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1. Introduction

China is a large agricultural country. How to realize the comprehensive
revitalization of the countryside has always been the focus of the Chinese
government. In 2024, the No. 1 document of the central government proposed to
focus on suppliers, adhere to promoting agriculture through industry, quality and
green, develop smart agriculture, and narrow the "digital divide" between urban and
rural areas. The agricultural products industry is an important part of rural
revitalization, driving the increase of rural residents' income and rural economic
development. In 2023, Per capita disposable income of rural residents in China
reached 21690 Yuan, an increase of 7.7% over last year. In addition, the import and
export amount of agricultural products in China reached 333.03 billion US dollars,
an increase of 0.04% over the previous period. Among them, the export value was
US $98.93 billion, an increase of 0.9%, the import value was US $234.11 billion, a
decrease of 0.3%, and the added value of the agricultural product processing industry
increased by 5.5%, accounting for 1.96% of the GDP; The added value of agriculture
and its related products will increase by 0.15% of GDP. Although the output of
agricultural products and farmers' income are increasing, the loss of agricultural
products is still large. The survey report on the construction of the “First Kilometre”
of agricultural products circulation shows that the postpartum loss rates of grain,
potatoes, fruits and vegetables in China are 7% -11%, 15% -20%, 15% -20% and
20%-25%, respectively, which are far higher than the average level of developed
countries. This not only causes serious waste of resources, but also affects the
increase of farmers' income.

At the same time, with the rapid development of science and technology and
the Internet, consumers' living standards have improved significantly. They pay
more attention to the quality and freshness of agricultural products and have a good
understanding of the freshness of products (Al-Amin et al., 2023). The freshness will
decrease with time, making it more difficult for consumers to obtain high freshness
and high quality goods in the agricultural supply chain (Qin et al., 2014). Especially
the circulation losses that occur during transportation (Fang et al., 2020), it can be
managed through preservation activities, which involve pre-cooling at the
production site, temporary storage in the cold storage, and cold chain transportation
(Tomislav and Ratko, 2023). Many links, such as pre-storage fresh-keeping, low-
temperature delivery and fresh-keeping technology (Bardhan et al., 2025), need to
consume a lot of costs, but for farmers, there will be losses, which should require the
joint efforts of multiple parties in the supply chain. Therefore, participants in the
product supply chain apply relevant technologies to improve their freshness level,
such as intelligent packaging system (Chen et al., 2020) and UV Technology. The
agricultural product supply chain (Wang et al., 2022) is composed of farmers,
suppliers, logistics service providers, retailers and consumers, which is the main
bridge connecting farmers and consumers. It includes multiple links such as
"planting, breeding, purchasing, processing, transportation, storage, sales and
service". Therefore, for the preservation of agricultural products, all node enterprises
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in the supply chain should actively participate. In addition to the manufacturers'
efforts to improve the freshness of products through the establishment of cold
storage, suppliers and retailers can make preservation decisions for different sales
modes, such as retail mode, dual channel mode and 020 mode (Yang and Tang,
2019), so as to effectively reduce the loss of agricultural products. Yonghui
supermarket and other large supermarkets actively invest in fresh-keeping
technology, so as to improve customers' purchase desire and improve the profits of
enterprises in the whole supply chain.

Therefore, aiming at the preservation strategy in the supply chain of agricultural
products, this paper constructs an evolutionary game model between suppliers and
retailers, and explores the key factors that influence whether suppliers provide cold
chain delivery and whether retailers apply intelligent preservation technology.
Whether the collaborative preservation of suppliers and retailers can increase the
freshness of agricultural products and the market demand of consumers, what is the
impact of the profits of supply chain enterprises, and whether the preservation
strategy of the supply chain can be optimized? This provides a certain reference
value for the selection of preservation strategy of agricultural products supply chain.

2. Literature review

By exploring the previous research on preservation in the supply chain, it is
found that the existing research results mainly focus on the preservation strategy and
the cost of preservation efforts. In terms of preservation strategies, most scholars
mainly study the impact of preservation efforts on products and the main body of
preservation strategies. The market demand for agricultural products is affected by
random variables such as retail prices and product freshness (Ma et al., 2019). Li
(2018) considered the impact of product freshness and price on demand, and
suppliers tried to maintain the freshness of agricultural products. Herbon (2016)
believes that product freshness also has an impact on prices, and profits are strongly
affected by the volatility of consumers' sensitivity to freshness. Anshika and Abhinav
(2024) explored the impact of deterioration of perishable products on carbon
emissions. Therefore, product preservation effort (Tsao, 2015) was necessary, it
could reduce waste, spoilage, and loss of product value and give retailers more time
to sell their products, improve sales and increase profits.

