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In this paper, we construct an evolutionary game model of government and real estate operators (long-term apartment rental
companies) in the housing rental market in the context of ﬁnancial institutions and public participation in regulation and analyze
the eﬀects of diﬀerent regulatory levels of ﬁnancial institutions and the public on the evolutionary results through model solving
and numerical simulation. The results show that, under ﬁve diﬀerent levels of supervision, ﬁnancial institutions and the public
have diﬀerent evolutionary and stable strategies; ﬁnancial institutions’ participation in supervision can eﬀectively reduce the cost
of government supervision and promote the government’s evolution towards strict supervision. It is diﬃcult for real estate
operators to evolve naturally towards keeping their promises when the probability of the social public or ﬁnancial institutions
participating in regulation is low. Only when the probability of social public and ﬁnancial institutions participating in regulation
reaches a certain level will real estate operators be inclined to keep their promises.

1. Introduction
With the advancement of urbanization, the inﬂux of ﬁrstand second-tier cities has increased sharply [1]. The “talent
policy” in various regions has intensiﬁed the demand for
urban housing [2]. According to the data in the White Paper
on China Housing Leasing in 2018, the current housing
rental population is about 168 million, the market size is 1.2
trillion yuan, and the housing lease population will increase
by 50% in the next ﬁve years, the market size increased by
150% [3], and the demand is gradually increasing. However,
due to the rising cost of construction and maintenance of
rental housing, the low rental return rate makes it diﬃcult
for real estate operators to obtain proﬁt [4], and the government does not pay much attention to the housing rental
market [5]. The relevant laws and regulations set are not
sound, regulatory policies are inadequate [6], and ﬁnancial
institutions and the public are lacking awareness of regulatory reporting, which results in frequent defaults of real
estate operators. Therefore, it is necessary and urgent for the
government to establish a multibody common regulatory
system to regulate the behavior of real estate operators, in

order to promote the long-term development of the housing
rental market. Therefore, the purpose of this study is to
determine what level of regulation should be adopted by
both ﬁnancial institutions and public participation in regulation to promote compliance by real estate operators by
exploring the impact of regulation on the evolution of the
system.

2. Literature Review
It is necessary and urgent to improve the supervision system
of China’s housing rental market. Wang and Hu analyzed
telephone survey data from four cities in Beijing, Shanghai,
Guangzhou, and Shenzhen and found that the housing
rental market in ﬁrst-tier cities in China is not mature
enough, and the government needs to strengthen the
management of the housing rental market [7]. By combing
the development history of the US housing rental policy and
comparing it with China’s current housing rental policy,
Cheng believed that the data of subsidized projects such as
China’s rent monetary subsidy policy are isolated and have
not yet achieved open and transparent monitoring feedback
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[8]. Dou compared the models of coliving communities in
Canada and Japan and believed that improving the public
participation planning and community governance mechanism is the key driving force for the development of coliving communities in China [9]. Lou and Zhou analyzed the
characteristics and existing problems of the Russian housing
rental market. They believed that the Russian housing rental
management department had weak supervision and rental
information, which suggested that the government could
cooperate with relevant organizations to improve the supervision ability [10]. By comparing the basic framework
and operation mode of the British credit system, Du found
that the credit data acquisition of China’s housing rental
market was not widespread; the mechanism of publicity, use,
and protection was not perfect; the regulation ability was
insuﬃcient; and the mechanism of rewards and punishments was not perfect. Therefore, he suggested improving
the management of the housing rental market based on
personal credit [11].
There are conﬂicts of interest between the participants in the
housing rental market [12]. Real estate operators will choose
improper means to sacriﬁce the interests of other subjects, such
as lessees, in the pursuit of their own values [13]. The government supervision and coordination mechanism need to be
improved. Relevant research on the current government-regulated housing rental market participants shows that, in the
development of the housing rental market, the three parties of
the government, consumers, and enterprises ﬁnally reach a
stable balance in the government’s nonregulation, consumers
tend to rent houses, and enterprises actively develop rental
business. The cost of government regulation and the penalties
for companies are the main drivers of tripartite evolution [14].
Qiu has developed an evolutionary game model of social forces
and the government to address the problem of excessive participation of social forces in the proﬁt-seeking behavior of
housing rental projects, which leads to rent increases; the study
shows that it is diﬃcult for social forces to evolve naturally
without external forces to not participate in illegal rental
projects, and the government needs to implement appropriate
institutional norms to regulate the behavior of social forces [15].
Zhou et al. constructed the interest game model between the
central government and local government in the process of
developing rental housing. The key to the development of the
housing rental market is to enlarge the utility proportion shared
by the local government, reduce the supervision cost of the
central government, and increase the punishment for the inaction of the local government [16]. Chai et al. reduced the social
interest adjustment mechanism of collective rental housing to
the Pareto improvement of land and housing interest production and distribution and then designed the multicenter
game competition and synergy mechanism of government,
lessee, rural collective, and interest group. He suggested that
government should give autonomy to local government systems
and technology choices [17]. Lai established a dynamic Cournot
model of bounded rational duopoly to verify the government’s
inﬂuence on real estate developers [18].
Scholars have reached a uniﬁed opinion on the urgent
need to strengthen the supervision of China’s housing rental
market and analyzed the feasibility of government regulation
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aﬀecting the choice of real estate operators while ignoring
the importance of ﬁnancial institutions and the public to
participate in supervision. Financial institutions and the
public are the most direct contacts to the housing rental
market. Therefore, this paper incorporates ﬁnancial institutions and the public into the regulatory system, builds an
evolutionary game system in which multiparty entities
participate in the supervision of real estate operators’ behaviors, analyzes the strategy selection of the government
and real estate operators with diﬀerent participation levels of
ﬁnancial institutions and the public, and explores the impact
of ﬁnancial institutions and the public’s participation in
supervision on the system evolution.

