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Abstract. Industrial prosperity is an important foundation for rural revitalization
and a prerequisite for solving all rural problems. In order to explore the main fac-
tors that affect the value chain embedded farmers’ choice of industry, this paper
selects six indicators including industrial policy support as the influencing fac-
tors. By constructing a cooperative game model of value chain embedded farmers
and enterprises and conducting numerical simulation analysis, it is found that:
industrial policy Support, intellectual and technical support, infrastructure sup-
port, logistics system support, and market demand support have a positive impact
on the industry selection of value chain embedded farmers, and embedded risk
has a negative impact on the value chain embedded farmers’ industry selection.
Finally, according to the research results, this paper also puts forward relevant
suggestions.
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1 Introduction

The rural revitalization strategy puts forward the general requirements of “prosperous
industry, livable ecology, civilized rural customs, effective governance, and prosperous
life”, among which industrial prosperity is the cornerstone of this strategy. However,
the actual situation that China is facing is that the small-scale peasant economy is still
the mainstream in most rural areas of our country, and farmers in most areas still adopt
small-scale independent operations.

In this context, farmers are facing problems such as unstable income and weak ability
to resist risks, and enterprises are facing development obstacles such as farmers increase
the price at will, difficult to guarantee profits, and unstable supply of goods. Domestic
and foreign scholars have made many useful explorations on how to break through this
real dilemma. But at the same time, the new reality is that farmers often deviate from
their cooperative relationship with the company in order to pursue short-term benefits
or resist market risks. For example, the qualified products are substituted for defective
ones, and when the market is good, farmers are willing to “sell in the field”, and when
the market is bad, they are willing to deliver the products to the company that signed
the cooperation agreement. At the same time, many scholars’ studies have proved that
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individual characteristics such as poverty status and poverty perception affect individual
decision-making. For the above reasons, farmers tend to choose short-term, less risky
and relatively less beneficial options.

Based on the reasons above, this paper intends to construct a cooperative game model
of value chain-embedded farmers and enterprises and conduct simulation analysis to
explore the influencing factors of value chain-embedded farmers’ industrial selection,
in order to provide reference for relevant departments to formulate effective policies.

2 Literature Review

2.1 Related Research on Value Chain Embedding

Amighini divides the value chain embedding methods into upward embedding and down-
ward embedding [1]. Wang et al. found that the embedded index has a positive relation-
ship with GDP, and the higher the backward embedded index, the greater the impact on
GDP growth [2]. Compared with other industries, China’s agriculture is at the bottom
of the “smile curve”, suffering from unequal benefits and unequal distribution. There-
fore, China should accelerate the promotion of the upgrading of the agricultural industry
chain and enhance China’s position in the global agricultural value chain [3]. As China’s
agriculture joins the development of global value chains, more and more agricultural
products enter the international market, occupy a certain position in the global value
chain and gradually increase, and the added value obtained is also gradually rising [4].

Production activities embedded in the value chain can promote the development of
agriculture through independent innovation or absorption of external knowledge and
technology. If agriculture is embedded in the value chain of other industries in the form
of OEM, in the long term, agriculture will be locked in simple agricultural production
links, leading to a phenomenon similar to industrial “low-end lock-in” [5]. Liu Zhibiao
and Zhang Jie believe that when low value-added industries climb to high value-added
industries in participating in value chain activities, they will be double-squeezed and
suppressed by high value-added industries [6]. Gao Yue et al. found that the scale of the
industry and R&D expenditures promote the rise of the status of China’s agricultural
product processing industry in the value chain [7].

