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Abstract: High-quality development is a new-era requirement for modern urban construction. The
implementation of construction land decrement has become an inevitable choice to solve the urban
land use dilemma and achieve high-quality social and economic development. It is a game process
for stakeholders. Based on the multi-agent game model, this research analyzes the game relationship
and strategy selection between governments, government and farmers, government and developers,
and developers and farmers and examines the balance of interests among multiple subjects. From
the perspective of space dimension, index dimension, use dimension and time dimension, a game
path is constructed for construction land decrement. The research shows the following: There is a
clear relationship between the supervision cost of the higher-level government and the intensity of
rewards and punishments for the lower-level government and the implementation of the decrement.
The district (county) government’s compensation plan and farmers’ perceptions of the success of
the boycott will affect the strategic choices of both parties. Governments at all levels play a direct
role in restraining development behavior and supervising rent-seeking behavior after developers
intervene in volume reduction. It also proposes optimizing the ratio of game factors such as costs,
benefits, rewards, verification and punishment to achieve the game equilibrium of the expression
of the interests of village residents, developers and governments at all levels. Based on the path
planning and coupling of response, the multi-scheme dynamic path selection for the development of
construction land decrement is realized.

Keywords: construction land decrement; path choice; benefit balance; multi-agent game

1. Introduction

Since the reform and opening up, while China’s economy has achieved rapid growth,
it has also driven the continuous expansion of the scale of construction land [1–3]. The
contradiction between the growth of construction land demand and the limited supply of
land resources has become increasingly acute [4]. With the transformation of China’s speed-
based development to regulatory development, the government’s policy objectives have
also shifted from a single pursuit of economic development to the harmonious development
of the economy and society [5]. Under the requirements of the era of urban planning and
construction to promote high-quality development with new development concepts, land
use methods have also shown a process of change from incremental expansion and stock
planning to reduced development [6–8].

In the process of rapid economic growth and rapid urbanization, the scale of urban
construction land is also expanding, facing the multiple pressures of population, resources
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and environment. In particular, the land development intensity of economically developed
areas and some megacities has exceeded 40%, which is close to the carrying limit of
resources and the environment [9–11]. The traditional model of incremental development
is difficult to sustain. In addition, the problem of unreasonable land use structure and
low efficiency of industrial land within the city is becoming more and more prominent.
The development model of incremental planning is incompatible with the new concept of
urban construction with high-quality development in the new era [12,13]. The contradiction
between the realistic characteristics of the urban–rural dual land system and the coordinated
development of urban and rural areas is also more prominent between collective and state-
owned construction land. The lack of endogenous motivation for the optimization of land
use structure also seriously restricts the improvement of urban land use efficiency [12,14].
The reduction space of rural construction land is great, and it is of great practical significance
because it is related to the realization of the goal of urban and rural integration. Therefore,
tapping the potential of stock land and controlling the disorderly expansion of construction
land have become the focus of urban land regulation [15]. Under the premise of ensuring
the reasonable structure of production, living and ecological land, strictly controlling the
total amount of construction land and improving land use efficiency have become the new
direction of current land use change. The implementation of construction land decrement
development has become an inevitable choice to solve the dilemma of urban land use and
achieve high-quality social and economic development [16].

In practice, Shenzhen took the lead in proposing the “reduction growth” of construc-
tion land, gradually reducing new construction land and reducing the growth rate of
construction land; Shanghai, with the goal of locking the total construction land, linked the
implementation of construction land increase and decrease [17]; Beijing, in the “reduction
and quality” strategic requirements, focused on collective construction land scale control
adjustment [18]. As the first municipality directly under the central government to carry
out a reduction policy in the whole region, Shanghai initially established a reduction index
transfer and trading mechanism [19] and formed an industrial adjustment and interest
balance mode, a government innovation mode and other promotion modes in the reduc-
tion promotion [20]. However, in the process of promoting the implementation of “198”
regional reduction, it still faces difficulties such as capital investment, interest balance and
contradiction resolution [21]. In the process of reduction promotion, the policy orientation
of the municipal government is in contradiction with the demands of regional development.
When the index transfer income and the potential income of land appreciation are high, the
enthusiasm of the government and farmers to promote reduction will be affected. For a
series of questions about “how much, where, when, how to reduce and how to use the land
after reduction” in construction land reduction, the paper puts forward the implementation
path framework of construction land decrement in Beijing [22]. It can be seen that the path
planning and benefit balance of construction land decrement become the basic guarantee
to promote the implementation of construction land decrement.

The implementation construction land decrement is a process of redistribution of
interests of multiple subjects. Determining how to balance contradictions among all parties
and reduce conflicts of interest plays an important role in promoting reduction. The idea
and model of game theory play an important role in solving the problem of the multi-party
behavior selection process and direction in land problems. The purpose of game theory is to
realize the balance of subject decision-making by studying the behavior characteristics and
strategy selection of all parties in the game [23–25]. A game experiment was used to reveal
the influence of higher government intervention on the land acquisition game between
farmers and local governments, and the farmers and village committees were analyzed
using an evolutionary game in the process of land acquisition [26]. In the study of subject
behavior in land use [27], the game choice between government and people is analyzed
emphatically. There are also many positive studies on the game relationship and system
design of stakeholders [28,29], which provide guidance for exploring the game process
and relationship from the perspective of multiple subjects, but the research conclusions
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are quite different due to different observation perspectives. Therefore, there is an urgent
need to study the development of construction land decrement by properly coordinating
the interest demands of multiple subjects, clarifying the game relationship of competition
and cooperation among governments, farmers and developers at all levels, exploring the
optimal strategic choices of different stakeholders, and constructing the interest balance
mechanism of relevant subjects in the implementation of construction land decrement.

