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The COVID-19 pandemic has plunged the housing affordability and living sanitary conditions of China’s low-income groups into
a crisis. Public rental housing has made a significant contribution to alleviating this crisis, yet its exit problem has become more
acute due to the impact of the epidemic. In order to explore how to effectively play the role of multi-governance in public rental
housing exit, this paper adopts game theory to analyze the evolution of the behavioral strategies of government departments and
public rental housing tenants in public rental housing exit by combining four influencing parameters: the epidemic severity, the
epidemic influence coeflicient, the public participation degree, and the public reporting fairness. In response to exploring the
conditions for the effective functioning of the multi-governance model under the impact of the epidemic, the influences of
parameter change on the stability of the system are analyzed. The results show that when the COVID-19 epidemic impact
coeflicient is high, government departments need to reduce their own supervision costs to achieve better multi-governance effects;
when public reports are distorted, the government departments’ own supervision capabilities determine the impact of public

participation on governance effects.

1. Introduction

The sudden arrival of the COVID-19 epidemic has had an
extremely negative impact on urban governance and public
health in China. The most immediate impact has been re-
flected in the housing problem of low-income groups. On
the one hand, the epidemic has directly led to a decline in the
housing affordability of low-income groups [1]. Affected by
the epidemic, urban housing costs [2] and unemployment
rates have been continually on the rise. In 2020, China’s new
employment decreased by 4.7 million, and the loss rate of
new employment reached 29.26% [3]. Due to the overlap
with the Spring Festival, it is difficult for low-income groups
to return to work, which makes the structural contradiction
between the supply and demand of urban and rural labor
more prominent, causing the unemployment of low-income
groups to reach a new high [4]. The gradual increase in
unemployment has brought a greater economic shock to

low-income groups, under which the budget for housing
rents has exceeded their ability to pay. Housing affordability
has become a major problem during the epidemic. On the
other hand, the COVID-19 epidemic has threatened low-
income groups’ living sanitary conditions. During the epi-
demic, the majority of low-income groups were renting
peasant-built houses in urban-rural areas. These dwellings
have neither fixed property management services nor suf-
ficient environmental health management. After the onset of
the epidemic, low-income groups either fled the city and
returned to their relatively safe rural home or lived in the city
in fear, increasing the risk of public health. Poor housing
affordability and living sanitary conditions caused by the
epidemic have adversely affected the mental health of low-
income groups [5]. Cheap and affordable housing with
certain supporting facilities, public health services, and
government supervision has received unprecedented at-
tention and demand. The General Office of the State Council
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also issued the “Opinions on Accelerating the Development
of Affordable Rental Housing” in June 2021, emphasizing the
expansion of the supply of affordable rental housing and the
resolution to solve the prominent housing problems in big
cities.

Public rental housing eases the housing and health
pressure of China’s low-income groups during the COVID-
19 epidemic [6]. On the one hand, the rent of public rental
housing does not increase but falls, which greatly alleviates
the economic pressure of low-income tenants. On the other
hand, under the unified management of the government,
public rental housing has basically guaranteed the tenants’
living sanitary conditions and public health management
during the severe period of the epidemic. However, due to
the imperfect review mechanism and exit mechanism, there
is a phenomenon of “only enter but not exit” in public rental
housing in many places of China. Especially under the
negative impact of the COVID-19 epidemic, the problem of
public rental housing exit has become more serious. Firstly,
the epidemic has raised the cost of government supervision
and enforcement so that the number of delay exit behaviors
has increased. Furthermore, some tenants who should have
quit public rental housing were affected by the epidemic,
resulting in a decline in their housing affordability and
choosing not to exit. As public rental housing has a social
security function, if government departments fail to effec-
tively address the problem of reneging by some tenants, it is
very likely that public rental housing will lose its fairness and
fall into the “public housing” dilemma again.

