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The quality and safety of agricultural products is very important for farmers’

professional cooperatives. This study incorporates the government, farmers’

professional cooperatives and farmers into the evolutionary game model

to explore the game relationship and evolutionary path of decision-making

among the three parties related to the quality and safety of agricultural

products. Through the dynamic analysis of decision-making replication, the

analysis of strategy evolution stability and the verification of numerical

simulation experiments, it is shown that the decision-making behavior of

the government, farmers’ professional cooperatives and farmers under the

conditions of agricultural product quality and safety is the result of the

game between three stakeholders; the government, farmers’ professional

cooperatives and farmers The evolution process of the decision-making

behavior to the ideal state is a�ected by many factors, and the value

ranges of di�erent factors have di�erent e�ects on the convergence speed

of the three stakeholders to the ideal state; when certain conditions are

met, the government, farmers’ professional cooperatives and farmers’ three

The decision-making behavior of each stakeholder can evolve into an ideal

state, and e�ective government supervision can promote the cooperatives

to manage the green production of farmers, and then e�ectively encourage

farmers to take the initiative in green production. In order to provide useful

suggestions for the government to make safety supervision decisions, to

e�ectively manage cooperatives, and to stimulate active green production

behaviors by farmers.
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green production, agricultural product quality and safety, game evolution, farmer-
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Introduction

The quality and safety of agricultural products is a major

strategic issue related to China’s economic development and

social stability (1). Since the reform and opening up, as China’s

social and economic structure have gradually transformed, food

safety issues have received increasing attention from the people.

In recent years, incidents such as poisonous cowpea, poisonous

ginger, strawberry pesticides exceeding the standard, Jiujiang

“cadmium rice” and other incidents have made the quality

and safety of agricultural products a common concern (2–5).

The “National Quality Agriculture Strategic Plan (2018–2022)”

pointed out the necessity of speeding the implementation of

chemical pesticide reduction and substitution plans; supporting

agricultural producers in the use of high-efficiency, low-

toxicity and low-residue agricultural and veterinary drugs; and

improving the quality and safety of agricultural products (6, 7).

Agricultural is an indispensably public healthcare industry

for human beings at any time (8). The survey report released

by the World Health Organization confirmed that the problem

of agricultural product quality and safety is very common

in the world. In the 19th century, foreign countries began

to pay attention to the quality and safety of agricultural

products. Upon Sinllair’s “THE JUNGLE” recorded in detail

the unsafe factors in Chicago’s meat from breeding, production,

and sales, and was the first to promote the development of

agricultural product quality and safety. A large number of

scholars have carried out extensive research on the quality

and safety of agricultural products. These scholars are mainly

from the perspective of food science and technology. Improve

the quality and safety of agricultural products by cultivating

improved varieties of agricultural products, improving the soil

environment, and exploring production technologies such as

pollution-free, green, or organic agricultural products (9–11).

Other scholars from the perspective of economics, psychology,

behavior, and other disciplines. Study the causes and solutions of

agricultural product quality and safety problems. This includes

the external government supervision system that studies the

quality and safety of agricultural products from the macro level.

The relationship between farmers’ green production behavior

and the quality and safety of agricultural products is studied

from the perspective of micro-subject behavior (12–14).

The production behavior of farmers is the source that

determines the quality and safety of agricultural products.

The fundamental problem of agricultural product quality and

safety is pollution at the source. Excessive application of

pesticides and fertilizers has led to a serious problem of

their residues in agricultural products. Arabian et al. (15)

pointed out that farmers may suffer from cancer due to

exposure to excessive pesticides (15). Agricultural products

applied with excessive pesticides will also affect the health

of end consumers. Many scholars have found that the

nongreen production behaviors of farmers not only affect

agricultural production but also cause great damage to consumer

health. People’s long-term consumption of inferior agricultural

products leads to chronic poisoning and increase the incidence

of cardiovascular, cerebrovascular diseases, Parkinson’s disease,

senile dementia and other diseases. Scholars believe that to

ensure the quality and safety of agricultural products, we must

start from the production source to avoid inferior agricultural

products appearing on the table and affecting the physical and

mental health of consumers (16–20). Therefore, it is of great

significance to standardize, guide, and encourage the production

behaviors of farmers to improve the quality and safety level of

agricultural products.

Peasant-specialized cooperatives play an important role in

intervening and preventing farmers’ behaviors. The intervention

of cooperatives on farmers’ production behaviors mainly

includes three intervention aspects: result, process, and social.

Result intervention for cooperatives on farmers primarily

consists of the unified testing and quality grading of agricultural

products produced by farmers to restrain farmers’ production

behaviors (21, 22). Process intervention is mainly related

to the unity of the peasant household production process

management and supervision of farmers before, during and

after the production process. such as formulating a series of

production standards and stipulating the amount of pesticides

and fertilizers applied by farmers can reduce the capital

investment of farmers in the production process to a certain

extent, and attracts more farmers to participate in it (23,

24). Social intervention means that cooperatives improve

farmers’ knowledge of agricultural green production and green

production skills through rewards and punishments, archives

and records, mutual cooperative supervision and technical

training. It can promote the popularization, promotion and

application of new agricultural scientific and technological

achievements (25–27). Therefore, once an advanced cooperative

management culture is formed, it can arouse farmers’ strong

interest in learning; improve their production skills and overall

quality; mobilize the initiative, enthusiasm and creativity of

farmers; and motivate them to implement green production

behaviors (28).

