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Abstract. With the accelerated urbanization in China, a large number of new
citizens and young people have flocked to big cities, but are facing the housing
dilemma of “not being able to afford to buy or rent a house”. In order to solve this
problem, the government attaches great importance to and introduces the policy of
guaranteed rental housing. This paper constructs a three-party evolutionary game
model of government, enterprises and new citizens from the perspective of the new
citizens as the main body of the policy and conducts simulation analysis based
on the theoretical basis of evolutionary game theory. The research results show
that: (1) policy subsidies can effectively motivate enterprises to participate in the
construction of guaranteed rental housing. (2) The strategy choice of enterprises
is influenced by the net income after responding to the strategy. (3) The new
citizens’ trade-off between the net benefit of another rent and the risk cost of
failure to participate in the rent is an important basis for their strategy choice.
Finally, recommendations related to the development of guaranteed rental housing
policies are proposed based on the findings of the study.
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1 Introduction

1.1 Background

As China’s urbanization process accelerates, the size of the floating population is gradu-
ally increasing, and a large number of new citizens are coming to big cities. For the new
citizens, they do not have enough financial ability to buy a complete set of housing, nor
do they meet the minimum security standards of the old housing security system, and it
is difficult to meet their own housing needs in the rental market.

Facedwith the increasingly serious housing problem of new citizens, the government
has attached great importance to the issue and introduced corresponding support and
management policies. Therefore, basedon the evolutionarygame theory, this paper builds
a three-party evolutionary gamewith the government, enterprises and new citizens as the
main actors, and explores the interests, demands, interaction process and overall system
of each of them. Therefore, based on the evolutionary game theory, this paper constructs
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a tripartite evolutionary game with the government, enterprises and new citizens as the
main players, and explores the interests of each player, the interaction process and the
evolutionary equilibrium stability of the overall system.

1.2 Literature Review

Many scholars have used the evolutionary game approach to study the problems related
to subsidized housing. Zeng Hui et al. [1] studied the administrative management in the
public housing system, and constructed an evolutionary game model to study the influ-
ence of the prosecution behavior of government departments on the tenant group’s rent
relying and rent cheating behavior; Yu Xiaofen et al. [2] studied the effectiveness of gov-
ernment regulation on promoting the participation of social forces in the construction of
subsidized housing, analyzed the evolutionary path of the behavioral strategies of both,
and proposed that the existing incentive and constraint mechanisms should be improved;
Li et al. [3] analyzed the interest relationship between governmental supervisors, censors
and tenants in the process of illegal subletting, constructed an evolutionary game model,
and made some suggestions for the innovation of the path of China’s public housing reg-
ulatory system; Huan et al. [4] studied the conflict of interests between the government
as the policymaker and regulator, and the developer as the policy implementer in the pro-
cess of subsidized housing practice, and discussed this problem based on evolutionary
game. The study found that the rationality of government supervision and punishment,
the scientificity of relevant policy formulation, and the developers’ own understand-
ing of the nature of the people’s livelihood project of subsidized housing construction
would affect the evolutionary outcome; Zhou et al. [5] developed a dynamic gamemodel
under incomplete contract conditions for public housing PPP (Public-Private Partner-
ship) projects and analyzed the key factors affecting PPP contracting, and found that
fiscal expenditure smoothing, risk transfer, and government performance can facilitate
the government’s adoption of cooperative strategies.

In the research of guaranteed rental housing and evolutionary games, scholars have
come up with certain research results. However, after in-depth analysis, it is found that
there is still room for further development in the current research:

(1) In terms of the newly introduced policy of guaranteed rental housing, studies on the
operation mechanism of guaranteed rental housing are still relatively scarce.

(2) The research on the game of interests in the guaranteed rental housing market is
not yet comprehensive. The introduction of guaranteed rental housing introduces
the new subject of “non-real estate development enterprises” into the guaranteed
housing system, which will bring a new perspective to the evolution of the game
among various subjects in the guaranteed housing market.