At the same time, some scholars have studied the impact of different fresh-
keeping strategy subjects on the supply chain. Liu et al. (2024) elaborated that
preservation efforts can be invested by suppliers, while retailers provide value-added
services. Zhang et al. (2020) used the grey number to identify the freshness of
agricultural produce and concluded that farmers and retailers would eventually adopt
fresh-keeping strategies to keep them fresh. Due to the perishable nature of
agricultural products, the damage rate of agricultural products during transportation
is high. Therefore, suppliers consider providing cold chain distribution during
transportation. At the same time, cold chain logistics service providers (Liu et al.,
2022) are developing rapidly and gradually towards intelligent logistics (Gao et al.,
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2023). Therefore, suppliers can choose their own cold chain distribution or choose
logistics service providers. Third-party logistics service providers have a certain
advantage in fresh-keeping costs. And its high corruption rate in the circulation
process leads to risks in cold chain logistics (Liu and Wang, 2020). Different fresh-
keeping strategies have different selection subjects and different impact on profits.
Agricultural products with higher freshness have a greater impact on consumer
satisfaction, and the prices of retailers will also change. Liu et al. (2020) proposed
that all members of the supply chain should cooperate seamlessly in preservation, so
as to deliver with the desired freshness.

In terms of fresh-keeping costs, enterprises in the supply chain will incur
corresponding fresh-keeping costs when adopting fresh-keeping strategies. Chen et
al. (2017) set a certain preservation cost according to the expected long-term average
profit, Wang et al. (2020) believed that retailers need to pay a high cost of
preservation efforts. Therefore, in order to improve the fresh-keeping level of
products and maximize the profits of the whole supply chain, we should consider
sharing the fresh-keeping cost (Song and He, 2019).

In conclusion, many scholars at home and abroad have made in-depth research
on the preservation of agricultural products from different directions, and the
existing research results provide an important reference for this paper. Nevertheless,
research on the evolutionary game of different players in the supply chain is still
relatively small, and it is mostly carried out from the preservation strategies of
enterprises, agricultural producers and third-party logistics service providers.
Secondly, most of them analyze the decision-making interaction process of members
in the supply chain from the static perspective, The level of information sharing
among the main bodies in the supply chain (Nazifa and Ramachandran, 2019) and
synergy effect (He, 2024) are low, so evolutionary game method (Ji and Xu, 2024)
(Hu et al., 2023) and inventory management (Freile et al., 2020) (Pekarcikova et al.,
2024) are often used, but the research on how to promote the preservation of
agricultural products supply chain by using the dynamic game method is scarce.
Therefore, from the perspective of dynamic evolutionary game theory, this paper
constructs an evolutionary game model between agricultural product suppliers and
retailers, and introduces the cold chain distribution behavior of suppliers and
retailers' intelligent fresh-keeping technology to improve the fresh-keeping level of
agricultural product supply chain, so as to maintain the fresh taste of agricultural
products, so as to achieve the overall optimal profit of the supply chain.

3. Model establishment and symbol description

This paper considers the establishment of an evolutionary game model
consisting of a supplier and a retailer, in which the supplier provides fresh products
and sells the products to consumers through the retailer. Therefore, in order to meet
the order demand of the retailer and reduce their consumption, the supplier considers
the distribution of agricultural products to the retailer through the cold chain.
Therefore, the supplier considers the cold chain distribution as its fresh-keeping
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strategy. At the same time, in order to attract and retain customers and improve the
fresh-keeping level of agricultural products, the retailer considers the application of
intelligent fresh-keeping technology as its fresh-keeping strategy, and studies the
fresh-keeping strategy between the supplier and the retailer and its impact on the
profits of the agricultural product supply chain. The supplier is responsible for
providing fresh products and making decisions on the wholesale price w and unit
transportation cost of fresh products ci (i=1,2), The unit cost of cold chain
distribution c¢2>the unit cost of ordinary distribution c1. The retailer is responsible
for determining the retail price p of fresh products, and its unit cost of intelligent
fresh-keeping technology is cp.

