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Abstract: In recent years, China has actively promoted the green transformation and low-carbon
development of agriculture. New-type agricultural business entities such as family farms, specialized
cooperatives and agro-processing enterprises have become important vehicles of agricultural green
transformation due to their comparative advantages in multiple aspects. Within the agricultural
industrialization consortium, the motivation of new-type agricultural business entities to synergisti-
cally implement the agricultural green transformation strategy is affected by bounded rationality
as well as multiple economic and social factors. Clarifying the mechanism of the above factors
would be of benefit to promoting agricultural green transformation in developing countries. In this
article, a tripartite evolutionary game model about the production and sale of green agro-products is
constructed, and the influences of various factors on the evolutionary game process are analyzed,
based on new institutional economics and new economic sociology. According to the simulation
results, it is found that the proportional quality contributions of the agents, the intensification of
consumers’ preference for green agro-products and the increase of social embedding cost are con-
ducive to the system converging to the favorable evolutionary equilibrium at a faster rate. However,
the increases of marginal costs, market risks and spillover effects would prevent the system from
converging to the favorable evolutionary equilibrium. Accordingly, corresponding suggestions
are put forward to support the effective supply of green agricultural products in the agricultural
industrialization consortium.

Keywords: tripartite evolutionary game; green agro-product supply; agricultural industrialization
consortium

1. Introduction

For achieving rural revitalization and ensuring food security, the Chinese government
is actively promoting the green and low-carbon development of agriculture [1,2]. However,
numerous small farmers in rural China adopt the traditional methods to produce and sell
agro-products, which makes it difficult to realize the agricultural green transformation. In
recent years, the emerging new-type agricultural business entities (abbreviated as NABEs)
including family farms, specialized cooperatives and agro-processing enterprises have
provided solutions to the above dilemma. The empirical evidences suggest that the NABEs
have significant comparative advantages in large-scale production, commercial operation
and technological innovation, which might drive them to collectively adopt environment-
friendly and resource-saving production and operation modes. In order to adapt to the
technical standards of agricultural green transformation in the industrial chain, NABEs
usually form agricultural industrialization consortiums to share revenues and risks through
multi-agent coordination.

In recent years, existing studies have explored the influencing factors of green agro-
product supply from the perspective of consumer demands, industrial organizations and
environmental regulations. Firstly, food safety attitudes, quality grading systems and
corporate social responsibilities would improve consumers’ willingness to purchase green
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agro-products and improve the profitability of NABEs [3–5]. Secondly, the internal and
external integration of the supply chain is the critical factor to improve green agro-product
quality, and non-economic power significantly and positively affects NABEs’ supply chain
integration [6–8]. Thirdly, with the expanded use of agricultural green technologies, such
as precision sowing and deep fertilization, regulatory factors including crop insurances,
financial subsidies and tax rebates would intensify NABEs’ capabilities to supply green agro-
products [9–12]. However, most of the existing studies aim to discuss the static equilibrium
of green agro-product supply based on the assumption of complete information and
complete rationality, which might not be consistent with the actual situation of agricultural
green transformation.

Due to the severe information asymmetries in the production, processing, storage,
distribution and sale of agro-products, consumers’ effective demand and preference for
green agro-products are not robust, causing green agro-products to have properties of
public goods and face high market risks. This might not only lead to the lack of economic
and social incentives for agricultural industrialization consortiums to maintain the green
and low-carbon development, but also induce the NABEs to commit opportunistic behav-
iors that might violate the relevant regulations of agricultural green transformation. In
fact, the NABEs’ strategic choices have high uncertainty owing to the bounded rationality.
Various stakeholders need to learn from and adapt to each other constantly, and finally
choose better production and operation strategies, causing the system to gradually reach
an evolutionary stable state. Consequently, whether the NABEs could collectively abide by
the formal and informal regulations of agricultural green transformation depends on the
revenues and costs of adhering to green and low-carbon development, which is the crucial
factor to determine the evolutionary equilibrium of NABEs.

In this article, a tripartite evolutionary game model about NABEs’ production and sale
of green agro-products is constructed based on the assumption of incomplete information
and bounded rationality, in order to explore the conditions of dynamic equilibrium of
green agro-product supply. At the same time, the influences of industrial integration,
consumption preferences, market risks, spillover effects and social embeddedness on the
processes and results of the tripartite evolutionary game are discussed from the perspectives
of new institutional economics and new economic sociology.

This article contributes to the existing literature by relating the tripartite evolutionary
game as well as the simulation approach to the agricultural industrialization consortium
which is the crucial vehicle of agricultural green transformation. Additionally, it also
contributes to the literature regarding revealing the influence and mechanism of several
economic and social factors on NABEs’ motivation to produce and sell green agro-products
synergistically. The findings of this article could assist policymakers in designing policies
to facilitate the high-quality development of agricultural industrialization consortiums.
Moreover, because of the worldwide popularization of NABEs, the findings could promote
the agricultural green transformation in developing countries.

