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Abstract: Land expropriation, during the rapid urbanization process in China, results in rural conflicts
and presents barriers in sustainable development. Collective strategies of major stakeholders should
be clearly understood for finding effective measures to cope with conflicts. However, the existing
studies usually assume two types of stakeholders, which overlook the complicated practices as,
at least central, government, local governments, and land-lost farmers are three major stakeholders.
This research aims to explore the collective strategies of the three major stakeholders and examine
how various factors contribute to conflicts with a tripartite evolutionary game model. The tripartite
model is established based on the evolutionary game theories and relationships among the central and
local governments, and land-lost farmers. A simulation analysis is also conducted on the MATLAB
platform, which shows that serious asymmetry of information between stakeholders leads to the low
efficiency of the game or serious conflicts. Thorough discussions on the influencing factors have also
been conducted. The findings can provide good references for the central and local governments to
reduce conflicts during land expropriation.

Keywords: land expropriation; conflict; tripartite game analysis; evolutionary game model;
simulation; China

1. Introduction

Land expropriation has been frequent in order to satisfy the very large demand on construction
land during the rapid urbanization process in China. Large masses of farmland have, therefore,
been transformed compulsively into non-farmland by government-led expropriation since the 1990s.
Conflicts over collective land expropriation have arisen frequently in recent years, and created serious
harms to social stability and sustainable development [1,2]. Challenges raised from land expropriation
are quite comprehensive and may not be easy to address under the current land expropriation policy
of China. These issues are rooted deeply in the institutional, fiscal, and administrative frameworks of
China [3]. Scholars have investigated the characteristics, causes, influences, and governance strategies
of the conflicts during land expropriation [4–10].

The central government, local government, and farmers are three main stakeholders involved in
conflicts of land expropriation. Although any two of stakeholders may have comparatively similar
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interests under certain conditions, the three stakeholders usually have different concerns during
land expropriation. The central government is assumed to take the responsibility of overall land
management across China. Yet, entrusted by the central government, local governments usually take
the power of land expropriation under the system of administration decentralization [11–14]. After the
tax sharing system reform in 1994, local governments gradually rely on land finance to provide public
infrastructure and services trapped with increasing public affairs, but a limited budget [15,16]. Local
governments may, therefore, tend to illegally conduct land expropriation in order to gain more revenue
in order to support land finance [17,18]. Illegal land expropriation may include expropriation without
public interests, lowering compensation standards, and forceful land expropriation [19,20]. Farmers
may resist the land expropriation if they want to maximize their own interests. Conflicts may, therefore,
be generated between local governments and farmers during the land expropriation. If farmers cannot
find effective measures to guarantee their interests, a petition (shang fang) or some violent action may
be conducted. Therefore, the central government would usually take a supervisory measures in order
to reduce conflicts and guarantee social stability [16].

Game analysis is increasingly used to investigate the collective strategies of major stakeholders
during land expropriation. Land expropriation is a process of benefit redistribution, which is essentially
suitable for game analysis of involved stakeholders [21,22]. Game analysis was developed in the 1950s
and has been a well-known tool in exploring competitive phenomena and understanding strategic
interactions among different stakeholders [23–25]. Existing studies on land expropriation with game
analysis usually develops a game model between farmers and governments and investigates the
correlative factors that can make the profit close to the equilibrium [4,5,26]. However, these studies
usually assumed that all of the players are rational in pursing their own best interests with a static
analysis, which are inconsistent in practice [27,28]. Therefore, evolutionary game theory is being
used to analyze land expropriation conflicts, although there are very few. For example, Cheng [29]
conducted an evolutionary game analysis between farmers and the local government in the conflicts
of farmland acquisition and further discussed evolutionary stable equilibrium. However, this study
merely considers two stakeholders in the game analysis, which overlooks the conflicts resulting with
more stakeholders. On the other hand, few studies have been conducted on the static tripartite game
analysis in the land field. Yuan and Yan [30] found the key of collective construction land transfer by
adopting a trilateral game model. Zhou [16] developed a mathematically-trilateral game model in
conflicts of farmland acquisition. Yet, these studies overlook the dynamic nature in land expropriation.

The previous studies provide details on the land expropriation and important references for practices.
However, most of the game models are established based on game analysis of two stakeholders. Some
other studies have considered a third stakeholder, but the problem was treated as static with complete
rationality. Such limitations present barriers for effectively applying existing models in practice.
Hence, we adopt the tripartite evolutionary game model to fill this gap, investigating the strategy
selections and evolutions among the central and local governments, and land-lost farmers during land
expropriation. We also analyze the interaction mechanisms and the related factors that influence the
strategy selections using simulation. The results of this study can provide a theoretical basis to solve
conflicts of land expropriation and achieve sustainable urban transformation in China.

