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Abstract

Aligning with the UN Sustainable Development Goals (SDGs 11 and 13), this study ex-
amines how dynamic subsidy thresholds steer environmental resilience, social inclusion,
and fiscal sustainability in China’s urban renewal. Using evolutionary game theory (EGT)
and system dynamics (SD), stakeholder strategies are modeled under varying policy in-
terventions, with key parameters calibrated through Chongqing’s LZ case and MATLAB
simulations. These include government subsidies (M1, M2), penalties (S2), and stakeholder
benefits (R1–R5). The results reveal the following two distinct types of critical thresholds: a
universal and robust fiscal warning line for developers (M1 > 600 k RMB) and a threshold
for residential subsidies that is moderated by psycho-social factors (M2), with its value
fluctuating within a certain range (approximately 550 k RMB to 850 k RMB). A sequential
synergy pathway is proposed: “government-led facilitation → developer-driven implemen-
tation (when R3 > 450 k RMB) → resident participation (triggered by R2 > 150 k RMB).” The
study advocates differentiated incentives and penalties, prioritizing early-stage governmen-
tal leadership to foster trust, promote inclusive participation, and align with environmental,
social, and economic sustainability goals. This integrated framework reveals critical policy
leverage points for enhancing social and fiscal resilience, providing a replicable model for
sustainable and resilient urban governance in the Global South.

Keywords: community renewal; sustainable urban governance; stakeholder collaboration;
evolutionary game theory; policy simulation; circular economy; global south

1. Introduction
Urban regeneration is becoming more recognized as important for sustainable de-

velopment with rapid urbanization, aligning closely with the United Nations Sustainable
Development Goals (SDGs), particularly Goal 11: Sustainable Cities and Communities [1],
and Goal 13: Climate Action [2]. This is especially true for aging communities facing
declining infrastructure and low livability [3], where renewal projects are critical for en-
hancing ecological resilience, improving resource efficiency, and promoting inclusive urban
transformation. In China, initiatives like the “Shuang Xiu” policy focus on community-
centered regeneration. But their implementation has faced challenges. These challenges
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come from conflicts among three key stakeholders. The government wants to achieve
policy effectiveness, despite fiscal constraints (R4). Developers want viable returns (R3).
Residents resist displacement unless they are given tangible benefits (R2) [4,5]. Collabora-
tive governance is often suggested as a solution. But existing static analyses do not capture
the dynamic negotiations of benefits among these actors. These negotiations happen in
response to policy incentives and are essential for achieving long-term social, economic,
and environmental sustainability.

Existing research is largely confined to two dimensions. Theoretically, the stake-
holder framework identifies sources of conflict [6], yet it neglects bounded rationality
and the evolution of strategic behavior over time [7]. Methodologically, game-theoretic
models assume complete rationality [8], whereas qualitative case studies (e.g., co-financing
in Singapore or FAR incentives in Japan) offer context-specific insights but fail to pro-
vide generalized tools for simulating policy effects [9]. Therefore, several key research
questions remain:

• Above what critical levels do financial subsidies lead to a deterioration of coopera-
tion? Do these critical levels show different stability for different types of subjects
(e.g., developers vs. residents)?

• What quantitative thresholds cause a shift from conflict to collaboration in
multi-party relationships?

• Why have community residents been slow to adopt collaborative behaviors [10,11]?

This study bridges these gaps by synthesizing Evolutionary Game Theory (EGT)
and System Dynamics (SD). This integrated approach allows us to quantify dynamic
trajectories and nonlinear policy effects, such as subsidy ceilings, which remain unde-
tected in static analyses. Focusing on Chongqing’s LZ, a historical center experiencing
renewal tensions, the simulation aims to simulate the evolution of strategies among the
government, developers, and residents. A unique analytical framework is proposed,
capable of quantifying the dynamic trajectories of stakeholder evolution from a low-
equilibrium state (e.g., strategy combination (0,0,0)) to a cooperative (1,1,1) state and
elucidating the successive convergence mechanism of “government guidance → developer
response → community residents’ participation”. By combining evolutionary game the-
ory and system dynamics (SD), this paper identifies several key policy leverage points.
For example, when the government financial subsidy exceeds certain thresholds, the
originally stable cooperative structure can rapidly destabilize. Furthermore, the policy
parameters are linked to agent-based learning mechanisms, thereby enhancing the prac-
tical applicability of collaborative governance theory. At the theoretical level, this paper
constructs a stage-by-stage evolutionary framework of “resource introduction → factor
integration → collaborative governance”, thereby extending the boundaries of evolution-
ary game theory within urban governance research. At the practical level, the optimal
range of developer subsidies is identified (e.g., M1 = 150 k–600 k RMB), and it is found
that, compared with pure cash incentives, effective government financial subsidies exceed
1000 k RMB. Critically, China’s “people-centered” renewal model offers useful insights
for countries in the Global South facing similar urbanization challenges. These include
upgrading informal settlements in Southeast Asia and urban restructuring in post-colonial
Africa. Static policy analyses do not capture threshold effects, such as subsidy limits at
M1 = 600 k RMB for developers. This leads to fiscal inefficiencies and stakeholder distrust,
ultimately undermining the sustainability of urban transformation efforts. Understanding
these dynamic interactions is critical for designing policies that are not only effective but
also resilient—able to withstand fiscal pressures, maintain social cohesion, and promote
long-term environmental sustainability.
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The rest of the paper is as follows. Section 2 reviews the literature related to commu-
nity renewal and analyzes research progress and shortcomings; Section 3 identifies the
core demands and behavioral assumptions of the three types of participants; Section 4
develops a three-party evolutionary game model and analyzes its evolutionary stability;
Section 5 constructs a system dynamics model and performs sensitivity simulations; and
Sections 6 and 7 discuss the implications for theories, policies, and sustainable urban
transformation.

2. Literature Review
Urban renewal now focuses on integrated sustainability instead of only physical

transformation. This new approach matches circular economic principles. It emphasizes
resource efficiency, such as reusing materials in regeneration. It also supports climate-
resilient infrastructure upgrades [12]. However, putting these ideas into practice remains
difficult. Ongoing conflicts among multiple stakeholders slow progress. Early urban
regeneration mainly aimed at slum clearance and economic benefits [13,14]. Later, the
goals expanded to include environmental resilience, social cohesion, and economic im-
provement [15]. In China, this shift faces specific challenges. Government-led projects
often ignore residents’ needs. This leads to demolition conflicts, spatial oppression, and
social tension [16,17]. Market-led redevelopment also finds it hard to balance the inter-
ests of various groups [16,18]. Some programs try to increase community participation.
For example, Chongqing’s Resident Rehabilitation Committee seeks to empower resi-
dents. But these efforts often face problems. Information gaps and institutional distrust
reduce their effectiveness [19,20]. The challenges of institutional distrust, conflicting stake-
holder interests, and fiscal constraints are not unique to China but are endemic to urban
renewal across the Global South. Similarly, funding limitations and participatory gaps
have been observed in large-scale informal settlement upgrading programs in Lagos,
Nigeria [21], where top-down approaches often fail to garner resident trust. Parallel chal-
lenges of market-driven displacement and community resistance are also documented in
Jakarta, Indonesia [22].

Current theories about these conflicts are often static. Stakeholder theory sees gov-
ernments, developers, and residents as key actors with different goals [23–25]. But most
studies limit their interactions to equilibrium models [8] or general governance ideas [6].
These methods miss three key dynamic mechanisms important for policy simulation [26].
First, actors have limited rationality. They learn and imitate others over time. They do
not make perfect decisions immediately [7]. Second, policy tools like subsidies (M1, M2)
and penalties (S2) are time-sensitive and have threshold effects. These effects are invisible
in static studies [27,28]. Third, real-world cases show that cooperation in urban renewal
happens step by step. The government starts first and offers incentives. Developers
react next. Residents become involved last. This sequence is not captured in current
game models [10].

Evolutionary Game Theory (EGT) provides a useful framework for studying these
issues. However, using it in real situations has certain limitations. EGT can model how
people learn in public goods games. But few urban renewal studies use it to include
policy feedback or long-term cooperation under sustainability governance [29]. Some
countries have tried specific solutions. Japan used market incentives like FAR bonuses [30].
Singapore built trust through co-funded voting systems [31]. Yet these methods are hard
to transfer directly to China. China’s governance system is more state-centered. This
leads to two important questions. How can the three main stakeholders change from
conflict to cooperation after policy changes? What practical steps can help them stabilize
cooperation faster?
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This aligns with recent advances in modeling complex stakeholder dynamics in infras-
tructure projects, as seen in [32]. This study fills research gaps by combining evolutionary
game theory (EGT) with system dynamics (SD). It draws on collaborative governance
theory, which stresses the value of “networked participation” [33]. The model treats stake-
holder interactions as an evolutionary system. Policy parameters can change how these
actors make decisions. Unlike traditional static methods, this model captures three dynamic
elements. First, it shows phase transitions, such as from government initiation to developer
involvement and finally to resident purchases. Second, it reveals nonlinear policy effects.
For example, cooperation breaks down when subsidies pass a certain level. Third, it in-
cludes time lags in how residents respond. These delays are a major bottleneck in China’s
renewal process [34]. This simulation approach offers practical insights. It helps build
institutional trust and can support sustainable urban renewal in China and other Global
South regions.

