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For countries with small farmers as the main body of agricultural production,
green production transformation of small farmers is crucial to achieve green
agricultural development. Based on the prospect theory, this paper builds an
evolutionary game model of cooperative leading the green production
transformation of small farmers, systematically deduces the possible
combination of different strategies of both sides, and puts forward targeted
countermeasures for improvement. Finally, the simulation is verified, and the
influence of relevant parameters on the decision-making of both sides is
analyzed. In the initial stage of green production transformation, the local
government's support to the cooperative supervision and incentive strategy
is the key to the successful transformation. Cooperatives can effectively
promote small farmers’ transition to green production by reducing green
production costs and increasing their perceived ecological benefits, moral
benefits and brand benefits, but the effect of simply increasing the
proportion of dividends is not obvious. Under the supervision and incentive
strategy of cooperatives, there is an interval in which small farmers adopt
cooperation strategy but fail to realize income increase, so cooperatives
should increase the benefit distribution of small farmers. The research
results provide reference for the green production transformation of small
farmers, and also have strong enlightenment for the cooperative hitchhiking
governance.
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Introduction

Over the past 40 years, the development of agriculture in China
has relied heavily on chemical fertilizers and pesticides, and it has
caused ecological damage and food safety problems (Liu et al., 2015;
Li et al, 2021a; Liu and Wu, 2022). In recent years, the Chinese
government has issued several policy documents to promote the
green development of agriculture. Agricultural green production is
the core of agricultural green development. However, the main body
of agricultural production and operation in China is small farmers
(ZHANG, 2020). According to the data of the third national
agricultural census in 2016, there are 207 million agricultural
operators nationwide, with a total of 2.024 million mu of arable
land. According to the World Bank classification standard, China’s
small farmers account for 98.1%, and small farmers in large
countries will be China’s long-term basic national conditions
(ZHANG, 2020). Therefore, under the background of small
farmers in China, the transformation of small farmers’ green
production is the key to realizing the green development of
agriculture in China (Liu et al., 2020; Li et al., 2021b).

However, on the consumption side, it is difficult for small
farmers to obtain market trust in the face of the market alone,
and they cannot solve the problem of high quality and low price
alone, so they cannot solve the problem of sales (Shen, 2021). On
the production side, small farmers are characterized by short-
sightedness and low-risk preferences, and may not comply with
regulations in the production process, use prohibited pesticides
privately or do not want to participate in green production activities,
and continue to use large amounts of chemical fertilizers and
pesticides in the production method (Jin et al., 2017; He et al,
2020). Therefore, the participation of other social organizations is
needed to promote the realization of green production behaviors of
small farmers. It is necessary to explore how relevant social
organizations can promote the transformation of small farmers’
green production. As a natural farmer organization, cooperatives
have a broad base of farmers and great advantages in organizing
farmers’ production activities. Therefore, it is necessary to explore
the mechanism of cooperatives to promote the transformation of
small farmers’ green production.

However, there are many problems in the development of
China’s cooperatives under the background of small farmers,
such as small scale, weak strength, and lack of development
motivation (Yan and Chen, 2013; Hu et al,, 2017). Therefore, it is
necessary for the government to intervene and provide relevant
policy support to promote the green production transformation
of small farmers by cooperatives. In the context of small farmers
in China, the green production transformation of small farmers
involves small farmers, the government, and cooperatives. This
paper will try to explore the mechanism of cooperatives leading
the green production transformation of small farmers under the
background of government participation.

Researches on the green production transformation of small
farmers mainly focus on the influencing factors of the green
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production behavior of small farmers. Mao et al. (2021) explored
the impact of land ownership on farmers’ green production
behavior. Through regression analysis, (Li et al., 2021b) found
that farmers’ age, land type, land transfer compensation,
technical service institutions, training, and subsidies have a
significant impact on their willingness to produce green
agriculture. Using survey data from 623 rice farmers in
Sichuan Province, China, (Li et al, 2021a) showed that
cooperative membership has a significant positive impact on
safe rice agricultural production. Li et al. (2022a) pointed out that
social network has a significant positive promotion effect on rice
farmers’ application behavior of biopesticides. Li et al. (2020)
pointed out that perceived value and perceived income has a
significant positive impact on agricultural green production
behavior while perceived risk has a significant negative
impact. Du et al. (2021) pointed out that when formal
environmental regulations were relatively lacking or weak,
village regulations could serve as a useful complement to
farmers’

(2021)
pointed out that agricultural subsidies can effectively improve

formal environmental regulations to promote

participation in cleaner production. Zhang et al.

the utilization rate of green pesticides, and the increase of
agricultural subsidies is more effective than product certification.

In the process of green production transformation of small
farmers led by cooperatives, both sides are faced with different
strategies due to information asymmetry. Both sides will adjust
their behaviors according to their subjective judgment of
economic interests. Therefore, this paper will use the
evolutionary game method to study. Evolutionary game
theory, originating from biological evolution theory, breaks
the hypothesis of complete rationality and assumes that the
groups involved in the game are bounded rationality, which is
more consistent with the actual situation. Evolutionary game
theory has been applied in many fields and has produced
abundant research results. Li et al. (2022b) introduced the
evolutionary game model into the supervision of coal mining
enterprises, and constructed a multi-agent evolutionary game
model for coal mining enterprises, regulators, and frontline
workers. To explore the role of public participation in China’s
environmental governance, (Chu et al., 2022) constructed an
evolutionary game model among local governments, polluting
enterprises, and the public, and pointed out through model
analysis and simulation that public supervision and action
could help reduce the regulatory burden of local governments.
To explore the problems of rural garbage classification in China,
(Teng et al.,, 2022) constructed a tripartite evolutionary game
model of government, village collective, and farmers, and the
research provided a reference for guiding rural garbage
(2022)
evolutionary game model composed of platforms, restaurants,

classification. ~ Wang constructed a tripartite
and consumers, and explored how to promote the healthy
(2022)

explored the influence of reward and punishment mechanisms

development of the takeout industry. Zhu et al.
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FIGURE 1
Overall research framework.