Preservation can delay the deterioration of freshness and increase demand.
Therefore, the potential market demand a is introduced, and let the demand D = a —
bq + fe, where a is the potential market demand, P is the retail price of fresh
agricultural products, e is the level of fresh-keeping efforts for the overall decision-
making of the supply chain, b>0 is the elasticity coefficient of consumers' price, and
B > 0 is the elasticity coefficient of consumers' fresh-keeping efforts.

In order to facilitate the description, the explanation of symbols in the model is
shown in Table 1.

Table 1. Parameters symbols and descriptions

Symbol Descriptions Symbol Descriptions

w wholesale price p retail price

e Preservation effort b Price elasticity coefficient
level

D market demand Iy Supplier profit function

a market potential 11, Retailer profit function

k Input cost coefficient of Chb Unit cost of intelligent preservation
preservation effort technology

cl | General distribution unit Cm Unit production cost of product
cost

c2 | Unit cost of cold chain B Elasticity coefficient of consumers'
distribution efforts to keep fresh

Source: Authors’ own creation.

This paper mainly considers four strategies for the selection of suppliers and
retailers in the fresh supply chain. The four situations are (ordinary distribution,
without the application of intelligent preservation technology) strategy (NN);
(general distribution, application of intelligent preservation technology) strategy
(NS); (cold chain distribution, without application of intelligent preservation
technology) strategy (SN); (cold chain distribution, application of intelligent
preservation technology) (SS). Therefore, the profit functions of the four strategies
can be obtained, as shown in Table 2.
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Table 2. Profit function of four strategies

combination M m.
ss (W—cm—CZ)(a—bp+ﬁe)—kTe2 (»—w—cp)(a—bp + fe)
SN (w—cm—CZ)(a—bp+ﬁe)—kTez (p —w)(a— bp + Be)
A (W — e — c1)(a — bp + Be) —kTez p—w—c)a—bp+fe)
NN (W—cm—cl)(a—bp+ﬁe)—kTez (p —w)(a—bp + pe)

Source: Authors’ own creation.

According to the profit functions of the four strategies in Table 2, the
corresponding p, w, e and their profit function equilibrium solutions can be obtained,
S0 as to carry out evolutionary game analysis between suppliers and retailers. In view
of whether suppliers provide cold chain distribution and whether retailers apply
intelligent preservation technology to play games, so as to select their maximum
profit preservation strategy.

4. Evolutionary game analysis

According to the evolutionary game analysis of the equilibrium solution of the
profit function obtained in Table 2, this paper may wish to assume that the proportion
of suppliers providing cold chain distribution strategy is x (0<x<I), then the
proportion of suppliers not providing cold chain distribution strategy is /-x. At the
same time, assuming that the proportion of retailers applying intelligent preservation
technology strategy is y (0<y<1I), the proportion of retailers not applying intelligent
preservation technology strategy is /-y. Therefore, we can get the game matrix
between suppliers and retailers, as shown in Table 3.

Table 3. Game matrix between suppliers and retailers

retailer
supplier Application of intelligent preservation No application of intelligent
technology (y)S preservation technology (1-y)N
. k(bcy, + bey, + be2 — a)? k(bcy, + be2 — a)?
Gontaton | kb = 5 T = e — )
(xS k2b(bcy, + be2 + bey, — a)? k?b(bcy, + be2 — a)?
nsS = msP =
(4kb — p)? (4kb — p*)?
NS _ k(bcy, + bel + by, — a)? NN _ k(bcy, + bcl — a)?
General " 2(4kb — ) , " , 2(4kb — B?) ,
distribution NS — k(bcy + bcl + bey — a) NN k*b(bcy, + bcl —a)
(1-x)N i (4kb — B?)? " (4kb — B?)?

Source: Authors’ own creation.
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Therefore, the supplier's revenue from "providing cold chain distribution" and
"providing ordinary distribution" is I, and II 12, and the average expected revenue
isIT 5.

ky(bcp+bcp+bc2—a)?+(1-y)k(beym+bc2—a)?
My = YIS + (1= Y1 = BEaanee o 0o e (1)

ky(bcgp+bcl+bcp—a)? | (1-y)(bcp+bcl—a)?
My = yINS + (1= y)Ipy = 2O 2 o @
I = xIly; + (1 = x)y;, 3)
The replication dynamic equation selected by the supplier is:
dx kb(c2—-c1)(bcl-2a+bc2+2bcy+2bcpy
F(x) =— = x(ly; — II;) = x(1 = x)[ 2(akb—p?) =] 4

At the same time, the retailer's revenue from "applying intelligent preservation
technology" and "not applying intelligent preservation technology" is I1,; and I 2,
and the average expected revenue is [1».