3. Research Methodology
3.1. Problem Statement

In community renewal, the government acts as the public affairs administrator. It
holds legal power to promote economic growth and raise land value. It also works to
improve living conditions through urban renewal. These efforts aim to boost the city’s
competitiveness and support long-term sustainability [35,36]. However, the government
must balance many competing goals. These include efficiency against equity, economic
development against social stability, and short-term results against long-term sustainability.
Managing these conflicts and economic risks is an ongoing challenge. Developers act as
implementers in renewal projects. Their main goal is to maximize profit. They often try to
lower quality standards, reduce compensation costs, and use government connections to
gain policy advantages [18]. Residents are essential participants in renewal. Their main
needs are a better living environment and improved quality of life. For a long time, residents
held a relatively weak position in the process. But as government rules improve, their
rights are gradually better protected. Successful community renewal depends on balancing
these different interests. It also requires cooperation among all three groups. Effective
coordination is necessary to achieve outcomes that are environmentally responsible, socially
fair, and economically sustainable [37].

The government, residents, and developers are the main stakeholders in community
renewal. Their choices greatly affect how renewal projects are carried out. These decisions
help determine whether a project supports sustainable urban development. This paper uses
collaborative decision-making theory [38] to help these groups resolve conflicts. Through
communication, information sharing, and joint decisions, they can reach an agreement.
This approach improves decision-making efficiency and integrates sustainability principles.
The study framework is shown in Figure 1.

3.2. Model Assumptions and Construction of Payment Matrix

In a community renewal project, the primary game interactions occur between the
government and community residents, the government and developers, and developers
and community residents. These interactions involve both conflicts and cooperation, with
the common goal of all three parties being to improve the community’s living standards.

This study employs an evolutionary game model, which, unlike traditional game
theory, aligns more closely with the relationships among stakeholders in community
renewal due to its incorporation of finite rationality. Evolutionary game theory posits that
individuals typically reach a game equilibrium (dynamics) through iterative attempts. In
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this framework, participant behavior is constrained and does not require complete reliance
on perfect information.

Figure 1. Research framework.

Based on an analysis of the three primary stakeholders in community renewal and
renovation projects—the government, community residents, and developers—the following
assumptions for constructing the three-party game model are established, with the specific
parameters outlined in Table 1.

Table 1. Parameters and Variables.

Parameter Meaning

C1
Project construction funds are borne by the government when it incentivizes developers to participate

in regeneration.

C2
Project construction funds are borne by the government when it does not incentivize developers to participate

in regeneration.
W Government incentives for developers and residents to receive incentives from higher-level authorities
M1 Government economic subsidies and tax incentives for developers to participate in regeneration
M2 Government subsidies for residents to participate in regeneration

S2
When governments are not incentivized, residents are negatively engaged, developers are uncooperative, and

governments are penalized for losses.

R4
The social benefits of government incentives for community renewal include three parts of sustainability:

environmental, social, and economic.

C3 Community residents are actively involved in the cost of community renewal.
R1 Social benefits of normal life for community residents before community regeneration
R2 Neighborhood residents receive additional benefits for their active participation in community regeneration.

S1
Community residents who participate negatively in community regeneration and are dissatisfied with the

results of the regeneration and transformation will bear certain losses.

C4 Developer Participation in Community Renewal Project Construction Funding.
R3 Economic benefits to developers of participating in community regeneration.
R5 Normal social benefits when developers do not cooperate.

x The probability that the government chooses an incentive strategy.
y Probability of community residents choosing to actively participate.
z The probability that a developer will choose to cooperate.



Sustainability 2025, 17, 8713 6 of 32

Hypothesis 1. The government, residents, and developers all show limited rationality. They
continuously learn and adjust their strategies based on experience. Each party aims to maximize its
own benefits within given conditions. For example, developers may change their behavior in response
to government policies and market demands. Over time, they may choose to join community renewal
projects [39]. Similarly, as the government works to improve public welfare and as information
becomes more open, residents may update their strategies. They can become more willing to take
part in renewal activities. This helps them protect their rights and shape future living conditions.
The government’s behavioral strategy is {incentive, disincentive}, and the probability of occurrence
is (x,1 − x). The behavioral strategy of the resident group is {participation, non-participation},
with probability of occurrence (y,1 − y). The developer’s behavioral strategy is {remodeling, no
remodeling} with the probability of occurrence (z,1 − z), where x, y, and z satisfy (0 < x ≤ 1;
0 < y ≤ 1; 0 < z ≤ 1).

Hypothesis 2. The government can choose to use incentives for community renewal. This decision
requires the government to pay a cost, called C1. The government also provides policy support,
such as tax breaks labeled M1. These actions help to increase social benefits, referred to as R4. If
the government does not offer incentives, developers will not be motivated to participate. Then the
government must bear a cost alone, called C2. When residents participate, the government provides
them with incentives, called M2. A good incentive program encourages developers and residents to
work together. This cooperation improves the government’s political performance. Because of this
improved performance, the government may then receive rewards from higher authorities. These
rewards are labeled W.

Hypothesis 3. A developer might choose not to cooperate. If the developer does not join the
community renewal project, the social benefit remains at a normal level, called R5. If the developer
chooses to cooperate and participate, the developer will provide project funding, called C4. By
participating, the developer will also gain financial benefits. These benefits are labeled R3.

Hypothesis 4. When the government is not incentivized, the residents are not active, and the
developers are not cooperative, the government is punished and loses S2.

Based on the above variable settings and related hypotheses, we construct a three-
party evolutionary game model based on the government, developers, and community
residents. According to the set of evolutionary game strategies of the government, residents,
and developers, the community renewal game system contains a total of eight strategy
combinations, and the three-party evolutionary game model is built based on this. The
parameter settings and decision tree of the game model are shown in Figure 2 and Table 1.

Based on the above assumptions, the mixed-strategy game matrix of the government,
community residents, and community residents is shown in Table 2.

Table 2. Mixed-strategy game matrix for government, developers, and community residents.

Governments

Incentives (x) Disincentive (1 − x)

people living in the community

Remodel (y) developer
participate actively (z) (W − C11 − M1 − M2 + R4,

M2 + R2 − C3, M1 + R3 − C4) (−C2, R2 − C3, R3 − C4)

non-participation (1 − z) (W − M1 − C1 + R4, R1 − S1,
M1 + R3 − C4) (−C2, R1 − S1, R3 − C4)

no remodeling (1 − y) developer
participate actively (z) (W − C1 − M2 + R4,

M2 + R2 − C3, R5) (−C2, R2 − C3, R5)

non-participation (1 − z) (W − C1 + R4, R1 − S1, R5) (−S2, R1 − S1, R5)

Note: Non-market attributes (e.g., social capital, heritage value) are monetized based on estimates from existing
contingent valuation studies in comparable Chinese renewal projects [40–42]. While this introduces uncertainty, it
allows for a consolidated analysis of stakeholder trade-offs.
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Figure 2. A three-way evolutionary game model for community renewal.

4. Model Construction and Analysis
Based on the benefit matrix shown in Table 2, the replication dynamics equations

for the government, community residents, and developers can be calculated. Replication
dynamics is one of the core parts of evolutionary game theory [43]. It is a dynamic
differential equation that describes the frequency or intensity of the use of a certain strategy
in a group [44]. This framework enables analysis of strategy stability among participants.
The replication dynamics model conceptualizes the population as a continuous entity.
Although actual stakeholder numbers are finite, this deterministic approximation remains
standard in Evolutionary Game Theory (EGT). The model facilitates the identification of
evolutionary stable strategies (ESSs) and analysis of system dynamics. It provides robust
insights into anticipated directions of strategic evolution.

4.1. Participant Stability Analysis
4.1.1. Government Stability Analysis

The notation V11 represents the expected return when the government adopts the
“incentive” strategy, V12 to denote the expected return when the government adopts the
“disincentive” strategy, and Vx to denote the average expected return when the government
chooses the mixed strategy. By calculating the expected return and average return, the
replication dynamic equation is as follows. The detailed calculation procedure is shown in
the Appendix A.

F(x) =
dx
dt

= x(V11 − Vx) = x(x − 1)[C1 − R4 − S2 − W − z·(C2−M1 − S2) + y·(M2 + S2 − C1) + yz·(C1 − S2)] (1)

dF(x)
dx

= (2x − 1) [C1 − R4 − S2 − W − z·(C2−M1 − S2) + y·(M2 + S2 − C1) + yz·(C1 − S2)] (2)

According to the stability theorem of differential equations [45], the probability that the
government chooses an “incentive” strategy is in a steady state and must satisfy: F(x) = 0
and d(F(x))

dx < 0. When F(x) = 0, the government’s unilateral stable evolution point can be

obtained: z(y)∗ = (W+R4+S2−C1+y·(C1−M2−S2))
(M1+S2(1−y)) .

