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Abstract

Inclusive urban renewal requires balancing the interests of multiple stakeholders; however,
many renewal projects stall due to interest conflicts, rooted in the long-standing marginal-
ization of residents’ subjective fairness perceptions. This study introduces the Fehr-Schmidt
inequality aversion model to characterize residents’ fairness preferences, constructs a tri-
partite evolutionary game model involving governments, developers, and residents, and
uses MATLAB numerical simulations to reveal the influence of key parameters on system
steady states. The findings show that: (1) the system admits eight pure-strategy equilibrium
solutions, seven of which can evolve into evolutionarily stable strategies within specific
parameter ranges; (2) the intensity of higher-level government accountability, residents’
policy-based compensation and subjective fairness perception, and penalties for developer
violations all exert significant influence on the smooth implementation of inclusive urban re-
newal; and (3) various regulatory policies exhibit complementary and synergistic attributes,
whereas any single governance instrument has inherent limitations. This study provides a
reference for multi-stakeholder collaborative governance in inclusive urban renewal.

Keywords: inclusive urban renewal; fairness preference; inequality aversion; tripartite
evolutionary game; numerical simulation

1. Introduction

As China’s urbanization has systematically shifted from an expansion-oriented devel-
opment model toward the optimization of existing urban stock, inclusive urban renewal has
become a critical practical path for improving urban spatial quality, safeguarding residents’
rights and interests, and reconciling the interests of multiple stakeholders. Unlike the tra-
ditional large-scale demolition-and-reconstruction model, which prioritizes development
profits while ignoring residents’ interests, inclusive urban renewal centers on balancing
governments’ public governance objectives, developers’ profit-seeking incentives, and
residents’ resettlement demands. It aims to establish a mutually beneficial renewal frame-
work by upgrading public facilities, guaranteeing reasonable compensation, and realizing
balanced benefit distribution among different parties [1]. Nevertheless, numerous renewal
projects for urban villages and old communities in China are still trapped in severe interest
conflicts during implementation. Some governments relax inclusive planning control and
adopt passive governance to cut administrative expenditures. Driven by profit-seeking mo-
tives, developers deliberately reduce investments in public-welfare facilities such as green
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spaces, public-service infrastructures, and the renovation of historic buildings, and thus
adopt a low-inclusiveness development strategy. When residents perceive that their own
interests have been impaired, they resist renewal through negotiation, petition, or collective
rights-defense actions. Consequently, many renewal projects fall into governance deadlock,
manifested as construction stagnation and confrontation among multiple stakeholders [2].
How to balance efficiency and equity in the process of urban renewal and coordinate the
demands of diverse stakeholders has become a pressing practical problem to be solved.

Inclusive urban renewal is essentially a game process of multi-stakeholder interest
coordination. Governments, developers, and residents hold different goals and demands
corresponding to social governance, economic benefits, and residential rights, and there
exist prominent divergences among the three parties in benefit distribution, cost sharing,
and risk bearing [3]. Faced with dual assessment pressures from economic-development
targets as well as social stability and rights protection, governments need to strike a balance
between active governance and passive laissez-faire. Driven by profit-seeking incentives,
developers have an inherent tendency to cut the cost of resettlement facilities and maximize
short-term returns. Residents make strategic choices between cooperating with reloca-
tion and defending their rights through resistance. Their decisions are not only rigidly
constrained by material factors such as compensation standards, but also significantly
affected by subjective perceptions including distributive fairness and procedural trans-
parency [4]. The strategic interactions among these three types of actors jointly shape the
implementation efficiency and final benefit distribution pattern of urban renewal projects.
The realization of inclusive urban renewal fundamentally depends on whether the three
parties can reach a cooperative equilibrium in the game: whether the government can curb
speculative behaviors of developers through institutional design and safeguard residents’
legitimate rights and interests; whether developers can strike a balance between profit-
making and social responsibility; and whether residents are willing to cooperate under
dual conditions of sufficient material compensation and perceived fairness [5].

From the practice of urban renewal, residents’ resistance cannot be fully explained
merely by differences in material gains and losses; inequity aversion constitutes a crucial
psychological driver of renewal-related conflicts [6]. According to the inequity-aversion
theory proposed by Fehr and Schmidt, as bounded-rational individuals, residents consider
not only their absolute benefits such as resettlement and relocation compensation, but also
make horizontal comparisons between governments’ investment in public-welfare gover-
nance and developers’ supporting construction costs during decision-making [7]. Once
residents perceive that their own benefits are far lower than those of the government and
developers, a strong sense of unfairness will arise, which substantially weakens the positive
incentives brought by land-acquisition compensation. Even if the material compensation
reaches a reasonable level, residents may still resist renewal when they perceive distribu-
tive unfairness [8]. Nevertheless, existing governance frameworks and conventional game
models generally ignore such psychological mechanisms and simply assume that residents
only pursue the maximization of material interests [9]. This theoretical deficiency leads
policy design to rely excessively on raising monetary compensation unilaterally, while over-
looking the profound moderating effect of residents’ fairness perception on their strategic
behaviors. Consequently, renewal conflicts cannot be fundamentally resolved [10].

To fill the above-mentioned theoretical research gaps, this paper takes inclusive urban
renewal as the research scenario, introduces the Fehr-Schmidt (F-S) inequality aversion
model to describe residents” heterogeneous fairness preferences, and constructs a tripartite
evolutionary game model that integrates residents’ material income and psychological
utility. This study embeds residents’ disadvantageous inequality aversion coefficients into
the strategic choice utility function, such that residents’ trade-off between cooperative
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participation and resistance behavior depends not only on the absolute level of policy
compensation, but also on their subjective fairness judgment of the benefit gap between
governments and developers. On this basis, this paper conducts multi-scenario numerical
simulations via MATLAB to systematically quantify the regulatory effects and influence
patterns of four core variables—higher-level government accountability intensity, penalty
intensity for developers’ low-inclusiveness violations, resident resettlement compensation
standards, and residents” degree of inequality aversion—on the tripartite strategic evolution
path and long-term system stability.

To clarify the core research objectives of this study and address the existing research
deficiencies, this paper proposes three progressive and targeted research questions:

(1) How do residents’ preferences for fairness change their strategic choices in updating
games?

(2) How do changes in the intensity of various policy tools affect the direction of system
evolution and convergence speed?

(3) How should the four core policy variables be synergistically configured to effec-
tively promote the ideal steady-state convergence of the system towards multi-party
win-win?

These three questions are progressive: the first focuses on the micro-level behavioral
mechanism, the second on the macro-level regulatory effects of policy tools, and the third
on the synergistic configuration of policies for achieving the desired equilibrium.

This article contributes in three aspects. Theoretically, this study extends the classical
Fehr—-Schmidt inequality aversion model from experimental economics to the governance
research of inclusive urban renewal, revealing the internal transmission mechanism of how
residents’ fairness preferences alter strategic comparative advantages and further drive
the steady-state transformation of the governance system. Methodologically, this paper
constructs a complete tripartite evolutionary game model covering governments, develop-
ers, and residents. Through replicator dynamic equation derivation and Jacobian matrix
eigenvalue stability discrimination, multiple evolutionary stable strategy combinations
and their corresponding parameter constraint conditions are identified, which expands the
application boundary of evolutionary game theory in urban renewal governance research.
Practically, based on MATLAB numerical simulation, this paper reveals the regulation
characteristics of core policy and psychological variables, providing quantifiable and op-
erable policy references for the multi-dimensional collaborative governance of inclusive
urban renewal.

The remainder of this paper is organized as follows. Section 2 presents a systematic
literature review covering the connotation and practical progress of inclusive urban renewal,
multi-stakeholder interest conflicts in renewal projects, the application of evolutionary
game theory in urban governance, and the latest research progress of inequality aversion
theory. Section 3 establishes the tripartite evolutionary game framework, elaborating the
basic game assumptions, stakeholder utility functions, and payoff matrix settings. Section 4
derives the replicator dynamic equations of the game system and analyzes the stability
conditions of each equilibrium point. Section 5 conducts numerical simulation analysis
to verify the theoretical deductions and quantitatively characterize the regulatory effects
of core parameters. Section 6 summarizes the main research conclusions, expounds the
theoretical contributions and practical policy implications, and discusses the research
limitations and future research prospects.

2. Literature Review

Urban renewal is a key governance arena for coordinating multi-stakeholder interests
and balancing efficiency and equity. As China’s urbanization shifts from incremental
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expansion to stock optimization, inclusive urban renewal has become an important issue.
To clarify the theoretical starting point of this paper, this section sequentially reviews the
connotation and practice of inclusive urban renewal, the policy framework and interest
coordination, the application of evolutionary game theory and behavioral economics, and
the application prospects of inequality aversion theory in urban renewal. On this basis, it
identifies the gaps in existing research and the extension space of this paper.

2.1. The Connotation and Practice of Inclusive Urban Renewal

As an important paradigm responding to the social exclusion issues inherent in
traditional renewal models, inclusive urban renewal has received extensive scholarly
attention in recent years. Traditional urban renewal, oriented toward economic growth
and the maximization of land value appreciation and development benefits, has often been
accompanied by negative effects such as the marginalization of vulnerable groups’ rights,
socio-spatial differentiation, and the fragmentation of community networks [11]. Against
this backdrop, the concept of inclusiveness has been progressively introduced into the field
of urban renewal. In 2007, the Asian Development Bank first put forward the concept of
inclusive growth. The fundamental goal of inclusive growth is to generate more and higher-
quality employment and development opportunities through efficient and sustainable
economic growth, and to ensure that all members of society, especially vulnerable groups,
can share these opportunities and outcomes in a fair and reasonable manner, so as to realize
simultaneous advancement of economic growth and distribution improvement. In 2015,
Sustainable Development Goal 11 (SDG 11) proposed in the United Nations” 2030 Agenda
for Sustainable Development further set “making cities and human settlements inclusive,
safe, resilient and sustainable” as a core goal for global urban development [12].

The theoretical foundation of inclusive urban renewal can be traced back to Lefebvre’s
right-to-the-city theory proposed in 1968. Its core contains two dimensions. The first is the
right to occupy space, namely residents’ right to use urban space equally. The second is
the right to urban participation: ordinary residents ought to take part in the production
and decision-making of urban space, reject the one-sided domination of spatial order by
capital and the state, and oppose pushing low-income groups to the urban periphery in the
renewal process [13]. This theory reveals the close relationship between distributive justice,
procedural justice, and inclusive renewal, and constitutes the original ideological basis for
inclusive urban renewal. Distributive justice focuses on benefit-sharing in urban renewal,
that is, the fair distribution of benefits generated by renewal among different social groups;
procedural justice, by contrast, emphasizes substantive participation and discourse power
of affected residents in decision-making [14]. From the perspective of international research,
the justice connotation of inclusive urban renewal covers multiple dimensions including
distributive justice, procedural justice and recognitive justice. Reliance merely on physical
environmental renovation is insufficient to eliminate spatial injustice in the renewal process.
It is essential to guarantee the marginalized groups’ right to speech in decision-making so
as to achieve the balance of diverse values [15]. Compared with the traditional growth-
oriented urban renewal, inclusive urban renewal stresses that the renewal process should go
beyond the single logic of physical-space reconstruction and shift toward a comprehensive
governance process that takes social equity, cultural inheritance, and multi-stakeholder
interest coordination into account [16]. Furthermore, inclusive urban renewal pursues
maximum efficiency not at the expense of the interests of vulnerable groups. Instead,
institutional design should safeguard equal participation and reasonable benefit acquisition
for different social groups [17].

Building upon the above-mentioned international consensus, many scholars have
offered localized interpretations regarding the connotation of inclusive urban renewal by
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taking the institutional context and development history of urban renewal in their own
countries into consideration. In recent years, policies such as the renovation of old residen-
tial communities and the comprehensive governance of urban villages have been succes-
sively implemented. The governance logic of inclusive renewal has gradually emerged
and has been promoted and applied in a growing number of urban renewal projects. Some
renewal projects have begun to attach importance to absorbing the demands of diverse
groups, including residents, children, and the elderly. They transform previously idle or
dilapidated community spaces into functional sites for daily communication and public
activities, which reflects the people-oriented value orientation of inclusive renewal [18].
Pratt [19] points out that beyond the visible effects of improving the physical urban envi-
ronment and expanding the supply of public services, the positive benefits of inclusive
urban renewal also lie in other aspects such as creating more employment opportunities for
residents and reconstructing neighborhood social networks. Nevertheless, inclusive urban
renewal still faces structural obstacles at the operational level [20]. Renewal practices show
that public participation is often trapped in the dilemma of “tokenistic participation”. It
merely remains at the stage of information notification and superficial consultation and
can hardly be transformed into substantive decision-making power, which has become
a common problem restricting the implementation of inclusive renewal [21]. At present,
public participation in urban renewal generally stays at the level of notification and con-
sultation, and residents lack substantive decision-making rights. The formalization of the
participation process makes it difficult for residents’ interests and demands to be effectively
incorporated [22]. As community residents’ demands for participating in urban-renewal-
related decision-making keep growing, channels for citizens to exercise their rights to know,
to participate in, and to supervise urban planning and management remain to be estab-
lished [23]. Within China’s institutional context, inclusive renewal is further confronted
with practical constraints including imbalanced benefit distribution, mismatched rights
and responsibilities among stakeholders, and the risk of gentrification. Multiple institu-
tional barriers tend to trigger conflicts between residents and renewal implementers [24].
When institutionalized participation channels fail to satisfy residents’ rights-based and
interest-related demands, some residents may shift from cooperation to resistance and
express their dissatisfaction through petitioning and collective rights-defending activities.
This represents the core dilemma encountered by inclusive renewal in reality [25]. How to
strike a balance between efficiency and equity and coordinate multi-stakeholder interests
through institutional design has become a critical issue to be urgently addressed in the
research on inclusive urban renewal.