M,y = XI55 + (1 — x)INS

_ xk?b(bcy, +be2 + be, —a)? + (1 — x)k?b(bey, + bel + bey, —a)?

5
(4kb — B2)2 ®)
My, = xIFN + (1 —x)IMN
_ xk?b(bcy, +be2 —a)? (1 —x)k?b(bey, + bel — a)? ©)
- (4kb — p?)? (4kb — B2)?
M =yl + (1 =y, (7)
The replication dynamic equation selected by the retailer is
dy
F(y) = at y(Ily; — IT;)
k?b%c,(2bcl — 2a + bcy, + 2bm — 2bclx + 2bc2x)
=y(1-y) (8)

(4kb — p?)?

The replication dynamic equation F(x) selected by the supplier and the
replication dynamic equation F(y) selected by the retailer can be obtained (x*, y*).
When F(x) and F(y) are both 0, we can get:

. 2bcl—2a+bcy +2bey,
= 2b(cl — c2)
. _2a—bcl—bc2—2bcy
Y= Zbcb
From this, we can know that there are five equilibrium points of the system,
which are (0’0)’ (0’1)’ (1’0)’ (1’1)’ (Zbc1—2a+bcb+2bcm 2a—bcl—bcz—2bcm)’b0th <*

2b(c1—c2) ! 2bcy
and y * belong to [0,1].
Then, we calculate the partial derivative of the replication dynamic equation of
suppliers choosing "cold chain distribution" and retailers choosing "Application of
intelligent preservation technology":
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OF(x) (1 —2x)kb(cZ —c1)(bcl —2a+ bc2 + 2bcy, + 2bcyy)
ox 2(4kb — B2)

OF(y) (1 —2y)k?b%c,(2bcl — 2a + bcy, + 2bc,, — 2bclx + 2bc2x)
oy (4kb — p2)?

2bc1-2a+bcy+2b . .
When x==° 2b(zc+1—C:2J; R (v)=0, the choice of retailers does not change

with time; when x<2b61_zic(l:1b_c:2;2bcm, let F(y)=0, y=0 and y=1 be the two stable

states of retailer selection strategy. When y=0, 0F(y)/0y>0, retailers choose not to

apply intelligent preservation technology. On the contrary, when
2bcl-2a+bcp+2bcy,

2b(c1-c2)
applied in retail.

2a—bcl—bc2-2bc 2a—bcl—bc2-2bc
When y= e ™ F(x)=0, When y< e T let F(x)=0, x=0
b b

and x=/ be the two stable states of supplier strategy selection. When x=0,
OF(x)/0x>0, then the supplier chooses not to provide cold chain delivery. On the

za_bdz_bbccz_zmm, x=1, then OF(x)/0x>0, the supplier chooses to
b

provide cold chain distribution.

The equilibrium point obtained by copying the dynamic equation described in
Xu et al. (2024) is not necessarily a stable strategy for system evolution. Therefore,
the stability of the equilibrium point of the differential system is obtained through
the local stability analysis of the Jacobian matrix (J) proposed by Friedman (1991).
The Jacobian matrix in the supply chain is:

[OF(x) OF(x)]
I

%)

(10)

, y=1, OF(y)/0y>0, intelligent preservation technology is

contrary, when y’

1 ox dy |_f[all al2
]_[GF(y) aF(y)“[a21 aZZ] (1)
dx dy

The local equilibrium point is introduced into the Jacobian matrix, and det(J)
and fr(J) are obtained to search for the evolutionary stability point (ESS) of the
system. Therefore, this paper sets the evolutionary stability strategy equilibrium
point ESS which meets the following two conditions:

- Determinant of Jacobian matrix: det J=alla22-al2a21>0;

- The trace of Jacobian matrix: tr J=a11+a22<0.

