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Abstract: Agricultural land abandonment is a complex, multidimensional, and nonlinear global
phenomenon driven by multiple factors and has contrasting impacts on agrobiodiversity, the envi-
ronment, and society. Appropriate management strategies on abandoned cultivated land are helpful
in maintaining food and ecological security. However, there are few studies on the management
of cultivated land abandonment from the perspective of stakeholders. Based on the stakeholder
perspective and focusing on the two main modes of farmland abandonment management, namely,
“transfer-oriented management” and “condition-improved management”, this study constructs two
evolutionary game models to analyze the interest conflicts, decision-making behaviors and interest
game foci of different subjects in the two management modes. Simulation analysis is conducted to
verify the equilibrium results of the evolutionary game to find the key problems in abandonment
management and put forward corresponding management policies. This study reveals the inter-
nal mechanism of abandonment management, thus providing a theoretical basis for the classified
management of abandoned cultivated land.

Keywords: cultivated land abandonment; evolutionary game; simulation analysis; management strategy

1. Introduction

Since the mid-twentieth century, with urbanization of rural populations in advanced
and emerging industrial countries in the Americas and Europe, due to the continuous
decline in agricultural comparative income and the accelerated transfer of the agricultural
labor force to non-agricultural industries [1,2], large areas of farmland have been abandoned
and gradually evolved into a global land use phenomenon [3]. For instance, between
1980 and 2000, the Spanish Region of Murcia saw more than 9% of its land abandoned,
particularly soils with marginal agricultural productivity [4,5]. In just five years, from 2000
to 2015, China’s cultivated land area decreased by 1.44 million hm? [5,6]. Risk areas for land
abandonment are widespread in EU countries and are not limited to mountain regions [7].

The experience of developed countries also shows that cultivated land abandonment
is a common phenomenon in the process of urbanization and industrialization. The
global trend of abandonment is also strong. Despite the increasing global demand for
agricultural products and the increasing scarcity of land suitable for farmland expansion [8],
socioeconomic impacts, trade, institutional structure, land use policies, etc. [9,10], cultivated
land abandonment is still a common land use change process in many countries and regions
of the world. Characterized by a wide area, large quantity, and long duration [11,12],
abandonment exists in Europe, the Mediterranean, Latin America, Africa, and Asia, to
varying degrees.

Land abandonment has had a series of impacts on social economies and on the
ecological environment, such as threatening agricultural economic development and food
security, destroying farmland biodiversity and agricultural landscape heterogeneity [13],
soil erosion [14], etc. The significant reduction in the crop sowing area directly caused by
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abandonment will lead to varying degrees of food production reduction and regional food
shortages, which will then affect the goods and services provided by agricultural land, thus
exerting a profound impact on society as a whole [15].

To mitigate these negative effects, appropriate management and conservation strate-
gies are necessary [16]. Governments of various countries have taken a series of measures
to curb the trend of abandonment [17], such as the “Common Agricultural Policy” in
the European Union [18]. Europe also promulgated the LFA (less-favoured areas) [19]
agricultural development policy, which aims to improve agricultural production efficiency
by strengthening infrastructure construction to encourage and guide farmers to recultivate
abandoned land, with financial support. To control land abandonment in mountainous and
semi-mountainous areas, Japan introduced a direct-subsidy agricultural policy for moun-
tainous and semi-mountainous areas in 2000, aiming to maintain agroforestry development
in these areas with financial support [20].

At the same time, cultivated land abandonment has gradually become a research
hotspot. Scholars have studied abandonment from various perspectives, such as economy,
geography, ecology, humanity, and law. The research scope has expanded from the impacts
of abandonment to the exploration of its driving factors, then to the observation, simulation,
and prediction of the spatial and temporal distribution of abandonment. However, studies
on the management of cultivated land abandonment are still scarce. Studies have asserted
that some portion of the abandoned lands should be managed to address global issues,
such as food insecurity and the need for biofuel [21,22].

Abandonment management is a complex behavioral game process involving stake-
holders, including farmers, agricultural enterprises, and governments, with varied interest
demands, interest expressions, and interest conflicts. Therefore, from the perspective of
stakeholders, this paper uses an evolutionary game to study the management of cultivated
land abandonment and carries out simulation analysis based on land abandonment in
China. Through coordinating the interest relationships among various subjects, this paper
helps in optimizing the management strategy of farmland abandonment and provides a
reference for other countries and regions in the world. It also facilitates the formation of
sustainable comprehensive agricultural production capacity and food security [23].

2. Literature Review

Evolutionary game theory (EGT) originates from the imitation dynamics proposed
by Abrams (2006) [24] and Taylor and Jonker (1978) [25]. The difference between EGT and
traditional game theory is that traditional game theory is based on the complete rationality
of humans. However, in actual economic activities, perfectly rational participants are
almost nonexistent. Veblen was the founder of the school of institutional economics [26].
He was the first to propose a critique of neoclassicism’s view that rationality encompasses
the complex customary activities of humans. Thereafter, Arrow proposed the concept of
limited rationality [27]. Simon provided the definition of the finiteness assumption for the
first time [28].

EGT is a new research approach based on traditional game theory. Unlike traditional
game theory, EGT assumes that human rationality is limited and that complete information
conditions are unnecessary. Initially, EGT was commonly used in biological fields [29,30].
With the development of the internet and artificial intelligence (Al), EGT has been applied
in many other fields. For instance, in the economics sphere, the EGT method is usually
used to forecast future development trends [31,32]; in the medical field, EGT is used to
analyze the voluntary vaccination method [33]; in the energy field, EGT is used to explore
the behavioral strategies of private sectors from the perspectives of green energy generators
and sellers [34]; in the field of pollution control, EGT is used to analyze the impact of
the operational mechanisms of local governments’ different expenditure preferences on
the production behavior of industrial polluting enterprises, to specify the behavioral
characteristics and optimal strategies of local environmental management [35]. In addition,
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other disciplines have employed the EGT method to address forecasting or management
problems [36,37].

Currently, EGT has been widely used in the study of cultivated land protection and
management involving multiple stakeholders, including studies of land fallow [38], solu-
tions to land hoarding and land inspector dilemmas [39,40], the conversion of arable land
back to forests [41], the control of heavy metal pollution in cultivated land [42], farm land
allocation [43,44], and land-use planning [45]. These studies show that the evolutionary
game model can effectively clarify the contradictory foci of various stakeholders in land
protection and the evolutionary characteristics of decision-making.

Abandonment management involves stakeholders, including farmers, agricultural
enterprises, and governments. For different subjects, their different interest demands
will affect the effectiveness of abandonment management policy. Farmers, agricultural
enterprises, and local governments have a strong inclination to opportunism, and their
goals are very different in the process of abandonment management. The application of
EGT is helpful in establishing and improving the long-term supervision and incentive
mechanisms, thus optimizing abandonment management strategy [46,47].