2. Tripartite Evolutionary Game Model in Land Expropriation

This section firstly analyzes the profit game among the three critical stakeholders. Thereafter,
we set up an evolutionary game model of the three stakeholders based on the replication dynamics
mechanism to solve the model. Finally, we use the Jacobian matrix to analyze the stability of each
equilibrium point.

2.1. The Tripartite Game Relationships

Central government, local governments, and land-lost farmers are three critical stakeholders
in the conflict of land expropriation. Rural land can be expropriated by the government based on
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public interests and legal procedures. The central government, with the highest decision-making
rights, generally represents public interests, and is responsible for the unified management of national
lands. The central government also entrusts the local governments to exercise the power of land
expropriation [4,5]. Whereas the local government mainly comprises the municipal and county
governments, which possesses a dual identity both as the main body of policy implementation and as
promoters of land expropriation. The local government pursues the largest profits with the advantages
of information and system design. At present, illegal land expropriation is still possible because
of the urging of the improvement of political achievements or other benefits generated in illegal
procedures [28]. Conversely, the local government has to be responsible to the farmers and not
infringe their rights blindly. Land-lost farmers generally occupy the least economic and organizational
resources in society, which puts them always in a disadvantaged position. These land-lost farmers may
resolve their needs illegally when the long-term interests are not expressed and realized properly. Some
land-lost farmers even adopt extreme behaviors against land expropriation, which greatly influences
the centripetal and cohesive forces of the government. In turn, the central government will take
effective measures to regulate the land expropriation behavior of the local government, penalizing
their illegal behaviors or negotiations.

Briefly, these three stakeholders represent different interest relations. The central government
takes the role of the moderator; the local government assumes the role of the profiteers; and the
farmers supposes the role of interest appeals. The three stakeholders have different social resources,
information about land policy, benefits and compensation, and so on, thus forming complex game
relationships, as shown in Figure 1 [4,5].
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Figure 1. Illustration of the game relationship among the central government, local government,
and land-lost peasant.

2.2. Symbol Descriptions

The three stakeholders involved in land expropriation all have bounded rationality. Based on
the abovementioned discussions, the strategies of land-lost farmers are {Accept, Resist}. The optional
strategies of local government are {Legal expropriation, Illegal expropriation} while the strategies of
the central government are {Supervised, Unsupervised}.

The probability of selecting the “Accept” strategy for land-lost farmers is assumed to be α, and the
probability of Resist is 1− α. The probability of legal expropriation for the local government is β,
and that of illegal expropriation is 1− β. The probabilities of supervised and unsupervised strategies
for the central government are γ and 1− γ, respectively (0 ≤ α,β,γ ≤ 1).

Corresponding parameters S f , S′f , C f , and R f , Rgl , R′gl , P, K, for farmers, local governments,
and the central government are described in Table 1.
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Table 1. Parameter definitions.

Symbols Stakeholders Descriptions

IRgc Central
government

The promotion of credibility when adopts the supervised strategy
Cgc The supervision costs
ILgc The loss of credibility when adopts the unsupervised strategy

Rgl
Local

government

The benefits when adopts the legal expropriation strategy
R′gl The benefits when adopts the illegal expropriation strategy
P The punishment from central government when adopt illegal strategy

K The extra compensation they pay to peasants when the illegal behavior is
investigated by central government

S f
Land-lost
peasants

The compensation when local government adopt legal strategy
S′f The compensation when local government adopt illegal strategy (S f > S′f )
C f The costs in safeguarding their rights
R f The extra benefits when they resist local government’s illegal strategy

Based on the above symbols, we can build the payoff matrix among the land-lost farmers, local
governments, and the central government, as shown in Table 2.

Table 2. The payoff matrix among central government, local government, and land-lost farmers.