Based on the above analysis, this study analyzes the game relationships between
governments, governments and farmers, governments and developers, and developers and
farmers based on the multi-agent game model; designs the game path of construction land
decrement implementation from the spatial dimension, index dimension, use dimension
and time dimension; and explores the optimal strategy selection of the multiple agents in
the implementation of construction land decrement. It provides a reference for clarifying the
strategic direction, path planning and priority order of the implementation of construction
land decrement. It provides theoretical guidance for the multiple agents to achieve a
balance of interests and determine the optimal strategy selection in the process of reduction,
so as to ensure the scientific and orderly implementation of construction land decrement.
Further, it promotes the quality change, efficiency change and power change of urban land
use and promotes the high-quality development of the social economy.

2. Theoretical Basis and Research Hypothesis
2.1. Foundations of Game Theory and Research Applicability Analysis

Game theory is a science that studies how multiple decision-makers make decisions in
a given environment to maximize their own utility and how to achieve equilibrium among
different decision-makers [30,31]. According to whether there is a strong agreement in
the game process, the games can be divided into cooperative games and non-cooperative
games. Determining how to distribute the interests of multiple subjects in cooperation
is a common problem in society. A cooperative game is one of the important theoretical
methods for solving the distribution of interests in cooperation. However, many cooperative
game solutions were concentrated, and all solutions cannot take into account individual
rationality, collective rationality, existence and uniqueness. A cooperative game also lacks a
general concept such as Nash equilibrium (if any participant’s strategy is determined by all
other participants, the participant’s chosen strategy is optimal) in a non-cooperative game [32].

The development of construction land decrement is a game process for stakeholders,
and the benefit distribution of multiple subjects is one of its essences [24]. In the implemen-
tation, some participants have the unknown information of other participants; for example,
the government has the right to control the information of the implementation measures of
construction land decrement planning and benefit compensation, making this an incom-
plete information game. The implementation of reduction requires multiple agents to reach
an effective agreement, and there is the Nash equilibrium of the strategic game model. At
the same time, the order of action and information asymmetry exist among governments
at all levels in the construction land decrement; the government, collectives, farmers and
developers have cooperative and non-cooperative game and market economic equilibria.

In the implementation of construction land decrement development, governments at
all levels, developers and farmers all pursue their own different target interests from their
own interests, among which local governments have the dual role prototype of agents and
self-interested people [33]. As far as each subject itself is concerned, each subject must take
into account the behavior of the other party and make the best decision for itself according
to its behavior. Only by starting from the whole and balancing the interests of all parties
can the construction land decrement be promoted in an orderly manner, which also makes
the game research necessary and feasible.

2.2. Analysis of Construction Land Decrement Connotation and Subject Behavior

For the definition of the connotation of construction land decrement, the existing
research starts from the means of reduction implementation and proposes that construc-
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tion land decrement is accomplished through land remediation work, and the inefficient
construction land that does not meet the requirements of the overall land use planning
is reclaimed into agricultural land or ecological land [33]; for the purpose of reduction,
construction land decrement is proposed to promote land conservation and intensive and
efficient use by limiting land use types to control the disorderly spread of the city in order to
optimize the structure of urban land to achieve the smart growth of the city [19]. According
to the requirements of the new development concept, the connotation of construction land
decrement is reflected in the following four dimensions: (1) spatial dimension: focusing on
the spatial location of construction land decrement and the key areas of intensive efficiency;
(2) index dimension: focusing on the quantitative relationship between the reduction of
construction land scale and the improvement of construction land use efficiency; (3) usage
dimension: focusing on land use classification before decrement and use planning after
decrement; (4) time dimension: timing of reduction implementation.

Based on the analysis of the connotation of construction land decrement develop-
ment [21], it can be seen that the construction land decrement is completed jointly with the
participation of multiple stakeholders. The municipal government needs to determine the
overall reduction target of construction land and issue the construction land decrement
index to the district (county) government, the district (county) government shall be respon-
sible for formulating the implementation plan for construction land and determining the
key areas of reduction, the township government mainly coordinates district (county) ar-
rangements and reduction project coordination and the village committee is responsible for
implementing the reduction task. In the process of reduction, the government needs to com-
pensate and resettle the farmers. In order to obtain more benefits, developers intervene in
the implementation of reduction projects through capital. The main stakeholders involved
in the whole process are governments at all levels, farmers and developers (Table 1).

Table 1. Interest Demands of Multiple Subjects in the Process of Construction Land Decrement.

Main Unit Primary Target Interest Demands

Municipal government Achieve high-quality regional development Improve the quality and efficiency of land

District (county) government Increase fiscal revenue Obtain more decrement indicators

Township government Transfer tasks, supervise and evaluate
reduction implementation

Promote the implementation of
decrement projects

Village committee The development of rural economy Gain more economic benefits

Farmer (resident) Improve the quality of life Obtain more compensation

Developer Promote the development of enterprises Profits and costs

As the initiator of construction land decrement, the municipal government is focused
on how to control land expansion and realize efficient land use while ensuring urban
economic development. However, the policy objectives and interests of different levels
of government and other participants are gradually specific [34,35]. The municipal gov-
ernment focuses on the overall interests and long-term interests of the region, while the
district (county) government focuses on the benefits brought by the replacement of the
reduction index. The village committee, as a real interest recipient and direct executor, is
interested in obtaining more development appeals and economic compensation benefits;
as the main body of the market, developers participate in the process of reduction in the
form of capital. The profit-driven nature of the developer’s capital leads to its provision
of financial support, but also may damage the interests of other entities in the absence of
effective constraints, resulting in externalities. The farmers are the realistic stakeholders in
construction land decrement. Their goal is mainly to obtain more benefit compensation
and pay more attention to their own interests.