Although abandonment of productive cultivated land is a concern, few studies have
explored the management strategies of abandoned cultivated land [48,49]. Joung et al.
(2020) modeled two types of decision-making by farmers—individual decision-making for
investing their efforts in rice cultivation to seek their own profits, and decision-making
for investing their efforts in collective action, such as earthworks or irrigation works—
to understand the decision-making of farmers who owned rice paddy fields that were
being cultivated and to identify the conditions or institutions that would help the farmers
in implementing an efficient management scheme [50]. That study adopted the EGT to
investigate how to prevent farmers from abandoning the fields. That study was a pioneering
attempt to apply EGT to abandoned land management. However, EGT is rarely applied to
studies on cultivated land abandonment from the perspective of stakeholders.

The existing literature suggests that “transfer-oriented management” [51] and “condition-
improved management” [52] are the two main management modes of land abandonment.
In the first mode, for farmers who are unwilling or unable to engage in agriculture, policies
are focused on perfecting the land transfer market to be specific and encouraging and
guiding farmers to transfer land to scale farmer households or agricultural enterprises to
curb land abandonment. In the second mode, for farmers who want to farm but need to
abandon land due to poor agricultural production conditions, policies are focused on per-
fecting agricultural infrastructure construction and reducing production costs to increase
agricultural income.

Based on the bounded rationality hypothesis and combining the two main modes of
abandonment management, this paper discusses the interaction mechanism and evolution-
ary trend of each subject’s strategy choice under different parameters, thereby revealing the
evolutionary characteristics of stakeholders’ decision-making behaviors in abandonment
management and providing theoretical guidance for abandonment management.

3. Game Model I: Evolutionary Game and Simulation Analysis of Abandoned Land
Transfer between Farmers and Agricultural Enterprises

3.1. Assumptions

In transfer-oriented management, when land transfer income exceeds farmers’ value
expectations for land management rights, farmers will be willing to transfer cultivated
land. The higher the transfer income, the better. However, agricultural enterprises' pursue
the acquisition of land management rights at minimum cost, so they will try to reduce the
transaction costs of acquiring land management rights as much as possible. In the absence
of supervision, conspiring with local governments has become a way for agricultural
enterprises to achieve goals, but farmers’ interests are severely damaged at the same time.
Therefore, to regulate the land transfer market, it is necessary for central governments to
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supervise the conspiracy between local governments and agricultural enterprises to ensure
the protection of farmers’ interests. Specific assumptions are as follows.

(1) Farmers and agricultural enterprises are game bodies with bounded rationality.

(2) Agricultural enterprises intend to transfer into land and realize large-scale operations
to maximize their interests. To simplify the model, situations in which agricultural
enterprises do not transfer into land are not included in this study. There are two ways
for agricultural enterprises to transfer into land: negotiated transfer and compulsory
transfer. The first means transfering into farmers’ lands by negotiation; the second
means transfering into farmers’ lands by conspiring with local government to force
farmers to transfer land, for the purpose of obtaining more land at lower prices [53,54].
If the conspiracy of forced transfer is found by the central government, the agricultural
enterprises would be punished at the cost (F), and farmers would receive a subsidy (B).

(38) For farmers, in the case of transferring land, their land transfer incomes obtained by
negotiated transfer and compulsory transfer are, respectively, I; and I (I; > Ip); in the
case of abandonment, the potential economic value of the abandoned land is denoted
by I3 owing to its potential production and social security functions. In addition, in
the case of compulsory transfer, farmers need to pay costs (C) if they choose to keep
abandoned cultivated land.

(4) For agricultural enterprises, the transaction costs for negotiated transfers and com-
pulsory transfers are T; and T, respectively (T; > T). In the case of transferring
land successfully, agricultural enterprises need to pay farmers land transfer incomes;
otherwise, they do not need to do so. Agricultural enterprises” operating incomes
are Ry and R, (Ry > Ry) in the cases of successful and unsuccessful land transfers,
respectively.

(5) Farmers’ strategy setis (transfer, abandonment). Assuming that farmers’ probability of
transferring land is x (0 < x < 1), then their possibility of abandoning land is (1 — x).
Agricultural enterprises’ strategy set is (negotiated transfer, compulsory transfer). If
the agricultural enterprise’s possibility of negotiated transferis y (0 < y < 1), then its
possibility of compulsory transfer is (1 — y).

3.2. Evolutionary Game Analysis

Based on the above assumptions, the following payment matrix is obtained (Table 1).

Table 1. Payment matrix of the game between farmers and agricultural enterprises.

Farmers
Transfer Abandonment
Agricultural Negotiated transfer (Ri —T7—13, h) (Ry — Ty, I3)
enterprises Compulsory transfer (R —Tp —I, —F, I, +B) (Rp—Tp, I3—C)

First, farmers’ incomes are calculated according to their different strategies. A farmer’s
expected income from the land transfer strategy is as follows:

Ei =yl + (1-y)(I2+B) )
A farmer’s expected income by adopting the abandonment strategy is as follows:

By =yl + (1-y)(I-C) @
Therefore, farmers’ average expected income is as follows:

E= xE; + (1 — X)Ez 3)
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The replication dynamic equation of farmers’ behavior strategies is further stated
as follows:

— X 1y -L—B=C) + L+B—(;— C)] )

F(x) = i

Similarly, agricultural enterprises” incomes are calculated according to their different
strategies. An agricultural enterprise’s expected income by negotiated transfer is as follows:

U =x(Ri =T; = I;) + (1 =x)(Ry —Ty) (5)
An agricultural enterprise’s expected income by compulsory transfer is as follows:
U =x(Ri =To =L =F) + (1-x)(Ry = T2) (6)
Therefore, agricultural enterprises” average expected income is as follows:
U=yU; + (1-y)Us )

The replication dynamic equation of agricultural enterprises” behavior strategy is
further stated as follows:

By) = =y(Ui - 0) =y(1 - y)x(L+F-T) + T~ T] ®

The simultaneous replication dynamic equations of the behavior strategies of farmers
and agricultural enterprises are as follows:

)

If F(x) = F(y) = 0, the equilibrium solutions (i.e., the local equilibrium points) of the
dynamic system of the evolutionary game between farmers and agricultural enterprises
are (0, 0), 0, 1), (1, 0), (1, 1) and (@, b*), a* = g%, b* = B=C-BB Thuys, the Jacobi

L+F-I;/
matrix of the game system is obtained as follows:
JoF(x)  9F(x)
2 d
=1 o orly 10)
ox dy