3. Evolutionary Game Model
3.1. Model Description. In the development of the housing
rental market, in order to speed up the capital turnover, the
long-term apartment rental companies (abbreviated as real
estate operators) have the power of illegal operation to earn
additional proﬁts and provide houses that do not meet the
standards, or use the funds that should be used to serve the
lessee for reinvestment, collection of houses, and expansion
of income. Financial institutions are providers of funds for
real estate operators. In order to prevent real estate operators
from using funds in breach of contract, ﬁnancial institutions
regulate real estate operators, which can reduce the cost of
supervision by government departments. As beneﬁciaries of
rental housing, the public can have the most direct experience of rental housing provided by real estate operators
and understand whether real estate operators are abiding by
their contracts. Therefore, it is easier for ﬁnancial institutions and the public to detect the default of real estate
operators, which can eﬀectively reduce the cost of government regulation and expose the default of real estate
operators.
In traditional game theory, it is often assumed that
participants are bounded rational and that participants are
fully informed; however, the problem of incomplete information and bounded rationality is evident due to the
complexity of the economic environment [19]. Evolutionary
game is studied with a bounded rational group of participants [20–26]. In the continuous dynamic gaming, the lowyield strategy choice is constantly eliminated by the highyield strategy choice; after repeated gaming, elimination, and
choice, the gaming parties achieve stability at the relative
maximum beneﬁt [27]. The gaming participants in this
model are governments and real estate operators who are
assumed to be bounded rational “economic man.”
According to evolutionary game theory, under incomplete
information conditions, the government’s strategy set is
(strict supervision, loose supervision) and the real estate
operator’s strategy set is (keeping promise, default). Because
the participation of ﬁnancial institutions in the regulation of
the housing rental market aﬀects the cost of government
regulation, and the participation of the public in the regulation of the housing rental market aﬀects the exposure
probability of default by real estate operators, the government-enterprise game in the housing rental market is
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deﬁned as the dynamic game between the government and
real estate operators in the context of diﬀerent levels of
participation of ﬁnancial institutions and the public in
regulation.
3.2. Model Assumptions. To analyze the problem, several
assumptions are made.
Assumption 1. As the government has introduced some
regulatory policies, but not fully implemented in practice,
the regulation of the housing rental market is in a relatively
lax state [28], and the cost of regulation is set at c0 . If the
government is to strictly implement the corresponding
regulatory policies need to pay the corresponding additional
regulatory cost Δc, the involvement of ﬁnancial institutions
in regulation can eﬀectively reduce the cost of regulation
when governments adopt a strict regulatory strategy, so the
cost of regulation when governments adopt a strict regulatory strategy can be expressed as c � c0 + Δc − pk. p is the
probability of ﬁnancial institutions participating in regulation. k, a constant, represents the ﬁnancial regulatory capacity coeﬃcient. Strict government regulation will enhance
the credibility of the government, which can bring beneﬁts
to the government as r1 .
Assumption 2. Real estate operators keeping their promises
can enhance social stability, which brings gains to the
government as r2 . Defaults by real estate operators have a
negative impact, which brings losses to the government for ].