Local Government

Land-Los
Peasants

Central Government

Supervised (γ) Unsupervised (1 − γ)

Legal (β) Accept (α)
(

IRgc − Cgc, Rgl , S f

) (
−ILgc, Rgl , S f

)
Resist (1− α) (IRgc − Cgc, 0,−C f ) (−ILgc, 0,−C f )

Illegal (1− β) Accept (α) (IRgc − Cgc + P, R′gl − P− K, S′f + K
)

(−ILgc, R′gl , S′f )

Resist (1− α)
(

IRgc − Cgc + P,−P,−C f

) (
−ILgc, 0,−C f

)

2.3. The Replicated Dynamic Equations of the Tripartite Game

According to the basic principle of replicator dynamics, the strategy better than the average
level will be gradually adopted in a game group with bounded rationality, which brings changing
strategy proportions over time [31]. In the following, we denote U f 1, U f 2, Ugl1, Ugl2, Ugc1, and Ugc2

as the expected benefits of the land-lost farmer, and local and central governments under different
strategies, we first analyze land-lost farmers. The expected benefits U f 1 when adopting an “Accept”
strategy and U f 2 when adopting a “Resist” strategy can be calculated as below:

U f 1 = βS f + (1− β)[γ
(

S′f + K
)
+S′f − γS′f ] =

(
γK + S′f

)
(1− β) + βS f ,

U f 2 = −C f .

The average expected benefits can be calculated by the formula U f = αU f 1 + (1− α)U f 2.
The replication dynamics equation for land-lost farmers can be achieved as follows:

F(α) =
dα
dt

= α
(

U f 1 −U f

)
= α(1− α)

[(
γK + S′f

)
(1− β) + βS f + C f

]
. (1)

where t in the above replicated dynamic differential equation is the time of strategy changes in the
evolutionary system. Similarly, the expected benefits of legal and illegal expropriation for the local
government can be calculated by the following steps:

Ugl1 = αγRgl + α(1− γ)Rgl = αRgl ,
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Ugl2 = αγ
(

R′gl − P− K
)
+ α(1− γ)R′gl + (1− α)γ(−P) = αR′gl − αγK− γP.

The average benefits for land-lost farmers are computed by Ugl = βUgl1 + (1− β)Ugl2. Then,
the replication dynamics equation for the local government can be achieved by:

Gl(β) =
dβ
dt

= β
(

Ugl1 −Ugl

)
= β(1− β)

[
α(Rgl − R′gl) + αγK + γP

]
(2)

The expected benefits of adopting “Supervised” and “Unsupervised” strategies can be obtained by:

Ugc1 = β
(
α
(

IRgc − Cgc
)
+ (1− α)

(
IRgc − Cgc

))
+ (1− β)

(
IRgc − Cgc + P

)
= IRgc − Cgc + P− βP,

Ugc2 = β
(
−αILgc − ILgc(1− α)

)
+ (1− β)

[
−αILgc − ILgc(1− α)

]
= −ILgc.

The average benefits for the central government is computed by Ugc = γUgc1 + (1− γ)Ugc2. Then,
the replication-dynamics equation for the central government can be achieved as follows:

Gc(γ) =
dγ
dt

= γ
(
Ugc1 −Ugc

)
= γ(1− γ)

[
IRgc − Cgc + P + ILgc − βP

]
(3)

The dynamics of evolution equations of the expropriation system can be obtained from the
combination of Equations (1)–(3):

F(α) = dα
dt = α

(
U f 1 −U f

)
= α(1− α)

[(
γK + S′f

)
(1− β) + βS f + C f

]
,

Gl(β) =
dβ
dt = β

(
Ugl1 −Ugl

)
= β(1− β)

[
α(Rgl − R′gl) + αγK + γP

]
,

Gc(γ) =
dγ
dt = γ

(
Ugc1 −Ugc

)
= γ(1− γ)

[
IRgc − Cgc + P + ILgc − βP

]
.

2.4. Tripartite Evolutionary Game Equilibrium Analyses

The equilibrium in the dynamic replication system can make the game system reach equilibrium
stabilized state. To obtain the above-mentioned equilibrium points, we first set equations F(α) =

Gl(β) = Gc(γ) = 0 and then obtain the following nine equilibrium points in a three-dimensional space
M = {(α,β,γ); 0 ≤ α,β,γ ≤ 1}, which are three-dimensional points: P1(1,1,1), P2(1,1,0), P3(1,0,1),
P4(1,0,0), P5(0,1,1), P6(0,1,0), P7(0,0,1), P8(0,0,0), and P9(α*,β*,γ*). The equilibrium points may not be
evolutionary stable strategies (ESS); thus, we need to determine their local stability. The analysis of
Friedman on system [23] stability states that the stability of equilibrium points can be estimated from
the Jacobian matrix J of the dynamic system. First, we can obtain J from the set of Equation (4), which
is calculated from the following formula:

J =

 Jα1 Jβ1 Jγ1

Jα2 Jβ2 Jγ2

Jα3 Jβ3 Jγ3

,

Jα1 =
∂F
∂α

= (1− 2α)
[(

γK + S′f
)
(1− β) + βS f + C f

]
,

Jβ1 =
∂F
∂β

= α(1− α)
(
−γK− S′f + S f

)
, Jγ1 =

∂F
∂γ

= α(1− α)(1− β)K,

Jα2 =
∂Gl
∂α

= β(1− β)
(

Rgl − R′gl + γK
)

,

Jβ2 =
∂Gl
∂β

(1− 2β)
[
α(Rgl − R′gl

)
+ αγK + γP],

Jγ2 =
∂Gl
∂z

= β(1− β)(P + αK),
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Jα3 =
∂Gc

∂α
= 0, Jβ3 =

∂Gc

∂β
= −γ(1− γ)P,

Jγ3 =
∂Gc

∂γ
= (1− 2γ)

(
IRgc − Cgc + P + ILgc − βP

)
.

Second, the determinants det(J) and trace tr(J) of the matrix at different equilibrium points are
computed, respectively, and whether the equilibrium point is an ESS can be determined from the
signs of det(J) and tr(J). We only consider the equilibrium points P1–P8 because of the equilibrium
resolutions of group evolutionary game as a strict Nash equilibrium [32].

Next, the equilibrium point P1(1, 1, 1) is first analyzed, where the Jacobian matrix of the system is:

JP1(1,1,1) =

 R′gl − Rgl − P− K 0 0
0 − C f − S f 0

0 0 Cgc − IRgc − ILgc

.

Proposition 1 can be obtained from Lyapunov’s indirect method.

Proposition 1. (1) When the system satisfies R′gl < Rgl + P + K, C f + S f > 0, Cgc < IRgc + ILgc,
the equilibrium point P1 is the ESS. (2) When the system satisfies R′gl > Rgl +P+K, C f +S f< 0, Cgc >IRgc +

ILgc, P1 is an unstable point. (3) When R′gl − Rgl − P − K,−C f − S f , Cgc − IRgc − ILgc has one or two
positives, P1 is a saddle point. The practical significance of Proposition 1 can be summarized as follows:
When the supervised cost is small, the central government chooses the supervised strategy; when the
illegal benefit R′gl is less than a certain value (IRgc + ILgc), the local government chooses the legal strategy.
For land-lost farmers, they accept the expropriation as long as they can obtain a non-negative settlement.

Numerical simulations were conducted to validate the evolutionary game analysis through the
MATLAB platform. To realize the above model, namely, to establish the dynamic replication system of
the central government, local government, and land-lost farmers, it is required to solve the nonlinear
ordinary differential equations (Equation (4)). However, it is difficult to obtain analytical solutions
of the complex differential equations, but they can be solved using numerical methods based on the
widely-used Runge-Kutta method [33]. Runge-Kutta is one of the commonly-used high-accuracy
algorithms to compute differential equations, which is derived from the theoretical basis of the
Taylor formula and differential slope approximation. The solution of multiple differential equations
is equivalent to solve each differential equation in parallel with the same step length. Therefore,
we first assign a given initial strategy ratio to the first step of each differential equation, and then
solve each equation together in each iteration until convergence. The above complicated calculation
can be resolved by a simple implementation of the MATLAB software (R2010b, Version 7.11.0.584,
The MathWorks, Natick, MA, USA), which has powerful numerical calculation functions. The ode45 is
one of the most popular functions in MATLAB that can solve ordinary differential equations on the basis
of the Runge-Kutta algorithm [34,35]. In this research, we used the ode45 functions in our computing
program to numerically calculate the evolutionary process of the dynamic replication system.

We choose the related parameters in the evolutionary game model according to real situations
that satisfy the conditions of Proposition 1: IRgc = 1.5, ILRgc = 0.5, Cgc = 1.0, Rgl = 1.0, R’

gl = 1.5, Sf = 0.6,
S’

f = 0.5, Cf = 0.5, K = 0.5, and P = 0.7. All of the initial strategy ratios of the three parties are 0.5; that is,
α(0) = β(0) = γ(0) = 0.5, and the initial state of the strategy combination is point E0 = (0.5, 0.5, 0.5).
Evolutionary results can be obtained by using the above data in the model in the MATLAB platform.
Figure 2 shows that the strategy ratio of the legal expropriation of the local government increases with
the ratio increase of the supervised strategy of the central government. Meanwhile, an increasing
number of farmers choose the “Accept” strategy. Ultimately, all central governments choose the
“Supervised” strategy, all local central governments choose the “Legal” strategy, and the farmers
choose the “Accept” strategy, thus reaching the equilibrium point P1(1, 1, 1). The strategy set of the
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system is {Accept, Legal, Supervised}. This stable equilibrium strategy P1 is an optimal result in actual
land expropriations.
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Figure 2. The dynamic evolution of the tripartite game model under the condition of Proposition 1.
(a) time evolution of (α, β, γ); (b) time evolutions of α, β and γ.