When studying the issue of urban governance, most
scholars emphasized the importance of subject participation
to governance effects and proposed that the construction of a
multiple collaborative co-governance mechanism should be
accelerated to realize the transition from government
“unified” supervision to social “diversified” governance.
Wood et al. (1991) [7] elaborated on the theory of collab-
orative governance and proposed a governance model in
which all stakeholders make joint decisions in the face of
public affairs. The theory of collaborative governance has
played an important role in the study of various governance
issues. Guoxing Zhang proposed that a collaborative gov-
ernance mechanism composed of government departments,
enterprises, social organizations, and other subjects should
be established to better protect the environment [8]. Junqing
Li aimed to solve the problem of poverty in ethnic areas by
building a multi-subject collaborative governance system in
the field of poverty alleviation poverty issues [9]. Yulin Zhao
pointed out that the multi-coordinated governance model
should be led by the government, with the participation of
relevant social entities, so as to achieve the effect of co-
governance in Internet governance issues [10]. The multi-
governance model is of great significance to flexible gov-
ernance of COVID-19 epidemic [11]. Under the multi-
governance model of collaborative governance, public
participation is essential. It not only enables urban planners
and policy makers to consider genuine public needs [12, 13],
but also supports the sustainable development of urban
communities [14]. By combining the organizational struc-
ture and mechanism of public rental housing exit from the
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multi-governance model, it can be seen that the behavioral
strategies of government departments and tenants influence
each other, and there is a strong game relationship between
them. At present, most scholars choose to adopt the evo-
lutionary game method to explore effective measures to
improve the governance effect when studying the regulatory
issues of government departments. Different from the
existing literature, we consider the roles of key stakeholders
in the process of public rental housing exit, analyze the
relationship between government and public rental housing
tenants, explore the causes of the slow exit of tenants, and
reveal the evolutionary mechanism of public rental housing
exit. On the basis of theoretical analysis, the complexity
scientific method is introduced and the evolutionary game
model of public rental housing exit is established in order to
study how to give full play to the best role of multi-gov-
ernance in public rental housing exit governance. The in-
novation of this study mainly lies in two aspects: the first is to
explore the effect of the COVID-19 epidemic and the public
on public rental housing exit by considering two related
parameters, the epidemic impact coefficient and the public
reporting fairness; the second is to investigate the role of the
government in the promotion of public rental housing exit
through analyzing the dynamic decision-making process of
both the government and tenants. Based on the research
conclusions, this paper intends to provide reference for the
government departments to give full play to the role of
multi-governance in public rental housing exit. The
framework of the study is shown in Figure 1.

2. Literature Review

2.1. Current Status of Public Rental Housing Exit Governance.
The issue of public rental housing exit has existed for a long
time in China’s urban governance. Scholars have done a lot
of researches on related issues, which mainly focused on two
aspects: tenant exit influencing factors and exit governance
mechanisms.

The behavioral decisions of tenants to exit public rental
housing are affected by many factors. A large body of lit-
erature showed that family income, education level, family
size, and understanding of public rental housing policies are
the main internal factors [15-17]. The probability of gov-
ernment departments’ effective review is the key external
factor [18]. In addition, environmental health has gradually
become an important factor influencing tenants’ decisions
due to the COVID-19 epidemic [19]. However, few scholars
have studied the impact of the epidemic on public rental
housing exit.

Some scholars have conducted researches on typical
models of public rental housing community governance in
various countries, such as the American model [20], the
Singapore HDB community management model, the
Chongqing model [21], the Shanghai model [22] and the
Ankang model [23], discussing the necessity for the estab-
lishment of dedicated agency, semiofficial people’s associ-
ations, and civil charity organizations to participate in public
rental community governance. The polycentric and coop-
erative governance model is the common point of most
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FiGUre 1: Framework of this research.

studies, arguing that the government should develop in-
centive mechanisms [24] and encourage residents to par-
ticipate in the decision-making process of community
management. It is generally accepted that the public par-
ticipation in public rental housing exit is of great significance
to exit governance. However, most studies focused on public
participation in public rental housing construction [25] and
ignored public’s role in monitoring and reporting when
tenants exit public rental housing.

2.2. Application of Evolutionary Game in Public Rental
Housing Exit. Evolutionary game has considerable unreal-
ized potential for modeling substantive economic issues.
Smith (1986) [26] described the concepts of evolutionary
game theory in the context of a simple game. Friedman
(1998) [27] exposited the specification of evolutionary game
models and classified the possible asymptotic behavior for
one- and two-dimensional models. Evolutionary game
theory is the application of population dynamical methods
to game theory [28], which has strong modeling capabilities
for explaining past evolution and predicting the future one
[29]. As an analytical tool, evolutionary game theory has
been applied to various fields of research studies to explain
social phenomena [30-33], including construction and
demolition waste supply chain [34], environmental gover-
nance [35, 36], and public health emergency management
[37, 38]. In recent years, the application of the evolutionary
game theory in the field of public rental housing exit has
been increasing. For example, Baolong (2016) [39] pointed
out the two key factors in exit mechanism of public rental
housing by constructing game model of the public rental
housing authorities and public rental housing tenants. Hui
et al. (2017) [40] constructed an evolutionary game model
between government departments and tenants based on