3
The expected beneﬁt of the government choosing strict
regulation is
U1G � y r1 − c + r2  +(1 − y) r1 − c − v + μz.

(1)

The expected beneﬁt of the government choosing loose
regulation is
U2G � y r2 − c0  +(1 − y) μ0 z − qn 1 − λ′  − c0 − v.
(2)
Thus, the average beneﬁt of the government is
UG � xU1G +(1 − x)U2G .

(3)

The replicated dynamic equation dynamic of the government is
FG �

dx
� xU1G − UG 
dt
� x(1 − x) c0 − c + r1 + qn 1 − λ′ (1 − y)

(4)

+z(1 − y) μ − μ0 ,
zFG
� (1 − 2x) c0 − c + r1 + qn 1 − λ′ (1 − y)
zx
+z(1 − y) μ − μ0 .

(5)

The expected beneﬁt of the real estate operators choosing
to keep their promises is
U1R � x(d + h) +(1 − x)(d + h).

(6)

Assumption 3. If the real estate operator keeps its promise, it
will receive the basic beneﬁts d and the beneﬁts h from
public opinion exposure and publicity regarding the good
conduct of the business [15]. If the real estate operator
defaults, it receives an additional gain Δd. However, if the
government detects the real estate operator’s default, it will
have to pay a penalty z and suﬀer a potential loss δ such as
reputational decline.

The expected beneﬁt of the real estate operator choosing
to default is

Assumption 4. The probability of the government identifying default by real estate operator is λ and λ′ , respectively,
when the government chooses strict and loose regulation,
and the probability of real estate operators adopting default
strategies with the participation of the public and being
identiﬁed by the government is μ � λ + q(1 − λ) and
μ0 � λ′ + q(1 − λ′ ), where q is the probability of the public
regulating in the housing rental market. When the government adopts a loose regulatory strategy and the public
exposes the real estate operator’s default, the government’s
social credibility will be reduced, and the government will
suﬀer a loss of n.

The replicated dynamic equation dynamic of the real
estate operator is

3.3. Model Building. Assume
that
x, y, p, and q
(0 < x, y, p, q < 1) are the probability of strict government
supervision, real estate operator compliance, ﬁnancial institutions’ participation in supervision, and public participation in supervision, respectively. The payment matrix of
government and real estate operators is shown in Table 1.

U2R � x(d + Δd − μ(z + δ)) +(1 − x) d + Δd − μ0 (z + δ).
(7)
Thus, the average beneﬁt of the real estate operator is
UR � yU1R +(1 − y)U2R .

FR �

(8)

dy
� yU1R − UR 
dt

� y(1 − y) h − Δd + μ(z + δ)x + μ0 (z + δ)(1 − x),
(9)
zFR
� (1 − 2y) h − Δd + μ(z + δ)x + μ0 (z + δ)(1 − x).
zy
(10)

4. Evolutionary Game Analysis
4.1. Replication Dynamics Analysis of Government DecisionMaking Behavior. From the replicated dynamic equations
stability theorem and the nature of the evolutionary stability
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Table 1: Payment matrix of government and real estate operators.
Government
Strict supervision
Loose supervision

Real estate operator
Keep promise
Default
r1 − c + r2
r1 − c − v + μz
d+h
d + Δd − μ(z + δ)
μ0 z − qn1 − λ′ − c0 − v
r2 − c0
d+h
d + Δd − μ0 (z + δ)

y

y
1

1

y0

y0

1

(0, 0)

strategy, it is known that when the stability strategy x satisﬁes FG � 0, (zFG /zx) < 0, x is the evolutionary stability
strategy. Calculated by FG � 0, y0 can be represented by the
following equation:
c − c0 − r1 − qn 1 − λ′  − z μ − μ0 
y0 �
.
−qn 1 − λ′  − z μ − μ0 

Δc − r1 − μ − μ0 z − qn 1 − λ′ 
� pL .
k

(12)

