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Abstract: To improve the implementation effect of farmland consolidation (FC) and promote the
development of agricultural modernization, the Chinese government has vigorously promoted
the application of the public-private-partnership for farmland consolidation (PPP-FC). However,
many conflicts of interest among stakeholders exist in PPP-FC. Especially in the implementation
stage of PPP-FC, most private enterprises probably prefer to decrease the costs of construction to
increase the profits when government incentives and supervision are insufficient. Based on this,
this paper constructs an evolutionary game model between the government and the enterprises
to explore the motivations of the enterprises’ speculative behaviors, the interaction mechanism
and the evolutionary stability strategies of both parties and uses numerical simulations to visually
analyze the effectiveness of the incentive mechanism and the strategic change of both sides. Our
results show that (1) the enterprise’s farmland operating income is the decisive factor that affects
behavioral choices: the situation for the income of a low-effort strategy is greater than that of
a high-effort strategy is the root cause of speculative behavior; (2) the incentive mechanism can
simultaneously affect the decision-making direction and speed of both the government and the
enterprises, especially punishment which can effectively regulate the behaviors of the enterprises;
(3) government regulation costs and officials” desire for promotion are important factors affecting their
strategic choices: regulation costs negatively impact the government’s plans to adopt an incentive
strategy and the promotion desire positively promotes the government implementing incentive
measures for the enterprises; and (4) the supervision level of farmers is an important factor that
affects the strategic choices of both the government and the enterprises: farmers supervision is an
effective remedy for inadequate government regulation and constrains the government’s behavior.
Finally, the paper proposes corresponding policy recommendations to improve the implementation
effect of PPP-FC and also provides an important reference for other developing countries to formulate
PPP-FC incentive mechanisms.

Keywords: farmland consolidation; public-private-partnership (PPP); evolutionary game;
simulation analysis

1. Introduction

As an effective way to optimize the allocation of land and other resources, farm-
land consolidation (FC) is an important tool and platform to promote agricultural and
rural modernization and urban-rural integration development [1,2]. Countries such as
Germany and the Netherlands have productively consolidated farmlands earlier [3,4].
In China, FC started late and currently is still generally at the stage where government
investment is dominant. However, the traditional government-led model of FC suffers
from high financial pressure, low investment efficiency, difficulty in industry docking,
and insufficient participation of farmers, so it is difficult to meet the needs of agricultural
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modernization [5,6]. The public-private-partnership (PPP) model is an effective way for
governments around the world to relieve financial pressure and improve the efficiency of
public project investment [7,8]. Recently, the Chinese government has been vigorously pro-
moting public-private-partnership for farmland consolidation (PPP-FC) and has formulated
several relevant policy documents. For example, the “National Land Consolidation Plan
(2016-2020)” emphasizes establishing and improving the incentive mechanism for land
consolidation, encouraging and guiding social capital to participate in land consolidation,
and establishing diversified investment and financing channels. While PPP-FC continues
to be promoted in China, the dilemmas it faces are gradually emerging; there are numerous
stakeholders with different interest preferences which cause many interest conflicts in PPP-
FC [9]. In particular, when government incentives and regulation are insufficient, private
enterprises are likely to be driven by profits to abnegate their adherence to government
planning objectives and commit irregularities, such as cutting project construction costs
and reducing the frequency of agricultural infrastructure maintenance, which will affect
the success of PPP-FC and cause the double failure of “market” and “government” [10],
thus becoming a problem that requires immediately solution to achieve the high-quality
development of PPP-FC.

The private enterprises are initiators and dominators of the PPP-FC. Their behavior
choices are key to whether the project can achieve high-quality development. The govern-
ment has transformed from a dominator to a service provider who sets standards, provides
policy support, and supervises and evaluates the PPP-FC [5]. Nevertheless, the characteris-
tics of FC projects, “complex technology, many hidden projects, and long project cycle”,
have greatly increased the difficulty of government supervision. Asymmetric information
and different interest demands between both parties have induced frequent opportunistic
behaviors of investment enterprises [11]. Only by clarifying the relationship between the
main stakeholders in PPP-FC, balancing the interests of all parties, and seeking to maximize
win-win cooperation can the implementation efficiency of PPP-FC be improved. Therefore,
it is urgent to study how to improve the government governance so that it can effectively
curb the opportunistic behaviors of private enterprises, resolve the double failure of the
“government” and “market”, promote the PPP-FC to achieve higher-quality development,
and further promote the implementation of agricultural modernization.

Based on this, this paper applies evolutionary game theory and numerical simulation
analysis to discuss the interest demands, behavioral characteristics, interaction mechanisms,
and main factors that influence behavioral evolution of each party of PPP-FC in the context
of China. This study is important for facilitating the high-quality development of PPP-
FC as well as deepening the modernization of China’s agriculture and rural areas. It
provides a reference for other developing countries in the world to promote PPP-FC and
corresponding plans for cooperative governance.

Consequently, the paper is structured as follows. Section 2 is a literature review and
commentary. Section 4 provides a conceptual definition and analysis of the main game
relationships in PPP-FC. Section 5 constructs the evolutionary game model and stability
analysis. Section 6 is a numerical simulation analysis. Section 7 is a discussion, and Section 8
is the conclusion and implication for the future.

2. Literature Review

In recent years, scholars have conducted extensive research on issues, such as models
of farmland consolidation, conflict of interest, and the coordination mechanism for conflicts
of interest in PPP-FC.

2.1. Farmland Consolidation Model

China started large-scale land consolidation activities in the late 1990s and has experi-
enced three phases with increasingly rich consolidation contents: single land consolidation
with quantity growth as the core (1998-2007), multi-type land consolidation with quality en-
hancement as the core (2008-2012), and comprehensive land consolidation with ecological



Agriculture 2022, 12, 1874

30f25

construction (2013—present) [2,12,13]. Implementation models of FC have also grown more
diversified, from the initial single government-led model to the coexistence of multiple
models, such as the government-led model and the PPP model [14]. The government-led
model of FC is based upon administrative management with a “top-down” implementation
of FC, which effectively resolves the problem of the development and utilization of arable
land resources at that time [15]. The PPP model of FC is a “bottom-up” implementation
model led by major agricultural enterprises. Its appearance solves the problems of insuf-
ficient financial funds, low investment efficiency, and limited farmer participation that
occurred in the government-led model [5,6,16]. In PPP-FC, private enterprises have to
carry out land transfers, land surveys, planning and design, and engineering construction
under the support and supervision of the government. The enterprises are not rewarded or
subsidized by the government until the project is completed and accepted, that is, “build
before subsidizing” [5,14]. Through field investigation and comparative analysis, many
scholars have further verified the more remarkable effects of PPP-FC in decreasing land
fragmentation [5], alleviating farmers” poverty, increasing their income [17], regularizing
farmers’ ecological production behaviors [18], and relieving rural households” poverty
vulnerability [19], compared with the government-led model.

3. Conflict of Interest in PPP-FC

Based on extensive research on cases of PPP-FC, some scholars found that there
are various conflicts of interest in the process of PPP-FC. These mainly include conflicts
between the local government, private enterprises, and farmers over compensation and
resettlement caused by insufficient funds from the government and severe expense control
of the enterprises, manifested as farmers holding back their land for higher compensation,
which has seriously hindered the process of land consolidation [10,20-22]. There have
also been conflicts between the local government and the central government on policy
objectives due to government performance appraisal. Local government officials have
excessively obtained construction land use indices used for local economic development
to improve their own political performance through PPP-FC, which violates the policy
objectives of the central government [10,23]. Private enterprises and local government have
sparred over the quality of PPP-FC because of the profit-seeking nature of social capital,
presented as the obvious tendency of short-term behavior of private enterprises in PPP-FC.
They only pursue profits from the land use index, neglect the subsequent management of
PPP-FC, and refuse to assume social responsibilities, such as job supply, which harms the
long-term interests of farmers and deviates from the government’s goal of ensuring food
security [10,24,25].