evolutionary game theory, determined the best time and
proportion for government departments to sue delay exit
tenants. Liu (2020) [41] provided effective suggestions for
the establishment of the flexible exit mechanism of public
rental housing in Urumgi through using logistic model to
analyze the game evolution of the lessee’s rent-seeking
behavior.

As can be seen from the abovementioned literature
review, the evolutionary game model has been applied to
the study of public rental housing exit, but the related
research mainly focused on the government supervision
and paid less attention to the epidemic impact and public
participation. Prior studies mainly considered the rela-
tionship between government and tenants. However, few
scholars analyzed public rental housing exit from the
perspective of multi-stakeholder relationship. It is difficult
to see the full application of evolutionary game in public
rental housing exit.

3. Model Construction and Analysis

3.1. Parameter Assumptions and Modeling. This paper
models the issue of multi-governance for public rental
housing exit under the impact of the COVID-19 epidemic,
which involves two participants: government departments
and the tenants who should have quit public rental housing
but did not. During the epidemic period, the government’s
strategic actions include “positive supervision” and “nega-
tive supervision.” The strategic behaviors of the tenants
include “active exit” and “delay exit.”

In order to clarify the relationship between the two
participants in the game, this paper makes the following
rational assumptions on the premise of fully integrating the
public rental housing reality



(1) In the process of multi-governance during the epi-

demic, the probability of government agencies
adopting positive supervision is x (0 <x<1). At this
time, the government will spend a fixed supervision
cost C, and incur additional supervision costs Pw/K
caused by the epidemic; ie., C=C,+ Pw/K. Si-
multaneously, the government can obtain benefits s,
which means the improvement of the total social
welfare and government credibility.

(2) The probability that the government adopts negative

supervision is 1-—x. At this point, although the
government does not have to pay supervision cost, it
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government departments investigate and deal with
delay exit tenants, they will be fined.

(5) When the public perceives that the tenants have

violated the regulations, they can report this to the
government departments, at which point the prob-
ability that the tenants will be investigated and
punished by the government is g =21+ (1-21)q.
Nevertheless, considering that the information re-
ported by the public may not be completely accurate,
government departments will suffer losses (1 — a)gn
and tenants will suffer losses (1 —a)q¢ when the
public incorrectly reports tenants for violations.

will suffer a loss gn if the tenants’ irregularities are
exposed, indicating the loss of credibility, suffered as
a result of government inaction.

(6) The parameters of the game model: Under each game
strategy combination, according to the cost, income,
and loss of the government and tenants, the pa-

(3) In the process of multi-governance, the probability rameter settings are shown in Table 1.

of the tenants taking active exit strategy is y

(0 <y<1). At this point, the government will give a

certain housing subsidy to alleviate the financial

pressure of the tenants, while the active exit of the

tenants will raise the total social welfare. .
. o ' and the tenant, are shown in Table 2.
(4) The tenants’ delayed exit probability is 1-y. At this Through the above game payment matrix, it can be

time, it will save a certain amount thousing cost but concluded that the expected benefits of government de-
reduce the total social welfare. Moreover, when  partments under different behavior strategies are as follows:

3.2. Model Analysis. According to the model assumptions
and the game parameters shown in Table 1, the benefits and
payments of the two-party game subjects, the government

F.=y(s-c-(Q-a)gn+m-R)+(1-y)(s—c-v)=s—c-v+y(l-a)gn+m—-R, +v, "
Fi.=y(c-(l-a)gn+m-R)+(1-y)(-v—qn) = -v—gn+ y(qna+ m—R, +v).

The average expected revenue of the government is as In the same way, the expected benefits of tenants under
follows: different behavior strategies are as follows:

F=xF, +(1-x)F,_,. (2)

G, =x(R; —(1-a)qe) +(1-x) (R, - (1 - &)qp) = R, - (1 - a)

Gy = x(R, —uF)+(1-x)(R, —gF) =R, — qF + x(R, — R, + qF — uF).