2.2 Related Research on the Influencing Factors of Industry Selection

There are many factors influencing enterprise decision-making in the process of industry
selection, such as policy support, infrastructure construction, and market demand [8].
Wang Kemin et al. found that companies encouraged or supported by industrial policies
have higher investment levels [9]. Compared with companies that are not supported by
industrial policies, companies supported by industrial policies are more likely to obtain
more bank loans, and thereby improve the efficiency of corporate investment [10-14].
Intellectual capital has an important impact on the technological innovation capabili-
ties of China’s SMEs. Therefore, China’s SMEs should focus on the improvement of
these two capabilities [15, 16]. Technological capital has an indirect impact on corpo-
rate financial performance by affecting human capital, structural capital, and invested



292 J. Lan and Y. Wang

capital [17]. The leading role of the logistics industry in economic development should
be fully utilized, the construction of logistics infrastructure should be accelerated, and
the coordinated development of the logistics industry and the regional economy should
be realized [18, 19]. Under the conditions of a buyer’s market for agricultural prod-
ucts, market demand is an important inducing factor for farmers’ technology adoption
behavior [20]. The issue of interest linkage mechanism under multi-participation is the
core issue of enterprises participating in the process of rural tertiary industry integration,
which may cause various risks [21, 22].

2.3 Literature Review

A review of relevant papers found that China’s agricultural industry chain is still in a
relatively backward situation, and it is urgent to promote the upgrading of the agricultural
industry chain in an all-round way. At the same time, there are many researches on the
factors that influence the industry selection of enterprises, but few related researches on
the factors that affect the farmers’ industry choices, and even fewer researches on the
factors that influence the farmers’ industry choices on the value chain. Based on this, this
paper intends to explore in detail the main factors that affect the value chain embedded
farmers’ industrial choice through a combination of evolutionary game and numerical
simulation.

3 Model Constructing

On the basis of previous scholars’ research, this paper intends to construct an evolutionary
game model of value chain embedded farmers and enterprises, choosing six indicators of
industrial policy support, intellectual technical support, infrastructure support, logistics
system support, market demand support, and embedded risk as the main explanatory
variable, the income of farmers and enterprises is included as the explained variable into
the game analysis model, and numerical simulation analysis is carried out on the basis
of evolutionary game. Combined with the results of evolutionary game and numerical
simulation, this paper analyzes the main factors that affect the industrial choice of value
chain embedded farmers. The specific process is as follows:

1) Assuming that the investments of enterprises and farmers when they are not coop-
erating are x1, x» respectively, and their investment efficiencies are my, my respectively.
It can be obtained that the income of enterprises and farmers in the value chain embedded
industry without mutual selection is mx1, maxy respectively. Suppose the cooperation
cost coefficients are ¢; and ¢, respectively. Then the cooperation cost of enterprises and
farmers is C; = cix1, Cp = coxp.

2) Assuming that the conversion rate of industrial policy support income is 81, &2,
when the investment of enterprises and farmers is x1, x, the income derived from indus-
trial policy support is 81x1, §2x2 respectively. In the same way, assuming that the con-
version rate of intellectual technical support income is A1, A2, the conversion rate of
infrastructure support income is o1, &2, the conversion rate of logistics system support
income is 1, B2, and the market demand support income conversion rate is y1, y2. Then
the benefits of enterprises and farmers due to industrial policy support are A1x1, Ax2, the
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benefits derived from infrastructure support are o1 x1 and opx»; the benefits derived from
logistics system support are S1x1 and Brx;; the benefits derived from market demand
support are y1x; and y2xs.

3) Embedded risk F means that enterprises and farmers will also face certain risks in
the process of choosing cooperation. Assume that the risk coefficient of the enterprise
is €1 and the risk coefficient of the farmers is €. The trust level of the enterprise to
the farmers is represented by 112, and the trust level of the farmers to the enterprise is
represented by w»1. From this, the embedded risks of the enterprise and the farmers are
as follows:

Fi =1 —p2)ex (D

Fr = (1 — p21)exxs )

In summary, when enterprises and farmers adopt cooperative strategies, their
respective benefits are:

Iy = mixy + 81x1 + Axy +a1xy + Bixy +yixr —crxr — (1 — pp)erxr - (3)

ITy = maxy + 82x2 + Aoxp + aoxo + Boxp + yoxp — coxp — (1 — p2)exx2 (4)

The income payment matrix of cooperative game between enterprises and farmers
can be obtained as shown in Table 1.

Assume that the probability of cooperation and non-cooperation of enterprises in the
value chain embedded industry are respectively p, 1 — p; The probability that farmers
adopt cooperation and non-cooperation are respectively ¢, 1 — g.