Since y > y0 , x � 0 is the evolutionary stability strategy.
The government’s gains from strict regulation are always less
than those from loose regulation, so the government will
adopt loose regulation regardless of whether real estate
operators keep their promises.
If y0 > 1, the probability of ﬁnancial institutions participating in regulation satisﬁes the following equation:
Δc − r1
(13)
p>
� pH .
k
Since y < y0 , x � 1 is the evolutionary stability strategy.
The government’s gains from strict regulation are always
more than those from loose regulation, so the government
will adopt strict regulation regardless of whether real estate
operators keep their promises.
If 0 < y0 < 1, the probability of ﬁnancial institutions
participating in regulation satisﬁes the following equation:
Δc − r1 − μ − μ0 z − qn 1 − λ′ 
Δc − r1
.
<p<
k
k

1

(0, 0)

Y = y0

x

0 < y0 < 1

y

y

1

1

(11)

When y � y0 , FG is constant at zero, which means that
the strategies adopted by the government are stable and do
not change over time.
If y0 < 0, the probability of ﬁnancial institutions participating in regulation satisﬁes the following equation:
p<

x

(14)

The relationship between y and y0 needs to be discussed
according to diﬀerent situations. When y < y0 , x � 1 is the
evolutionary stability strategy and at this time the government adopts strict regulatory behavior. When y > y0 , x � 0
is the evolutionary stability strategy and at this time the
government adopts loose regulatory behavior.
In order to vividly understand the dynamic evolution of
government decision-making behavior, we give a graph of
the evolution of government decision-making behavior
under diﬀerent circumstances, as shown in Figure 1.
4.2. Replication Dynamics Analysis of Real Estate Operators
Decision-Making Behavior. From the replicated dynamic

(0, 0)
y0 < 0

1

x

(0, 0)
y0 > 1

x

1

Figure 1: Government replication dynamic phase diagram.

equations stability theorem and the nature of the evolutionary stability strategy, it is known that when the stability
strategy y satisﬁes FR � 0, (zFR /zy) < 0, y is the evolutionary stability strategy. Calculated by FR � 0, x0 can be
represented by the following equation:
h − Δd + μ0 (z + δ)
x0 � −
.
(15)
μ − μ0 (z + δ)
When x � x0 , FR is constant at zero, which means that
the strategies adopted by the real estate operators are stable
and do not change over time.
If x0 < 0, the probability of ﬁnancial institutions participating in regulation satisﬁes the following equation:
Δd − h − λ(z + δ)
(16)
� qH .
q>
(1 − λ)(z + δ)
Since x > x0 , y � 1 is the evolutionary stability strategy.
The real estate operators’ gains from keeping their promises
are always more than those from default. So, no matter what
regulatory actions the government takes, real estate operators keep their promises.
If x0 > 1, the probability of public participation in regulation satisﬁes the following equation:
q<

Δd − h − λ′ (z + δ)
� qL .
1 − λ′ (z + δ)

(17)

Since x < x0 , y � 0 is the evolutionary stability strategy.
The real estate operators’ gains from keeping their promises
are always less than those from default. So, no matter what
regulatory actions the government takes, real estate operators are in default.
If 0 < x0 < 1, the probability of public participation in
regulation satisﬁes the following equation:

Complexity
Δd − h − λ′ (z + δ)
Δd − h − λ(z + δ)
<q<
.
′
(1 − λ)(z + δ)
1 − λ (z + δ)

5

(18)

The relationship between x and x0 needs to be discussed
according to diﬀerent situations. When x < x0 , y � 0 is the
evolutionary stability strategy and at this time real estate
operators adopt default behaviors. When x > x0 , y � 1 is the
evolutionary stability strategy and at this time real estate
operators keep their promises.
In order to vividly understand the dynamic evolution of
government decision-making behavior, we give a graph of
the evolution of government decision-making behavior
under diﬀerent circumstances, as shown in Figure 2.
4.3. Stability Analysis of Equilibrium Point. Since the above
equilibrium point is not necessarily the system’s evolutionary stability strategy (ESS), according to the computational diﬀerential equations proposed by Friedman to form
the dynamics of the dynamic system, the stability analysis of
the equilibrium point can be analyzed by analyzing the local
stability of the Jacobian matrix of the system. Solving the
partial derivatives of x and y for the diﬀerential equations
(4) and (9) sequentially, the Jacobian matrix can be obtained
as
zFG zFG
⎤⎥⎥
⎡⎢⎢⎢
⎢⎢⎢ zx zy ⎥⎥⎥⎥
J11 J12
⎥⎥⎥ ⎡
⎢
⎤⎥⎥⎦,
⎢
⎣
J � ⎢⎢⎢⎢
(19)
⎥⎥ � ⎢
⎥⎥⎥
⎢⎢⎢
J21 J22
⎢⎣ zFR zFR ⎥⎦
zx zy
J11 � (1 − 2x) c0 − c + r1 + qn 1 − λ′  + z μ − μ0 (1 − y),
J12 � x(x − 1) qn 1 − λ′  + z μ − μ0 ,
J21 � y(1 − y) μ − μ0 (z + δ),
J22 � (1 − 2y) h − Δd + (z + δ) μx + μ0 (1 − x).
(20)