We can obtain all, al2, a2l and a22 separately as follows.
_ (1-2x)kb(c2—-c1)(bc1-2a+bc2+2bcy+2bcpy)

all 2 kD—f7) (12)
x(1 —x)b?cpk(c2 — c1)
al2 = 4kb — B2 (13)
1 —2y)k?b?c,(2bcl — 2a + bcy, + 2bc,, — 2bclx + 2bc2
21— ( y) ¢, (2bc a+ bcy Cm clx c2x) (14)

(4kb — p?)?
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a2?2

y(1 —y)2b3k?cp(c2 — c1)
(4kb — B?)?

(15)

Therefore, the determinant and trace of the mapping matrix of the five
replication dynamic equilibrium points and their expressions are shown in Table 4.

Table 4. Determinant and trace of equilibrium points

ESS detJ TrJ
(0,0) k3b3cp(c2—c1)(bcl—2a+bc2+2bcy)(2bcl—2a+bcy+H kb(c2—cl)(bcl—2a+bcz+2bcm)+
2(4kb-2)3 2(4kb—f2)
k?b?%cp(2bcl-2a+bcy+2bcy,)
(4kb—p?)?
0,1) —k3b3cp(c2—c1)(bcl—2a+bc2+2bcy+2bcy) 2bel — kb(c2—c1)(bc1-2a+bc2+2bcy+2b(
2(4kb—p2)3 (2be 2(4kb-p?)
2a + bcy, + 2bcy,) k%b?cp(2bc1—2a+bcy+2bcy,)
(4kb—p?)*
(1,0) —k3b3cp(c2—c1)(bcl—2a+bc2+2bcy,) —kb(c2—-c1)(bc1-2a+bc2+2bcy,)
2(akb—p2)3 (2bc2 —2a + 2(4kb—p?)
bcy + 2bcy,) k%b?cp(2bc2—2a+bcy+2bcy,)
(4kb—p?)*
(L1 k3b3cp(c2—c1)(bcl—2a+bc2+2bcy+2bcy) —kb(c2—c1)(bc1-2a+bc2+2bcy,+2
> (2bc2 — >
2(4kb—-p2) 2(4kb—-p2)
2a + bey, + 2bcy,) k2b2cp(2bc2—2a+bcy+2bcy,)
(4kb—[32)2
%y bk3(2a-2bc2—2bcp—2bcy)(2bcl-2a+bcy+2bcy,) 20 — 0
16(4kb—p2)3 [( a
bcl — bc2 — 2bc,,)(2bcy, — 2a + bel + be2 +
2bcy)]

Source: Authors’ own creation.

From Table 4, we can know the determinant and trace of these five equilibrium
points, so as to conduct stability analysis and get table 5.

Table 5. Stability analysis of evolutionary game

ESS detJ trJ Stable condition

(0,0) + - 4kb — $2>0; bc1 — 2a + bc2 + 2bc,, < 0;2bcl — 2a +
bcy + 2bc,, <0

(1,0) + Indeterminacy | 4kb — $2>0;bc1 — 2a + bc2 + 2bc,, > 0; 2bc2 — 2a +
bcy + 2bcy, >0

0,1) + - 4kb — £2<0; bc1 — 2a + bc2 + 2bc,, + 2bcy, >
0; 2bcl — 2a + bcy, + 2bcy, >0

(1,1) + - 4kb — £2>0; bcl — 2a + bc2 + 2bc,, + 2bc;, >
0; 2bc2 — 2a + bcy, + 2bcy, >0

(x"y") | Indeterminacy 0 Non-existent

Source: Authors’ own creation.

Because when the equilibrium point is (x*, y*), trJ is always 0, and the stability
condition cannot be determined at this time, so it is always unstable. If the
determinant of (1, 0) equilibrium point is greater than 0, then 4kb — f2>0;bc1 —
2a+ bc2 + 2bcy, > 0 ; 2bc2 — 2a + bey, + 2bcy, < 0, and because c¢2>cl, the
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condition 2bc1 — 2a + bcy, + 2bc,, < 0 does not exist, while al1<0, a22>0, At
this time, if det.J <0, the trace may be negative or positive, so the stability condition
cannot be determined at this point, and there is no stable state. It can be seen from
Table 4 that the three equilibrium points (0,0), (0,1) and (1,1) have stable states, but
have stable conditions, assuming that @, cm, b and B are constants, and the
evolutionary stability strategy of the dynamic system depends on k, ci, ¢z, and cp.
Therefore, numerical simulation analysis can be carried out.