3.1. Coordination Mechanism for Conflict of Interest in PPP-FC

Scholars have conducted pioneering work on how to effectively resolve conflicts
among stakeholders in multiple stages of FC. Barati et al. [26] pointed out that game
theory is an effective tool to study the issues of conflicts and cooperation among the
stakeholders in rural land fragmentation management and build a game model between
the government and farmers, which provides a method for controlling farmers’ behavior of
dividing land. Chen et al. [27] stated that there are many conflicts of interest among various
stakeholders, insufficient endogenous interest drivers, and numerous external constraints
in PPP-FC, which causes low enthusiasm for private enterprises to participate in PPP-
FC. By building the evolutionary game model between the local government and private
enterprises, the authors pointed out that the local government’s support can increase the
enthusiasm of private enterprises to participate in PPP-FC. Based on the typical cases of
rural land consolidation projects in Hubei Province, China, Zhou et al. [9] analyzed the
game relationships between various stakeholders and constructed an investment game
model between the government and agricultural enterprises, which provided ideas for
solving the problem of investment apportionment. Combining theoretical analysis and
case studies, Wang and Tan [28] explored the income distribution model of rural land
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consolidation in China, which provided a solution for the land income distribution of
stakeholders (government and farmers).

3.2. Literature Analysis

The existing literature has made useful explorations on the implementation model,
conflicts among stakeholders, and their possible solutions for PPP-FC, but it has the follow-
ing shortcomings. First, there are multiple conflicts of interest between the government and
private enterprises at different phases of FC projects (before the launch, during implementa-
tion, and after completion of the projects). However, in the research on ways to resolve the
conflict of interest between the government and private enterprises, the existing literature
only focuses on the two phases of “enter before the event” and “income distribution after
the event”. No scholars have paid attention to the research on the coordination mechanism
of conflicts of interest between the government and private enterprises in the phase of
“effort during the event”. Second, most current studies assume that the participants in the
FC project are fully rational economic persons with complete information, which means
that they can make correct decisions to maximize their own interests at the beginning of the
game. It does not conform to the reality of the limited rationality of the government and
private enterprises, while evolutionary game theory abandons the assumption of complete
rationality and complete information and has more practical applicability. Third, although
a few studies have applied evolutionary game theory to conflict resolution research on FC
projects, most of them used case studies to empirically test the results of game analysis,
and there is no research to use simulation tools to visually analyze the effectiveness of the
incentive mechanism and the strategic change of both sides. To address these gaps, this
study aims to research the following three aspects. First, through literature research, this
paper explains the operating mechanism of the PPP-FC project and the responsibilities of
stakeholders, clarifies the game relationship between stakeholders in the project imple-
mentation stage, and provides a theoretical basis for the subsequent research. Second, this
paper constructs a two-dimensional evolutionary game model between the government
and the enterprises in the phase of “effort during the event” and analyzes the evolutionary
stability strategies of both sides of the game and the stable conditions for achieving the ideal
equilibrium state. Third, by using MATLAB 9.3 (R2017b) software to perform numerical
simulation, this paper visually analyzes the influence of related factors on the evolution
direction and results of both parties in the game, reveals the evolution mechanism of the
strategies, and provides corresponding control strategies for promoting the evolution of
corporate strategy to the ideal and stable result of high-effort consolidation. This study can
provide a reference for the Chinese government to formulate an incentive mechanism in the
implementation stage of PPP-FC projects and also provide a reference for other developing
countries to promote PPP-FC projects and promote agriculture and rural modernization.

4. Farmland Consolidation of PPP Model
4.1. The Definition of Farmland Consolidation of the PPP Model

FC refers to the comprehensive improvement of farmland, water, roads, and forests in
a certain region in accordance with the objectives and uses determined by general land-use
planning and special land consolidation plan through the adoption of administrative, eco-
nomic, and legal means. It also entails the application of engineering construction measures
to improve the intensive use and output rate of land, specifically including land leveling,
farmland water conservancy facilities, field roads, protective forests, and other construction
content [13,29,30]. PPP-FC refers to a “bottom-up” implementation model in which agricul-
tural industrialized enterprises (hereafter referred to as enterprises) invest in FC for the
development of modern agriculture and then obtain partial subsidies from the government
after the completion and acceptance of the project [9,17]. The main participants of the
PPP project are the government, the enterprise, rural collective organizations, farmers, etc.
The operation idea is as follows: (1) The enterprise is entrusted by the rural collective
organization in the project area to select this area as the project area for FC, taking into
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account the local natural, social and economic conditions and their own development needs
and declare the FC project to the local government. (2) The government, rural collective
organizations, and farmers in the project area, respectively, negotiate with the enterprise on
government subsidies, investment scale, construction and operation period, distribution
of interests among all parties, etc., and reach an agreement. Then, the enterprise signs the
agreements (such as farmland transfer agreement and project investment agreement) with
other parties. (3) After the agreements are signed, the enterprise will fund the planning,
design, and construction of the project. The government is responsible for supervising and
managing the whole project process and for providing the enterprise with subsidies per
the standard rate. (4) After the project is completed, the enterprise can develop modern
agriculture on the consolidated farmland to obtain operation income. During this period,
farmers can obtain several sources of income by collecting farmland rent, working in the
project area, or operating the leaseback farmland, meanwhile supervise the construction
and operation of the project. (5) After the lease operation period expires, the contracted
farmland can be returned to the rural collective for independent operation, or the lease
contract can be renewed for continued operation by the enterprise [9,30-32].

4.2. The Main Game Relationship of Farmland Consolidation of the PPP Model

According to the previous analysis, the following three game relationships exist in
PPP-FC:

(1) Government and enterprise: In the game between the government and the en-
terprise, the government’s strategic decision is to determine whether to take incentive
and restraint measures for the enterprise based on the enterprise’s performance and its
own regulatory costs. The strategic decision of the enterprise is to determine the invest-
ment intensity of projects based on the degree of government regulation and their own
interest considerations.

(2) Enterprise and rural collective organization: In the game between the enterprise and
the rural collective organization, the strategic decision of the rural collective organization
is to determine the length of the enterprise’s farmland operation lease period. The length
of the farmland lease directly affects the enterprise’s farmland operating revenue, and the
enterprise realizes its own expected payment by controlling the project construction cost.

(3) Enterprise and farmers. In the game between the enterprise and farmers, the
strategic decision of farmers is to determine the level of farmland transfer rent, and the
strategic decision of the enterprise is to choose the area of farmland to be transferred.

The game relationship of the main stakeholders of PPP-FC is shown in Figure 1. As can
be seen from the figure, the enterprise, as the main participant in the project construction
and operation, has interests intersecting with the government, rural collective organization,
and farmers in the project area. The investment effort (construction cost) is the key to
determining the quality of the project, government investment incentives play an important
role in improving the effort of the enterprise, and the social public interest pursued by the
government includes protecting the interests of the farmers [23]. Therefore, this paper takes
the game between the government and the enterprise as the research object, analyzes the
investment behavior of the enterprise under the government’s incentive and non-incentive
strategies, and proposes policy suggestions to ensure the smooth implementation and
efficient operation of the project.
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Figure 1. The objectives and benefit analysis of PPP-FC.

5. Evolutionary Game Model of “Government-Enterprise”
5.1. Problem Description

The fundamental goal of an enterprise participating in PPP-FC is to maximize its prof-
its, while the government is aiming to promote the interests of society; conflict is inevitable
between the government’s “public-interest” goals and the enterprise’s “self-interest” goals.
FC projects require large amounts of capital, have low yields and long payback periods, and
lack sound laws and regulations, resulting in a lack of willingness and effort of enterprises
to invest in FC projects [14]. Therefore, the government provides a certain amount of
subsidies to the enterprises to encourage them to invest in and operate FC projects. Then,
the enterprise determines whether to invest in more construction and more efforts to con-
solidate farmland based on the level of government regulation and their own profitability.
The government determines whether to provide incentives to the enterprise based on its
performance and the government’s own regulatory expenses, causing a dynamic and repet-
itive game between the government and the enterprise. Evolutionary game theory refers
to bounded rational individuals in a certain size group, under information asymmetry,
repeatedly playing the game over time to achieve optimal strategy and maximized benefits,
emphasizing a dynamic equilibrium. “Evolutionarily Stable Strategy” and the “Replicated
Dynamic Equation” are core elements of the theory [33,34]. Evolutionary game theory is an
important tool to solve such “cooperation and conflict” problems [35], which has strong
applicability in this paper. Therefore, this paper attempts to construct an evolutionary
game model between the government and the enterprise to investigate the effect mecha-
nism of the behavioral strategies of the enterprise under the government’s incentive and
non-incentive strategies.