(3)

It can be obtained that the dynamic equations of rep-
lication between government departments and tenants are as

The average expected revenue of the tenants is:

G=yGxt (1= )Gy (4) follows:
dx _
F(x,y)=qr=x(Fe=F) = x(1-2)(Fy ~Fip) = x(1=x) (s = ¢ +qn— yqn),
d (5)
X _
Gloy) =g = y(G,-G)=y(1-»)(G,-G,_,) = y(1 - ») (R, - R, — g9 + qag + qF — xqF + uxF).

Let dx/dt=0 and dx/dy = 0; the five local equilibrium
points of the evolutionary game system can be obtained as
(0’ 0)’ (0) 1)’ (1) O)’ (1) 1)’ (x*) y*)‘
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TaBLE 1: Related parameters and definition.

Parameter

Definition

QOQ"’ Se N F e R

=T < I mI®

Probability of positive supervision adopted by government, 0<x <1
Probability of tenants actively exiting under the epidemic, 0< y <1
Severity degree of the epidemic , 0<p<1
The impact coefficient of the epidemic , 0<w<1
The government’s ability to deal with the epidemic
Public participation degree , 0<g<1
Fairness degree of public reporting , 0<a<1
Loss to tenants due to public reporting distortion
The government losses caused by the public exposure to the illegal behavior of tenants
Government positive supervision benefits
Government supervision fixed costs
The total cost of government supervision
Subsidy for tenants exiting actively
Saved rent for tenants adopting delay exit
Penalties for tenants delaying exit when being investigated
Increased social benefits brought about by tenants’ active exit
Declined social benefits caused by tenants’ delay exit
The probability that the government investigates the illegal behavior
The government’s own supervision capabilities

TaBLE 2: Game payment matrix of government and tenants.

Tenant strategy: y Tenant strategy: 1-y
Government strategy: x s—c—(l-a)gn+m—-R;,R; — (1 —a)qe s—c—=v,R,—uF
Government strategy: 1-x - (1-a)gn+m—-Ry, R, - (1 -a)qep -v—qn, R, —qF
« R, —-R,—qe+qap+qF 3.3. Equilibrium and Stability Analysis. In this paper, the

X =

qF — uF

« S—c+qgn
g

ap

a

a

an

’ local stability of the equilibrium point of the evolutionary
(6)  game system is judged by the Jacobian matrix composed of
the partial derivatives of the dynamic equations.

OF (x,y) OF(x,y)

ox

ay |:a11 a12:|
0G(x,y) 0G(x,y) ay Gy

ox

_OF(x,y) _

ox

_OF(x,y) _

dy

_ oG (x,y) _

ox

_9G(xy) _

dy

ay
(1-2x)(s —c+qn- yqn),
(7)

-x(1-x)yn,

y(1-y)(u—qF,

(1-2y)(R, - R, —q¢ + qa¢ + qgF — xqF + uxF).

Through calculation, the value of the game system at the
five local equilibrium points can be obtained, as shown in

Table 3.



Complexity

TaBLE 3: Local equilibrium point value table.

Equilibrium point a;; a, ay, ay,

0, 0) s—c+qgn 0 0 R, - R, —q¢ + qa¢ + gF
0, 1) s—c 0 0 ~(Ry = R, —q¢ + qag + gF)
1, 0) —(s—c+gqgn) 0 0 R, - R, —q¢ + qa¢p + UF
1 1) c—s 0 0 —(Ry — R, —q¢ + qap + uF)
(x*, y%) 0 M N 0

The meaning of the italic values in Table 3 are the values of a;; and a,, in different equilibrium points.