2 Model Construction

2.1 Analysis of Participant Behavior

(1) Government: The government encourages local qualified enterprises to build sub-
sidized rental housing through self-build and reconstruction. The equilibrium point
of the government’s interest in the game lies in the positive relationship between the
total policy cost and the actual social benefits generated.
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(2) Enterprises: The strategy choices of enterprises include responding to the policy and
not responding to the policy. The equilibrium point for enterprises’ interests is the
relationship between policy conditions and rental income, i.e. the overall project
profitability after considering all factors.

(3) New citizens: The equilibrium point of new citizens’ interests in the game lies in the
comparison between their own rental needs and the actual housing conditions.

2.2 Model Hypothesis and Construction

Hypothesis 1: The government, enterprises and new citizens are all finite rational.
Hypothesis 2: All three parties in the game have two behavioral strategy choices.

The government can choose to actively adopt incentives to support the development of
the guaranteed rental housing market, or choose not to adopt substantive incentives, but
only to provide formal support, and its strategy set is {active support, formal support};
enterprises can choose to respond to the policy or not to respond, and its strategy set is
{response, not respond}; new citizens can choose to rent guaranteed rental housing or
other private scattered rent, and its strategy set is {participate in renting, rent another}.

Hypothesis 3: At time t, the probability of the government choosing active support
is x, the probability of formal support is 1 − x, the probability of enterprises choosing
response is y, the probability of non-response is 1−y, and the probability of new citizens
choosing to rent is z, the probability of renting is 1 − z. The values of x, y and z are all
in the range [0, 1] and are all functions of time t. formal support.

Hypothesis 4: When the government chooses the active support strategy, it needs to
pay the policy implementation and supervision cost C1, and the total amount of various
tax breaks, subsidies and other benefits issued to the enterprises that choose to respond to
the policy is B; when the government chooses the formal support strategy, it pays a lower
cost C2 (C2 < C1). When enterprises respond and new citizens participate in renting, it
means that the guaranteed rental housing market has been developed positively. If the
government chooses the strategy of active support at this time, the government can obtain
a higher social benefit R1, and if it chooses the strategy of formal support, the overall
policy effect will be discounted and obtain a relatively low social benefit R2 (R2 < R1).
Regardless of the government’s choice of strategy, when new citizens choose to rent
another, the government needs to pay additional regulatory costs C3 in order to control
rental chaos such as illegal group rentals.

Hypothesis 5: When enterprises choose to respond to the policy, they need to pay
construction cost C4, and get subsidy B when the government carries out active support;
if new citizens choose to participate in renting at this time, enterprises get rental income
R3.

Hypothesis 6: When new citizens choose to participate in renting and enterprises
respond, they pay rental cost C5, and when the government actively supports, new
citizens’ own housing needs are better met and they get gain R4; when the government
formally supports, the overall quality of living environment decreases and new citizens
get lower gain, which is recorded as R5 (R5 < R4). When the new citizen chooses to
participate in renting but the enterprise does not respond to the policy, the loss is L.
When the new citizen chooses to rent another, he or she pays the rental cost C6 and
gains R6 when the demand is satisfied. regardless of whether the government provides
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Table 1. Tri-party evolutionary game payment matrix.

Strategy Selection active support formal support

Enterprise response participate in renting R1 − C1 − B,
R3 + B−C4,R4 −C5

R2 − C2,
R3 − C4,R5 − C5

rent another −C1 − B − C3,
B − C4,R6 − C6

−C2 − C3,
−C4,R6 − C6

not response participate in renting −C1, 0,−L −C2, 0,−L

rent another −C1 −C3, 0,R6 −C6 −C2 − C3,
0,R6 − C6

active support, when the new citizen chooses to participate in renting, his or her net gain
must be higher than that when he or she rents another, i.e., (R4 − C5) > (R6 − C6),
(R5 − C5) > (R6 − C6).

Based on the above assumptions and parameters, a tripartite evolutionary game
payment matrix for the government, enterprises, and new citizens is constructed
(Table 1).