2.2. Policy Framework and Interest Coordination in Urban Renewal

Urban renewal is essentially a dynamic process of iterative release of land economic
value, accompanied by the restructuring of interest patterns and resource redistribution.
As a core institutional arrangement, urban renewal policies largely determine project
implementation efficiency and dominate multi-stakeholder decision-making. China’s
urban renewal governance has undergone a clear evolutionary shift: from physical-oriented
renovation to human-centered renewal, from large-scale demolition and reconstruction to
progressive organic renewal, and from government-dominated administration to multi-
party collaborative governance. The prevailing model has gradually transformed into
a hybrid mechanism combining top—down policy guidance and bottom-up community
participation, based on tripartite partnerships among the government, market sectors, and
local communities [23]. Regional institutional and economic differences have resulted in
diversified policy orientations across China. Wang et al. [26] compared urban renewal
practices in major Chinese regions and found distinct governance characteristics. The
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Pearl River Delta adopts a highly market-oriented model that relies on market investment
and resource allocation to revitalize urban stock space. The Bohai Rim region focuses on
industrial upgrading and the adaptive reuse of industrial heritage. The Yangtze River
Delta integrates urban renewal into regional integration strategies to promote high-quality
coordinated development.

Nevertheless, practical urban renewal still faces prominent dilemmas regarding ef-
ficiency and equity, survival and developmental rights, and multi-stakeholder interest
conflicts. Ren [27] pointed out that urban renewal conflicts mainly occur among govern-
ments, developers, and property owners, including institutional rule conflicts, benefit
distribution conflicts, and transactional bargaining conflicts. Zuk et al. [28] indicated that
rising housing and living costs after renewal often force residents to relocate to urban
peripheries, damaging community structures and undermining social equity. Empirical
evidence from China further supports this dilemma. Peng [29] confirmed that although
policy instrument combinations can mobilize market vitality and reduce transaction costs,
efficiency-oriented governance tends to cause unequal benefit distribution and insufficient
procedural and distributive justice for vulnerable groups.

From the perspective of developmental rights, Chen et al. [30] revealed structural
imbalance in current renewal practices. While residents’ basic residential and resettlement
rights are generally guaranteed, developmental rights including employment opportunities,
social network continuity, and equal development resources are frequently compromised.
Renewal projects merely realize physical resettlement rather than comprehensive social
integration and sustainable development, resulting in mismatched protection between
survival and developmental rights. Yang et al. [31] further argued that market mechanisms
alone cannot resolve interest conflicts in urban renewal. Fragmented property rights
substantially increase bargaining costs and easily lead to deadlock in tripartite games
among governments, enterprises, and residents. Under inadequate institutional constraints,
market-oriented renewal tends to prioritize capital benefits rather than social welfare,
making multi-stakeholder benefit sharing difficult to achieve.

Existing studies have proposed optimization strategies, such as strengthening
government-market cooperation, establishing multi-party benefit-sharing mechanisms,
and implementing tax adjustment and supervision systems to standardize renewal imple-
mentation [32,33]. Other research has analyzed project risks from policy, land, historical,
and financial perspectives, emphasizing the necessity of balancing governmental devel-
opmental goals, corporate profits, and residential demands [34,35]. Overall, the current
literature has verified the decisive role of institutional design and power structures in
protecting resident interests. However, few studies have systematically explored residents’
behavioral transformation and strategic resistance when formal participation channels fail,
which constitutes a critical research gap for inclusive urban renewal governance.

2.3. Application of Evolutionary Game Theory and Behavioral Economics in Urban Renewal
Research with Multiple Stakeholders

In recent years, evolutionary game theory has been widely applied in urban renewal
research. Unlike the assumption of complete rationality, evolutionary game theory assumes
that participants have bounded rationality and continuously adjust their strategies through
imitation, trial and error, and learning, ultimately achieving stable equilibrium in dynamic
evolution [36]. This theoretical framework is particularly suitable for analyzing social
interaction processes such as urban renewal, which involve multiple agents, long cycles,
and incomplete information.

From the perspective of behavioral economics, emerging studies have shifted research
focus from pure interest-driven logic to residents’ cognitive perception and behavioral
decision-making. Zhao et al. [37] applied conflict theory to interpret the evolutionary
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logic of resident resistance in urban renewal, verifying that resident resistance is a rational
strategic choice rather than impulsive emotional behavior, which occurs when legitimate
rights and interests are impaired and institutionalized demand-expression channels are
blocked. Stahl’s [38] empirical research on public housing renewal in New York further
supports this view. The study confirms that residents do not passively accept top—down
renewal arrangements. Instead, they develop organized and strategic resistance behaviors
based on their perception of procedural injustice and structural spatial inequality. This
behavioral perspective provides a critical theoretical basis for explaining the triggering
mechanism of residents’ strategic shift from cooperation to resistance in urban renewal.

Existing evolutionary game studies on urban renewal mainly focus on three research
dimensions. First, numerous studies explore renovation mode selection and multi-agent
behavioral interaction. Targeting urban village renewal practices, scholars have constructed
tripartite evolutionary game models involving governments, developers, and village col-
lectives to simulate strategic interactions and behavioral evolution among core stakehold-
ers [39]. Second, scholars widely apply evolutionary game theory to institutional innovation
and policy pilot research. Regarding the pilot program of collective construction land rental
housing, relevant studies have established game frameworks for governments, village
collectives, and rental housing enterprises, revealing the influence of policy parameter
changes on stakeholder strategy evolution [40]. Third, recent research has extended the
game model to emerging inclusive governance issues. Combining social capital theory,
scholars have constructed tripartite game models covering governments, investment in-
stitutions, and the public, demonstrating that social capital can reduce transaction costs
and stabilize multi-stakeholder collaborative governance [41]. In community collaborative
renewal research, scholars have further incorporated housing price fluctuation factors into
the game framework of governments, social capital, and residents, systematically exploring
the evolutionary path of multi-agent collaborative strategies [42].

The above studies provide important methodological support for understanding multi-
party interactions in urban renewal, but they also have notable limitations. First, the design
of the core utility function places disproportionate emphasis on material benefits, while
factors such as residents’ subjective perceptions of fairness and psychological expectations
are rarely reflected in existing models. Second, there is a lack of systematic identification
and testing of the threshold effects of policy instruments—that is, the range within which
policy parameters can trigger shifts in actors’ strategies. Third, although some studies
have addressed fairness issues in urban renewal, they mostly remain at the level of policy
discussion and have not yet translated fairness preferences into quantifiable utility functions
embedded in game models. The fairness concept emphasized in inclusive urban renewal
has not yet been fully operationalized in game models.

2.4. Inequality Aversion Theory and Its Application Prospects in Urban Renewal

The inequality aversion model proposed by Fehr and Schmidt provides a theoretical
tool for analyzing how fairness preferences affect individual decision-making. This model
decomposes individual utility into two parts: absolute benefit and relative benefit. Individ-
uals not only care about how much they have gained, but also about the gap between what
they have gained and what others have gained. The intensity of individuals” aversion to
disadvantage inequality is significantly greater than their aversion to advantage inequality.
This asymmetric setting captures the core characteristics of loss aversion and jealousy in
real behavior, and has been successfully used to explain refusal behavior in ultimatum
games, cooperative maintenance in public goods games, and efficiency wage phenomena
in the labor market [43,44].
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In recent years, the theory of inequality aversion has been expanded and applied
in multiple fields. In the study of negotiation games, scholars have introduced the F-S
model into the Rubinstein alternating-bid negotiation framework and found that the unfair
aversion preferences of participants significantly affect the perfect equilibrium of subgames.
When the quotation is lower than the fair reference level, there is a positive correlation
between the participant’s benefit and the degree of unfairness aversion; When the quotation
is higher than the fair reference level, the opposite is true [45]. In the field of supply chain
management, researchers have found that an increase in retailers’ aversion to unfairness
can reduce their optimal order quantity and supply chain profits, and wholesale price
contracts can achieve supply chain coordination under certain conditions [46]. In the field
of public policy, scholars have begun to introduce inequality aversion into environmental
governance, public service supply, and social welfare policy analysis, and found that
residents’ perception of policy fairness significantly affects their policy compliance and
willingness to cooperate [47]. The above research indicates that the F-S model has strong
explanatory power in explaining the impact of individual fairness preferences on decision-
making behavior.

Akbas et al. [48] experimentally revealed the interactive effect of procedural justice and
individual agency in fairness judgments: when inequality arises from risks freely chosen by
individuals, people tend to regard it as fair, whereas when inequality arises from unequal
opportunities, their willingness to redistribute increases significantly. The relational model
of Tyler and Lind [49] further indicates that whether procedures are fair conveys informa-
tion to individuals about whether they are respected and valued as members of the group;
procedural fairness makes individuals more willing to accept authoritative decisions, while
procedural injustice weakens their identification and willingness to cooperate. Lind’s [50]
fairness heuristic theory further clarifies that when individuals cannot obtain core infor-
mation such as the true payoffs of their counterparts, they turn to externally perceivable
cues to form fairness judgments. Extending these theories to the urban renewal context,
it can be found that residents’ judgments about distributive fairness depend not only on
the amount of compensation but also on whether the decision-making procedure is just
and whether residents have substantive opportunities for participation. When residents
face information asymmetry and feel marginalized, the psychological disutility caused
by procedural injustice compounds that caused by distributive injustice and, acting as a
heuristic framework, continuously influences their interpretation of subsequent compen-
sation plans and cooperation offers. Even if material compensation improves, it may be
difficult to reverse their confrontational tendencies.

However, the application of the inequality aversion model in urban renewal gov-
ernance remains relatively limited. The distributive fairness and procedural justice em-
phasized by inclusive urban renewal can be quantified through the theory of inequality
aversion, thus providing a theoretical foundation for extending and applying the F-S model
to urban renewal. The aforementioned procedural justice theory further indicates that
incorporating procedural fairness into the analytical framework of inequality aversion is
not only supported by empirical evidence but also aligns with the practical logic of urban
renewal governance—residents’ perceptions of unfairness stem not only from disparities in
distributional outcomes but also from flaws in procedural processes, both of which jointly
influence their decisions to cooperate or resist.

In summary, existing research provides conceptual tools, theoretical perspectives,
and modeling methods for urban renewal game analysis, yet further exploration remains
necessary. First, the concept of fairness in inclusive urban renewal lacks an operational
expression path within game models; existing studies often mention fairness at the pol-
icy discussion level but have not yet quantified residents’ fairness preferences as utility
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functions embedded in game models. Second, although the F-S model has been validated
in fields such as negotiation games and supply chain management, its application in the
tripartite game context of urban renewal remains limited. Third, the analysis of the reg-
ulatory characteristics of policy tools in existing research needs further deepening, and
the institutional conditions and policy boundaries of the multi-stakeholder collaborative
governance advocated by inclusive renewal still lack clear modeling and interpretation.
To address these gaps, this paper attempts to embed the F-S model into the tripartite
evolutionary game framework of urban renewal, construct a resident utility function that
balances material benefits and fairness psychology, and systematically examine the impact
mechanism of fairness preferences, policy rewards and punishments, and cost structure on
the equilibrium of the urban renewal game through replicator dynamic equation derivation
and Jacobian matrix eigenvalue discrimination, so as to provide theoretical support for
multi-dimensional collaborative governance.

3. Game Assumptions and Model Construction

3.1. Game Assumptions

Assumption 1. The participants in the game are governments, developers, and residents. All
three parties satisfy the assumption of bounded rationality and cannot directly make the global
optimal decision in a single game. It is necessary to continuously observe the game situation, imitate
high-quality strategies, and dynamically adjust their own behavior through multiple rounds of
repeated games, in order to continuously optimize their comprehensive returns.