There are two strategic options for the government in PPP-FC projects, namely the
incentive strategy and the non-incentive strategy for enterprises. (1) ‘Incentive”: In addition
to the fixed project investment subsidies agreed upon in the contract, the government
strictly regulates the behaviors of enterprises and comprehensively judges their efforts in
FC projects based on their investment efforts and the effectiveness of the project so that
they can be rewarded and punished accordingly. (2) ‘Non-incentive’: In addition to the
fixed project investment subsidies agreed upon in the contract, the government believes
that enterprises will work efficiently and consciously in pursuit of profits and therefore
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only slightly controls their deviating behaviors from the project objectives in monitoring
the consolidation process, rather than adopting an incentive strategy toward enterprises.

As investors and implementers of FC projects, enterprises have two strategic options
for high and low effort in the PPP project. (1) ‘High-effort”: This paper represents the level
of effort of an enterprise based on its investment intensities and consolidation effects of
PPP-FC. Therefore, adopting the “high-effort” strategy means the enterprise continues to
work hard and invest more money in the implementation of PPP projects in addition to the
paid cost Cr, (minimum investment criteria for project construction and operation) to obtain
better results. (2) ‘Low-effort”: After paying the cost Cr, the enterprise works passively and
pays no further costs.

5.2. Model Assumptions

This paper employs the evolutionary game approach to dynamically analyze the
behaviors of the government and the enterprise in PPP-FC. The main assumptions are
as follows:

H1. The result of the game between the government and the enterprise directly determines the
implementation effect of the project. The government is the manager and supervisor of the project
and is the agent of other participating parties, safequarding the fundamental socio-economic interests
of the region, assuming that the government is a rational “social person” whose behavioral goal is to
pursue the overall optimum of economic, social, and ecological benefits (as shown in Figure 1). As the
main body of the market economy, the enterprise conforms to the assumption of a rational “economic
person” and can weigh the pros and cons and behave for their interests. Both the government and
the enterprise are bounded rational, and the information between the two subjects is asymmetric.

H2. In order to stimulate the enterprise to work hard to improve project performance, the govern-
ment’s candidate set of strategies is incentive and non-incentive. The probabilities of government
choosing ‘incentive” and ‘non-incentive’ are x and 1 — x, respectively. The set of behavioral strategies
for the enterprise is low-effort and high-effort. The probabilities of the enterprise choosing "high
effort’ and "low-effort’ are y and 1 — y, respectively..

H3. When the enterprise chooses ‘low-effort’, the cost of building and operating is Cr, and the
return is Ry. Otherwise, the enterprise chooses ‘high-effort” and pays additional costs BC; to obtain
scale return Ry (Ry > Ryp) from the modern agricultural production, where B is the coefficient of
the additional effort of the enterprise; hence, the total cost of the enterprise is Cy = (1+ B)Cr.

H4. When the government chooses ‘non-incentive’, the government loosely requlates the process
of FC, where the requlation cost is so small that it is assumed to be 0. In contrast, the government
chooses strict regulation with regulation cost Cq.

H5. When the government chooses ‘incentive’, the government rewards the enterprise for high-
effort behavior with M, and penalizes low-effort behavior with F,. When the government chooses
‘non-incentive’, farmers, as beneficiaries, are also important forces for project supervision with a
supervision level «(0 < a < 1). Meanwhile, if the enterprise chooses ‘low-effort’, the “indolent be-
haviors” of the local government and the enterprise would be prosecuted for the superior government
by farmers, resulting in fine o F, to the enterprise and accountability of the local government from
the superior government. We assume M, < aF, < F, because decision subjects are more sensitive
to losses than to gains [36].

H6. When the enterprise chooses ‘high-effort’, the returns of the government are U;+Mg and
U; when it chooses ‘incentive’ and ‘non-incentive’, respectively. When the enterprise chooses
‘low-effort’, the returns of the government are U, and Up—«Fo(M ¢ S aF ¢) when it chooses
‘non-incentive” and ‘incentive’, respectively.

Figure 2 shows the game process and its influence mechanism of the subjects in this
study. Table 1 shows the relevant parameters and their meanings for each subject.
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Figure 2. The relationship of the players and the analysis frame.
Table 1. Setting and meaning of relevant parameters.
Parameters  Definitions Notes
X Probability of the government choosing ‘incentive’ 0<x<1
y Probability of the enterprise choosing ‘high-effort’ 0<y<1
S Fixed subsidies given to the enterprise by the government 0<S
B Effort factor of the enterprise 0<p
Cy, Costs when the enterprise work low-effort 0<CL
RL Gains when the enterprise work low-effort 0<Ry
Cu Costs when the enterprise work high-effort 0<Cqy
Ry Gains when the enterprise work high-effort 0 <Ryg
Cg The cost of regulation when the government adopts the incentive strategy 0<Cq
Fe Government penalties for the enterprise under the incentive strategy when they are low-effort 0<F.
Me Government incentives for the enterprise under the incentive strategy when they are high-effort 0 < M.
Probability of the enterprise” low-effort and the government’s deregulation behaviors being
o4 0<a<1
detected and reported by the farmers
Uy Gains to the government when it chooses ‘non-incentive” and the enterprise chooses ‘high-effort” 0 < Uy
U; Gains to the government when it chooses ‘incentive’ and the enterprise choose ‘low-effort’ 0< U,
Rewards by the superior government for the local government when it chooses “incentive’
Mg PR - e , ) 0 < Mg
compared to that of ‘non-incentive’ under ‘high-effort” strategy of the enterprise
F Losses incurred to the local government when it chooses ‘non-incentive” and is held accountable 0<F
g =8

by the superior government under ‘low-effort’ strategy of the enterprise

Based on the above assumptions, the payoff matrix of the game between the govern-

ment and the enterprise can be established as shown in Table 2:
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Table 2. Game payoff matrix for the government and the enterprise.

The Enterprise

High-Effort (y) Low-Effort (1 — y)
) U + Mg — Cg — S — Me; U —Cg — S+ Fe;
Incentive (x) Reg — (14 B)Cr + S+ M. R; —C; +S—Fe
Government Ui —S U F. — S
r - _ 1= 2 — Qg —5;
Non-incentive (1 — x) Ry — (1+B)CL +S Ry — CL +S — oFe

5.3. An Evolutionary Game Model of the Government and the Enterprise

According to Friedman [37], the evolutionary stability of the game process between the
government and the enterprise’s investment behaviors in PPP-FC is analyzed as follows:
The expected benefit (E,;) obtained by the government’s choice of the incentive
strategy is:
Ej1=y(U1+Mg—Cg—S — M,)+(1 —y) (Us—Cg—S + Fe) 1)

The expected benefit (E1,) of the government adopting the non-incentive strategy is:
Eip=y(U;—-S)+(1 -y)(U,—aFg —S) )
The average benefit (E;) of the government adopting a hybrid strategy is:
E1= xE;1+(1 — x)E;, 3)
Then, the replication dynamic equation F(x) for the government is:

F(x) = %: X(E11—E1)= x(1 = x) [y (Mg — (Fe+Me+0aFg) ) +aFg—Cg+Fe| 4)

The expected benefit (E,;) of the enterprise adopting a high-effort strategy is:
Eo1=x(Ryg — (1 + B)CL+S+Me)+(1 —x)(Ryy — (1 +B)CL+S) (5)
The expected benefit (E,,) of the enterprise adopting a low-effort strategy is:
Epp= x(Rp—Cp+S — Fe)+(1 — x)(R; —Cp+S — aF) (6)
The expected benefit (E,) of the enterprise adopting a hybrid strategy is
Ey=yEy +(1 - y)Ep )

The replication dynamic equation F(y) for the enterprise is:

Fly) = Y= y(Ea—E2)= y(1 — y)[x(Me — (o~ 1)Fe) + (Ri—BCL) — (Ru—aFe)] - (3

Finally, the system of replicated dynamic equations for the government and the
enterprise is obtained as:

{ F(x) = &= x(E;;—E1)= x(1 = x) [y (Mg — (Fe+Me+0aFg) ) +oFg—Cg +Fe] ©)
F( -

y) = &= y(EBa—E2)=y(1 - y)[x(Me — (« = D)Fe) + (R ~BCr) — (RL—aFe)]

5.4. Equilibrium Point and Stability Analysis
To analyze the stable points of the system, let F(x)= 0, F(y) = 0, and we obtain

five equilibrium points: (0,0), (0,1), (1,0), (1,1), (x*,y*) (x* = (RHfﬁCL)f(RLfaFe), y* =

(x—1)Fe—M,
%L where (x*,y*) can be the equilibrium point only if 0 < x* < 1,0 < y* < 1.
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Based on the analysis of Friedman [37], the Jacobi matrix was established by deriving (4)
and (8) of replication dynamic equations:

IF(x) OF(x)
= BFXy) F%y

9F(y)
X Y
where
aF)EX> = (1—2x) [y(Mg — (Fe+Me+oFg) ) +-aFg —Cg+Fe
aFy(X> = x(1—x) (Mg — (Fe+Me-+aFy))
W) y1 - y) (e~ (@ 1F)

aFy<Y> = (1-2y)[x(Me — ( — 1)Fe) + (Ryy—BCy) — (Rp—aFe)]

Then, the determinant (det]) of the Jacobian matrix is:

dF(x) dF(y) dF(x) dF(y)
X y y X
= (1 =2x)[y(Mg — (Fet+Me+oFg)) +aFg—Cg+Fe]-(1—2y)

X(Me — (0« — 1)Fe) + (Rg—PRCr) — (Rp—oFe)]—x(1 — x)
(Mg — (Fe + Me+aFg) ) y(1 —y)(Me — (e — 1)Fe)

The trace (tr]) of the Jacobi matrix is:

det] =

JdF(x)  0F(y)
X y

tr] =

= (1-2x)[y(Mg — (Fe+Me+0aF;))+aFg—Cg+Fe| + (1 —2y)
[X(Me — (¢ —1)Fe) + (Ru—BCr) — (RL—aFe)]

Based on the research of Friedman [38], whether the above five equilibrium points
are the evolutionary stability strategies (ESS) depends on det] and tr] of the Jacobi matrix.
When the corresponding matrix of the equilibrium point satisfies det] > 0 and tr] < 0, an
evolutionarily stable strategy (ESS) exists. When the corresponding matrix of the equilib-
rium point satisfies det] > 0 and tr] > 0, this point is unstable. When the corresponding
matrix of the equilibrium point satisfies det] < 0 or tr] = 0, it is a saddle point.

Substituting the coordinates of the five equilibrium points (0,0), (0,1), (1,0), (1,1), and
(x*,y*) into the det] and tr] of the Jacobi matrix, respectively, the values of det] and tr] of
each equilibrium point can be obtained as in Table 3 below:

Table 3. The numerical expressions of the local stabilities of equilibrium points.

Equilibrium det] tr]

D;(0,0) (aFg—Cg+Fe)-[(Ru—PBCL) — (Rp,—aFe)] (aFg—Cg+Fe) 4+ [(Ru—PBCr) — (R —aFe)]
D,(0,1) —(Mg—Cg—Me)-[(Ry—BCL) — (RL—aFe)] Mg—Cg—Me) — [(Rg—BCr) — (RL—oFe)]
D5(1,0) _(“Fg_cg+Fe)'[(RH"‘Me_ﬁCL) — (R —Fe)] _(O‘Fg_cg+Fe) + [(RH+Me—BCp) — (RL—Fe)]
Dy(1,1) (Mg—Cg—Me)-[(Ru+Me—BCr) — (Rp—Fe)] —(Mg—Cg—Me) — [(Ru+Me—BCr) — (R —Fe)]
Ds5(x*, y*) x*(1=x")[Mg — (Fe+Me+Fg)]-y* (1 —y*) (Me — (x = 1)Fe) 0

Based on the analysis of determinants and traces of the Jacobi matrix of the equilibrium
points in Table 3, five cases can be obtained, and the stability of each local equilibrium point
is discussed as follows.
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Case 1: Discussion on the equilibrium point D;(0,0)

When aFg+F.< Cg and Ry—BCy < Ry —aFe, the point (0,0) is the evolutionary sta-
bility point of the system, while (non-incentive, low-effort) is the evolutionarily stable
strategy. In this case, the net profits of the enterprise choosing low-effort are more than
choosing high-effort. As an economy pursuing profit maximization, the enterprise will
inevitably choose low-effort behavioral strategies. At this time, if the government chooses
the incentive strategy, the fines paid by the low-effort enterprise are far from making
up for the high supervision costs. Even if the local government is held accountable by
the superior government, it is reluctant to choose the incentive strategy. In this case, the
government chooses the non-incentive strategy, and the enterprise chooses a low —effort
strategy, resulting in an inefficient implementation of FC. Table 4 shows the stability of each
equilibrium point. When Ryy+Me—BCp > Ry, —Fe, the equilibrium point D3(1,0) is the only
unstable point. When Ryg+M.—pCp < Ry —Fe, the equilibrium point Dy(1,1) is the only
unstable point.

Table 4. Local stability of equilibrium points of Case 1.

Equilibrium Point

RH+Me*ﬁCL>RL7Fe RH+MefﬁCL<RL*Fe

det] tr] Stability det] tr] Stability
D1(0,0) + - ESS + - ESS
D»(0,1) - + Saddle point — + Saddle point
Ds(1,0) + + Unstable point - + Saddle point
Dy(1,1) — + Saddle point + + Unstable point
Ds(x*,y%) Meaningless Meaningless

Case 2: Discussion on the equilibrium point D5(0,1)

When Mg —M,< Cg and Ry—BCp > —aFe, the point (0,1) is the evolutionary stability
point of the system, while (non-incentive, high-effort) is the evolutionarily stable strategy.
In this case, the net profits of the enterprise choosing a high-effort strategy are more
than choosing a low-effort strategy. Therefore, even without government incentives, the
enterprise will implement a high-effort strategy spontaneously. On the one hand, because
the enterprise initiatively chooses a high-effort strategy, there is no requisite for government
to provide incentives. On the other hand, if the government provides incentives, it will not
only pay supervision costs but also pay corresponding rewards to the high-effort enterprise.
Therefore, the government prefers the non-incentive strategy. This case is the most ideal,
which means even if there are no external incentives, the enterprise will maintain the
positivism of high-effort work. Table 5 shows the stability of each equilibrium point. When
oFg+Fe < Cg, the equilibrium point D3(1,0) is the only unstable point. When Cg< aFg+Fe,
the equilibrium point D;(0,0) is the only unstable point.

Table 5. Local stability of equilibrium points of Case 2.

Equilibrium Point

Mg —Me<aFg+Fe<Cg Mg —Me<Cg<aFg+Fe

det] tr] Stability det] tr] Stability
D1(0,0) — + Saddle point + + Unstable point
D5(0,1) + - ESS + - ESS
D3(1,0) + + Unstable point — + Saddle point
Dy(1,1) — + Saddle point — + Saddle point
Ds(x*,y") Meaningless Meaningless

Case 3: Discussion on the equilibrium point D3(1,0)

When Cg< aFg+Fe and Ry+Me—BCp < RL—Fe, the point (1,0) is the evolutionary
stability point of the system, while (incentive, low-effort) is the evolutionarily stable strategy.