Sustainability 2023, 15, 4734 5 of 18

2.3. Game Subject Behavior Hypothesis and Parameter Determination

The relationship between multiple subjects in the implementation of construction
land decrement is complex and diverse. In order to facilitate the optimization of the
implementation path of construction land decrement and the scientific analysis of the game
relationship between multiple subjects, based on the basic assumptions of game theory,
and according to the behavior characteristics and commonness of multiple subjects in the
process of reducing construction land, this study proposes the following assumptions about
the game subjects and their behaviors involved in the implementation of construction land
decrement, and it sets the relevant elements of the participants and the implementation of
construction land decrement (Table 2).

Hypothesis 1. The goal of each subject is to maximize their own interests as the starting point and
to implement the best behavior from their own point of view; in this process, the subject may damage
the interests of other participants.

Hypothesis 2. The same type of subject in the face of the same environment will make the
same decision in the process of construction land decrement because there is only one municipal
government, so there is no subject behavior consistency problem, but there are many district (county)
government, farmers and developers, so this study assumes that the same type of subject at the same
level in the face of the same environment will make the same decision.

Hypothesis 3. In the process of reduction, the township government mainly implements the
reduction will of the district (county) government and transmits information. This study assumes
that the township government does not directly participate in the reduction game.

Hypothesis 4. It is assumed that the policies and plans for the development of construction land
decrement are fully information-publicized, the channels for obtaining reduction information and
policies are smooth, and the information between the subjects is completely symmetrical.

Table 2. The symbol setting and description of multiple subjects and game elements.

Multiple Subjects and Game Elements Symbols and Meanings Variable Declaration

Multiple subjects

Municipal Government GM (Municipal Government) Urban construction land decrement targets
and policymakers

District (County) Government GD (District Government) Municipal target implementers and specific reduction
program makers

Township Government GT (Town Government) Channels represented by reduction initiators and
reduction principals

Village Committee GV (Village Committee) Representative of the main object of decrement
(collective land)

Farmer or Resident F (Farmer or Resident) Direct natural person involved in construction
land decrement

Developer D (Developer) Development or investor of construction land
decrement project

Process factors

Cost C (Cost) The input factors of each subject in the process of
decrement implementation

Award A (Award) Supervisor’s positive incentive to executor’s
behavior in game

Revenue R (Revenue)
The benefits obtained by each subject in the process

of decrement implementation are collectively referred
to as revenue

Punishment P (Punishment) Negative constraints on the behavior of supervisors or
executors in game relations

Expected Revenue E (Expected revenue) Expected expression under different strategy combinations

Game strategy Strategy Sets S (Strategy Sets) A collection of all action plans that the subject may take
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3. Benefit Equilibrium Analysis Based on Multi-Agent Game Model
3.1. Game Analysis between Governments

(1) Game analysis between municipal government and district (county) government.
Based on the path planning of construction land decrement in the space, index, use and

time dimensions, the game strategy of the municipal government is SGM = {punishment,
non-punishment}, and the strategy of the district (county) government is SGD = {normal
declaration, false declaration}. The probability of municipal government punishment is PA,
and the probability of non-punishment is (1 − PA); the probability of normal declaration
index of district (county) government is PB, and the probability of false declaration is
(1 − PB), forming a game model between the municipal government and district (county)
government (Figure 1a).
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A game function is constructed according to the status of intergovernmental verifica-
tion and declaration (Table 3).

Table 3. Game function between municipal government and district (county) government.

Game Function Build the Foundation Relationship Analysis Total Revenue

S = {GM1, GD1}
Municipal government

verification, district (county)
government normal declaration

Verification cost of municipal government CI, to
give the district (county) government declaring
normal indicators reward A, normal declaration
of cost savings R; district (county) government

costs 0, revenue is municipal government ward A

(R − CI − A, A)

S = {GM1, GD2}
Municipal government

verification, district (county)
government false declaration

Verification cost of municipal government CI,
proceeds as punishment for district (county)

government’s falsely high declaration index C1;
costs of district (county) governments C1, gains

are additional gains from false indicators R1

(C1 − CI, R1 − C1)

S = {GM2, GD1}
Municipal governments do not

verify, district (county)
government normal declaration

The cost of municipal government is 0, and the
income is R; district (county) government costs

and benefits are 0
(R, 0)

S = {GM2, GD2}
Municipal government does not

verify, district (county)
government false high declaration

The cost and benefit of the municipal government
are 0; district (county) government costs 0,

revenue R1

(0, R1)
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The mathematical expectation of the district (county) government choosing the normal
declaration is EB = PA × A, and the mathematical expectation of the false high declaration
index is EB = (R1 − C1) × PA + (1 − PA) × R1; when the mathematical expectations of the
normal declaration and the false high declaration of the district (county) government are
equal, PA = R1/( −C1 − A) can be obtained.

The mathematical expectation of the municipal government choosing verification is
EA = (R − CI − A) × PB + (1 − PB) × (C1 − CI), and the mathematical expectation of
the non-verification index is EA = R × PB; by making the mathematical expectation of
municipal governments choosing verification equal to that of non-verification, PB = (CI −
C1)/(−2CI − A + C1) can be obtained.