y

y
1

(0, 0)

1

x0

1

x

(0, 0)

X = x0
y

1

1

x0 < 0

1

x

1

x

0 < x0 < 1

y

(0, 0)

x0

1

x

(0, 0)

x0 > 0

Figure 2: Replication dynamic phase diagram of the real estate
operator.

4.4. Result Analysis
4.4.1. Scenario 1. When the probability of ﬁnancial institutions and the public participating in supervision is p < pL
and q < qH , respectively, and the government beneﬁts less
than the regulatory cost by adopting a strict regulatory
strategy, the government tends to adopt a loose supervision
strategy. The low probability of public participation in
regulation makes defaults by real estate operators less susceptible to detection, and the damage to the operator’s
reputation and government penalties are less than the gains
in the event of default, so real estate operators tend to choose
default. In this case, the evolutionary equilibrium strategy is
(0, 0).

The calculation process of the determinant detJ and the
trJ trace of the Jacobian matrix is as follows:
detJ � x(1 − x) qn 1 − λ′  + z μ − μ0 y(1 − y) μ − μ0 
· (z + δ) +(1 − 2x)c0 − c + r1 + qn 1 − λ′  + z μ − μ0 
· (1 − 2y) h − Δd +(z + δ) μx + μ0 (1 − x),
trJ � (1 − 2x)c0 − c + r1 + qn 1 − λ′  + z μ − μ0 
· (1 − y) +(1 − 2y) h − Δd +(z + δ) μx + μ0 (1 − x).

(21)
If the equilibrium point satisﬁes detJ > 0 and trJ < 0, the
equilibrium point is the local asymptotic stability point of
the evolutionary dynamic process. In this paper, we discuss
the parameter conditions from the evolutionary path of the
government and the real estate operator, combined with the
mathematical point of view and practical signiﬁcance, and
conclude that the dynamic system needs to analyze the local
stability under the following nine parameter conditions, as
shown in Tables 2–6.

4.4.2. Scenario 2. When the probability of ﬁnancial institutions and the public participating in supervision is pL < p
and q < qL , respectively, the participation of ﬁnancial institutions in regulation can reduce the cost of government
regulation and therefore the government tends to adopt
strict regulatory measures. However, the probability of
public participation in regulation is low, and the investigation and punishment of real estate operators’ defaults
mainly rely on government regulation. Real estate operators
choose to default because the penalty for default is less than
the proceeds they would have received if they had defaulted.
So in this case, the evolutionary equilibrium strategy is
(1, 0).
4.4.3. Scenario 3. When the probability of ﬁnancial institutions and the public participating in supervision is p < pH
and q > qH , respectively, the high probability of social public
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Table 2: Equilibrium point local stability.

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

detJ
−
+
+
−

p < pL , q > qH
trj
Uncertain
−
+
Uncertain

Stability

detJ

Saddle point
ESS
Unstable
Saddle point

+
−
−
+

p < pL , q < qL
trj
−
Uncertain
Uncertain
+

Stability
ESS
Saddle point
Saddle point
Unstable

Table 3: Equilibrium point local stability.
Equilibrium
(0, 0)
(0, 1)
(1, 0)
(1, 1)

detJ
+
−
+
−

p < pL , qL < q < qH
trj
−
Uncertain
+
Uncertain

Stability

detJ

ESS
Saddle point
Unstable
Saddle point

+
+
−
−

pL < p < pH , q > qH
trj
+
−
Uncertain
Uncertain

Stability
Unstable
ESS
Saddle point
Saddle point

Table 4: Equilibrium point local stability.
Equilibrium
(0, 0)
(0, 1)
(1, 0)
(1, 1)