3 Model Analysis

3.1 Analysis of Equilibrium Points

First solve the equilibrium points of the model, and get the 14 equilibrium points of
the system, which are: E1(0, 0, 0), E2(1, 0, 0), E3(0, 1, 0), E4(0, 0, 1), E5(1, 1, 0),
E6(1, 0, 1), E7(0, 1, 1), E8(1, 1, 1), E9((C4 − R3)/B, (C2 − C1)/(B − R1 + R2), 1),
E10((C5 −C6 − R5 + R6)/(R4 −C5), 1, (B+C1 −C2)/(R1 − R2)), E11(0, (L−C6 +
R6)/(L − C5 + R5), C4/R3), E12(1, (L − C6 + R6)/(L − C5 + R4), (C4 − B)/R3),
E13(C4/B, (C2 − C1)/B, 0), and since the expression of E14 is too complicated and
lengthy, it is simplified here as E14(a∗, b∗, c∗).

Among the above 14 equilibria, the first eight equilibria E1(0, 0, 0), E2(1, 0, 0),
E3(0, 1, 0), E4(0, 0, 1), E5(1, 1, 0), E6(1, 0, 1), E7(0, 1, 1), E8(1, 1, 1) are pure
strategy Nash equilibria, while E9 to E14 are all mixed strategy Nash equilibrium. The
mixed-strategy Nash equilibrium is only the “central point” of the system in the dynamic
evolution process, not the asym-ptotic stabilization point of the system, therefore, only
the eight pure-strategy Nash equilibria are focused on this paper.

The Jacobi matrix of the evolving game system is:

S =
⎡
⎣

∂F(x)/∂x ∂F(x)/∂y ∂F(x)/∂z
∂F(y)/∂x ∂F(y)/∂y ∂F(y)/∂z
∂F(z)/∂x ∂F(z)/∂y ∂F(z)/∂z

⎤
⎦ =

⎡
⎣
a11 a12 a13
a21 a22 a23
a31 a32 a33

⎤
⎦ (1)

a11 = (2x−1)
[
yB− (R1 −R2)yz+C1 −C2

]
, a12 = x(x−1)[B− (R1 −R2)z], a13 = x

(1− x)y(R1 −R2), a21 = y(1− y)B, a22 = (2y−1)(C4 − xB− zR3), a23 = y(1− y)R3,
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a31 = z(1− z)y(R4 −R5) , a32 = z(1− z)[(R4 −R5)]x+R5 −C5 +L], a33 = (2z− 1)[ − y(R5 − C5 + L) − xy(R4 − R5) − C6 + R6 + L
]
.

The stability of each equilibrium point is solved according to Lyapunov’s first method.
The eigenvalues of each equilibrium point after substitution into the Jacobi matrix

and the conditions required for them to reach a steady state equilibrium are shown in
Tables 2.

The “+” sign in the table below indicates that the corresponding eigenvalue has a
positive real part, the “-” sign indicates that it has a negative real part, and the “*” sign
indicates that it is impossible to determine the sign of its real part, which requires a
certain condition constraint.

For subsequent discussion, let u = C6 − R6 − L, v = R3 − C4, w = C2 − C1 +
R1 − R2 − B. There are seven main possible stability cases in the system.

Case 1: When u < 0, w < 0, v < 0, or u < 0, w > 0, v + B < 0, E1(0, 0, 0) is the
only strategy stabilization point of the evolving system.
Case 2: When u > 0, v < 0, and at least one of w < 0 and v + B < 0 holds, E4(0, 0,
1) is the only strategy stabilization point of the evolving system.
Case 3: When u > 0, w < 0, v > 0, E7(0, 1, 1) is the only strategy stabilization point
of the evolving system.
Case 4: When > 0, w > 0, v > 0, E8(1, 1, 1) is the only strategy stabilization point of
the evolving system.

