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By constructing an evolutionary game model of green dairy industry chain from the perspective of green sustainable development,
this paper analyzed the evolution process of strategy selection of dairy farmers and dairy enterprises under the supervision of the
government. The study found the following. (1) In the absence of supervision, even if the initial cooperation willingness of dairy
farmers and dairy enterprises is strong, once the additional cost of their input of “green production” is less than the additional
benefit, they will eventually choose noncooperative strategy. (2) In the case of government supervision, when the government
punishment or subsidy is not strong enough, the strategic choice of dairy farmers and dairy enterprises will fluctuate repeatedly,
and the game equilibrium cannot be reached. However, when the government punishments and subsidies are strong enough,
dairy farmers and dairy enterprises will choose to cooperate in their own interests. At this time, government subsidies have a
greater impact on the evolution of bilateral cooperation than government punishments. (3) The reduction of green production
cost can promote the formation of the green dairy industry chain, which is conducive to the green dairy industry chain system to

achieve an ideal equilibrium state.

1. The Introduction

The concept of “green development” which was put forward
at the fifth Plenary Session of the 18th CPC Central
Committee has been deeply rooted in people’s hearts. Green
development has become the theme of The Times. From the
perspective of industrial transformation and upgrading, the
green transformation of the entire industrial chain should
also be an inevitable theme. The green industrial chain refers
to promoting the green development of all links in the whole
industrial value chain, realizing the benign interaction with
nature and relevant groups in society, achieving the unity of
short-term interests and long-term development, and re-
alizing the sustainable development of the industry. With the
support of the state for green industry, green supply chain
will have a great development in the future. Dairy industry is
a basic industry related to national economy and people’s
livelihood. The formation of the green dairy industry chain is

conducive to the change of industrial model and the im-
provement of dairy product quality and safety. At present,
China Mengniu diary and Yili Milk, as the first camp
member of global dairy industry and the leader of China’s
dairy industry, have been committed to the development
goal of “environmental protection” and “win-win” and have
promoted the green and sustainable development of all links
of the industrial chain with the mode of sustainable
development.

Scholars have also conducted a multiangle and multilevel
research on dairy industry, dairy industry chain, and green
industry chain.

1.1.  Dairy Products Quality and Safety Research.
Economic research on food safety began in the 1960s [1], and
people began to pay more attention to food safety after the
1980s. Lankveld [2] found that the quality of dairy products
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in Poland and other countries improved significantly after
they joined the EU, which verified the effectiveness of the EU
dairy supply chain. Dornon [3] put forward that the dairy
processing industry was a vertically integrated industry,
which should pay attention not only to food safety in the
processing link of the supply chain but also to pasture.
Cardoso et al. [4] pointed out that dairy enterprises and da-
related professionals should educate dairy farmers on animal
welfare because dairy farmers believed that production was
more important than the welfare of calves. Noordhuizen,
Koca et al. believed that the use of hazard analysis and the
application of critical control points could effectively
guarantee the quality and safety of dairy enterprises [5].
Sorge et al. [6] investigated the execution procedures of
bovine tuberculosis control in 238 dairy farmers in Canada
and found that communication and communication with
dairy farmers could effectively improve disease control
behaviors. Liu et al. [7] used the principle of quality control
diagram to test standard samples of milk powder and found
through experiments that it could improve the quality of
monitored products. Wu et al. [8] determined the influ-
encing factors of the intention to implement the compre-
hensive quality control behavior of dairy farmers by using
the multiorder Logit model. The research shows that be-
havioral attitude, cooperative and coordinating attitude, and
government encouragement and support are the surface
direct factors. Zhang and Gong [9], based on the industrial
chain perspective and discussion on dairy safety issues, put
forward suggestions on strengthening the degree of inte-
gration, supervising the quality and safety of the supply
chain, improving the benefit connection mechanism be-
tween enterprises and dairy farmers, and playing the sup-
porting role of the government.

1.2. Dairy Industry Chain Research. The research on the dairy
industry chain mainly focuses on how to improve the com-
petitiveness of the industry chain and increase the value of the
industry chain and the relationship between the main bodies of
the industry chain. Bryndis and Martin [10], on the basis of the
research on the dairy industry chain, considered to reduce the
energy consumption in production by replacing milk powder
with concentrated milk powder. Dries et al. [11] found through
investigation of several countries in central and Eastern Europe
that small dairy farms benefited from more cost and higher
value market channels. Ding et al [12] studied whether the
participation of federal, state, and local governments would
affect the performance of the dairy industry chain. Based on the
farmer survey, the determinants of market channel selection for
small milk producers were analyzed and the effects of these
market channel choices on farmers’ income and technology
adoption were studied. Nyokabi et al. [13], Kilelu et al. [14], and
Gorton et al. [15] studied the multistakeholder relationship in
the process of value chain appreciation of dairy products and its
impact on value appreciation and industrial chain development.