Based on the cost–benefit analysis of the game subject, when the district (county)
government’s false high declaration index is punished, the greater the probability of the
district (county) government’s normal declaration, the smaller the probability of municipal
government’s inspection; when the district (county) government has normal declaration
indicators as a result of a greater reward leading to a greater probability of district (county)
government normal declaration, the municipal government can have a smaller probability
of inspection; the greater the supervision cost of the municipal government, the smaller
the probability of the district (county) government declaring normally; when the district
(county) government’s normal declaration brings greater invisible income to the municipal
government, the probability of the municipal government choosing to inspect increases.

(2) Game analysis between district (county) government and village committee.
The district (county) government’s game strategy is SGD = {strong supervision, neglect

supervision}, and the village committee’s strategy is SGV = {active promotion, negative
response}. The probability of strong supervision of the district (county) government is PC,
and the probability of weak supervision is (1 − PC); the probability of active promotion of
the village committee is PD, and the probability of negative response is (1 − PD). The game
model between the district (county) government and the village committee is constructed
(Figure 1b).

According to the different supervision statuses of the district (county) government for
the implementation of construction land reduction and the implementation attitude of the
village committee, the game function is constructed (Table 4).

Table 4. Game function between district (county) government and village committee.

Game Function Build the Foundation Relationship Analysis Total Revenue

S = {GD1, GV1}
District (county) government
strong supervision, the village
committee actively promotes

Supervision cost of district (county) government SS,
awards to village committees AV, reduction benefit
RB; implementation cost of village committee CD,

reduced earnings RD

(RB − SS − AV,
RD + AV − CD)

S = {GD1, GV2}
District (county) government
strong supervision, the village
committee negative response

Supervision cost of district (county) government SS,
proceeds as punishment for village committee’s

negative response P; potential loss caused by village
committee’s negative response RF, profit is −P

(P − SS, −P − RF)

S = {GD2, GV1}
District (county) government

oversight, the village
committee actively promotes

Benefits of district (county) government revenue for
reduction RB, cost is 0; implementation cost of
village committee CD, benefits of promoting

reduction RD

(RB, RD − CD)

S = {GD2, GV2}
District (county) government

lax supervision, village
committee negative response

The income and cost of the district (county)
government are both 0; the cost of the village

committee is −RF

(0, −RF)

The mathematical expectation for the active promotion on the part of the village
committee is ED = PC × (RD + AV − CD) + (1 − PC) × (RD − CD), and the mathematical
expectation of negative coping is ED = PC × (−P − RF) + (1 − PC) × (−RF); by making the
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mathematical expectation of the village committee choosing a positive response equal to
that of negative response, PC = CD − RF − RD/(AV + P) can be obtained.

The mathematical expectation of a district (county) government choosing strong
supervision is EC = PD × (RB − SC − AV) + (1 − PD) × (P − SS), and the mathematical
expectation of non-supervision is EC = PD × RB. Let the mathematical expectation of the
district (county) government’s strong supervision be equal to that of weak supervision;
then, PD = SS − P/−(AV + P).

According to the cost–benefit analysis of the game subject, the lower the supervision
cost of the district (county) government, the greater the probability that the village com-
mittee will actively promote the reduction; when the punishment of the negative response
of the village committee is greater, the probability of actively promoting the reduction is
greater; the greater the reward received by the village committee for actively promoting the
reduction, the greater the probability of actively promoting; when the cost of implementing
the reduction by the district (county) government is higher, the probability of implementing
strong supervision to restrain the behavior of the village committee is greater; the smaller
the loss when the village committee takes a negative response, the lower the probability
of strong supervision by the district (county) government; when the direct benefits of the
village committee’s active promotion of the reduction are greater, the probability of the
district (county) government taking supervision action is smaller.

3.2. Game Analysis between District (County) Government and Farmers

The district (county) government’s game strategy SGD = {low price compensation
scheme, market price compensation scheme}, and villagers’ game strategy is SF = {accept,
resist}. The probability of a district (county) government low price compensation scheme is
PE, and the probability of a market price compensation scheme is (1 − PE); the probability
of villagers choosing to accept is PF, and the probability of choosing to resist is (1 − PF);
when the farmers choose to boycott, the probability of success is PG, and the probability of
failure is (1 − PG). The game model between the district (county) government and farmers
(residents) is constructed (Figure 2).
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According to the standard of compensation from the district (county) government to
the farmer (resident) and the acceptance degree of the farmer (resident), a series of game
functions are constructed (Table 5).
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Table 5. Game function between district (county) government and farmers (residents).

Game Function Build the Foundation Relationship Analysis Total Revenue

S = {GD1, F1}

District (county) government
adopts low-cost compensation,

farmers accept the
compensation scheme

Income obtained by market compensation
RH, extraneous earnings Re, cost is 0;

income from farmers’ low-cost
compensation RL, cost is 0

(RH + Re, RL)

S = {GD1, F2, GD3}

District (county) government
adopts low price compensation,

farmers choose to resist and
obtain market price compensation

Income obtained by market compensation
RH, the cost of resisting farmers’ conflict

CB; income from farmers’ low-cost
compensation RL, extraneous earnings Rd,

resistance costs Rb

(RH − CB,
RL + Rd − Rb)

S = {GD1, F2, GD4}

District (county) government
adopts low-cost compensation,

farmers choose to resist and
resistance fails

Income obtained by market compensation
RH, extraneous earnings Re, the cost of

resisting farmers’ conflict CB, enforcement
costs CC; low compensation income RL,

resistance costs Rb

(RH + Re − CB − CC,
RL − Rb)

