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Abstract: Implementing a land fallow policy is of great significance for ensuring China’s food security
and promoting the improvement of the ecological environment. The implementation of a fallow
project involves different stakeholders. Farmers are the main participants in the fallow project.
The decision of farmers to practice fallow is the key factor for the successful development of the
fallow project. Therefore, this study theoretically reveals the decision-making mechanism of farmers’
participation in cultivated land fallow by utilizing the hawk-dove evolutionary game theory among
farmers and explains some challenges in the implementation of fallow in Guizhou Province. We drew
the following conclusions: (1) The behavior of farmers will be affected by other farmers in the same
situation, and the effects of mutual incentives and imitations between the groups of farmers are
affected by their interests; (2) in the fallow project, the rate of choosing either fallow or unfallow
depends on the ratio of fallow income to planting income. If the income of participating in fallow
is higher, the demonstration effect of farmers participating in fallow is stronger, and the strategy of
continued cultivation is adopted. The fewer unfallow farmers there are, the more consolidated the
results of fallow will be; and (3) the government should protect the income of farmers after fallow
as much as possible, implement flexible subsidy policies, and formulate corresponding policies to
successfully consolidate the fallow results.

Keywords: cultivated land fallow; farmer group; hawk-dove game theory; compensation;
decision-making behavior

1. Introduction

With its rapid economic development and urbanization, China’s traditional extensive use of
cultivated land can no longer meet the current requirements of sustainable development. Despite
a 13-year continuous increase in food production, Chinese farmers’ incomes are still lower than other
industries. On the other hand, continuous degradation of large-scale cultivation poses a serious threat to
food security, environment, and economic and social development. In some areas, erosion, acidification,
compaction, and desertification of land have become serious agricultural and environmental problems.
The deterioration of cultivated land and the ecological environment has further threatened China’s food
security [1,2]. To solve the negative externalities caused by unreasonable arable land use, the Chinese
government, for the first time, proposed to implement the arable Land Fallow Project (LFP) at the Fifth
Plenary Session of the 18th Central Committee in the groundwater funnel area, the northeast cold area,
the heavy metal pollution area, and the ecologically fragile area. The project aims to rehabilitate land,
especially cultivated land [3–5], to ensure its sustainable use.

Land fallow is an effective measure widely adopted in developed countries to protect cultivated
land, repair the ecological environment, and adjust the planting structure. Implementing a farmland
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fallow system is significant for ensuring food security and sustainable use of resources. The land fallow
in developed countries was mostly aimed at regulating grain production, and then gradually evolved
into an important means to mitigate overproduction and improve the agricultural environment [6–9].
Europe, the United States, and Japan have been implementing cultivated land fallow since the
1930s, and relatively mature arable land fallow systems have been established [10–12], such as
the Conservation Reserve Program (CRP), which was implemented in 1985 by the United States
Department of Agriculture [13–15]. Since the implementation of the CRP, the EU has also begun to
implement a land preservation plan. In 1988, the European Union launched a five-year voluntary
fallow project. Unlike the United States, the EU proposed fallows to control budgets and reduce
food production [16–19]. At the same time, many European and American scholars have achieved
rich results regarding the response of farmland households to land fallow [20–24], the ecological and
environmental effects of land fallow implementation [23,25–28], and the economic effects of land fallow
policy implementation [23,29].

While China’s research on fallow began relatively late, Chinese scholars have conducted research
on the experience of international fallow policy [30–32], the model of land fallow, and the behavior
of fallow farmers. These studies mainly focus on empirically studying factors affecting farmers’
behavioral decision-making, fallow compensation standards, and fallow implementation methods.
For example, in studying the farmer’s willingness to participate in fallow, Rao (2016), Li et al. (2015),
Yu et al. (2017), Li et al. (2018), and Xie et al. (2018) analyzed the factors affecting farmers’ willingness
to fallow from the farmers’ perspective [32–35]. Chen et al. (2018), Long et al. (2017), Liu et al. (2018),
and Xie et al. (2017) [36–39] studied the influential factors and willingness of farmers to participate in
fallow in the groundwater funnel area. Yin et al. (2015) studied farmers’ willingness to participate
in fallow and found great variance in their economic compensation demand as it was significantly
affected by their family size, household annual per capita net income, ecological fallow willingness
index, and economic compensation expectations [40]. Chen et al. (2018) and Zhang et al. (2019)
studied the impact of different compensation models on farmers’ welfare from the perspective of
farmers’ livelihood [36,41,42]. There are also scholars discussing the relationship between farmers’
policy response, subsidy methods, and the number of subsidies [43].