The set of strategies for each participating entity is as follows:

Strategy space of government: G = {compliant governance, Non — Compliant gover-
nance}. Let x denote the probability that the government adopts the “compliant governance”
strategy, and 1 — x denote the probability of adopting the “Non-compliant governance”
strategy. Compliant governance means that the government performs its duties proac-
tively, taking into account distributive justice (regulating the fair distribution of urban
renewal benefits) and procedural justice (guaranteeing residents’ right to voice their de-
mands). Non-compliant governance refers to the government’s dereliction of regulatory
duties, with inadequate adjustment of benefit distribution and insufficient safeguards for
resident participation.

Strategy space of developers: D = {high — inclusiveness development, low — inclu-
siveness development}. Let y denote the probability that the developer adopts the “high-
inclusiveness development” strategy, and 1 — y denote the probability of adopting the
“low-inclusiveness development” strategy. High-inclusiveness development refers to the
developer proactively undertaking incremental construction costs in aspects such as floor
area ratio control, public space provision, historical building renovation, and ecological
green space preservation, thereby balancing project profitability with public interests. Low-
inclusiveness development refers to the developer reducing supporting facilities and public-
welfare inputs with the core objective of maximizing short-term development returns.

Strategy space of residents: R = {cooperation, resistance}. Let z denote the probability
that residents adopt the “cooperation” strategy, and 1 — z denote the probability of adopting
the “resistance” strategy. Cooperation refers to residents endorsing the urban renewal
implementation plan, actively cooperating with various renewal works, and ensuring the
orderly progress of the project. Resistance refers to residents expressing their demands
through negotiation, petitioning, legal litigation, and collective rights protection actions
when their rights and interests are not satisfied, thereby impeding the implementation of
urban renewal projects.
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Assumption 2. The comprehensive revenue and expenditure of governments consist of four compo-
nents: positive social benefits generated when urban renewal projects achieve tripartite cooperation
(i.e., when compliant governance, high-inclusiveness development, and resident cooperation are
simultaneously realized), administrative costs corresponding to different governance models, re-
wards and penalties pertaining to developer behavior, and accountability penalty costs imposed by
higher-level governments.

Assumption 3. Developer revenues include project development and operational profits, as well
as government subsidies for high-inclusivity development under compliant governance; costs
include differentiated construction investments, losses due to project delays caused by resident
resistance under various scenarios, and fines incurred for non-compliant activities under regulatory
governance.

Assumption 4. Residents’” comprehensive utility consists of objective material revenues and ex-
penditures and subjective fairness perception utility. The objective material dimension includes
basic resettlement compensation, policy-based additional compensation provided by the government,
supporting resettlement benefits offered by developers, relocation costs, and rights protection costs
for resistance. The subjective perception dimension considers both distributive fairness and proce-
dural fairness, adopting different inequality aversion coefficients that vary with the government’s
governance strategy (i.e., compliant vs. non-compliant governance). Only the disutility of disadvan-
tageous inequality, where residents’ benefits are lower than those of the government and developers,
is considered, and the psychological effect of advantageous inequality is neglected.

The meanings of each parameter are shown in Table 1.

Table 1. Meanings of parameter symbols.

Parameter Meaning

Positive social benefits generated when urban renewal projects
achieve tripartite cooperation (i.e., compliant governance,

R oy . . .
high-inclusiveness development, and resident cooperation are
simultaneously realized).

CH Comprehensive administrative costs when the government adopts
8 compliant governance.
CL Basic administrative costs when the government adopts
8 non-compliant governance, with C(é < C? .
Administrative penalty revenue obtained by the government under

P compliant governance when the developer adopts low-inclusiveness
development.

K Accountability penalty cost imposed by higher-level governments on
governments for non-compliant governance.

CH Incremental construction costs for developers implementing
€ high-inclusiveness development.

CcL Basic construction costs for developers implementing

€ low-inclusiveness development, with C} < CH.
s Developer’s development and operating revenue.

Special government subsidy for developers when the government
B adopts compliant governance and the developer adopts
high-inclusiveness development.
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Table 1. Cont.

Parameter Meaning

Project stagnation losses caused by resident resistance are shared
L between the government and the developer according to the
principle of “whoever causes it bears it.”

Basic resettlement compensation received by residents when they

S cooperate with renewal.

T Statutory expropriation compensation received by residents when
they choose resistance.
Policy-based additional compensation for residents when the

W government adopts compliant governance and residents choose

cooperation.

Supporting resettlement benefits provided by the developer to
M residents when the developer adopts high-inclusiveness
development and residents choose cooperation.

Comprehensive rights protection costs incurred by residents when
they adopt resistance behavior.

H Relocation costs incurred by residents when they choose cooperation.

The parameter A denotes the weight that residents attach to the
differential in developer welfare inputs when forming fairness
judgments, with 1 — A representing the weight attached to the
differential in government livelihood inputs; A € [0, 1].

The inequality aversion coefficient of residents. It is influenced by
both distributive fairness and procedural fairness: it takes the value
of w1 under compliant governance and &, under non-compliant
governance, with ay > a1 > 0. This setting indicates that the more
unfair the procedure and the more unequal the distribution, the
higher residents’ sensitivity to benefit gaps.

3.2. Utility Function

This paper adopts the Fehr-Schmidt inequality aversion model as its core analytical
framework. The core logic of this theory is that individuals have both self-interested
preferences and fairness-related preferences, and their total utility consists of absolute
material payoffs together with psychological disutility caused by inequality. Individuals
not only care about their own payoff levels but also form fairness perceptions by comparing
their payoffs with those of their game opponents, generating negative psychological utility
in response to unequal income distribution, which is termed “inequality aversion”. The
model further divides inequality into two asymmetric scenarios to accurately characterize
individuals” differentiated fairness perception. The first is disadvantageous inequality:
when an individual’s own payoff is lower than that of the game opponent, negative
emotions such as envy and a sense of unfairness arise and lead to psychological utility
loss. The second is advantageous inequality: when an individual’s own payoff exceeds that
of the opponent, negative feelings including altruistic guilt and psychological discomfort
emerge, which also reduce overall utility. The model explicitly states that individuals
exhibit significantly stronger aversion to disadvantageous inequality than to advantageous
inequality. Given an income gap of the same magnitude, the psychological distress from
being at a payoff disadvantage far outweighs the sense of guilt generated by holding a
payoff advantage. This feature is highly consistent with the law of individual fairness
perception in reality.
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In a multi-player game framework, suppose there are N participants in total, and
participant 7 interacts with the remaining N — 1 opponents. The extended multi-player
Fehr—Schmidt utility function for participant i is shown in Equation (1):

o B;
U; = x; — Nilgmax{xj —x;, 0} — Nl 1];max{xi —xj, 0} 1)

where x; denotes the actual material payoff of participant i, and x; denotes the payoff of
any other participant j (j # ). a; is the coefficient of aversion to disadvantageous inequality,
measuring the psychological disutility of injustice and envy when one’s payoff is lower than
others. B; is the coefficient of aversion to advantageous inequality, capturing the disutility
from altruistic feelings and guilt when one’s payoff exceeds that of others. The model
satisfies a; > B; > 0 and B; < 1, which means that for an identical payoff gap, psychological
distress from disadvantage is much stronger than guilt from advantage.

Here, max{x; — x;, 0} represents the unfavorable payoff gap relative to opponent j,
producing psychological loss only when x; < x; and equaling zero otherwise.max{x; — x;, 0}
describes the favorable payoff gap relative to opponent j, triggering guilt-related disutility
only when x; > x; and equaling zero otherwise. The weight term ﬁ assigns equal weight
to each opponent’s payoff gap and averages inequality gaps across all opponents to evaluate
overall inequality perception in multi-agent interactions. For the three-player scenario in
this paper, N = 3, and the equal weight is ﬁ = %

Based on the realistic context of urban renewal conflicts in China and the psychological
characteristics of residents, renewal conflicts mainly arise from the imbalance of distributive
justice and the absence of procedural justice, while the psychological distress caused
by advantageous inequality is relatively weak. In the tripartite game of urban renewal,
residents do not compare themselves with a single opponent, but simultaneously face
two reference subjects, namely the government and the developer, and their perception
of fairness depends on the relative gaps between their own payoffs and the inputs of
the government and the developer. Accordingly, this paper modifies the basic F-S model
by removing the utility loss term related to advantageous inequality and retaining only
the mechanism of disadvantageous inequality aversion. From the perspective of the
interactions among the government, the developer, and residents, this paper constructs an
initial comprehensive utility function for residents applicable to urban renewal scenarios
in China:

1 1
Ug = xg — &R [zmax{xc —xg, 0} + Emux{xD —xg, 0} )

where Ugr denotes residents’ comprehensive utility; xg denotes the actual net ma-
terial benefits obtained by residents under the tripartite strategy combination; and
QR {%max{xc —xg, 0} + Imax{xp — xg, 0}} denotes the fairness-related psychological
loss incurred by residents due to income disadvantage. Among them, both Ug and xy are
jointly determined by the tripartite strategy combination. Since the psychological loss term
depends simultaneously on the government’s payoff x¢, the developer’s payoff xp, and
residents” own payoff xg, it is also determined jointly by the tripartite strategy combination.

Equation (2) above inherits the inherent setting of the multi-player Fehr-Schmidt
model, assigning an equal weight of 1/2 to the payoff gaps relative to the government
and the developer. Nevertheless, this equal-weight assumption is rather rigid. In practical
scenarios, residents do not necessarily attach the same degree of attention to payoff gaps
from the two types of reference agents. A large body of literature does not assign fixed
values to such weights; instead, they are treated as tunable continuous parameters within
the interval [0, 1] [51,52]. Accordingly, on the basis of Equation (2), this paper relaxes the
constraint of a fixed weight of 1/2, and introduces the weight parameter A to characterize
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residents’ subjective and differentiated degree of attention toward the two reference agents
(the government and the developer). On this basis, we construct the revised comprehensive
utility function for residents:

Ug = xgr — ag[Amax{xg — xg, 0} + (1 — A)ymax{xp — xg, 0}] 3)

Based on Equation (3), we further explore the boundary cases of parameter A. When
A = 0.5, Equation (3) degenerates into Equation (2), which ensures consistency with the
baseline model. When A = 0, residents only take the developer as the reference subject for
fairness judgment and ignore the payoff gap relative to the government, and the utility
function degenerates into Equation (4). When A = 1, residents regard only the government
as the fairness-reference subject and disregard the payoff gap relative to the developer, and
the corresponding utility function degenerates into Equation (5).

Ug = xg — agrmax{xp — xg, 0} 4)

Ug = xg — agmax{xg — xg, 0} ()

The above Equations (3)—(5) adopt observable material payoff gaps between partic-
ipants as fairness reference points, which is consistent with the classical Fehr-Schmidt
framework. From the perspective of distributive justice in urban renewal practice, however,
residents cannot directly observe the full profits and profit structure of the government and
developers. According to the fairness heuristic theory, when individuals cannot obtain core
information such as their opponents’ real payoffs, they turn to external perceivable cues
to form fairness judgments. Residents can only rely on perceivable channels, including
project quality, resettlement standards, the degree of information disclosure, and commu-
nity supporting facilities, to indirectly infer the additional inputs of the government and the
developer under the high-inclusiveness development scenario, and further judge whether
the distribution of benefits is fair. Accordingly, this paper replaces the original payoff gaps
xg — xg and xp — xg with perceptible input differences C? - Cé and CH — CI, which
represent the incremental input gaps of the government and the developer, respectively.

On this basis, game scenarios are further classified according to the strategy combina-
tions of the developer and government. First, the developer adopts a low-inclusiveness
development strategy, and the government chooses compliant governance. In this case,
unfairness stems merely from the developer’s biased input. Residents’ fairness perception
originates only from the input gap with the developer, and the psychological loss can be
characterized by Equation (4). Second, the developer implements a high-inclusiveness
development strategy while the government chooses non-compliant governance. Under
this scenario, distributive unfairness arises solely from the government, and residents take
only the government as the reference for unfairness perception. The psychological loss
follows the analytical logic of Equation (5). Third, the developer adopts a low-inclusiveness
development strategy, and the government selects non-compliant governance. Both the
government and the developer generate unfair input gaps, and residents perceive input dis-
crepancies from the two agents simultaneously. The psychological loss corresponds to the
general form of Equation (3). Fourth, the developer adopts high-inclusiveness development,
and the government implements compliant governance. The government and developer
fully safeguard residents’ interests, and no obvious distributive inequity exists. Thus,
residents suffer no psychological utility loss induced by distributive imbalance. Fifth, even
if the strategy combination of the government and developer leads to distributive inequity,
the psychological disutility caused by unfairness will also vanish when residents choose
resistance, claim interests through legal channels, and obtain relatively fair compensation.
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Meanwhile, residents’ degree of inequality aversion is moderated by procedural jus-
tice. Compliant governance of the government corresponds to procedural fairness, while
non-compliant governance represents procedural unfairness. Given existing distributive
inequity, higher procedural unfairness intensifies residents’ sense of relative deprivation
and strengthens their aversion to distributive imbalance, which is reflected in a larger
inequality aversion coefficient. In this paper, a1 denotes the coefficient of disadvantageous
inequality aversion under compliant governance, and &, denotes that under non-compliant
governance, with ap > a1 > 0, indicating that residents are more sensitive to payoff gaps
when both procedure and distribution are unfair. Here, the general inequality aversion
coefficient ag in Equation (2) takes the context-dependent value of a1 under compliant
governance and «, under non-compliant governance, i.e., ag € {«1, a3}, depending on the
government’s strategy. This setting not only preserves the theoretical nature of the inequal-
ity aversion coefficient as an individual-preference characteristic, but also introduces the
context dependence induced by procedural justice, which is consistent with the behavioral
implication of the Fehr-Schmidt model. Taking both distributive justice and procedural
justice into consideration, we show residents’ psychological losses under different strategy
combinations of the government and the developer in Table 2.