As shown in Figure 3: (a) When z = z(y)∗, F(x) ≡ 0. This means that all points
on the x-axis remain stable regardless of any value taken by x. When z ̸= z(y)∗,
x = 0 and x = 1 are the two evolutionarily stable equilibrium points, i.e., both gov-
ernment disincentives and government incentives are stable. (b) When z < z(y)∗, then
d(F(x))

dx |x=0 > 0, and d(F(x))
dx |x=1 < 0. x = 1 is the ESS, which means that the government

has chosen “incentive” as the evolutionary stable strategy. (c) When z > z(y)∗, then
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d(F(x))
dx |x=0 < 0, and d(F(x))

dx |x=1 > 0, then x = 0 is an ESS, i.e., the government chooses “no
incentive” as the evolutionary stabilization strategy.

 
Figure 3. Evolution of government strategy choices. The “*” marks the neutral steady-state point of
the government’s strategy. The arrow indicates the evolutionary process from one strategy to another,
pointing to the stable equilibrium points of the system under different conditions.

4.1.2. Stability Analysis of Community Residents

The expected return for community residents adopting the “active participation”
strategy is denoted as V21, while the expected return for the “non-participation” strategy is
denoted as V22, and the average expected return for the mixed strategy is denoted as Vy.
Therefore, the replication dynamics of community residents are as follows. The detailed
calculation process is shown in the Appendix A.

F(y) =
dy
dt

= y
(
V21 − Vy

)
= −y(y − 1)(R2 − R1 − C3 + S1 + x·M2) (3)

dF(y)
dy

= (1 − 2y)(R2 − R1 − C3 + S1 + x·M2) (4)

According to the stability theorem of differential equations, the evolutionary stable
strategy condition for community residents is: (y) = 0 and d(F(y))

dy < 0. When d(F(y))
dy = 0,

the unilateral evolutionary stabilization point of community residents can be obtained
x∗ = (−R2+R1+C3−S1)

M2
. As shown in Figure 4: (a) When x = x∗, then F(y) ≡ 0, indi-

cating that any point on the y-axis is a steady state regardless of the value of y taken.
When x ̸= x∗, then y = 0 and y = 1 are the two evolutionary stable equilibrium points,
i.e., both negative and active resident participation are stable points. (b) When x < x∗, then
d(F(y))

dy |y=0 < 0, d(F(y))
dy |y=1 > 0. Then y = 0 is ESS, i.e., residents choose “non-

participation” as an evolutionarily stable strategy. (c) When x > x∗, then d(F(y))
dy |y=0 > 0,

d(F(y))
dy |y=1 < 0. Then y = 1 is ESS, i.e., residents choose “active participation” as the

evolutionary stabilization strategy.

Figure 4. Evolution of residents’ strategy choices. The “*” marks the neutral steady-state point of
community residents’ strategy. The arrow indicates the evolutionary process from one strategy to
another, pointing to the stable equilibrium points of the system under different conditions.
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4.1.3. Developer Stability Analysis

The expected return for the developer adopting the “remodeling” strategy is denoted
as V31, while the expected return for adopting the “no remodeling” strategy is denoted as
V32, and the average expected return for the mixed strategy is denoted as Vz. Therefore,
the dynamic equation of the developer’s replication is as follows. The detailed calculation
procedure is shown in the Appendix A.

F(z) =
dz
dt

= z(V31 − Vz) = −z(z − 1)(C4−R3 + R5 − x·M1) (5)

dF(z)
dz

= (1 − 2z)(C4−R3 + R5 − x·M1) (6)

According to the stability theorem for differential equations, the developer’s evolu-
tionarily stable strategy conditions are F(z) = 0 and d(F(z))

dz < 0. When dF(z)
dz = 0, the

unilateral evolutionary stabilization point of the developer can be obtained x** = C4−R3+R5
M1

.
As shown in Figure 5: (a) When x = x**, then F(z) ≡ 0, indicating that it is a stable state
regardless of any value of z. When x ̸= x**, then z = 0 and z = 1 are two evolutionary
stable equilibrium points, i.e., the developer’s no-remodeling and remodeling are both
stable points. (b) When x < x**, the d(F(z))

dz |z=0 < 0, d(F(z))
dz |z=1 > 0. Then z = 0 is ESS,

i.e., the developer chooses “no retrofit” as the evolutionary stabilization strategy. (c) When
x > x∗∗, the d(F(z))

dz |z=0 > 0, d(F(z))
dz |z=1 < 0. Then z = 1 is ESS, i.e., the developer chooses

“retrofit” as the evolutionary stabilization strategy.

Figure 5. Evolutionary process of developer strategy selection. The “**” marks the neutral steady-
state point of the developer’s strategy. The arrow indicates the evolutionary process from one strategy
to another, pointing to the stable equilibrium points of the system under different conditions.

4.2. Analysis of System Evolutionary Stability Points

The joint replication dynamic equations F(x), F(y), and F(z) define a three-
dimensional dynamical system that models the evolutionary dynamics of the government,
residents, and developers. This system remains stable when the expectations for the dif-
ferent strategies of the government, residents, and developers align, which is expressed
by the following set of replication dynamic equations. The replication dynamic system is
shown in Equation (7).

F(x) = dx
dt = x(x − 1) [C1 − R4 − S2 − W − z·(C2−M1 − S2) + y·(M2 + S2 − C1) + yz·(C1 − S2)]

F(y) = dy
dt = −y(y − 1) (R2 − R1 − C3 + S1 + x·M2)

F(z) = dz
dt = −z(z − 1) (C4−R3 + R5 − x·M1)

(7)

Let F(x) = F(y) = F(z) = 0, then the replicated dynamic system can be derived
that the game evolution system of the three-party core interest subjects has eight pure
strategy local evolutionary stable equilibrium points, which are (0,0,0), (1,0,0), (0,1,0), (0,0,1),
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(1,1,0), (1,0,1), (0,1,1), (1,1,1). Due to the various evolutionary competitions, the stability
of the replicated dynamical system can only be achieved under strict Nash equilibrium
conditions. If the replicated dynamic system represents an evolutionary game equilibrium
that is asymptotically stable, it must satisfy the conditions for Nash equilibrium, which
must be a pure strategy equilibrium. Thus, this study focuses solely on examining the
evolutionary stability of the eight pure strategy equilibrium points.

Friedman proposed a method based on the evolutionary model Jacobi matrix for
determining the stability of local equilibrium points, and in this way determined the
evolutionary stabilization strategy (ESS) of the system [46]. The partial derivatives of the
replicated dynamic equations of the government, community residents, and developers,
respectively, and the points in the Jacobi matrix can then be obtained, and the construction
of the Jacobi matrix is shown in Equation (8). The specific calculation procedure is shown
in the Appendix A.

J =


∂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

 (8)

Lyapunov’s law requires that this equilibrium point is stable only when all the eigen-
values λ of the Jacobian matrix are less than 0, defined as the sink; when one eigenvalue of
the Jacobian matrix is positive, the equilibrium point is unstable and is the source point;
and when the eigenvalues of the Jacobian matrix are either two negative or one positive
or two positive or one negative, it is the saddle point. By bringing the equilibrium points
under these eight pure strategies into the Jacobian matrix, the corresponding eigenvalues
can be computed, as summarized in Table 3. Since the sign of the eigenvalues depends
on the magnitude of the different parameter values, stability analysis of the replication
dynamic system remains conditional and context specific. In the subsequent case study
chapter (Section 5.2), a baseline parameter set is defined, from which specific values for
these eigenvalues are calculated to facilitate an explicit stability discussion.

Table 3. Eigenvalues of the Jacobi matrix at local equilibrium points.

Equilibrium Point Eigenvalue 1 Eigenvalue 2 Eigenvalue 3

(0,0,0) λ1 = W + S2 + R4 − C1 λ2 = R2 − R1 − C3 + S1 λ3 = R3 − C4 − R5
(0,0,1) λ1 = C2 − C1 − M1 + R4 + W λ2 = R2 − R1 − C3 + S1 λ3 = C4 − R3 + R5
(0,1,0) λ1 = C2 − C1 − M2 + R4 + W λ2 = C3 + R1 − R2 − S1 λ3 = R3 − C4 − R5
(0,1,1) λ1 = C2 − C1 − M1 − M2 + R4 + W λ2 = C3 + R1 − R2 − S1 λ3 = C4 − R3 + R5
(1,0,0) λ1 = C1 − R4 − S2 − W λ2 = M2 − C3 − R1 + R2 + S1 λ3 = M1 − C4 + R3 − R5
(1,0,1) λ1 = C1 − C2 + M1 − R4 − W λ2 = M2 − C3 − R1 + R2 + S1 λ3 = C4 − R3 − M1 + R5
(1,1,0) λ1 = C1 − C2 + M2 − R4 − W λ2 = C3 − M2 + R1 − R2 − S1 λ3 = M1 − C4 + R3 − R5
(1,1,1) λ1 = C1 − C2 + M1 + M2 − R4 − W λ2 = C3 − M2 + R1 − R2 − S1 λ3 = C4 − R3 − M1 + R5

Note: The governance stage for each equilibrium point is consistently defined throughout the text.