In summary, the existing research mainly focuses on the empirical analysis of the internal and
external factors affecting farmers’ participation in fallow and the validity of fallow compensation.
Few scholars have theoretically analyzed the impact of the behavioral strategies of various participants
toward the land fallow policy. The cultivated land fallow project is complex and systematic,
involving different stakeholders, each with different interests. Among these stakeholders, farmers
are the main participants, both as the practitioners and beneficiaries of the fallow project and, thus,
the implementation of the fallow project will have a direct impact on the interests of farmers. Whether
farmers will participate in fallow is key to successful implementation of the fallow project. As rational
brokers, farmers often seek to maximize their own interests when choosing whether to participate in
fallow. Therefore, encouraging farmers to participate in fallow is of prime concern to the government.

Land fallow is not only a method to protect cultivated land, but is also an important way to
improve the cultivated land productivity. Compensation standard and compensation mode of fallow
farmers are important parts of the fallow farmland system [44]. The implementation of fallow will
directly reduce farmers’ income from farmland and affect farmers’ interests. Moreover, land fallow
compensation is also directly related to farmers’ enthusiasm and willingness to fallow and it is a key
issue affecting the effective operation of fallow.

During the implementation of cultivated land fallow in Guizhou, it was seen that, due to the
complex implementation environment of fallow and the differences in characteristics and cognitive
levels of farmers, most farmers can only make simple decisions instead of maximizing the expected
utility. When farmers face multiple choices, farmers’ rational thinking ability and behavior choice
strategy become imitation behavior or herd behavior in most cases.
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Based on this, this study proposes the following research questions: What are the current problems
of farmers participating in fallow in Guizhou Province, and how does one reveal the behavioral choice
mechanism of farmers in Guizhou Province participating in fallow project combine the game theory?

Studying the cultivated land fallow project from the perspective of farmers and fully considering
their choices has important theoretical and practical significance for promoting the improved
implementation of China’s fallow policy. This paper, which analyzes farmers’ fallow strategies
from the perspective of farmer group behavior using hawk-dove game theory to analyze the dynamic
equilibrium ratio and behavioral mechanism of farmer fallow (mainly fallow) or non-fallow (replanting)
in the process of farmland fallow policy, can effectively explain some of the phenomena observed
during the implementation of fallow in Guizhou, which is of real value.

2. Study Area Summary

Guizhou is located in the watershed of the Pearl River system and the Yangtze River system
and belongs to the typical subtropical plateau mountainous area. Guizhou Province is a traditional
farming area with high population density. The regional economy is regressive, and the productivity
level is low. Guizhou’s economy is greatly dependent on the natural environment, and Guizhou has
a very serious degree of rocky desertification. By the end of 2018, the resident population of Guizhou
Province was 36 million, and the regional GDP (GDP) was 1,480,645 million yuan, ranking 25th among
31 provinces and cities in China; the per capita GDP reached 41,244 yuan [45]. To better understand
the socio-economic situation of the study area, Table 1 shows the regional GDP of the five fallow pilot
counties of 2017.

Table 1. Research area 2017 GDP.

County Gross Domestic Product.
(GDP) (100 Million Yuan)

Per Capita GDP
(Yuan)

GDP Ranking in 88 Counties
in Guizhou Province

Wanshan 41.93 36,209 80
Songtao 114.52 23,319 39

Qinglong 65.03 26,579 64
Liuzhi 165.30 33,043 27

Carbonate rock in Guizhou Province is widely distributed, and is the major part of the southwestern
karst landform. The area of rocky desertification reached 3.316 million hectares, accounting for 25.6%
of the total area of rocky desertification in China, and the exposed area of karst accounted for 61.92%
of the total area of the province [46,47]. Severe rocky desertification in Guizhou Province has caused
frequent soil erosion and natural disasters in some regions, which has also aggravated regional poverty.