on construction workers’ safety behavior through evolutionary
game theory. In the aspect of agriculture, (Huo et al., 2022)
constructed a tripartite evolutionary game model of professional
farmer cooperatives, producers, and retailers, explored the
mechanism of promoting tripartite cooperation, and provided
a reference for comprehensive cooperation of the agricultural
supply chain. Teng et al. (2021) constructed an evolutionary
game model of government, farmers, and consumers. Through
model analysis and simulation, the study pointed out that
effective supervision could promote farmers to change to
green production mode.
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To strengthen the explanatory power of people’s real decision-
making behavior, (Kahneman and Amos, 1979) proposed the
prospect theory which is closer to real decision-making than
the expected utility theory from the perspective of cognitive
psychology. Then prospect theory and evolutionary game are
applied in different scenarios. To study rent-seeking behavior in
major infrastructure projects (MIP), (Lv et al., 2022)constructed an
evolutionary game model among project owners, supervision
units, and project contractors based on prospect theory, studied
the strategy selection and stability conditions of game participants,
and provided a decision-making basis for major infrastructure
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projects (MIP). Dou et al. (2021) constructed a tripartite
evolutionary game model of government, developer, and
contractor based on prospect theory to provide decision-making
suggestions for the promotion of prefabricated buildings. Based on
prospect theory and evolutionary game theory, (Shen et al., 2021)
established an evolutionary game model between local
governments and polluting enterprises in Taihu Lake Basin to
explore the ecological compensation mechanism of Taihu Lake
Basin. Shen et al. (2018) established an evolutionary game model of
building material contractors and manufacturers based on the
prospect theory to explore the mechanism of promoting garbage
recycling.

Through the above research, it can be found that prospect
theory can effectively combine evolutionary game theory. In the
process of green production transformation of small farmers led by
cooperatives, both parties pursue the maximization of their interests
due to information asymmetry, and both parties are bounded
rationality, so this study is suitable for adopting evolutionary
game theory. At present, there is a lack of research on the green
production transition of small farmers combining prospect theory
and evolutionary game theory. 1) On the one hand, it is difficult for
the government to directly manage farmers, and farmers do not
directly face consumers, and cooperatives usually act as
intermediary organizations; on the other hand, the previous
literature based on the assumption of complete rationality more,
the actual game players as not entirely rational. 2) The existing
research on green production transition only focuses on the
improvement of product quality, but does not pay attention to
the problem of increasing the income of small farmers. At the same
time, the green production transformation of small farmers is a
systematic project. This paper attempts to combine the prospect
theory and evolutionary game research methods to discuss the
income increase of small farmers, the development of the
cooperative brand, and the free-riding problem within the same
systematic framework, and explore the mechanism of cooperatives
leading small farmers to realize the green production
transformation under the background of government participation.

The rest of the study is organized as follows. In the second
section, model assumptions are made based on the actual
problems of cooperatives leading the green production
transformation of small farmers and the payment matrix of
both parties is constructed. The third section solves the model
and analyzes the stability of the strategies of both sides. In the
fourth section, the model is simulated and parameter sensitivity
is analyzed. The fifth part is the conclusion.

Model hypothesis and model
construction

In the process of green production transformation of small
farmers led by cooperatives, both sides are faced with different
strategies due to information asymmetry. Both sides will adjust
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their behaviors according to their subjective judgment of
economic interests. Small farmers may not produce according
to green production standards, and cooperatives can adopt
educational incentives and supervision incentives for small
farmers’ production behaviors. This part will make
assumptions on the model according to the actual problems,
and add the decision-makers’ psychological perception factor in
the prospect theory into the game of both sides, so as to construct
the benefits matrix of both sides. The overall research ideas of this
paper are shown in Figure 1.

Hypothesis 1. In the process of developing green agriculture,
small farmers will have two choice strategies: “cooperation” and
“non-cooperation”. That is, the strategic space of small farmers is
(cooperation, non-cooperation). “Cooperation” refers to
production following green standards, and “non-cooperation”
refers to small farmers using traditional production methods.
Due to information asymmetry, cooperatives have two strategic
options for non-cooperation behaviors of small farmers, namely
“supervision incentive” and “education incentive”. That is, the
strategic space of cooperatives is (supervision incentive,
education incentive). “Education incentive” mainly guide
small farmers to produce according to green standards
through publicity and education. “Supervision incentive”
refers to daily production supervision, production record
inspection, and laboratory testing of small farmers in addition
to publicity and education.

Hypothesis 2. The prospect theory on the premise of limited
rationality and think policymakers the strategy choice of the
main basis for subjective evaluation and perceived value of profit
and loss, rather than the actual gain and loss, make up for the
deficiency of the objective profit and loss payoff matrix in the
evolution game, can explain behavior evolution strategy behind
the change of the psychological perception, solving the
contradiction of decision-making behavior does not accord
with the expected utility theory. Both cooperatives and
smallholder households are bounded rationality. The choice of
strategies of both parties is based on the perceived value of the
profit and loss of the strategy, rather than the direct profit and
loss of the strategy itself. This value perception behavior
conforms to the prospect theory. Therefore, this paper
combines prospect theory with an evolutionary game and
applies it to the evolutionary game analysis in the process of
green production transformation of small farmers led by
cooperatives.

According to the prospect theory, V is the decision-makers
perceived value of profit and loss, which is jointly determined by
value function v(Ax;) and weight function 7(p;). The expression is:

n

V= ZTL’ (pi)v(Axy),

i=1

v(Ax;) and 7(p;) can be expressed as:
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TABLE 1 Income matrix of cooperatives and small farmers.