Among the above matrices,

®) — (1-29)[y(h —L,—B—C) + L, +B— (I3 —C)]
Q%Q:xa—xxh—h—B—C)
T =y(1-y) (L +F-T)

TH) = (1-2y)x(L+E~T) + To—T]

(11)

According to Friedman (1991), the local stability analysis of the Jacobi matrix can test
the local equilibrium stability of population dynamics [55]. Therefore, the determinant
det.J and trace tr.] corresponding to the Jacobi matrix J are calculated as follows:

det]= (1—-2x)(1—-2y)[y0; - L —-B—-C) + L, +B
—(13 —C)][X(Iz—l—F—Il) + TQ—Tl]
—xy(1-x)(1-y)(I1 =L —=B-C)(L+F-1) (12)
trJ=(1-2x)[y(I —-L,—-B—-C) + L +B— (I3 — C)]
+(1=2y)[x(Ip +F—1;) + To —Ty]
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If the above local equilibrium points are substituted into the simultaneous equations
of det.J and tr.], the signs of each local equilibrium point are calculated, and their stability
is judged (Table 2).

Table 2. Values of the determinant and trace of the Jacobi matrix of the game system between farmers
and agricultural enterprises.

Equilibrium Point det.J tr.]
(0, 0) [l +B— (I3 - C)[(T, — Ty) L+B—-(I3-C) + (T2 —T1)
(0, 1) —(I1 =13)(T2 = Ty) (It =I3) = (T — Ty)
(1, 0) —(L+B-L+C)L+F—-L + (T, —Typ)] —(L+B-L+C)+ (I,+F—-11 + T, —Ty)
(1, 1) (I =13) [(I +F=1;) + (T2 —Ty)] —(Ii =3) = [(I+F—=1;) + (T2 —Ty)]
(a*, b¥) —xy(1-x)(1-y)I; - -B-C)(I. +F-1Ip) 0

Table 2 shows that the trace of the Jacobi matrix corresponding to the central point
(a*, b¥) is 0, indicating that this point is not a stable equilibrium point, so we do not have
to discuss it for the time being. It is known thatI; > I, T; > T, Ry > Ry, so the signs
of the determinants and traces of each local equilibrium point in Table 2 can be judged by
comparing farmers’ transfer incomes, I + B, with abandonment incomes, I3 — C.

(1) When a farmer’s abandonment income, I3 — C, exceeds the transfer income, I, + B, as
shown in Table 3, the stability of the game system can be judged by scenario analysis.

Table 3. Results of local equilibrium stability of the game system between farmers and agricultural

enterprises.
L+F+Ty>1; +T4 L+F+Ty>11 +T4 L+F+Ty<Ii +T4 L+F+Ty<I; +T4
and I1 >3 and I1 <13 and I1>1; and I1 <13
Eq“;gib;:“m detj trJ  Stability det] tr]  Stability  det] trJ Stability det] trJ Stability
(0, 0) + - ESS + - ESS + - ESS + - ESS
(0, 1) + + No - + No + + No - + No
(1, 0) + + No + + No — =+ Yes — + No
(1, 1) + — ESS — + No — + No + + No

Table 3 shows that when I, + B < I3 — C, point (0, 0) is the stable equilibrium point in
any situation. That is, (abandonment, compulsory transfer) is the final stable equilibrium
strategy combination of the evolutionary game. However, this combination fails to achieve
the social goal of alleviating abandonment and promoting land transfer. In this case, if
I + F+ T, > 1) +T7 and I; > I are satisfied simultaneously, then point (1, 1) becomes a
stable equilibrium point of the game. That is, (transfer, negotiated transfer) is also a stable
equilibrium strategy combination of the evolutionary game. This combination not only
alleviates abandonment through land transfer but also ensures farmers’ interests, which
accords with social expectations.

Figure 1 is the evolutionary phase diagram of the game under the conditions of
ILb+F+T; >1; + Ty and I; > I3. Point E is the saddle point (a*, b*). When the initial
strategy combination of the game falls within the quadrilateral AEBD, the game system
will eventually converge to D (1, 1). Specifically, (transfer, negotiated transfer) will become
the final stable equilibrium strategy combination of the evolutionary game. The larger the
area of the quadrilateral AEBD, the greater the probability that the game will converge
to (1, 1). In contrast, when the initial strategy combination falls within the quadrilateral
AEBO, the game system will eventually converge to O (0, 0). Specifically, (abandonment,
compulsory transfer) will become the final stable equilibrium strategy combination of
the evolutionary game. The larger the area of the quadrilateral AEBO, the greater the
probability that the game will converge to (0, 0). To make the game system eventually
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converge to the stable equilibrium (transfer, negotiated transfer) expected by society along
path ED, saddle point E should be closer to point O so that the area of the quadrilateral
AEBD is expanded. According to Figure 1, Sapgp = 1 — %(a* +b*), indicating that Saggp
and a* +b" are negatively linearly correlated. Therefore, the following measures can
be taken to reduce the value of a* 4+ b*: improving the information transparency of the
supply and demand parties in the land transfer market, introducing intermediaries in the
land transfer market to reduce the transaction costs of negotiated transfers, aggravating
penalties (F) for agricultural enterprises, and increasing farmers’ compensation (B) in cases
of compulsory transfers.

A
B(O, 1) > D (1, 1)

S

<+ >
o (0, 0 A (1, O

Figure 1. Evolutionary phase diagram of the game between farmers and agricultural enterprises.

(2) When a farmer’s transfer income, I, 4+ B, exceeds abandonment income, I35 — C, as
shown in Table 4, the stability of the game system can be judged by scenario analysis.

Table 4. Results of the local equilibrium stability of the game system between farmers and local

governments.
Scenario 1 Scenario 3 Scenario 2 Scenario 2
12+F+T2>Il+T1 12+F+T2>11+T1 12+F+T2<11+T1 12+F+T2<11+T1
and I > I3 and I; < I and I; > I3 and I; < I3
Equlilolibnrt‘“m detJ trJ  Stability det] tr] Stability det] trJ  Stability det] trJ Stability

(0, 0) — + No — + No — + No — + No
(0, 1) + + No — + No + + No — + No
(1, 0) — + No — + No + — ESS + — ESS
(1, 1) + — ESS — + no — + No + + No

Scenario 1: Iy + F 4T > 11 + T and I; > I5. Its economic significance is as follows:
agricultural enterprises’ cost of a compulsory transfer exceeds that of a negotiated transfer,
and a farmer’s transfer income is greater than the potential value of the abandoned land.
In this case, the evolutionary game will converge to (1, 1); that is, (transfer, negotiated
transfer) is the final equilibrium strategy combination of the evolutionary game, which is
expected by society. To achieve this convergence, the following measures can be undertaken:
aggravate the penalties (F) for agricultural enterprises in cases of compulsory transfer;
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take appropriate measures to reduce the transaction cost (T7); and increase farmers’ rent
incomes (1) in the land transfers.