Due to the fragile ecological environment and human activities in the karst area of Guizhou
Province, a highly unstable regional system of human-land relationship has been formed, which is
characterized by poor natural resource endowment, lagging economic development, and severe
fragmentation of cultivated land [48,49]. Under the contradiction of this special human-land
relationship, the cultivated land in the ecologically fragile areas of Guizhou is mostly in a marginal
utilization state [50]. Due to the poor natural conditions of marginal cultivated land, it is difficult to
improve the state of cultivated land utilization by strengthening farmland input and improving field
management. Farming incomes are difficult to raise, and fallow farmers receive subsidies. Therefore,
the implementation of fallow project is very necessary.

In 2016, the Chinese government proposed a pilot project for fallow cultivation in the southwest
and northwest regions where there is serious ecological degradation. As shown in Figure 1, the pilots
were mainly concentrated in the Wanshan Special Zone, Songtao County; Tongren City, Guizhou
Province; Liuzhi District, Liupanshui City, Qinglong County, and Qifeng County; they amounted to
a total fallow of 2 million mu (1 mu = 0.0667 hectares (ha)) for the first batch of projects.
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Figure 1. Distribution of cultivated land fallow in Guizhou Province.

3. Status of the Land Fallow Project in the Study Area

To further investigate the specific details of the implementation of fallow farmland in Guizhou
Province, the research team conducted field research in the Wanshan Special Zone in Songtao County
and the Liuzhi Special Zone in Tongren City, Guizhou Province in May and August 2017, respectively.
From a total of 700 questionnaires that were sent out, 689 were returned; of these, 46 invalid
questionnaires were excluded and 643 valid questionnaires were used. The questionnaire recovery
rate was 98.4%, and the questionnaire efficiency was 91.86%.

The basic characteristics of the comprehensive farmers we have learned that the gender of the
heads of the survey sample is mostly male, accounting for 86.23% of the total sample. Most farmers
whom engaged in agricultural production are elderly; the education level is concentrated in primary
school and below, those with high school and above only account for 5.13% of the sample size, and the
overall education level is low. Among the surveyed households, the family income mainly comes from
agriculture, as shown in Table 2.

Table 2. Basic situation of the sample.

Farmer Characteristics Option Ration (%)

Gender
Male 86.23

Female 13.37

Age
0~40 9.8
41~60 70.34

Over 61 years old 20.86

Family population
1~3 people 34.37
4~6 people 51.79

More than six people 13.84

Educational level

Elementary school and below 66.10
Junior high school 28.15

High school 5.13
College and above 0.62

Main source of family income Agricultural income 76.36
Non-agricultural income 23.64

Whether the farmer is concurrently Not concurrently 61.12
Concurrently 38.88
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Through field research, we found that the implementation of the fallow project in Guizhou
Province faces many practical problems.

The willingness of the farmers reflects their enthusiasm to participate in the fallow project. It can be
seen from Table 3 that most farmers indicated that they are willing to participate in fallow; these farmers
accounted for 76.36% of farmers, while the “unwilling” farmers accounted for 23.63%. It can be seen
that the implementation of the cultivated land fallow project in Guizhou Province has a broad public
support base.

Table 3. Survey of farmers’ participation in cultivated land fallow.

Option

Farmers’
Willingness to

Participate in Fallow

Farmers’ Cognition of the Content of
Fallow Projects

Whether the Farmer is Satisfied
with the Compensation

Amount for the Fallow Project

YES NO Understanding General Do not understand YES General NO

Ratio 76.36% 23.63% 13.22% 25.65% 61.13% 8.55% 41.06% 50.39%

To smoothly implementing the arable land fallow project, the main participants must have a full
understanding of the project content, including the project’s purpose, implementation method, specific
requirements, fallow area, fallow period, and so on. Farmers are the most important participant in the
implementation of fallow, and their cognition of fallow project is directly related to whether the fallow
can achieve the expected results. It can be seen from Table 3 that the farmers do not have sufficient
understanding of the fallow project, which is not conducive to the development and implementation
of the fallow project.