Table 2. Residents’ psychological loss under different strategy combinations.

Strategy Combination Utility Loss
Compliant governance, Cooperation: 0
High-inclusiveness development Resistance: 0
Compliant governance, Low-inclusiveness Cooperation: —aq (CH — CL)
development Resistance: 0
Non-compliant governance, Cooperation: —a; (Cg - C(é)
High-inclusiveness development Resistance: 0
Cooperation:

Non-compliant governance,

H L H L
Low-inclusiveness development a2 [A(Ce —Ce ) +(1-4) (Cg o Cg)}

Resistance: 0

3.3. Construction of the Game Payoff Matrix

On this basis, this paper constructs a tripartite evolutionary game payoff matrix for
governments, developers, and residents. The model encompasses a total of eight pure-
strategy combinations. Table 3a,b present these combinations according to whether the
government adopts compliant or non-compliant governance. The following subsection
elaborates the payoffs of the three parties under each pure-strategy combination.

e  Scenario 1: (Compliant Governance, High-Inclusiveness Development, Cooperation)

With the successful implementation of the urban renewal project, the government
obtains the social benefit R and deducts the administrative cost of compliant governance Cg
and the subsidy expenditure to the developer B, resulting in a final payoff of R — C? - B.
The developer receives the project development and operating revenue 7t and the special
government subsidy B and deducts the incremental construction cost CH, resulting in a
final payoff of 71 — CH + B. Residents actively cooperate with the renewal, receiving basic
resettlement compensation S, policy-based additional compensation W, and developer-
provided supporting resettlement benefits M, deducting the relocation cost H, yielding
a net payoff of S + W + M — H. Under this scenario, the government adopts compliant
governance and the developer adopts high-inclusiveness development, and residents’
fairness perception utility loss is 0.
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Table 3. (a) Payoff matrix under compliant governance by the government (x). (b) Payoff matrix
under non-compliant governance by the government (1 — x).

(@)

Strategy Combination

Government Developer Resident

High-inclusiveness
development (y),
Cooperation (z)

R—CH_B S+W+M-—H

s n—CH+B

High-inclusiveness
development (y),
Resistance (1 — z)

-Cf -B-% n—CHl+B-5%

Low-inclusiveness
development (1 — y),
Cooperation (z)

—C{+P m—CL—P

Low-inclusiveness
development (1 — y),
Resistance (1 — z)

—C{+P n—Cl-P-L

(b)

Strategy Combination

Government Developer Resident

High-inclusiveness
development (y),
Cooperation (z)

—cL-K 7—CH 5+M—H—a2(cf;’—cg)

High-inclusiveness
development (y),
Resistance (1 — z)

—C¢—K-L m—CH T-F

Low-inclusiveness
development (1 — y),
Cooperation (z)

_cL_k az[A(CH - c5)5+ (If: M(cf - ct)]

L
< m—C,

Low-inclusiveness
development (1 — y),
Resistance (1 — z)

-Ct-K-4% m—CL-% T—F

e  Scenario 2: (Compliant Governance, High-Inclusiveness Development, Resistance)

Resident resistance leads to project delays and failure to generate social benefits.
The government bears the administrative cost of compliant governance C}, the subsidy
expenditure to the developer B, and the project stagnation loss %, resulting in a final payoff
of —Cg —B— % The developer receives the project development and operating revenue 7
and the government subsidy B, deducts the incremental construction cost CH, and shares
the project stagnation loss %, resulting in a final payoff of 7 — C' + B — % Residents
choosing resistance receive statutory expropriation compensation T and deduct the rights
protection cost F, yielding a net payoff of T — F. Under this scenario, residents’ fairness
perception utility loss is 0.

e  Scenario 3: (Compliant Governance, Low-Inclusiveness Development, Cooperation)

Although residents cooperate with the renewal, tripartite cooperation is not achieved
because the developer adopts low-inclusiveness development, and the project fails to
generate positive social benefits. The government deducts the administrative cost of
compliant governance C? and receives the penalty revenue from the developer’s violation
P, resulting in a final payoff of —C? + P. The developer receives the project development
and operating revenue 7, deducts the basic construction cost C%, the administrative penalty
P, resulting in a final payoff of T — CL — P. Residents actively cooperate with the renewal,
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receiving basic resettlement compensation S and policy-based additional compensation W,
deducting the relocation cost H, yielding a net payoff of S + W — H. Under this scenario,
the developer adopts low-inclusiveness development and reduces supporting construction
costs, and residents’ fairness perception utility loss under cooperation is —a; (CH — CL).
Therefore, the comprehensive utility of residentsis S + W — H — ay (CH — CL).

e  Scenario 4: (Compliant Governance, Low-Inclusiveness Development, Resistance)

Resident resistance leads to project delays and failure to generate social benefits.
The government bears the administrative cost of compliant governance C? and collects
the penalty revenue from the developer P, resulting in a final payoff of —Cg,{ + P. The
developer receives the project development and operating revenue 71, deducts the basic
construction cost CL and the administrative penalty P, and shares the project stagnation
loss L, resulting in a final payoff of 7 — CL — P — L. Residents choosing resistance receive
statutory expropriation compensation T and deduct the rights protection cost F, yielding a
net payoff of T — F. Under this scenario, residents’ fairness perception utility loss under
resistance is 0.

e  Scenario 5: (Non-Compliant Governance, High-Inclusiveness Development, Cooperation)

Although residents cooperate with the renewal and the developer adopts high-
inclusiveness development, tripartite cooperation is not achieved because the government
adopts non-compliant governance, and the project fails to generate positive social ben-
efits. The government deducts the basic governance cost Cé and bears the higher-level
accountability cost K, resulting in a final payoff of —CgL — K. The developer receives the
project operating revenue 7 and deducts the incremental construction cost C/, resulting in
a final payoff of 7t — CH. Residents cooperate with the renewal, receiving basic resettlement
compensation S and developer-provided supporting resettlement benefits M, deducting the
relocation cost H, yielding a net payoff of S + M — H. Under this scenario, the government
adopts non-compliant governance and reduces livelihood-related incremental inputs, and

residents’ fairness perception utility loss under cooperation is —a; (Cg — C§> . Therefore,

the comprehensive utility of residentsis S+ M — H — ap (Cg - C‘é)

e  Scenario 6: (Non-Compliant Governance, High-Inclusiveness Development, Resistance)

Resident resistance leads to project delays and failure to generate social benefits. The
government bears the basic governance cost CL, the higher-level accountability cost K, and
the project stagnation loss L, resulting in a final payoff of —C§ — K — L. The developer
receives the project operating revenue 7 and deducts the incremental construction cost
CH, resulting in a final payoff of T — C!!. Residents choosing resistance receive statutory
expropriation compensation T and incur the rights protection cost F, yielding a net payoff
of T — F. Under this scenario, residents’ fairness perception utility loss under resistance is
0.

e  Scenario 7: (Non-Compliant Governance, Low-Inclusiveness Development, Cooperation)

Although residents cooperate with the renewal, tripartite cooperation is not achieved
because the government adopts non-compliant governance and the developer adopts low-
inclusiveness development, and the project fails to generate positive social benefits. The
government deducts the basic governance cost Cé and bears the higher-level accountability
cost K, resulting in a final payoff of 7C§ — K. The developer receives the project develop-
ment and operating revenue 7t and deducts the basic construction cost CF, resulting in a
final payoff of 71 — CL. Residents cooperate with the renewal, receiving basic resettlement
compensation S, deducting the relocation cost H, yielding a net payoff of S — H. Under
this scenario, the government adopts non-compliant governance and the developer adopts
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low-inclusiveness development, and residents’ fairness perception utility loss under coop-
eration is —ap [)\ (CH-cly+(1-4) (C? — CgL)} . Therefore, the comprehensive utility of

residents is S — H — ay {A(Cg‘l —ChH+(1-21) (Cg - Cé)}
e  Scenario 8: (Non-Compliant Governance, Low-Inclusiveness Development, Resistance)

Resident resistance leads to project delays and failure to generate social benefits. The
government bears the basic governance cost C(é, the higher-level accountability cost K,
and shares the project stagnation loss %, resulting in a final payoff of —Cé% — K- % The
developer receives the project development and operating revenue 7r, deducts the basic
construction cost C}, and shares the project stagnation loss %, resulting in a final payoff of
m—Ck— % Residents choosing resistance receive statutory expropriation compensation T
and incur the rights protection cost F, yielding a net payoff of T — F. Under this scenario,
residents’ fairness perception utility loss under resistance is 0.

4. Game Equilibrium Analysis

Based on the tripartite evolutionary game payoff matrix, this section first calculates
the expected payoffs of each player, constructs the system of replicator dynamic equations,
and solves for all pure-strategy equilibrium points of the model. Subsequently, the stability
of each equilibrium point is examined using the Jacobian matrix eigenvalue criterion to
identify the evolutionarily stable strategies (ESSs) under different scenarios.

4.1. Expected Payoffs and Replicator Dynamic Equations for the Three Parties

The replicator dynamic equation is a core tool in evolutionary game theory for charac-
terizing the dynamic iteration of players’ strategies, effectively capturing the evolutionary
trend of strategy selection probabilities of boundedly rational players over time. Based
on the tripartite game payoff matrix, this section calculates the expected payoffs of gov-
ernments, developers, and residents under different pure-strategy combinations, and
subsequently derives the corresponding replicator dynamic equations for each player.

4.1.1. Expected Payoff and Replicator Dynamic Equation of the Government

Let the expected payoff of the government when choosing the “compliant governance”
strategy be denoted as Ug1, the expected payoff when choosing the “non-compliant gover-
nance” strategy be denoted as Ugy, and the overall average expected payoff be denoted as
Ug. The expected payoff expressions for the government are as follows:

Ut =yz(R+%) —y(B+P+%)—cll+p
Ug, = ~Cy —K—(1-2)(1+y)3 ©)
Ug = xUg1 + (1 - x)Ucz

According to the replicator dynamic mechanism in evolutionary game theory, the
rate of dynamic change in strategy selection probability is determined by the difference
between the expected payoff of a strategy and the overall average payoff. The replicator
dynamic equation for the government is as follows:

L
F(x) = — =x(1—x) [(Cée —C?) +K+yzR—yB+ (1—-y)P+(1 —Z)E (7)
From the above equation, it can be seen that the strategic evolution of government is
mainly affected by the cost of non-compliant governance, the cost of compliant governance,

penalty revenue from developers’ low-inclusiveness behavior, accountability penalty from
higher-level governments, and subsidy expenditures for developers. Meanwhile, it is
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also jointly influenced by the social benefit generated under tripartite cooperation, project
stagnation loss caused by resident resistance, as well as the strategic choices of developers
and residents.

4.1.2. Expected Payoff and Replicator Dynamic Equation of the Developer

Let the expected payoff of the developer when choosing the “high-inclusiveness
development” strategy be denoted as Up1, the expected payoff when choosing the “low-
inclusiveness development” strategy be denoted as Up,, and the overall average expected
payoff be denoted as Up. The expected payoff expressions for the developer are as follows:

Up1 = 7T—C£_I+XB—X(1—Z)%
Upp=m—Ct—xP—(1-2z)(1+x)5 (8)
Up =yUp1 + (1 —y)Up2

Similarly, the replicator dynamic equation for the developer is derived as follows:

F) = 5 =yt -y)|(CE-Clf) + (B +P) + (1-2) ©)
From the above equation, it can be seen that the strategic evolution of the developer
is primarily influenced by the cost of low-inclusiveness development, the cost of high-
inclusiveness development, special government subsidies, and penalties for non-compliant
development. Meanwhile, it is also jointly affected by project stagnation loss caused by
resident resistance, as well as the strategic choices of the government and residents.