1.3. Study on the Green Development of Dairy Products.
The research on the green development of dairy products
mainly focuses on the environmental management of dairy
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products production, supply chain management, and green
infrastructure construction. Yawar and Kauppi [16] and
Goesch et al. [17] pointed out the role of the government in
the green development of dairy products through research
on the environmental management practice of dairy pro-
duction. Kirilova and Vaklieva-Bancheva [18], Powell et al.
[19], Yazdani et al. and McWilliam and Balzarova [20, 21],
Rajabian Tabesh et al. [22], and Shibin et al. [23, 24] put
forward that the guiding and supervising role of the
government is of great significance to promote the green
and sustainable development of the whole dairy industry
chain.

Relevant studies by domestic and foreign experts and
scholars show that optimizing the behavior of subjects in the
dairy industry chain, improving the cooperative relationship
between subjects and giving full play to the “self-organizing”
role of the dairy industry chain, and seeking green, healthy,
and sustainable development are effective ways to solve the
quality and safety problems of dairy products [25, 26]. At
present, although China and dairy companies attach great
importance to the formation and development of green dairy
industry chain, the effect of green dairy supply chain is not
obvious. Due to the large number of subjects involved in the
dairy industry chain, in addition to the uncertainty and
complexity of the external factors affecting the formation of
the green dairy industry chain, the balance of interests
among the subjects is also the main factor affecting the
formation of the green dairy industry chain. For example, for
dairy farmers, green production requires higher production
cost and production technology, which makes them pay
more human, material, and financial resources. For dairy
enterprises, it is not only necessary to supervise the raw milk
materials provided by dairy farmers but also to innovate in
technology. The high cost of green production for dairy
farmers and dairy enterprises is the obstacle and resistance
to the formation of green dairy industry chain. In order to
effectively promote the formation of the green dairy in-
dustry chain, it is necessary for the government to guide,
support, and supervise, so as to reduce the contrast between
internalized costs and externalized benefits of green pro-
duction for dairy farmers and dairy enterprises. Therefore,
what are the influencing factors of cooperation between
dairy farmers and dairy enterprises under government
supervision? What is the mechanism of government
guidance for the formation of the green dairy industry
chain? How can faster and more efficient design promote
the formation of the green industrial chain? These prob-
lems are of great significance for vigorously promoting the
cooperation among the main players of the green dairy
industry chain and enhancing the value of the green in-
dustry chain. Based on this, this paper established an
evolutionary game model for the sustainable development
of the green dairy industry chain from the perspective of
government supervision, which considered the influences
of the government’s penalty and reward policies on the
behavior strategy choices of main bodies involved in the
dairy industry. A sustainable green dairy industry chain
formation mechanism was proposed and further discussed
by means of simulation study.
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2. Model Construction

Game refers to the process in which each player chooses
his or her own strategy (action) based on the information
he or she has mastered, so as to realize the maximization
of benefits and the minimization of risks and costs
[27, 28]. Evolutionary game theory was first applied to
analyze the stability of a trait against variation in the
evolution of biological population [29, 30]. Later, econ-
omists introduced evolutionary game into economics and
management [31-33]. Evolutionary game theory is a
method that combines game and dynamic evolution,
which can study the stable structure of the game system
and the strategy selection process of the players by means
of introducing dynamic mechanism. The basic idea is that,
in a group of a certain size, game players are not super
rational players, and it is impossible to find the optimal
equilibrium point in every game, but repeated game can
achieve equilibrium through trial and correction. Thus,
the best strategy for game players is to imitate and im-
prove the strategies in the past. Through long-term imi-
tation and improvement, all game players will tend to
choose a certain stable strategy.

“Green” products are based on the ecological envi-
ronment, with strict product quality requirements and core
competitiveness. The green dairy industry is based on green
food, and more emphasis is placed on the production and
consumption of nonpolluting dairy products with high
nutrition, high quality, and environmental ecology on the
basis of safety. The green dairy industry chain is based on
the entire dairy industry chain, starting from the source of
the industry chain, until the sale of green dairy products to
the end consumer. Therefore, it is necessary to supervise
each production process of green dairy products to ensure
green milk. The whole process of product control is the
basic guarantee for realizing the food safety of dairy
products.

At the early stage of green dairy industry chain for-
mation, there are contradiction between dairy farmers and
dairy enterprises, enterprises’ profits and social responsi-
bility, and short-term economic profit and long-term sus-
tainable development. Besides, resources endowment and
the understanding of the green dairy industry chain make it
difficult for the parties to achieve their optimal strategies.
Continuous trial and error correction, learning, and im-
provement are needed to form evolutionary stable strategy
of a game. Due to the complex game relationship involved in
the green dairy industry chain and various factors affecting
strategy selection, this paper first conduced a literature re-
trieval on the green dairy industry chain formation, which
shows that the basic benefits of dairy farmers and milk
enterprises, green input costs, double income from the green
production, and punishment for nongreen production are
the core factors affecting the formation of the green dairy
industry chain [34-37]. Therefore, based on the existing
research results, this paper, taking these main factors as the
main parameters, constructed an evolutionary game model
of the formation mechanism of the green dairy industry
chain from the perspective of sustainable development.

2.1. Model Assumptions

Hypothesis 1. In the process of the green dairy industry
chain formation, there are many stakeholders involved. In
this paper, dairy farmers and dairy enterprises are studied as
main game players.