Agriculture 2022, 12, 1874

12 of 25

In this case, compared with choosing a high-effort strategy, the profits of choosing a low-
effort strategy for the enterprise are higher, so the enterprise would rather be punished
than invest more in FC. Correspondingly, the government will impose penalties for the
passive behaviors of the enterprise. In order to ensure the effect of FC, the government
inevitably chooses the incentive strategy to encourage the enterprise to choose a high-effort
behavioral strategy. However, even when the government adopts the incentive strategy;,
the enterprise still chooses a low-effort strategy, which belongs to the state of invalid
government incentives and passive work of the enterprise, which is the most unfavorable
stable state. Table 6 shows the stability of each equilibrium point. When Mg—M,< Cg, the
equilibrium point Dy(1,1) is the only unstable point. When Cg< Mg—Me, the equilibrium
point D;(0,1) is the only unstable point.

Table 6. Local stability of equilibrium points of Case 3.

Mg —Me<Cg<aFg+Fe Cg<Mg—Me<aFg+F,
Equilibrium Point
det] tr] Stability det] tr] Stability

D41(0,0) — + Saddle point — + Saddle point
D,(0,1) — + Saddle point + + Unstable point
D3(1,0) + - ESS + - ESS
Dy(1,1) + + Unstable point — + Saddle point

Ds(x*,y") Meaningless Meaningless

Case 4: Discussion on the equilibrium point D4(1,1)

When Cg< Mg—M, and Ry+Me—BCy, > Ry —Fe, the point (1,1) is the evolutionary
stability point of the system, while (incentive, high-effort) is the evolutionarily stable
strategy. In this case, when the enterprise chooses a high-effort strategy, the profits of the
government adopting the incentive strategy are greater than the non-incentive strategy. At
this time, under the strict supervision of the government, the enterprise is punished for
adopting a low-effort strategy, causing the decline of their profits, and hence abandoning a
low-effort strategy. Meanwhile, if the government chose the non-incentive strategy, the low-
effort behavior of the enterprise and the behavior of the government’s loose supervision will
be prosecuted by farmers in the project area, and the local government will be reprimanded
by the superior government. Therefore, the government tends to choose the incentive
strategy. The government’s choice of the incentive strategy and the enterprise’s choice of a
high-effort strategy is a favorable stable state. Table 7 shows the stability of each equilibrium
point. When Ry —pCp < Ry —«Fe, the equilibrium point D5(0,1) is the only unstable point.
When Ry —BCp > Ry, —«aF,, the equilibrium point D;(0,0) is the only unstable point.

Table 7. Local stability of equilibrium points of Case 4.

RH—BCL<RL—(XFe RH—BCL>RL—(XFQ
Equilibrium Point
det] tr] Stability det] tr] Stability

D4(0,0) — + Saddle point + + Unstable point
D,(0,1) + + Unstable point - + Saddle point
D3(1,0) — + Saddle point — + Saddle point
Dy(1,1) + - ESS + - ESS

Ds(x*,y%) Meaningless Meaningless

Case 5: Discussion on the equilibrium point D5(x*, y*)

When Mg—Me< Cg< aFg+Feand (« — 1)Fe—M, < (Rg—BCp,) — (Rp—aFe)< 0, the
point (x*, y*) is the center point of the system. In this case, when the enterprise chooses a
high-effort strategy, the benefit difference between the government’s choice of the incentive
strategy and the non-incentive strategy is Mg—Me—Cg< 0. When the enterprise chooses a
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low-effort strategy, the benefit difference between the government’s choice of the incentive
strategy and the non-incentive strategy is aFg+Fe—Cg> 0. When the government chooses
the non-incentive strategy, the benefit difference between the enterprise’s choice of high-
effort and low-effort strategies is Riy—BC — (R —aFe) < 0. When the government chooses
the incentive strategy, the benefit difference between the enterprise’s choice of high-effort
and low-effort strategies is Ry+M—pBCp — (R —Fe)> 0. At this time, there is a mixed
strategy Nash equilibrium point (x*,y*) in the evolutionary game. Table 8 shows the
stability of each equilibrium point. The equilibrium points (0,0), (0,1), (1,0), and (1,1) are all
saddle points, but (x*, y*) is neither the asymptotically stable point nor the evolutionary
stability point. At this moment, the enterprise and the government will continuously adjust
their strategies according to the opponent’s strategy, their behaviors will be periodic, and
the evolution path will be an infinite loop of closed loops, as shown in Figure 3.

Table 8. Local stability of equilibrium points of Case 5.

Equilibrium Point det] tr] Stability
D4(0,0) — + Saddle point
D»(0,1) - + Saddle point
D3(1,0) — + Saddle point
Dy(1,1) — + Saddle point

Ds(x*,y%) center point
Y a
(0,1) < (L1)
A Y
< >
(0,0) (1,0) x

Figure 3. The phase diagram of Case 5.

6. Numerical Simulation Analysis

Based on the idea of the evolutionary game model, this paper has theoretically an-
alyzed the behaviors of the government and the enterprise in PPP-FC. According to the
stability analysis, the system may have four asymptotic stable states: the unfavorable stable
state (non-incentive, low-effort), the most favorable (a.k.a. ideal) stable state (non-incentive,
high-effort), the most unfavorable stable state (incentive, low-effort), and the favorable
state (incentive, high-effort). In addition, there is also an unstable state without any stable
point. Factors, such as the earnings of farmland operation, government incentives, the cost
of government regulation, the level of farmers’ supervision, and the strength of recognition
and accountability of superior government, determine the stable equilibrium state that the
system ultimately achieves. In order to explore in detail the influence of each parameter on
the evolution process and the evolution results and to excavate the effective solutions for
three unfavorable states, this paper uses MATLAB R2017b software to conduct numerical
simulation analysis to validate the previous theoretical study in an intuitive way and
provide evidence for achieving the ideal stable state of the game, thereby providing policy
recommendations for improving the implementation effect of the PPP project.
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To ensure the objectivity and scientificity of the simulation results, this paper randomly
assigns all the parameters that may affect the evolutionary results based on the results of
the system stability analysis, under the condition that the previous model assumptions
are satisfied.

6.1. Benefit—Cost Analysis
6.1.1. Enterprise Benefit Analysis

The perceived return of the enterprise’s farmland operation after the implementation
of PPP-FC is the core factor affecting their investment willingness and investment strength.
According to the previous stability analysis, the higher the farmland’s operation income,
the stronger the enterprise’s willingness to participate in FC. In order to pursue the excess
returns of farmland scale operation, the enterprise will increase its investment in FC.
Accordingly, the greater the excess returns obtained, the higher the enterprise’s enthusiasm
is devoted to implementing FC.

This paper chooses Ry = 8, Ry = 9, Ry = 10 to explore the evolution paths and
evolution results of strategies of the government and the enterprise when the farmland
operation income under the enterprise’s high-effort strategy changes. Other parameters
are set to initial values (see Table 9). In this case, the behavioral strategy of the enterprise
obviously has changed (as shown in Figure 4b). First, when increasing Ry from 8 to 9, the
curve representing the enterprise strategy changes from converging to 0 to converging
to 1. This is because of 8 < R —Fc—M.+pBCy < 9. The net return of the enterprise at
high-effort changes from less than to greater than its net return at low-effort; thus the
enterprise changes from the preference for a low-effort strategy to a high-effort strategy.
Furthermore, by adjusting Ry; from 9 to 10, the convergence time is significantly decreased.
All of this indicates that the enterprise pursuing maximizing its own interests will be
significantly more enthusiastic to work harder as the returns of high-effort work increase.
It can be seen that ensuring stable and high investment returns for FC projects is important
to motivate more enterprises to implement high-effort FC. As shown in Figure 4a, the
different farmland operation returns do not substantially affect the government strategy
evolution. The curve representing the government strategy evolution always converges to
one, but the speed of reaching the stable strategy slows down slightly as Ry increases. It is
probably because the government considers it less necessary to provide incentives to the
enterprise due to its increasing initiative of choosing a high-effort strategy.