4.1.3. Expected Payoff and Replicator Dynamic Equation of Residents

Let the expected payoff of residents when choosing the “cooperation” strategy be
denoted as Ug1, the expected payoff when choosing the “resistance” strategy be denoted
as Ug,, and the overall average expected payoff be denoted as Ug. The expected payoff
expressions for residents are as follows:

Uri = S — H+xW+yM — [t1x(1 — y) + aA (1 — x) (1 — )] (CI — C7)
~ao(1-x)[1- A1 - y))(Cl - ck)
U, =T-F
Ugr = zUgy + (1—-2)Ugo

(10)

Similarly, the replicator dynamic equation for residents is derived as follows:

F(z) =% =2(1-2){S—H—-T+F+xW+yM
—[ax(1 —y) + aA(1 = x)(1 = )] (C - CF) (11)
—(1-x)[1- 21 -y))(cl - ct)}

From the above equation, it can be seen that the strategic evolution of residents is
primarily influenced by basic resettlement compensation, relocation cost, statutory expro-
priation compensation under resistance, rights protection cost, policy-based additional
compensation, enterprise-provided supporting resettlement benefits, and the differentiated
fairness-related psychological losses characterized by &1 and a;. Meanwhile, it is also
jointly affected by the strategic choices of government and developers.
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4.2. Game Equilibrium and Stability Analysis
4.2.1. Solution of System Equilibrium Points

The equilibrium state of an evolutionary game system refers to a stable condition in
which the strategic evolution rates of all players tend to zero, at which point the strategy
selection probabilities of governments, developers, and residents no longer change over
time. Based on the equilibrium solution principle of replicator dynamic equations, by
setting the replicator dynamic equations of the three players to satisfy F(x) = F(y) = F(z) =0
simultaneously, all equilibrium solutions of the game system can be obtained, including
eight pure-strategy equilibrium points and mixed-strategy equilibrium points. Among
these, the pure-strategy equilibrium points can intuitively reflect the steady-state character-
istics and strategic decision orientations of the urban renewal game system, serving as the
core basis for stability analysis and the identification of system evolutionary patterns. The
eight pure-strategy equilibrium points are: E;(0, 0, 0), E>(0, 0, 1), E3(0, 1, 0), E4(0, 1, 1), E5(1,
0,0), Ee(1,0,1), Ez(1,1,0), and Eg(1, 1, 1).

4.2.2. Construction of the Jacobian Matrix and Eigenvalue Solution

According to Friedman’s method [36], the stability of a replicated dynamic system
involving governments, developers, and residents can be determined through local stability
analysis of the Jacobian matrix. Firstly, the partial derivatives of the replicated dynamic
equation system with respect to x, y, and z are calculated as follows:

P = (1-2x)[(Ch— Cl) + K+ yzR—yB+ (1~ y)P+ (1~ 2)}]
agiy:_xa x)(B + P —zR) (12)
% =x(1-x)(yr - §)
ait —y(l—y><B+P>
o) [ — CH) +x(B+P)+ (1-2)k] (13)
TW = Ly -y)L
oF(z) 1 W_’Xl(l_y)(cg{_cg)+‘X2A(1_y)(ceH_CeL)
2L =2z(1-72) +a2[1—/\(1—y)]<C§1—C§)
— 21 —z){M+a1x(C£I — CL) 4 apA (1 — x) (CH = CL) — oA (1 — x) (cg -~ cg)} (14)

S—H—-T+F+xW+yM— [a1x(1 —y) + a2A(1 —x)(1 —y)]
U200 (et - ch) — w1 - 01— A1 -yl (- ct)

In summary, this paper constructs the Jacobian matrix J of the tripartite evolutionary
game system as follows:

oF(x) 9F(x) (x)
oy oy o)
] = axy ayy azy (15)
dF(z)  0F(z) (z)
ox ay z

Substituting the eight pure-strategy equilibrium points into the Jacobian matrix se-
quentially, the corresponding eigenvalues for each equilibrium point can be calculated.
According to the stability criterion for evolutionary equilibrium, if all three eigenvalues ¢,
¢z, and ¢3 corresponding to an equilibrium point are less than zero, then the equilibrium
point is an evolutionarily stable strategy (ESS); if any eigenvalue is positive, the equilibrium
point is unstable; if any eigenvalue is zero, the equilibrium point is in a critical unstable
state. This paper presents the eigenvalue calculation results for the eight pure-strategy
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equilibrium points in Table 4. See Supplementary Materials for the detailed derivation of
eigenvalues.

Table 4. Equilibrium points and eigenvalues of the game matrix.

R rioae 2 2

0,0,0) Ch—CH+P+K+}% ch-cl+t S—H-T+F—w[ACH-Ch)+(1-2)(cl - c})]
©,0,1) CL-cHiPtK cL—cH —{S—H7T+Ffoc2[/\(C§17CgL)+(17A)(C§17C§>]}
©,1,0) CL—CH4+K-B+% —(Ct—cH+ 1L S—H—T+P+M—a2(c§1—c§)

©0,1,1) CL—CH+K+R-B —(ct —cH) —{S—H—T+F+M—a2(cg—c§)]

(1,0,0) —(Ch—cl+P+K+%) Ct-Cl+B+P+% S—H-T+F+W—a (CH - L)

(1,0,1) ( CH+P+K> B+P+CL—cH —[S—H-T+F+W—a(C —CL)]

(1,1,0) —(Ck-cll+K-B+}) —~(B+P+Cl—-CH 41 S—H-T+F+W+M

1,1,1) ( L +I<+R—B) —(B+P+CL—cH) —(S—H-T+F+W+M)

4.2.3. Stability Analysis of Equilibrium Points

According to the evolutionarily stable strategy (ESS) criterion, the system exhibits
seven types of evolutionarily stable equilibrium points under specific parameter constraints:
E1(0,0,0), Ex(0,0, 1), E3(0, 1, 0), Es(1, 0, 0), E¢(1, 0, 1), Ez(1, 1, 0), and Eg(1, 1, 1).

e  Equilibrium Point E; (0, 0, 0)

WhentheconstraintsCé —C?+P+K+% < O,CeL —CE—I—% <0,andS—H-T+
F—ua {A(Cg{ -CchH+@a-» (C? - Cé) < 0 are satisfied simultaneously, the system
converges to equilibrium point E;(0, 0, 0), corresponding to the strategy profile of non-
compliant governance, low-inclusiveness development, and resident resistance. This
equilibrium represents an inefficient conflict steady state in the process of urban renewal.
The government relaxes regulatory constraints and adopts non-compliant governance to
save administrative costs. Driven by profit-seeking motives, developers cut resettlement-
supporting inputs and implement the low-inclusiveness development mode. Exposed to
unfair distribution and inadequate procedural safeguards, residents form strong inequality
aversion psychology and ultimately resort to resistance, resulting in a three-party deadlock
for the renewal project.

From the perspective of constraint conditions, P+ K + & < C? - Cé indicates that the
comprehensive constraints formed by higher-level accountability, penalty revenues from
developers and project stagnation losses are insufficient. The government can obtain higher
comprehensive benefits under non-compliant governance and thus lacks the internal
motivation for active supervision. % < CH — Cl means that even considering project
stagnation losses caused by resident resistance, developers can still achieve higher net
returns from low-inclusiveness development, so they have strong incentives to adopt
the low-inclusiveness strategy. S — H — ap {A(CE -ChH+@a-» (C? . Céé)} <T-F
reflects the significant influence of fairness perception on residents” decision-making. Even
if residents receive basic resettlement compensation, the psychological disutility caused by
distributive and procedural injustice can still outweigh the benefits of cooperation, driving
residents to choose resistance and rights-defending behaviors.
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e  Equilibrium Point E»(0, 0, 1)
When the constraints CgL—CgH—i-P—i-K <0, Cl-cl <0,andS—H-T+F—

) [A(CE —-CH+@1-») (C? - Cé)} > 0 hold simultaneously, the system converges to
the equilibrium point E;(0, 0, 1), corresponding to the strategy profile of non-compliant
governance, low-inclusiveness development, and resident cooperation. This equilibrium is
a passively sustained steady state with weak stability. The government fails to fulfill its
regulatory responsibilities, and developers adopt low-inclusiveness development, leading
to obvious inequities in the distribution of urban renewal benefits. Nevertheless, restricted
by high rights protection costs, residents obtain limited actual gains from resistance and
have to compromise passively to cooperate with the renewal.

From the perspective of constraint conditions, C? — CgL > P + K indicates that
the administrative costs saved by the government under non-compliant governance
exceed the losses it may incur, namely the sum of penalty revenues from developers
and higher-level accountability penalties. In other words, the gains brought by non-
compliant governance can offset the losses it incurs, thereby giving governments a
strategic advantage and making them inclined to choose non-compliant governance.
S—H-—u [)\(Cf -CchH+@a-»n (Cg - Cé)} > T — F shows that residents’ coopera-
tion is not a voluntary choice after their rights and interests are fully guaranteed, but a
passive compromise under the constraint of high rights protection costs. This equilibrium
features fragile stability. Once benefit distribution becomes more imbalanced or residents’
rights protection costs decline, the original steady state is likely to be disrupted and trigger
social conflicts.

e  Equilibrium Point E3(0, 1, 0)
WhentheconstraintngL 7C§1+K78+% <0,Ct 7C5{+% >0,andS—H—-T+F+

M —ay (Cé{,{ - CgL) < 0 hold simultaneously, the system can converge to the equilibrium
point E5(0, 1, 0), corresponding to the strategy profile of non-compliant governance, high-
inclusiveness development, and resident resistance. This equilibrium represents a special
conflict-ridden steady state. Although the government adopts non-compliant governance,
developers voluntarily implement high-inclusiveness development out of considerations
such as brand reputation and corporate social responsibility. Nevertheless, due to the lack
of procedural guarantees from the government, residents still exhibit strong inequality
aversion psychology. Since the comprehensive payoff of cooperation remains lower than
that of resistance, residents keep resisting the renewal project.

These constraint conditions indicate that even if developers voluntarily raise resettle-
ment welfare standards, the government’s failure to fulfill its responsibilities regarding
procedural justice and distributive justice will still amplify residents’ perception of unfair-
ness. K+ % < Cé‘l - Cé + B indicates that the governance costs reduced by the government
can offset the sum of its accountability costs and stagnation losses, leaving the government
without sufficient incentive to adopt compliant governance. CH! — Ct < % indicates that
the costs reduced by developers through low-inclusiveness development are insufficient to
offset the stagnation losses caused by resident resistance, so developers tend to adopt the
high-inclusiveness development strategy. S — H + M — ap (Cg - C‘é) < T — F indicates
that relying solely on enterprises to unilaterally improve resettlement conditions cannot
offset the psychological losses caused by procedural injustice and distributive injustice,
and residents will still choose resistance. This equilibrium demonstrates that conflicts in
urban renewal cannot be resolved solely by enterprises’ self-discipline. The government
itself bears irreplaceable responsibilities in procedural justice and distributive justice of
benefit distribution.
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e  Equilibrium Point E4(0, 1, 1)

For this equilibrium point, the developer-dimensional eigenvalue A, = —(Cl — CH) >
0 holds true for all parameter values. Consequently, E4(0, 1, 1) cannot be an evolutionarily
stable strategy. This finding further corroborates the irreplaceable role of government
supervision and institutional constraints in urban renewal governance.

e  Equilibrium Point E5(1, 0, 0)

When the constraints CgL—C;+P+K—|—% > 0, CeL—Cf+B+P+% < 0, and
S—H-T+F+W —a;(Clf - CL) < 0hold simultaneously, the system converges to the
equilibrium point E5(1, 0, 0), corresponding to the strategy profile of compliant governance,
low-inclusiveness development, and resident resistance. This equilibrium reflects a scenario
where the government performs its duties actively yet the urban renewal still ends in fail-
ure. The government implements compliant governance, incurs administrative costs, and
provides additional policy-oriented compensation. Nevertheless, the combined constraints
of subsidies and penalties are insufficient, so developers still opt for low-inclusiveness
development. Driven by benefit gaps and fairness perceptions, residents keep resisting the
project advancement.

From the perspective of constraint conditions, P + K + % > C? — Cé indicates that
the losses incurred under non-compliant governance exceed the governance costs it saves,
and thus the government is more inclined to adopt compliant governance. By contrast,
B+P+L<CcH- Cé means that the intensity of rewards and penalties is insufficient to
offset the construction costs saved by developers through low-inclusiveness development,
and therefore developers are more inclined to adopt the low-inclusiveness development
strategy. S — H+ W — a1 (CH — CL) < T — F indicates that even when the government
adopts compliant governance, the imbalanced distribution of benefits caused by developers’
low-inclusiveness development will still generate psychological disutility among residents,
thereby weakening their willingness to cooperate and driving them toward confrontation.
This result suggests that if developers” behavior cannot be effectively constrained, merely
regulating government behavior unilaterally can hardly avoid renewal conflicts.

e  Equilibrium Point E4(1, 0, 1)

WhentheconstraintsCé—CgH+P+K >0,B+P+Cl—CH <0,andS—H—-T+F+
W — a3 (CH — CL) > 0 hold simultaneously, the system converges to the equilibrium point
Eq(1, 0, 1), corresponding to the strategy profile of compliant governance, low-inclusiveness
development, and resident cooperation. The government performs its supervisory duties
and offsets the benefit losses caused by developers’ low-inclusiveness development through
policy-oriented compensation. Residents” comprehensive payoffs can offset both material
losses and psychological disutility, and thus they choose to cooperate with urban renewal.