Table 2. Eigenvalues and stability of equilibrium points.

equilibrium point λ1, λ3 the sign of real part conditions for reaching
steady state

E1(0, 0, 0) C2 − C1, −C4,
C6 − R6 − L

-, -, * C6 − R6 − L < 0

E2(1, 0, 0) C1 − C2, B − C4,
C6 − R6 − L

+, *, * /

E3(0, 1, 0) C2 − C1 − B, C4,
C6 − C5 + R5 − R6

-, +, + /

E4(0, 0, 1) C2 − C1, R3 − C4,
C6 − C5 + R5 − R6

-, *, * R3 − C4 < 0,
C6 − R6 − L > 0

E5(1, 1, 0) B + C1 − C2, C4 − B,
C6 − C5 + R4 − R6

+, *, + /

E6(1, 0, 1) C1 − C2, B − C4 + R3,
L − C6 + R6

+, *, * /

E7(0, 1, 1) C2 − C1 + R1 − R2 − B,
C4 − R3,
C5 − C6 − R5 + R6

*, *, - C2−C1+R1−R2−B < 0,
R3 − C4 > 0

E8(1, 1, 1) B + C1 − C2 − R1 + R2,
C4 − R3 − B,
C5 − C6 − R4 + R6

*, *, - C2−C1+R1−R2−B > 0,
C4 − R3 − B < 0
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Case 5: When u < 0, w < 0, v > 0, the system has two stable equilibria E1(0, 0, 0)
and E7(0, 1, 1).
Case 6: When u < 0, w > 0, v + B > 0, the system has two stable equilibria E1(0, 0,
0) and E8(1, 1, 1).
Case 7: When u > 0, w > 0, −B < v < 0, the system has two stable equilibrium points
E4(0, 0, 1) and E8(1, 1, 1).

3.2 Model Simulation

Among the above seven scenarios, only scenario 3 and scenario 4 are ideal evolutionary
stable states, and the rest of the scenarios do not have positive reference values, so only
scenario 3 and scenario 4 are simulated and analyzed. The three-way evolutionary game
model is simulated and analyzed using Matlab software.

The parameters are assigned the following values according to the conditions of case
3: C1 = 10, C2 = 5, C3 = 30, C5 = 30, C6 = 18, R1 = 60, R2 = 20, R3 = 36,
R4 = 48, R5 = 42, R6 = 12, B = 45, L = 3.6. The simulation results are shown in
Fig. 1.

Case 3 indicates that when the net benefit of the government’s choice of active
support is smaller than that of formal support, and the enterprises can make profits
without government subsidies, the government prefers formal support, the enterprises
will still respond to the policy, and the new citizens, seeking better living conditions, will
also choose to participate in rent. Obviously, such an ideal state requires the development
of the guaranteed rental housing market to a large enough scale before it can be realized.
At this point, almost all local new citizens will choose to rent subsidized housing, and
enterprises will be able to generate enough revenue and continuously respond to the
policy to expand the supply of housing, indicating that the situation can be improved
by the self-regulation of the market itself in such a state. The marginal benefits of the
government’s subsidies and other preferential policies have reached a relatively saturated

Fig. 1. Case 3 Simulation Analysis.
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Fig. 2. Case 4 Simulation Analysis.

state, and the government can slowly let go of the market and provide minimal support
and regulation.

The parameters are assigned the following values according to the conditions of case
3: C1 = 10, C2 = 5, C3 = 30, C5 = 30, C6 = 18, R1 = 100, R2 = 40, R3 = 36,
R4 = 48, R5 = 42, R6 = 12, B = 45, L = 3.6. The simulation results are shown in
Fig. 2.

Case 4 shows that when the net benefit of government choice of active support is
smaller than the net benefit of formal support, and enterprises need to be subsidized
by the government to ensure profitability, the government will provide active support,
enterprises will respond to the policy, and new citizens will choose to participate in
renting, which is the ideal state at the early stage of the development of subsidized rental
housing policy. Since the policy has not been implemented for long enough, enterprises
do not have enough confidence in the market scale of subsidized rental housing, and
they will only choose to respond to the policy when they are sure that they can get
a stable and sufficient source of subsidies from the government. For the new citizens,
the relevant policy can undoubtedly improve their net income from rental housing, and
the new citizens, noting the government’s positive guiding attitude and the enterprises’
response, are very optimistic about the supply of housing, so they are also willing to
choose to participate in renting. For the government, the government’s intervention in
the market can still be effective, so the government will continue to actively promote the
policy development, forming a virtuous cycle.