2. Theoretical Framework

The agricultural green transformation requires more high-quality human, financial,
physical and technology resources, resulting in the costs of producing and selling green
agro-products being significantly higher than those of ordinary agro-products [13,14]. In
terms of current technical conditions, the production and sale of green agro-products would
be accompanied by increasing marginal costs. In order to solve this practical dilemma,
the NABEs including family farms, specialized cooperatives and agro-processing enter-
prises usually form agricultural industrialization consortiums to share revenues and risks,
reducing the information asymmetry and the transaction costs through coordination in
the industrial chain, and enhancing the economies of scale as well as the incentives for
the agricultural green transformation. As the source of the agricultural industrial chain
and the core agent of agro-product production, family farms need to give full play to
the institutional advantage of domestic management, the empirical advantage of spe-
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cialized production and the identity advantage of the homogeneity with smallholders,
in order to improve land productivity continuously and reduce the production cost of
agricultural green transformation [15–17]. The specialized cooperatives need to stabilize
the cooperative relationship between family farms and agro-processing enterprises by
providing socialized productive services, and connect industrial and commercial capital
with agricultural industrialization consortiums effectively [18–20]. The agro-processing
enterprises need to exert their capital advantages, technological advantages and marketing
advantages, and extend the industrial chain, value chain and supply chain of green agro-
products based on the application and promotion of advanced agricultural technologies,
in order to enhance the economic and social benefits of agricultural green transforma-
tion [21–23]. The existing research and empirical evidences indicate that NABEs’ revenue
and cost of supplying green agro-products might be influenced by several economic and
social factors, such as consumption preferences, market risks, spillover effects and social
embeddedness (Figure 1).
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2.1. Consumption Preference

With the development of society and economy, consumers’ demands and preferences
for green agro-products have been intensified, driving the improvement of the production
and sale efficiency of green agro-products, which constitutes the initial motivation of agri-
cultural green transformation [24–26]. Specifically, the stronger the demand and preference
of consumers for green agro-products, the higher the profit margin of green agro-products,
and the stronger the motivation of NABEs to collectively abide by the regulation of agricul-
tural green transformation through coordination in the industrial chain. The reason is that
consumers’ trust in the corporate brand, regional brand and public brand of green agro-
products could reduce the transaction costs, promote the target customers’ repeated and
cross purchases, and form good word-of-mouth reputation [27–29]. The enhancement of
consumption preferences could reduce the production and sale costs of green agro-products
and improve profitability of the NABEs engaged in green and low-carbon development
of agriculture [30–32]. Therefore, the growing demand and preference of consumers for
green agro-products could effectively intensify the motivation of family farms, specialized
cooperatives and agro-processing enterprises to comply with regulations of agricultural
green transformation and to apply green agricultural technologies. According to the above
analysis, the research hypothesis is proposed that the stronger the consumer’s preference
for green agro-products, the higher the probability for NABEs to produce and sell green
agro-products synergistically.

2.2. Market Risks

According to the perceptibility of product quality, goods could be divided into three
categories, including search goods, experience goods and credence goods [33,34]. Search
goods refer to the products whose quality attributes could be clearly understood by con-
sumers before purchase and consumption. Experience goods refer to the products whose
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quality attributes could be clearly understood by consumers after purchase and consump-
tion. Credence goods refer to the products whose quality attributes are too difficult for
consumers to clearly understand even after purchase and consumption. According to the
above classification criteria, agro-products could be regarded as typical credence goods,
which might lead consumers to question the quality authenticity and the pricing rational-
ity in the process of purchasing green agro-products [35–37]. Therefore, compared with
ordinary agro-products, there are higher market risks for the production and sale of green
agro-products in the case of severe information asymmetry [38,39]. Due to the progressive
transfer of market risks along the industrial chain, the willingness of NABEs to apply and
promote green agricultural technology would be restricted [40,41]. Therefore, the following
research hypothesis is proposed, that the higher the market risks of green agro-products,
the lower the probability for NABEs to produce and sell green agro-products synergistically.

2.3. Spillover Effects

In the process of implementing the strategy of green and low-carbon development,
the agricultural industrialization consortium would form significant external economy,
which means that even if some NABEs violate regulations of agricultural green transforma-
tion, they could also free-ride on the market premium of green agro-products to a certain
extent [42–44]. However, the free-riding premium is unstable owing to the regulatory
mechanisms. This spillover effect often comes from two aspects, including the reputation
of regional brands and the popularization of agricultural technologies. On the one hand,
the agro-processing enterprises with strong marketing advantages often have high brand
reputation, and they might raise green agro-products’ prices of specialized cooperatives
and family farms to a certain degree with the brand assets formed by long-term accumula-
tion [45–47]. On the other hand, in the process of applying modern agro-production and
operation technologies, the agro-processing enterprises and the specialized cooperatives
might promote the production efficiency of family farms to a certain extent and drive the
significant improvement of the green agro-product quality through technical training and
productive services [48,49]. However, it is worth noting that the above spillover effects are
unidirectional rather than interactive [50]. The leading agro-processing enterprises might
have certain spillover effects on specialized cooperatives and family farms. Additionally,
the agricultural specialized cooperatives might have certain spillover effects on family
farms. However, it is difficult for family farms to have obvious spillover effects on the
other two categories of NABEs. Consequently, the research hypothesis is proposed that the
greater the spillover effects in agricultural green transformation, the lower the probability
for NABEs to produce and sell green agro-products.