Hypothesis 2. It is assumed that, in the process of the green
dairy industry chain formation, dairy farmers and dairy
enterprises are bounded rational, the strategy selection is
characterized with inertia, the players make decisions based
on existing strategies, and their ultimate purpose is to
maximize their own interests.

Hypothesis 3. In the early stage of the game, the proportion
of dairy farmers choosing “green production” and “non-
green production” are x and 1 — x, respectively. The pro-
portion of dairy enterprises choosing “green production”
and “nongreen production” are y and 1 - y, respectively.

2.2. Model Symbol Description. In this paper, the hypothesis
of profit and loss variables and related parameters of the
interest game players are set as follows.

The basic income of the dairy farmers in the dairy in-
dustry chain is R,. Owing to the fact that the production
needs to input a certain amount of human, material, and
financial resources, the resulting cost is C,. When dairy
farmers choose green production, they need to invest ad-
ditional costs in technology, equipment, and other aspects
AC,. If enterprises also choose green production at the same
time, dairy farmers will get additional benefits AR,. If the
enterprise chooses green production, the enterprise can
examine the behavioral decisions of the dairy farmers
through the milk source tracing system. If the dairy farmers
do not adopt green production, they will be compensated for
violating the cooperation agreement between the two
parties, which is set as II.

The basic income of dairy enterprises in the industrial
chain is R,, and the input cost in the production process of
dairy products is C,. When dairy enterprises choose green
production and dairy farmers do not choose green pro-
duction, the enterprises need to invest additional costs ArC,
in technology and equipment, etc. If the dairy farmers
choose green production, the additional costs that the en-
terprises need to invest are AC,. Obviously, there is
AC, > A'C,. When dairy enterprises choose green produc-
tion, they will gain additional benefits AR, due to the rec-
ognition of green food by consumers.

The game profit and loss matrix of the two under dif-
ferent strategies is shown in Table 1.

3. Evolutionary Game Model Construction

3.1. Construction of Replicated Dynamic Equations. Based on
the abovementioned assumptions and payment matrix,
dairy farmers and dairy products companies will obtain
corresponding benefits by adopting different strategies and
can establish a replication dynamic system.
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TaBLE 1: Game income matrix of dairy farmers and dairy production enterprises.

Green production ( y )

Dairy production enterprises
Nongreen production (1-y)

Green production ( x )

Diary farmers Nongreen production (1-x)

R, -C, +AR; - AC; , R,-C, +AR, - AC,
R, -C,-1I, R, —-C, +AR, - A1C, +11

R -C,-AC, ,R,-C,
RI_CI ’RZ_CZ

According to Malthusian equation in evolutionary game
theory, in the process of green development of the dairy
industry chain, the expected benefits of dairy farmers
choosing “green production” strategy and “nongreen pro-
duction” are E} and EZ, respectively:

Ej = y(R, = C, + AR, = AC)) + (1= ) (R, = C, - AC)),
El=y(R, ~C,~I)+(1-y) (R -C)),
(1)

where E} and E? are actually the gains obtained by dairy
farmers when they adopt different strategies, so the average
benefits of the mixed strategy of “green production” and
“nongreen production” selected by dairy farmers are as E;:

E, = xE; + (1 - x)E}. (2)

Therefore, the replication dynamic equation that dairy
farmers choose “green production” strategy is as follows:

d _
F(x) =d_’t‘= x(E} - E,) = x(1-x)[y(AR, +1I) - AC,].
(3)

Similarly, the expected benefits of dairy enterprises
choosing “green production” and “nongreen production”
are E} and E%:

E) = x(Ry - Cy + AR, — AC,) + (1 - x)
(R2 -C,+ AR, - AIC, + H), (4)
E;=x(Ry—Cy) +(1-x)(R, - C,).

The average benefits of dairy enterprises’ mixed strategies
of “green production” and “nongreen production” are E,:

E, = yE, + (1 - y)E;. (5)

Therefore, the replication dynamic equation that dairy
enterprises choose “green production” are as follows:

d _
D(y)=d%=y(E§—Ez)=y(l—y) ©

- [x(A'C, - AC, -~ TI) + AR, — A'C, +11].

The two-dimensional dynamic system (I) of the repli-
cation dynamic equation involved dairy farmers and milk
enterprise can be gotten in accordance with equations (3)
and (6).

From the abovementioned analysis, it can be seen that
only when the income and payment cost of dairy farmers

and dairy product enterprises adopting “noncooperation”
are less than the revenue and payment cost of cooperation
between the two parties, both parties of the rational person
will adopt the “cooperation” strategy At this time,
x = land y = 1, respectively, indicate that the dairy farmers
and dairy products companies choose the “green produc-
tion” behavior strategy.