S = {GD2, F1}
District (county) government
market price compensation

scheme, accepted by farmers

Income obtained by market compensation
RH, cost is 0; income from farmers’
low-cost compensation RL, sum of
extraneous earnings Rd, cost is 0

(RH, RL + Rd)

S = {GD2, F2, GD3}

District (county) government
market price compensation,

farmers boycott, district (county)
government implements

compulsory implementation

Income obtained by market compensation
RH, the cost of resisting farmers’ conflict
CB, enforcement costs CC; income from

farmers’ low-cost compensation RL,
extraneous earnings Rd, resistance costs Rb

(RH − CB − CC,
RL + Rd − Rb)

According to the cost–benefit analysis of the game between the district (county) gov-
ernment and farmers (residents), whether the district (county) government chooses the
market price compensation scheme mainly depends on the probability that the farmers
choose to resist (1 − PA) and the possibility of successful resistance (PB). When the proba-
bility of boycott success is smaller, the possibility of taking a low-cost compensation scheme
is greater; when the cost of enforcement by the district (county) government is smaller, the
district (county) government is more inclined to low-cost compensation programs. Farmers
choose whether to boycott mainly based on the government’s compensation plan, the
probability of success (PB) and the benefits of success. When the farmers’ successful boycott
brings greater benefits, the farmers are more inclined to adopt boycott strategies; when the
district (county) government is a strong government and the probability of success of the
farmers’ resistance is low, the probability of farmers choosing to resist will be low.

3.3. Game Analysis between Government and Developers

(1) Game analysis between district (county) government and developers.
In the implementation process of construction land decrement, developers, as project

construction units and investment entities, hope to gain profits by intervening in construc-
tion land decrement. If the risks involved are too large, developers choose not to intervene.
The game strategy of the district (county) government is SGD = {provide policy, not provide
policy}, and the strategy of the developer is SD = {intervene, not intervene}. The probability
of the district (county) government providing a policy is PH, and the probability of not
providing a policy is (1 − PH); the probability that the developer chooses to intervene is PI,
and the probability of choosing not to intervene is (1 − PI). The game model between the
district (county) government and developers is built (Figure 3a).

According to the district (county) government’s policy support for developers and the
response of developers, the game function is built (Table 6).

The mathematical expectation of the district (county) government choosing to provide
policy is EH = PI × (RA − CT + RS) + (1 − PI) × (RA − CR − CT), and the mathematical
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expectation for the policy not being provided is EH = PI × RA + (1 − PI) × (RA − CR);
let the mathematical expectation of the district (county) government choosing to provide
policy be equal to that of not providing policy, and PI = CR/RS can be obtained.

Sustainability 2023, 15, x FOR PEER REVIEW 10 of 19 
 

market price compensation scheme mainly depends on the probability that the farmers 
choose to resist (1 − PA) and the possibility of successful resistance (PB). When the proba-
bility of boycott success is smaller, the possibility of taking a low-cost compensation 
scheme is greater; when the cost of enforcement by the district (county) government is 
smaller, the district (county) government is more inclined to low-cost compensation pro-
grams. Farmers choose whether to boycott mainly based on the government’s compensa-
tion plan, the probability of success (PB) and the benefits of success. When the farmers’ 
successful boycott brings greater benefits, the farmers are more inclined to adopt boycott 
strategies; when the district (county) government is a strong government and the proba-
bility of success of the farmers’ resistance is low, the probability of farmers choosing to 
resist will be low. 

3.3. Game Analysis between Government and Developers 
(1) Game analysis between district (county) government and developers. 
In the implementation process of construction land decrement, developers, as project 

construction units and investment entities, hope to gain profits by intervening in construc-
tion land decrement. If the risks involved are too large, developers choose not to intervene. 
The game strategy of the district (county) government is SGD = {provide policy, not pro-
vide policy}, and the strategy of the developer is SD = {intervene, not intervene}. The prob-
ability of the district (county) government providing a policy is PH, and the probability of 
not providing a policy is (1 − PH); the probability that the developer chooses to intervene 
is PI, and the probability of choosing not to intervene is (1 − PI). The game model between 
the district (county) government and developers is built (Figure 3a). 

According to the district (county) government’s policy support for developers and 
the response of developers, the game function is built (Table 6). 

The mathematical expectation of the district (county) government choosing to pro-
vide policy is EH = PI × (RA − CT + RS) + (1 − PI) × (RA − CR − CT), and the mathematical 
expectation for the policy not being provided is EH = PI × RA + (1 − PI) × (RA − CR); let the 
mathematical expectation of the district (county) government choosing to provide policy 
be equal to that of not providing policy, and PI = CR/RS can be obtained. 

 

Figure 3. Game model between government and developers. (a) Game model between county gov-
ernment and developers; (b) game model between village committee and developers. 

The mathematical expectation that developers choose to intervene is EI = PH × (RP − 
C) + (1 − PH) × (RP − C − CT), and the mathematical expectation without intervention is EI = 
0; let the developer choose to intervene and not to intervene with the same mathematical 
expectations, and PH = CT + C − RP/CT can be obtained. 

Figure 3. Game model between government and developers. (a) Game model between county
government and developers; (b) game model between village committee and developers.

The mathematical expectation that developers choose to intervene is EI = PH × (RP − C)
+ (1 − PH) × (RP − C − CT), and the mathematical expectation without intervention is EI = 0;
let the developer choose to intervene and not to intervene with the same mathematical
expectations, and PH = CT + C − RP/CT can be obtained.

Table 6. Game function between district (county) government and developers.