Through the follow-up cognition and satisfaction survey, we found that although the farmers
supported the fallow project, they are still skeptical about cultivated land fallow, as seen from the
farmer’s cognition of the fallow project implementation and the degree of satisfaction of the subsidy
(Table 3). The farmers in the sample area have a low level of awareness of fallow, and most farmers
do not fully understand the fallow project, which is not conducive to the further implementation
of the fallow project. Additionally, why are some farmers not aware of the cultivated land fallow
project but still participate? From the field investigation, these farmers also display a blindly imitative
conformity behavior when making decisions about fallow; this behavior is not conducive to successful
consolidation of the fallow project.

According to the investigation and analysis results, first, farmers do not know much about fallow
policies, but the actual participation is high, which reflects the imitation behavior of some farmers.
Secondly, the cultivated land fallow subsidy system in Guizhou Province did not fundamentally
encourage farmers to participate in fallow, and most farmers were not satisfied with the implementation
of fallow projects. Although farmers are rational brokers, most of them only consider their short-term
interests. In the survey area, some farmers resumed plantation on fallow farmland because they did
not receive the fallow subsidy in time. Thus, how does one ensure that the farmers do not give up the
fallow and resume planting during the fallow period, and will the farmers continue to participate in
the fallow after the fallow period? What are the reasons for the change of farmers’ strategy? What is
the mechanism of farmers’ fallow decision-making? These problems deserve much attention.

4. Hawk-Dove Game Analysis of Farmers’ Fallow Behavior

4.1. Hawk-Dove Game

The basic concept of evolutionary game theory is the evolutionary stable strategy (ESS).
The intuitive idea is that if the behavior pattern of a group’s original group can eliminate any
small mutant group, then this behavior pattern must be able to obtain a higher expected payment than
the mutant group. As time goes on, the mutant group will eventually disappear from the original group,
and the strategy chosen by the original group is the evolutionarily stable strategy [51]. Evolutionary
game theory assumes that the game is oft-repeated, and that the players in the game are considered
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to have only bounded rationality. They were randomly selected from a large group and had little or
no knowledge of the game they participated in. In evolutionary game theory, participants can obtain
decision information directly through their own experience, indirectly by observing other participants’
decisions and imitations in a similar environment. Participants can also obtain decision information
from the group distribution by observing the history of the game [50–53].

Observing group decision-making helps participants understand what good strategies are.
Participants often imitate good strategies, while bad ones are eliminated in the process of evolution.
Imitation is an important part of the learning process. Successful behaviors or strategies are not only
passed down in the form of preaching but also easily imitated.

In the process of land fallow, due to the complex environment, farmers’ own quality and cognitive
level are different; most farmers can only adopt simple decision-making strategies instead of maximizing
expected utility. As rational brokers, farmers pay more attention to immediate economic interests in
dealing with conflicts between economic and ecological interests and are less willing to bear economic
costs for ecological benefits. At the same time, in dealing with the conflicts between immediate and
long-term interests, farmers must first satisfy their immediate interests due to long-term uncertainties,
and actively strive for long-term interests on this basis. The cultivated land fallow project will change
the stable living conditions of the farmers. When farmers face multiple behavioral choices, in most
cases, farmers’ rational thinking ability and behavior choice strategy are replaced by imitative or herd
behavior. For the game participants with bounded rationality, whether it is Nash equilibrium or not,
the participants with bounded rationality may adopt it. However, farmers do not the transformation to
dominant strategy at the same time, but after repeated games of learning and imitating, which belongs
to the field of evolutionary game theory.

Therefore, using evolutionary game theory to analyze the farmers’ groups participating in fallow
is more practical. We use the classic “hawk-Dove” symmetric game model to analyze the dynamic
equilibrium ratio of fallow and unfallow, restoration of planting and remain fallow in China.

4.2. Hypothesis of the Hawk-Dove Game Theory

In evolutionary game theory, participants can obtain decision information directly through their
own experience, or indirectly by observing other participants’ decisions and imitation in a similar
environment. By observing the distribution of the group, it helps the participants to know what a good
strategy is. People often imitate good strategies, while bad strategies are eliminated in the process
of evolution. Imitation is an important part of the learning process. Therefore, in order to describe
the behavior of participants more accurately, we must examine the dynamic adjustment process of
the economic system; the concept of dynamic equilibrium and the dynamic model occupy a very
important position in the evolutionary game theory. Thus, we make the following assumptions:

Hypothesis 1. The hawk-dove game theory assumes that the players in the game model include farmer 1 and
farmer 2, and each farmer has two strategies: “fallow” and “unfallow (or resume planting)”. Since practicing
fallow is a voluntary act, regardless of whether farmers are large- or small-scale, they can adopt either strategy.