Evolutionary game theory is an effective method for

studying multiagent behavioral decision-making on the quality

and safety of agricultural products. The existing research on

multiagent behavioral decision-making in agricultural product

quality and safety mostly focuses on bilateral games, and

the study of tripartite games is less common. Cui et al.

(29) constructed an evolutionary game model between the

government and farmers and between farmers and agribusiness

and established the optimal and stable strategy of green

technology diffusion (29). The results show that the diffusion

of inefficient technologies on both sides plays an important

role in reducing the cost of green production and improving

farmer income. Dang (30) makes a dynamic analysis of the

evolution of the game between farmers, government and
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consumers (30). The results show that motivating consumers

to participate in the market is conducive to maintaining

market stability and controlling the quality of agricultural

products. Liu et al. (31) established a game model among

agricultural enterprises, the government and farmers (31). Their

results showed that the reasonable subsidies and carbon tax

can increase the enthusiasm of agricultural enterprises and

farmers to participate in green and low-carbon agriculture to

promote the production of green agricultural products. Du et

al. (32) built a green agricultural production evolutionary game

model under the market and government guidance mechanism

(32). The results showed that the interaction between the

main body determines the stability of the green agricultural

production network and the quality and safety of agricultural

products. Xu et al. (33) built a tripartite evolutionary game

model, analyzed the evolutionary cooperation stability strategy,

and discussed the interactive decision-making relationship

between new agricultural operators and traditional farmers

under the guidance of local governments (33). The results

showed that new agricultural operators played a leading role in

agricultural nonpoint source pollution control and a decisive

role in maintaining the quality and safety of agricultural

products. In this literature, the preliminary studies have mostly

focused on the impact of the game between government and

enterprises, cooperatives and consumers on the quality and

safety of agricultural products. In later studies, the proportion

of tripartite games gradually increased, but there were still

few studies related to cooperatives, and games with individual

farmers were lacking (34, 35). Therefore, this research includes

the government, cooperatives and individual farmers in the

same evolutionary game model. This paper builds a game

model of dynamic evolution to reveal the safe production of

the government, farmer-specialized cooperatives and individual

farmer evolutionary paths and the evolutionary law of decision-

making behaviour (36, 37). It is expected to provide reference

for the government to improve the efficiency of supervision, for

cooperatives to better regulate the behavior of farmers, and for

farmers to take the initiative to carry out green production and

maintain the quality and safety of agricultural products.

Hypothesis and model construction

The behaviors of government, farmer-specialized

cooperatives and individual farmers are incorporated into

a game system, and the three stakeholders all have the

characteristics of bounded rationality and the ability to learn

and imitate.

The profit and loss analysis of the relevant stakeholders with

different strategies is as follows:

Government-related gains and losses are as follows:

Assuming that the probability of the government taking safety

regulatory measures is x (0 ≦ x ≦ 1), then the probability of not

taking safety regulatory measures is (1− x).

When the government supervises the safety of farmer-

specialized cooperatives, the cost of supervision is C1, the

beneficial impact of the government’s access to cooperatives

to manage farmers’ safe production to the government is D1,

the government’s safety supervision being conducive to social

stability is W1, the fine paid by cooperatives that do not

manage the safe production of farmers isM1, and the bonus for

cooperatives that manage the safe production of farmers isM2.

When the government does not supervise the safety of

farmer-specialized cooperative, the cost savings for safety

regulation are C1, the governments’ safety supervision having

beneficial administrative effects is D1, the adverse effects of

the government not managing cooperative farmers production

safety is D2, and the negative effects on society of the

government not regulating safety (including the quality and

safety of agricultural products, farmers’ own safety, consumer’s

physical and mental health, social stability, etc.) areW2.

Relevant profits and losses of farmer-specialized

cooperatives are as follows: Suppose that the probability

of farmer-specialized cooperatives managing farmer production

behaviors is y, then the probability of nonmanagements is 1-y (0

≦ y≦ 1).

If farmer-specialized cooperatives affect the behaviors of

peasant household production management, the cooperative

management cost (including specification management cost,

testing cost and training cost, etc.) is C2, the government gives

farmers’ cooperative management production safety bonuses

of M2, the government fines farmers for not producing safely

in the amount of M3, farmers pay dividends of M4 for safe

production, safe production behavior is advantageous to the

cooperative development of farmers D3, farmers produce high-

quality agricultural products, and the promoted cooperative

benefits are B1.

If the farmer-specialized cooperatives do not manage farmer

production behaviors, a management cost of C2 can be saved;

Because the cooperative did not manage the farmers, the fine to

the government was M1. At the same time, the cooperative will

also lose the bonus M2 given by the government, and the fine

M3 paid by farmers for unsafe production; Save the dividend

M4 given to safe production farmers; The unsafe production

behavior of farmers has adversely affected the development of

cooperatives as D4; the non-high-quality agricultural products

produced by farmers are not high-quality and favorable prices,

and the loss to the cooperative’s income is B2.

The relevant profits and losses of farmers are as follows:

Assuming that the proportion of farmers choosing green

applications is z, then the proportion of farmers choosing

nongreen applications is 1-z (0≦ z≦ 1). The positive (negative)

impact of government safety supervision on farmers is T1 (T2).

If a farmer carries out green applications, the cost of

purchasing green agricultural materials is C3, the income
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increase from selling high-quality agricultural products is S1, the

dividend from the cooperative for safe production isM4, and the

beneficial impact (to the health of the farmer and the protection

of land) of green application on farmers isW3.