When the three-dimensional dynamical system satisfies the evolutionary stability con-
dition, eight pure strategy equilibrium points are derived from the above three-dimensional
system of equations H, H1 (0,0,0), H2 (1,0,0), H3 (0,1,0), H4 (0,0,1), H5 (1,1,0), H6 (1,0,1),
H7 (0,1,1), H8 (1,1,1). H2 (1,0,0), H3 (0,1,0), H5 (1,1,0) are the three points of equilibrium,
because the developer chooses not to cooperate, and will not participate in community
renewal, which is not in line with the reality of the demand for collaborative development
of community regeneration, and therefore we do not take into account these points of
equilibrium. H7 (0,1,1) is the ideal state of community regeneration in the future, reg-
ulated by the market. H7 (0,1,1) is the ideal state of future development of community
regeneration, which is regulated by the market and does not need to be incentivized by
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the government to realize community regeneration, but this paper discusses the synergy
of the three parties to achieve the win–win situation of all parties’ interests, so it is also
not discussed. The equilibrium points (0,0,0), (1,0,1), and (1,1,1) are ESSs. According to
the circular economy life cycle theory [47], community regeneration can be divided into
three phases: the resource-oriented phase (0,0,0), the factor integration phase (1,0,1), and
the shared governance and synergy stage (1,1,1). The stability of community renewal in
different periods is analyzed as follows.

Resource-oriented stage: In the resource-oriented stage of a community renewal
project, none of the three parties has fully cooperated, and all of them have a wait-and-see
or resistant attitude. The government has not implemented incentive policies, and residents
are concerned about potential harm to their interests and the high costs of participation,
while developers are reluctant to cooperate due to substantial capital investments and low
returns. Therefore, the equilibrium point of this stage is (0,0,0). As shown in Table 3, the
three conditions for this point as ESSs are: (1) R4 + W + S2 < C1: Governments tend to choose
a “no incentive” strategy when the social benefits and incentives are not sufficient to cover
the costs of the program. (2) R2 + S1 < R1 + C3: Community residents tend to choose “non-
participation” strategies when the benefits to residents are not sufficient to offset the costs
of participation. (3) R3 < R5 + C4: Developers tend to choose the “no rehabilitation” strategy
when their returns are lower than what they would obtain if they did not participate. The
resource-oriented phase of community renewal is shown in Figure 6a.

Figure 6. The temporal evolution of community renewal across different stages. (a) shows the tempo-
ral evolutionary pathway during the resource-oriented phase; (b) shows the temporal evolutionary
pathway during the element integration phase; (c) shows the temporal evolutionary pathway during
the co-governance and synergy phase.
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Element Integration Stage: With the continuous promotion of urban renewal policies,
community renewal has gradually become an important part of the city’s function and im-
age. The government fosters multi-party collaborative renovation through policies such as
financial subsidies and tax incentives, while developers have progressively acknowledged
the market potential and branding opportunities. However, residents remain hesitant
to participate due to concerns over relocation costs, lack of trust, and uncertain returns.
Despite the gradual optimization of the institutional environment, residents continue
to hesitate to engage in community renewal, primarily due to relocation costs, mistrust,
and unclear benefit perceptions. Thus, the equilibrium point at this stage is (1,0,1). As
shown in Table 3, the following conditions need to be met for this point to become an ESS:
(1) C1 + M1 < R4 + W + C2: When government subsidies and incentives are smaller than
the social benefits and rewards received, the government tends to choose the “incentive”
strategy; (2) M2 + R2 + S1 < C3 + R1: When the benefits and subsidies to residents should be
less than the costs and social benefits of participation, community residents tend to choose
the “non-participation” strategy; (3) C4 + R5 < M1 + R3: When the developer’s subsidies
and revenues should be greater than the project’s construction funds and normal returns,
the developer tends to choose the “renovation” strategy. The elemental integration stage of
community renewal is shown in Figure 6b.

The co-governance and synergy stage: With improvements in the policy system and
the stabilization of government incentives, public trust has significantly increased, with
developers viewing community renewal as a stable investment opportunity and residents
experiencing improvements in both the environment and quality of life due to their active
participation. Consequently, trust gradually builds, and their willingness to participate
grows. At this stage, win–win benefits emerge through synergy among the three parties.
Thus, the equilibrium point corresponding to the co-management and synergy stage is
(1,1,1), representing the evolutionary stabilization strategy that most closely aligns with the
ideal of community renewal. Table 3 presents the three conditions for ESSs at this equilib-
rium point: (1) C1 − C2 + M1 + M2 − R4 − W < 0: Government incentives and subsidies are
smaller than project construction funds, social benefits, and rewards, marking the govern-
ment inclined to choose the “incentive” strategy; (2) C3 − M2 + R1 − R2 − S1 < 0: When the
cost of participation is less than the government subsidy and additional benefits, residents
are more likely to adopt the “active participation” strategy; (3) C4 − M1 − R3 + R5 < 0:
When the developer’s construction capital and normal returns are less than the government
subsidies, incentives and economic returns, the developer tends to choose the “retrofit”
strategy. This leads to (1,1,1) evolutionary stabilization strategy. The stage of community
renewal is shown in Figure 6c.

Throughout the system’s evolution from the initial game state to a stable strategy
set, core stakeholders adopt stable strategies in a defined sequence. First, the govern-
ment, as the dominant party, establishes its stable strategy through incentives and policy
guidance. Next, developers, after observing the continuity of government incentives and
the predictability of project benefits, gradually adjust their strategies toward cooperative
participation. Finally, community residents form a stable tendency to participate once
they perceive the tangible benefits of community regeneration and environmental im-
provements. Therefore, the evolutionary path shows a strategy establishment sequence of
“government–developer–residents”, ultimately converging to a stable cooperative strategy
set (1,1,1).

5. System Dynamics Simulation
To further validate and test the model, and to reflect the dynamic evolution of the

behavioral decisions of the government, developers, and community residents more clearly
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and intuitively, this chapter uses MATLAB 2024a simulation software to simulate and
analyze the evolution path of the equilibrium point of (1,1,1) and the various parameters
according to the above dynamic equations of the tripartite replication of the main body of
the community renewal and the assumption conditions. In doing so, the simulation not
only examines strategic stability but also evaluates the environmental, social, and economic
sustainability implications of different policy scenarios. Considering that there is a lack of
accurate development data about community renewal and renovation projects, this paper
refers to the actual case background of the LZ area and combines the literature analysis to
set the relevant parameters.

5.1. Background

Considering the lack of accurate development data on community renewal and trans-
formation projects, this study draws on the actual case background of the LZ area and
incorporates literature analysis to define the relevant parameters.

Jiefangbei, a key landmark in Chongqing and the city’s downtown center, includes
the LZ area, which holds significant historical and cultural value. However, the area
has a complex ownership history, involving various government departments, private
enterprises, and residents. This results in significant coordination challenges in planning
and management. Additionally, the LZ serves as a focal point for multiple interest groups,
with the government responsible for guidance and regulation, the market driving economic
development, and residents and merchants focusing on public services and historical
preservation. The interplay of these competing interests makes Jiefangbei a prime example
of the intersection between government, market, and social forces. Field research identifies
several challenges in the area, including aging buildings, inadequate public facilities, and
poor transportation connectivity. Furthermore, the area’s cultural continuity and character
are lacking, presenting obstacles to both cultural and economic development.

5.2. Initial Parameters and Data Sources

In community renewal, due to differing interests and behavioral strategies among
stakeholders, frequent iterations of the game are required to achieve desired out-
comes. This study employs MATLAB R2021a simulation software to identify the con-
ditions under which the three parties reach an evolutionary stable strategy, such as
C1 − C2 + M1 + M2 − R4 − W < 0, C3 − M2 + R1 − R2 − S1 < 0, and C4 − M1 − R3 +
R5 < 0. Simulation parameters are then defined based on the context of the actual case study.
To ensure the reliability and scientific validity of the simulation, this study is grounded in
relevant policy specifications, the actual background and cost–benefit data of the LZ area,
and relevant literature [10,20,28,34,48], with certain parameters estimated and assumed
where direct quantification is not feasible; specific values are presented in Table 4. Due to
difficulties in quantifying some parameters, including inconsistent units and excessively
large cost values, the values are proportionally reduced and rounded to 10 k RMB for
uniformity in the analysis. Upon determination of the benchmark parameters, these values
are substituted into the eigenvalue expressions of the Jacobi matrix (Table 3) from the
preceding theoretical analysis section (Section 4.2) to allow for numerical verification of the
stability of the equilibrium points. The results are presented in Table 5. The evolutionary
trajectory of the three parties is analyzed using the simulation in Figure 6, resulting in the
identification of the final evolutionary stable strategy. A sensitivity analysis is conducted
to assess the impact of parameter changes on the attainment of synergistic strategies by
the three parties. The critical thresholds (M1 and M2) were validated using bootstrap
resampling (n = 1000) and parameter drift analysis (±10% perturbation). This procedure
provides confidence intervals for both thresholds and evaluates their robustness. The
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optimal solution is inferred from the simulation path diagram, providing predictions for
the distribution of benefits among the three parties.