3.2. Stability Analysis of Equilibrium Point

Proposition 1. If the dairy farmers and dairy enterprises
constitute a two-dimensional dynamic system (I), there are
22 = 4 group strategy equilibrium points, namely, (1, 1), (1, 0),
(0, 1), and (0, 0). At the same time, there should be an
equilibrium point of a mixed strategy, which satisfies
(x*, y*),x* € [0,1], and y* € [0,1]:

. AR, -A'C,+1I
X = 2 2 _

>

AC,-A'C,+11
(7)
. AC
:721\]
Y TAR, +11

Proof. For two-dimensional dynamic system (I), whenx = 0
or x =1and y = 0ory = 1, there is F(x) = 0and D(y) = 0.
Therefore, (1, 1), (1, 0), (0, 1), and (0, 0) are the equilibrium
points of the system. When 0 < x < land0 < y <1, if y (AR, +
I)-AC, =0 and x(A'C,-AC,-1I)+AR,-A'Cy+
IT = 0, then there is F(x) = 0, D(y) = 0. Solve the system of
equation (8) and obtain that (x*, y*) is the possible equi-
librium point of two-dimensional dynamic system (I):

y(AR, +TI) - AC, =0,

8
{x(A’CZ—ACZ—H)+AR2—A’C2+H=0. (®)

According to [27], the equilibrium of a two-dimensional
dynamic system (I) can be defined as an evolutionarily stable
strategy (ESS for short) only through the stability test, which
means the local stability of Jacobian matrix can be used to
judge the stability of the equilibrium.

The Jacobian Matrix of the system is as below:

0G(x) 0G(x)
0x ay [all ap ]

J= =
OF (y) oF(y)
0x oy

9)

ay A

where
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a;; =(1-2x)[y (AR, +1II) - AC,],

a;, =x(1-x) (AR, +1I),

ay = y(1-y)(A'C, - AC, - T),

ay = (1-2y)[x(A'C, - AC, —TI) + AR, - A'C, +T1].
(10)

If the following two conditions are satisfied, the equi-
librium point of the replication dynamic equation is the
evolutionary stable strategy (ESS):

(1) tr J = ay; + a,, <0 (trace condition)
a, a .
(2) detj =" "2/ =g a,, —a;,a, >0 (Jacobian
ay A
condition)

From the abovementioned calculation results, it can be
seen that there is a;; + a,, = 0 at the local equilibrium point
(M, N), which does not conform to the equilibrium point.
Therefore, (M, N) is definitely not the system’s evolutionary
stable strategy (ESS). As for the remaining four equilibrium
points, according to the determinant and trace values of the
Jacobian matrix J, the local stability of the equilibrium
points can be judged. The results are shown in Table 2.

4. Result Analysis

According to ESS analysis of Table 2 and the replicated
dynamic equation, it can be known as follows.

Proposition 2. When AR, — A'C, + 1< 0, since —AC, <0,
the evolutionary stable strategy (ESS) of two-dimensional
dynamical system (1) is (0, 0).

Proof. It can be judged according to the determinant and
trace of Jacobian.

This shows that, in the process of the formation of the
green dairy industry chain, the sum of the extra income AR,
obtained by the dairy enterprises when they choose green
production and the cost II fined by the dairy farmers when
they do not choose green production is less than the extra
cost A1C, required by the enterprises when they choose
green production, and the enterprises will choose nonco-
operative strategy. At the same time, if dairy farmers choose
green production, they will need to invest additional costs
AC,. At this time, dairy enterprises choose noncooperative
strategy, and dairy farmers have no additional benefits, so
they will choose noncooperative strategy. In summary, both
the dairy enterprises and the dairy farmers choose nongreen
production. Therefore, (0, 0) is the stable point of the system
evolution.

Proposition 3. If AR, +I1-AC,;<0 and AR,-A'C,+
I1>0, the evolutionary stable strategy (ESS) of two-dimen-
sional dynamical system (1) is (0, 1).

Proof. It can be judged according to the determinant and
trace of Jacobian.

TaBLE 2: Determinant values and traces of local equilibrium points.

an a4y A
(0,0) -AC, 0 0 AR, —A'C, +T1
(0,1) AR, + 11 - AC, 0 0 —[AR,-A'C,+TI]
(1,0) AC, 0 0 AR, - AC,
(1,1) —-[AR, +TI-AC,] 0 0 ~[AR, - AC,]
(x*, y%) 0 M N 0

This means that, in the process of formation of the green
dairy industry chain, when the sum of extra income AR,
gained by the green production and opportunity cost IT that
enterprises choose nongreen enterprises is less than the extra
cost of investment AC, that dairy farmers choose green
production, farmers will choose noncooperative strategy for
their own benefit maximization. At the same time, dairy
enterprises will choose cooperation because the overall
benefit is greater than the cost. In other words, when dairy
farmers choose green production, their own interests will be
damaged, while dairy enterprises choose green production,
and their own profits will increase. Therefore, both sides of
the game ultimately choose nongreen production strategy
and green production strategy. Therefore, (0, 1) is the stable
point of the system evolution.

Proposition 4. Two-dimensional dynamical system (I) does
not have an evolutionary stable strategy (ESS) of (1, 0).

Proof. It can be judged according to the determinant and
trace of Jacobian.

This shows that when dairy enterprises do not choose
green production, dairy farmers will choose green pro-
duction because there is no supervision of dairy enterprises.
In other words, if there is no external force imposed, dairy
farmers have no motivation to carry out green production
because it requires extra investment but does not get ad-
ditional benefits. As a rational person, it will definitely
choose nongreen production, so there is no ESS of (1, 0) for
the two-dimensional dynamical system.

Proposition 5. If AR, + IT - AC, > 0and AR, — AC, >0, the
evolutionary stable strategy (ESS) of two-dimensional dy-
namical system (I) is (1, 1).

