public health
governance platform on regional governance, a symmetric
game in peripheral areas is used as an example. Assuming

Table 4: Analysis of local equilibrium points.

Equilibrium points c11 c12 c21 c22

(0, 0) − (πq + C1 − π) 0 0 π(1 − q) − C2
(0, 1) − (C1 − π) 0 0 − [π(1 − q) − C2]

(1, 0) πq + C1 − π 0 0 πβq − C2
(1, 1) C1 − π 0 0 − (πβq − C2)

(μ∗3 , υ∗3 ) 0 c∗12 c∗21 0
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that the cross-regional public health governance manage-
ment platform penalizes the nongovernance regions with v,
the symmetric game matrix is shown in Table 5.

Based on the stability analysis of the equilibrium solution
of the evolutionary game in the peripheral regions in Section
2.3, we can infer that when the spillover effects from regional
governance α fall into the ((C − v/πp) − 1, the (C − v/πp))

interval, the stable solution of the evolutionary game is either
(governance, nongovernance) or (nongovernance, gover-
nance), and the equilibrium is not socially optimal. More-
over, the nongovernance region “free-rides” on the
governance region, leading to insufficient social governance.
Since the spillover coefficient 1< α< (1/p), so only when
(C − v/πp)≤ 1, that is, when the cross-regional joint public
health governance platform penalizes the nongovernance
region v≥C − πp, there is no intersection between the two
sets that the spillover effect has to satisfy. In this case, the
equilibrium of the regional governance game is socially
optimal, and public health emergencies are effectively
managed. At the same time, the conclusion also holds for the
public health event governance game between the core re-
gion and the peripheral region, where there exists a critical
threshold for government penalties that allow for the ef-
fective governance of public health emergencies. +erefore,
for the current governance of the epidemic, to ensure ef-
fective multiregional joint governance, a multiregional joint
management platform can be established for coordination
and control, and effective multiregional collaborative gov-
ernance can be achieved through rewards and penalties.

5. Conclusions and Recommendations

In the context of the spread of the “new coronavirus,”
achieving cross-regional coordinated governance of public
health emergencies has become an important issue that
needs to be addressed urgently. +e complexity and dy-
namics of cross-regional governance of public health
emergencies increase the difficulty of regional collaborative
governance. +is paper employs the method of an evolu-
tionary game in biology and constructs the peripheral region
evolutionary game model and core-peripheral region evo-
lutionary game model, which captures the complexity and
dynamic nature of the decision-making process of regional
governance. Additionally, the models provide a good ana-
lytical framework for a systematic analysis of the cross-re-
gional governance of public health emergencies. +e
findings of this study are as follows:

(1) In the game of governance of public health emer-
gencies between peripheral regions, when the spill-
over effect of regional governance on nongovernance

regions is small enough, that is, when the benefits of
“free-riding” in nongovernance regions are inade-
quate, all peripheral regions tend to choose coop-
erative governance; when the cost of regional
governance of public health emergencies is small and
the economic and social harm caused by public
health emergencies is greater, all regions tend to
choose joint governance. Concurrently, when the
externalities of governance in one region on non-
governance regions are large, some regions will
choose to “free-ride” on the benefits of other gov-
ernance regions for free.+us, the peripheral regions
cannot achieve joint governance, and public health
emergencies cannot be effectively controlled. Unless
the externalities generated by governance are large
enough for governance in one region to control
public health emergencies for all regions, partial
regional governance cannot achieve effective man-
agement of the overall public health events. For the
current governance of the new crown epidemic,
some peripheral regions are considering whether to
adopt relevant governance or control measures such
as city closure or suppression of economic activities,
but these measures will result in economic losses to
the local area and affect the local economic devel-
opment as well as the livelihood of the people. In this
regard, some regions with an opportunistic mentality
tend to take advantage of the “governance of other
regions” through inaction or lenient approaches,
while enjoying the spillover effect from the other
regions to maximize their benefits. As a result, some
peripheral regions have adopted strict control
measures while others have taken simple measures to
deal with the epidemic. Although some peripheral
regions have an opportunistic mentality of “free-
riding” on the governance in other regions, resulting
in an evolutionary game that does not lead to joint
regional governance, it is still the most efficient
outcome for some regions to choose nongovernance
as long as the spillover from regional governance to
other regions is large enough.