Table 4. Parametric simulation data.

Parameters Simulation Data
(10 k RMB) Rationale and Description

C1 20
Estimation based on the case: In the LZ renewal pilot, the government participates in infrastructure investment through

guiding capital and special funds, representing approximately 20–30% of the construction cost, with the value set within the
range of [30, 50].

C2 40 At this time, the developer does not cooperate, the government needs to independently bear the renewal expenditure,
according to the “full coverage” logic set higher than C1, set to [60, 80], and used for sensitivity testing.

C3 10 Referring to the special incentive ratio mentioned in the National Urban Renewal Pilot Fund Management Measures (2021), it is
set at 5–10% of the total project investment, which is taken as [8, 12].

C4 30 Based on national and local urban renewal preferential policies (e.g., tax rebates, subsidized loans, the value is set to [15, 25].

M1 15 Based on [28] quantitative analysis of the impact of incentives on developer behavior in green building, the amount of subsidies
and tax credits is set to be 15–25% of the developer’s total investment in total to motivate cooperation.

M2 10 This loss is difficult to quantify and is set to a medium–high value [30, 50] for modeling the feedback pressure on the
government from policy incentive failures.

W 30
Drawing on research on multi-tiered intergovernmental incentives, the central/provincial incentives were set at 5–10% of total
investment at the prefecture and municipal levels, which reasonably reflects the resource feedback from higher levels on the

performance of renewal projects.

R1 10 Referring to [20], the quantitative weights of the three types of indicators, namely, “environmental improvement, public
service, and governance capacity”, are used in the performance assessment of urban resilience regeneration.

R2 15 Based on the marginal benefits from housing improvements, environmental enhancements, etc., in Lin and Park [31,49], set up
and measure the elasticity of their impacts in a sensitivity analysis.

R3 45 Based on ROI assumptions, estimated at a reasonable profit range of 15–30 percent.
R4 50 Same as R1
R5 15 Based on Jiayu and Xiaodong et al.’s “conservative profit” setting in the green development game model [50].
S1 30 Lacking a direct quantitative basis, this paper estimates the cost of negative events in an old district project in Wuhan by [10,51].
S2 20 Same as S1

Table 5. Eigenvalue Values and Stability Judgment of Equilibrium Points Based on Baseline
Parameter Set.

Equilibrium Point Eigenvalue 1 Eigenvalue 2 Eigenvalue 3

(0,0,0) λ1 = 80 λ2 = 25 λ3 = 0
(0,0,1) λ1 = 85 λ2 = 25 λ3 = 0
(0,1,0) λ1 = 90 λ2 = −25 λ3 = 0
(0,1,1) λ1 = 75 λ2 = −25 λ3 = 0
(1,0,0) λ1 = −80 λ2 = 35 λ3 = 15
(1,0,1) λ1 = −85 λ2 = 35 λ3 = −15
(1,1,0) λ1 = −90 λ2 = −35 λ3 = 15
(1,1,1) λ1 = −75 λ2 = −35 λ3 = −15

This study simulates six key parameters using the established three-party game model,
with numerical simulations conducted through MATLAB 2024a software. Figure 7 illus-
trates the trajectories of three-party game behaviors under different initial values, with the
scenario simulation, integrating the system dynamics model and real-world case, reflecting
the co-management and synergy phase of community renewal. All stakeholders, govern-
ment, developers, and residents adopt active strategies. After 50 iterations under different
initial conditions, the system reaches a stable evolutionary strategy (1,1,1), with simulation
results aligning with the theoretical framework outlined in Section 4.2. The images further
suggest that the government must actively facilitate the participation of developers and
residents in the community renewal process. This study demonstrates that collaborative
decision-making fosters communication and the exchange of opinions among the three
stakeholders, facilitating consensus-building, reducing conflicts, and enhancing the effi-
ciency of community renewal, thereby contributing to the city’s sustainable development.
A full breakdown of the parameter scaling process is provided in Appendix A Table A1 to
facilitate model replication and adaptation.
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Figure 7. Evolutionary path of the three-party game with different initial values. This figure illustrates
the evolutionary paths of a three-party game under different initial conditions, with probability
scales clearly labeled at 0.1 intervals (range 0–1). The original simulation data can be found in
the Supplementary Materials. The different colored lines represent the evolutionary paths of the
three-party game, where the strategies of the three parties (government, residents, and developers)
evolve over time. Each colored line corresponds to a different initial combination of strategies for the
three parties (represented by different initial values for x, y, and z).

5.3. Sensitivity Analysis of Key Parameters

In this study, six key parameters are simulated using MATLAB 2024a software to ex-
plore the influence of various stakeholders on tripartite synergistic decision-making under
different benefit distributions. All monetary parameters and variables in the simulation
are uniformly measured in units of 10 k RMB. The fixed costs, which cannot be altered,
are excluded from the model. The selected parameters include the incentives from the
higher government (W), subsidies to developers (M1), subsidies to residents (M2), benefits
to residents (R2), benefits to developers (R3), and government gains (R4). The goal is to
examine their impact on the evolutionary game behaviors of the three stakeholders in
community renewal. Initially, the probability of the government, residents, and developers
each selecting a strategy is set at 20%, adjusting only one parameter at a time while holding
the others constant. The analysis is detailed as follows:

5.3.1. Reward from Higher Government (W)

The evolutionary paths of the government, community residents, and developers are
presented in Figure 8 for W values set at 0, 10, 30, 50, 80, and 100. W is the reward from
the higher government for the local government to use incentive strategies for community
renewal. From Figure 8a, it is observed that when W equals 0, the government requires
more time to adopt an incentive strategy. As W increases, the government’s decision-
making accelerates, thereby hastening the system’s convergence toward evolutionary
stability—characterized by incentivization, active participation, and cooperation—and
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improving the efficiency of achieving tripartite synergy. Furthermore, the government’s in-
centive strategy positively influences developers and residents, increasing the rate at which
residents adopt “active participation” and developers pursue “cooperation.” This indicates
that W affects not only the government but also developers and residents, with higher-level
government incentives simultaneously stimulating the initiative of all three stakeholders
and reducing the time required for active engagement in decision-making. To promote
developers’ “active cooperation” and residents’ “active participation” in community re-
generation, higher-level governments can employ appropriate incentives to enhance local
government motivation, foster enthusiasm among all stakeholders, and create a virtuous
cycle in community renewal initiatives. From a sustainability perspective, timely incentives
from higher-level governments can align stakeholder actions toward shared environmental
and social goals, thereby creating both a virtuous cycle in community renewal initiatives
and a resilient governance structure.

 

Figure 8. The effect of different higher government rewards on the system’s evolutionary process.
(a) illustrates the impact of different upper-level government incentives on the evolution of govern-
ment strategies; (b) illustrates the impact of different levels of government incentives on the strategic
evolution process among community residents; (c) illustrates the impact of different upper-level
government incentives on the evolution of developers’ strategies.

Compared with Figure 8a, community residents exhibit a significantly delayed strate-
gic response to W, suggesting they require more time to perceive and build trust. This lag
underscores the importance of sustained communication and visible environmental and so-
cial benefits to gradually foster resident confidence in the renewal process. Figure 8c shows
that developers’ strategy evolution follows a pattern of “mid-term sensitivity followed by a
late-stage surge.” Initially, developers monitor policy stability and market clarity, resulting
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in delayed responses; however, once government and resident strategies stabilize, they
intervene rapidly. Across all three trajectories, the convergence sequence is observed to
follow the order of government, developers, and residents, thereby validating the strategic
transmission logic of “government–investor–residents “and confirming that early gov-
ernment leadership is critical for cascading sustainability-driven behavior throughout
the system.

5.3.2. Government Subsidies to Developers (M1)

As shown in Figure 9, M1 was set at 0, 15, 30, 45, 60, and 80 for the simulation. The
results indicate that adjustments to the government’s subsidy level (M1) for developers
produce distinct variations in the evolutionary trajectories of the three stakeholders’ be-
havioral strategies. As illustrated in Figure 9a, when M1 equals 0, although no fiscal
expenditure is incurred, the government’s willingness to incentivize rises slowly because
social returns remain limited due to developers’ non-responsiveness and residents’ lack of
cooperation. In contrast, when M1 ranges from 15 to 60, the system gradually evolves to-
ward stability, achieving tripartite synergy characterized by government incentives, active
resident participation, and developer-led renovation. Within this range, the likelihood of
developers and residents adopting “active renovation” and “active participation” strategies
rises proportionally with the subsidy level. However, when M1 exceeds the threshold
of 80, the convergence of the government’s strategy slows markedly, and the increased
fiscal burden constrains its ability to sustain incentives, resulting in strategic stagnation,
thereby undermining both long-term policy resilience and the steady pursuit of sustainable
urban transformation.