Hypothesis 2. According to the game model and the reality of fallow in China, the bounded rationality
hypothesis assumes that both Farmer 1 and Farmer 2 are “incompletely rational”. During the game, either farmer
does not adopt a completely rational equilibrium strategy but continues to achieve a stable equilibrium result
through continuous learning. This stable equilibrium does not mean that the gamer’s strategy is unchanged but
that the proportion of the game adopting a certain strategy does not change.

Hypothesis 3. The income hypothesis assumes that when farmers participate in fallow, they will receive the
fallow subsidy, the income of the labor transfer after the farmer’s fallow and the expected ecological benefit R.
During the fallow period and due to the unstable nature of the group, the farmer will be able to unfallow (or
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resume planting) to generate the planting income E. In addition, the expected total return of unfallow will be the
expected total loss of participation in fallow; it is assumed that if fallow is a rational behavior choice, then R ≥ E.

4.3. Research Methods

Suppose x represents the proportion of farmers who choose fallow and 1 − x represents the
proportion of farmers who choose unfallow. Based on the above assumptions, the game income matrix
between farmers is constructed, as shown in Table 4.

Table 4. Revenue matrix between farmers.

Farmer 2

FALLOW (x) UNFALLOW (1− x)

Farmer 1
FALLOW (x) (R

2 , R
2 )

(R, E)

UNFALLOW (1− x) (E, R) ( E
2 , E

2 )

According to the above game income matrix, when the farmer chooses fallow, the return is R.
If both parties have the same strategy, then the probability of both sides’ gains and losses is 1

2 . Therefore,
if the farmer chooses to unfallow, then the income of the fallow farmer is R whereas the income of the
unfallow farmer is E; if both farmers choose to unfallow, their income is each E

2 .
Bounded rational players may or may not adopt the Nash equilibrium. Therefore,

the transformation of both farmers’ dominant strategy (rational investment strategy) is not realized
simultaneously, but by repeated games of learning and imitation; this belongs to the field of evolutionary
game theory.

4.4. Game Model Solving

The revenue matrix between the farmers in Table 3 can be used to obtain the expected benefits
when farmers choose the “fallow” and “unfallow” strategies:

u1 = x(
R
2
) + (1− x)(R) = R(1−

x
2
) (1)

u2 = x(E) + (1− x)(
E
2
) =

E
2
(x + 1) (2)

From this, the average expected income of the farmer group can be derived:

u = xu1 + (1− x)u2 = Rx +
E
2
−
(R + E)

2
x2 (3)

According to the dynamic idea of bio replication, when one side of the game adopts a strategy
with low returns, it will change its strategy and turn to the other side. Therefore, the proportion of
members who adopt the unfallow strategy will change. The rate of change in the fallow strategy is
proportional to the above two strategies (fallowing or continuous cultivation) and the extent to which
the benefits exceed the average return. The rate of change of x, the proportion of the game party
adopting the fallow behavior strategy in the above game model, can be expressed by a differential
equation known as a “replication equation”. The replication equation can generally be abbreviated
as F(x) = dx

dt
. According to this equation, dynamic differential equations can be used to obtain the

replication dynamic equation of the game model:

F(x) =
dx

dt
= x(1− x)(u1 − u2) = x(1− x)

[
(R−

E
2
) −

1
2
(R + E)x

]
(4)



Sustainability 2019, 11, 3821 8 of 15

Let F(x) = dx
dt = 0 be used to obtain the stability points of the equation, x∗ = 0, x∗ = 1 and

x∗ = (d−b)
(a−b−c+d) , that is, the stable levels of the farmer’s ratio x adopting the (R

2 , R
2 ) strategy in the

replication dynamic process.
It is worth noting that in the game process, the replication dynamic equation will still return to

the stable state when the decision deviates from the stable point due to the incorrect judgment of the
player. This phenomenon requires that when the x direction deviates from the level below the stable
point x∗, F(x) > 0; when the x direction deviates from the level above the stable point x∗, F(x) < 0,
that is, the derivative of the F(x) at the stable point F(x∗) is less than zero.