2.4. Social Embeddedness

The production and operation of NABEs are deeply embedded in the rural institutional
environment [51]. On the one hand, the violation of the formal and informal institutions
would weaken the legitimacy of NABEs, and make the rational flow and efficient allocation
of the factors face numerous difficulties. On the other hand, if NABEs deviate from the
formal and informal regulations, they are likely to be isolated and resisted by rural residents
and organizations, resulting in a huge rise in the transaction costs [52,53]. The empirical
evidence shows that, when the minority of NABEs in the industrialization consortium
implement non-green strategies but the majority of NABEs implement green strategies,
the minority would face the confrontational collective actions from the others. Therefore,
it would cause extremely high transaction costs that ignore the consensus and regulation
of agricultural green transformation in a certain region, which causes the illegal NABEs
to lose their original competitive advantages and economic profits [54–56]. Accordingly,
the research hypothesis is proposed that the higher the cost of social embeddedness in the
agricultural green transformation, the higher the probability for NABEs to produce and
sell green agro-products.



Sustainability 2022, 14, 11582 5 of 19

3. The Tripartite Evolutionary Game Model
3.1. The Payoff Matrix

It is assumed that the agents of the tripartite evolutionary game in the agricultural
industrialization consortium include family farms, specialized cooperatives and agro-
processing enterprises, and the strategies they could choose include implementing the
green transformation strategy (S1) and not implementing the green transformation strategy
(S2). It is also assumed that the proportions that these three categories of agents choose
strategy S1 are x, y and z, respectively.

In order to simplify the analysis, the relative payoffs of the three categories of agents
when implementing strategy S2 are assumed to be 0. Q represents the measurable quality of
a certain kind of green agro-products. Wi represents the weights of the contribution of the
three categories of agents to the overall quality of the green agro-products, and wi is greater
than or equal to 0 and less than or equal to 1 (i = 1, 2, 3). ci represents the marginal costs
of green agro-products, and the total cost of green agro-products is defined as a quadratic
form ci(wiq)

2, because with the improvement of the agro-product quality, the marginal
cost of green agro-products would increase significantly.

p represents the intensity of consumers’ preference for green agro-products, and with
the enhancement of the preference intensity, the revenues of NABEs from the production
and sale of green agro-products would increase. When all agents implement strategy
S1, the green agro-products produced and sold have complete quality attributes, and
the agents’ relative payoffs adopting strategy S1 are pq− ci(wiq)

2. When some agents
implement the non-green transformation strategy S2, the green agro-products cannot have
complete quality attributes, and the other agents’ relative payoffs adopting strategy S1 are
p(∑ wi)q− ci(wiq)

2.
r represents the coefficient of market risks of green agro-products, and r is greater than

or equal to 0 and less than or equal to 1. The lower the market risks of green agro-products,
the greater the agents’ expected revenue adopting green transformation strategies, and
vice versa. Since there are upstream and downstream cooperations in the industrial chain,
the market risks of green agro-products are usually undertaken by the agents of the down-
stream industrial chain that would complete the final sale of the green agro-products.
Specifically, when the agro-processing enterprises implement the green transformation
strategy, they would undertake the total market risks. When the agro-processing enter-
prises do not implement the green transformation strategy but the specialized cooperatives
do, the specialized cooperatives undertake the total market risks. When agro-processing en-
terprises and specialized cooperatives do not implement the green transformation strategy
but family farms do, the family farms would undertake the total market risks.

s represents the spillover coefficient and is greater than or equal to 0 and less than or
equal to 1. When an agent implements the non-green transformation strategy but the others
implement the green transformation strategy, it would obtain unstable spillover income
swiq with a certain probability. It is worth noting that the spillover effects from green
transformation are unidirectional, which means that the agents upstream of the industrial
chain could gain benefits from spillovers of the agents downstream of the industrial chain,
but the converse is not true.

e represents the coefficient of costs caused by violating the consensus of agricultural
green transformation. The higher the overall quality of green agro-products, the greater the
costs violating the consensus of agricultural green transformation would be. As mentioned
above, when the minority of agents implement non-green strategies but the majority of
agents implement green strategies, the minority would face the confrontational collective
actions from the others, resulting in a substantial increase in production and transaction
costs. Therefore, −eq could be regarded as the price of violating the consensus of agri-
cultural green transformation. According to the above analysis, the payoffs for NABEs
to produce and sell green agro products in different contexts could be formulated as
follows (Table 1).
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Table 1. The payoff matrix of the tripartite evolutionary game.