It can be judged according to the determinant and trace
of Jacobian.

This shows that, in the process of green dairy industry
chain formation, when both dairy farmers and dairy en-
terprises choose green production, their overall benefits are
greater than their costs, and they will eventually choose
cooperation strategy. In other words, at this time, both
rational parties have maximized interests and they tend to
adopt cooperative strategies. Therefore, (1, 1) is the stable
point of the evolution of the system.

It can be seen from the abovementioned analysis that if
the extra input cost of dairy farmers and dairy enterprises
does not get a large profit in the process of forming the green
dairy industry chain, or the input cost is far greater than the
profit, the rational people will not choose green production.
Due to the frequent occurrence of agricultural products and



food safety incidents in recent years, the state has contin-
uously strengthened the supervision of agricultural products
and food, and the formation of the green dairy industry
chain is also imminent. Therefore, in the process of forming
the green dairy industry chain, the government’s reward and
punishment mechanism will play a huge role. It is assumed
that the government can ensure its ability to inspect green
production in the process of forming the green dairy in-
dustry chain, and it will not cover up the noncooperative
strategy of the other party due to corruption and bribery.

It is assumed that, in the process of the formation of the
green dairy industry chain, the government will punish dairy
farmers or dairy enterprises once they are found to be
uncooperative and provide policy subsidies to dairy farmers
or dairy enterprises that have actively cooperated with them.
In this case, the probability that government agencies su-
pervise are z and 1 — z, and the government, dairy farmers,
and dairy enterprises are rational people.

In this paper, the government is regarded as a game
player and its main income is tax and fines for noncoop-
erative game players. Moreover, when both dairy farmers
and dairy enterprises choose green production, the green
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development benefits of the government will be promoted,
but the cooperative game players need to be rewarded.
Therefore, the profit and loss analysis of the government is as
follows: the government rewards to dairy farmers and dairy
enterprises for choosing green production are G, and G,,
respectively, and the fines for dairy farmers and dairy en-
terprises for choosing green production are g, and g,, re-
spectively. The investment the government pays for
supervising the formation of the green dairy industry chain
is C;, basic revenue from government taxation is R;, and the
benefits obtained from dairy farmers and dairy enterprises to
choose green production are AR; and A'R;, respectively.
Therefore, the revenue matrix of the government being a
game player in the process of forming the green dairy in-
dustry chain is shown in Table 3 below.

The income matrix of the government in the formation
process of the green dairy industry chain can be calculated
according to Table 3. In the process of the green develop-
ment of the dairy industry chain, the expected benefits of the
government choosing supervision strategy and non-
supervision strategy are E} and EZ, respectively:

Ey =[xy(Ry + ARy + A'Ry — G, = G, = C3) + x(1 - y) (R; + AR + g, - C5 = G,)]
+[(1=x)y(Ry + ARy + g, = C3 = G,) + (1= x) (1 = ») (Rs = C3 + g, + g,)]; (11)
E§ =[xy (Rs + AR; + A'Ry) + x (1 — ) (R; + AR;)] +[(1 —x)y<R3 + AIR3> +(1-x)(1- y)R4|.

The average benefits of the mixed strategy of supervision
strategy and nonsupervision strategy chosen by the gov-
ernment are as follows:

E; = zE) + (1 - 2)Ex. (12)

Therefore, the replication dynamic equation that the
government chooses supervision strategy is as follows:

d _
© o 2(B- ) =2(1-2)[x(G, - g)

G(x)=—=2z
dt (13)

-y(Gy-g2) + 91 + 92

Under the government’s reward and punishment
mechanism, the replication dynamic equation of dairy
farmers and dairy enterprises will also change during the
formation of the green dairy industry chain, which is
shown as follows:

dx
F,(x) b x(1-x)[y(AR, +1I) + 2G, + yzg,

(14)
+(1-y)zg, - AC,],
dy /
Di(y) =4 =y(1-)[x(AC, - AC, -10)
+2G, + xzg, + (1 - x)zg, + AR, - A'C, + 1.
(15)

In the process of forming the green dairy industry chain,
the government rewards and penalizes dairy farmers and
dairy enterprises, which can reduce the volatility of the game
and accelerate the speed of all parties to reach the equi-
librium state. According to the basic nature of the evolu-
tionary game, (x*,y*,z*) is substituted into equations
(13)-(15). When F|(x)<0, D;(y)<0, G(z)<0,
(x*, y*,2*) is the stable strategy of dairy farmers, dairy
enterprises, and the government under the multiplayer game
formed by the green dairy industry chain. Since the gov-
ernment plays the role of supervision and support, this paper
only analyzes the gradual stability of dairy farmers and dairy
enterprises in the industrial chain, and the results are as
follows.

4.1. Progressive Stability Analysis of Dairy Farmers

® If y(AR, +1I) + zG, + yzg, + (1 — ¥)zg, — AC, =0,
then there is F, (x) =0, which means the strategy
selection of dairy farmers is in a stable state in the
process of forming the green dairy industry chain,
that is, the proportion of dairy farmers’ strategy
selection will not change with the passing of time.