5. Simulation analysis
5.1 Simulation Analysis of Evolutionary Game Equilibrium Points

This paper constructs an evolutionary game model between agricultural product
suppliers and retailers, mainly discusses the choice of fresh-keeping strategies
between them, and uses MATLAB for simulation analysis. Because there are only
three equilibrium points in stable state, namely (0,0), (0,1), (1,1), the relevant
parameters are adjusted according to the stability conditions of the three equilibrium
points, and the impact on their evolutionary strategies is analyzed.

First, set the basic parameters of the stabilization strategy (ESS) to (0,0), and
simulate and analyze other possible ESS strategies by adjusting them according to
the documented conditions. Because the conditions of these four equilibrium points
may be unique, while there are many other equilibrium conditions, and because of
space constraints, they will not be verified one by one. Each balance only lists one
condition, and the same restriction applies to the other conditions. Therefore, 200
groups of initial probabilities are randomly selected to observe the evolution
trajectory of the participating entities. Therefore, the parameter settings and results
are as follows.

The initial value of the parameter are a=300, b=1.2, c,=100, f=1.5, k=0.6, cr=
160, c1=30, c2=100, At this time, 4kb — $%>0; bc1 — 2a + bc2 + 2bc,, = —204
< 0;2bcl — 2a + bcy, + 2bc,,, = —48 < 0. At this time, the unit cost of the ordina
ry distribution provided by suppliers is much lower than that of the cold chain distri
bution. Therefore, for suppliers, choosing ordinary distribution costs less and make
s more profits. Retailers tend not to apply intelligent preservation technology, while

suppliers tend to provide ordinary distribution. Therefore, the strategic choice betw

een the supplier and the retailer is (ordinary distribution, without the application of
intelligent preservation technology), which is the strategic equilibrium point of the
evolutionary game, as shown in Figure 1(a).

The initial value of the parameter are =300, b=1.2, ¢,=100, p=1.5, k=0.4, cp,=
150, c1=80, c2=100. At this time, 4kb — 2 = —0.33<0; bc1 — 2a + bc2 + 2b
Cm + 2bcy, = 228 > 0; 2bcl — 2a + bcy, + 2bcy, = 18 > 0, the input cost coeffic
ient of the supplier's fresh-keeping efforts is low, so the supplier chooses ordinary d
istribution, but the unit cost of ordinary distribution increases compared with before
, and the unit cost of the retailer's application of intelligent fresh-keeping level will
be reduced. The retailer chooses to apply intelligent fresh-keeping technology, so th

Vol. 59, Issue 1/2025 183



Fengyi He, Xiaomu Tang, Chuang Zhao, Linhao Liu, Huibin Shi

e strategy choice between the supplier and the retailer is (ordinary distribution, appl
ication of intelligent fresh-keeping technology). At this time, (0, 1) is the ESS strate
gy equilibrium point of the evolutionary game, as shown in Figure 1(b).

The initial value of the parameter are a=300, b=1.2, cm=100, =1.5, k=0.6, cb=160,
c1=80, ¢2=90. At this time, 4kb — % >0; bcl — 2a + bc2 + 2bc,, + 2bcy, =
168 > 0; 2bc2 — 2a + bcy, + 2bc,, = 18 > 0, the supplier's input cost coefficient
of fresh-keeping efforts is high, and the unit cost of ordinary distribution and cold
chain distribution is not much different, so the supplier chooses cold chain
distribution. At this time, the retailer's unit cost of applying intelligent fresh-keeping
technology is low, so retailers apply intelligent fresh-keeping technology, when the
unit cost of ordinary distribution increases, and the gap between the unit cost of
ordinary distribution and that of cold chain distribution is gradually diminishing; in
addition, the higher the input cost coefficient of suppliers' fresh-keeping efforts, the
supplier gradually tends to the cold chain distribution strategy. Therefore, the
strategy choice between the supplier and the retailer is (cold chain distribution,
application of intelligent preservation technology). At this time, (1,1) is the ESS
strategy equilibrium point of the evolutionary game, as shown in Figure 1(c).

(TR

"
I
fl

(©)
Figure 1. Evolutionary equilibrium
Source: Authors’ own creation.