Strategies Family Farms Specialized Cooperatives Agro-Processing Enterprises

1 S2,S2,S2 0 0 0
2 S1,S2,S2 (1− r)pw1q− c1w2

1q2 0 0
3 S2,S1,S2 sw1q (1− r)pw2q− c2w2

2q2 0
4 S2,S2,S1 sw1q sw2q (1− r)pw3q− c3w2

3q2

5 S1,S1,S2 p(w1 + w2)q− c1w2
1q2 (1− r)p(w1 + w2)q− c2w2

2q2 −eq
6 S1,S2,S1 p(w1 + w3)q− c1w2

1q2 −eq (1− r)p(w1 + w3)q− c3w2
3q2

7 S2,S1,S1 −eq p(w2 + w3)q− c2w2
2q2 (1− r)p(w2 + w3)q− c3w2

3q2

8 S1,S1,S1 pq− c1w2
1q2 pq− c2w2

2q2 (1− r)pq− c3w2
3q2

3.2. The Replicator Dynamic Equations

According to the payoff matrix, the expected payoff of family farms (A) implementing
the green transformation strategy (S1) and the non-green transformation strategy (S2) could
be calculated and denoted as UA1 and UA2, respectively. Additionally, the average expected
payoff of family farm (A) could then be calculated and denoted as UAE.

UA1 = yz
[
pq− c1w2

1q2]+ (1− y)z
[
(w1 + w3)pq− c1w2

1q2]+ y(1− z)
[
(w1 + w2)pq− c1w2

1q2]
+(1− y)(1− z)

[
(1− r)w1pq− c1w2

1q2]
UA2 = yz[−eq] + (1− y)z[sw1q] + y(1− z)[sw1q]

UAE = xUA1 + (1− x)UA2

By the same method, the expected payoff of specialized cooperatives (B) implementing
the green transformation strategy (S1) and the non-green transformation strategy (S2) could
also be calculated and denoted as UB1 and UB2. Additionally, the average expected payoff
of specialized cooperatives (B) could be calculated and denoted as UBE.

UB1 = xz
[
pq− c2w2

2q2]+ (1− x)z
[
(w2 + w3)pq− c2w2

2q2]+ x(1− z)
[
(1− r)(w1 + w2)pq− c2w2

2q2]
+(1− x)(1− z)

[
(1− r)w2pq− c2w2

2q2]
UB2 = xz[−eq] + (1− x)z[sw2q]

UBE = xUB1 + (1− x)UB2

Similarly, the expected payoff of agro-processing enterprises (C) implementing the
green transformation strategy (S1) and the non-green transformation strategy (S2) could
also be calculated and denoted as UC1 and UC2, respectively. Additionally, the average
expected payoff of agro-processing enterprises (C) could be calculated and denoted as UCE.

UC1 = xy
[
(1− r)pq− c3w2

3q2]+ (1− x)y
[
(1− r)(w2 + w3)pq− c3w2

3q2]
+x(1− y)

[
(1− r)(w1 + w3)pq− c3w2

3q2]+ (1− x)(1− y)
[
(1− r)w3pq− c3w2

3q2]
UC2 = xy[−eq]

UCE = xUC1 + (1− x)UC2

Thus, the replicator dynamic equations of family farms (A), specialized cooperatives
(B) and agro-processing enterprises (C) implementing green transition strategy (S1) could
be formulated as follows.

F(x) = dx/dt = x(UA1 −UAE) = x(1− x)(UA1 −UA2)
= x(1− x)

[(
w1pq− rw1pq− c1w2

1q2)+ y(w2pq− sw1q + rw1pq)
+z(w3pq− sw1q + rw1pq) + yz(eq− rsw1q + 2sw1q)}
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G(y) = dy/dt = y(UB1 −UBE) = y(1− y)(UB1 −UB2)
= y(1− y)

{[
w2pq− rw2pq− c2w2

2q2]+ x[w1pq− rw1pq] + z[w3pq− sw2q + rw2pq]
+xz[eq + sw2q + rw1pq]}

H(z) = dz/dt = z(UC1 −UCE) = z(1− z)(UC1 −UC2)
= z(1− z)

{[
w3pq− rw3pq− c3w2

3q2]+ x[w1pq− rw1pq] + y[w2pq− rw2pq] + xy[eq]
}

3.3. The Stability Analysis

In order to facilitate the subsequent analysis, the above replicator dynamic equations
are further simplified as follows. In Table 2, the coefficients in simplified replicator dynamic
equations are defined.

F(x) = x(1− x)(A1 + A2y + A3z + A4yz)

G(y) = y(1− y)(B1 + B2x + B3z + B4xz)

H(z) = z(1− z)(C1 + C2x + C3y + C4xy)

Table 2. The coefficients in simplified replicator dynamic equations.

A1 = w1pq− rw1pq− c1w2
1q2 B1 = w2pq− rw2pq− c2w2

2q2 C1 = w3pq− rw3pq− c3w2
3q2

A2 = w2pq− sw1q + rw1pq B2 = w1pq− rw1pq C2= w1pq− rw1pq

A3 = w3pq− sw1q + rw1pq B3 = w3pq− sw2q + rw2pq C3= w2pq− rw2pq

A4 = eq− rsw1q + 2sw1q B4 = eq + sw2q + rw1pq C4 = eq

According to the method proposed by Friedman (1991), the evolutionarily stable
strategy (ESS) of the differential equation system could be obtained from the local stability
analysis of the Jacobian matrix. Additionally, based on the research of Ritzberger and
Weibull (1995), in the case of tripartite evolutionary games, it is only necessary to discuss
the local stability of the pure strategic equilibrium points, including E1(0,0,0), E2(1,0,0),
E3(0,1,0), E4(0,0,1), E5(1,1,0), E6(1,0,1), E7(0,1,1), and E8(1,1,1).