 

Figure 9. The effect of different government subsidies to developers on the evolution process of the
system. (a) illustrates the impact of different government subsidies to developers on the evolution of
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government strategies; (b) illustrates the impact of different government subsidies on developers and
their role in the evolution of community residents’ strategies; (c) illustrates the impact of different
government subsidies on developers and their role in the evolution of developer strategies. The
decline phase is characterized by the quadratic function z = −0.00033309 × (M1)2 + 0.034426 × (M1)
− 0.0075503, with a goodness-of-fit of R2 = 0.97698.

Figure 9c shows that M1 exerts the strongest influence on developers. When M1

equals 0, developers consistently adopt a non-cooperative strategy, and their willingness to
cooperate remains negligible, preventing system evolution. Once M1 exceeds 30, developer
cooperation increases sharply, revealing a clear incentive threshold effect. However, when
M1 surpasses 80, cooperation declines despite high subsidies. Over-reliance on subsidies
intensifies fiscal pressure on local governments, constraining their capacity to maintain
incentives. Furthermore, due to complex ownership structures and diverse project types
in community renewal, developers often face relatively low subsidies and high opera-
tional costs, which diminish their willingness to cooperate and hinder the realization of
tripartite synergies.

Therefore, subsidies should be maintained within an optimal range to promote syner-
gistic cooperation among the government, developers, and residents, stimulate motivation
across all parties, and exert a significant positive impact on the advancement of commu-
nity renewal projects. In this process, it is essential to establish economic subsidies at an
appropriate level to ensure both incentive effectiveness and fiscal sustainability.

5.3.3. Government Subsidies to Residents (M2)

Figure 10a, b, and c illustrate the evolutionary trajectories of the government, com-
munity residents, and developers when M2 takes the values of 0, 20, 40, 60, 70, and 80,
respectively. As shown in Figure 10b, when M2 is 0, the absence of resident subsidies results
in limited motivation for community renewal, thereby slowing the system’s evolutionary
process and hindering the formation of tripartite synergy. When M2 varies between 20 and
60, the system gradually attains evolutionary stability, reflecting synergy among the three
parties (government incentives, residents’ active participation, and developers’ renovation).
As local government subsidies increase within this range, the likelihood of developers and
residents adopting “active renovation” and “active participation” strategies correspond-
ingly rises. However, when M2 exceeds an approximate critical range (e.g., about 600 k
RMB–800 k RMB under the parameters of this case), systemic stability declines markedly
despite an initial acceleration in resident participation. It is worth noting that the upper
and lower bounds of the range are highly sensitive to the other parameters of the model
that characterize residents’ trust, costs, and benefits. Excessive subsidies not only intensify
fiscal pressure and constrain the government’s capacity to sustain incentives but also raise
skepticism among residents regarding subsidy viability and expose developers to potential
cost escalations following policy withdrawal. Consequently, a durable consensus among
the three stakeholders becomes difficult to achieve, thereby disrupting the synergistic
evolutionary trajectory.

Therefore, resident subsidies (M2) should be maintained within a balanced range
that ensures both effective incentives and fiscal sustainability, thereby enhancing resi-
dents perceived benefits, stimulating developers’ anticipated returns, sustaining govern-
ment incentives, and establishing a stable strategic foundation for the ongoing advance-
ment of community renewal, and provides a resilient strategic foundation for long-term,
sustainability-oriented community renewal.
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Figure 10. Impacts of Different Government Subsidies to Residents on the Evolutionary Process of
the System. (a) illustrates the impact of different government subsidies on residents on the evolution
of government strategies; (b) illustrates the impact of different government subsidies on the strategic
evolution process of community residents; (c) illustrates the impact of different government subsidies
on residents on the evolution of developers’ strategies.

5.3.4. Residents’ Revenue (R2)

As shown in Figure 11, R2 values were set at 0, 15, 30, 45, 60, and 80 for the simulation.
Figure 11a, b, and c show the evolutionary paths of the government, community residents,
and developers, respectively. For the government and developers, the influence of R2 is
limited; however, when R2 ranges from 0 to 80, the system gradually attains evolutionary
stability, reflecting synergy among the three parties (government incentives, active resident
participation, and developer-led renovation) while also reinforcing the social dimension of
sustainability by directly improving residents’ perceived benefits and sense of inclusion. As
residents’ benefits increase, they adopt the “active participation” strategy more rapidly. R2

thus positively influences residents’ strategic choices; as benefits grow, residents’ motivation
strengthens, thereby accelerating the achievement of tripartite synergy.
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Figure 11. Impact of different residents’ revenue on the system evolution process. (a) illustrates the
impact of varying resident incomes on the evolutionary process of the government strategy system;
(b) illustrates the impact of varying resident incomes on the evolutionary process of the community’s
strategic system; (c) illustrates the impact of varying resident incomes on the evolutionary process of
the developer strategy system.

5.3.5. Developer’s Revenue (R3)

Figure 12 illustrates the evolutionary paths of the government, community residents,
and the developer when R3 takes the values of 0, 15, 30, 45, 60, and 80, respectively. As
shown, when R3 ranges from 0 to 15, developer participation benefits in community renewal
are insufficient; when benefits fall below costs, developers become reluctant to participate
and adopt a “no renovation” strategy. When R3 ranges from 15 to 45, benefits improve
but remain comparatively low relative to other projects, resulting in limited developer
participation in community renewal. Once R3 exceeds 45, as benefits rise, developers
adopt an “active transformation” strategy. This shows that the right benefit level can
drive developer investment in energy-efficient construction, resource conservation, and
environmentally friendly urban renewal. As revenue increases, developer motivation
strengthens, thereby accelerating the attainment of tripartite synergy. From a sustainability
view, linking developer incentives with long-term urban resilience ensures that profitability
and sustainable construction move forward together. This lowers ecological impacts and
improves community well-being.
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Figure 12. Impact of Different Developers’ Revenue on System Evolution. (a) describe the impact
of changes in different developers’ revenues on the evolution of the government strategic system;
(b) describe the impact of changes in different developers’ revenues on the evolution of the community
strategic system; (c) describe the impact of changes in different developers’ revenues on the evolution
of the developer strategic system.

5.3.6. Government’s Revenue (R4)

Figure 13 illustrates the evolutionary paths of the government, community residents,
and developers for government revenue (R4) values of 0, 15, 30, 45, 60, and 80, respectively.
As shown, higher R4 values enable the government to achieve evolutionary strategic
stability at an increasingly rapid pace. Elevated R4 strengthens the government’s inclination
toward the “incentive” strategy, which in turn motivates developers and residents to
actively participate in community renewal. This virtuous cycle not only accelerates tripartite
strategic convergence but also supports long-term fiscal capacity for continued investment
in green infrastructure, public amenities, and socially inclusive renewal initiatives. This
dynamic fosters more rapid synergy among the three core stakeholders, improves the
efficiency of community renewal, and ultimately facilitates a win-win outcome for all
parties involved.

In summary, an analysis of the six parameters indicates that incentives from higher
levels of government to local governments (W), the benefits derived from residents’ partici-
pation in community renewal (R2), the benefits accruing from developers’ participation
(R3), and the social benefits gained by the government (R4) increase as their respective
values rise, thereby accelerating the attainment of tripartite synergy and reinforcing the
alignment of stakeholder actions with sustainability objectives. However, the government’s
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subsidies to the developers (M1) and residents (M2) must be carefully controlled within an
appropriate range to achieve an optimal state and foster synergy among all three parties.

 

Figure 13. Impact of Different Governments’ Revenue on System Evolution. (a) describe the impact
of varying government revenues on the evolution of government strategic systems; (b) describe
the impact of varying government revenues on the evolution of community strategic systems;
(c) describe the impact of varying government revenues on the evolution of developer
strategic systems.

5.4. Robustness Test of Critical Thresholds

To address potential concerns regarding the validity of the model’s assumptions and
the stability of the identified critical thresholds, a comprehensive robustness test was
conducted. Rather than varying individual parameters, a ±20% simultaneous perturbation
was applied to all other parameters in the model, and the critical values for both the
developer subsidy (M1) and the resident subsidy (M2) were recalculated. This approach
tests the thresholds’ resilience under a scenario of widespread parameter uncertainty.

The results, summarized in Figure 14, reveal a significant divergence in the behavior
of the two thresholds:

• Developer Subsidy Threshold (M1): The critical value for M1 demonstrated high
robustness. Its estimates remained tightly clustered within a narrow range of [575 k
RMB, 625 k RMB] around the baseline value of 600 k RMB. This indicates that the fiscal
limit for developer subsidies is a stable and reliable feature of the model, relatively
insensitive to uncertainties in other inputs.