Small farmers Cooperatives

Supervision incentive (y)

Cooperation (x)

Non-cooperation -V (Fp) -V (Ep)V(AH,)+V (Bp) -V (H,)

(1-x)

(Ax)*
-1 (—Ax,-) Y Ax,‘ <0,
(Pi)e
1/0°
[(Pf)e +(1- Pz‘)e] /

AX,‘ZO,

v(Ax;) = {

n(pi) =

Where, pi is the objective probability of occurrence of event i, the
curvature of © weight function curve, Axi represents the
difference between the actual obtained x; by the game subject
and the reference point x, after occurrence of event i, that is,
Axi = xi-xy. a and y describe the marginal diminishing degree of
value function of gain and loss respectively, and represent the
sensitivity of perceived gain and perceived loss in this paper. A is
the degree of loss avoidance.

Hypothesis 3. When the cooperative adopts the strategy of
“supervision incentive”, it will obtain the support income
V(Bp) from the government, mainly including capital
subsidy, agricultural product publicity, and assistance,
honor incentive, but it will also pay the cost V(H,) higher
than the strategy of “education incentive”. Normally, the
benefits of green transformation obtained by cooperatives’
green production transformation are V(AH,), but when the
quality problems of agricultural products are reported by
consumers, the brand value loss V(B;) will occur, and the
reduction of the brand value of cooperatives will also affect
the interests of small farmers, such as the reduction of
dividend amount and purchase price of cooperatives.
Assuming that the proportion of brand loss reduction
borne by small farmers was {, the proportion borne by
cooperatives was (1-0).

Hypothesis 4. The production cost of small farmers when they
choose the “non-cooperation” strategy is Cy, and the perceived
difference between green production cost and traditional
production cost when they choose the “cooperation” strategy
is V(AC,). Usually, small farmers can only get ordinary
agricultural product sales revenue V(Ry) when they sell
themselves without cooperation with relevant organizations or
brand resources, and the perceived green sales revenue they can
get higher than ordinary agricultural products through
cooperative channels is V(AR,).
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Education incentive (1-y)

V(AR) =V (ACy) + V (Ec) + BV (AH,) (1 - B)V (AH,)
V(ARy) + BV (AH,) = V(Ep) = {V (By) (1 - B)V (AH,) = (1 - )V (Br)

Hypothesis 5. Studies have shown that education of farmers
can significantly increase farmers’ sense of responsibility and
reduce farmers’ fertilizer use (Ying et al., 2017; Tian et al., 2021;
Luo et al, 2022), that moral responsibility, environmental
knowledge, skills
environmental behavior, and that cultivating farmers’ sense of

and can promote farmers’ pro-
moral responsibility and responsibility and running field schools
can promote farmers’ pro-environmental behavior (Bagheri
et al.,, 2019; Gowda et al., 2021; Khan et al., 2021). Education
and training by cooperatives can make smallholder farmers
aware of the ecological damage caused by the heavy use of
fertilizers and pesticides. It is assumed that the perceived
ecological gain that farmers can obtain when they produce
according to green standards in the production process is
V(Ec), and when they do not produce according to green,
they incur a loss of perceived moral gain V(Ep) because they
violate the rules of the cooperative and fail to guarantee the

quality of their agricultural products.

Hypothesis 6. The cooperative will distribute the green
transformation benefits to its members, assuming that the
percentage of dividends is f, and the perceived dividend
benefit to farmers is SV(AH,). When the cooperative adopts
the “supervision incentive” strategy, each batch of vegetables will
be inspected. When small farmers are found to violate the rules
during the daily supervision of the cooperative, or found to be
substandard in the inspection, small farmers can only sell their
vegetables through the market, and no longer enjoy the
dividends,
cooperative, assuming that the punishment here is the public

cooperative’s and will be punished by the
announcement of the failure of the inspection, small farmers will
suffer from loss of face V(Fp).

Since the decision weight function is used to measure the
subjective probability of the occurrence of uncertain gains and
losses, this paper holds that the uncertain gains and losses in the
green production transformation of small farmers are mainly
reflected in the complaints of customers and the reduction of
brand trust caused by the quality of agricultural products. If the
objective probability of occurrence is Py, the subjective
probability is 1(Py), so V(Br) = m(Py)A(Br)’. According to the
above assumptions, the income matrix of cooperatives and small
farmers can be obtained as shown in Table 1.
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TABLE 2 Specific values of local equilibrium points at I'iy, I'>p, I'12, I2.

10.3389/fenvs.2022.1041992

Equilibrium point Iy, Iy, I, I,

(0,0) V(Ec) +V (Ep) +{V (Br) =V (ACy) 0 0 V(Bp) + BV (AH,) + (1 - )V (Br) -V (Hc)
(0,1) V(AR,) + BV (AH,) + V (Fp) + V(Ec) + V (Ep) - V (ACy) 0 0 V(Hc) -V (Bp) - BV (AH,) - (1-{)V (BL)
(LY V(ACy) =V (Fp) -V (AR) - BV (AH,) - V (Ec) - V (Ep) 0 0 V(Hc) -V (Bp)

(1,0) V(AC;) -V (Ec) =V (Ep) - {V (By) 0 0 V(Bp) -V (Hc)

(x*, y%) 0 A VA 0

Solution and analysis of evolutionary
game model

Replication dynamic analysis of the
evolutionary game

The expected income M; of cooperatives adopting the
“supervision incentive” strategy is:
M, = x[(1-B)V(AH,) + V (Bp) - H.] + (1 - x)[V (AH,)
+V(Bp) -V (Ho)l
1)

The expected income M, of cooperatives adopting the
“educational incentive” strategy is:

M, =x[(1-B)V(AH,)]+ (1-x)[(1-B)V(AH,)

- 1=V (By)]. ©)
The average expected income M of cooperatives is
M=yM1+ (1—y)M2 (3)

The number growth rate of the cooperative choosing the
“supervised incentive” strategy is equal to its fitness minus its
average adaptation, that is, under the continuous continuation of
time T, the replication dynamic equation of the cooperative is:

d
Fly)=2=

=y (1= y){V(Bp) + BV (AH,) + (1= )V (BL) - V (Hc)
—x[(1-QV (B + BV (AH,)]}.