J =


∂F(x)

∂x
∂F(x)

∂y
∂F(x)

∂z
∂G(y)

∂x
∂G(y)

∂y
∂G(y)

∂z
∂H(z)

∂x
∂H(z)

∂y
∂H(z)

∂z



J =

(1− 2x)(A1 + A2y + A3z + A4yz) x(1− x)(A2 + A4z) x(1− x)(A3 + A4y)
y(1− y)(B2 + B4z) (1− 2y)(B1 + B2x + B3z + B4xz) y(1− y)(B3 + B4x)
z(1− z)(C2 + C4y) z(1− z)(C3 + C4x) (1− 2z)(C1 + C2x + C3y + C4xy)


According to the Lyapunov method, the stability of differential system could be

judged by the positivity and negativity of the eigenvalues of equilibrium points. When all
eigenvalues in the Jacobian matrix are less than 0, the equilibrium point is an evolutionary
stable point. When any eigenvalue in the Jacobian matrix is greater than 0, the equilibrium
point is not an evolutionary stable point (Table 3).
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Table 3. The eigenvalues of the Jacobian matrix.

Equilibrium Points Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E1(0,0,0) A1 B1 C1
E2(1,0,0) −A1 B1+B2 C1+C2
E3(0,1,0) A1+A2 −B1 C1+C3
E4(0,0,1) A1+A3 B1+B3 −C1
E5(1,1,0) −A1−A2 −B1−B2 C1+C2+C3+C4
E6(1,0,1) −A1−A3 B1+B2+B3+B4 −C1−C2
E7(0,1,1) A1+A2+A3+A4 −B1−B3 −C1−C3
E8(1,1,1) −[A1+A2+A3+A4] −[B1+B2+B3+B4] −[C1+C2+C3+C4]

When A1 = w1pq − rw1pq − c1w2
1q2 < 0, B1 = w2pq − rw2pq − c2w2

2q2 < 0,
C1 = w3pq − rw3pq − c3w2

3q2 < 0, E1(0,0,0) is the possible stable equilibrium point of
the evolutionary game. This means that the income of the agents engaged alone in the
production and sale of green agro-products is lower than the cost. This leads the agents to
gradually abandon the strategy of agricultural green transformation and the evolutionary
system evolves into an unfavorable equilibrium state.

When A1 +A2 +A3 +A4 = pq− c1w2
1q2 + eq > 0, B1 +B2 +B3 +B4 = pq− c2w2

2q2 +
eq > 0, C1 + C2 + C3 + C4 = pq− c3w2

3q2 + eq > 0, E8(1,1,1) is the possible stable equilib-
rium point of the evolutionary game. This means that the income of the agents engaged
in the production and sale of green agro-products and the value of the resulting social
capital are significantly higher than the cost, causing the system to evolve into a favorable
equilibrium state.

If the above conditions are met at the same time, then E1(0,0,0) and E8(1,1,1) are the
evolutionary stability points, and the final result of the evolutionary game depends on the
initial state.

4. Simulation Results

In the agricultural industrialization consortium, the family farms, specialized co-
operatives and agro-processing enterprises are required to apply environment-friendly
and resource-saving production and operation technologies, to meet the demands of the
green transformation. In recent years, relevant research show that about 21.2% of exem-
plary family farms, 32.3% of exemplary specialized cooperatives and 46.7% of exemplary
agro-processing enterprises have obtained the certification of pollution-free, organic or geo-
graphical indications [57–59]. Thus, it is assumed that the initial proportions of the family
farms (A), specialized cooperatives (B) and agro-processing enterprises (C) implementing
green transformation strategies are 20%, 30% and 40%, respectively. The investigation
from the Chinese national social science fund project, “Research on the Industrial Chain
Coordination Mechanism of New-type Agricultural Business Entities under the Goal of
High-Quality Development” (19BGl150) shows that agro-processing enterprises contribute
more than 50% to the quality improvement of green agro-products, and the quality con-
tribution of cooperatives is slightly higher than that of family farms. Thus, it is assumed
that the family farms (A), specialized cooperatives (B) and agro-processing enterprises (C)
contribute 20%, 30% and 50% to the total quality of green agro-products, respectively. For
simplicity and generality, according to the investigations and analyses in “The Report on
the Development of Chinese New-type Agricultural Business Entities” and “The Report on
Chinese Agricultural Green Development” issued in 2021, the initial values of the param-
eters are set as follows, which is in line with the current production and sale situation of
green agro-products in China (Table 4).
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Table 4. The settings of the parameters’ initial value.