Scenario 2: I + F 4+ T, < I; + T1. Regardless of the values of I; and I3, the evolu-
tionary game will converge to (1, 0). That is, (transfer, compulsory transfer) is the final
equilibrium strategy combination of the evolutionary game. In this scenario, although
farmers will receive certain compensation from interest redistribution by the central gov-
ernment, agricultural enterprises will still collude with the local government for maximized
interests due to weak punishments. In this case, land transfers are unstable, and farmers
may not abide by land transfer contracts. Therefore, transfer and compulsory transfer
is not the most ideal game equilibrium strategy. The stable equilibrium strategy of the
game can evolve to Scenario 1 when the punishment for agricultural enterprises in cases of
compulsory transfer is aggravated.

Scenario 3: I + F 4+ T, > I; + T and I; < I3. No stable equilibrium solution exists in
this case.

In conclusion, when a farmer’s transfer income, I, + B, exceeds abandonment income,
I; — C, two possible stable equilibrium strategies exist in the evolutionary game. If I + F +
Ty > I; + T and I; > I3, then the game converges to the strategy combination (transfer,
negotiated transfer) expected by society. If I + F 4 T < I; 4 Ty, then the game converges
to the strategy combination (transfer, compulsory transfer), but it is not optimal.

3.3. Simulation Analysis

To verify the results of the above evolutionary game and intuitively show the sys-
tematic evolution path, Python 3.7 was adopted to simulate the game. In the following
analysis, the evolution of the game between farmers and agricultural enterprises under
the constraints of a central government is simulated by assigning values to the parameters
according to different scenarios.

(1) According to the analysis in Section 3.2, when a farmer’s transfer income, I, + B, is
less than the abandonment income, I3 — C, if I + F+ T, > I; + T and I} > I3, there
may exist two stable equilibrium strategy combinations in the evolutionary game,
and the final result of the evolutionary game is related to the position of central point
E and the probability value of the initial strategy. Specifically, the closer central point
E is to the upper right, the greater the probability that the evolutionary game will
converge to (0, 0). In contrast, the closer the central point is to the lower left, the higher
the probability of converging to (1, 1). Following are the simulations by parameter
assignments in different situations.

Set the parameter valuesasI; = 17,1, =9,13 =15,T1 =4, T, =2, F=11,B =2,
C =1, and set the initial values of (x,y) as (0.3, 0.7) and (0.6, 0.4), respectively, so the center
pointE (a*, b*) is (%, %), and is located at the upper right of the evolutionary phase diagram.
The simulation results are shown in Figure 2. At this moment, so long as the probability
value of the initial strategy combination falls within the scope of the quadrilateral AEBO,
no matter how the probability value changes, the game system will eventually converge
to (0, 0). Specifically, (transfer, compulsory transfer) will become the stable equilibrium
strategy of the evolutionary game, which is in accordance with the above analysis.

Set the parameter valuesasI; = 17,1, =9,I3 =13,T1 =4, T, =3,F=11,B =2,
C =1, and set the initial values of (x,y) as (0.3, 0.7) and (0.6, 0.4), respectively, so the center
point E (a*,b*) is (3, 1), and is located at the lower left of the evolutionary phase diagram.
The simulation results are shown in Figure 3. At this moment, so long as the probability
value of the initial strategy combination falls within the scope of the quadrilateral AEBD,
no matter how the probability value changes, the game system will eventually converge
to (1, 1). Specifically, (transfer, negotiated transfer) will become the stable equilibrium
strategy of the evolutionary game, which is in accordance with the above analysis.
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Figure 2. Path diagram of the evolutionary game on abandoned land transfer between farmers and

agricultural enterprises under constraint (I, + B < I3 — C and point E located at the upper right).
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Figure 3. Path diagram of the evolutionary game on abandoned land transfer between farmers and

agricultural enterprises under constraints (I + B < I3 — C and point E located at the lower left).

(2) According to the analysis in Section 3.2, when a farmer’s transfer income, I; + B,
exceeds abandonment income, I3 — C, the game system will converge to different
results with the change of I + F + T, and Ij + T;. The following are the simulations
by parameter assignments in different situations.

When I, + F + T, > I; + Ty and I; > I3, set the parameter values as I; =17, I, =12,
I3 =15T; =4,T, =2,F=11,B =4, C = 3, and set the initial values of (x,y) as (0.3, 0.7)
and (0.6, 0.4), respectively. The simulation results are shown in Figure 4. At this moment,
no matter how the probability value of the initial strategy combination changes, the game
system will eventually converge to (1, 1). Specifically, (transfer, negotiated transfer) will
become the stable equilibrium strategy of the evolutionary game, which is in accordance

with the above analysis.
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Figure 4. Path diagram of the evolutionary game on abandoned land transfer between farmers and
agricultural enterprises under constraints (I, + B > Is —Cand I, + F+T, > 1) +T1, I} > I3).

When I, + F + T, > Ij 4+ T1, no matter what the values of I; and I3 are, the game
system will converge to (1, 0). I} > I3 is taken as an example to conduct simulation
verification. Set the parameter valuesasI; =20,I, =12,13=15,T1 =4, T, =2,F =8,
B =4, and C = 3, and set the initial values of x, y as 0.3, 0.7 and 0.6, 0.4, respectively.
The simulation results are shown in Figure 5. In this case, no matter how the probability
value of the initial strategy combination changes, the game system will eventually converge
to (1, 0). Specifically, (transfer, compulsory transfer) will become the stable equilibrium
strategy of the evolutionary game, which is in accordance with the above analysis.

(0.3,0.7)
==== yv(x0,v0) = (0.3,0.7)

+ x (x0, v0) (0.6,0 4)

y (x0, y0) (0.6,0.4)

Figure 5. Path diagram of the evolutionary game on abandoned land transfer between farmers and
agricultural enterprises under constraints (I, + B > I3 —Cand I, + F+ T < I; + Ty).
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4. Game Model II: Evolutionary Game and Simulation Analysis of Abandoned Land
Reclamation between Farmers and Local Government

4.1. Assumptions

In condition-improved management, farmers who are suitable for recultivation and
local government have the motivation to maximize their own interests. For farmers, when
their recultivation incomes exceed their non-agricultural incomes during abandonment,
they will recultivate, or otherwise abandon the land. If a local government takes measures
to improve the infrastructure construction or production conditions for agricultural pro-
duction, the increase in agricultural income will enhance farmers’ willingness to recultivate.
For local governments, when their political achievement in recultivation is greater than the
cost invested in infrastructure improvement, the local government will obey the superior
government’s requirement to promote recultivation, or otherwise take no action. However,
farmers may still abandon land even though the infrastructure is improved by the local
government. Therefore, local governments face uncertain risks, including poor political per-
formance or even punishment by superior governments. According to the above analysis,
the specific assumptions are as follows.