When x∗ = 0 or x∗ = 1, there is no difference between the “fallow” or “unfallow” strategy.
According to this assumption, in order to confirm whether the third stable point of the equation is
an evolutionary stabilization strategy, we make the following further verification; according to the
previous assumptions and the specific implementation of cultivated land fallow, farmers will adopt the
fallow policy only when the fallow income is slightly greater than or equal to the income of unfallow.

Whether x∗ = (d−b)
(a−b−c+d) is the stable point of the equation needs further confirmation.

According to the above assumptions, farmers will actively participate in fallow when the respective
income is greater than the income from their own cultivation. Assuming that the farmer’s fallow
income is R = 10, the income of the farmer’s own planting is E = 6:

x∗ =
(d− b)

(a− b− c + d)
=

2R− E
R + E

(5)

F(x) =
dx

dt
= x(1− x)(u1 − u2) = x(1− x)

[
(R−

E
2
) −

1
2
(R + E)x

]
The derivation of F(x) is as follows:

F(x∗) = R−
E
2
− 3Rx + 3

R + E
2

x2 (6)

According to the replication dynamic equation, there are three stable solutions: x∗ = 0, x∗ = 1
and x∗ = 2R−E

R+E . To verify whether x∗ = 2R−E
R+E is the stable point of the equation, R = 10 and E = 6 are

inserted into both Equations (5) and (6) and yield x = 1, x∗ = 7
8 . As shown in Figure 2, when the

x-direction is shifted above the horizontal level of x∗, the evolutionary stability strategy requires
dF(x∗)

dx < 0. When inserting R = 10, E = 6, x∗ = 7
8 into the equation to obtain F(x) < 0, it can be seen

that x∗ = 2R−E
R+E meets all the conditions of the evolutionarily stable strategy (ESS).

Figure 2. Copying dynamic equation phase diagram of the game model.

4.5. Result

According to the above model, the ESS solution of the replicated dynamic equation is x∗ = 2R−E
R+E ,

that is, the intuitive economic explanation of this evolutionary stability strategy is that the dynamic



Sustainability 2019, 11, 3821 9 of 15

equilibrium ratio of farmers’ decision-making behavior by adopting irrational unfallow and rational
fallow is 2R−E

R+E .
To better understand this decision-making behavior, the following hypothesis will be made based

on actual conditions and the results will be verified by using Netlogo evolutionary simulation software
(Wilensky, U. (1999). NetLogo. http://ccl.northwestern.edu/netlogo/. Center for Connected Learning
and Computer-Based Modeling, Northwestern University, Evanston, IL, USA). This paper is based
on the actual situation in Guizhou Province where the fallow subsidy is 600 yuan/mu and makes the
following hypotheses:

Hypothesis 4 (H4). Assume that when the farmer’s fallow income is 800 yuan per mu, the farmer’s planting
income is 600 yuan per mu;

Hypothesis 5 (H5). Assume that when the farmer’s fallow income is 1000 yuan per mu, the farmer’s planting
income is 600 yuan per mu;

Hypothesis 6 (H6). Assume that when the farmer’s fallow income is 800 yuan per mu, the farmer’s planting
income is 500 yuan per mu;

Hypothesis 7 (H7). Assume that when the farmer’s fallow income is 600 yuan per mu, the farmer’s planting
income is 600 yuan per mu;

Hypothesis 8 (H8). Assume that when the farmer’s fallow income is 600 yuan per mu, the farmer’s planting
income is 300 yuan per mu;

Hypothesis 9 (H9). Assume that when the farmer’s fallow income is 600 yuan per mu, the farmer’s planting
income is 800 yuan per mu;

Hypothesis 10 (H10). Assume that when the farmer’s fallow income is 400 yuan per mu, the farmer’s planting
income is 800 yuan per mu; and

Hypothesis 11 (H11). Assume that when the farmer’s fallow income is 300 yuan per mu, the farmer’s planting
income is 800 yuan per mu.

The dynamic equilibrium ratio of farmer’s decision to fallow can be concluded as shown in
Table 5:

Table 5. Dynamic equilibrium ratio of farmer fallow strategy.