From Table 1, it can be obtained that the expected benefits of enterprises in the value
chain embedded industry choosing cooperation are:

E| = g[mix; + 81x1 + Aixi + a1xy + Bixy + yixi — cix
—(I = p)ex] + (1 — g)(mixy — crx) 5)

The expected benefits of companies choosing not to cooperate are:
E} = gmxi + (1 — @mix; = mix (6)
The average expected income of the enterprise is:

E| = pE| + 1 — pE}
= pgdix1 + pgiix1 + pgoix1 + pqPix1 + pgyix1 — pge1xi
+ pqui2e1x1 — peixy + mix @)

The same can be obtained:
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Table 1. The income payment matrix of the cooperative game between two types of subjects in
the selection of the value chain embedded industries

Cooperative behavior of two Subject 2: Farmers
types of subjects
Cooperation Non-cooperation
. . mxy + 81x1 + Ax1 + a1x1 + Bix
Subject 1: | Cooperation mix] — c1x]
Enterprise +yix; —crxr — (1 — pp2)erx
maxp + 82x2 + Aoxp + aoxz + Boxo
mpxp
+y2x —coxp — (1 — pa1)e2x2
Non-cooperation | mqxy mixy
mxp — €2Xx2 mxp

The expected benefits of farmers choosing cooperation are:
E) =p[maxy + 82x2 + haxy 4 aoxz + Baxa + yaxz — 212
— (I = panex2] + (1 — p)(maxz — c2x2) ®)
The expected benefits of farmers who choose not to cooperate are:
Ey = pmpxz + (1 — pymaxy = mpxp )
The average expected income of farmers is:
Ey = gE| + (1 — )]

= pqdrxy + pgraxz + pgasxz + pgPrxz + pqyaxa
— pqerxz + pqa1€2xy — qeaxy + moxn (10)

In summary, the dynamic differential equations of replication when enterprises and
farmers adopt cooperative strategies are as follows:

dp/dt = F1(p) = p(E] —E) =p(l = p)xi[q@1 + M +a1 + B+ — &1 + pie) — 1]
dq/dt = F1(q) = q(E) — E2) = q(1 = x2[p(82 + da + a2 + B2 + v2 — 2 4 p21€2) — 2]

The five local equilibrium points of the system are as follows:
0(0, 0), A(0, 1), B(1, 0), C(1, 1) and D(p*, q*)
After calculation, we can get:

* % C1 2
p’q =< ’ >
( ) SitArt+oar+B1+y1—e1Huner +Airxtar+ Bty —ex+uzie

The Jacobian matrix of the system is:

o] @ —2p)x1[q1+ A+ + B+ v —e1 +pune) —c]  p(l—pxi(81 + AL+ o1+ BL+ v — &1+ pi2er)
q(l —@)x2(82 + A2 + oo+ fo+ v2 — &2 + p2162) (1 =2q)x2[p2 + A2 + oz + o + v2 — &2 + pua182) — €2
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Fig. 1. Evolutionary game trend diagram of value chain embedded farmers and enterprises

The determinant and trace of matrix J are:

det/ = (1 —2p)x1[q(81 + A1 + o1 + B1 + v1 — €1 + pn12e1) — ¢
x (1 =2q)x2[p(82+ A2+ a2+ Bo + y2 — &2 + w2182) — 2]

—p(1 =p)x1 (81 + A1+ a1 + B1 +v1 — &1 + p12e1)
X q(1 = @x2(82 + A2 + a2 + fo + y2 — &2 + 2162)
] = (1 —2p)x1[q(81 + A1 4+ a1 + B1 + y1 — &1 + p12e1) — ci]
+ (1 =2q)x2[p2 + r2 + a2 + o+ 2 — €2 4 p2162) — 2
The evolution process of the evolutionary game between enterprises and farmers is
shown in Fig. 1. Sappc and Sappo respectively represent the probability of the final

outcome of the evolution being (cooperation, cooperation) or (non-cooperation, non-
cooperation). In summary, Sqppc can be expressed as follows:

1 Cl (&)
SADBC:1—*|: + ]
2181+ A +ar+ Bty —er+uner htita+ oty —e+ue

4 Simulation Analysis

It can be seen from the above formula that the cooperation cost coefficients (c1, ¢2),
industrial policy support income conversion rate (61, §2), intellectual technology support
income conversion rate (A1, A7), infrastructure support income conversion rate (o1, a2),
logistics system support revenue conversion rate (81, 8>), market demand support rev-
enue conversion rate (yj, y2), cooperation risk coefficient (¢1, £2), and the trust level
of both parties (1412, (21) have an impact on the evolution of the system. According
to the above formula, the influence of the above factors on the probability of choosing
cooperation strategy is discussed respectively.

The value ranges of the above factors are all (0,1), at the same time, w12 + u2; = 1,
set the initialization parameter values to ¢y = 0.3, ¢c; = 0.2; 6; = 0.7, 8§, = 0.6; | =
09,2, =080 =08, 00 =0.7; 1 =0.7, fo = 0.6; y1 = 0.9, y» = 0.8; 61 = 0.6, &3
=0.5; n12 = 0.4; up1 = 0.6. Matlab2019a was used for simulation analysis, as follows:
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Fig. 2. Simulation diagram of industrial policy support transition changes

4.1 The Impact of Industrial Policy Support Income Conversion Rate (81, §2)
on S,ppc

It is not difficult to see from Fig. 2 that Syppc has a positive correlation with the conver-
sion rate of industrial policy support income. Regarding this point, this paper believes
that the main reasons are as follows: in order to improve resource utilization, the gov-
ernment will generally continue to increase its support in industrial policies, thereby
encouraging farmers and enterprises to cooperate; In order to respond to the policy call
and obtain more government support and financial subsidies, enterprises and farmers
are more inclined to make choices that meet the policy requirements. This also explains
why with the increase in industrial policy support, the probability that both enterprises
and farmers choose to cooperate is constantly increasing.

4.2 The Impact of Intellectual Technical Support Income Conversion Rate
(A1, A2) on SapBc

After simulation analysis, it is found that the area of the quadrilateral ADBC is also posi-
tively correlated with the intellectual technical support. This means that with the increase
of intellectual and technical support, the probability of enterprises and farmers choosing
cooperation is gradually increasing. This is because after receiving more intellectual and
technical support, farmers and enterprises will obviously feel the dividends brought by
external support. Under the influence of such factors, they will be more convinced that
cooperation will bring more external support, and thus obtain more profits than their
own production and sales, so they are more willing to choose cooperation (Fig. 3).

4.3 The Impact of Infrastructure Support Income Conversion Rate (a1, o2)
on Ssppc

With the continuous increase in infrastructure support, both enterprises and farmers will
benefit from it. At the same time, the cost of inputting production by enterprises and
farmers will also be reduced, and enterprises and farmers will free up a certain cost
for cooperation. Under the common influence, enterprises and farmers will also have a
stronger willingness to cooperate (Fig. 4).
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Fig. 3. Simulation diagram of changes in intellectual technical support
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Fig. 4. Simulation diagram of infrastructure support changes

4.4 The Impact of Logistics System Support Income Conversion Rate (81, 82)
on Saoppc

The logistics system support and Ssppc have a positive correlation, that is, as the logis-
tics system support increases, the probability of cooperation between enterprises and
farmers will also increase. This is because when the logistics system is not perfect, the
products produced by farmers generally need to find a way to transport and sell them,
and the cost itself will be relatively high, so they are not willing to invest more costs to
cooperate; The improvement of the logistics system will greatly reduce transportation
costs. Therefore, farmers will choose to cooperate to increase product sales while ensur-
ing profits. Enterprises will also choose to cooperate with farmers in order to maintain
stable operations (Fig. 5).