(1) Local government and farmers are game bodies with bounded rationality.

(2) A denotes the local government’s cost of agricultural infrastructure construction,
G denotes its political achievement in promoting recultivation, and D denotes the
punishment if it fails to promote recultivation.

(38) Farmers will receive agricultural income I and subsidy B if the land is recultivated.
However, if farmers continue to abandon land, they will lose the subsidy and receive
punishment F. I3 denotes a farmer’s non-agricultural income during abandonment.
Owing to the old-age security function of cultivated land assets for Chinese farmers
and its economic value [56], abandoned land still possesses a certain potential value,
which is denoted by R.

(4) In a game system, the benefits and costs of game bodies are mutually affected by
their strategies, so it is essential to make assumptions about local government and
farmers’ costs and benefits. First, in the case of implementing policies of the superior
government, local governments will obtain political achievement G;, and farmers
will obtain agricultural income I;. Second, in the case of violating policies of the
superior government, if farmers recultivate land, the local government will obtain
achievement, G, (G1 > Gp), and farmers will obtain agricultural income, I, (I; > Iy);
if farmers continue to abandon land, the local government will obtain no achievement
or economic benefit, and farmers will obtain potential income R; (R; > Rp).

(5) Farmers’ strategy set is (recultivation, abandonment). Assuming that farmers’ prob-
ability of recultivation is x (0 < x < 1), then their possibility of abandoning land is
1 — x. The local government’s strategy set is (implementation, violation). If the local
government’s possibility of implementation is y (0 < y < 1), then its possibility of
violation is (1 —y).

4.2. Evolutionary Game Analysis

Based on the above assumptions, the following payment matrix is obtained (Table 5).

Table 5. Payment matrix of the game between farmers and local government.

Farmers

Recultivation Abandonment

Implementation (Gi1—A, I} +B) (A—-D, I3 —F+Ry)
Violation (Gz, I, + B) (—D, I3 -F+ Rz)

Local government
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First, a farmer’s income is calculated according to different strategies. A farmer’s
expected income from the recultivation strategy is as follows:

Ei =yl +B)+ (1 -y)(I2+B) (13)
A farmer’s expected income by adopting the abandonment strategy is as follows:
Ey =y(Is3 —F+Ry) +(1-y)(Is —F+Ry) (14)

Therefore, farmers’ average expected income is as follows:

E = xE; + (1 —x)E; (15)

The replication dynamic equation of farmers’ behavior strategy is further stated
as follows:

F(x) = & = x(F; — F)

— x(1=X)[y(l ~ L — Ry + Ry) + T + B — (Iy — F+ Ry) (16)

Similarly, we calculate the local government’s income according to its different strate-
gies. The local government’s expected income from adopting the implementation strategy
is as follows:

U = x(G1 — A) + (1 x)(—A — D) 17)

The local government’s expected income by adopting the violation strategy is as
follows:
U, =x*xGy+ (1 —x)(—D) (18)

Therefore, the local government’s average expected income is as follows:
U=yU; +(1-y)Us (19)

The replication dynamic equation of the local government’s behavior strategy is further

obtained: 4
F(y) = d%, =y(U1 - U) =y(1 -y)[x(G1 - Gz) — A] (20)

The simultaneous replication dynamic equations of the behavior strategies of farmers
and local government are as follows:

F(x) = & =x(E; — E) =x(1 - x)[y(lh —L — R +Ry) + L + B— (I3 —F+Ry)]

F(y) = 5 =y(Ui - U) =y(1-y)[x(G1 — G2) — A]
(21)

If F(x) = F(y) = 0, the equilibrium solutions (i.e., the local equilibrium points) of
the dynamic system of the evolutionary game between farmers and local government are
0, 0),(0, 1), (1, 0),(1, yand (a*, b*),a* = oA, b* = LR-HP) Thus, the Jacobi
matrix of the game system is obtained as follows:

JF(x)  9JF(x)
X 9
J=| oy oty (22)
0x ay
Among the above matrices,
= _2;(}2[Y(Il —Lh =Ry +Ry) + L +B— (I3 —~F+Ry)]
8(;) = X(l — X) (Il —IL —Ri+ Rz) 23

al;(XY) =y(1-y)(G —G2)

W = (1-2y)[x(G1 — Ga) — A]
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According to Friedman (1991), the determinant det.] and trace tr.] corresponding to
the Jacobi matrix J are calculated as follows:

det] = (1 - 2X)(1 — Zy) [y(Il —L—Ry+ Rz) +L+B- (13 —F+ Rz)]
[X(Gl - Gz) - A] - Xy(l - X)(l - y)(Il - Iz - R1 + Rz)(Gl - Gz)
tr]=(1-2x)[y(lh —L =Ry +Ry) + L +B— (I3 —F+Ro)|+
(1=2y)[x(G1 —Ga) — A]
Substitute the above local equilibrium points into the simultaneous equations of det.]

and tr.]. The signs of each local equilibrium point are calculated, and their stability is judged
(Table 6).

(24)

Table 6. Values of the determinant and trace of the Jacobi matrix of the game system between farmers
and local government.

Equilibrium Point det.J tr.J
(0, 0) [IQ+B (I3+R2* )](*A) 12+Bf(13+R27F)*A
(0, 1) (H—-L—-R;+Ry)+L+B—(I3+R, —F)]A (L-L—-R+R)+L+B—(Iz3+R,—F)+A
(1, 0) [3+R, —F— (I, +B)](G; — Gy — A) L+R,—F—(I,+B)+ (G —Gy—A)
(1 1) [(117127R1+R2)+12+B7(IngszF)}>|< 7[(117127R1+R2)+12+B7
’ (G1 =G —A) (I3 +Ry —F)] = (G1 -Gy - A)
(a*, b") —xy(1=x)(1-y)(h = =Ry + R2)(G1 — G2) 0

The local equilibrium point would be a stable equilibrium point of the evolutionary
game if it satisfies det.] > 0 and tr;j < 0. Table 6 shows that the trace of the Jacobi matrix
corresponding to the central point (a*, b*) is 0, indicating that this point is not a stable
equilibrium point, so it is not essential to discuss it for the time being. Before judging
the signs of det.J and tr.] corresponding to other local equilibrium points, we first need to
compare the sizes of the parameters affecting the game system. According to the above
hypothesis, G; > Gy, I} > I, R; > Ry. I} — I, is the difference in a farmer’s agricultural
income when the local government implements and violates the policy of investing in
agricultural infrastructure construction. R; — Ry is the potential income difference of
abandoned land when the local government implements and violates the policy of investing
in agricultural infrastructure construction. Since the potential income of abandoned land
depends on agricultural income, it can be inferred that the difference in agricultural income
before and after agricultural infrastructure improvement exceeds that of the potential
income of abandoned land; namely, I; — I, — R; + Ry > 0. Based on this judgment, we
discuss each equilibrium point by scenario analysis.