(M1 - M)

4
The expected income K; of small farmers choosing the
“cooperation” strategy is:
Ky = y[V(AR)) = V(AC) + V (Ec) + BV (AH,)]
+ (1= )[V(AR,) - V(AC,) + V (Ec) + BV (AH,)]. (5)

The expected income K, of small farmers choosing the “non-
cooperation” strategy is:
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Ky = y[-V(Fp) = V(Ep)] + (1 - y)[V(AR,) + BV (AH,)
= V(Ep) = {V (By)].
(6)

The average expected income K of small farmers is:

K = xKl + (1 —X)Kz. (7)

The growth rate of the strategic quantity of small farmers is
K1 - K. Under the continuous continuation of time T, the
dynamic replication equation of small farmers is:

Feo =2 (k1K)
= x(1=0){y[V (AR, + BV (AHL) + V (Fy) = IV (By)]
+V (Ec) + V(Ep) + {V (By) - V(ACy)}.

®)

Equilibrium point and stability analysis of
the evolutionary game

According to the above analysis, from F(x) and F(y), it can be
concluded that the driving system E of green production
transformation of small farmers is:

{F(x) =x(1-0{y[V (AR + BV (AH,) +V (Fp) ~ (V (BL)] +V (Ec) +V (Ep) + {V (B) = V(AC,)},

F(y) = y(1=y){V(Bp) +fV(AH,) + (1 - OV (BL) =V (Hc) = x[ (1 = OV (BL) + fV (AH,)]}.
©)

When F(x) = 0 and F(y) = 0, the dynamical system has five
equilibrium points, which are (0, 0), (0, 1), (1,1), (x ¥, y*), where

x — V(Bp)+BV(AH,)+(1-O)V (B,)-V (Hc) V (AC))-V (Ec)-V (Ep)

x * =
(1-QV (B)+pV (AH,) > Y = VARV (AH,)+V (Fp)—LV (BL)

The five equilibrium points obtained from the above
replication dynamic equation are not completely the
of the The
evolutionary stability of the two-dimensional dynamic

evolutionary stability strategy system.
system should be derived by analyzing the local stability of
the jacobian matrix of the system. Therefore, the Jacobian

matrix constructed is:
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TABLE 3 Analysis of strategy stabilization equilibrium points.

Scenario Equilibrium point Iy,
Scenario 1 (0,0)
(0,1) uncertainty
(L) uncertainty
(1,0 +
Scenario 2 (0,0) uncertainty
(0,1)
(1,1) +
(1,0) uncertainty
Scenario 3 (0,0) uncertainty
(0,1) +
(L1
(1,0) uncertainty
Scenario 4 (0,0) +
(0,1) uncertainty
(LY uncertainty
(1,0) -
OF (x) OF(x)
P [rn Iy ] (10)
OF(y) 9F(y)| LIu I=
ox 7

After solving respectively, the following results can be obtained:

Iy=(1- ZX){V[V(ARs) +BV(AH,) +V (Fp) - [V(BL)] +V(Ec)+V (Ep) +{V (BL) *V(Acs)}:
T12=x(1-x) [V(ARj) + BV (AH,) +V (Fp) — [V(B,_)],
I21=y(1-y)[- (1-OV(B) - BV (AH,)],
I = (1=2y){V(Bp) + BV (AH,) + (1= {)V (BL) = V (Hc) = x[ (1 - {)V (By) + BV (AH,)]}.

1n

The equilibrium point of the replication dynamic equation is
not the evolutionary stability point, and the following two
conditions should be satisfied at the same time:

tr(J) =I'n +I» <0,
det(J) = I'1I'y —I';2I5, > 0.

From the condition of the equilibrium point of the
evolutionary stable strategy, it can be deduced that the
equilibrium point of the evolutionary stable strategy needs to
satisfy I';; < 0 and I';, < 0. By solving the Jacobian matrix, we get
the values of I'yy, I, I'np, I respectively, and as shown in
Table 2. When det(]) > 0 and tr(J) = 0 or uncertain, this point is a
saddle point. The trace of the equilibrium point (x*, y*) is equal to
0, so it is not stable and will not be discussed below.

Ao VB pvaH) + fZ)V(BL)7T((:if)[]){:/(::l;;i;K“//((f’,-,l)r]ﬁ‘l/mk;)+BV(AH,) +V(Fp) - {V(By)]

_ V(AC) -V (Ec) -V (Ep)I[V (AC,) - V (Ec) - V (Ep) - V(AR,) - BV (AH,) -V (Fp) +{V (B))] [(1 -V (By) + BV (AH,)]
[V(AR) + BV (AH,) +V (Fp) = (V (By)]

Z

Scenario 1. When V (Ec)+V (Ep)+ ({V(Br) -V (AC,)<0
and V(Bp) + BV (AH,) + (1 - )V (BL) - V(H¢) <0, as shown
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I, Tr(J) Det(]) Stability

- - + ESS

+ uncertainty uncertainty unstable point
+ uncertainty uncertainty unstable point
- + + unstable point
+ uncertainty uncertainty saddle point