Parameter Meaning Initial Value

q the measurable quality degree of green agro-products 5.00
w1 the contribution weight of agent A to the quality of green agro-products 0.20
w2 the contribution weight of agent B to the quality of green agro-products 0.30
w3 the contribution weight of agent C to the quality of green agro-products 0.50
c1 the marginal cost of agent A producing and selling green agro-products 2.00
c2 the marginal cost of agent B producing and selling green agro-products 1.75
c3 the marginal cost of agent C producing and selling green agro-products 1.50
p the consumption preference coefficient of green agro-products 2.00
r the market risk coefficient of green agro-products 0.10
s the spillover coefficient of green agro-products 0.05
e the illegal social cost coefficient of green agro-products 2.00

4.1. The Influence of Agro-Product Quality

When the proportions of family farms, specialized cooperatives and agro-processing
enterprises implementing agricultural green transformation strategies are 20%, 30% and
40%, the tripartite evolutionary system would converge on the favorable evolutionary
equilibrium point E8(1,1,1) after 100 iterations under the initial settings of parameters. In
this process, the proportion of family farms implementing the green transformation strategy
would continue to rise, and the proportions of specialized cooperatives and agro-processing
enterprises implementing green transformation strategies would decline first and then
rise. This means that in the agricultural industrialization consortium, although family
farms bear less market risks, they obtain higher spillover benefits, leading to the strongest
willingness towards agricultural green transformation.

In order to observe the influence of the measurable quality of green agro-products
on the process of the evolutionary game, q is adjusted from 5 to 7.5 and then adjusted
from 5 to 2.5, respectively. As shown in Figure 2, the simulation results indicate that the
system would converge on the unfavorable evolutionary equilibrium point E1(0,0,0) when
q is adjusted from 5 to 7.5, and converge on the favorable evolutionary equilibrium point
E8(1,1,1) significantly faster when q is adjusted from 5 to 2.5.

This means that the improvement of the quality of green agro-products would lead
to higher production costs and selling expenses, which might lead to the insufficient
profit of agricultural green transformation under the existing technical conditions and
environmental constraints. Therefore, it is necessary to actively promote the innovation
and application of green agricultural technologies, and determine a reasonable quality
range before taking substantive measures for agricultural green transformation.

4.2. The Influence of Contribution Weights

In the agricultural industrialization consortium, the agents need to realize revenue
and risk sharing through coordination in the industrial chain, in order to promote the
agricultural green transformation. Under the initial settings of the parameters, the contri-
bution weights of family farms, specialized cooperatives and agro-processing enterprises
to the quality of green agro-products are w1 = 20%, w2 = 30% and w3 = 50%. This means
that agro-processing enterprises undertake more tasks in the quality optimization of green
agro-products, followed by cooperatives and family farms.

In fact, the degree that the agents collectively participate in the production and sale of
green agro-products might have a profound influence on the process of the evolutionary
game. In order to verify the above inference, the initial contribution weights are adjusted
to w1 = 25%, w2 = 33% and w3 = 42%, then adjusted to w1 = 33%, w2 = 33% and w3 = 34%.
It is obvious that the weight distribution of the third scheme is more equitable, followed
by the second scheme and the initial scheme. As shown in Figure 3, the simulation results
indicate that the system would converge faster on the favorable evolutionary equilibrium
point E8(1,1,1) in the second parameter setting scheme in which w1 = 25%, w2 = 33% and
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w3 = 42%, compared with the initial parameter setting scheme. Additionally, the system
would converge faster to E8(1,1,1) in the third parameter setting scheme in which w1 = 33%,
w2 = 33% and w3 = 34%, than in the second parameter setting scheme.
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As mentioned above, agricultural green transformation requires multi-agent coop-
eration. When the responsibilities for agricultural green transformation are excessively
concentrated on a certain type of NABE, their motivation to supply green agro-products
would decline due to reference dependence and fair perception. However, when all types
of NABEs actively participate in agricultural green transformation, the capability of the
agricultural industrialization consortium to supply green agricultural products would be
significantly enhanced, because of the greatly reduced transaction costs. Therefore, a more
equitable distribution of the quality contribution of green agro-products is conducive to
the favorable evolution of the system.

4.3. The Influence of Marginal Costs

The empirical evidence from the production and sale of green agro-product indicates
that the dynamic of marginal costs determine the optimal quality of green agro-products
supplied. With the application of mechanized, digital and intelligent agricultural technolo-
gies, the marginal costs of green agro-products have been gradually declining, improving
the return on investment in production and sale, which is conducive to the advantageous
development of the system. However, when the promotion of modern agricultural technol-
ogy is hindered, the marginal cost of green agro-products might rise significantly, which
would adversely affect the evolution process of the system.
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Under the initial conditions, the marginal costs c1, c2 and c3 are equal to 2.00, 1.75
and 1.50, respectively, which means that the agro-processing enterprises have the most
advanced technologies in producing and selling green agro-products, followed by special-
ized cooperatives and family farms. In order to verify the influence of the marginal costs
of green agro-products on the process of the tripartite evolutionary game, the marginal
costs are adjusted to c1 = 2.25, c2 = 2.00 and c3 = 1.75, then adjusted to c1 = 1.75, c2 = 1.50
and c3 = 1.25. As shown in Figure 4, the simulation results indicate that the system could
not converge on the favorable equilibrium point E8(1,1,1) when c1 = 2.25, c2 = 2.00 and
c3 = 1.75; and the system would converge on E8(1,1,1) significantly faster when c1 = 1.75,
c2 = 1.50 and c3 = 1.25.