From the perspective of constraint conditions, P + K > C? — CgL indicates that the
losses incurred under non-compliant governance exceed the governance costs it saves,
thereby prompting governments to adopt compliant governance. B+ P < CH — C! in-
dicates that the combined effect of government subsidies and penalties is insufficient to
offset the construction costs saved by developers through choosing low-inclusiveness
development, and therefore developers still tend to adopt the low-inclusiveness develop-
ment strategy. S — H + W — a3 (CHf — CL) > T — F means that against the background of
governmental compliant governance, additional policy-oriented compensation can offset
losses caused by imbalanced benefit distribution. Residents obtain higher net comprehen-
sive payoffs from cooperation than from resistance, and are therefore willing to cooperate
with urban renewal. Although the government achieves resident cooperation through
policy compensation, it fails to fundamentally reverse developers” development choices.
This equilibrium reflects the bottom-line guarantee function of government governance.
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Nevertheless, the advancement of renewal relies excessively on the government’s resource
underwriting, while developers fail to fully fulfill their inclusive responsibilities. In the
long run, if the government faces mounting fiscal pressure and the compensation policies
become unsustainable, this locally stable state bears the risk of failure and is therefore a
sub-optimal steady state.

e  Equilibrium Point E;(1, 1, 0)

When the constraints Cg—CgH—l-K—B—I—% >0, B—l—P—i—CeL—CE—O—% > 0, and
S—H —T+F+ W+ M <0 hold simultaneously, the system converges to the equilibrium
point Ez(1, 1, 0), corresponding to the strategy profile of compliant governance, high-
inclusiveness development, and resident resistance. Both the government and developers
fulfill their inclusive renewal responsibilities, and the material-oriented resettlement com-
pensation standard is relatively high; nevertheless, residents choose resistance. In reality,
resident resistance comprises both defensive rights-defending behavior and strategic bar-
gaining motives. Even when distribution and procedures are relatively fair, residents will
still adopt resistance strategies if resistance can yield expectations of higher compensation.

From the perspective of constraint conditions, K — B + % > Cg — Cé means that the
losses incurred by the government under non-compliant governance exceed the additional
costs required for compliant governance, and therefore the government is more inclined to
adopt compliant governance. B + P + % > CH — CL indicates that the subsidies obtained,
fines avoided, and stagnation losses avoided by developers under high-inclusiveness
development exceed the construction costs saved under low-inclusiveness development,
and therefore developers are more inclined to adopt the high-inclusiveness development
strategy. S — H + W + M < T — F indicates that even when distribution and procedures
are relatively fair, residents will still adopt a resistance strategy as long as resistance can
generate the expectation of higher compensation. This equilibrium indicates that material
payoffs remain the fundamental prerequisite for residents to choose cooperation.

e  Equilibrium Point Eg(1, 1, 1)

When the constraints C(é —Cg—l—K—I—R—B >0,B+P+Cl—CH >0,andS - H
— T+ F+ W + M > 0 hold simultaneously, the system converges to the equilibrium point
Eg(1,1, 1), corresponding to the strategy profile of compliant governance, high-inclusiveness
development, and resident cooperation. It represents the ideal three-party collaborative
steady state within the model framework.

From the perspective of constraint conditions, K + R > Cg - CgL + B indicates that
the positive social benefits obtained and the accountability losses avoided by the govern-
ment under compliant governance exceed the additional administrative costs and special
subsidies it incurs, and therefore the government has the incentive to persist in compli-
ant governance. B+ P > CH — CL indicates that the sum of government subsidies and
administrative penalties is sufficient to cover the incremental costs incurred by developers
in implementing high-inclusiveness development, and therefore developers are willing
to voluntarily choose high-inclusiveness development. S — H + W + M > T — F indicates
that the net payoffs obtained by residents from choosing cooperation exceed those from
choosing resistance, and therefore residents are willing to voluntarily participate in urban
renewal. This set of constraint conditions reflects that the realization of the ideal win-win
steady state requires the simultaneous establishment of accountability-incentive mecha-
nisms for the government as well as reward-penalty mechanisms for developers to improve
residents’ fairness perception, so as to mobilize the three stakeholders to promote inclusive
renewal collaboratively.
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4.3. Mixed-Strategy Equilibrium, Non-Hyperbolic Cases, and Basin of Attraction Analysis

The preceding stability analysis focused on the eight pure-strategy equilibrium points
of the tripartite evolutionary game system. In addition to pure-strategy solutions, the
replicator dynamic system also admits interior mixed-strategy equilibria satisfying x, y, z €
(0, 1), in which players randomize among multiple behaviors rather than committing to
a single strategy. Setting F(x) = F(y) = F(z) = 0 together with0 <x<1,0<y<1,and 0 <
z < 1 yields the algebraic conditions for mixed-strategy equilibria. The existence of such
equilibria requires the following conditions to hold simultaneously:

(Cé—C?)+K+yzR—yB+(1—y)P+(1—z)%:O
(Ck—CcHY+x(B+P)+(1-2)5=0 (16)

S—H—T+F+xW+yM— [agx(1—y) +aA(1—x)(1 — )] (CH — CL) —lxz(1—x)[1—A(1—y)](c§f—c§) -0

Owing to the strong nonlinear coupling among the parameters in the above system,
the equations have no explicit analytical solution and can only be solved numerically
under given parameter sets. It should be noted that this paper does not provide a com-
plete global bifurcation analysis of mixed-strategy equilibria, and this limitation is left for
future research.

When the Jacobian matrix possesses a zero eigenvalue, the equilibrium is classified as
non-hyperbolic, and the stability criterion based on the signs of the eigenvalues is no longer
applicable. In this system, zero eigenvalues arise mainly from three types of critical cases:
the boundary mixed equilibrium characterized by (CgL — Cg ) +K+yzR—yB+ (1—y)P+
(1-2z)5 =0, the boundary mixed equilibrium characterized by (CL — CH) + x(B + P) +
(1- z)% = 0, and the boundary mixed equilibrium characterized by S — H — T + F +xW +
yM— [1x(1 = y) + A (1 = 2)(1 = y)) (CH = ) — (1 = x)[1 = M1 —y)] (CH — L) = 0.
The corresponding equilibria are neutral and lack parameter robustness; even a slight
perturbation will drive the system toward pure-strategy states.

The basin of attraction refers to the set of all initial strategy states that converge to a
given steady state. Under general parameter conditions, only evolutionarily stable pure-
strategy corner equilibria possess non-empty effective basins of attraction. Unstable pure-
strategy equilibria, boundary mixed equilibria, and various non-hyperbolic solutions all
lack effective basins of attraction; once perturbed, the system will converge to a neighboring
stable pure-strategy equilibrium. In summary, although boundary mixed equilibria and
non-hyperbolic critical solutions do exist mathematically, the steady states with practical
significance are all pure-strategy equilibria, which underpins the analytical framework
adopted in this paper that focuses on pure-strategy equilibria.

Existing studies have shown that in tripartite asymmetric evolutionary games, all
types of mixed-strategy Nash equilibria are saddle points and do not possess evolutionary
stability, and only pure-strategy Nash equilibria can possibly become ESSs [53]. Therefore,
focusing on pure-strategy equilibria in this paper is consistent both with the theoretical
properties of evolutionary games and with the common practice in applied research.

5. MATLAB Numerical Simulation Analysis

To verify the effectiveness and practical explanatory power of the theoretical derivation
conclusions in the previous section, this section designs multiple sets of comparative
numerical simulation experiments based on the MATLAB R2017b platform to quantitatively
identify the regulatory effects and underlying patterns of core variables—such as higher-
level government accountability mechanisms, penalties for developers’ low-inclusiveness
violations, resident material compensation, and fairness psychology—on the evolution
path, convergence rate, and final steady state of the tripartite strategies.
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5.1. Parameter Assignment and Initial Condition Settings

This study combines the real-world context of urban renewal with the parameter

calibration methods used in the existing evolutionary game literature, strictly adhering

to the model’s theoretical constraints—namely, C§ < C? , CEL < Cf ,and ap > g > 0—to

assign baseline parameters that meet the requirements for mechanism analysis and scenario

simulation. It should be noted that the parameter values in this study are not derived from

the measured data of any specific renewal project, but are set based on the value ranges in

the existing literature, the theoretical constraints of the model, and reasonable assumptions.

The basis for each parameter setting is as follows:

@

@)

®)

@)

Cost-related parameters: Cg =15 and Cé = 5, with a difference of Cg,{ — C(é = 10,
represent the additional administrative costs of compliant governance relative to non-
compliant governance. This setting refers to the common value range of government
governance cost differentials in existing urban renewal evolutionary game studies
and satisfies the model constraint Cél; < Cg .CH =18 and C! = 8, with a difference
of CH — CE = 10, represent the incremental construction costs for developers imple-
menting high-inclusiveness development relative to low-inclusiveness development,
satisfying CL < CH.

Payoff and loss parameters: R = 20 represents the positive social benefits generated
when tripartite cooperation is achieved. L = 6 represents the project stagnation losses
caused by resident resistance, which are shared between the government and the
developer according to the principle of “whoever causes it bearsit.” S =9 and T = 12
represent the basic resettlement compensation received by residents when cooperating
and the statutory expropriation compensation received when resisting, respectively. W
=2 and M = 3 represent the policy-based additional compensation and the developer-
provided supporting resettlement benefits, respectively. H = 3 and F = 4 represent
the relocation costs and rights protection costs, respectively. The above values all fall
within the common ranges in the existing evolutionary game literature and satisfy the
comparability requirements of the constraint conditions for each equilibrium point.
Policy-related parameters: P = 2 represents the administrative penalty revenue ob-
tained by the government when the developer adopts low-inclusiveness development.
K = 2 represents the accountability cost imposed by higher-level governments on
governments for non-compliant governance. B = 1 represents the special government
subsidy for developers implementing high-inclusiveness development. The relatively
low values of these three parameters under the baseline scenario are intended to place
the baseline scenario within the parameter region of the conflict steady state E;(0, 0,
0), thereby facilitating the subsequent sensitivity analysis of their threshold regulation
effects.

Psychological parameters: A = 0.5 indicates that residents attach equal attention
weight to the differential in developer inputs and the differential in government
livelihood inputs. This setting corresponds to the equal-weight averaging case in
the three-player Fehr-Schmidt model, namely 1/(N — 1) = 1/2, and constitutes a
simplifying assumption for the baseline scenario, the rationale of which has been
explained in Section 3.2. &1 = 0.3 and &, = 0.7 represent the residents’ coefficients of
disadvantageous inequality aversion under compliant and non-compliant governance,
respectively, satisfying ay > a1 > 0. These values refer to the common ranges of
inequality aversion coefficients in the Fehr-Schmidt model and related experimental
studies, and reflect the theoretical setting that “the more unfair the procedure, the
more sensitive residents are to payoff gaps.”

The baseline scenario parameters are summarized in Table 5.
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Table 5. Baseline simulation parameter settings.

Category Parameter Value
Cost-related cH 15
Cost-related C% 5
Cost-related Cf’ 18
Cost-related cL 8

Payoff and loss R 20
Payoff and loss L 6
Payoff and loss S 9
Payoff and loss T 12
Payoff and loss W 2
Payoff and loss M 3
Payoff and loss H 3
Payoff and loss F 4
Policy-related p 2
Policy-related K 2
Policy-related B 1
Psychological el 0.3
Psychological D) 0.7
Psychological A 0.5

To comprehensively reveal the intrinsic evolutionary mechanism of the system, this
study designs two sets of simulation experiments: baseline steady-state simulation and
key parameter sensitivity simulation. The baseline steady-state simulation aims to verify
the evolutionarily stable strategy obtained from the theoretical analysis and to confirm the
consistency between the system’s dynamic convergence path and the equilibrium analysis
results. The sensitivity simulation focuses on examining the impact of fluctuations in core
parameters on the game’s evolutionary trajectory and final steady state. To eliminate bias
caused by initial strategy probabilities and to verify the robustness of the equilibrium
results, five representative sets of initial strategy probabilities are selected for comparative
simulation: (0.2, 0.2, 0.2) represents an initial state in which all three parties have low
willingness; (0.5, 0.5, 0.5) serves as a neutral baseline; (0.8, 0.8, 0.8) represents a high-
willingness initial state; and (0.8, 0.2, 0.5) and (0.2, 0.8, 0.5) represent asymmetric initial
states dominated by the government and the developer, respectively. These five sets of
data cover low, medium, and high willingness levels as well as symmetric and asymmetric
scenarios, thereby comprehensively testing the robustness of system convergence.