(R, =R, — q¢ + qag + qF) (R, = R, = q¢ + qap — uF) (s — ¢ + qn)

q(qF - uF)’

M =
N_F(c—s)(s—c+qn)(y—q)
= > :
(qn)
If the Jacobian matrix determinant value

(aj1a,, — a1,a,,) is greater than zero and the determinant
trace value (a,; + a,,) is less than zero, then the evolutionary
game system has an evolutionary stability strategy (ESS). Since
it is necessary to comprehensively consider the influence of the
four parameters p, w, g, and « on the stable evolution state of
the system and it is difficult to determine the threshold space
corresponding to each parameter, without affecting the pur-
pose of this study, we select two reference values s — ¢, and R,
as the judgment intermediary for analyzing the impact of
parameter value range change on system stability, which can be
divided into the following five situations:
(1) When {5~ < (Pl van L pssis (0, 0).
R, >R, —q¢ + qap + gF
This means that after continuous selection and
evolution, the system finally forms a stable state in
which both the government’s supervision probability
and the tenant’s exit probability tend to 0, which
indicates that low subsidy and penalties are unfa-
vorable for tenants to exit public rental housing.
s —¢y < (Pw/K) .
(2) When the ESSis (0, 1). It

R, <R, —q¢ +qa¢p +qF’
can be seen ti‘xat after continuous selection and

evolution, the system finally forms a stable state in
which the government’s supervision probability
tends to 0 and the tenant’s exit probability tends to 1,
which indicates that high epidemic impact is unfa-
vorable {or the government to supervise.

(3) When s—cy> (Pw/K) +gn he

R,>Ri—qp+qap+ (A+ (1 -A)g)F’ t
ESS is (1, 0). We can see that after continuous se-

lection and evolution, the system finally forms a
stable state in which the government’s supervision
probability tends to 1 and the tenant’s exit proba-
bility tends to 0, which indicates that low epidemic
impact and public participation are favorable for

government to su lgr\;llge):
s—¢y> (Pw
(4) When “{RZ <R, -qp+qap+ (A+ (1-A)gF’ the

ESS is (1, 1). This means that after continuous se-

lection and evolution, the system finally forms a

(8)

stable state in which both the government’s super-
vision probability and the tenant’s exit probability
tend to 1, which indicates that low epidemic impact
and high penalties are favorable for tenants to exit
public rental housing.

(Pw/K) <s—cy< (Pw/K) +gn

(5) When R qe + qag +
gF <R, <R, —q¢ + qocgoir (A+ (1 -2A)g)F, there is
no ESS.

3.4. Model Construction and Analysis. According to the
above stability analysis, it is observed that the evolution of the
stable state of the system depends on the relative magnitude
relationship between the influence parameters and the ref-
erence values, where s — ¢, represents the difference between
the benefits gained and the fixed cost required when the
government adopts an positive supervision behavior strategy,
i.e., the maximum benefits gained without considering the
epidemic and public participation in the governance process;
R, represents the additional benefits that the tenants can
obtain if they adopt the delayed exit strategy, i.e., the op-
portunity benefits that can be obtained without considering
the epidemic and public participation. From this, it can be
seen that these two values are stable in the actual environment
of public rental housing exit governance, independently of the
epidemic and public participation. Therefore, the variation of
the system stability equilibrium point within the range of
different parameter values can be derived from a compre-
hensive analysis of the epidemic severity p, the epidemic
impact coefficient w, the public participation degree g, and the
public reporting fairness a.

3.5. Special Case Analysis

Case I: w=1,a=1.

The epidemic impact coeflicient w =1 indicates that the
epidemic has a great restriction on the supervision ability of
the local government, causing a higher cost when the
government adopts positive supervision strategy. The public
reporting fairness « =1 indicates that the public has high
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information recognition ability; that is, they can better
identify whether the tenants delay exit so as to avoid ad-
ditional losses to the government and tenants.

According to the calculation results of the model, in
order to make the evolution state of the system toward (1, 1)
stable, the relevant influencing parameters need to meet the
following conditions:

s—cy>(p/K)andR, <R, + (A + (1 = A)q)F; i.e, p<k(s—c,) andg>(R, - R, —AF/(1 - }))F. (9)

This shows that when the negative effect of the epidemic
is great and the public reporting information is totally ac-
curate, lowering epidemic severity and increasing public
participation level can improve the effectiveness of the
multi-governance model for public rental housing exit.

Case 2: w=0,a=1.

The epidemic impact coefficient w =0 means that the
epidemic will not affect the government’s supervision costs.
At this time, in order to make the evolution state of the
system toward (1, 1) stable, the relevant influencing pa-
rameters need to meet the following conditions:

s—cp>0andR, <R, +(A+ (1 -A)g)F; ie., 0<s—cyandg>R, — R, —AF/(1 - M)F. (10)

This shows that when the negative effect of the epidemic
is minimal, the severity of the epidemic has no impact on the
effect of government governance. By comparing the pa-
rameter value range of Case 2 with that of Case 1, it can be
found that the parameter value range of Case 2 is easier to
meet in the context of the system evolution toward point (1,
1); i.e., in order to achieve better governance effect of multi-
governance model for public rental housing exit, the pa-
rameter setting of Case 2 has more advantages. It shows that
the government needs to reduce their own supervision cost
to achieve better multi-governance effect when the epidemic
has a great impact.