Game Function Build the Foundation Relationship Analysis Total Revenue

S = {GD1, D1} Government provides policy
support, developers intervene

Preferential policy cost CT, district (county)
government earnings after reduction RA, rapidly

advancing hidden benefits RS; costs paid by
developers C, developer revenue RP

(RA − CT + RS, RP − C)

S = {GD1, D2}
Government provides policy

support, developers do
not intervene

District (county) government pays more cost CR,
cost of preferential policies CT, gains obtained by
district (county) governments after reduction RA;

developer revenue is 0

(RA − CR − CT, 0)

S = {GD2, D1}
Government does not

provide policy support,
developers intervene

District (county) government cost 0, gains from
reductions RA, costs paid by developers C, cost
of preferential policies CT, developer revenue RP

(RA, RP − C − CT)

S = {GD2, D2}
Government does not provide
policy support, developers do

not intervene

District (county) government pays more cost CR,
district (county) government cost 0, gains from

reductions RA; developer revenue is 0
(RA − CR, 0)

According to the cost–benefit analysis between the district (county) government and
the developer, the more cost the district (county) government has to pay when the devel-
oper does not intervene in the reduction, the greater the probability that the district (county)
government will provide policy; the greater the hidden benefits brought by developers’
intervention, the greater the probability that the district (county) government will provide
policy; the greater the preferential policy provided by the district (county) government,
the greater the probability that developers intervene; the greater the cost of developers
involved in reduction, the greater the probability of the district (county) government pro-
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viding preferential policies; the greater the benefits obtained by developers involved in the
reduction, the smaller the probability that the government provides preferential policies.

(2) Game analysis between village committee and developers.
When the developer chooses to intervene in the construction land reduction project,

the village committee as the executor of the reduction project will choose whether to
supervise or not. Accordingly, the village committee’s game strategy is SGD = {supervised,
not supervised}, and the developer’s strategy is SD = {formal development, informal
development}. The probability of supervision by the village committee is PJ, and the
probability of non-supervision is (1 − PJ); the probability of developers choosing formal
development is PK, and the probability of choosing informal development is (1 − PK). The
game model between the village committee and developers is shown in Figure 3b.

According to whether the village committee supervises and the developer’s response,
the game function is constructed (Table 7).

Table 7. Game function between village committee and developers.

Game Function Build the Foundation Relationship Analysis Total Revenue

S = {GD1, D1} Village committee supervises,
developer develops formally

Village committee income is 0, village
committee supervision cost CS; gains from

regular developer development RN, cost is 0
(−CS, RN)

S = {GD1, D2} Village committee supervises,
developer develops informally

Village committee income is 0, losses from
informal development CL, village

committee supervision cost CS, gains from
regular developer development RN,

additional benefits of informal development
RI, negative costs CN

(−CL − CS, RN + RI − CN)

S = {GD2, D1}
Village committee does not

supervise, developer
develops formally

Village committee income and cost are 0;
gains from regular developer development

RN, cost is 0
(0, RN)

S = {GD2, D2}
Village committee does not

supervise, developer
develops informally

Losses from informal development CL, cost
is 0; gains from regular developer

development RN, additional benefits of
informal development RI, cost is 0

(CL, RN + RI)

The mathematical expectation of formal development is EK = RN × PJ + RN × (1 − PJ),
and the mathematical expectation of informal development is EK = (RN + RI − CN) × PJ +
(RN + RI) × (1 − PJ). Let developers choose formal development and informal development
of equal mathematical expectations, and PJ = RI/CN can be obtained.

When the village committee chooses to supervise, the mathematical expectation is
EJ = (−CS) × PK + (−CL − CS) × (1 − PK), and the mathematical expectation when the
village committee chooses not to supervise is EJ = CL × (1 − PK); when the mathematical
expectations of the village committee choosing supervision and non-supervision are equal,
PK = (2CL − CS)/2CL can be obtained.

According to the cost–benefit analysis of the game between the village committee and
the developer, when the developer brings more benefits through informal development,
the probability of village committee supervision is greater; when the negative cost of
developers’ informal development is greater, the village committee will be less likely to
supervise; when the supervision cost of the village committee is higher, the supervision
cost of the village committee is higher, and the probability that the developer chooses
formal development is lower. At the same time, when the developer develops informally,
the greater the loss of the village committee, the greater the probability that the developer
develops formally.
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3.4. Game Analysis between Developers and Farmers (Residents)

For developers, there is no need to negotiate the resettlement costs directly with
the farmers. This process is a consultation between the government and the farmers.
However, in the implementation process, in order to obtain more profits and save costs,
developers also have a game relationship with the villagers. The game strategy of the de-
velopers is SD = {legal construction, illegal construction}, and the strategy of the villagers
is SF = {accept, resist}. The probability of legal construction by developers is PL, and the
probability of illegal construction is (1 − PL). The probability of farmers choosing to accept
is PM, and the probability of choosing to resist is (1 − PM). The game model between
developers and farmers is constructed (Figure 4).

According to the implementation status of developers in construction land reduction
and the response of farmers, the game function is constructed (Table 8).

Table 8. Game function between developers and farmers (residents).