All numerical simulations in this study are implemented in MATLAB R2017b. The
built-in ode45 solver is adopted, which corresponds to the explicit fourth—fifth-order Runge—
Kutta variable-step numerical integration method. The tolerance parameters are configured
as RelTol = 108 and AbsTol = 10~ 10. The simulation horizon is set to ¢ € [0, 20], which was
verified to be sufficient for full convergence to the steady state.

5.2. Baseline Scenario Simulation and Result Analysis

First, the replicator dynamic equations were numerically solved using the parameter
settings in Table 5. Figures 1-5 show the simulation results under different initial conditions.
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Figure 1. Evolutionary trajectory of tripartite strategies (x = 0.2, y = 0.2, z = 0.2).
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Figure 2. Evolutionary trajectory of tripartite strategies (x = 0.5, y = 0.5,z = 0.5).
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Figure 3. Evolutionary trajectory of tripartite strategies (x = 0.8, y = 0.8, z=0.8).
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Figure 4. Evolutionary trajectory of tripartite strategies (x =0.8, y = 0.2,z = 0.5).
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Figure 5. Evolutionary trajectory of tripartite strategies (x = 0.2, y = 0.8, z = 0.5).

Simulation results show that under multiple sets of differentiated initial strategy
probabilities, the game system eventually converges to the identical evolutionarily stable
equilibrium point E; (0, 0, 0) as iteration proceeds. Differences in initial states only affect the
convergence rate of stakeholders’ strategies toward the steady state and cannot alter the
final evolutionary direction of the system. This result verifies that the evolutionarily stable
equilibrium obtained in this paper possesses strong robustness against initial conditions.
No steady-state transition occurs with changes in the game starting point. Initial conditions
merely govern the speed of convergence; the long-term evolutionary outcome of the
system is jointly determined by cost-benefit configurations and residents’ psychological-
perception mechanisms characterized in the model. These simulation findings also validate
the effectiveness of the theoretical deduction of equilibrium stability presented in the
previous section.

It can thus be seen that a stable multi-party collaborative framework cannot be es-
tablished merely by relying on stakeholders’ initial subjective willingness to cooperate.
Each agent’s cost-benefit structure constitutes the fundamental factor governing the sys-
tem’s steady state. For practical urban renewal activities, simply stimulating stakeholders’
subjective cooperative willingness fails to achieve a sustainable cooperative steady state.
Only by adjusting the cost-benefit structure of different stakeholders from an institutional
perspective can the evolutionary outcome of the system be fundamentally reshaped.
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5.3. Key Parameter Sensitivity Simulation Analysis

From the perspective of three stakeholders, including governments, developers, and
residents, this section further explores the influences of key-parameter variations on the
system’s evolutionary trajectories and final steady-state outcomes. It aims to reveal the
differentiated response mechanisms of each agent facing parameter disturbances, so as
to provide parameter-oriented policy implications for urban renewal governance. In the
sensitivity simulation, the initial strategy probabilities of the three parties are uniformly
set as (x,y,z) = (0.5, 0.5, 0.5), which represents the neutral strategic stance of governments,
developers, and residents at the beginning of the game.

5.3.1. Government Dimension: Sensitivity Analysis of Higher-Level Accountability
Incentive K

The higher-level government’s accountability incentive parameter K is selected as the
core policy lever for shaping governments’ regulatory behavior. All other parameters are
held at their baseline values, while K systematically varies at three intensity levels: K =2
(baseline scenario, as shown in Figure 2), K =5, and K = 8, in order to compare and analyze
its marginal effects. Figures 6 and 7 present the resulting evolutionary trajectories of the
three stakeholders’ strategy probabilities (x, v, z) under each scenario, respectively.

1 T T T T T T T T T
0.8 _
government
developer
061 resident |
r\
0.4 _
0.2 1 _
0 | | | | | | | | | t
0 2 4 6 8 10 12 14 16 18 20
Figure 6. Evolutionary trajectory of tripartite strategies (K = 5).
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Figure 7. Evolutionary trajectory of tripartite strategies (K = 8).

Under the scenario with K = 2, superior authorities impose weak oversight constraints,
leaving governments lacking endogenous incentives for proactive regulation. Consequently,
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the probability of government proactive regulatory action asymptotically converges to 0,
and the system evolves toward a conflict-dominant equilibrium featuring regulatory abdi-
cation. For K = 5, which lies near the critical threshold, governments show no obvious trend
of converging to 0 or 1, and the government strategy probability hovers roughly around
0.5, reflecting a state of strategic hesitation. Even under such circumstances, developers
and residents still fail to switch to cooperative strategies. When K = 8, stringent superior
accountability pressure drives governments toward consistent proactive supervision. Here,
the probability of active governance converges swiftly and stably to 1.

From a governance-logic perspective, the superior assessment and accountability
mechanism exerts a direct influence on governments’ regulatory behaviors. Higher account-
ability intensity strengthens governments’ willingness to sustain proactive supervision
for inclusive urban renewal and the protection of residents’ resettlement rights. However,
merely strengthening superior accountability cannot simultaneously push developers and
residents toward cooperative decision-making. To achieve stable tripartite collaborative
win-win evolution, a mix of multiple policy instruments, including penalties for developer
violations and resident resettlement compensation, must be implemented.

5.3.2. Resident Dimension: Sensitivity Analysis of Policy-Based Compensation W and
Inequality Aversion Coefficient a1 and ay

(1) Sensitivity Analysis of Policy-Based Compensation W

With government accountability intensity fixed at K = 8, the policy compensation
parameter W is used as the primary tool to guide residents’ strategic decisions. All other pa-
rameters remain at their baseline values. To assess its marginal impact, W is systematically
set at three calibrated levels: W =2, W =4, and W = 6. Figures 8-10 respectively display the
evolutionary trajectories of the strategy probabilities (x, y, z) for the three stakeholders.

The simulation results show that the policy-based compensation standard for residents
exerts a significant effect and differentiated regulatory influence on the direction of their
strategy evolution and convergence speed. When W = 2, the resettlement benefits obtained
by residents remain relatively low, and the limited economic gains cannot effectively offset
the comprehensive costs and psychological losses from perceived unfairness caused by ur-
ban renewal, causing the probability of residents cooperating with renewal to continuously
converge to 0, and the game system ultimately reaches a negative equilibrium state in which
residents resist renewal. When the compensation standard is raised to W = 4, the economic
benefits brought by resident cooperation improve to a certain extent; however, since these
benefits are still insufficient to compensate for the renewal costs and negative fairness per-
ception losses, residents’ strategies still converge to 0, although the convergence time of the
resistance strategy is notably delayed. When the compensation standard is further raised
to W = 6, the relatively high policy-based additional compensation can effectively offset
residents’ renewal costs and psychological unfairness losses. Nevertheless, constrained by
the lag effect of pre-existing unfairness perceptions, the probability of residents cooperating
initially declines to about 0.35, then rises gradually and approaches 1.

From the perspective of governance mechanisms, differentiated policy-based compen-
sation can reshape the benefit distribution pattern of the urban renewal game. Moderately
raising the resettlement compensation standard and improving residents” welfare pro-
tection can delay the formation of residents’ resistance strategies. However, when the
compensation level has not yet reached the point of altering residents’ income expectations,
a modest increase in resettlement compensation alone cannot reverse the ultimate outcome
of residents’ resistance to urban renewal. Only when resettlement compensation is raised
to a level sufficient to cover residents’ renewal costs and improve their income expectations
can residents achieve stable cooperation with renewal.

https:/ /doi.org/10.3390/buildings16214180


https://doi.org/10.3390/buildings16214180

Buildings 2026, 16, 4180

310f41

1 T T T T T T
0.8t J
0.6 J
government
developer
0.4 resident |
0.2 <\ i
\ t
0 L | | | | | |

0 2 o 6 8 10 12 14 16 18 20

Figure 8. Evolutionary trajectory of tripartite strategies (W = 2).
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Figure 9. Evolutionary trajectory of tripartite strategies (W = 4).
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Figure 10. Evolutionary trajectory of tripartite strategies (W = 6).

(2) Sensitivity Analysis of Inequality Aversion Coefficient a1 and «;

Under the condition that the accountability intensity of the higher-level government
K = 8 and policy incentives W = 6 remain unchanged, while other parameters retain
their original values, sensitivity simulation experiments were conducted on the inequality
aversion coefficients a1 and a; in the context of resident cooperation. Three pairs of
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parameters satisfying the constraint ap > ay > 0 were selected: (¢ = 0.1, ap = 0.4), (x1 = 0.3,

ay =0.7), and (a1 = 0.5, ap = 1). Figures 11-13 respectively show the evolutionary trajectories

corresponding to the strategy probabilities (x, y, z) of the three types of stakeholders.
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Figure 11. Evolutionary trajectory of tripartite strategies (xq = 0.1, ap = 0.4).
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Figure 12. Evolutionary trajectory of tripartite strategies (¢ = 0.3, ay =0.7).
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Figure 13. Evolutionary trajectory of tripartite strategies (¢q = 0.5, ap = 1).

The simulation results show that the inequality aversion coefficients o1 and «, mainly

affect the convergence path, fluctuation amplitude, and steady-state formation process
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of residents’ strategies by altering the intensity of their psychological disutility. Under
the scenario (¢ = 0.1, ap = 0.4), residents exhibit low psychological sensitivity to income
gaps during urban renewal, and the negative utility arising from fairness perception is
relatively weak. Supported by high-standard policy-based resettlement compensation,
the probability of residents cooperating with urban renewal rapidly approaches 1. When
(a1 = 0.3, ap = 0.7), residents’ psychological losses increase; in this case, the probability of
residents cooperating with renewal converges slowly to 1 only after an initial dip, resulting
in a notable lag in the formation of the cooperative equilibrium. When (¢ = 0.5, a; = 1),
residents’ psychological losses rise significantly, and the probability of urban renewal
rapidly approaches 0, ultimately leading to the evolutionary outcome of residents resisting
urban renewal.

From the perspective of governance mechanisms, the inequality aversion coefficient
reflects the psychological tolerance of residents towards the gap in interest distribution.
Material-level resettlement compensation is the basic condition for promoting residents’
cooperation, but residents’ subjective perception of fairness will regulate the actual utility of
material benefits. Under lower levels of inequality aversion, material welfare can fully exert
its motivational effect; As the level of inequality aversion continues to rise, psychological
injustice will continue to erode the positive benefits brought by material compensation,
prolong the system’s evolution cycle, and even offset the policy effects of resettlement
compensation. This means that urban renewal governance should not only focus on
improving economic compensation, but also pay attention to residents’ subjective demands
for fairness. While ensuring that the material resettlement welfare meets the standards,
it is necessary to improve the information disclosure and interest negotiation mechanism
throughout the entire urban renewal process and weaken the disturbance of inequality
aversion psychology to the game system, in order to promote a multi-party collaborative
urban renewal steady state more quickly.

5.3.3. Developer Dimension: Sensitivity Analysis of Developer Violation Penalty P

Under the conditions of higher-level government accountability intensity K = 8, policy-
based compensation level W = 6, and residents’ inequality aversion coefficients a; = 0.3
and ap = 0.7, a sensitivity analysis was conducted on the penalty parameter P imposed on
developers for low-inclusiveness urban development practices. Three calibrated penalty
levels were specified: P =2, P =8, and P = 14. Figures 14-16 present the corresponding
evolutionary trajectories of the strategy probabilities (x, y, z) of the three stakeholder groups.

1 T T T T T
0.8 1
0.6 1
government
developer
04l resident |
0.2 1
t
0 L 1 1 1 1 1 1 1 1 1
0 2 < 6 8 10 12 14 16 18 20

Figure 14. Evolutionary trajectory of tripartite strategies (P = 2).
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Figure 15. Evolutionary trajectory of tripartite strategies (P = 8).
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Figure 16. Evolutionary trajectory of tripartite strategies (P = 14).

The simulation results reveal that the severity of penalties for developers’ violations
acts as a critical regulatory tool to drive firms’ strategic transformation. At P = 2, economic
sanctions against low-inclusive development fail to curb opportunistic behaviors. The
excess returns from such behaviors far outweigh the corresponding penalty costs, leading
the probability of high-inclusive development to gradually converge toward 0. At P =8,
violation costs rise remarkably, yet the penalty intensity remains insufficient. The probabil-
ity of high-inclusive development still converges to 0, albeit at a slower rate. By contrast,
at P = 14, stringent economic sanctions greatly squeeze the profit margin of low-inclusive
development. The expected losses from violations exceed the net benefits derived from
opportunistic practices, triggering a structural shift in the evolutionary system, where the
probability of high-inclusive development rapidly converges toward 1.