If farmers choose to use green pesticides, the cost savings

for green agricultural materials is C3, the unsold nongreen

agricultural products are S2, the farmers income lost due to

the green pesticide results in a need to pay a penalty to the

cooperative farmers ofM3, the damage the farmers cooperatives

cause results in green pesticide dividends M4, and the farmers

use of nongreen pesticide results in adverse effects (their health

is impaired, the green pesticide destroys the land, etc.) ofW4.

Therefore, the payoff matrix can be obtained for 8 strategy

combination: whether the government adopts safety supervision

measures, whether farmer-specialized cooperatives encourage

members to carry out safe production, and whether farmers

choose green applications. The specific contents are shown in

Table 1.

In this relationship, according to the actual situation,

constraint condition can be added as follows: If farmers carry

out green applications, the increased income from producing

high-quality agricultural products should be greater than the

cost of purchasing agricultural materials, that is, C3 < S1. If

farmers apply nongreen agricultural materials, the cost of the

green agricultural resources they save should be less than the

loss caused by not being able to sell nongreen products at a high

price, that is, C3 < S+ 2.

Analysis of the equilibrium of the
evolutionary game between the
government, farmer-specialized
cooperatives and individual farmer

According to the income matrix in Table 1, the expected

income V1x, V2x and the average income Vx of the government

departments’ decision making on “safety supervision” and “no

safety supervision” can be obtained. The expected income

V1y, V2y,.. and average income Vy of the decision-making

of “management of farmers’ production behavior” and “non-

management of farmers’ production behavior” of farmer-

specialized cooperatives. And the expected income V1z , V2z and

average income Vz of the farmers choosing “green application”

and “non-green application.” The specific formula is shown in

the Appendix.

Replication dynamic analysis of
government safety supervision decisions

According to the expected benefits corresponding to

different decisions of government departments, the dynamic

analysis equation of government safety supervision behavior

decision replication is derived:

F (x) =
dx

dt
= x

(

V1x − Vx
)

(1)

= x (1 − x)

[

−2C1 + D1 + M1 + W1 + W2

−y (D1 + M1 + M2)

]

When y =
−2C1 + D1 + M1 + W1 + W2

D1 + M1 + M2
, F (x) = 0, which

means that whether the government conducts safety supervision

in a stable state.

When y 6=
−2C1 + D1 + M1 + W1 + W2

D1 + M1 + M2
, set F (x) = 0 to

obtain x = 0, and x = 1 may be stable points. According to

the stability theorem of the replicated dynamic equation, x, as a

stable strategy, needs to meet F (x) = 0 and F′ (x) < 0. Taking

the derivative of F (x):

F′ (x) = (1 − 2x)

[

−2C1 + D1 + M1 + W1 + W2

−y (D1 + M1 + M2)

]

(2)

When y >
−2C1 + D1 + M1 + W1 + W2

D1 + M1 + M2
, dF(x)

dx

∣

∣

∣

x = 0
< 0,

and dF(x)
dx

∣

∣

∣

x = 1
> 0; therefore, is the evolutionary stable point.

When y <
−2C1 + D1 + M1 + W1 + W2

D1 + M1 + M2
, and dF(x)

dx

∣

∣

∣

x = 1
<

0; therefore, x = 1 is the evolutionary stable point.

Replicative dynamic analysis of farmers’
production decision-making in
farmer-specialized cooperatives

According to the expected benefits corresponding to

different decisions of farmers’ professional cooperatives, the

dynamic analysis equation for copying production decisions

of farmer-specialized cooperative management of farmers’

production is derived:

F
(

y
)

=
dy

dt
= y

(

V1y − Vx
)

(3)

F′
(

y
)

=
(

1 − y
)







x (M1 + M2)

−z (M3 + M4)

−2C2 + M3







When x =
z(M3 + M4) + 2C2−M3

M1 + M2
, F

(

y
)

= 0, which means

that whether farmer-specialized cooperatives manage farmers in

carrying out safe production is in a stable state.

When x 6=
z(M3 + M4) + 2C2−M3

M1 + M2
, set F

(

y
)

= 0 to obtain

y = 0, and y = 1 can all be stable points. According to

the stability theorem of the replicated dynamic equation, x, as

a stable strategy, needs to conform to F
(

y
)

= 0 and F′
(

y
)

< 0.

The derivative of F
(

y
)

is:
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TABLE 1 Revenue combination of tripartite evolutionary game.

Strategy combination Government revenue Profits from specialized farmer cooperatives Farmers income

(Regulatory, management,

green application)

−C1 + D1 + W1 −M2 −C2 + M2 −M4 + D3 + B1 T1 − C3 + S1 + M4 + W3

(Regulatory, management,

non-green application)

−C1 + D1 + W1 −M2 −C2 + M2 + M3 − D4 − B2 T1 + C3 − S2 −M3 −W4

(Regulatory, not manage,

green application)

−C1 + W1 + M1 C2 −M1 + D3 + B1 T1 − C3 + S1 + W3

(Regulatory, not manage,

non-green application)

−C1 + W1 + M1 C2 −M1 − D4 − B2 T1 + C3 − S2 −W4

(Not regulate, management,

green application)

C1 + D1 −W2 −C2 −M4 + D3 + B1 −T2 − C3 + S1 + M4 + W3

(Not regulate, management,

non-green application)

C1 + D1 −W2 −C2 + M3 − D4 − B2 −T2 + C3 − S2 −M3 −W4

(Not regulate, not manage,

green application)

C1 − D2 −W2 C2 + D3 + B1 −T2 − C3 + S1 + W3

(Not regulate, not manage,

non-green application)

C1 − D2 −W2 C2 − D4 − B2 −T2 + C3 − S2 −W4

ESS in the table below is Evolutionary stability strategy.