Case 3: w=1,a=0.

The public reporting fairness « =0 means that public’s
reporting information is distorted; i.e., the public will
consider the active exit strategy adopted by the tenants as
delayed exit strategy and report that to the government
departments, which brings additional losses to government
departments and tenants.

In order to make the evolution state of the system toward
(1, 1) stable, the relevant influencing parameters need to
meet the following conditions:

s—cy>(P/K),
R, <R, —qp+(A+(1-L)g)F,

p<k(s—c)
q(F—AF—¢)>R, - R, - AF.

(11)

In this case, the influence of public participation on the
governance effect of government is not stable. Therefore, the
discussion is divided into two different situations according
to the government departments’ own supervision ability.

(1) When A < (F — ¢/F), the above conditions are con-
verted to p<k(s—¢y)) and ¢g>(R,-R,-

AF/F — AF — ¢). At this time, A< (F — ¢/F) means
that the government’s supervision ability is low and
the parameter conditions for the system to evolve
toward the point (I, 1) need to satisfy
q> (R, — R, —AF/F - AF — ¢); ie., in order to
achieve better governance effect, it is essential to
increase public participation enthusiasm.

(2) When A > (F — ¢/F), the above conditions are con-
verted to p<k(s—cy) and
q<(R,—-R,-AF/F-AF-¢). At this time,
A> (F - ¢/F) means that the government’s super-
vision ability is high and the parameter conditions
for the system to evolve toward the point (1, 1) need
to satisfy q < (R, — R, —AF/F — AF — ¢); i.e., in order
to achieve better governance effect, it is essential to
reduce public participation enthusiasm.

Through the above analysis, it is found that the difference
in the government’s own supervision capacity will affect the
role of public participation in the governance process. In the
case where public reporting is not completely impartial,
government departments relying solely on public reporting
information can hardly achieve the optimal effect of multi-
governance, which indicates that the government’s own
supervision capacity plays a key role in strategy formulation
and governance effectiveness.

By comparing the parameter value range of Case 3 with
that of Case 1, it can be found that since R, — g + (A + (1 -
Mg@F < Ry + (A+ (1 - L)g)F, in practice, in order to make
the system evolve toward point (1, 1), the parameter value
range of Case 1 is easier to meet, showing the key role of the
public reporting fairness in the governance process.

Case 4: w=0, a=0.

In order to make the evolution state of the system toward
(1, 1) stable, the relevant influencing parameters need to
meet the following conditions:



s—cy>0andR, <R, —qp + (A +(1-2A)g)F; ie., 0

<s—cgandq(F —AF —¢)>R, - R, - AF. (12
In this case, the influence of public participation en-
thusiasm on the governance effect of government depart-
ments is also unstable, and it is affected by the government’s
own supervision ability as well. At this time, the influence of
the government’s own supervision ability on the enthusiasm
of public participation is similar to that of Case 3.

By comparing and analyzing the parameter values of the
system evolution toward the point (1, 1) under the four cases,
we can clearly see that the government departments” multi-
governance of public rental housing exit is influenced by
many factors, among which the epidemic influence coeffi-
cient, the public reporting fairness, and the government’s
own supervision ability play a key role.

3.6. General Situation Analysis. In order to more clearly
understand the impact of both the epidemic and the public
related parameters on the effectiveness of governance, this
paper analyzes the general condition for the evolution of the
system toward the (1, 1) point, i.e., analyzes the situation
when each parameter of the system satisfies the following
condition:

Pw

S—Cy>—
K

(13)
R, <R, —qp+qap+(A+(1-A)gF

On the premise of not affecting the conclusion of the
analysis, the following part will also take s — ¢, and R, as
reference values to analyze how to set parameters to make
the limitation more easily satisfied, i.e., by solving the system
of (13) to discuss the effect of parameter changes on the
function values, which leads to more general conclusions.

inF Pw
minF (p, w) > a
(14)

maxM (g, «) <R, —q¢ + qap + (A + (1 - A)q)F

3.6.1. Analysis of Epidemic-Related Parameters. Analysis of
the epidemic severity p.

Let the function F(p, w) be derived with respect to the
epidemic severity p.

op K
According to (15), it can be seen that the function

F (p, w) is an increasing function of the epidemic severity p;

i.e., alleviating the epidemic severity p reduces the value of

the function F (p, w). Therefore, to better satisfy the range of

parameters for the evolution of the system toward the (1, 1)

point, the epidemic spread needs to be suppressed.
Analysis of the epidemic impact coefficient w.