@ If y (AR, + 1) + 2G| + yzg, + (1 — y)zg, — AC, >0,
let F{(x) =0, then x =0 and x =1 are two stable
points of x. F|(x) = (1-2x)[y(AR;+ TI) + zG,+
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TaBLE 3: The income matrix of the government in the forming process of the green dairy industry chain.

Governments

Nonsupervising

(1-z)

Supervising ( z )

Both parties have chosen cooperative strategies

(xy)

Ry +AR, +A'R,—G, -G, —C; R, +AR, +AIR,

Dairy farmers and dairy enterprises choose

Strategy choices of dairy cooperative strategy and noncooperative strategy Ry +AR; + g, —C5 -G, R; + AR,
enterprises and dairy v f ( dx’,jl Y ) . h
farmers Dairy farmers and dairy enterprises choose ’

noncooperative strategy and cooperative strategy Ry +AR;+g9,-C5-G, R, + A'R,

(1-xy)
Both parties have chosen noncooperative strategies
(1-x1-y) Ry-Ci+g,+9, Ry
yzg, + (1 - y)zg, —AC,], and then there is @ If x(A'C,-AC, -TI) +2zG, + xzg, + (1 — x)zg, +

F{(0)>0and F{(1) <0, so x = 1 is the balance point
of dairy farmers’ strategy. It shows that extra profits
AR, and government subsidies G, obtained by the
dairy farmers when they choose green production,
the opportunity cost g, and g, and II of being fined
when they choose green production, and the extra
cost AC, of investment required by the dairy farmers
when they choose green production are all key factors
that affect the strategy selection of dairy farmers. At
this time, subsidies for the green dairy industry chain
under government supervision and penalties for
noncooperation of dairy farmers and dairy enter-
prises accelerate the emergence of cooperative be-
haviors of dairy farmers. Therefore, government
supervision is of great significance to the formation of
cooperative behaviors of dairy farmers in the green
dairy industry chain.

® Similarly, if y (AR, +1I) + 2G, + yzg, + (1 — y)zg, —
AC, <0, then F|(0)<0and F{(1) >0, so x = 0 is the
balance point of dairy farmers’ selection strategy.
This shows that once the sum of the benefits of
green production (including additional benefits
and government incentives) and the opportunity
cost of noncooperation is smaller than the addi-
tional cost of green production, the dairy farmers
will choose noncooperative strategy because the
input cost of green production is too high.
Therefore, in the process of forming the green dairy
industry chain, the government and dairy enter-
prises need not only supervise the dairy farmers but
also provide support for green production tech-
nology and equipment.

4.2. Progressive Stability Analysis of Dairy Enterprises

D If x(A'C,-AC, -T0) +2G, + xzg, + (1- x)zg,+
AR, — A'C, + 11 = 0, then there is D (y) = 0, which
means the strategic choice of dairy enterprises is a
stable state, that is, the proportion of dairy industry
strategic choice will not change with the passage of
time.

AR, - A'C, +T1>0, let D,;(y) =0, then y =0 and
y =1 are two stable points of y. There is D{(y) =
(1-2y)[x(A'C, = AC, —TI) + 2G, + xzg;+ (1 —x)
zg, + AR, — A'C, + 1], F;(0)>0, and F,(1)<0, so
y =1 is the stable points of diary enterprises’ strat-
egies. This shows that the extra income AR,when the
dairy enterprises choose the green production, the
government’s penalty IT and subsidy G,, the op-
portunity cost when the dairy enterprises choose
green production and nongreen production
g, and g,, and the additional cost of dairy companies
when the dairy farmers choose cooperative strategy
and noncooperative strategy A’C, and AC, are the
key factors influencing the dairy products enterprise
strategy choice. Similarly, subsidies for the green
dairy industry chain under government supervision
and penalties for noncooperation of dairy farmers
and dairy enterprises accelerate the generation of
cooperative behaviors of dairy enterprises. Therefore,
government supervision is of great significance to the
formation of cooperative behaviors of dairy enter-
prises in the green dairy industry chain.

® Similarly, if x(A'C,-AC, -T1I) + zG, + xzg,+
(1-x)zg, + AR, —A'C, +11<0, then there is
F{(0)<0and F{(1)>0, so x = 0 is the balance point
of dairy enterprises’ selection strategy. This shows
that the sum of the benefits the dairy enterprises
choose green production (including the additional
income and penalties and rewards from the gov-
ernments) and the opportunity cost when the dairy
enterprises choose noncooperative strategy is less
than the additional expected cost
xAC, + (1-x)A'C,, and dairy companies will
choose noncooperative strategies due to too high
production cost. Therefore, in addition to government
supervision, the behavior of dairy farmers at the initial
stage of the industrial chain also has a huge impact on
the behavior of dairy enterprises in the process of the
formation of the green dairy industry chain.

All in all, the government can increase the cooperation
income of dairy farmers and enterprises through subsidies



and can also increase the noncooperative opportunity cost
through penalties, so as to supervise and guide the formation
of the green supply chain, and eventually realize the sus-
tainable development of the dairy industry chain.