F′
(

y
)

=
(

1− 2y
)







x (M1 + M2)

−z (M3 + M4)

−2C2 + M3






(4)

When x >
z(M3 + M4) + 2C2−M3

M1 + M2
,

dF(y)
dy

∣

∣

∣

y = 0
> 0,

and
dF(y)
dy

∣

∣

∣

y = 1
< 0; therefore, y = 1 is the evolutionary

stable point.

When x <
z(M3 + M4) + 2C2−M3

M1 + M2
,

dF(y)
dy

∣

∣

∣

y = 0
< 0, and

dF(y)
dy

∣

∣

∣

y = 1
> 0; therefore, y = 0 is the evolutionary

stable point.

Replicative dynamic analysis of farmers’
decision-making for safe production
behaviors

According to the expected income corresponding to

different decisions of farmers, the dynamic analysis equation of

farmers’ safe production behavior decision replication is derived:

When y =
2C3−S1−S2−W3−W4

M3 + M4
, F (z) = 0, which means

that the farmers; safe production is in a stable state.

When y 6=
2C3−S1−S2−W3−W4

M3 + M4
, set F (z) = 0 to obtain

z = 0, and z = 1 can all be stable points. According to

the stability theorem of the replicated dynamic equation, z, as a

stability strategy, needs to conform to F (z) = 0 and F′ (z) < 0.

The derivative of F (z) is obtained as follows:

When, dF(z)
dz

∣

∣

∣

z = 0
< 0, and dF(z)

dz

∣

∣

∣

z = 1
> 0; therefore,

z = 0 is the evolutionary stable point.

When, dF(z)
dz

∣

∣

∣

z = 0
> 0, and dF(z)

dz

∣

∣

∣

z = 1
< 0; therefore,

z = 1 is the evolutionary stable point.

Replicative dynamic analysis of farmers’
decision-making for safe production
behaviors

Equations (1), (3) and (5) indicate that government

safety supervision decisions are related to farmers’ production

decisions managed by farmer-specialized cooperatives, the

production decisions of farmers under cooperative management

are related to the government’s safety supervision decisions and

farmers’ safety production decisions, and the decision-making

of farmers’ safe behaviors is related to the decision-making of

farmers’ production in cooperative management. Therefore, this

study conducts a stepwise analysis of the strategic evolutionary

stability of the government, farmer-specialized cooperatives and

individual farmers, namely, evolutionary stability analyses of

the government and farmer-specialized cooperatives and of

individual farmers and farmer-specialized cooperatives.

Analysis of the evolutionary stability of the
government and farmer-specialized
cooperatives

According to Equations (1) and (5), the dynamic

game between government and cooperatives contains five
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equilibrium points (0, 0), (0, 1), (1, 0), (1, 1), and (x∗ =
z(M3 + M4) + 2C2 − M3

M1 + M2
, y∗ =

−2C1 + D1 + M1 + W1 + W2
D1 + M1 + M2

).

If and only if 0 ≤
z(M3 + M4) + 2C2−M3

M1 + M2
≤ 1,

0 ≤
−2C1 + D1 + M1 + W1 + W2

D1 + M1 + M2
≤ 1, the dynamic game

evolution is given.

Jacobi matrix:

J1 =





















(1 − 2x)







−2C1 + D1

+M1 + W1 + W2

−y (D1 + M1 + M2)






, x (1 − x) (D1 + M1 + M2)

y
(

1 − y
)

(M1 + M2) ,
(

1 − 2y
)







x (M1 + M2)

−z (M3 + M4)

−2C2 + M3



























The determinant of matrix J1:

det J1 = (1 − 2x)

[

−2C1 + D1 + M1 + W1 + W2

−y (D1 + M1 + M2)

]

∗
(

1 − 2y
)

[x (M1 + M2) − z (M3 + M4) − 2C2

+ M3]−x (1 − x) (D1 + M1 + M2) y
(

1 − y
)

(M1 + M2)

Matrix J1 trace:

det J1 = (1 − 2x)

[

−2C1 + D1 + M1 + W1 + W2

−y (D1 + M1 + M2)

]

∗
(

1 − 2y
)

[x (M1 + M2) − z (M3 + M4) − 2C2

+ M3]−x (1 − x) (D1 + M1 + M2) y
(

1 − y
)

(M1 + M2)

J2 =

















(

1 − 2y
)







x (M1 + M2)

−z (M3 + M4)

−2C2 + M3






, 2y

(

1 − y
)

(M3 + M4)

z (1 − z) (M3 + M4) , (1 − 2z)

[

S1 + S2 + W3 + W4

−2C3 + y (M3 + M4)

]

















A local stability analysis was conducted according to the

above five equilibrium points, and the results are shown

in Table 2.