(2) In the game of governance between the core and
peripheral regions of a public health outbreak,
governance of the public health outbreak is an
equilibrium stabilization strategy for the core region.
Besides, whether the peripheral region is governed or
not depends on the spillover effect of the governance
of the core region on the peripheral region, the cost
of governance in the peripheral region and the losses
incurred from the public health outbreak. When the
spillover effect is large, the cost of peripheral area
governance is small, and the loss from public health
outbreak is small, peripheral areas have the “free-
rider” mentality and tend to choose nongovernance.
In this case, joint governance between core areas and
peripheral areas cannot be achieved, and public
health emergencies cannot be effectively governed.
For the current management of the new crown

Table 5: Game benefit matrix with the intervention of a cross-
regional public health governance platform.

Peripheral region 1
Peripheral region 2

Governance Nongovernance
Governance − C, − C − πp − C, − παp − v

Nongovernance − παp − v, − πp − C − π − v, − π − v
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epidemic, the core regions of the outbreak choose to
manage the epidemic due to the great harm it causes,
but the spillover effect of its management on some
peripheral regions is small. +us, if the peripheral
regions do not choose strict management and
control measures, there will be a greater risk of
outbreaks. As a result, they will also engage in the
management of the outbreaks by cooperating with
the core regions, while few peripheral regions of the
core choose not to do so.

(3) To suppress the inefficient “free-riding” phenome-
non in the cross-regional governance game of public
health emergencies, the benefits of regional “free-
riding” are changed by constructing and controlling
a cross-regional management platform and provid-
ing rewards and penalties for nongovernance areas.
When the reward and punishment for non-
governance areas are greater than a certain thresh-
old, all inefficient “free-riding” will disappear, and
the equilibrium of the regional governance game is
the socially optimal governance. +erefore, for the
current management of the new crown epidemic, in
order to ensure effective multiregional joint man-
agement, a multiregional joint management plat-
form can be established for coordination and control
to achieve effective multiregional collaborative
management through rewards and penalties.

Based on the above findings, and to improve the effec-
tiveness of cross-regional governance of public health emer-
gencies, this paper makes the following recommendations.

First, a regional joint governance platform should be
established to provide unified coordination of regional
public health governance. +e government should also es-
tablish a cross-regional joint governance system for public
health incidents, strengthen regional cooperation and ex-
change, study and develop cross-regional collaborative and
joint working mechanisms, provide unified coordination
and management of multiregional governance, and super-
vise and punish areas that do not take relevant governance
measures. Furthermore, it is advisable to promote joint
missions among cross-regional emergency management
departments, to establish cross-regional and cross-sectoral
communication and coordination networks for communi-
cation, and to encourage cross-regional cooperation among
public health governance-related departments.

Second, while there is regional “free-riding” in the
governance of public health among regions with large
spillover effects, not all “free-riding” affects the governance
of public health events in society as a whole. In this case,
cross-regional management platforms should not overreact
and intervene.

+ird, the big data platform should be leveraged to share
information on public health events across regions, and a
cross-regional public health event platform for monitoring,
assessment, and early warning should be established to
achieve precise governance of public health emergencies and
reduce regional governance costs. Additionally, we need to
strengthen real-time information sharing and seamless

integration on cross-regional public health events and share
typical experiences and practices. +e regions involved
should be unified in the deployment of rescue forces and
material resources and an intercity and interregional real-
time big data platform should be built to share information
on the epidemic. Finally, a cross-city and cross-regional
cooperation risk governance body should be established, and
infrastructure should be co-constructed and shared across
administrative boundaries.

Finally, in this paper, we use evolutionary game method
to study the cross-border governance decision of public
health events, assuming that the regional governance de-
cision set is governance or nongovernance, but in the actual
regional decision-making, the set of its choice includes the
intermediate state of governance and nongovernance. +e
regional governance decision may be fuzzy; while Pythag-
orean is an important tool to solve the uncertainty problem
in multiattribute decision-making [27–29], it will be the
direction of further research in this paper to study the cross-
border governance of public health events by integrating
Pythagorean fuzzy decision-making method with evolu-
tionary game method.
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