detJ
−
−
+
+

pL < p < pH , q < qL
trj
Uncertain
Uncertain
−
+

Stability

detJ

Saddle point
Saddle point
ESS
Unstable

+
−
−
+

p > pH , q > qH
trj
+
Uncertain
Uncertain
−

Stability
Unstable
Saddle point
Saddle point
ESS

Table 5: Equilibrium point local stability.
Equilibrium
(0, 0)
(0, 1)
(1, 0)
(1, 1)

detJ
−
+
+
−

p > pH , q < qL
trj
Uncertain
+
−
Uncertain

Stability

detJ

Saddle point
Unstable
ESS
Saddle point

−
+
−
+

p > pH , qL < q < qH
trj
Uncertain
+
Uncertain
−

Stability
Saddle point
Unstable
Saddle point
ESS

Table 6: Equilibrium point local stability.
Equilibrium
(0, 0)
(0, 1)
(1, 0)
(1, 1)
(X0 , Y0 )

detJ
−
−
−
−
0

participation in regulation leads to a higher probability of
exposure of the real estate operator to default, and therefore
it is more likely to be penalized by the government and to
suﬀer reputational damage. The real estate operator’s gains
when keeping its promise are greater than those when it
defaults, so real estate operator tends to keep its promise. The
increased probability of default exposure makes it easier for

pL < p < pH , qL < q < qH
trj
Unstable
Unstable
Unstable
Unstable
0

Stability
Saddle
Saddle
Saddle
Saddle
Saddle

point
point
point
point
point

the government to detect defaults by real estate operators, so
the government tends to choose lax regulation. In this case,
the evolutionary equilibrium strategy is (0, 1).
4.4.4. Scenario 4. When the probability of ﬁnancial institutions and the public participating in supervision is p > pH
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and qL < q, respectively, ﬁnancial institution participation
reduces the expected costs that governments adopt strict
regulation, so governments tend to adopt strict regulation
strategies. The high probability of ﬁnancial institutions
participating in regulation enhances government enforcement against real estate operators, so when public participation in regulation is at a superior level, the government
penalties for default and reputational damage to real estate
operators will outweigh the gains from compliance. So, in
this case, the evolutionary equilibrium strategy of the game is
(1, 1).

reduction in the exposure to default causes the real estate
operator to choose to default, and the evolutionary results
can be seen in Figure 3(d). The probability of ﬁnancial
institutions participating in the regulation increased to a
high level, that is, p � 0.81, q � 0.55, which can eﬀectively
reduce the pressure of government regulation, the government tends to choose strict regulation. At this point, real
estate operator tends to keep its promise under strict
government regulation and a higher level of social public
regulation, and the evolutionary results can be seen in
Figure 3(e).

4.4.5. Scenario 5. When the probability of ﬁnancial institutions and the public participating in supervision is
pL < p < pH and qL < q < qH , respectively, the probability of
ﬁnancial institutions and the public participating in regulation is low, which has limited impact on the strategic
choices of governments and real estate operators. As a result,
the government and real estate operators have not reached
the stability strategy, and the evolutionary result is a cyclical
random state that belongs to the chaotic period of government and real estate operator strategy selection.

5. Discussion

4.5. Numerical Simulation. In this section we use numerical
simulations to illustrate in detail the impact of diﬀerent
levels of ﬁnancial institutions and social public participation
in regulation on the decisions of governments and real estate
operators. This paper assumes that r1 � 0.2, r2 � 1, v � 1,
z � 1, n � 1, λ � 0.5, λ′ � 0.3, d � 1, Δd � 2.5, δ � 1,
Δc � 1, k � 1. Due to the lack of recognizing the behavior of
real estate operator awareness, the government adopts a
more relaxed regulatory strategy, which leads to frequent
defaults of real estate operators. Therefore, this paper assumes that the initial values of x and y are x � 0.2 and y � 0.2,
respectively.
A schematic of the strategy evolution when the government and real estate operator strategies are
p � 0.3, q � 0.55, respectively, is shown in Figure 3(a),
which validates the analysis results of Scenario 1. The ﬁgure
shows that the ﬁnal evolutionary strategy of the government and real estate operators is (0, 0) when ﬁnancial
regulation is at a low level and public participation is at a
medium to low level. The probability of ﬁnancial institutions participating in regulation increases in comparison
Scenario 1, that is, p � 0.7, q � 0.55, and the government’s
behavior tends to choose a strict regulatory strategy.
However, due to the moderate level of regulation of ﬁnancial institutions and public participation in society, the
game between the government and real estate operator
shows a cyclical state and the evolutionary results can be
seen in Figure 3(b). The probability of social public participation in regulation increases to a high level in comparison to Scenario 5, that is, p � 0.7, q � 0.7, and the
increase in the exposure of default leads the real estate
operator to choose to keep its promise. The evolutionary
results can be seen in Figure 3(c). The probability of social
public participation in regulation is reduced to a low level
in comparative Scenario 5, that is, p � 0.7, q � 0.4. The