Game Function Build the Foundation Relationship Analysis Total Revenue

S = {D1, F1}
Developers choose legal

construction, farmers
choose acceptance

Hidden loss of legal construction R2, proceeds
of lawful construction R1; the cost of farmers is

0, income of farmers R4, implicit loss of
compliance construction by developers R2

(R1 − R2, R4 + R2)

S = {D1, F2}
Developers choose legal

construction, farmers
choose resistance

Hidden loss of legal construction R2, proceeds
of lawful construction R1; resistance cost of

farmers Cb, income of farmers R4, hidden loss
of compliance construction R2

(R1 − R2, R4 + R2 − Cb)

S = {D2, F1}
Developers choose illegal

construction, farmers
choose to accept

Proceeds of lawful construction R1, additional
gains from irregular construction R3, the cost of
farmers is 0, income of farmers R4, farmers’ loss

during illegal construction R5

(R1 + R3, R4 − R5)

S = {D2, F2}
Developers choose illegal

construction, villagers
choose to resist

Punishment for illegal construction P1,
proceeds of lawful construction R1, additional
gains from irregular construction R3, resistance

cost of farmers Cb, income of farmers R4,
farmers’ loss during illegal construction R5

(R1 + R3 − P1, R4 − R5 − Cb)

The mathematical expectation when farmers choose to accept is EM = PL × (R4 + R2) +
(1 − PL) × (R4 − R5); the mathematical expectation of resistance is EM = PL × (R4 + R2 −
Cb) + (1 − PL) × (R4 − R5 − Cb); let the farmers’ mathematical expectations of acceptance
and resistance be equal, and PL = R4 − R5/2Cb can be obtained.
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The mathematical expectation of legitimate construction is EL = PM × (R1 − R2) +
(1 − PM) × (R1 − R2), and the mathematical expectation of illegal construction is EL = PM
× (R1 + R3) + (1 − PM) × (R1 + R3 − P1). By making the mathematical expectations of the
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developer’s choice between legal and illegal construction equal, PM = (P1 − R2 − R3)/P1
can be obtained.

According to the cost–benefit analysis of the game between the developer and the
farmer (resident), when the developer chooses the legal construction, the greater the income
of the farmers or the smaller the loss of the farmers when the construction is illegal, the
greater the probability of choosing the legal construction; the greater the punishment for
developers’ illegal construction, the greater the probability that farmers choose to accept;
the more benefits for villagers when developers choose to build in compliance, the greater
the probability of acceptance.

3.5. Interest Conflicts Formed by Games between Different Subjects and Coordination Methods

Through the analysis of the interest balance of the multi-agent game model, in order to
form a reasonable choice direction, the interest conflicts and coordination methods formed
by the game between different agents are summarized.

Between the municipal government and the district (county) government, the munici-
pal government realizes high-quality development from an intensive perspective, mainly
considering the overall interests of the region, while the district (county) government aims
to obtain more reduction targets and promote the reduction of construction land in its
own district (county). The coordination method between the two parties can be that the
municipal government can adjust the verification frequency, scientifically calculate the
benefits, costs and rewards of all parties and actively guide the district (county) government
to declare the decrement targets normally.

Between the district (county) government and the village committee, the main purpose
of the district (county) government is to increase fiscal revenue, while that of the village
committee is to obtain more economic benefits. The coordination method is mainly that the
district (county) government reduces the cost of supervision and uses income feedback to
guide the village committee to actively promote the implementation of relevant measures
to achieve the stability of both sides’ income.

For the district (county) government and the farmer (resident) people, the district
(county) government obtains more financial revenue through reducing development, while
the farmers’ starting point is to directly obtain more compensation and improve their
quality of life. The coordination method is that when the district (county) government
formulates the compensation standard for the farmer (residents), it fully considers the
acceptance of the farmer (residents) and realizes the reasonable distribution of income
between the two parties.

Between the district (county) government and the developer, the district (county)
government aims to achieve economic and social benefits in the development of reduction,
while the developer aims to obtain more profits and reduce costs. The coordination method
is that the district (county) government provides certain preferential policies for developers
from the perspective of reducing costs, which not only realizes the profits of developers,
but also ensures the stability of the fiscal revenue of the district (county) government.

Between developers and farmers (residents), developers obtain profits from construc-
tion for economic benefits, while farmers (residents) hope to obtain certain economic
compensation by reducing development. The coordination method can be to reduce the extra
income of developers’ illegal construction, increase the cost of resistance, guide developers
and farmers to accept legal construction and ensure reasonable income for both sides.

4. Game Path Choice of Construction Land Reduction Development
4.1. Game Path Relationship in the Development of Construction Land Decrement

The development of construction land decrement is the process of land resource
reallocation. Its goal is to realize the social, economic, ecological and sustainable benefits of
land use. Based on the embodiment of land resources in the dimensions of space, index,
use and time, it faces the game balance between different levels and different interest-
oriented subjects, and it realizes the maximization of differentiated multi-subject interests,
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which becomes the dynamic mechanism of land resource reallocation in the development of
construction land decrement, that is, the game path basis of the development of construction
land decrement.

The analysis of the game path relationship in the development of construction land
decrement is composed of two systems. One is the responsibility relationship and interest
appeal composed of stakeholders such as the municipal government, district (county)
government, township streets, village committees, farmers (residents) and developers. The
other is the implementation tasks and game elements of construction land decrement and
corresponding multiple subjects in the four dimensions of space, index, use and time. The
two systems intertwine to form the game path relationship of construction land decrement
development (Figure 5).
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4.2. Game Path Analysis in the Development of Construction Land Decrement

The game path of construction land decrement development is from the four dimen-
sions of space, index, use and time, combined with the implementation tasks and game
elements of various multiple subjects, forming a game matrix of construction land decre-
ment development and determining the path arrangement and goal of multiple subjects in
the development of construction land decrement. The corresponding game path can be
divided into three levels:

(1) Balance of interests and path planning among governments at all levels. It mainly
refers to the optimal game strategy of interest balance among the municipal government,
district (county) government, township (sub-district) government and village committee.
Based on this, the development path planning of construction land decrement is established
to clarify specific plans in the types and spatial locations of construction land decrement,
index trading platform and trading mechanism, planning and control of reduction use, and
timing arrangement of decrement implementation.