Table 2 indicates that stability points can be formed in

the dynamic evolutionary process of government and farmer-

specialized cooperation if the following conditions are met:

Whether the government safety supervision measures for

social stability and the influence of the government on

managing the peasant household production cooperatives

bonuses for a government safety regulation cost is >2 times

the difference. Moreover, the government manages farmer-

specialized cooperatives not by paying fines but by giving

bonuses, and cooperatives never pay farmers fines, the result of

which is greater than the sum of twice the production safety

management cost. Finally, the farmer-specialized cooperatives

are not penalized, and the sum is that of the mathematical

expectation of the share-out bonus. Then, the result of the game

between the government and farmer-specialized cooperatives is

the stable state x = 1, y = 1, that is, the government safety

supervision and farmers’ safe production behaviors.

Analysis of the evolutionary stability of the
government and farmer-specialized
cooperatives

According to Equations (1) and (3), the dynamic

game between peasant households and farmer-specialized

cooperatives contains five equilibrium points (0,0), (0,1),

(1,0), (1,1), and (y∗∗ =
2C3 − S1 − S2 − W3 − W4

M3 + M4
,

z∗∗ =
x(M1 + M2) − 2C2 + M3

(M3 + M4)
). If and only if 0 ≤

2C3 − S1 − S2 − W3 − W4
M3 + M4

≤ 1, 0 ≤
x(M1 + M2)−2C2 + M3

(M3 + M4)
≤ 1,

the dynamic game evolution is given.

Jacobi matrix:

The determinant of matrixJ2:

det J2 =
(

1 − 2y
)

[x (M1 + M2) − z (M3 + M4) − 2C2

+ M3] (1 − s2z) [S1 + S2 + W3 + W4 − 2C3

+ y (M3 + M4)
]

− 2y
(

1 − y
)

(M3 + M4)

z (1 − z) (M3 + M4)
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TABLE 2 Stability analysis of the evolutionary game of government farmer specialized cooperatives.

Equilibrium detJ1

symbol

trJ1

symbol

Result Stability condition

x = 0, y = 0 - Not sure Saddle point It’s a saddle point under any condition

x = 0, y = 1 - Not sure Saddle point It’s a saddle point under any condition

x = 1, y = 0 - Not sure Saddle point It’s a saddle point under any condition

x = 1, y = 1 + - ESS W1 + W2 −M2 > 2C1 ,

M1 + M2 + M3 > 2C3 + z (M3 + M4)

x = x* , y = y* 0 0 Saddle point It’s a saddle point under any condition

Matrix trace:

trJ2 =
(

1 − 2y
)

[x (M1 + M2) − z (M3 + M4) − 2C2

+ M3] + (1− 2z) [S1 + S2 + W3 + W4 − 2C3

+ y (M3 + 2M4)
]

A local stability analysis was conducted according to the

above five equilibrium points, and the results are shown in

Table 3.

Table 3 indicates that stable points can be formed in

the dynamic evolutionary process of peasant households and

farmer-specialized cooperatives if the following conditions are

met:

When the government manages production cooperatives,

farmers pay fines and give farmers production cooperatives the

mathematical expectation of the sum of the bonuses of <2

times the cooperative management costs and cooperatives give

the sum of the farmers production safety share-out bonuses.

Moreover, farmers selling high-quality agricultural products

experience increased revenue and use more green pesticide. The

beneficial effects of the green agricultural products could result

in high losses amounts of lost farmers income. Additionally, the

negative influence of the farmers use of green pesticide is greater

than the sum of twice the farmers purchase of green agricultural

capital. Then, the result of the game between peasant households

and Peasant-specialized cooperatives is in stable state y =

0, z = 1; that is, peasant households produce safely, and

cooperatives do not manage peasant households’ production.

When the government’s mathematical expectation that the

sum of the fines paid by the government for cooperatives

that do not manage farmer’s production and the bonuses

given to the cooperatives that manage farmer’s production is

less than twice the management cost of the cooperative and

the sum of the dividends paid by the cooperative to farmers

for safe production, and the sum of the increased income

of farmers selling high-quality agricultural products and the

beneficial effects of green pesticides on farmers, and the loss

of income of farmers due to the inability to sell non-green

agricultural products at a high price, and the adverse effects

of non-green pesticides on farmers more than double the cost

of farmers buying green agricultural materials. The result of

the game between peasant households and Peasant-specialized

cooperatives is the stable state y = 1, z = 1; that is, peasant

households produce safely and Peasant-specialized cooperative

manage peasant households’ production.

Numerical experiment and
simulation

Starting from the idea of people-oriented management,

this study promotes the ultimate evolution of the tripartite

game between the government, farmer-specialized cooperatives

and individual farmers to the ideal decision-making state of

government safety supervision, farmer-specialized cooperatives

managing farmers’ safe production and individual farmers’ safe

production (x = 1, y = 1, z = 1). This study applied

the constraint conditions and the replication of the dynamic

equation using the national statistical yearbook published data,

a multisubject questionnaire, a field investigation, and an

analysis of three ways to obtain data and data preprocessing.

This study used MATLAB simulation software to analyse the

government, farmer-specialized cooperatives, and individual

farmers tripartite game ideal state numerical test. Set the

parameter values according to the constraint conditions, which

were as follows:S1 = 20, S2 = 25, M1 = 60, M2 = 50,

M3 = 20, M4 = 10, C1 = 40, C2 = 20, C3 = 10,

D1 = 15, D2 = 20, W1 = 70, W2 = 80, W3 = 20,

W4 = 30, T1 = 20, T2 = 25.