5. Numerical Simulation

Based on the analysis of the formation of green dairy in-
dustry chain under the supervision of the government, this
paper compared the behavioral strategies of dairy farmers
and dairy enterprises with or without government rewards
and punishments to choose the evolutionary path and
discussed the impact of the change of green production cost
on the formation of the green dairy industry chain. Firstly, it
is assumed that, in the early stage of the green dairy industry
chain, dairy farmers, and dairy enterprises finally failed to
reach cooperation intention, that is, ESS is (0, 0), at which
time the parameters meet AR, — A/C, + I1 <0. It is assumed
that the value of relevant parameters in the game matrix is
AR, =AR, =1, AIC,=3, TI=05, AC,=15, and
AC, = 2. Based on the abovementioned parameters, it is
assumed that at the beginning of the green dairy industry
chain, dairy farmers and dairy enterprises have a strong
desire to cooperate, that is, at the beginning x = y = 0.9.
Government rewards and punishments, as well as the in-
fluence of changes in green production costs on the be-
havioral strategies of dairy farmers and dairy enterprises are
simulated below.

5.1. The Impact of Government Subsidies on the Formation of
Green Dairy Industry Chain. As shown in Figure 1, when
there is no government subsidies, even if the initial will-
ingness of dairy farmers and dairy enterprises to cooperate is
strong, after a certain period of game learning, they will
choose noncooperative because the income is less than the
input. When the government intends to promote the for-
mation of the green dairy industry chain, it can be obtained
from the evolutionary game dynamics system that the
critical point of dairy farmers for government’s rewards is
G, =0.15 and the critical point of dairy enterprises is
G, = 1.05. That is to say, when the government reward is
higher than the critical point, dairy farmers and dairy en-
terprises will choose cooperative strategies. If one critical
point is reached, assuming government subsidies
G, =G, =0.7, dairy farmers and dairy enterprises will
maximize their own interests and choose strategies that
fluctuate between (0, 1) in the learning process of evolu-
tionary game, eventually leading to the failure of both parties
to reach a stable equilibrium state (as shown in Figure 2).

Only when the government subsidy is greater than the
critical point, if G; = 1.5and G, = 2, then dairy farmers and
dairy enterprises will choose green production strategy. At
this time, the dairy farmers and dairy enterprises can take the
initiative to gain high net benefits from green production,
which are also the results of continuous learning of dairy
farmers and dairy companies. Therefore, it can be concluded
that government subsidies can effectively promote green
production of dairy farmers and dairy enterprises, promote
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FiGure I: Influence of government subsidies on the formation of
the green dairy industry chain.
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FiGgure 2: Influence of critical points of government subsidies on
the formation of the green dairy industry chain.

the formation of green dairy industry chain, and help the
green dairy industry chain system to reach an ideal equi-
librium state.

5.2. The Impact of Government Punishment on the Formation
of Green Dairy Industry Chain. When the government in-
tends to promote the formation of green industry chain by
means of punishment, it can be obtained from the evolu-
tionary game power system that if the initial cooperation
intention between the dairy farmers and dairy enterprises is
strong as x = y = 0.9, the critical point for dairy farmers on
government punishment is g, = (93/80) and the critical
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point on dairy enterprises is g, = (3/80), which means when
the government punishment is higher than the critical point,
the dairy farmers and dairy companies will choose coop-
erative strategy for fear of excessive punishment on non-
cooperation. Likewise, if the government only implements
punishment policy for the formation of the green industry
chain, there is only one critical point. Assuming that
punishment from the government is g, = land g, = 1.8,
farmers and dairy companies will maximize their own in-
terests, and their selection strategy in the learning process of
evolutionary game fluctuates between (0, 1), resulting in the
fact that both sides cannot reach a stable equilibrium state
(as shown in Figure 3). In the process of the game during 500
unit of time, the influence of contrast Figures 2 and 3 shows
that the situation exists that the learning speed of the players
below the critical points of the government rewards is far
from higher than that with government punishment. This
shows that the sensitivity of the influence of learning speed
over government rewards is much higher than that over
government punishment. Of course, it also related to dairy
farmers and milk enterprise initial cooperation will.

Only when the government for dairy farmers and dairy
enterprises punishment is greater than the critical point,
g, = g, = 2.5, dairy farmer and dairy companies will choose
green production strategy. At this time, the dairy farmers
and dairy enterprises would rather take the initiative to
conduct green production than get heavy punishment. It is
also the results of the final selection through continuous
learning process, as shown in Figure 4. Therefore, it can be
concluded that, in the absence of government subsidies,
increasing government punishment can also effectively
promote the green production of dairy farmers and dairy
enterprises, promote the formation of the green dairy in-
dustry chain, and help the green dairy industry chain system
to reach an ideal equilibrium state. It should be noted that
the government’s punishment is a mandatory measure,
which may reduce the enthusiasm of dairy farmers and dairy
enterprises to participate in the formation of the dairy in-
dustry chain and force them out of the industry.

5.3. The Impact of Government Subsidies and Penalties on the
Formation of Green Dairy Industry Chain. Based on the
analysis on (1) and (2), government subsidies and government
punishment promote the evolutionary game equilibrium
function (as shown in Figure 5). Obviously, the combination of
government subsidies and government punishment will ac-
celerate the game when the formation of ESS. When dairy
farmers and dairy enterprises choose green production strat-
egy, the government will give subsidies, and the opportunity
cost will be exempted from government punishment. When
the opportunity cost of subsidies and punishment is greater
than the net gain without cooperation, both sides will avoid
their own losses and choose cooperation.