The above results show that the dynamic evolution equilibrium of the system is very
sensitive to the marginal cost of green agro-products, and even a very small change in
the marginal cost might cause the reversal of the system evolutionary direction. When
the marginal costs rise, the return on investment in producing and selling green agro-
products decreases, the motivation of the agents to participate in the agricultural green
transformation is weakened and the system would converge on the favorable equilibrium
point at a slower rate, or could not converge on it. When the marginal costs fall, the
return on investment in producing and selling green agro-products increases, the agents
have higher payoffs from the agricultural green transformation and the system probably
converges on the favorable equilibrium point at a faster rate. Consequently, how to reduce
the marginal cost of production and sale of green agro-products would become the most
important issue for the agricultural industrialization consortium. On the one hand, while
the consumer demand remains unchanged, the agricultural industrialization consortium
needs to expand the production scale of green agro-products and to obtain the economies
of scale through specialization and division of labor. On the other hand, the agricultural
industrialization consortium needs to apply mechanical, digital and intelligent agricultural
technologies and reduce the production and sale costs of green agro-products.
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4.4. The Influence of Consumption Preferences

The enhancement of consumption preference could increase the market premiums of
green agro-products and raise the payoffs of the three categories of agents in the production
and sale of green agro-products. In order to observe the influence of consumption prefer-
ences of green agro-products on the process of the evolutionary game, p is adjusted from
2.00 to 2.50 and then adjusted from 2.00 to 1.50, respectively. The simulation results of the
evolutionary game indicate that the system would converge on the favorable evolutionary
equilibrium point E8(1,1,1) when p equals 2.50, and the system could not converge on the
E8(1,1,1) when p equals 1.50.

Consumers’ preferences for green agro-products are often positively related to the
price they are willing to pay. As a result, the enhancement of consumption preferences
would improve the revenue and motivation of agents to participate in the agricultural
green transformation. As mentioned above, green agro-products have the attributes of
credence products. Thus, the enhancement of consumption preferences is conducive to
generate consumer trust, reduce transaction costs and relieve the uncertainties of green
agro-products in marketing. Guiding and encouraging consumers to understand the quality
information of green agro-products and gradually cultivating consumers’ consumption
customs of green agro-products might become effective measures to enhance consumption
preferences (Figure 5).

4.5. The Influence of Market Risks

As mentioned above, the agro-products have the properties of credence goods, re-
sulting in the difficulties for consumers to accurately judge the true quality of green
agro-products. Due to the information asymmetry, consumers’ trust in green agro-products
is difficult to form, causing transaction uncertainties, as well as the high market risks for
the production and sale of green agro-products. In order to observe the influence of market
risks on the process of the evolutionary game, the marketing risk coefficient r is adjusted
from 0.10 to 0.20 and then adjusted from 0.10 to 0.01, respectively. The simulation results
of the evolutionary game indicate that the system would converge at a slower rate on the
favorable evolutionary equilibrium point E8(1,1,1) when r equals 0.20 and converge at a
faster rate on the favorable evolutionary equilibrium point E8(1,1,1) when r equals 0.01.
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This means that the reduction of the market risks to produce and sell green agro-
products might increase the expected revenue of the agents participating in agricultural
green transformation and enhance their economic incentives to supply green agro-products.
According to prospect theory, individuals like to pursue risk owing to the reflection effects
when they lose, and they like to avoid risk owing to the certainty effects when they gain.
Due to the large scale, some NABEs believe that the risk of production and operation is
far beyond their own capacity, leading to their risk aversion characteristics being more
obvious than ordinary farmers. Therefore, it is equally important for NABEs to reduce the
unreasonable risk perception and to reduce the actual market risks of green agro-products.
Consequently, to improve the traceability system would reduce NABEs’ perception of
market risks and stabilize the expected revenue from the production and sale of green
agro-products, facilitating the advantageous development of the system (Figure 6).

4.6. The Influence of Spillover Effects

Since there is significant external economy in the production and sale of green agro-
products, the agents implementing the non-green transformation strategy could still obtain
unstable market premiums to a certain extent through free-riding, which might weaken
the agents’ motivation to produce and sell green agro-products. In order to observe
the influence of spillover effects on the process of the evolutionary game, the spillover
coefficient s is adjusted from 0.05 to 1.55 and then adjusted from 0.05 to 3.05, respectively.
The simulation results of the evolutionary game indicate that the system would converge
at a slower rate on the favorable evolutionary equilibrium point E8(1,1,1) when r equals
1.55 and converge on the unfavorable evolutionary equilibrium point E1(0,0,0) when r
equals 3.05.