- - + ESS
uncertainty uncertainty uncertainty saddle point
uncertainty uncertainty uncertainty saddle point
+ uncertainty uncertainty saddle point

- uncertainty unstable point
- - + ESS

+ uncertainty uncertainty saddle point
uncertainty uncertainty uncertainty saddle point
uncertainty uncertainty uncertainty saddle point
+ uncertainty saddle point

- - + ESS
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in Table 3, the system has a unique equilibrium point (0, 0), that
is, small farmers choose the “non-cooperation” strategy and
cooperatives choose the “educational incentive” strategy.
V(Ec) + V(Ep) + {V (Br) — V(AC;) < 0 indicates that the sum
of the perceived ecological benefits, moral benefits and the
benefits brought by the cooperative brand obtained by small
farmers in accordance with the green production mode is not
enough to compensate the cost of green production higher than

the traditional production mode. Therefore, when the
cooperative adopts the “educational incentive” strategy, small
farmers choose  the “non-cooperation” strategy.
V(Bp) + BV (AH,) + (1 -{)V(BL) -V (Hc) <0, indicating

that when the cooperative adopts the “supervision incentive”
strategy, the sum of the government support income and the
dividend saved by the cooperative is lower than cost. When the
start-up value of cooperative brand is low, the loss of cooperative
brand is relatively small, and when the government’s support
income is low, cooperatives will tend to adopt the strategy of
“educational incentive”.

Scenario 2. When V (AR) + BV (AH, )+
V (Fp) + V (Ec) + V(Ep) — V(AC,) <0and  V (H¢) -V (Bp)-—
BV (AH,) - (1 -{)V(BL) <0, as shown in Table 3, the system
has a unique equilibrium point (0,1), that is, small farmers choose
the “non-cooperation” strategy and cooperatives choose the
“supervision incentive” strategy. V (AR;) + fV (AH,) + V (Fp) +
V (Ec) + V(Ep) -V (AC,) <0 that the
cooperative adopts the “supervision incentive” strategy, the

indicates when

sum of sales revenue, ecological perception revenue, moral

perception revenue and dividends obtained by small farmers
adopting the “cooperation” strategy is lower than that obtained
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A Income/cost

Under the punishment mechanism, the green production
income is the same as the traditional production income. /
VUR9+BV (4Hp)~[V(AC)V (Ec)-V EDI=Ry-[Cx+V (Fp}]
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When there is no punishment, the green production income is the
same as the traditional production income.

V(ARSHBV (AH )~ [V(AC)-V(Ec)-V(Ep)]|=Ry—Cy]

uction income curve under cooperative incentive. ¥ (4R V (4H})

ST

Traditional production revenue line 7y

—9

raditional production cost curve under penalty mechanism Cy+V(F
Traditional production cost line Cy

Green production cost curve V(ACg)-V(E¢)-V(Ep)-TV(Br)

|

11 2 TS

FIGURE 2

Dynamic adjustment model of incentive intensity and supervision strategy.

by adopting the “non-cooperation” strategy. Therefore, small
farmers ultimately choose the “non-cooperation” strategy even
V(Hc) -V (Bp) - BV (AH,) -
(1-0V(BL)<0 indicates that the sum of the support
income, undistributed dividend income and perceived brand

when facing punishment.

loss value of the cooperative by adopting the strategy of
“supervision incentive” is greater than cost. Therefore, the
cooperative adopts the strategy of “supervision incentive”. In
this case, the “supervision incentive” strategy of cooperatives is
ineffective because small farmers cannot increase their income
through green production.

Scenario 3. when V (AC,) -V (Fp) -V (AR;) - BV (AH,) -
V(Ec)-V(Ep)<0 and V(Hg)-V(Bp)<0, as shown in
Table 3, the system has a unique equilibrium point (1,1), that is,
small farmers choose the “cooperation” strategy and cooperatives
choose the “supervision incentive” strategy. V (AC;) -V (Fp) —
V(AR;) - BV (AH,) -V (Ec) — V(Ep) <0 indicates that when
cooperatives adopt the strategy of “supervision incentive”, the
sum of sales income, dividend, perceived ecological income, and
perceived moral income obtained by small farmers adopting the
strategy of “cooperation” is higher than the income of adopting the
strategy of “non-cooperation”, so small farmers choose the strategy
of cooperation. V (H¢) — V (Bp) < 0 indicates that the benefit of the
cooperative adopting the strategy of “supervision incentive” is higher
than the cost, so the cooperative adopts the strategy of “supervision
incentive”.
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Scenario 4. When V (AC,) -V (Ec) -V (Ep)-{V (Br)<0
and V (Bp) — V(H¢) <0, as shown in Table 3, the system has
a unique equilibrium point (1,0), that is, small farmers choose the
“cooperation” strategy and cooperatives choose the “education
strategy. V (AC;) -V (Ec) -V (Ep) —{V (Br)<0
indicates that the ecological benefits, moral benefits, and

incentive”

brand value perceived by small farmers according to the green
production mode can compensate for the higher cost of the green
production mode than the traditional production mode.
Therefore, the
strategy, small farmers can also adopt the “cooperative”
strategy. V (Bp) -V (H¢) <0 that the
cooperative adopts the strategy of “supervision incentive”, the

under cooperative “education incentive”

indicates when
perceived benefits obtained are not enough to compensate for the
cost of “supervision incentive”, so the cooperative chooses the
strategy of “education incentive”.

Establishment and analysis of dynamic
adjustment model of incentive intensity
and supervision strategy

The brand development of cooperatives usually needs a
process, which will be in different stages. The incentive
measures of cooperatives for small farmers also need to be
dynamically adjusted to promote the evolution of small
farmers to the “cooperation” strategy. To better explain the
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choice of strategies of both parties, according to the analysis of
each situation in the above section, the cooperative supervision
and incentive dynamic adjustment model are established without
considering the drastic fluctuation of income caused by inflation,
fluctuation of agricultural products price, weather, and other
factors. Although the curve in the model may not be completely
consistent with reality, its logic is consistent, as shown in
Figure 2.