Of course, the convergence speed of evolution game
equilibrium solution for dairy farmers and dairy enterprises
is different. That is to say, increasing the government subsidy
by one unit or increasing the government punishment by
one unit or both will speed up the cooperation between the
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FI1GURE 4: Influence of government punishment on the formation
of the green dairy industry chain.

two parties. As shown in Figure 6, coexisting of government
subsidy and government punishment has bigger promoting
effect than only with government subsidy or with punish-
ment, and the subsidy has more significant influence than
the punishment. It is most effective when there are both
government subsidies and government punishments. Co-
operation can also be promoted when there are only gov-
ernment subsidies and government punishments, but
subsidies and punishments must be strengthened.

5.4. The Influence of Green Production Cost on the Formation
of Green Dairy Industry Chain. Green production cost is also
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FiGure 6: Comparison of convergence speed of government
subsidies and punishments on the game between dairy farmers and
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extremely important for the formation of the green dairy
industry chain. In fact, the reduction of green production
cost will eventually improve the net income of dairy farmers
and dairy enterprises. In accordance with the evolutionary
game power system, if the cooperation intention of both
sides is as strong as x = y = 0.9, the crucial point of green
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FI1GURE 7: Influence of green production cost on the formation of
green dairy industry chain.

production costs on dairy farmers is AC; = 1.35, and on dairy
enterprises is AC, = 1 and AC, = 1.5. In other words, when
the production cost is higher than the critical point, dairy
farmers and dairy enterprises will choose noncooperative
strategy for the high cost and deficit of net income. The co-
operation between dairy farmers and dairy enterprises can only
be promoted by scientific and technological innovation
through government training and green production cost re-
duction. When the green production cost is reduced through
technical means and scientific and technological innovation, it
is assumed that AC, = 0.5, AC, = 0.3, and AC, = 1, and the
initial intention of cooperation between dairy farmers and
dairy enterprises is x = y = 0.9, both sides of the game will
obtain higher net benefits through green production and finally
choose cooperation (as shown in Figure 7). Therefore, the
reduction of green production cost is also an important factor
to promote the formation of the green dairy industry chain,
which can promote the green dairy industry chain system to
reach an ideal equilibrium state.

6. Conclusion

Based on the basic theory of evolutionary game, this paper
analyzed the forming mechanism of the green dairy industry
chain under government supervision. The results showed
that when dairy farmers and dairy enterprises have a strong
desire to build a green dairy industry chain, if the cost of
green production invested by dairy farmers and dairy en-
terprises does not get a large profit, both sides of the game
will give up cooperation. When there is no government
supervision, or the government supervision is not enough,
the evolutionary game between dairy farmers and dairy
enterprises is either uncooperative or changes periodically,
which cannot achieve the effect of cooperation. Therefore, in
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the process of forming the green dairy industry chain, the
government’s supervision is extremely urgent. Under the
condition of strict government supervision, government sub-
sidies and punishments can greatly promote the formation of
green dairy industry chain. The more government subsidies
are, the more serious the government punishments will be and
the less likely dairy farmers and dairy enterprises will choose
the behavior strategy of nongreen production. Of course,
promoting technological innovation and reducing green
production costs through government training are also im-
portant means to promote bilateral cooperation. Therefore,
establishing a government-led supervision mechanism, ap-
propriately increasing subsidies, strengthening penalties, and
reducing green production costs can effectively improve the
cooperation between dairy farmers and dairy enterprises, so as
to ensure the formation of a green dairy industry chain and
protect the interests of the public.

Based on the abovementioned conclusions and analysis,
the following suggestions are proposed for the formation of
the green dairy industry chain.

Firstly, the government should reasonably formulate the
reward and punishment system for the green dairy industry
chain. In the process of promoting the formation of the
green dairy industry chain, the government should consider
varjous constraints, weigh the interests of all parties on the
industrial chain, and formulate a reward and punishment
system conducive to the formation of green dairy industry
chain. Of course, this means that the government not only
needs to pay more administrative costs in supervision but
also needs to invest more incentive costs. Therefore, the
government can develop a scientific and reasonable third-
party supervision system to effectively supervise dairy
farmers and dairy enterprises.

Secondly, reduce the cost of green production for dairy
farmers and dairy companies. The government can provide
basic training for dairy farmers and dairy enterprises so that
they can acquire necessary green production skills and
improve their overall production quality. At the same time, it
is also possible to make use of the technological advantages
of universities and research institutes to carry out technical
research on green production through industry-university-
research, so as to solve the technical problems existing in the
process of green production. At the same time, the gov-
ernment can also equip dairy farmers and dairy companies
with advanced green production testing equipment to re-
duce their production costs.

Thirdly, dairy products enterprises should establish a green
development strategic plan. In addition to constantly inno-
vating the design and development of dairy products, it is also
necessary to use the green dairy product standard as a
guideline to meet consumer demand for safe and high-quality
dairy products. In terms of operation, we need to improve the
control of dairy products processing and sales and improve the
level of green and sustainable development of the company.
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