Similarly, the equilibrium points can be analyzed, and the corresponding Jacobian matrices are
listed below:

JP2(1,1,0) =

 R′gl − Rgl 0 0
0 IRgc − Cgc + ILgc 0

0 0 − C f − S f

, JP3(1,0,1) =

 −R′gl + Rgl + P + K 0 0
0 − C f − S′f − K 0

0 0 Cgc − ILgc − IRgc − P

,

JP4(1,0,0) =

 −R′gl + Rgl 0 0
0 IRgc − Cgc + ILgc + P 0

0 0 − C f − S′f

, JP5(0,1,1) =

 −P 0 0
0 Cgc − ILgc − IRgc 0

0 0 C f + S f

,.

JP6(0,1,0) =

 0 0 0
0 IRgc − Cgc + ILgc 0
0 0 R′gl − RglC f + S f

, JP7(0,0,1) =

 P 0 0
0 Cgc − ILgc − IRgc − P 0

0 0 C f + K + S′f

, (4)

JP8(0,0,0) =

 0 0 0
0 IRgc − Cgc + ILgc 0

0 0 C f + S′f


The traces of equilibrium points P5–P8 satisfy tr(J) ≥ 0 according to the stability-checking rule,

which suggests local instability; thus, we only discuss the equilibrium points P2–P4.

Proposition 2. When the system satisfies R′gl < Rgl , IRgc + ILgc< Cgc, C f + S f >0, the equilibrium
point P2 is the ESS. The practical significance of Proposition 2 is, when the benefits of the local government
obtained by means of illegal expropriation are larger than that from legal strategy, the supervised costs for the
central government are larger than a certain value (IRgc + ILgc); and when the settlements for farmers are
non-negative, the dynamic system evolves to a balance over time. Eventually, all central governments choose
the “Unsupervised” strategy, the local governments choose the “Legal” strategy, and the farmers choose the

“Accept” strategy. That is to say, the system reaches the equilibrium state P2(1, 1, 0). The strategy set is {Accept,
Legal, Unsupervised}.
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We set IRgc = 0.3, ILRgc = 0.5, Cgc 1.0, Rgl = 1.0, R’
gl = 0.8, Sf = 0.5, S’

f = 0.6, Cf = 0.5, K = 0.5,
and P = 0.7, while validating Proposition 2 and obtain the simulation results of the game of the three
parties. Figure 3 shows that the “Legal” strategy ratio of the local government and the “Accept”
strategy ratio of farmers increase significantly with time, initially. However, as the supervised costs
for the central government are relative high, the supervised strategy ratio gradually decreases with
time. The system finally reaches equilibrium point P2(1, 1, 0), that is, the ESS is the strategy set {Accept,
Legal, Unsupervised}. In this context, the local government adopts the Legal strategy, and the farmers
can also actively collaborate with the land expropriation of the government. This strategy set P2 will
promote the local construction and development to some extent because it did not cause any conflicts.
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Figure 3. The dynamic evolution of the tripartite game model under the condition of proposition 2.
(a) time evolution of (α, β, γ); (b) time evolutions of α, β and γ.

Proposition 3. When the system satisfies Rgl + P+K< R′gl , C f + S′f + K >0, Cgc < ILgc + IRgc + P, point
P3(1, 0, 1) is the ESS. The practical significance of Proposition 3 is, when the benefits of the local government
obtained from illegal expropriation are larger than that from legal strategy, the supervised costs are less than
a certain value (ILgc + IRgc + P), and the settlements for farmers are non-negative. The system evolves to
the equilibrium state {Accept, Illegal, Unsupervised} and reaches the ESS P3(1, 0, 1). We choose IRgc = 0.3,
ILRgc = 0.5, Cgc = 0.6, Rgl = 1.0, R’

gl = 10.8, Sf = 0.5, S’
f = 0.6, Cf = 0.5, K = 0.5, and P = 0.7, in testing this

proposition, which are considered in the model. Simulation results are shown in Figure 4. The “Supervised”
strategy ratio of the central government and the “Accept” strategy ratio of farmers gradually increases with time.
However, the local government is inclined to choose the “Illegal” strategy, in that the ratio increases rapidly
with time because the illegal benefits are considerably large. Finally, the system reaches the equilibrium point
P3(1, 0, 1), that is, the ESS is {Accept, Illegal, Supervised}.