(2) The balance of interests between farmers (residents) and developers as independent
subjects and its response to the path planning of construction land decrement. It mainly
refers to the game equilibrium between the interests of the farmers and the interests of
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the developers in the implementation of the reduction; under the established construction
land decrement path planning, the game relationship between governments at all levels
and farmers (residents) and the game relationship between governments at all levels and
developers are reflected in the following aspects: the feedback of independent subjects
(farmers (residents) and developers) to the municipal government in terms of reduction
scale, index coordination platform and transaction mechanism, use control policy and
overall goal of reduction, the response to the county government in terms of reduction type
delineation, index decomposition, zoning use control and annual implementation plan, and
the recognition of township and sub-district governments in terms of spatial positioning,
index transmission, use supervision and evaluation and project timing coordination. In
addition, the village committee, in the specific project consultation, index acquisition and
upload, project design and implementation and construction schedule communication con-
sensus, forms the construction land decrement development game matrix, a comprehensive
formation of the game path planning response.

(3) The above two levels of game coupling complete the path choice. It refers to the
policy supervision of independent subjects (farmers and developers) by governments at all
levels and the interest balance mechanism coordinated by the corresponding independent
subjects (farmers and developers) in relation to the interests of governments at all levels.
Through the optimization of game elements such as cost, reward, income, verification and
punishment, the game equilibrium is realized. Through the cooperative coupling of path
planning and path response, the multi-scheme dynamic path selection of construction land
decrement development is defined.

5. Conclusions and Discussion

Promoting high-quality development with the new development concept has become
a new-era requirement of China’s social economy. Construction land decrement is an
important measure to break the bottleneck of land use restriction in urban development.
The win-win cooperation of multiple subjects in the implementation process is the basic
premise to promote the implementation of reduction. How should the development path of
construction land decrement be planned, the benefits brought by cooperation be distributed
and the optimal strategy be obtained? A complete information dynamic cooperative game
is an important method to promote the development of construction land decrement.

This paper constructs a game matrix through the relationship between the elements
of construction land decrement development in the dimensions of space, index, use and
time and the stakeholders such as the government, district (county) government, township
streets, village committees, farmers (residents) and developers. Based on the optimization
of game elements such as cost, reward, income, verification and punishment, the game
equilibrium is realized, and the multi-program dynamic path choice of construction land
decrement development is formed on the basis of the coordinated coupling of path planning
and path response.

On the basis of the scientific hypotheses, the game relationship among five stakeholders,
namely the municipal government, district (county) government, village committee,
developer and farmers, is implemented in the development of construction land decrement.
The game models among multiple subjects are established, the cost–benefit relationship of
each subject under different strategic choices is analyzed and the optimal game strategy
in the corresponding subject game is clarified.

5.1. Conclusions

The results show that the formulation of the reduction policy can not only start from
the interests of one party, but also fully consider the balance of interests among the var-
ious subjects to maximize the interests of all parties, and the reduction can be carried
out smoothly. The system of construction land decrement is gradually improved through
the game and balance among the various subjects. In the intergovernmental game, there
is a clear relationship between the supervision cost of the higher government and the
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reward and punishment of the lower government and the intensity of the implementation
of the reduction. Reasonable intergovernmental performance assessments and reward
and punishment systems will affect intergovernmental behavior. In the game between the
government and the farmers, the compensation plan of the district (county) government
and the farmers’ cognition of the success of the boycott will affect the strategic choice of
both sides. In this process, a reasonable resettlement plan is particularly important. In the
game between the government and the developer, when the developer intervenes in the
reduction to obtain more benefits, the developer will choose to intervene. In this process,
the village committee will choose to supervise the developer’s behavior in order to restrain
the developer’s behavior and avoid the developer’s rent-seeking behavior. Therefore, ap-
propriate policy preferences and reasonable institutional constraints are effective measures
to reduce conflicts between the two parties. In addition, the government’s punishment and
its own benefits will affect the behavior of the developer in the implementation process.
Therefore, the necessary institutional constraints can protect the interests of the farmers.

5.2. Discussion

This paper has formed a mature multi-agent game theory and framework in the
process of construction land decrement, which can provide a reference for the distribution,
regulation and guidance of interests among governments at all levels, developers and
farmers in the actual operation process of construction land decrement. In future research,
we should pay attention to the case analysis of construction land decrement from the
multi-game perspective to enrich the practical connotation and value of this theoretical
research. At the same time, this study also provides some direction guidance for land
use planning. On the basis of the existing planning experience and paradigm, land use
planning should pay more attention to the game relationship of the main body in planning
and consider the implementation path and effect of planning in the space, index, use and
time dimensions. Moreover, in future research, the problem of asymmetric power owned
by each agent should be included in the analysis, and the research on construction land
decrement based on multivariate game analysis should be further refined.

According to the conclusions and discussion of this paper, some policy suggestions are
put forward for the formation of construction land decrement and development. The first
is to balance the interests of all parties and form a joint force of policy and behavior choice.
The second is to improve the top-level design, rationally divide the financial powers of
the central and local construction land reduction, and lay a material foundation for the
distribution of interests of all parties. The third is to follow the market rules and introduce
market forces to improve the efficiency of construction land decrement and development.
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