According to Table 7, this paper discusses the evolutionary process of the game in four
scenarios.

Table 7. Results of the local equilibrium stability of the game system between farmers and local

government.
Scenario 1 Scenario 2 Scenario 3 Scenario 4
12+B>(I3+R2—F) 12+B>(I3+R2—F) Ib+B< (I3+R2—F) I,+B< (I3+R2—F)
and G1*G2 >A and Glsz <A and Glsz >A and G1*G2 <A
Eq“;})‘;rt‘“m detJtr]  Stability det] trJ  Stability det] trJ Stability det] trJ Stability
(0, 0) - &£ No — + No + — ESS + — ESS
(0, 1) + + No + + No Undetermined Undetermined
(1, 0) e No + — ESS + + No — + No
(1, 1) + - ESS - + No Undetermined Undetermined
(a*, b*) - 0 Saddle — 0 Saddle — 0 Saddle point — 0 Saddle point

point point
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Scenario 1: I + B > I3 + Ry — Fand G; — G, > A. Its economic implications are as
follows: the local government violates the policy of the superior government, farmers’
recultivation incomes (agricultural income + subsidy) exceed the incomes from continuing
abandonment (i.e., farm income + potential income from abandoning land less fines for
policy violation), and the income difference between the local government’s implementation
and violation strategies exceeds the cost of agricultural infrastructure investment. Table 7
shows that only the equilibrium point (1, 1) is stable at this time; that is, (recultivation,
implementation) is the stable equilibrium state of the game. This strategy combination
helps in alleviating abandonment, realizing cultivated land value, and bringing positive
benefits to local government. Therefore, this result is in line with the value orientation of
the whole society.

The above scenario is influenced by I, I3, B, Ry, F, G, Gg, A, etc. Among them, B, F,
Gi, Gy, and A are influenced by policy regulation. Therefore, to reach the equilibrium state,
the following measures can be undertaken: regulating and perfecting the production and
sales market to raise agricultural products’ value (Ip), increasing agricultural subsidies (B),
enhancing the assessment of local governments’ achievements (G; and Gy) on recultivation,
and reducing the agricultural infrastructural investment (A) by technology introduction or
innovation.

Scenario 2: I + B > (Is + Ry — F) and G; — G, < A. Its economic implications are
as follows: the local government violates the policy of the superior government, farmers’
recultivation incomes exceed the potential incomes from abandonment, and the cost of
agricultural infrastructure investment exceeds the income difference between the local
government’s implementation and violation strategies. Table 7 shows that only the equi-
librium point (1, 0) is stable at this time; that is, (recultivation, violation) is the stable
equilibrium state of the game. This may be due to the promoted value of agricultural
products, increased agricultural subsidies, or constrained non-agricultural income due to
high age. The reasons for the local government’s violation might be its lack of attention or
the high investment cost of improving agricultural infrastructure. Although abandoned
land is recultivated in this scenario, the equilibrium strategy is not optimal, and there
still remains room for Pareto improvement. Effective measures can be taken to transform
this equilibrium into the stable equilibrium of Scenario 1. For example, enhancing the
assessment of the local government’s achievements in recultivation, reducing agricultural
infrastructural investment by technology introduction or innovation, strengthening the
local government'’s sense of social responsibility, etc.

Scenario 3: I + B < I3 + Ry — Fand G; — G, > A. Its economic implications are as
follows: the local government violates the policy of the superior government, farmers’
incomes from abandonment exceed their recultivation incomes, and the income difference
between the local government’s implementation and violation strategies exceeds the cost
of agricultural infrastructure investment. Table 7 shows that the stable equilibrium point is
(0, 0); that is, (abandonment, violation) is the stable equilibrium state of the game, and point
(1, 0) is unstable. However, as the signs of det.j and tr.j of the two local stable equilibrium
points remain undetermined, further discussion is necessary.

According to Table 8, when I} — Ry — (I, —Rp) + I, +B — (Is —F+Ry) > 0, its
economic implications are that the difference in farmers’ agricultural net incomes (i.e.,
farmers’ agricultural incomes less the potential income from abandoning land), between
the local government’s implementation and violation strategies, exceeds the difference in
farmers’ incomes between their recultivation and abandonment strategies when the local
government violates the superior government'’s policy. In this case, the stable equilibrium
point of the game is (1, 1), that is, (recultivation, implementation) is the stable equilibrium
state of the game. Consistent with Scenario 1, this state is in line with social expectations.
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Table 8. Stability results of the local equilibrium point in Scenario 3.

L+B< (13 + Rz—F) and G1—-Gy>A

L-L—R1+Ry + 1 + B—(I3—F + R2)>0 L-L—Ri+Ry +1I + B—(I3—F + R2)<0
Equilibrium Point det.J tr.J Stability det.J tr.J Stability
(0, 1) + + Unstable - + Unstable
(1, 1) + - ESS - + Unstable

Whenl; — Ry — (I —Rp) + L +B— (Is; —F+Ry) < 0, its economic implications
are as follows: the difference in farmers’ incomes, between their recultivation and aban-
donment strategies when the local government violates the superior government’s policy,
exceeds the difference in farmers’ agricultural net income (i.e., farmers’ agricultural income
less the potential income from abandoning land) between the local government’s imple-
mentation and violation strategies. According to Table 8, neither (0, 1) nor (1, 1) are stable
equilibrium points.

According to the above analysis, in Scenario 3, whenIlp +B < I3 +Ry, —F, G =G, > A
andI; —R; — (I —Ry) + L +B— (Is —F+Rp) > O, there are two stable equilibrium
points (0, 0) and (1, 1) in the evolutionary game; specifically, both (abandonment, violation)
and (recultivation, implementation) are stable equilibrium strategy combinations in the
evolutionary game. However, (abandonment, violation) is not socially expected. Next,
this section will analyze the process and probability of the game reaching the above two
equilibrium points based on an evolutionary phase diagram (Figure 6), in which point E
represents the central point (a*, b*).