Proposition 4. When the system satisfies R′gl > Rgl , IRgc + ILgc + P< Cgc, C f + S′f >0, the point
P4(1, 0, 0) is the ESS. The practical significance of Proposition 4 is, when the local benefits of the local government
obtained from the “Illegal” strategy are larger than that from the “Legal” strategy, the supervised costs are larger
than a certain value (IRgc + ILgc + P). The costs of farmers in safeguarding their rights and settlements are
non-negative, and the evolutionary results are {Accept, Illegal, Unsupervised}, reaching the ESS P4(1, 0, 0). We
choose IRgc = 1.5, ILRgc = 0.5, Cgc = 0.5, Rgl = 1.0, R’

gl = 1.5, Sf = 0.5, S’
f = 0.6, Cf = 0.5, K = 0.5, and P = 0.7

in testing this proposition, which are considered in the model. Simulations in Figure 5 show that the “Accept”
strategy ratio of the farmers increases over time. The local government will change their “Legal” strategy into the

“Illegal” strategy because of the benefits of the former. The “Supervised” strategy ratio for the central government
gradually decreases due to the large supervised costs. Finally, the system reaches equilibrium point P4(1, 0, 0),
which is consistent with Proposition 4.



Sustainability 2017, 9, 648 9 of 15
Sustainability 2017, 9, 648  9 of 15 

   

(a)  (b) 

Figure 4. The dynamic evolution of the tripartite game model under the condition of Proposition 3. 

(a) time evolution of (α, β, γ); (b) time evolutions of α, β and γ. 

Proposition 4: When the system satisfies	ܴ௚௟
ᇱ ൐ ܴ௚௟, ௚௖ܴܫ ൅ ௚௖ܮܫ ൅ ܲ ൏ ,௚௖ܥ ௙ܥ ൅ ௙ܵ

ᇱ ൐ 0, the point  ସܲሺ1,0,0ሻ 
is the ESS. The practical significance of Proposition 4 is, when the local benefits of the local government obtained 

from the “Illegal” strategy are larger than that from the “Legal” strategy, the supervised costs are larger than 

a certain value (ܴܫ௚௖ ൅ ௚௖ܮܫ ൅ ܲ). The costs of farmers in safeguarding their rights and settlements are non‐
negative, and  the evolutionary results are  {Accept,  Illegal, Unsupervised}, reaching  the ESS  ସܲሺ1,0,0ሻ. We 
choose IRgc = 1.5, ILRgc = 0.5, Cgc = 0.5, Rgl = 1.0, R’gl = 1.5, Sf = 0.5, S’f = 0.6, Cf = 0.5, K = 0.5, and P = 0.7 in 

testing this proposition, which are considered in the model. Simulations in Figure 5 show that the “Accept” 

strategy ratio of the farmers increases over time. The local government will change their “Legal” strategy into 

the “Illegal”  strategy because of  the benefits of  the  former. The “Supervised”  strategy  ratio  for  the  central 

government gradually decreases due  to  the  large  supervised  costs. Finally,  the  system  reaches  equilibrium 

point	 ସܲሺ1,0,0ሻ, which is consistent with Proposition 4. 

(a)  (b)

Figure 5. The dynamic evolution of the tripartite game model under the condition of Proposition 4. 

(a) time evolution of (α, β, γ); (b) time evolutions of α, β and γ. 

3. Analysis of Influencing Factors 

The model  involves  the  costs  of  the  “Supervised”  strategy  and  safeguarding  the  rights  of 

farmers, and the variance of the creditability of the government and other factors, which will have a 

significant  effect  on  the  strategy  selections.  We  discuss  the  above‐mentioned  factors  on  the 

evolutionary results thoroughly in this section. The settings of simulation parameters are shown in 

Table 3. 

0.5 0.6 0.7 0.8 0.9 1
-0.5

0

0.5
0.5

0.6

0.7

0.8

0.9

1

x

z

y

E
0
(0.5,0.5,0.5)

P
3
(1,0,1)

0 2 4 6 8 10 12 14 16 18 20
-0.2

0

0.2

0.4

0.6

0.8

1

1.2



st
ra

te
gy

 r
at

io

 

 





0.5 0.6 0.7 0.8 0.9 1

0

0.2

0.4

0.6

0.8
-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

z

E
0
(0.5,0.5,0.5)

P
4
(1,0,0)

0 2 4 6 8 10 12 14 16 18 20
-0.2

0

0.2

0.4

0.6

0.8

1

1.2



st
ra

te
g

y 
ra

tio

 

 





Figure 4. The dynamic evolution of the tripartite game model under the condition of Proposition 3.
(a) time evolution of (α, β, γ); (b) time evolutions of α, β and γ.
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Figure 5. The dynamic evolution of the tripartite game model under the condition of Proposition 4.
(a) time evolution of (α, β, γ); (b) time evolutions of α, β and γ.