Farmer’s Fallow Income Farming Income ESS

H4 800 600 5/8
H5 1000 600 7/8
H6 800 500 11/13
H7 600 600 1/2
H8 600 300 1
H9 600 800 2/7
H10 400 800 0
H11 300 800 −2/11

It can be seen from the above assumptions that when the farmer’s total fallow income is greater
than the planting income, i.e., assumption 1 that includes hypotheses 5, 6, and 8, the dynamic
equilibrium ratio of the farmer’s fallow behavior decision is 5/8, 7/8, 11/13, respectively. Hypothesis 4
is compared with Hypothesis 5, showing higher fallow yield results in a higher dynamic equilibrium
ratio when the planting income is constant. When the fallow yields are the same, that is, comparing

http://ccl.northwestern.edu/netlogo/
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hypothesis 4 with hypothesis 6, the dynamic equilibrium ratio of the latter is greater than the former,
that is, the lower the planting income, the higher the dynamic equilibrium ratio. From this we can infer
that when the planting income is constant, the dynamic equilibrium ratio increases with the increase
in fallow yield; when the fallow yield is constant, the dynamic equilibrium ratio decreases with the
increase in planting income. In hypothesis 8, when the fallow income is twice the planting income,
the dynamic equilibrium ratio of the farmer’s fallow decision is 1, that is, all farmers make the decision
to fallow, as shown in Figure 3.

Figure 3. Hypothesis 8 stable point evolution simulation results.

If assuming that the ESS solution of hypothesis 7 is 1/2, that is, the fallow yield is equal to the
planting income, half of the farmers will fallow and half will unfallow.

As shown in Figure 4, the farmer’s fallow income is less than the planting income in hypotheses
9–11. In hypothesis 9, when the fallow income is 3/4 of the planting income, 2/7 of the farmers will
make the fallow decision, but when the planting income is twice that of the fallow’s income, the 0
value of the dynamic equilibrium ratio of the farmer’s fallow decision indicates that all farmers will
unfallow or resume planting. In hypothesis 11, the planting income is more than twice that of the
fallow. At this time, the dynamic equilibrium ratio is negative, indicating that there will be a 2/11 ratio
of farmers from the initial fallow to unfallow.

Figure 4. Stable point evolution simulation results.



Sustainability 2019, 11, 3821 11 of 15

5. Conclusions, Discussion, and Implications

5.1. Conclusions

By constructing the hawk-dove game theory between farmers’ groups, we reveal the
decision-making mechanism of farmers’ participation in cultivated land fallow, powerfully explain
some practical problems in the implementation of the fallow project in Guizhou, and draw the
following conclusions:

(1) In the case of a single individual, farmers make different behavioral decisions by considering
their own interests. However, in the implementation of the fallow project, the farmer is not only
an individual, he is in a group. The behavior of the farmer will be affected by other farmers in the same
situation, and there is a mutual incentive and imitation effect between the farmer groups. The root
cause of the decision-making imitation behavior within this group of farmers still remains their own
interests. In the fallow project, the most important driver of interest is fallow compensation, which is
consistent with the research results of Xie et al. (2018), Long (2017), and Wang et al. (2018) [37,49,54].

(2) The root cause for the formation of farmers’ imitative behavior is driven by economic interests.
During the implementation of the fallow project, farmers’ own interests drive the farmers in the group,
and they will inevitably implement strategies that they believe will benefit maximization by learning
and imitating the decisions of other farmers. The stronger the incentives for the economic benefits of
the fallow project, the faster the farmers learn and imitate, and the more effective the behavior.

(3) The dynamic equilibrium proportion of “irrational behavior strategy (unfallow)” and “rational
behavior strategy (fallow)” adopted by farmers ultimately depends on the benefit ratio of the two
behaviors. The greater the proportion of rationality (fallow) used by farmers, the greater the proportion
of rational farmers. On the contrary, the proportion of rational farmers is smaller. Additionally, farmers
participating in fallow can exert a good demonstration effect.