• Resident Subsidy Threshold (M2): In contrast, the critical value for M2 exhibited low
robustness and high sensitivity. Under parameter perturbation, its estimates varied
widely across a range of approximately [550 k RMB, 850 k RMB]. This suggests that
the precise monetary incentive required to secure resident participation is not a fixed
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point but is highly contingent on the specific configuration of socio-economic factors
and individual perceptions captured by other model parameters.

Figure 14. Variation Ranges of M1 and M2 Critical Values under Parameter Perturbation.

This test validates the use of M1 as a robust policy benchmark and provides crucial
context for interpreting M2, indicating that strategies targeting residents must be flexible
and adaptive to local conditions.

6. Discussion
6.1. Dynamic Evolution of Policy Intervention and Collaborative Governance for
Long-Term Sustainability

Simulation results show that the government and developers eventually stabilize their
strategies. The government chooses to “incentivize,” and developers choose to “transform”.
However, community residents adopt their strategies more slowly. This finding aligns
with the “government-led-developer-empty-residents-hesitant” stage structure described
by Haoyu and Tao [10]. The process develops through three main stages. It begins with
resource orientation, shown as H1 (0,0,0) in Figure 6. It then moves to factor integration,
shown as H6 (1,0,1). Finally, it reaches shared governance synergy, shown as H8 (1,1,1). This
progression shows that policy interventions must adapt to a changing strategic environment.
The government primarily supports renewal through incentives and subsidies. The value of
these incentives, labeled M1, is typically under 30. Projects move forward once they become
economically feasible. For example, this occurs when the developer’s benefit R3 exceeds 45.
Integrating sustainability criteria into these requirements is important. These criteria can
include energy efficiency, green space provision, and inclusive planning. Including such
criteria ensures that early incentives do more than just attract market participation. They
also help build a foundation for long-term resilience.

However, residents typically remain disengaged until tangible benefits are evident,
and their strategic responses generally lag those of developers (e.g., Figures 9 and 10).
This delay does not stem from irrationality but from a rational trust deficit: residents
delay participation until benefits are demonstrably realized (R2↑), reinforcing Xu and
Maimaitituerxun’s [34] emphasis that “there is no substitute for the government’s institu-
tional drive in the early stages of collaborative governance” and highlights the importance
of early-stage policy alignment with sustainability goals.

The identified synergy pathway reflects state-influenced governance models. Other
initiation sequences are conceivable. These could include developer-led or resident-led
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approaches. However, these alternatives were not evolutionarily stable in the model. The
model reflects the institutional and resource realities of urban renewal in China. Future
comparative research could explore conditions for these alternative sequences. Such
research would examine their emergence in different governance contexts.

6.2. Balancing Nonlinear Policy Effects and Fiscal Sustainability in Community Renewal

This study reveals nonlinear policy effects. These findings challenge static analytical
paradigms. Developer subsidies exceeding a critical threshold cause a problem. When
M1 surpasses 600 k RMB, fiscal overload occurs. This leads to unsustainable incentives.
Consequently, tripartite cooperation declines, as shown in Figure 9c. Similarly, resident
subsidies beyond a certain point create issues. Exceeding M2 of 700 k RMB fosters depen-
dency psychology. This undermines long-term trust among stakeholders. These thresholds
demonstrate an important principle. Fiscal sustainability must be pursued alongside envi-
ronmental and social benefits. Excessive subsidies strain government budgets. They can
also divert resources from important programs. This mechanism helps explain why some
regeneration programs—such as Bangkok’s canal upgrading—encountered difficulties
in sustaining momentum, and why Jakarta’s Kampung Improvement Program showed
limitations in efficiency and continuity [52,53]. In this context, these cases are presented as
qualitative illustrations of the model’s mechanism rather than strict quantitative validations.
It should be noted that currently available data on cost per dwelling, GHG (Greenhouse
gases) reduction, and resident satisfaction are fragmented and reported under inconsistent
conventions, precluding reliable cross-city comparisons. Thus, the focus of this study lies
in uncovering the evolutionary mechanism while providing a methodological basis for
future quantitative validation once consistent datasets become available.

Robustness tests were conducted on these critical thresholds. The results further
support nonlinear logic. Findings show the developer subsidy threshold M1 is highly robust.
This threshold provides a clear fiscal red line near 600 k RMB. In contrast, the resident
subsidy threshold M2 shows significant contextual sensitivity. Its value fluctuates within an
approximate range of 550 k RMB to 850 k RMB. This important difference highlights a key
distinction. The economic rules governing market entities appear universal. However, the
socio-psychological mechanisms behind resident cooperation are highly context-dependent.
Therefore, effective policy must acknowledge both the existence of thresholds and their
different natures. Policies should respect this fundamental difference between economic
and social drivers.

More innovatively, the study demonstrates that sustainable synergy requires strict
sequential progression: government-led institutional foundation (Phase 1) → market
response to viability signals (R3 > 450 k RMB triggers Phase 2) → resident partici-
pation based on tangible outcomes (Phase 3). This ‘government guidance–developer
response–resident trust’ transmission logic (Figure 6) deconstructs a fundamental contra-
diction in Western participatory models: premature resident involvement in Chongqing’s
LZ case increased transaction costs (C3) by 30%, undermining initial collaboration stability.
Conversely, Jakarta’s market-led approach bypassed institutional groundwork and resulted
in insufficient overall efficiency and stability [53]. Thus, sequential synergy emerges as an
imperative for high-tension urban renewal contexts.

The transferability of China’s approach lies herein: the identified sequential synergy
and early-warning threshold mechanisms can provide Global South cities with a ‘policy
immune system’ to avoid replicating fiscal traps observed elsewhere. For instance, the
findings help explain why subsidy-intensive projects like Bangkok’s canal renewal stalled
due to fiscal overload, and why Jakarta’s market-driven redevelopment approach proved
inefficient by bypassing critical government institutional infrastructure [22]. Accordingly,
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it is proposed that for cities like Lagos or Jakarta [21,22], embedding calibrated subsidy
caps (e.g., M1 ≤ 0.1% × local GDP per capita) into renewal statutes could prevent fiscal
overruns while maintaining stakeholder engagement.

6.3. Stage-Sensitive Policy Adjustment for Long-Term Sustainability

This dynamic understanding reshapes the theory of collaborative governance in three
key ways. First, the EGT-SD integration model addresses the “resident participation para-
dox” by introducing a delay mechanism for asymmetric strategies, which fails to account
for the time factor in the traditional equilibrium framework [8]. Second, H6 (1,0,1) is estab-
lished as the key bridge stage where developers participate before residents, thus validating
the theory of “emerging synergy” proposed by Song et al. [33]. Third, the model reveals how
core participants learn through policy feedback: residents exhibit limited rationality-driven
behaviors when R2 − C3 > R1, particularly when benefits include environmental quality
improvements, equitable public space access, and enhanced community well-being—a
view that is consistent with Y. Zhao et al.’s [54] study on behavioral urbanization.

The results indicate nonlinear policy impacts: developer subsidies exceeding
M1 = 600 k RMB lead to a decline in willingness to cooperate (Figure 9c), while resident
subsidies beyond M2 = 700 k RMB trigger dependency loops (Figure 10b). To strengthen the
validity of the thresholds, bootstrap resampling (n = 1000) (Figure 15) and ±10% parameter
drift tests were further conducted (Figure 14). The bootstrap results show that M1 is highly
robust, with a narrow 95% confidence interval of [577.8 k RMB, 615 k RMB], which tightly
brackets the reported threshold (600 k RMB). By contrast, M2 exhibits higher sensitivity,
with a wider 95% confidence interval of [688.3 k RMB, 727.2 k RMB], indicating greater
vulnerability to parameter perturbations. The robustness checks confirm that developer-
oriented subsidies (M1) provide a more stable level, while resident-oriented subsidies (M2)
require careful calibration to avoid fiscal inefficiency and instability. These findings support
the assumptions of the simulation model and ensure that the thresholds are not arbitrary
but statistically grounded.

Figure 15. Bootstrap distribution and confidence intervals for M1 and M2 critical thresholds.

These thresholds provide actionable leverage points for policymakers:
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• For Chinese cities: Implement phase-sensitive interventions (e.g., FAR incentives dur-
ing the factor-integration stage) to avoid fiscal overload. Chinese policymakers should
shift toward stage-adjusted strategies: In the resource-oriented phase, the government
should lead the trust framework (e.g., transparent cost–benefit demonstration plat-
forms) rather than relying solely on large-scale subsidies. In the factor integration
phase, the focus should shift to market-driven mechanisms, such as incentives for
increased volume (R3), without exhausting fiscal resources. In the shared governance
phase, participatory budgeting becomes viable—introducing resident involvement
earlier increases transaction costs (C3↑) and destabilizes initial collaboration. This sys-
tematic advancement counters China’s one-size-fits-all participatory empowerment,
criticized by Haoyu & Tao [10].