3. Analysis of Influencing Factors

The model involves the costs of the “Supervised” strategy and safeguarding the rights of farmers,
and the variance of the creditability of the government and other factors, which will have a significant
effect on the strategy selections. We discuss the above-mentioned factors on the evolutionary results
thoroughly in this section. The settings of simulation parameters are shown in Table 3.

Table 3. The settings of simulation parameters.

Parameters IRgc ILgc Cgc P R′gl Rgl Sf S′f Cf K

Value 1.5 0.5 [1.0, 1.8] [0.4, 1.5] [0.5, 2.0] 1.0 0.6 0.5 [0.1,0.5] 0.5
Figures Figure 6 Figure 7 Figure 8 Figure 9

3.1. The Supervised Costs of the Central Government Cgc

In order to test the impact of supervised costs of the central government, the parameter Cgc, which
is set to range from 1.0 to 1.8, while fixing other parameters. The simulation results in Figure 6 reveal
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that the “Supervised” strategy ratio decreases when the supervised costs of the central government
increase from 0.3 to 1.8. The simulation results demonstrate that the supervised costs can hinder the
central government in performing the supervised strategy.
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Figure 6. The effect of supervised costs on the evolutionary strategy of the central government.

This result coincides with the real practice. As a country with a vast territory and multi-hierarchy
levels of management, the supervised cost for the central government to closely monitor local affairs is
usually high, especially for the conflicts of land expropriation with negative impacts. Therefore, some
negative incidents would happen as the local officials think they are outside the central government’s
control (“Tian Gao Huang Di Yuan” in Chinese old saying). Luckily, the supervised cost for the
central government is reducing in the information era. With rapid development of mobile networks,
it is much easier for the central government to know what is happening as the local people post
relevant information during conflicts via social media to attract the attention of society and the upper
government. In addition, with the development of NGOs, the voices of land-lost farmers as a group
have more channels to be heard by the central government. Therefore, it is harder and harder for the
local governments to conceal any affairs with negative impacts.

3.2. The Punishment for the Illegal Strategy of the Local Government P

Similarly, we fix other parameters and change the punishment for the illegal strategy of the local
government P, which ranges from 0.4 to 1.5. Figure 7 shows that the decrease of punishment can lead
the local government to change their strategy from legal (dotted lines) to illegal (straight line), because
the costs of illegal expropriation decrease with the reduction of punishment.

In past decades, punishment for the illegal strategy of the local government during land
expropriation was comparatively small due to various reasons. First is the high supervised cost
of the central government, as mentioned previously. Covering up the illegal strategy was quite
easy for the local government. Second is the awareness and the channels of rights protection were
comparatively few for the land-lost farmers. Therefore, it was difficult to place more punishment
on local officials. Third is the major concern of the past decades was development, which presented
barriers in realizing fairness in solving conflicts of land expropriation. However, this condition is
changing. With education improvement and information development, more and more people care
about their rights and have more channels to express their opinions. In order to realize the future
of common wealth, the central government is also paying attention to fairness and improve the
punishment for local officials of illegal actions. Therefore, the punishment of the illegal strategy would
become higher and higher, making the illegal strategy gradually unbearable.
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Figure 7. The effect of punishment for the illegal strategy on the evolutionary strategy of the
local government.

3.3. The Benefits from Illegal Expropriation of the Local Government R′gl

The effects of the illegal benefits are investigated by fixing other parameters and only changing
R′gl . Especially, R′gl is chosen as R′gl = 0.5, 1.0, 1.5, 1.8. The simulation results are calculated and shown
in Figure 8. Simulation results indicate that the strategy of local government gradually changes from
legal to illegal expropriation with an increase of illegal land revenue. Some local government will
adopt the “Illegal” strategy in actual situations, such as decreasing the compensation and resettlement
standards. Based on the results in Section 3.2, enhanced regulation from the central government
is necessary.Sustainability 2017, 9, 648 12 of 15 
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Figure 8. The effect of benefits from illegal expropriation on the evolutionary strategy of the
local government.