5.2 Analysis of factors influencing evolutionary game equilibrium

Further simulation analysis is carried out according to the evolutionary strategy
(1,1) and the profit function of suppliers and retailers. It can be known that the
evolutionary game result is related to parameters such as a, c¢m, b, B,k and c. It is
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hypothesized that a, cm and b are constant, and that the evolutionary stability strategy
of the dynamic system depends on k, B,c1, ¢2 and cp. Thus, the impact of fresh-
keeping effort cost coefficient k, fresh-keeping effort elasticity coefficient f,
application intelligent fresh-keeping unit cost ¢y, ordinary distribution unit cost cl
and cold chain distribution unit cost ¢2 on fresh-keeping strategies of suppliers and
retailers in the fresh supply chain are analyzed.

(1) The influence of the the unit cost of ordinary distribution ¢1 and the unit
cost of the cold chain distribution c2 on the evolution results.

Assuming (c1, ¢2) values are (80,90), (30,90), (30,50) and (80,85), it can be
seen from Figure 2 that other parameter values are unchanged, and only the unit cost
of ordinary distribution and cold chain distribution is changed. Moreover, when the
distribution cost of cold chain logistics is greater than 70, and the difference between
the unit cost and ordinary distribution is larger, the faster the supplier evolves to the
cold chain distribution strategy. For retailers, the difference between the unit cost of
cold chain distribution and ordinary distribution is small, the supplier provides cold
chain logistics, which can improve the level of fresh-keeping efforts of agricultural
products, and the unit cost of intelligent fresh-keeping technology can be
appropriately reduced. The reduction of the unit cost of intelligent fresh-keeping
technology makes retailers gradually tend to apply intelligent fresh-keeping
technology strategy.

Bkt

Figure 2. The influence of different c1 and c2 on the evolution strategy of suppliers
and retailers (Note: =300, b=1.2, c,—=100, c,=160, k=0.6, f=1.5)
Source: Authors’ own creation.

(2) Effects of unit cost k and elasticity coefficient B of preservation effort on
Strategy Evolution
Suppose B is 1.5 and 1.2, while k is 0.6 and 0.2, respectively. the evolution of
strategies between suppliers and retailers can be obtained as shown in Figure 3. It
can be seen from Figure 3 that when other parameters remain unchanged, the unit
cost of fresh-keeping effort is changed. Because the unit cost of fresh-keeping effort
is related to the size of B, the ratio of B?/k is used to determine whether the supplier
will invest in fresh-keeping effort strategy. When the ratio is smaller, the supplier
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will gradually evolve from a ordinary distribution to a cold chain distribution
strategy. At this time, the critical value of the supplier's strategy change is 4.8. When
the ratio is less than 4.8, suppliers tend to choose cold chain distribution, when the
ratio is greater than 4.8, suppliers prefer normal distribution. For retailers, the smaller
the ratio, the faster it will evolveto the strategy of applying intelligent preservation
technology.

Figure 3. The influence of different k£ and P on the evolution strategy of suppliers
and retailers (Note: a=300, b=1.2, ¢,=100, c,=160, c1=80, c2=90)
Source: Authors’ own creation.

(3) Influence of unit cost of intelligent preservation technology on Strategy
Evolution
Assuming that the unit cost of intelligent preservation technology c is assigned
as 160, 120, 100 and 200 respectively, the numerical simulation results of the impact
of the unit cost of intelligent preservation technology on the decision-making of
agricultural product suppliers and retailers are shown in Figure 4. It can be seen from
Figure 4, an increase in the unit cost of intelligent preservation technology cy leads
supplier will gradually tend to the cold chain distribution strategy over time. For
retailers, the higher the unit cost of intelligent preservation technology, the less likely
the retailer will tend to apply intelligent preservation technology, and the critical
value of the retailer's strategy change is between cy,<140. When ¢y, is greater than the
critical value, the retailer will apply intelligent preservation technology.

T =
4

Figure 4. Influence of unit cost CB of different AI technologies on Strategy Evolution
(Note: =300, b=1.2, =100, k=0.6, p=1.5, c1=80, c2=90)
Source: Authors’ own creation.
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(4) The influence of price elasticity coefficient b on Strategy Evolution
It is hypothesized that other parameters unchanged, and the values of b are 1.2
and 1 respectively. The simulation results of the probability of the supplier selecting

cold chain distribution and retail application of intelligent preservation technology
2a

2cl+cpt2cy,
suppliers tend to evolve the cold chain distribution strategy. At the same time,
retailers also tend to evolve the strategy of applying intelligent preservation
technology. From this, we can know that the critical point of the evolution game
strategy transformation is b>1.16. Therefore, the strategy choice between suppliers
and retailers is (cold chain distribution, applying intelligent preservation
technology).

are shown in Figure 5. At this time, whenb > , with the increase of b,

Figure S. impact of different price elasticity coefficients B on Strategy
Evolution (Note : =300, cw=100,c,=160, k=0.6,=1.5,c1=80,c2=90)
Source: Authors’ own creation.