From the perspective of governance mechanisms, the violation-penalty system aims
to raise the opportunity cost of opportunistic development. When the deterrence effect of
punishment is limited, this regulatory instrument can only slow down the evolutionary
process of the system toward the opportunistic equilibrium, rather than reverse its overall
trend. Sufficient punitive constraints can generate effective behavioral deterrence, prompt-
ing developers to take compliant development as their dominant strategy and consistently
adopt high-inclusive development modes. Therefore, in the practical governance of urban
renewal, scientific and moderate penalty standards for developer violations should be
formulated to guarantee substantial restraints on opportunistic development. Meanwhile,
regulatory instruments such as economic penalties for enterprises need to coordinate with
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government accountability mechanisms and residents’ policy-oriented resettlement com-
pensation policies, so as to establish a diversified and complementary governance system
and realize a balanced urban renewal pattern that benefits all stakeholders.

6. Discussion
6.1. Discussion of Main Findings

First, from the perspective of theoretical innovation and extension, most existing stud-
ies on multi-stakeholder games in urban renewal are confined to static comparative analyses
of material payoffs, largely neglecting the critical role of residents’ subjective fairness per-
ceptions in decision-making, and thus failing to fully explain the underlying mechanisms
of demolition-related conflicts. This paper introduces the F-S model into the urban renewal
context, extending the applicability of fairness-preference evolutionary game theory to the
field of demolition and resettlement. Meanwhile, through multiple sets of numerical simula-
tions, this paper identifies the regulatory characteristics of three core policies—government
accountability, resident compensation, and corporate penalties—thereby filling the gap in
static benefit analysis in describing the long-term dynamic strategic adjustment of agents.

Second, from the perspective of policy coordination and governance pathways, the
simulation results show that single policy instruments suffer from significant governance
deficiencies. Strengthening higher-level government accountability alone can improve gov-
ernment performance but cannot simultaneously curb developers’” opportunistic behavior
or alleviate residents’ resistance. Focusing solely on the absolute level of economic compen-
sation while neglecting relative fairness will severely weaken the incentive effect, because
residents’ perception of unfairness undermines policy effectiveness. Likewise, relying solely
on developer penalties cannot achieve long-term inclusive urban renewal goals. Therefore,
urban renewal governance must move beyond fragmented regulatory approaches and shift
toward a collaborative governance system involving multiple stakeholders. This requires:
establishing a rigorous higher-level government assessment and accountability mechanism
that incorporates resident rights protection and public infrastructure provision into local
core performance indicators, and reducing the cost of compliant governance through fiscal
sharing arrangements; implementing a graduated reward-and-penalty system for develop-
ers while providing special subsidies to incentivize improvements in supporting facilities;
and setting a minimum guarantee standard for resident resettlement compensation, while
establishing full-process information disclosure and regular resident consultation platforms,
so as to balance material welfare provision with fairness-oriented psychological support
and thereby reduce conflicts at their source.

Notwithstanding these findings, this study still has several limitations. First, the
model adopts multiple simplifying assumptions: binary strategy spaces and deterministic
quantifiable payoffs for all agents; only disadvantageous inequality aversion is captured
for residents’ fairness perception; the game is constructed as a single-stage game with
first-mover advantages for governments and developers. These assumptions define the
boundaries of applicability of our conclusions. Second, model parameters are mainly
derived from the existing literature and reasonable assumptions rather than empirical
calibration from real-world renewal projects. Parameters are highly context-dependent, and
residents’ psychological parameters lack local field-measurement support. Third, this paper
does not incorporate project heterogeneity, third-party actors such as village collectives
and social organizations, multi-stage negotiation features, as well as external shocks from
macroeconomic and real-estate cycles, which partly restrict the model’s explanatory power
for complex real-world scenarios. Fourth, this research is rooted in China’s urban renewal
institutional context. The model carries prominent local institutional features. Hence,
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caution is needed when applying these conclusions to regions with divergent property
rights, land finance, or public participation systems.

6.2. Policy Implications

Based on the research conclusions of the multi-stakeholder evolutionary game in
inclusive urban renewal, the following policy recommendations are proposed for urban
renewal governance practice.

First, an appropriately calibrated higher-level accountability system should be estab-
lished to consolidate governments’” motivation to perform their supervisory duties. The
intensity of higher-level assessment and accountability should be reasonably strengthened
to incentivize governments to implement compliant governance. At the same time, reliance
on accountability as a single instrument should be abandoned. Accountability mechanisms
primarily serve to regulate government behavior and cannot independently guide develop-
ers and residents toward ideal strategic choices; they must be implemented in coordination
with other supporting policies to fully realize governance effectiveness.

Second, a resident rights protection system that balances material compensation
and procedural fairness should be constructed. Policy-based resettlement compensation
standards for residents should be formulated scientifically, so that the compensation level
matches residents” actual costs and income expectations during the renewal process, thereby
laying a solid material foundation for residents’ cooperative participation. Meanwhile,
attention should be paid to residents’ subjective fairness perception arising from inequality
aversion. Information disclosure, public participation, and interest negotiation mechanisms
throughout urban renewal projects should be improved to alleviate residents’ perception
of unfairness and prevent psychological disutility from weakening or even offsetting the
incentive effect of material compensation.

Third, a scientific and moderate penalty mechanism for developer violations should
be established, and multi-instrument coordinated governance should be strengthened.
Reasonable penalty standards should be set for low-inclusiveness opportunistic develop-
ment behavior, ensuring that penalty intensity is sufficient to raise the opportunity cost of
opportunistic development and form effective deterrence against corporate opportunistic
behavior, while avoiding excessive penalties that impose unreasonable operating burdens
on developers. Government accountability, developer penalties, and resident resettlement
compensation all suffer from the governance limitations of single instruments and can-
not independently achieve a win-win outcome among the three parties. Therefore, it is
necessary to promote coordinated linkage among these three policy instruments, build
a diversified and complementary collaborative governance system, and drive the urban
renewal system toward a win-win, inclusive renewal steady state.

7. Conclusions
7.1. Summary of Main Findings

This paper takes the conflicts in inclusive urban renewal as its research context, se-
lects governments, developers, and residents as boundedly rational agents to construct a
game-theoretic analytical framework, introduces the Fehr and Schmidt inequality aversion
model to characterize residents’ differentiated fairness psychology, and develops a tripartite
evolutionary game model that balances material benefits and subjective fairness losses. By
deriving the replicator dynamic equations, determining the stability of each equilibrium
point using the Jacobian matrix eigenvalue criterion, and conducting multi-dimensional
univariate sensitivity numerical simulations in MATLAB, this paper reveals the regulatory
patterns of various policy tools and residents’ fairness perception on the system’s evolu-
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tionary trajectory, convergence rate, and long-term stability. The main research conclusions

are as follows:

1.

The tripartite urban renewal game system admits eight pure-strategy equilibrium
solutions, seven of which can evolve into evolutionarily stable strategies (ESSs) within
specific parameter ranges. Among them, (compliant governance, high-inclusiveness
development, cooperation) constitutes the optimal collaborative steady state that
accommodates the interests of all parties; in contrast, (non-compliant governance, low-
inclusiveness development, resistance) corresponds to a conflict-ridden, inefficient
equilibrium that may arise in practice. The remaining five equilibria correspond to
sub-optimal or locally unbalanced steady states. The stability and persistence of each
equilibrium point depend on its corresponding constraint conditions.

The intensity of higher-level accountability exerts a significant regulatory effect on
government supervision behavior. When accountability intensity is low, govern-
ment performance incentives remain insufficient, and its behavior gradually shifts
toward non-compliant governance. As the accountability standard increases beyond
a certain level, governments’ willingness to regulate strengthens significantly, and
their behavior gradually shifts toward compliant governance. However, a single
accountability instrument can only optimize government behavior; it is insufficient
to simultaneously guide developers and residents toward rational decision-making.
Therefore, it must be complemented by supporting policy tools to form a comprehen-
sive governance framework.

The effectiveness of policy-based compensation for residents depends not only on the
compensation level itself, but is also significantly moderated by residents” subjective
perception of fairness. When the compensation standard is relatively low, a moderate
increase in resettlement benefits can only delay resistance and cannot alter the steady
state of non-cooperation. Only when compensation rises to a level sufficient to cover
renewal costs and improve residents” income expectations will residents’ strategies
genuinely shift toward cooperation. Meanwhile, inequality aversion continuously
erodes the incentive effect of material compensation: the higher the degree of in-
equality aversion, the more easily the positive effects of material welfare are offset
by perceived psychological unfairness, the longer the system’s evolutionary cycle,
and the more delayed the formation of a cooperative steady state. Therefore, urban
renewal governance should not rely solely on economic compensation. While raising
material resettlement welfare, it is also necessary to improve information disclosure
and interest negotiation mechanisms and reduce residents’ perception of unfairness,
so as to more effectively promote a multi-stakeholder collaborative steady state of
inclusive renewal.

Penalties for developer violations serve as a key regulatory instrument for constrain-
ing opportunistic corporate behavior, yet their effectiveness depends on whether the
penalty intensity is sufficient to generate credible deterrence. When penalty intensity
is limited, it can only slow down the system’s evolution toward the opportunistic
equilibrium, without fundamentally reversing developers’ profit-driven behavioral
orientation. Only when penalty intensity is sufficient to compress the excess returns
from opportunistic development and raise its opportunity cost can developers gen-
uinely treat compliant development as their dominant strategy and consistently adopt
high-inclusiveness development modes. Therefore, urban renewal governance should
establish scientific and moderate penalty standards for violations, ensuring substantial
constraints on opportunistic development. It should also promote coordinated linkage
between economic penalties for developers, government accountability mechanisms,
and residents’ resettlement compensation policies, so as to build a diversified and
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complementary governance system and realize a balanced urban renewal pattern that
benefits all stakeholders.

5. Various regulatory policies exhibit complementary and synergistic attributes, whereas
any single governance instrument has inherent limitations. Relying solely on any
one of government accountability, resident compensation, or developer penalties
cannot achieve a win-win equilibrium among the three parties. Only by linking
and coordinating the three instruments of higher-level assessment and accountability,
graduated penalties for developers, and resident resettlement welfare, and by building
a diversified collaborative governance system, can the system be promoted to converge
in the long term toward a stable state of inclusive renewal that benefits all parties.

7.2. Applications and Future Research

The tripartite evolutionary game framework integrated with the Fehr-Schmidt fairness
preference model developed in this paper offers a transferable analytical tool for conflict
governance in land-related projects with public participation. First, within China’s urban
renewal practice, this modeling approach can support ex-ante policy scenario simulation
for demolition and resettlement projects. Planners and local policymakers can calibrate
model parameters using project-specific survey data to predict system evolutionary trends
under different combinations of accountability strength, compensation standards, and
corporate penalty levels, helping select optimal policy portfolios in advance and mitigate
mass conflict risks. Second, the methodological framework can be adapted for other
multi-agent public governance scenarios featuring psychological fairness concerns, such
as land expropriation, community renovation, environmental pollution governance, and
public infrastructure construction involving multiple stakeholders. By adjusting agents’
payoff functions and fairness perception parameters, researchers can analyze strategic
interaction and conflict formation mechanisms in similar collective interest contexts. Third,
the numerical simulation workflow implemented in MATLAB provides a prototype tool for
comparative policy testing. It enables quantitative comparison of governance performance
under fragmented versus collaborative policy mixes, supporting evidence-based policy
design for inclusive public governance.

Building upon the findings and limitations outlined in this study, several promising
avenues are identified for subsequent research. First, future theoretical modeling may relax
the setting for binary strategies and introduce spaces for continuous strategies. Researchers
can incorporate richer behavioral psychological factors, including loss aversion, interper-
sonal trust, advantageous inequality, historical social comparison, and media discourse
effects, so as to extend the theoretical framework for evolutionary games with fairness
preference. Multi-stage dynamic game structures can also be constructed to better reflect
iterative negotiation processes in real-world renewal activities. Second, empirical calibra-
tion and case simulation should be strengthened. Future work can collect primary data
from field surveys of representative urban renewal cases, including government fiscal costs,
developer benefit structures, and residents’ measured psychological parameters for fairness
preference. Calibration of project-specific parameters will improve the external validity of
model outputs and deliver more precise policy suggestions tailored to cases. Third, more
stakeholders and contextual heterogeneity can be incorporated into the analytical system.
Subsequent studies may add actors such as central government, village collectives, and
non-governmental social organizations. Heterogeneous project attributes, cycles in the real
estate market, macroeconomic shocks, and institutional variations in land finance can also
be embedded into the model to capture equilibrium shifts dependent on context. Fourth,
cross-institutional comparative research is worthwhile. Follow-up work may carry out
cross-regional or cross-national comparisons to test to what extent conclusions derived
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from this fairness-driven tripartite game hold under different regimes for property rights
and institutions for public participation, further clarifying the boundary conditions for the
model’s generalizability.
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