The influence of government punishment and reward on the

cooperative evolution. When x0 = 0.5, y0 = 0.4, and, the

parameter values are M1 = 60, M2 = 60; M1 = 30,

M2 = 30; M1 = 60, M2 = 30; M1 = 30, and M2 =

60, respectively. Figure 1 shows that when the government

rewards (punishes) the cooperatives that (do not) manage

farmers’ safe production, the ideal state of the three directions

evolves. When the punishment is fixed, with an increasing

reward, the convergence speed of the tripartite evolutionary

system increases, and the time needed to converge to the ideal
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TABLE 3 Stability analysis of evolutionary game of peasant households and specialized farmer cooperatives.

Equilibrium detJ2

symbol

trJ2

symbol

Result Stability condition

y = 0, z = 0 - Not sure Saddle point It’s a saddle point under any condition

y = 0, z = 1 + - ESS x (M1 + M2) < M4 + 2C2

S1 + S2 + W3 + W4 > 2C3

y= 0,z= 1 − Not sure Saddle point It’s a saddle point under any condition

y = 1, z = 0 + − ESS x (M1 + M2) > M4 + 2C2

S1 + S2 + W3 + W4 + M3 + M4 > 2C3

y= 1, z= 1 0 0 Saddle point It’s a saddle point under any condition

FIGURE 1

Spatial diagram of the influence of changes in incentive and

punishment on the evolutionary paths of cooperatives given by

the government.

state decreases. When the reward is constant, the tripartite

evolutionary system converges faster, and the time needed to

converge to the ideal state decreases as the punishment increases.

When the reward is less than the punishment, the convergence

rate of the tripartite evolutionary system decreases, and the time

needed to converge to the ideal state increases. When the reward

is greater than the punishment, the tripartite evolutionary

system converges faster, and the time needed to converge to

the ideal state decreases. When the reward and punishment

are both large, the three-way evolutionary system converges the

fastest and takes the least amount of time to converge to the

ideal state.

Effects of rewards and punishment for green and nongreen

drug application by farmer-specialized cooperatives on

evolutionary processes. When x0 = 0.5, y0 = 0.4, and

z0 = 0.3, the parameter values are M3 = 10,M4 = 60;

M3 = 30, M4 = 30; M3 = 30, M4 = 60; M3 = 60, and

M4 = 30, respectively. Figure 2 shows that when cooperatives

reward (punish) farmers for green (nongreen) applications,

the ideal state evolves in three directions. When the reward is

less than the punishment, the convergence rate of the tripartite

FIGURE 2

Spatial diagram of the influence of the change of incentive and

punishment on the evolutionary path of farmers given by

cooperatives.

evolutionary system decreases, and the time needed to converge

to the ideal state increases. When the reward is greater than the

punishment, the tripartite evolutionary system converges faster,

and the time needed to converge to the ideal state decreases.

When both rewards and punishments are large, the tripartite

evolutionary system converges the fastest and takes the least

amount of time to converge to the ideal state.

The influence of the change of the governmental regulation

cost on the evolutionary process. When x0 = 0.5, y0 = 0.4,

and z0 = 0.3, the C1 values are 5, 20, 40, and 50. Figure 3 shows

that when the government supervision cost increases, the three-

party evolutionary system converges faster, and the time needed

to converge to the ideal state decreases. However, when the cost

of government supervision gradually increases and exceeds a

certain range, the evolutionary path changes, and the ideal state

cannot be realized.

The influence of the change of production safety cost

on the evolutionary process of farmer-specialized cooperative

management. When x0 = 0.5, y0 = 0.4, and z0 =

0.3, the C2 values are 5, 20, 40, and 70. Figure 4 shows that

when the management cost gradually increases, the convergence

speed of the three-party evolutionary system decreases, and the
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FIGURE 3

Spatial diagram of the impact of the change of government

investment in safety supervision costs on the evolutionary path.

FIGURE 4

Spatial diagram of the influence of the change of production

safety cost on the evolution path of peasant households

managed by cooperatives.

time needed to converge to the ideal state increases. However,

when the management cost of cooperatives gradually increases

beyond a certain range, the evolutionary path changes greatly,

and cooperatives cannot attain to the ideal state.

Impact of changes in farmers’ cost of purchasing green

agricultural materials on the evolutionary process. When x0 =

0.4, y0 = 0.6, and z0 = 0.5, the C3 values are 5, 30, 40,

and 70. Figure 5 shows that when the purchase cost exceeds a

certain range, the evolutionary path changes greatly, and the

ideal state cannot be approached. When buying costs within

the scope of the medium, as costs increase, the evolution of

the tripartite system convergence increases, the time required to

converge to the ideal state reduces, and an ideal state eventually

evolves. However, the cost is large, the evolution of the tripartite

system convergence speed decreases again, the time required to

converge to an ideal state increases again, but ultimately an ideal

state still evolves.

FIGURE 5

Spatial diagram of the impact of changes in the cost of

purchasing green agricultural materials on the evolutionary path

of farmers.

Conclusion and countermeasures

Research conclusions

This paper makes a dynamic analysis of the decision-

making replication, evolutionary stability analysis and

numerical simulation experiment verification among the three

stakeholders of government, farmer-specialized cooperatives

and farmer safety management. The main conclusions are

as follows:

The decision-making replicated dynamic equation indicates

that the proportion of farmers’ professional cooperatives

that manage farmers’ production decisions is related to the

proportion of government safety supervision decisions and

the proportion of farmers’ safety production decisions, the

proportion of farmers’ safety production decision-making is

related to the proportion of farmers’ production decision-

making under the management of farmers’ professional

cooperatives. Specifically, government decisions are directly

affected by cooperative decisions but are not be affected

by farmers’ decisions. The decisions of farmer-specialized

cooperatives are influenced by both the government’s and

individual farmers’ decisions. Individual farmers’ decisions

are influenced by cooperative decisions. The government,

cooperatives and farmers bridge the decision-making process. In

the process of production safety management, it is necessary to

clarify the influence relationship among the three.