The benefits of illegal land expropriation were very large as the local government mainly relied on
land finance for infrastructure development and the provision of public services [36,37]. In addition to
potential rent-seeking of the local officials, the local government would obtain more finances through
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transferring land with higher prices, but expropriating land with lower price. With more provisions
of infrastructure and public services, the political achievement would help local officials to gain
more promotions. Yet, as the central government is changing, the political performance evaluation,
other issues, e.g., environment protection, and the population’s happiness have also been considered.
Therefore, the economic development incentive of the local government may be less, which further
makes benefits of illegal land expropriation less attractive.

3.4. The Costs of Farmers in Safeguarding their Rights C f

We investigate the effect of the costs of farmers in safeguarding their rights. Particularly, set
C f = −0.5, 0.1, 0.3, 0.5 and simulation results are shown in Figure 9. The system converges fast with
an increase of the cooperation costs. When C f is considerably large for the farmers in actual situations,
the farmers will choose silence; they will not pursue or think that any defense measures are useless.
In contrast, the convergence velocity slows down slightly with the decrease of C f , because some farmers
are hesitant to safeguard their rights. We continue to reduce C f to a certain value. The land-lost
farmers change their initial “Accept” strategy to resist against illegal land expropriation from the local
government to protect their lawful rights and own interests. However, this value, in reality, does not
exist, and is only used in the simulation model and the change rule of the observation strategy.Sustainability 2017, 9, 648 13 of 15 
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Figure 9. The effect of the costs of peasants in safeguarding their rights on the evolutionary strategy.

It is easy to understand that the rational farmers have to be silent when the cost is too high for
them to protect their rights. If the cost is somewhat bearable (or irrationally considered as bearable),
the land-lost farmers would usually take various measures to protect their rights during conflicts of
land expropriation, especially when their awareness of rights protection has been awoken. The cost of
rights protection has been reduced due to information and relevant NGOs’ development. On the other
hand, the central government should provide more channels and reduce the cost of rights protection
in order to develop a harmonious society in China.

4. Conclusions and Suggestions

In China, conflicts on land expropriation have been investigated through various aspects by
researchers. However, studies on the behavior of the central and local governments, and the land-lost
farmers in the conflicts of land expropriation are limited. This paper fills this research gap through
evolutionary game theory and the replicator dynamics model. A tripartite evolutionary game model,
including the central and local governments, and land-lost farmers, is built to examine how different
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types of strategies of the stakeholders evolve dynamically under limited rational conditions. Game
analysis and simulation results are summarized as follows: (1) When the regulatory costs of the
central government are small, the illegal benefits of the local government are less than a certain value,
and farmers can obtain certain compensation and resettlement; the ESS of the system is {Accept,
Legal, Supervised}. (2) The game ESS changes into {Accept, Legal, Unsupervised} when the costs of
supervision are raised. (3) The game ESS for the system will be {Accept, Illegal, Supervised} when
the illegal income from land expropriation of the local government increases. (4) The stable strategy
evolves to {Accept, Illegal, Unsupervised} when the costs of supervision continue to increase.

The process of land expropriation is partly caused by the defects of the system of land
expropriation in contemporary China and information asymmetry. For the broad masses of farmers,
losing land and shelter will make their lives considerably difficult. These farmers will also outrage at
the expropriation of their land for low compensation even when they are compensated by the local
government. Once they cannot maintain their rights and interests legally, their grievances cannot
be released and can easily trigger land conflicts. Some local governments in a strong position take
advantage of the system design and the aid of administrative rights in the land expropriation game
to pursue their best interests. They even force land expropriation, and lower compensation and
resettlement standards, consequently producing conflicts with farmers.

Serious asymmetric information makes it impossible for land-lost farmers to achieve satisfactory
game equilibrium, and some even lead to the low efficiency of the game or severe conflict. Therefore,
a fair and transparent game environment is necessary in the current transitional society. The evolution
paths of game strategy for the central and local governments show that the central government should
improve the legal system of land expropriation through better legislation, strict law enforcement,
enhanced regulation capability, and increased penalties for illegal behavior. Conversely, the evolution
path of strategy selection for farmers shows that constructing an unblocked channel of benefit
expression and effectively protecting their legal rights are important in solving conflicts and achieving
sustainable development. This research can provide good references for the central and local
governments to reduce conflicts during land expropriation. Yet, it should be noted that there are still
some limitations in the existing study due to preset research objective and limited time. Future studies
should conduct investigations into the roles of other stakeholders, e.g., NGOs and the interacting role
of “opinion leader” and “farmers’ union”. The model can also be extended to analyze four stakeholders
in future studies.
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