'y
' 4
- —
0o (0, 0) A (1, 0)

Figure 6. Evolutionary phase diagram of the game between farmers and local government in

Scenario 3.

When the initial strategy combination of the game falls within the quadrilateral AEBD,
the game system will eventually converge to D (1, 1). Specifically, (recultivation, implemen-
tation) will become the final stable equilibrium strategy combination of the evolutionary
game. The larger the area of quadrilateral AEBD, the greater the probability that the game
will converge to (1, 1). In contrast, when the initial strategy combination falls within the
quadrilateral AEBO, the game system will eventually converge to O (0, 0). Namely, (aban-
donment, violation) will become the final stable equilibrium strategy combination of the
evolutionary game. The larger the area of quadrilateral AEBO, the greater the probability
that the game will converge to (0, 0). To make the game system eventually converge to
the stable equilibrium (recultivation, implementation) expected by society along path ED,
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saddle point E should be closer to point O so that the area of the quadrilateral AEBD
is expanded. According to Figure 6, Sagpp = 1 — %(a* +b*), indicating that Sygpp and
a* +b" are negatively linearly correlated. Therefore, the following measures can be taken to
reduce the value of a* 4+ b*: enhance the assessment of local governments’ achievements on
recultivation, save agricultural infrastructure investment by technology introduction and
improved management mode, increase agricultural subsidies appropriately, and increase
agricultural income by perfecting agricultural infrastructure.

Scenario 4: I + B < I3 + Ry — Fand G; — G; < A. Its economic implications are as
follows: the local government violates the policy of the superior government, farmers’
incomes from abandonment exceed their recultivation incomes, and the cost of agricultural
infrastructure investment exceeds the local government’s income difference between its
implementation and violation strategies. Table 7 shows that the stable equilibrium point is
(0, 0); that is, (abandonment, violation) is the stable equilibrium state of the game, and point
(1, 0) is unstable. However, as the signs of det.j and tr.j of the two local stable equilibrium
points remain undetermined, further discussion is necessary.

According to Table 9, whenI; —R; — (L —Ry) + L+B— (I3 —F+Ry) > 0, its
economic implications are that the difference in farmers’ agricultural net incomes (i.e.,
farmers” agricultural incomes less the potential income from abandoning land), between
the local government’s implementation and violation strategies, exceeds the difference
in farmers’ incomes between their recultivation and abandonment strategies when the
local government violates the superior government’s policy. Neither (0, 1) nor (1, 1)
are stable equilibrium points. Whenl; —R; — (I, —Ry) + L+B— (Iz —F+Ry) < 0,
its economic implications are as follows: the difference in farmers’ incomes, between
their recultivation and abandonment strategies when the local government violates the
superior government’s policy, exceeds the difference in farmers’ agricultural net incomes
(i.e., farmers’ agricultural income less the potential income of abandoning land) between
the local government’s implementation and violation strategies. Neither (0, 1) nor (1, 1)
are stable equilibrium points.

Table 9. Stability results of the local equilibrium point in Scenario 4.

ILL+B< (13 + Rz*F) and G1—Gy <A

I]-Iz—Rl + R2 + 12 + B—(I3—F + R2)>0 11—12—R1 + Rz + 12 + B—(I3—F + R2)<0
Equilibrium Point det.J tr.J Stability det.] tr.J Stability
(0,1) + + Unstable — + Unstable
(1,1) - + Unstable + + Unstable

In summary, in Scenario 4, when I + B < (I3 + R; — F) and G; — G, < A, only one
stable equilibrium point (0, 0) exists. That is, (abandonment, violation) is the final stable
equilibrium strategy combination of the evolutionary game. However, this combination
fails to accord with social expectations.

4.3. Simulation Analysis

This paper adopted Python 3.7 to simulate the game. The evolutionary results of
the game system wee verified by assigning values to the parameters in the above four
scenarios.

(1) Scenariol:Ip 4+ B > I3+ Ry — Fand G; — Gy > A. Set the parameter values as: I; =9,
L=713=10,G; =15G; =10,R; =5 Ry =4,F=5,B =3, A = 3, and set the
initial values of (x, y) as (0.3, 0.7) and (0.6, 0.4).> The simulation results are shown in
Figure 7. This indicates that no matter how the probability value of the initial strategy
combination changes, the game system will eventually converge to (1, 1). Specifically,
(recultivation, implementation) will become the stable equilibrium strategy of the
evolutionary game, which is in accordance with the above analysis.
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Figure 7. Path diagram of the evolutionary game of Scenario 1 (I +B > I3 + R, —Fand G; — G, > A).

@)

Scenario 2: I + B > I3 + Ry — Fand G; — Gy < A. Set the parameter values as: I; =9,
Iz = 7,13 = 10,G1 = 15,G2 = 10,R1 IS,RZ :4,F:5,B :3,A:8,andset
the initial values of (x, y) as (0.3, 0.7), (0.6, 0.4). The simulation results are shown in
Figure 8. This analysis indicates that no matter how the probability value of the initial
strategy combination changes, the game system will eventually converge to (1, 0).
Specifically, (recultivation, violation) will become the stable equilibrium strategy of
the evolutionary game, which is in accordance with the above analysis.

x(x0,v0) = (0.3,0.7)
vix0, v0) = (0.3,0.7)
x(x0,v0) = (0.6,0.4)

vix0, y0) = (0.6,0.4)

.....................................

10

Figure 8. Path diagram of the evolutionary game of Scenario 2 (I + B > I3+ Ry —Fand G; — G, < A).

®)

Scenario 3: L, +B < I3+ Ry —F, G — G, > Aand [; — R; — (Iz—Rz) +IL+B-—
(Is = F+Ry) > 0. There may exist two stable equilibrium strategy combinations in
the evolutionary game, and the final result of the evolutionary game is related to the
position of central point E and the probability value of the initial strategy. Specifically,
the closer central point E is to the upper right, the greater the probability that the
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evolutionary game will converge to (0, 0). In contrast, the closer the central point
to the lower left, the higher the probability of converging to (1, 1). Following is the
simulation by parameter assignments in different situations.

Set the parameter valuesas I} = 12, I, = 7,13 = 10, G; = 15, G, = 10, R; = 6,
Ry, =5,F=2,B =3, A = 4, and set the initial values of (x, y) as (0.3, 0.7) and (0.6, 0.4),
respectively, so center point E (a*, b*) is (%, %), and is located at the upper right of the
evolutionary phase diagram. The simulation results are shown in Figure 9. At this moment,
so long as the probability value of the initial strategy combination falls within the scope
of quadrilateral AEBO, no matter how the probability value changes, the game system
will eventually converge to (0, 0). Specifically, (abandonment, violation) will become
the stable equilibrium strategy of the evolutionary game. This is in accordance with the
above analysis.