In fact, the impact of the market spillover is relatively small, compared with other
factors, in the current market environment. However, when there are more and more
agents free-riding on the quality investment of green agro-products, instead of actually
implementing the agricultural green transformation strategies, the economic and social
incentives for the agents to comply with the green and low-carbon regulation would still
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gradually decline. Therefore, standardizing the internal governance of the agricultural
industrialization consortium, strengthening the interest connection between NBEs and
improving the quality traceability and supervision mechanism might become effective
measures to reduce spillover effects (Figure 7).
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4.7. The Influence of Social Embeddedness

The production and sale of green agro-products are inevitably embedded in various
formal and informal social regulations. When most agents follow the relevant regulations of
green agro-products, green and low-carbon development might become the consensus of all
agents. In this case, if some agents violate the relevant regulations of green agro-products,
they would bear huge social embedding costs. In order to observe the influence of social
embeddedness on the process of the evolutionary game, the coefficient of social embedding
costs e is adjusted from 2.00 to 5.00 and then adjusted from 2.00 to 1.00, respectively. The
simulation results indicate that the system would converge at a faster rate on the favorable
evolutionary equilibrium point E8(1,1,1) when e equals 5.00 and converge at a slower rate
to E8(1,1,1) when e equals 1.00.

This means that in the case of high social embedded cost coefficient, if an agent
violates the quality regulation of green agro-products, it would be collectively isolated
and resisted by other agents, resulting in high transaction costs, eventually leading to
performance decline. The agricultural green transformation is not only manifested in the
innovation of agronomic process and material equipment, but also in the transformation of
people’s concepts on the relationship between human and nature as well as the relationship
between agriculture and environment, and the latter is more important. Therefore, strength-
ening policy subsidies and quality supervision, and cultivating the awareness of low-
carbon development of all agents are conducive to the self-organizing development of the
system (Figure 8).
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5. Conclusions

In order to effectively promote the agricultural green transformation, new-type agri-
cultural business entities usually form agricultural industrialization consortiums, engaged
in the production and sale of green agro-products. However, the empirical evidence shows
that new-type agricultural business entities present typical characteristics of bounded
rationality, and affect the supply of green agro-products through multi-agent evolutionary
games. Compared with previous studies, the mechanism of agricultural industrialization
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consortiums supplying green agro-products is explored for the first time in this paper, based
on the hypothesis of bounded rationality and the approach of a tripartite evolutionary
game. In addition, the influences of multiple economic and social factors including quality
levels, quality contributions, marginal costs, consumption preferences, market risks and
social embeddedness on the process and results of the evolutionary game are discussed.

According to the stability analysis and simulation results of the evolutionary game,
the following conclusions are drawn. (1) Due to the increasing marginal costs, the im-
provement of quality level would result in the significant increase in the production and
sale costs of green agro-products, which might lead to the system being unable to achieve
the favorable evolutionary equilibrium state. It is necessary to actively promote the in-
novation and application of green agricultural technologies, and determine a reasonable
quality range before taking substantive measures for agricultural green transformation.
(2) Due to reference dependence and fairness perception, when all types of NABEs actively
participate in agricultural green transformation, the capability of the agricultural industrial-
ization consortium to supply green agricultural products would be significantly enhanced.
Therefore, the proportional quality contributions of the three categories of agents would
facilitate the system achieving the favorable evolutionary equilibrium state at a faster rate.
(3) At the same time, the dynamic evolution equilibrium of the system is very sensitive to
the marginal cost of green agro-products, and even a very small change in the marginal
cost might cause the reversal of the system evolutionary direction. Thus, the decrease
of marginal costs would significantly increase the income of the agents engaged in the
production and sale of green agro-products, which is conducive to the system converging
on the favorable equilibrium point at a faster rate. (4) The enhancement of consumption
preferences would increase the market premiums of green agro-products and make the
system converge on the favorable equilibrium point at a faster rate. Consequently, the agri-
cultural industrialization consortium should guide consumers to understand the quality
information of green agro-products and gradually cultivating consumers’ consumption
customs of green agro-products through interactive Internet marketing. (5) The market
risks caused by information asymmetry would reduce the expected return of the agents
and make the system converge on the favorable equilibrium point at a slower rate. It is
necessary for the agricultural industrialization consortiums to improve the traceability
system of green agro-products and stabilize the expected revenue from agricultural green
transformation. (6) The unidirectional spillover effects caused by external economy would
enhance the motivation of agents to free-ride on the quality investment in the industrial
chain, which is not conducive to the advantageous evolution of the system. However,
compared with other factors, the impact of the market spillover is relatively small in the
current market environment. (7) The increase of social embedding cost would increase
the economic and social cost of the agents violating the regulation of green agro-products,
which is conducive to the advantageous evolution of the system. Therefore, it is important
for policy makers to strengthen quality subsidies and quality supervision and to cultivate
the awareness of low-carbon development of all agents.

For the sake of generality and universality, the author does not use a specific agro-
product as the material for simulation analysis, which might restrict the ability of this
article to explain specific cases to a certain extent. In future research, the range of main
parameters could be estimated by an econometric method through a market survey of a
certain type of green agro-product. The estimated parameters are the substituted into the
tripartite evolutionary game model to predict the evolution of green agricultural products.
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