In scenario 1, when small farmers adopt the “cooperation”
strategy, the sum of perceived ecological benefits, moral benefits, and
brand value benefits is not enough to compensate for the cost of
green production higher than traditional production. At this point,
small farmers are in T1, T2, and T3 in Figure 2. In this region, there
is room for small farmers to free ride and save costs. If cooperatives
only adopt the strategy of “education incentive”, small farmers may
evolve into the strategy of “non-cooperation”. Therefore, from the
perspective of brand development, cooperatives should adopt the
strategy of “supervision incentive”, and at the same time,
cooperatives should improve the ecological perceived benefits of
small farmers, brand perceived benefits, and reduce the green
production costs of small farmers. Local governments can give
cooperatives certain rewards or subsidies to increase the perceived
benefits of adopting the strategy of “supervision incentive”.

In Scenario 2, small farmers are located in the T1 area in
Figure 2, and even if the cooperative chooses to adopt the
“supervision incentive” strategy, it will not be able to increase
the proportion of smallholder cooperation because the benefits of
the “cooperation” strategy are lower than the benefits of the
“non-cooperation” strategy. In such a case, the use of punitive
measures alone will lead to the withdrawal of small farmers from
the cooperative. In this case, if the benefits are not equally
distributed among small farmers, the cooperative should
increase the benefits to small farmers so that the income of
small farmers from green production reaches after the P point of
curve S1 and the cost of green production is after the U point of
curve S2. If the income of green production is low because the
brand is in the initial stage and the brand value is low, on the one
hand, the cooperative should focus on increasing brand
awareness and brand value, and on the other hand, it should
reduce the cost of green production for small farmers through
ecological compensation, etc. At this stage, the income of green
production for small farmers is at least equal to the income of the
original traditional production method.

In Scenario 3, small farmers are located in the T2 and T3 regions
in Figure 2. It should be noted that when small farmers are in
T2 region, they choose the “cooperation” strategy when the
cooperative adopts the “supervision incentive” strategy, but the
existence of the penalty mechanism makes the traditional
production cost of small farmers increase, which causes small
farmers to choose the “cooperation” strategy. Although the
penalty mechanism in this paper is not a punishment for
smallholder economic benefits, small farmers do not gain more
welfare by cooperating with green production, and they may choose
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to adopt green production for reasons such as loss of face. In terms of
total benefits, small farmers in the T2 area did not increase their
income due to green production, and if the difference between the
benefits of adopting green production and traditional production
methods is beyond the psychological tolerance of small farmers, it
will lead to small farmers’ withdrawal from the cooperative.
Therefore, in this area, cooperatives need to increase the
incentives of small farmers by increasing the cost and income of
smallholder green production. When in the T3 region, small farmers
are able to achieve increased income in green production. When the
income level of smallholder green production is after the point V of
curve S1 (i.e., the level of achieving S1’) and the cost is after the level
F of S2 (i.e., the level of achieving S2), the income of smallholder
green production can be achieved equal to the income of traditional
production.

In Scenario 4, the perceived green production cost of small
farmers is less than the cost of traditional production, as shown in
the T4 region in Figure 2. Therefore, it is easier for the
cooperatives to use the funds to reduce the perceived green
production costs of small farmers, so that small farmers can
consciously adopt the “cooperation” strategy.

Evolutionary simulation and analysis

To illustrate more specifically the influence of the strategy
chosen by the cooperative and the smallholder on the final
equilibrium point, as well as the influence of each parameter
on the strategy of both parties, this part will assign values to the
parameters in the model and use Matlab simulate the above
situation. It should be noted that, since the parameters of the
model are abstract, it is not convenient to assign them about
examples, and the parameters are mainly used to reflect the
relationship between the function variables, which do not affect
the simulation results when the basic assumptions are satisfied.
From prospect theory, it is known that 0 < a, y, A > 1, indicating
those decision makers are more sensitive to losses compared to
gains. According to existing studies, when a=y =0.88, 1 =2.25 is
assumed to represent the approximate behavioral preferences of
decision makers, the decision influence coefficient 6 = 0.69 (Khan
et al, 2021; Shen et al,, 2021; Lv et al, 2022). According to
Marshall and Hirmas’ 1:300 principle (Marshall et al., 2018), Py =
0.03, and the initial values of other parameters were set as follows
B=0.2,{=04, ARs =20, AH, = 15, B; = 55, Fp= 0.5, Ec= 1, Ep =
1, ACs = 16, AHc = 15, Bp = 25.

Simulation analysis of dynamic
evolutionary process

Scenario 1. Under the initial conditions, the system satisfied the
conditions of Scenario 1, and the initial values of x and y were
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Simulation results of scenario one evolution.
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FIGURE 4
Simulation results of scenario two evolution.

taken from 0.1 to 0.9 in steps of 0.1, and the simulation results are
shown in Figure 3. As we can see from the figure, with different
initial values, the proportion of small farmers taking the
to 0, the
the “supervision
incentive” strategy also gradually tends to 0. The equilibrium
point is (0, 0), that is, both sides of the game are in a stable state
(no cooperation, education incentive).