However, if b does not change and b<p?/4k, then the supplier will choose
ordinary distribution and the retailer's strategy will also change. Therefore, we can
know that the value of b is related to c1, ¢2 and c,. Assuming that in addition to b,
these three parameters also change accordingly, we can get the influence of b and
cl, c2 and cp on the evolution strategy, as shown in Figure 6. It can be seen from
Figure 6 that when b is larger, the cost of intelligent preservation technology is
smaller, and the cost of cold chain distribution is smaller. Suppliers choose cold
chain distribution, and retailers choose intelligent preservation technology. But if b
is smaller, and the unit cost of intelligent preservation technology is larger, retailers
will accelerate the application of intelligent preservation technology, and suppliers
will also accelerate the provision of cold chain distribution.
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Figure 6. The influence of different b, c1, ¢2 and c» on Strategy Evolution
(Note: a=300, cw=100, cv=160, k=0.6, p=1.5)
Source: Authors’ own creation.

6. Conclusions

In this paper, the evolutionary game model of agricultural products preservation
strategy between suppliers and retailers is constructed, and the evolutionary stability
strategy of whether suppliers choose cold chain distribution and whether retailers
apply intelligent preservation technology is classified and discussed. The formation
process and influencing factors of the evolutionary game system stability strategy of
agricultural products suppliers and retailers are discussed by numerical simulation:

1) There are five equilibrium points of the evolutionary strategy of the
evolutionary game, but only three equilibrium points (0,0), (0,1), and (1,1) satisfy
the stable state condition that the determinant is greater than 0 and the trace is less
than 0. Therefore, the evolution strategy of the system is related to the unit cost of
ordinary distribution, the unit cost of cold chain distribution, the coefficient of fresh-
keeping effort cost and the unit cost of intelligent fresh-keeping technology. It is
certain that the unit cost of ordinary distribution is lower than the unit cost of cold
chain distribution. The smaller the gap between the unit cost of ordinary distribution
and the unit cost of cold chain distribution, the more suppliers tend to cold chain
distribution, and the difference is within a certain range, the supplier will choose cold
chain distribution. When the cold chain distribution cost is greater than a certain
value, the retailer will choose to apply intelligent fresh-keeping technology.

2) Under the balanced conditions of cold chain logistics provided by suppliers,
when retailers apply intelligent preservation technology, the fresh-keeping efforts of
the fresh supply chain are the highest. Therefore, agricultural product suppliers and
retailers can cooperate to keep fresh, thereby enabling consumers to buy newer and
higher quality agricultural products, and the profits of the whole supply chain will
also be maximized.

3) Through numerical simulation, it can be seen that the smaller the ratio
between the unit cost K of fresh-keeping effort investment and the elasticity
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coefficient B of fresh-keeping effort, the more suppliers tend to use the cold chain
distribution strategy. Moreover, the price elasticity coefficient also has an impact on
the evolution strategy. When the price elasticity coefficient b is larger, it shows that
the price elasticity coefficient has a greater impact on demand. The more suppliers
tend to choose cold chain distribution, the more retailers tend to use intelligent fresh-
keeping technology. So as to improve the fresh-keeping level of agricultural
products, improve consumer demand, so the profit of the supply chain is optimal.

In this paper, there are still some deficiencies, so the research of this paper can
be further extended: first, this paper only focuses on the evolutionary game between
suppliers and retailers. In the future, we can further consider the government's
technology subsidies for suppliers and retailers and conduct a tripartite game.
Secondly, this paper has not considered the introduction of fresh-keeping ability into
decision variables, and the impact of fresh-keeping ability on the estimation
deviation of potential demand can be further considered in the future. Furthermore,
this paper discusses the impact of preservation strategy on demand and further
considers the role of intelligent preservation technology in production management,
inventory management and logistics management. Finally, this paper only considers
the fresh-keeping measures taken by suppliers and retailers, without considering
whether producers or farmers adopt fresh-keeping strategies, which can be further
taken into account in the future.
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