Complexity

Let the function F(p, w) be derived with respect to the
epidemic impact coeflicient p.

oF (pw) _p

op K>0. (16)

According to (16), it can be seen that the function
F(p, w) is an increasing function of the epidemic impact w;
i.e., reducing the epidemic impact factor w reduces the value
of the function F (p, w). Therefore, to better satisfy the range
of parameters for the evolution of the system toward the (1,
1) point, it is necessary to reduce the impact of the epidemic
on government surveillance capacity.

3.6.2. Analysis of Public-Related Parameter. Analysis of the
public participation degree q.

Let the function M (g, «) derive from the level of public
participation degree q.

0M (g, @) _

30 -p+ap+F—-AF. (17)

According to (17), it can be seen that the plus or minus
characteristic of the equation is unknown, and it is related to
the government department’s own supervision capacity.
Therefore, this paper discusses two different cases according
to the government department’s own supervision capacity.

When A< (F - ¢+ ag@/F), then oM (g,a)/0q>0. The
function M(q, «) is positively correlated with the public
participation degree g; increasing the public participation
degree g can make the function M (g, «) increase. Therefore,
in order to better meet the range of parameters for the
evolution of the system toward the point (1, 1), the public
participation level needs to be increased.

When A> (F - ¢ + ag/F), then oM (q,«)/0q<0. The
function M (g, «) is negatively correlated with the public
participation degree g; decreasing the public participation
degree g can make the function M (g, «) increase. Therefore,
in order to better meet the range of parameters for the
evolution of the system toward the point (1, 1), the public
participation level needs to be reduced.

Analysis of the fairness of public reporting a.

Let the function M(q,«a) derive from the public
reporting fairness «.

oM (g, ¢)
o

According to (18), it can be seen that the function
M (g, ) is an increasing function of the public reporting
fairness «. Increasing the public reporting fairness « can
make the function M (q, «) increase. Therefore, in order to
better satisfy the range of parameters for the evolution of the
system toward the (1, 1) point, the public reporting fairness
needs to be increased.

=qp>0 (18)

4. Numerical Simulation

By solving and analyzing the model, we can see that the
severity and impact coeflicients of the epidemic, the level of
public participation, and the degree of public report fairness
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play a complex role in the stable evolutionary equilibrium of
the game system. In order to explore the continuous trend of
parameters on the evolution of the system toward the (1, 1)
point, this section conducts numerical simulations of the
outcome conditions of the parameters in the general case of
the system and analyzes the impact trends of the parameters
on the system by the simulation images.

4.1. Analysis of Strategic Options for Government Action.
To investigate the effect of the epidemic severity p and the
epidemic impact coeflicient w on the government strategy
selection function F(p,w), let k=5, while p € (0,1) and
w € (0,1) are substituted into MATLAB software for nu-
merical simulation; the resulting images are shown in
Figure 2.

As can be seen from Figure 1, the function F (p, w) that
influences the choice of government strategy is an increasing
function of the epidemic severity p and the impact coefficient
w. The result of simulation coincides with the conclusion
that the COVID-19 epidemic expansion will increase
homelessness and government costs [42]. Homelessness and
the many vulnerabilities that inevitably accompany it are
driving COVID-19 outbreaks in shelters and other con-
gregate living situations. Public rental housing is an in-
vestment that will curb the spread of COVID-19 and help
protect most of low-income groups from future pandemics.
Therefore, in order for the system to evolve toward the (1, 1)
point, the values of the epidemic severity p and the impact
coefficient w need to be reduced; i.e., in order to optimize the
effect of multi-governance by government departments on
public rental housing exit during the epidemic, government
departments should strengthen their own supervision ca-
pacity to weaken the impact of the epidemic.