“cooperation”  strategy gradually tends and

proportion of cooperatives choosing

Scenario 2. Adjust Bp to 28 and ARg to 15 to satisfy the condition
of Scenario 2, and take the initial values of x and y from 0.1 to 0.9 in
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FIGURE 6
Simulation results of scenario four evolution.

steps of 0.1, respectively, and the simulation results are shown in
Figure 4. From Figure 4, it can be seen that under different initial
values, as the number of evolutionary periods continues to extend,
the proportion of small farmers adopting the “cooperation”
to O,
cooperatives choosing “supervision incentive” gradually tends to
1, i.e, both sides of the game are in a stable. The simulation results
are consistent with the theoretical derivation results.

strategy gradually tends and the proportion of

Scenario 3. Let ARg = 30, AH, = 30, Bp = 38, and the initial
values of x and y are taken from 0.1 to 0.9 in steps of 0.1, and the
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(A) Influence of y on the evolution of small farmers. (B) Influence of y on the evolution of cooperatives.

simulation results are shown in Figure 5. As can be seen from the
figure, with the extension of the evolution period, the proportion
of small farmers taking the “cooperation” strategy gradually
converges to 1, and the proportion of cooperatives choosing
the “supervision incentive” strategy gradually converges to 1,
i.e., the equilibrium point is (1,1) at this time. In this case, both
sides of the game are in a stable state (cooperation, supervision
incentive), and the simulation results are consistent with the
theoretical derivation. The simulation results are consistent with
the theoretical derivation. Under different initial values of x and

Frontiers in Environmental Science

y, small farmers will choose the “cooperation” strategy, which
indicates that different proportions of the “supervision incentive”
strategy will make small farmers adopt the “cooperation” strategy
in this case.

Scenario 4. Let Ec = 10, Ep = 10,ACg = 10, and the initial values
ofxand y are taken as 0.1 t0 0.9 in steps of 0.1, and the simulation
results are shown in Figure 6. As can be seen from the figure, with
different initial values, the proportion of small farmers taking the
“cooperation” strategy gradually converges to 1, and the

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1041992

Liu and Liu

Proportion

0 1 2 3 4 5 6 7 8 9
Evolutionary Time
Influence of 1 on the evolution of small farmers.

FIGURE 9

10.3389/fenvs.2022.1041992

Proportion

Evolutionary Time
Influence of 1 on the evolution of cooperatives.

(A) Influence of A on the evolution of small farmers. (B) Influence of A on the evolution of cooperatives.

proportion of cooperatives choosing the “supervision incentive”
strategy gradually converges to 0. At this time, the equilibrium
point is (1,0), that is, both sides of the game are in a stable state
(cooperation, education incentive). The higher the initial value of
“cooperation” strategy of small farmers, the shorter the time to
converge to 1. Therefore, we should fully mobilize small farmers
at the early stage of cooperative development, and increase the
proportion of small farmers who adopt the “cooperation”
strategy at the initial state through demonstration by party
members or model households to shorten the evolution time.

Influence of the sensitivity of perceived
gain and perceived loss, and the degree of
loss avoidance on the evolution of the
system

In order to investigate the effects of smallholder farmers’ and
cooperative’s perception of gain «, loss y, and risk aversion sensitivity
A on the evolution of the system, x and y are taken as 0.5, and «, y,
and A are assigned as values for analysis. The values of 0.4, 0.6, 0.7,
0.88, and 0.95 are taken for a, and the rest of the parameters are the
simulation values of scenario 3. The evolutionary results of the small
farmers are shown in Figure 7A, and the evolutionary results of the
cooperative are shown in Figure 7B. From the figure, it can be seen
that the system is very sensitive to the value of . When « is taken as
04, 0.6, 0.7, the system evolves as (non-cooperation, educational
incentive), and when a is taken as 0.88, 0.95 the system evolves as
(cooperative, supervision incentive). It can be seen that as «
gradually increases, small farmers gradually evolve to adopt
“cooperation” strategy and cooperatives gradually evolve to adopt
“supervision incentive” strategy.
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The evolutionary results for small farmers are shown in
Figure 8A and for cooperatives in Figure 8B for values of y of
0.88, 0.90, 0.95, and 0.98, respectively, and the remaining
parameters are the simulation values of scenario 3. As we can
see, with the increase of y, small farmers gradually evolve to adopt
the “no cooperation” strategy, while the cooperative is in a
fluctuating state, indicating that small farmers are more
sensitive to losses than the cooperative.

The parameter A represents the degree of loss avoidance, the
larger the value of A means the more risk averse, the higher the degree
of loss avoidance, A is 2.25, 2.8, 3, 3.2, and the rest of the parameters
are the simulation values of scenario 3, and the evolutionary results
are shown in Figure 9A,B. As can be seen from the figures, with the
increase of A, the small farmers evolve from the “cooperation”
strategy to the unstable state, and finally to the “non-cooperation”
strategy, while the cooperative evolves from the “supervision
incentive” strategy to the unstable state. It should be noted that in
this paper, since the cooperative’s punishment for farmers is low and
non-economic, loss aversion mainly influences small farmers’
strategies through green production costs. When small farmers
are more risk averse, they perceive higher green production costs
and thus choose to adopt the “non-cooperation” strategy.

Impact of the proportion of losses borne
by small farmers and the proportion of
dividends on the evolution of the system

In order to analyze the influence of the dividend proportion 8
on the strategy of both sides, the values of f3 are assigned to 50%,
70%, and 80%, and the other parameters are the simulation
values of situation 2, and the income increase of small farmers
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can be achieved when f is 20%. For x and y initial values are taken
as value 0.5, the results of the evolution are shown in Figure 10A,
the proportion of small farmers’ cooperation strategy is in a
fluctuating state, indicating that with the increasing proportion
of dividend, the proportion of small farmers taking cooperation
strategy gradually increases, but in a fluctuating state. It can be
seen that if the perceived moral benefit, ecological benefit and
perceived benefit to the brand cannot compensate the difference
of green production cost of small farmers, the system cannot
converge to one simply by increasing the proportion of
dividends. Increasing the proportion of small farmers’ initial
cooperation to 0.8 still has no obvious effect, while adjusting the
proportion of supervisory incentive strategy to one can achieve
small farmers’ cooperation, as shown in Figure 10B. It shows that
in this case, the initial proportion of supervisory incentive

A . .
! ﬂ ﬁ ﬁ
03] —+— x=0.5,y=0.5,8=50% .
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Evolutionary Time

40

Influence of # and x on the evolution of small

farmers.