4 Conclusions and Policy Recommendations

4.1 Conclusions

The comprehensive model analysis and simulation results can lead to the following
conclusions.
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(1) The government has a dominant position in the development process of guaranteed
rental housing. The housing problem of new citizens cannot be effectively solved by
market self-regulation alone, and government intervention is needed, especially at
the early stage of policy development, when the government needs to use substantial
incentives, not just at the formal level, otherwise it is difficult to make effective
changes to the status.

(2) Policy subsidies can effectivelymotivate enterprises to participate in the construction
of subsidized rental housing, butwhen the subsidies are too strong, it is not conducive
to the sustainable development of the policy.

(3) The strategy choice of enterprises is influenced by the net income after responding
to the strategy. The higher the net income, the higher the probability of enterprises
responding to the policy, but if the market demand is unstable, enterprises may
eventually tend not to respond to the policy.

(4) The new citizens’ trade-off between the net benefit of another rent and the risk cost
of failure to participate in the rent is an important basis for their strategy choice.
When there is a lack of effective administrative regulation and stable supply of
subsidized rental housing, the loss L of failure to participate in renting increases,
and new citizens tend to choose to rent.

4.2 Policy Recommendations

Comprehensive of the above, the following suggestions are made for the development
of guaranteed rental housing policies.

(1) Improve policy efficiency and actively take various measures to provide policy
support for guaranteed rental housing.

(2) Appropriately increase the financial subsidies and policy preferences for relevant
enterprises at the early stage of development to motivate them to participate in the
construction of guaranteed rental housing and ensure the supply of housing.

(3) Fully mobilize young people and new citizen groups to participate in leasing subsi-
dized housing. On the one hand, we should make use of social media and other infor-
mation channels to strengthen policy propaganda and interpretation and increase the
policy knowledge rate of policy targets; on the other hand, we should strictly control
housing quality, strengthen policy supervision, improve relevant laws and regula-
tions, protect the rental rights and interests of young people and new citizens, and
enhance the willingness to participate in renting.

Acknowledgements. Research on Simulation and Effectiveness Evaluation of “Rent-to-Buy”
Policy in Real Estate Market from the Perspective of Big Data. National level. National Social
Science Foundation of China. (Project No. 18BGL193).



The Evolutionary Game and Simulation Study 359

References

1. Zeng Hui, Yu Xiaofen. The problem of rent rejection in public rental housing and its litigation
solution strategy[J]. Urban Issues, 2017(08):84-91.

2. Yu Xiaofen, Fu Jian. The evolutionary game of social force participation in guaranteed hous-
ing projects and government regulation[J]. Systems Engineering Theory and Practice, 2017,
37(12):3127-3136.

3. Li Shilong and Liu Siyu. Restraining the Illegal Sublease Phenomenon of Public Rental Hous-
ing in China: Based on Dynamic Evolutionary Game Theory[M]. American Society of Civil
Engineers, 905–913.

4. Huan Shu and Yan LI. An Evolutionary Game Analysis of the Construction of Affordable
Housing [C]. Warsaw, Poland, 2021.

5. Zhou Xuan and Liu Dan and Yin Chuanbin. Research on Public Rental Housing PPP Project
Launching Dilemmas with Dynamic Evolutionary Game[J]. Advances in Civil Engineering,
2021, 2021

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	The Evolutionary Game and Simulation Study of Guaranteed Rental Housing Policy
	1 Introduction
	1.1 Background
	1.2 Literature Review

	2 Model Construction
	2.1 Analysis of Participant Behavior
	2.2 Model Hypothesis and Construction

	3 Model Analysis
	3.1 Analysis of Equilibrium Points
	3.2 Model Simulation

	4 Conclusions and Policy Recommendations
	4.1 Conclusions
	4.2 Policy Recommendations

	References