4.2. Analysis of the Behavioral Strategy Choices of Tenants.
In order to investigate the effect of the public participation
degree g and the reporting fairness a on the strategy se-
lection function M(q,«), let R, =1, ¢=0.5, A=0.9, and
F=2, while g € (0,1) and « € (0,1) are substituted into
MATLAB software for numerical simulation; the resulting
images are shown in Figure 3.

From Figure 3, it can be seen that there are two cases that
affect the tenant strategy selection function M (g, «). When
the public reporting fairness « is low, the function M (g, «) is
negatively correlated with the public participation degree g
and the reporting fairness «; when the public reporting
fairness « is high, the function M (g, @) is positively cor-
related with the public participation degree g and the
reporting fairness a. The result shows that the effect of multi-
governance is not directly related to the amount of public
participation. In fact, since public reporting is more based on
interests than authenticity, the lack of authenticity of public
reporting often becomes a major obstacle to cooperative
governance [43]. Therefore, government departments
should focus on the fairness of public reporting in public

FIGURE 2: Government strategy selection simulation image.
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FiGure 3: Tenant behavior selection system simulation images.

rental housing exit governance during the epidemic to
achieve a better effect of multi-governance.

4.3. The Influence of Subsidy on Strategy Choices of Tenants.
To derive the impact of the subsidy R, on evolutionary
results, we fix other parameters and conduct experiments
when R; =2, 3, respectively. The dynamic evolutionary
processes of the tenants in different situation are demon-
strated in Figure 4.

From Figure 4, it can be seen that the subsidy can ef-
fectively promote the tenants to select the “active exit”
strategy. Considering the maximization of the payoff, the
willingness of tenants to choose active exit strategy would
increase with the increase in the subsidy. However, the high
subsidy brings a heavy burden on the local government, so
the willingness of the government to adopt strict governance
would decline with the increase in the subsidy [44]. Thus,
appropriate subsidy is a key factor that the government
should consider in the multi-governance of public rental
housing exit during the epidemic.
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FIGURE 4: Tenant behavior selection system simulation images (left R, =2, right R; =3).

5. Conclusions

The government departments’ implementation of multi-
governance for public rental housing exit requires con-
sidering the participation of multiple factors, such as
epidemic and public, in the governance process and ex-
ploring the conditions under which each acts effectively.
This paper adopts game theory to construct an evolu-
tionary game model of the multi-governance for public
rental housing exit, analyzes the influence of the epidemic
and public parameters on the stable evolutionary state of
the game system, and explores the conditions for the
effective performance of the multi-governance model. The
results show the following:

(1) The epidemic impact coefficient, the public reporting
fairness, and the government supervision capacity
are the critical factors affecting the multi-governance
of public rental housing exit.

(2) Reducing the impact of the epidemic, improving the
public reporting fairness, and increasing the housing
subsidy are the principal factors affecting tenants’
adoption of active exit strategy.

(3) The impact of the public participation degree on the
effectiveness of governance is related to the level of
the government departments’ own supervision ca-
pacity, which decreases with the increase of super-
vision capacity and increases with the decrease of
supervision capacity.

This study contributes to the present literature on col-
laborative governance theory in two areas. First, evolu-
tionary game theory is utilized to study the multi-
governance of public rental housing exit based on multiple
stakeholders. This study compensates for the current lack of
application of collaborative theory in public housing exit.
Second, the effects of public participation on public rental
housing exit are studied, which is of great value in the
formulation and implementation of exit policies.

This study also has policy implications. First of all,
government departments should pay full attention to the
impact of the epidemic and try their best to suppress the
epidemic transmission to promote tenants’ active exit.
Second, government departments need to enhance their
supervision capability to reduce the losses caused by in-
formation misreported by the public. At last, the power of
the public and other participating parties needs to be utilized
in the multi-governance model in order to better maintain
the healthy development of public rental housing in China.

However, this manuscript still has some limitations. In
order to simplify the model, this manuscript assumes that
the relationship between epidemic impact and government
supervision cost is linear, but the actual situation may be
more complicated. Moreover, we have only analyzed the
general trend of the influence of each factor on the evolution
results but not solved the critical value. Accordingly, the
solution of critical value and inflection point and the vali-
dation of numerical theoretical models with real case data
will be the main direction of future research.
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