50

10.3389/fenvs.2022.1041992

strategy for cooperatives is required to be higher. Unlike small
farmers, the time of cooperative evolution becomes shorter as the
proportion of dividends increases, as shown in Figure 10C.

To analyze the effect of { on the evolution of the system, { is
assigned to 10%, 30%, 50% and 70%, the initial values of x and y are
0.5, and the other values are the simulation parameters of scenario 4.
The results of smallholder evolution are shown in Figure 11A, and
the results of cooperatives evolution are shown in Figure 11B. It
shows that increasing the share of small farmers in the risk of brand
value reduction will make small farmers evolve to the “cooperative”
strategy, while the cooperative evolve in the opposite direction.
Therefore, in practice, we should improve the perceived benefits of
brand value for small farmers, establish a risk-sharing mechanism,
and set a reasonable risk-sharing ratio to prevent the system from
being in an unstable state.
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(A) Influence of  and x on the evolution of small farmers. (B) Influence of f and y on the evolution of small farmers. (C) Influence of  on the

evolution of cooperatives.
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Influence of relevant parameters on the
evolution of strategies of small farmers
and cooperatives

In order to analyze more comprehensively the influence of
other related parameters on the strategy of small farmers, so that
targeted measures can be taken to improve the probability of
small farmers’ cooperation. Keeping the other parameters
constant under the initial conditions, the Ec, Ep, and ACs
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FIGURE 13
Influence of AHr, Bp and AHc on the evolution of
cooperatives.

were assigned values for the analysis, and the initial values of
0.5 were taken for x and y, respectively, and the system evolution
results are shown in Figure 12. It can be seen with the increase of
Ec and Ep and the decrease of ACs, small farmers gradually
evolve to the “cooperative” strategy, which indicates that the
cooperative strategy has a significant effect on small farmers by
improving their ecological and moral benefit perceptions and by
reducing their costs of green production. It is important to note
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that in practice, there may be limits to the role that smallholder
ecological benefits, perceived moral benefits, and production
costs can play, so it is recommended to try a combination of
measures in practice.

Similarly, AHr, Bp, and AH are assigned separate values for
the analysis, and the evolutionary results are shown in Figure 13.
From the figure, it can be seen that as AHr and Bp, increase and
AHc decreases, the cooperatives gradually evolve into the
“supervision incentive” strategy. It shows that the higher the
green transformation benefit of cooperatives and the greater the
support benefit obtained from supervision and incentive, the
more it helps cooperatives to adopt the “supervision incentive”
strategy, and reducing the cost of “supervision incentive” strategy
has a significant effect on cooperatives to adopt the “supervision
incentive” strategy. The effect of “supervision incentive” strategy
is significant. Therefore, it is suggested that the relevant
government departments should give subsidies to cooperatives
to improve the perceived benefits of “supervision incentive”
strategy.

Conclusion and recommendations

In this paper, prospect theory and evolutionary game theory
are introduced into the research of cooperatives leading the
transformation of smallholder green production, and the
of the of
smallholder income increase, and the problem of quality

development cooperative  brands, problem
regulation of agricultural products are discussed under the
same framework and verified by numerical simulation. This
paper is an important supplement to related research on
green production of small farmers, and provides policy
reference for promoting green production transformation of
Although  this based on the

background of China, the conclusions are also applicable to

small farmers. paper is
other developing countries where production is carried out as
a unit of small farmers. The following important conclusions are
obtained.

(1) At the early stage of brand creation, small farmers tend to
adopt the “no cooperation” strategy when the benefits
brought by the brand are not significant, and if the
cooperatives are not aware of brand protection at this
time, it will increase the risk of brand creation failure. 2)
Under the cooperative’s “supervisory incentive” strategy,
there is an interval when small farmers adopt the
“cooperative” strategy but do not achieve income
increase, and the cooperative should increase the
benefit distribution to
interval. 3) Small farmers and cooperatives are sensitive

small farmers during this
to the perceived coefficient of gain a, the perceived
coefficient of loss y, and the sensitivity of risk aversion

A, which play an important role in the evolutionary
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outcome. 4) Reducing small farmers’ perception of

green production costs, increasing small farmers’
perception of ecological and ethical benefits, and the
perception of the brand bringing benefits to small
small farmers’

farmers significantly contribute to

of
increasing the proportion of small farmers’ share of

adoption cooperative strategies, while simply
benefits has no significant effect on small farmers’

adoption of cooperative strategies.

To promote the transformation of smallholder green
production, based on the research results, this paper puts
the 1) At the
government level, in the early stage of the green production

forward following recommendations.

transition led by cooperatives for small farmers, local

governments should increase support for cooperative
supervision  strategies, improve the motivation of
cooperative supervision and incentive strategies, and

establish a long-term mechanism to help cooperatives pass
the initial stage of transition. 2) At the early stage of the green
the
proportion of small farmers who adopt “cooperative”

production transition, cooperatives can increase
strategies under the initial conditions using demonstration
households or party members’ demonstration; 3) In terms of
quality supervision, cooperatives should spend more funds on
education and training, increase ecological subsidies and
reduce the perceived green production costs of small
farmers, rather than simply increasing dividends. 3) In
terms of quality control, cooperatives should spend more
funds on education and training, increasing ecological
subsidies, and reducing the cost of green production as
perceived by small farmers, rather than simply increasing

dividends (Wu et al., 2021).
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