As shown in Figure 5, Ry, = 6, Ry, =7, and Ry, = 8 are chosen to explore the evolution
paths and evolution results of government and enterprise strategies in the face of changes in
farmland operation income obtained by the enterprise adopting a low-effort strategy. Other
parameters are set to their initial values (see Table 9). In this case, as shown in Figure 5b,
when Ry, increases from six to seven, the speed of the enterprise’s strategy converges to
one significantly slower, indicating that as the enterprise’s return of investment increases at
low-effort work, its net return at high-effort work decreases relatively, and its willingness to
choose a high-effort strategy diminishes. When Ry, increases from seven to eight, the curve
of the enterprise’s strategy directly shifts to converge to zero. The reason for this change is
that 7< Rg+Me—BCp+Fe <8, the net return of the enterprise at low-effort changes from
less than to greater than its net return at high-effort, and the enterprise then becomes more
inclined to work at low-effort, indicating that the enterprise loses its motivation to work
at high-effort when it can obtain higher net return by adopting a low-effort strategy. As
shown in Figure 5a, different returns of farmland operations do not substantially affect
the government’s strategy evolution. The curve representing the government’s strategy
evolution always converges to on, except that the time to reach the stable strategy decreases
as Ry, increases. It is probably because the government believes that it must accelerate to
provide incentives to reduce the probability of the enterprise choosing a low-effort strategy.
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Table 9. Initial and present values of all variables.

Variable Initial Present Values  Present Values  Present Values Present Values Present Values
Names Values 1 2) 3) 4) (5)
Mg 3 3 3 3 3 3
Fg 5 5 5 5 5 5
Cg 2 2 4 2 2 6
Ry 8 8 8 8 8 8
Ry 7.5 6.5 75 7.5 7 7.5
CL 5 5 5 5 5 5
B 04 0.4 04 0.4 04 0.4
Me 0.4 0.4 0.4 - - 1
Fe 0.8 2 0.8 2 0.8 2
o4 0.6 0.6 0.6 0.6 0.6 0.6
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Figure 4. The dynamic evolution of government and enterprise behavioral strategies with changes in

the earnings of farmland operation in a high—effort scenario.
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Figure 5. The dynamic evolution of government and enterprise behavioral strategies with changes in
the earnings of farmland operation under low—effort scenarios.

6.1.2. Analysis of Government Regulation Cost

When the government chooses the incentive strategy, it needs to spend numerous

manpower, material, and financial resources to strictly supervise the whole process of FC.
The high supervision cost sometimes discourages the government from supervising the
PPP projects. The cost of regulation is the core factor affecting the government’s strategy
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choice. The previous stability analysis shows that the lower the cost of regulation, the more
positively it will promote the government’s convergence to the incentive strategy.

Therefore, this paper chooses Cg = 2, Cg = 3, and Cg = 4 to simulate the evolution
paths and evolution results of government and enterprise strategies when the government’s
regulatory cost changes. Other parameters are set to the present value (1) (see Table 9).
In this case, as shown in Figure 6a, when the value of Cg is 2, the lower regulatory cost
will prompt the government to converge spontaneously to adopt the incentive strategy.
While the regulatory cost Cg exceeds the level (Mg — M, = 2.6), the government is more
willing to adopt the non-incentive strategy. The curve representing the government strategy
changes from converging to one to converging to zero. Moreover, with the further increase
of the regulatory cost, the time of the curve converging to zero is significantly shortened,
which means the higher the regulatory cost, the faster the government converges to the
non-incentive strategy. This indicates that effective control of the government’s regulatory
cost helps to increase the enthusiasm of the government adopting incentive measures to
enterprises. As shown in Figure 6b, different regulatory costs have no substantial effect
on the enterprise’s strategy evolution, and the curve representing the enterprise’s strategy
evolution always converges to one. Only as Cg increases, does its time to reach a stable
strategy slow down slightly, indicating that the enterprise’s determination to adopt a high-
effort strategy is hesitant. It is probably because the increased possibility of government
deregulation causes a rise in the enterprise’s speculative sentiment.
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(a) Strategy of the government (b) Strategy of the enterprise

Figure 6. Dynamic evolution of government and enterprise behavioral strategies in response to the
government regulation cost.

6.2. Analysis of Reward and Punishment Mechanism
6.2.1. Analysis of Reward and Accountability of Superior Government

For the government authorities and main officials of FC, the rewards and accountability
of the superior government are more reflected in the gain or loss of political interests,
mainly in the aspects of performance evaluation and promotion. From the previous
stability analysis, it is clear that the rewards and accountability of superior government
have positive incentive effects on the government’s convergence to the incentive strategy.

First, this paper chooses different reward levels from the superior government, i.e.,
Mg =1, Mg = 2, and Mg = 3, to simulate the evolution paths and evolution results of the
behavioral strategies of the local government and the enterprise when the reward level
of the superior government changes. Other parameters are set to the present value (1)
(see Table 9). As shown in Figure 7a, when Mg is adjusted from one to two, both curves
representing the government’s strategy converge to zero, but it takes longer for the latter to
converge to 0. When the enterprise chooses a high-effort strategy, the local government
is more willing to choose the non-incentive strategy because the lower reward provided
by the superior government cannot compensate for the high regulatory cost of the local
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Probability

government. When M is further adjusted to three, the curve representing the government
strategy changes from converging to zero to converging to one. The higher promotion
incentive from the superior government prompts the local government to converge to the
incentive strategy. The possible reason is that the officials with strong desires for promotion
will have higher expectations for such a promotion incentive and will be more willing
to adopt the incentive strategy and more able to play a role in FC projects. As shown
in Figure 7b, the superior government reward has no substantial effect on the strategy
evolution of the enterprise, and the curve representing the enterprise’s strategy evolution
always converges to one. However, as Mg increases, its time to reach a stable strategy is
slightly shortened, indicating that the enterprise chooses to adopt a high-effort strategy with
more determination, which may be because of the increased likelihood of strict regulation
by the local government fuels the enterprise’s working passion.
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Figure 7. Dynamic evolution of government and enterprise behavioral strategies in response to
changes in the strength of superior government awards.

This paper chooses different levels of accountability of the higher government, i.e.,
Fg =5, Fg =7, and Fg =9, to simulate the evolution paths and evolution results of the behav-
ioral strategies of the local government and the enterprise when the accountability level of
the superior government changes. Other parameters are set to the present value (two) (see
Table 9). As shown in Figure 8a, when Fg= 5, the accountability imposed by the superior
government for the deregulation of the local government is low, and within its acceptable
range compared to the high regulatory cost paid by the local government to regulate the
enterprise with low-effort work, causing the convergence of the local government to the
non-incentive strategy. When the accountability of the superior government exceeds the
level of (Cg—Fe) /o & 5.33, the local government is more inclined to adopt the incentive
strategy. The curve representing the government’s strategy changes from converging to
zero to converging to one, and its convergence time to one is significantly shortened with
further expansion of accountability, which means the greater the accountability of the
superior government, the faster the local government converges to the incentive strategy.
Therefore, on the one hand, strengthening the management of a local government by its
superior government and improving the accountability system can effectively promote the
local government to play its regulatory role. On the other hand, officials in the ascending
stage are more sensitive to negative evaluations from the superior government and usually
work actively to avoid political losses. As shown in Figure 8b, the different accountability
levels of the superior government have no substantial effect on the strategy evolution of
the enterprise. The curve representing the evolution of the enterprise’s strategy always
converges to zero. Only with the increase of Fg, is there a significant slowdown in its
time to reach a stable strategy, indicating that the enterprise’s determination to choose a
low-effort strategy has wavered. The possible reason is that the increasing initiative of the
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local government to adopt strict regulation causes the enterprise to conceive the idea of
working actively.

08+

o
=)

<
~

0.2

: 0.6
| 0.4
——X:F =5 z
F = )
—o—X.Fg 7 K 02
—o—X:F =9 <
g &
1 o
. . 02 . .
12 16 20 0 4 8 12 16 20
Time Time
(a) Strategy of the government (b) Strategy of the enterprise

Figure 8. Dynamic evolution of government and enterprise behavioral strategies with changes in

accountability of superior government.

6.2.2. Analysis of Government Incentive Mechanism

Government incentives, i.e., the rewards and punishments imposed by the government
on the enterprise according to its behaviors, can play a two-way incentive role and is
an important factor that affects behavioral strategies of both the government and the
enterprise. As shown by the stability analysis, government rewards can positively motivate
the enterprise to adopt a high-effort strategy but have a reverse hindering effect on the
government’s convergence to the incentive strategy. Government penalties can negatively
incentivize the enterprise to adopt a high-effort strategy, while positively contributing to
government convergence to the incentive strategy.