Through the analysis and simulation of evolutionary results,
the article illustrates the impact of diﬀerent levels of ﬁnancial
institutions and social public participation in regulation on
the decision-making behavior of governments and real estate operators. The strong regulatory awareness of ﬁnancial
institutions or the public will lead real estate operator to keep
its promise, but if the regulatory awareness of the public is
weak, the public will be less exposed to the operators’ violations, and thus the strong regulatory awareness of ﬁnancial institutions will not lead real estate operators to keep
their promises. However, the public with a high level of
supervision will expose the real estate operator’s default to a
great extent, which results in signiﬁcant default costs for real
estate operators, including government penalties and reputational damage. Therefore, the real estate operator must
choose to keep its promise. Public participation in regulation
is particularly important for the governance of China’s
housing rental market. The combination of ﬁnancial institutions and the public is important for maximizing regulatory eﬀectiveness.
There are four types of regulatory subjects involved in
our study, including the government, ﬁnancial institutions,
and the public in the housing rental market. However, Qiu
[15] and Zheng and Xu [14] argue that the government is
the only entity involved in regulation in the housing rental
market. Their study found that diﬀerent government
regulation behaviors is the key to guide ﬁrms to produce
diﬀerent decision behaviors, and that changes in government incentives and penalties can have an impact on the
evolutionary path of ﬁrms’ behavior. Zhou et al. [16] also
found that reducing the cost of regulation can change the
evolutionary path of the regulated behavior. Based on
previous studies involving government incentives and
penalties, we also set incentives and penalties in our study.
However, today is the age of information technology. The
popularity of mobile devices, the development of network
technology, and the construction of big data provide new
ways and means for the public and ﬁnancial institutions to
participate in regulation. The multidominant participatory
regulatory model becomes an important way of regulatory
governance. In contrast to related research, our study ﬁnds
that in the case of multiagency regulation, real estate operators can choose to keep their promises even if the
government does not need to change its regulatory
measures.
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Figure 3: Government’s and real estate operators’ strategic evolutionary roadmaps with diﬀerent levels of ﬁnancial institutions and public
involvement in regulation.
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6. Implications
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In this paper, we construct an evolutionary game system in
which multiple subjects are involved in monitoring the
behavior of real estate operators and analyze the strategic
choices of government and real estate operators with different levels of participation by ﬁnancial institutions and the
public in society. This paper draws conclusions from both
theoretical and practical perspectives.
From a theoretical perspective, the implications are as
follows. We ﬁnd that the level of regulatory involvement of
ﬁnancial institutions and the public at large is complex in
its impact on the strategies of governments and real estate
operators. If one of the ﬁnancial institutions and the public
is involved in regulation at a low level, the real estate
operator will default. If the probability of public participation in regulation is high, regardless of the level of ﬁnancial institutions’ participation in regulation, real estate
operators will ultimately choose to keep their promises.
However, real estate operators will only choose to be
compliant if the probability of ﬁnancial institutions participating in regulation is high and the probability of requiring community participation in regulation is at a
medium level and above.
From a practical perspective, we propose several conclusions. In contrast to the involvement of ﬁnancial institutions in regulation, social and public participation in
regulation is essential for the healthy development of China’s
housing rental market. Therefore, in order to strengthen
public participation in regulation, the government can simplify the process of reporting violations in the housing rental
market, broaden the reporting channels, and strictly scrutinize reports from the public once received. In order to facilitate public participation, the government can build a
platform for information disclosure and sharing and regularly
check public messages and provide timely responses. In
contrast to a single public regulation, the participation of
ﬁnancial institutions and the public in regulation is conducive
to a higher level of regulation. Therefore, in order to improve
the level of regulation, the government can reduce the default
risk for real estate operators by requiring companies to hand
over their pools to third-party banks for management.
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