4.5 The Impact of Market Demand Supports Income Conversion Rate (y1, y2)
on Sapsc

With the increase in market demand support, the probability of cooperation between
enterprises and farmers will also increase significantly. This is because with the increase
in market demand, the market will have greater demand for products. To meet market
demand, companies will choose to cooperate with more farmers to increase supply,
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Fig. 5. The simulation diagram of logistics system support changes
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Fig. 6. The simulation diagram of market demand support changes

and farmers will also choose to cooperate with enterprises in order to obtain more
profits, which also explains the phenomenon that the probability of cooperation between
enterprises and farmers will increase with the increase in market demand support (Fig. 6).

4.6 The Impact of Cooperation Risk Coefficient (¢1, €2) on Sqppc

With the increase of cooperation risks, the probability of cooperation between enterprises
and farmers has decreased to a certain extent, and the probability of enterprises choosing
not to cooperate has dropped even faster. The reason for the above phenomenon is that
with the increase of cooperation risks, under the premise that cooperation does not
necessarily bring about a significant increase in profits, enterprises and farmers will
choose to adopt their own original models for production and sales in order to avoid
risks, instead of taking a certain risk to cooperate, which will make enterprises and
farmers feel that the gain is not worth the loss (Fig. 7).
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Fig. 7. Simulation diagram of changes in cooperation risk coefficient

5 Conclusions and Suggestions

Through the above simulation analysis, it is found that industrial policy support, intel-
lectual and technical support, infrastructure support, logistics system support, market
demand support, and mutual trust levels are positively correlated with the probability
of cooperation between farmers and enterprises embedded in the value chain, that is,
with the increase of these support, farmers will tend to choose industries; and the cost
of cooperation and embedded risks are negatively related to the probability of value
chain-embedded farmers and enterprises cooperating. That is, with the increase of coop-
eration costs and embedded risks, farmers tend not to make industry choices. Based on
this conclusion, this paper believes that in order to enhance the willingness of farmers
to make industrial choices and promote the win-win cooperation between farmers and
enterprises, the following improvements can be considered:

5.1 Increase Policy Support

Increasing industrial policy support will increase the willingness of farmers and enter-
prises to cooperate. At the same time, policy support will also bring more intellectual
and technical support and a reduction in cooperation costs. Under the combined effect of
factors such as the increase in industrial policy support, the increase in intellectual and
technical support and the reduction in costs, the willingness of farmers and enterprises
embedded in the value chain to cooperate will be greatly increased.

5.2 Extensively Attract Talents to Participate in the Agricultural Value Chain

Adopt methods such as improving welfare benefits and granting certain policy sub-
sidies to talents who are willing to engage in work related to the agricultural value
chain to attract more talents to participate in the agricultural industry, therefore, provide
more complete intellectual and technical support for promoting the transformation and
upgrading of the agricultural industry chain.
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5.3 Improve Infrastructure Construction

Improve the infrastructure construction of roads, communications, networks, etc. The
improvement of infrastructure will bring more convenient cooperation methods and
lower cooperation costs for farmers and enterprises, which can effectively increase the
probability of industrial selection by farmers and enterprises embedded in the value
chain, and promote farmers and enterprises cooperate for a win-win situation.

5.4 Promote the Construction of a Modern Logistics System

Expand the current logistics coverage and gradually realize express delivery in every
village. Build a modern logistics system, use big data, 5G and other technologies to
promote the construction of a more scientific and efficient logistics system, and provide
a more reliable logistics guarantee for the sales of agricultural products.

5.5 Establish an Official Third-Party Trading Platform

The establishment of an official platform can not only provide guarantee for transac-
tions between farmers and enterprises, enhance the trust level of farmers and enterprises,
relieve farmers and enterprises from worries, but also reduce cooperation risks and coop-
eration costs, which will affect the willingness of farmers embedded in the value chain
to make industry choices, and promote cooperation between farmers and enterprises.

5.6 Promote Supply-Side Reforms and Expand Market Demand for Agricultural
Products

Improve the production and marketing channels of agricultural products, solve the prob-
lems of farmers’ difficulty in selling agricultural products, and focus on the supply-
side structural reforms, establish a more reasonable and complete production and sales
system, provide farmers with stronger market demand support, and solve farmers’
worries.
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