Firstly, this paper selects M. = 0.6, M = 0.8, and M, = 1.2 to simulate the effect of
different government rewards on the evolution paths and evolution results and sets other
parameters to the present value (three) (see Table 9). As shown in Figure 9a, with the
increase of reward, the government’s strategy choice is evidently changed. The curve
representing the government’s strategy changes from converging to one to converging to
zero when the reward strength increases from 0.8 to 1.2. This is because the increase of
reward expands the government’s regulatory cost. The net benefit falls to a negative value,
and the government is more willing to adopt the non-incentive strategy.
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Figure 9. Dynamic evolution of government and enterprise behavioral strategies with changes in

government rewards.
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Secondly, this paper chooses Me = 0.15, M, = 0.25, and M, = 0.35 to simulate the
effects of different government rewards on the evolution paths and evolution results of the
enterprise’s behavioral strategy and sets the other parameters to the present value (four)
(see Table 9). As shown in Figure 9b, the enterprise’s strategy choice changes evidently
when the reward increases from 0.15 to 0.25. The curve representing the enterprise’s
strategy changes from converging to zero to converging to one. This is because the increase
of reward makes the net benefit of the high-effort enterprise turn positive, the enterprise
is more inclined to adopt a high-effort strategy, and the convergence speed increases
significantly with the increase of reward.

Thirdly, Fe = 0.85, Fe = 0.95, and F. = 1.05 are chosen to simulate the effect of govern-
ment punishment on the evolution paths and evolution results of its behavioral strategy,
and other parameters are set to the present value (two) (see Table 9). As shown in Figure 10a,
the government’s strategy choice changes evidently. When the penalty increases from 0.95
to 1.05, the curve representing the government’s strategy changes from converging to
zero to converging to one. This is because the increase in the penalty to the enterprise
expands the government’s policy gain. The net gain turns positive, and the government is
more willing to choose the incentive strategy, but the convergence time is relatively lagged
(shown in Figures 9a and 10a), which indicates that the reward that the government needs
to pay has a stronger moderating effect on its strategy choice compared to the punishment.
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Figure 10. Dynamic evolution of government and enterprise behavioral strategies in response to
changes in government punishment.

Finally, we choose Fe = 2, Fe = 3, and Fe = 4 to simulate the effect of government
punishment on the evolution paths and evolution results of the enterprise’s behavior
strategy and assign other parameters to the present value (five) (see Table 9). In this case,
as shown in Figure 10b, the enterprise’s strategy choice changes evidently. The curve
representing the enterprise’s strategy changes from converging to zero to converging to
one when the penalty increases from two to three. This is because the increase in penalty
increases the enterprise’s speculative cost and makes the net benefit under the enterprise’s
low-effort strategy fall to a negative value. Thus, the enterprise is more inclined to adopt a
high-effort strategy. The speed of convergence increases with the increase of penalty, and
the convergence time is relatively ahead (as shown in Figures 9b and 10b), indicating that
government penalties have a stronger moderating effect on the enterprise’s strategy choice
compared to the incentive.

6.3. Analysis of the Supervision Level of Farmers

Effective participation of farmers is an important means of ensuring the implemen-
tation effectiveness of FC [39], where effective supervising by farmers can improve the
effectiveness of PPP-FC by compensating for actions such as government deregulation or
ineffective regulation. From the previous stability analysis, it is clear that the supervision
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level of farmers has an impact on the behavior of both the enterprise and the government
with an increase in the supervision level of farmers positively incentivizing the govern-
ment to converge towards the incentive strategy and the enterprise to converge towards a
high-effort strategy.

In this paper, we choose different supervision levels of farmers i.e., x = 0.6, « = 0.8 and
a = 1.0, to simulate the evolution paths and evolution results of government behavioral
strategies when the supervision level of farmers changes and set other parameters to
the present value (two) (see Table 9). In this case, the change in the supervision level of
farmers does not substantially affect the enterprise’s strategy evolution, and the blue curve
representing the enterprise’s strategy always tends to zero (as shown in Figure 11) because
in this case there are both Ry—pCy < Ry —aFe and Ry+M,—BC; < Ry —F,, i.e., the net
benefit of low-effort is higher than that of high-effort regardless of the government’s choice
of incentive or non-incentive strategy and the enterprise’s strategy is entirely determined by
project benefits independent of government incentives and farmer supervision. As analyzed
earlier, in order to change the undesirable situation of ineffective government incentives, the
expected returns of the enterprise can be reduced at this time by increasing the penalties on
them in order to obtain better effects in PPP-FC. While the government’s behavioral strategy
changes significantly as a result (as shown in Figure 11), with the red curve representing
the government’s strategy shifting from converging to zero to converging to one when
o increases from 0.6 to 0.8, a change occurs because 0.6 < (Cg—Fe) /Fg =0.64<0.8. As
the supervision level of farmers increases, the cost of the government’s deregulatory
behavior increases, far exceeding the cost of government regulation, and the government’s
choice of strategy changes as a result. When o increases to one, the government strategy’s
convergence to one speeds up significantly. The reason for this is probably that public
scrutiny is effective in removing the government’s fluke, and the government’s willingness
to adopt the incentive strategy is greatly enhanced by the belief that any slackness in its
work will be prosecuted in the presence of farmer participation in supervision.

0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Time Time Time

(a) Both strategies when a = 0.6 (b) Both strategies when a = 0.8 (c) Both strategies when at =1

Figure 11. Dynamic evolution of government behavioral strategies in response to changes in the level
of public scrutiny.

In this paper, we choose different supervision levels of farmers, i.e., « = 0.6, x = 0.8,
and « = 1.0, to simulate the evolution paths and evolution results of enterprise behavioral
strategies when the supervision level of farmers changes, and other parameters are set to the
present value (five) (see Table 9). Changes in the level of public scrutiny have no substantial
impact on the evolution of the government’s strategy, with the red curve representing the
government’s strategy always tending towards zero (as shown in Figure 12). In this case,
Mg—M,e< aFg+Fe< Cg, i.e., whether or not the enterprise chooses a high-effort strategy,
the high cost of regulation causes a higher net benefit to the government from deregulation
than from strict regulation, and the government'’s strategy is entirely determined by the
cost of regulation and not influenced by the enterprise’s behavioral strategy and farmer
supervision, while the behavioral strategies of companies have changed significantly as
a result (as shown in Figure 12). When « takes the value of 0.6, the lower supervisory
level of farmers causes the enterprises to converge to a low-effort strategy. When the
probability of farmer supervision exceeds the level of (Rp —Ry+pCy)/Fe = 0.75, the blue
curve representing corporate strategy changes from converging to zero to converging to one.
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Probability

The rate of enterprise strategy convergence to one increases significantly as the supervision
level of farmers increases, indicating that farmer supervision plays a good complementary
role to situations such as slack government regulation, enhances farmers’ awareness of the
main role in PPP-FC projects, and effectively plays the role of farmers’ supervision, which
can highly promote the effectiveness of PPP-FC.
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Figure 12. Dynamic evolution of enterprise behavioral strategies in response to changes in the level
of public scrutiny.

7. Discussion
7.1. Discussion of Results

This study uses random numerical simulation experiments to intuitively reflect the
game process between the government and enterprises and reveals the influence of main
parameters on the strategic choices of both parties. The simulation results are the same
as the theoretical results of the evolutionary game model. According to the previous
simulation analysis, the effects of selected parameters are different on the game parties.