The analysis of evolutionary stability indicates that the ideal

state of the three parties needs to meet four conditions at the

same time:

The difference between the impact of safety supervision

measures on social stability and the bonus given by the

government to the cooperatives that manage farmers’
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production is more than 2 times the cost of government

safety supervision.

The sum of the fines paid by the government to the

cooperatives that do not manage the farmers, the bonuses they

give to the cooperatives and the fines they pay to the farmers for

unsafe production is greater than the sum of the mathematical

expectation of the management cost of the cooperatives and the

sum of the fines and dividends they pay to the farmers.

The mathematical expectation of the sum of the fine paid

by the government to cooperatives that do not manage the

production of peasant households and the bonus given by those

cooperatives to cooperatives that manage the production of

peasant households is greater than the sum of the management

cost of the cooperative and the bonus given by the cooperative

to the safe production of peasant households.

“The increased income of farmers from selling high-

quality agricultural products and the beneficial effects of green

pesticides on farmers,” “The loss of income from farmers who

cannot sell non-green agricultural products at high prices,”

“The adverse effects of non-green pesticides on farmers” and

“The fines and dividends paid by cooperatives to farmers,”

the sum of the above four is more than twice the cost of

farmers’ green agricultural materials. The government, farmer-

specialized cooperatives and individual farmers can achieve the

ideal state of safe production; that is, the government actively

regulates safety, the cooperatives activelymanage the production

of farmers, and farmers carry out the green application

of fertilizers.

The numerical simulation results indicate that the

evolutionary process of the three to the ideal state is as follows:

The government adopts four reward and punishment

modes: light reward and light punishment, heavy punishment

and light reward, light punishment and heavy reward, heavy

reward and heavy punishment. The convergence speed of

the three party evolutionary system gradually accelerates,

and the time needed for convergence to the ideal state

gradually decreases.

Farmer-specialized cooperatives reward (punish) farmers for

green (non-green) applications. When the reward is heavy and

the punishment is light, the convergence rate of the evolutionary

system of the three parties is slow, and it takes a long time

to converge to the ideal state. When the reward is heavy and

the punishment is heavy, the tripartite evolutionary system

converges the fastest and takes the least amount of time to

converge to the ideal state.

The cost of government supervision increases within

a certain range, the convergence speed of the tripartite

evolutionary system is accelerated, and the time needed to

converge to the ideal state is reduced.

When the management cost of farmer-specialized

cooperatives gradually increases, the convergence speed of

the evolutionary system of the three parties decreases, and

the time needed to converge to the ideal state increases. The

management cost exceeds a certain range and is unable to trend

to the ideal state.

The cost of purchasing green agricultural materials for

farmers is too large or too small, and it takes a long time for them

to reach the ideal state. However, if the cost is increased within

an appropriate range, the time required for the three parties to

converge to the ideal state will be reduced. However, the cost of

purchasing green agricultural materials exceeds a certain range

and cannot trend to a stable state.

Implications

Using a “theoretical research—mathematical modeling—

numerical simulation,” the paper reveals the characteristics

and rules of the decision-making behaviors of the three

stakeholders—the government, farmer-specialized cooperatives

and individual farmers—and draws the following conclusions:

The government is a strong promoter of green production

and encourages farmer-specialized cooperatives to regulate

farmers’ production practices. In terms of cooperative

supervision, rewards and punishments should be appropriately

increased, and a reward system should be established for

high-quality agricultural products to encourage cooperatives to

standardize and manage farmers’ green production behaviors

and urge farmers to take the initiative when applying green

medicine and fertilizer (29). In terms of farmers, the government

can appropriately increase the investment in the supervision

cost of the quality and safety of agricultural products within

a certain range, increase publicity efforts, use social forces

to effectively spread the concept of green development in

agriculture, enhance farmers’ awareness of green production

and improve their green production skills (16, 29, 38). The

government provides discounts to farmers who purchase green

pesticides and fertilizers, and the cooperative pays dividends

to green farmers, which can greatly encourage farmers to

adopt green production solve the quality and safety problems

of agricultural products at the source, and prevent consumer

health problems, and improve public health awareness.

As the middle player in the tripartite game, farmer-

specialized cooperatives should actively respond to government

decisions and fully mobilize the enthusiasm of farmers to

realize a more comprehensive and standardized management of

farmers’ green production behaviors. According to Lewin’s field

theory, people’s behaviors in the surrounding environment are

affected by various environmental factors, and the cooperative

management of farmers’ production directly affects farmers’

green production behaviors. At the same time, Nikolić et

al. (39) believe that continuous education plays a key role

in preventing pressure from safety experts, and it also

plays a key role in the pressure management of the entire

organization (39). Therefore, cooperatives should strengthen the

management and guidance of farmers’ production behaviors,
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and at the same time strengthen the continuous education

of farmers’ safety awareness, concepts, and attitudes to avoid

problems such as excessive application of pesticides and

fertilizers caused by farmers’ lack of relevant knowledge.