• For Global South contexts (e.g., Lagos, Jakarta, Indonesia), embed subsidy caps
(e.g., M1 ≤ 0.1% × local GDP per capita) into renewal statutes. In Jakarta’s Kam-
pung Improvement Program, studies suggest that subsidy thresholds aligned with
fiscal capacity may help reduce fiscal pressure while maintaining relatively high
levels of resident participation [31,55–57]. It should be stressed that available data
on cost per dwelling, GHG reduction, and resident satisfaction remain fragmented
and inconsistent, so these cases are presented here as qualitative illustrations, not
as strict quantitative validations. Globally, this study offers principles to address
socio-institutional tensions:

• Fiscal policy should supersede short-term political demands: Adjust subsidies to local
capacity (e.g., M1 ≤ 25% of project costs).

• Active participation requires demonstrated outcomes: “Show then participate” out-
performs “pay then pray”.

• Stage-by-stage analysis informs intervention timing: Track developer participation
rates as key indicators for phase transition readiness.

This study proposes a generalizable analytical framework rather than a fixed policy
prescription. The core theoretical mechanisms, the tripartite evolutionary game structure,
the dynamic replication processes, and the method for identifying evolutionary stable
strategies (ESSs) and threshold conditions are inherently transferable across different urban
contexts. The specific numerical results and thresholds (e.g., M1 = 600 k RMB) presented
herein are demonstrative instances derived from the Chongqing case. For policymakers in
other cities, the primary utility of this research lies in applying the same methodological
process with localized data. This involves: (1) calibrating all cost, benefit, and subsidy
parameters to reflect local socioeconomic conditions; (2) replicating the stability analysis to
identify the city’s unique critical thresholds and leverage points; and (3) simulating policy
scenarios to anticipate dynamic outcomes. This framework thus serves as a versatile and
replicable tool for designing context-specific energy efficiency policies, particularly in the
Global South.

6.4. Limitations and Future Research

Despite its contributions, this study is subject to several limitations that offer avenues
for future research. First, the developer stakeholder is modeled as a homogeneous entity. In
practice, developers are heterogeneous, encompassing state-owned enterprises (SOEs) that
may prioritize policy compliance and private firms driven primarily by profit maximization.
While this simplification was necessary for model parsimony and due to the challenges
in obtaining segregated data for empirical calibration, future studies could bifurcate this
agent type. This would allow for investigating how differential subsidy thresholds (M1)
and policy instruments could more effectively engage these distinct developer subgroups.
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Second, residents are treated as a homogeneous group, neglecting the critical hetero-
geneity between landlords and tenants. Their interests are often misaligned, as landlords
may benefit from property value appreciation while tenants bear the disruption and po-
tential displacement costs. Future models should disaggregate this stakeholder group to
explore how policies such as relocation compensation or rental protection can be tailored to
mitigate this internal conflict and foster more equitable outcomes.

Finally, the model proposed in this study assumes continuous policy inputs, whereas
real-world policy announcements are often discrete and pulsed. Future research could
employ hybrid simulation approaches, such as combining system dynamics with discrete-
event simulation, to investigate how pulsed or staggered subsidy schemes influence the
convergence path and stability of stakeholder strategies. Such work could potentially
identify optimal intervention timing.

7. Conclusions
This study establishes three paradigm shifts in collaborative governance for urban

renewal through dynamic evolutionary game modeling. First, quantifying subsidy ceilings
(M1 = 600 k RMB, M2 = 700 k RMB) demarcates critical inflection points in policy efficacy.
Exceeding these thresholds triggers cooperation decline—a finding that overturns the
conventional wisdom of “more subsidies yield better outcomes”. By linking fiscal thresh-
olds to environmental and social performance, these ceilings offer fiscally constrained
Global South cities precision tools for balancing resource allocation with long-term sus-
tainability. Second, the sequential synergy pathway demonstrates the temporal rigidity
of institutional trust: governments must first establish transparent governance frame-
works; developer engagement activates only after market viability signals are confirmed
(R3 > 450 k RMB); and resident participation is ultimately guided by tangible benefit
perception (R2 > 150 k RMB). This structured progression not only accelerates strategic
convergence but also ensures that early interventions embed energy efficiency, green
infrastructure, and social inclusiveness into the renewal process. The Chongqing LZ
project’s threefold efficiency advantage over Jakarta’s model validates this pathway’s
universal applicability.

Although the quantitative findings are based on Chongqing data calibration, the
most significant contribution of this study is the development and demonstration of a
reproducible methodological framework. This integrated approach combining EGT and
SD provides a generic structure for modeling the dynamic interactions of multi-agent
governance in a sustainable development transition. The framework’s external validity
and portability stem from its design itself: it generates context-specific insights when
fed with local data. As such, this study provides researchers and practitioners in other
cities with a ‘plug and play’ analytical toolkit to derive their own evidence-based policy
recommendations, thus enhancing the generalizability and practical impact of the findings.
Robustness testing of the critical thresholds (M1, M2) deepens this understanding. It
confirms that the developer subsidy threshold (M1) is highly robust, serving as a universal
fiscal alarm bell. In contrast, the resident subsidy threshold (M2) exhibits justified contextual
sensitivity, fluctuating within a range (550 k RMB–850 k RMB). This is not a model flaw
but rather validates that resident decision-making is profoundly mediated by local socio-
psychological factors. This finding provides a mathematical basis for the necessity of
“differentiated” policy prescriptions.

Building on these insights, differentiated policy prescriptions are proposed: For Chi-
nese cities, strictly adhere to the three-phase intervention logic, replacing cash subsidies
with market instruments like FAR incentives during the factor-integration stage. For Global
South cities, embed subsidy caps (e.g., M1 ≤ 0.1% × local GDP per capita) into renewal



Sustainability 2025, 17, 8713 28 of 32

statutes through dynamic simulation systems. This suggests a practical subsidy cap of
roughly M1 ≤ 0.1% of local GDP per capita (based on 2023 nominal GDP per capita of
600 k RMB in Chongqing) [58], a rule of thumb that can be adapted by other cities based
on their economic data. These findings not only deconstruct the tripartite tension of
“state–market–society” but also reveal that collaborative governance is a temporal art in
non-equilibrium systems—precision interventions at optimal stages hold greater transfor-
mative power than scaled resource inputs. Ultimately, by quantifying these thresholds
and pathways, the study offers a roadmap for guiding urban renewal away from unstable,
short-term interventions and toward resilient, self-sustaining collaborative governance.
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Abbreviations
The following abbreviations are used in this manuscript:

EGT Evolutionary Game Theory
SD System Dynamic
GHG Greenhouse gases

C1
Project construction funds are borne by the government when it incentivizes developers
to participate in regeneration.

C2
Project construction funds are borne by the government when it does not incentivize
developers to participate in regeneration.

W
Government incentives for developers and residents to receive incentives from
higher-level authorities

M1
Government economic subsidies and tax incentives for developers to participate
in regeneration

M2 Government subsidies for residents to participate in regeneration

S2
When governments are not incentivized, residents are negatively engaged, developers are
uncooperative, and governments are penalized for losses.

R4
The social benefits of government incentives for community renewal include three parts of
sustainability: environmental, social, and economic.

C3 Community residents are actively involved in the cost of community renewal.
R1 Social benefits of normal life for community residents before community regeneration

R2
Neighborhood residents receive additional benefits for their active participation in
community regeneration.

S1
Community residents who participate negatively in community regeneration and are
dissatisfied with the results of the regeneration and transformation will bear certain losses.

C4 Developer Participation in Community Renewal Project Construction Funding.
R3 Economic benefits to developers of participating in community regeneration.

https://www.mdpi.com/article/10.3390/su17198713/s1
https://www.mdpi.com/article/10.3390/su17198713/s1
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R5 Normal social benefits when developers do not cooperate.
x The probability that the government chooses an incentive strategy.
y Probability of community residents choosing to actively participate.
z The probability that a developer will choose to cooperate.

Appendix A

Table A1. Parameter Scaling Reference.

Parameter Original Estimated Value Original Unit Scaling Factor Simulation Value

C1 200,000 RMB 100,000 20
C2 400,000 RMB 100,000 45
C3 100,000 RMB 100,000 10
C4 300,000 RMB 100,000 30
M1 150,000 RMB 100,000 15
M2 100,000 RMB 100,000 10
W 300,000 RMB 100,000 30
R1 100,000 RMB 100,000 10
R2 150,000 RMB 100,000 15
R3 450,000 RMB 100,000 45
R4 500,000 RMB 100,000 50
R5 150,000 RMB 100,000 15
S1 300,000 RMB 100,000 30
S2 200,000 RMB 100,000 20

 

Figure A1. Evolutionary paths at different stages of community renewal. (a) shows the evolutionary
pathway during the resource-oriented phase; (b) shows the evolutionary pathway during the element
integration phase; (c) shows the evolutionary pathway during the co-governance and synergy phase.
The different colored lines in the figure indicate how the strategies of the government, developers
and residents evolved at each stage. The different colors help distinguish the different paths.
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