The earnings of farmland operation (Ry, Ry), the cost of government regulation
(Cg), and the strength of recognition and accountability of superior government (Mg, Fy)
are specific factors that influence the strategic choice made by the enterprises and the
government and play the decisive role in the behavioral decision making of both parties.
Regarding the earnings of farmland operation, as a public infrastructure construction
project, PPP-FC is characterized by its high investment scale and long payback period.
With limited financial subsidies and relatively high investment costs, a certain amount of
farming income is the source of motivation for enterprises to adopt active strategies. If
the earnings of farmland operation cannot be guaranteed, enterprises may have to adopt
irregularities to reduce costs, such as cutting corners and slacking off. Regarding the cost
of government regulation, when the cost of government regulation is relatively high, the
government’s strategic choice will not be affected by the enterprises” behavior strategy and
will stably adopt loose supervision. The possible reason is that the technical complexity,
multiple hidden projects and long project cycle of PPP-FC overwhelmingly increase the
difficulty of government regulation, which may cause an imbalance between the cost
and the effect of regulation. High regulation costs and limited regulation effect greatly
discourage the government from adopting incentive strategies [40]. Concerning the strength
of recognition and accountability of superior government, when the local government
attaches great importance to the evaluation of the superior government or inadequately
trusts the enterprise, the local government will not be affected by the enterprise’s strategies
either but stably adopt the incentive strategy. The possible reason is that the superior
government holds the authority of evaluating the local government’s performance, and
the local government has to play an active role in the supervision of PPP-FC to actively
respond to the administrative pressure from the superior government [41].

Government incentives (Mg, Fe) and the level of farmers’ supervision (x) are the
common factors that influence the strategic choices of both parties and can effectively
regulate both of their behaviors. In terms of government incentives, reward and punishment
measures affect the decision-making direction of enterprises. Increasing the strength of
reward and punishment can improve the decision-making speed of enterprises upon
choosing a high-effort strategy, and the regulation effect of punitive measures is significantly
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better than reward measures. As an “economic person”, enterprises are more sensitive to
losses than gains of the same amount and tend to avoid possible losses, which is consistent
with the conclusions drawn by similar studies [42,43]. For the government, reward and
punishment measures have opposite effects on the evolution of the government’s own
decision making. Increasing the strength of reward and punishment will improve the
decision-making speed of the government choosing the non-incentive strategy and the
incentive strategy, respectively, and the regulatory effect of reward measures is significantly
higher than that of the punitive measures. The possible reason is that increasing the strength
of reward will increase the policy cost to the government. To further relieve the financial
pressure, the government inclines to take punishment-oriented administrative measures to
regulate PPP-FC. Regarding the level of farmers’ supervision, this paper shows that under
the dual supervision pressure of the government and farmers, the initiative of enterprises to
adopt a high-effort strategy has been significantly improved, and the supervision of farmers
can assist government regulation to achieve better governance effects, which resembles the
research of Chu et al. [43], Feng et al. [44], and Wang et al. [45]. Meanwhile, the supervision
of farmers can effectively restrain government behavior, forcing the government to optimize
the governance system of PPP-FC.

7.2. Limitations and Future Work

Combining evolutionary game theory and cost-benefit quantitative analysis, this
paper discusses the dynamic game equilibrium between the government and enterprises
in PPP-FC. Although this paper made certain contributions to the theory and practice,
improvements can be made in the following three aspects in further studies. First, although
the roles of superior government, farmers, and other subjects in the process of interest
coordination are considered in constructing the evolutionary game model between the
government and enterprises, their own interests are not considered. Therefore, in the
future, farmers and other subjects can be further included in the game model to explore
the conflicts of interest and coordination mechanism of more participants in PPP-FC to
provide more comprehensive policy implications. Second, according to the differences
in the cooperation between social capital and the government and other project entities,
there are various PPP models of farmland consolidation. Therefore, the multi-agent game
under different PPP subdivision models can be further discussed. Third, constrained by the
limited availability of actual case data, the data selection and simulation in the simulation
analysis are random. Future studies should further obtain real case data to empirically test
the research conclusions.

8. Conclusions and Implication

In this paper, a dynamic evolutionary game model between the government and the
enterprise in PPP-FC is established to systematically investigate the dynamic evolution,
strategic equilibrium, and influencing factors of game subject behavior under the influence
of farmers’ supervision and further simulate the specific impact of parameter changes
on subject evolution paths and evolution results through a numerical simulation method.
Under the assumption that both the government and the enterprise are bounded rational
persons, the dynamics and learning of both sides of the game are considered, thus the
following conclusions are obtained:

(1) Under different parameter settings, there are four possible evolutionary stable
states for the two subjects: (non-incentive, low-effort) is an unfavorable stable state; (non-
incentive, high-effort) is the most favorable (also known as ideal) stable state; (incentive,
low-effort) is the most unfavorable stable state; (incentive, high-effort) is a favorable
stable state.

(2) In the interest game of PPP-FC, the earnings of farmland operation play a decisive
role in the behavioral decision making of the enterprises. When the earnings of farmland
operation are relatively low, the enterprises will constantly choose the low-effort specu-
lation strategy whether the government adopts the incentive strategy or not. In contrast,
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enterprises will spontaneously adopt the high-effort strategy even without government
incentives when projected earnings are high.

(3) In the establishment of regulatory mechanisms of PPP-FC, excessive regulatory
costs will make the government adopt the non-incentive strategy, while increased supervi-
sion by farmers has a positive effect on motivating both the government and enterprises to
adopt active strategies. The participation of farmers in supervision can effectively reduce
the difficulty of it, and the farmers play a complementary role in situations of “government
regulation failure”. Meanwhile, it can also impose “informal” accountability pressure on
the government to improve its regulatory efforts.

(4) In the process of coordinating the interests of PPP-FC, government incentive
mechanisms play an important role in regulating the behavior of enterprises. When the
levels of reward and punishment are the same, punitive measures are more effective in
motivating the enterprises.

Based on the above conclusions, this paper puts forward the following implications.

Firstly, sharing of agricultural technology innovation and knowledge should be en-
couraged, which can help with the effective growth of agricultural business income. Studies
have shown that investment in agricultural technology innovation has become a key fac-
tor affecting the income growth of agricultural enterprises and agricultural economic
growth [46]. Yu and Zhou [47] believe that the sharing of agricultural technology is
important to improve the allocation efficiency of agricultural resources. Therefore, the
government should enhance the policy environment for modern agricultural development
driven by agricultural technology innovation, encourage entities such as agricultural uni-
versities, agriculture enterprises and farmers to jointly participate in agricultural technology
innovation, raise agricultural research funding to provide necessary technical support for
enterprise development, and actively promote the application of modern agricultural
technology and transform agricultural scientific results. A simple and easy-to-use agri-
cultural technology knowledge platform should also be established in order to encourage
agricultural enterprises to share knowledge in related areas.

Secondly, it is necessary to optimize supervision methods, improve supervision
efficiency, and implement regulation measures based on punishment. Promoting the
“Internet + supervision” model, staying on top of the work of enterprises in real time, pub-
licly rewarding, punishing, and recording them with the help of Internet platforms will
help create reputational pressure for enterprises. Government should innovate the evalu-
ation methods for each stage of PPP-FC, create an assessment mechanism for reviewers,
enrich forms of evaluation, and raise the threshold for projects to pass. The government
also needs to institute a multi-level punishment system in which the level of punishment
gradually increases according to the number of mistakes, forcing enterprises to regulate
their behavior.

Thirdly, the government needs to build a collaborative supervision system that uses
multiple approaches to motivate farmers to play a supervisory role in the system. First
of all, improving and publicizing laws and regulations related to land consolidation,
raises farmers’ subject consciousness in FC. Then, building the collaborative supervision
mechanism between the government and farmers through improving the subject tasks
and benefit the distribution mechanism in PPP-FC, such as setting up supervision success
awards, which can increase farmers’ incentives to participate. The supervision and feedback
channels for farmers in project areas, which provide ways for farmers to realize their
supervisory role in the areas, need to be improved.

Fourthly, the vertical management mechanism of government departments, the ap-
pointment standards of public servants, and the government’s governance capacity in
many aspects should be improved. On the one hand, starting with the vertical management
of superior governments over local governments, the governments should establish a man-
agement system with clear levels of authority, strict governance, laws to follow, and flexible
linkage between the top and bottom. On the other hand, starting with the appointment
of public servants involved in the management of PPP-FC, the governments should hire
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“climber” officials who are more familiar with the policies, have stronger professional
quality, and are more eager for promotion so that the governments can play an active role
in PPP-FC.
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