1.0 - = x(x0,y0) = (0.3,0.7)
==== yix0,v0) = (0.3,0.7
+ x(x0,v0) = (0.6,0.4)

0.8 1 ; : ; X
v(x0,v0) = (0.6,0.4)

Figure 9. Path diagram of the evolutionary game of Scenario 3 (I + B <I3 + Ry —F, G; — Gy, > A
and[; — R; — (IZ—Rz) +I,+B— (I3—F+R2) > 0).

Set the parameter valuesas I} = 12, I, = 7,13 = 10, G; = 15, G, = 10, R; = 6,
Ry =5,F =4,B =3, A =2, and set the initial values of (x, y) as (0.3, 0.7) and (0.6, 0.4),
respectively, so center point E (a*, b*) is (%, %), and is located at the lower left of the
evolutionary phase diagram. The simulation results are shown in Figure 10. At this
moment, so long as the probability value of the initial strategy combination falls within the
scope of the quadrilateral AEBD, no matter how the probability value changes, the game
system will eventually converge to (1, 1). Specifically, (recultivation, implementation) will
become the stable equilibrium strategy of the evolutionary game. This is in accordance

with the above analysis.
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Figure 10. Path diagram of the evolutionary game of Scenario3 (I, + B <I3 + Ry — F, G; — Gy > A
andl; —Rj — (L —Rp) + I, +B— (I —F+Ry) > 0).

(4) Scenario4:I, +B < I3 +Ry; —Fand G; — Gy < A. Set the parameter values as: I} =9,
Lb=713=10,G; =15G; =10,R; =5 Ry =4, F=5,B =3, A =6, and set
the initial values of (x, y) as (0.3, 0.7), (0.6, 0.4). The simulation results are shown
in Figure 11. This analysis indicates that no matter how the probability value of
the initial strategy combination changes, the game system will eventually converge
to (0, 0). Specifically, (abandonment, violation) will become the stable equilibrium
strategy of the evolutionary game, which is in accordance with the above analysis.

1.0 1 x(x0,v0) = (0.3,0.7)
———-= yv(x0,v0) = (0.3,0.7)

+ x (x0, v0) (0.6,0.4)

0.8 1 *  y(x0,v0) = (0.6,0.4)

Figure 11. Path diagram of the evolutionary game of Scenario 4 (I, + B < I3 + Ry —Fand G; — G, < A).
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5. Discussion and Conclusions

Focusing on the management of cultivated land abandonment, this study constructed
an evolutionary game model to analyze the evolutionary process of farmers, agricultural
enterprises, and local governments in the management process and explored the decision-
making mechanisms of the interactions among various subjects. According to the game
results, targeted policies were proposed to optimize abandonment management so that the
game could converge to the ideal balance strategy combination expected by society.

In transfer-oriented management, the main game subjects were farmers, agricultural
enterprises, and potential stakeholders (i.e., local governments). Without the supervision
of a central government, agricultural enterprises would conspire with local governments to
acquire land management rights through forced transfers. Farmers would transfer land
only when their land transfer benefits were greater than the potential benefits of continued
abandonment. Otherwise, farmers would continue to abandon farmland to obtain the
potential benefits.

Under the supervision of a central government, the ideal stable equilibrium will appear
only when a farmer’s transfer income is greater than the potential abandonment income,
and agricultural enterprises’ cost of a forced transfer is greater than that of a negotiated
transfer. However, other equilibrium solutions may also exist. To converge to the ideal
equilibrium of the game system, it is essential to increase the transparency of land transfer
supply and demand information, reduce the transaction cost of negotiated transfers by
introducing the third-party intermediary in abandoned land transfers, increase agricultural
enterprises’ punishment, and increase farmers’ compensation for forced transfer, etc.

In “condition-improved management”, the main game subjects were farmers and local
governments. The evolution of the game included four scenarios, but only Scenario 1 and
Scenario 3 reached the ideal game equilibrium. Scenario 1 indicated that when a local
government violates the policies of a superior government, the overall income of farmers
from resuming cultivation is greater than that from continuing with abandonment, and the
difference between the total income obtained by the local government from implementing
and violating the policies of the superior government is greater than the cost of agricultural
infrastructure construction. At this point, the final equilibrium of the evolutionary game
converges to the optimal equilibrium strategy combination expected by society (reculti-
vation, implementation). Scenario 3 indicated that before a local government improves
the agricultural infrastructure, farmers” incomes from abandoning land are greater than
those from recultivation. However, after improving the agricultural infrastructure, farmers’
incomes from recultivation would in turn exceed the incomes from abandonment, and the
difference of local government’s total revenue under the two strategies would be greater
than the cost of agricultural infrastructure construction. In this scenario, two equilibrium
solutions exist. To converge to the ideal equilibrium of the game system, it is essential
to strengthen the assessment of local governments in recultivation promotion, improve
agricultural production conditions required by abandoned land to increase farmers’ farm-
ing incomes, save investment in agricultural production infrastructure construction by
introducing advanced technology and management methods, and increase agricultural
subsidies appropriately.

The stakeholders involved in abandonment management and their interest objec-
tives, game focuses, and equilibrium strategies are universal and representative, and
provide a reference for other regions of the world. The game and simulation results of
the two management modes proposed in this study have been verified in practice. For
example, the game result of “transfer-oriented management” has been verified in the
abandonment management of Zhenyuan County, Qingyang City, Gansu Province, China,
while “condition-improved management” has been verified in Chengmai County, Hainan
Province, China. These two cases illustrated the theoretical guiding value of this study
for abandonment management. However, the heterogeneity of the causes of cultivated
land abandonment under different temporal and spatial conditions results in different
stakeholders, conflicts of interest, and game focuses. For instance, the Chinese grassroots
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governments may have a great impact on cultivated land abandonment. Specifically, village
collectives may act as an intermediary between farmers and agricultural enterprises in
land transfers, while village collectives’” interests may conflict with those of farmers or
agricultural enterprises. Therefore, evolutionary games among farmers, enterprises, and
village collectives warrant further research. A game model of abandonment management
involving different stakeholders can be built in the future based on this study, and the
game model can be adjusted according to local conditions to expand the scope of this
study’s applications.
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Notes

1

In this study, agricultural enterprises refer to profitable economic organizations that obtain products through planting production
and management. It mainly refers to large-scale agricultural operation subjects. The pursuit of agricultural enterprise is to obtain
the land management right at the minimum cost, so it will reduce the transaction cost and consideration needed to obtain the
right as much as possible.

2 Set different initial values for (x, y) to test if the initial values affect the results.
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