(4) The greater the proportion of rationality (fallow) used by farmers, the stronger the demonstration
effect of rational strategy, and the faster the irrational strategy (unfallow) will be transformed into
rational strategy. When the difference between the expected return of the rational strategy and the
average expected return is greater, the more irrational strategy can be transformed into the rational
strategy. If higher income generated from fallow farming produces a demonstration effect by peasant
households participating in fallow, there will be rapid adoption of fallow; fewer farmers will adopt the
strategy of unfallow, thus allowing for results of fallow can be successfully consolidated.

5.2. Discussion

Through the game model analysis, we conclude that when the farmer’s fallow income is twice the
planting income, successful results of group fallow will be realized. In contrast, when the farmer’s
planting income is more than twice the income of fallow, farmers previously practicing fallow will
resume planting.

Based on the data from field research, we found that the average planting income of farmers in
Guizhou is 728.18 yuan, which is higher than the fallow compensation. This finding is not conducive
to the successful consolidation of the fallow project, which explains why farmers in some fallow areas
have participated in fallow cultivation and then resumed planting. Considering that farmers in fallow
areas vary in age, education level, and other internal or external factors, such as socioeconomic factors,
it is uncertain whether farmers can obtain benefits other than fallow subsidies. The uncertainty of
the income earned by the fallow farmer as a rational, small farmers will also hinder farmers from
participating in and maintaining the decision of fallow.

It can be seen from the above analysis that if the farmer group participates in the fallow,
the government department is required to ensure that they can obtain a certain level of stable income
after fallow. This phenomenon explains why the farmers in the fallow area of Guizhou Province have
resumed planting after participating in the fallow. Since the income from farmers’ cultivation will
constantly vacillate due to factors such as food prices, a flexible and dynamic subsidy policy should be



Sustainability 2019, 11, 3821 12 of 15

implemented when formulating compensation standards. Farmers will likewise be motivated if they
are given sufficient economic benefits.

5.3. Implications

Based on the above conclusions and discussion, we have formulated the following targeted policy
recommendations as follows:

First, when implementing a fallow policy, the government should follow the principle of
volunteerism and respect farmers’ choices, and farmers should be given more voluntary choices. Then,
government should give farmers who are willing to follow full and continuous fallow incentives,
ensure the enthusiasm of farmers to fallow, improve the implementation efficiency of fallow projects,
and effectively avoid the phenomenon of deforestation. If the government gives sufficient incentives to
the fallow farmers, their enthusiasm will be greatly mobilized, the implementation of the fallow project
will be effectively stimulated, and the eco-environment objectives expected by the policy makers will
be easier to achieve.

Second, a well-designed subsidy standard can balance the private and social benefits of fallow
and the government should protect the expected or actual fallow income of farmers as much as
possible, increase the subsidy income of farmers participating in fallow, and improve the level of rural
outdoor business after fallow. Since the income of farmers participating in fallow vacillates over time,
the government should implement an elastic subsidy policy to stimulate farmers’ economic interests to
encourage the adoption or maintenance of fallow strategies.

Third, local governments need to actively cultivate new industries, promote industrial
transformation, and increase employment. Local governments must develop rural secondary and
tertiary industries, increase employment opportunities, and encourage farmers to work beyond the
farm. The government can also guide farmers to actively and orderly transfer land and promote
large-scale agricultural operations. In implementing the arable land fallow project, the local government
should combine the cultivated land fallow with local economic development, create more opportunities,
guarantee the basic livelihood of the farmers, and improve farmers’ quality of life in order to ensure
the stability and continuity of the project.

Finally, the government should introduce modern fallow management, monitoring, and evaluation
systems. China’s fallow project is continually expanding. The relevant departments should formulate
and promulgate detailed follow-up implementation policies as soon as possible, strengthen the
propaganda of the projects, improve policy transparency, and improve farmers’ understanding and
awareness of the projects to avoid failure. At the same time, the central government should formulate
a sound dynamic supervision mechanism to assess local governments and supervise the projects by
introducing third-party supervision agencies to successfully consolidate the results and ultimately
achieve the sustainability and effectiveness of fallow.

In addition, this paper mainly analyzes the changes in farmers’ decision-making behavior
during the implementation of the fallow project from the sole perspective of farmers’ groups and
does not consider other groups, such as the central government, local governments, or third-party
managers, and the behavioral decisions of these stakeholders on the implementation of fallow projects.
These stakeholders will have different influences, which is worthy of subsequent research.
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