In addition, Jahangiri et al. (40) believe that establishing a

high level of safety culture maturity can improve flexible

engineering capabilities and effectively prevent the occurrence

of safety accidents in the manufacturing industry (40).

This method is also applicable to cooperatives engaged in

agricultural production. The cooperative can manage the

production of farmers by establishing a safe and complete

management mechanism, so as to achieve the purpose of

preventing the production of inferior agricultural products.

Specific measures include the following: (1) Cooperatives

regularly contact agricultural research institutions, organize

professionals to provide practical green production technology

guidance to farmers, and spread innovative technologies to

rural areas. (2) Cooperatives appropriately increase dividends

(punishments) paid (inflicted) to (on) green (nongreen)

production farmers to encourage farmers to take the initiative

in green production. (3) Cooperatives unify production

standards and agricultural supplies, supplemented by human

capital training and organizational culture construction; make

management methods scientific, standardized and systematic;

and construct a modern management mechanism of self-

restraint, self-improvement and self-motivation.

Farmers directly affect the quality and safety of agricultural

products. Irrational fertilization and drug application by farmers

is a main factor leading to frequent agricultural product safety

accidents. The existing literature shows that when farmers

engage more in safe proactive behaviors, fewer safety accidents

occur. Farmers should be aware of the importance of their

own behaviors and the impact of their produce on the physical

and mental health of consumers and actively respond to

the government’s policies and calls. Regarding the rules and

regulations formulated by cooperatives, farmers should actively

cooperate, carry out green production according to standards,

provide high-quality agricultural products, actively participate

in technical training organized by cooperatives, enhance their

awareness of green production, reduce their dependence on

traditional pesticides (41), effectively prevent the production

of inferior agricultural products and the impact of inferior

agricultural products on people’s health and fundamentally solve

the quality and safety problems of agricultural products.

This study identifies safe production measures in the

government, farmer-specialized cooperatives and farmers

evolutionary path and the evolutionary law of behavioral

decision-making. It also uncovers the main decision-making

mechanisms to achieve an ideal state of equilibrium and stability

conditions and conduct data simulation experiments. Provide

theoretical reference and practical guidance for government

makes regulatory decisions, standardized management of

cooperatives and implementation of Farmers’ Green Production

Behavior. Let farmers have more advanced awareness and

technology in agricultural production, and ultimately achieve

the purpose of eliminating the frequent occurrence of

agricultural product quality and safety problems and improving

public health. This research also has certain limitations. The next

step is to expand the research scope by including agricultural

enterprises and consumers to explore the characteristics and

rules of multiagent behavioral decision-making regarding the

quality and safety of agricultural products.
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Appendix

V1x = yz (− C1 + D1 + W1 − M2)

+ y (1 − z) ( − C1 + D1 + W1 − M2)

+ z
(

1 − y
)

( − C1 + W1 + M1)

+
(

1 − y
)

(1 − z) ( − C1 + W1 + M1)

= y (D1 − M1 − M2) + ( − C1 + W1 + M1)

V2x = yz (C1 + D1 − W2)

+ y (1 − z) (C1 + D1 − W2)

+ z
(

1 − y
)

(C1 − D2 − W2)

+
(

1 − y
)

(1 − z) (C1 − D2 − W2)

= 2yD1 + (C1 − D1 − W2)

Vx = x ∗ V1x + (1 − x)V2x

= x
[

y (D1 − M1 − M2) + ( − C1 + W1 + M1)
]

+ (1 − x)
[

2yD1 + (C1 − D1 − W2)
]

V1y = xz ( − C2 + M2 − M4 + D3 + B1)

+ x (1 − z) ( − C2 + M2 + M3 − D4 − B2)

+ z (1 − x) ( − C2 − M4 + D3 + B1)

+ (1 − x) (1 − z) ( − C2 + M3 − D4 − B2)

= xM2 + z ( − C2 − M4 + D3 + B1)

+ (1 − z) ( − C2 + M3 − D4 − B2)

Vy = y • V1y +
(

1 − y
)

V2y

= y [xM2 + z ( − C2 − M4 + D3 + B1)

+ (1 − z) ( − C2 + M3 − D4 − B2)]

+
(

1 − y
)

[− xM1 + C2 + z (D3 + B1)

+ (1 − z) (− D4 − B2)]

V1z = xy (T1 − C3 + S1 + M4 + W3)

+ x
(

1 − y
)

(T1 − C3 + S1 + W3)

+ y (1 − x) ( − T2 − C3 + S1 + M4 + W3)

+ (1 − x)
(

1 − y
)

( − T2 − C3 + S1 + W3)

= xT1 − (1 − x)T2 + yM4 + ( − C3 + S1 + W3)

V2z = xy (T1 + C3 − S2 − M3 − W4)

+ x
(

1 − y
)

(T1 + C3 − S2 − W4)

+ y (1 − x) ( − T2 + C3 − S2 − M3 − W4)

+ (1 − x)
(

1 − y
)

( − T2 + C3 − S2 − W4)

= xT1 − (1 − x)T2 − yM3 + (C3 − S2 − W4)

Vz = z ∗ V1z + (1 − z)V2z

= z
[

xT1 − (1 − x)T2 + y ∗M4 + ( − C3 + S1

+ W3)] + (1 − z)
[

xT1 − (1 − x)T2 − yM3

+ (C3 − S2 − W4)]
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