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Fresh produce has increasingly become an important part of people’s diet. However, the loss of fresh produce in the supply chain
has existed for a long time and is diﬃcult to overcome. Some companies use their own information management systems or use
information systems built by other companies to release and manage fresh agricultural product information in a timely manner,
thereby reducing product loss caused by the “bullwhip eﬀect.” However, this will also bring pressure on construction costs and the
risk of information leakage. Based on the evolutionary game model, this paper conducts process modeling and analysis on the
behavior of enterprise groups participating in information sharing. It is concluded that the greater the diﬀerence between the
income obtained through information sharing and the cost of building information system, the higher the likelihood of enterprises
participating in information sharing. In addition, the greater the proﬁt from the construction of information platform, the smaller
the proﬁt of “free rider,” and the smaller the risk of information leakage, the greater the enthusiasm of enterprises to participate in
information sharing. Finally, some suggestions are proposed from the perspective of maximizing supply chain beneﬁts.

1. Introduction
Fresh produce refers to the primary products that are sold
without deep processing such as cooking and making but
need to be kept fresh and simply arranged on the shelves.
Fresh produce generally needs to be refrigerated and frozen
to keep fresh, and bulk commodities need to be sold by
weighing and barcoding, with a relatively short shelf life.
Fresh produce mainly includes fruits, vegetables, meat, and
aquatic products. With the improvement of people’s living
standards, fresh produce has become an important part of
people’s diet. However, the loss of fresh produce in the
supply chain has existed for a long time and is diﬃcult to
overcome. In 2019, the transaction volume of China’s fresh
food market reached 2.04 trillion, with a year-on-year increase of 6.8%. However, about 20%–30% of the fresh
produce is wasted during diﬀerent stages in the fresh
product supply chain [1]. Compared with other commodities, such as daily necessities and household electrical appliances, the information asymmetry existing in the
upstream and downstream of the fresh product supply chain

has exacerbated the loss [2]. Therefore, information sharing
behavior has a more profound impact on the business decisions of upstream suppliers and downstream retailers in
the fresh product supply chain. Through information
sharing, upstream and downstream companies can arrange
production, sales, and inventory plans based on the shared
information, which not only reduces operating costs of the
supply chain but also is more ﬂexible to market response;
furthermore, it can reduce fresh produce loss of quantity and
quality. According to Porter’s competitive strategy theory
[3], in order to gain advantages in negotiations, companies
usually retain some private information. In the process of
information sharing, information platform costs and risks of
information leakage must also be considered. Once a
company shares valuable private information with other
companies, the company’s control over the spread of this
information in the supply chain will inevitably be weakened
[4].
Therefore, how companies participate in the construction of information platforms and what form they use to
share information has become a question worth exploring.
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From the perspective of bounded rationality, this paper uses
evolutionary game theory to study the dynamic evolution of
information sharing between upstream suppliers and
downstream retailers in the fresh product supply chain and
discusses the evolution law of enterprise group information
sharing strategy in supply chain.

2. Literature Review
Due to the special deterioration properties of fresh produce,
the research on the supply chain of fresh produce is usually
classiﬁed into the research on the supply chain of deteriorated products. In 1913, in the inventory control model
based on the classical economic order quantity (EOQ) model
proposed by Harris, the implicit assumption is that the
inventory goods have an inﬁnite shelf life and will not
deteriorate or damage [5]. As early as 1953, Abad believed
that fashion goods would deteriorate after the prescribed
storage period [6]. Almost ten years later, Ghare and
Schrader ﬁrst proposed the use of a negative exponential
decay function to simulate deteriorating product inventory
[7]. About 50 years later, based on diﬀerent assumptions,
many researchers have discussed diﬀerent issues about the
supply chain with deterioration. Hau et al. believe that the
information transmitted in the form of “orders” is easily
distorted and may mislead upstream members’ inventory
and production decisions. In particular, the variance of
orders may be greater than the variance of sales. From
downstream to upstream, distortion will also increase. And
they named this phenomenon “bullwhip eﬀect” [8].
Some scholars have studied the factors that inﬂuence
corporate information sharing behavior. Cachon and Fisher
found that traditional inventory management and information exchange technologies enable companies to quickly
exchange information with companies on the information
chain. The author compared the traditional strategy of not
using shared information with the complete information
strategy of using shared information. The supply chain cost
under the complete information strategy is on average 2.2%
lower than that of the traditional information strategy, and
the maximum diﬀerence is 12.1%. The authors believed that
the implementation of information technology to accelerate
and smooth the actual ﬂow of goods in the supply chain is
more valuable than the use of information technology to
expand the ﬂow of information [9]. Additionally, Huiping
focused on analyzing the value created by information
sharing, which reduced inventory levels in the three-level
supply chain system. He discussed the coordination
mechanism that upstream partners provide incentives for
retailers through sharing proﬁts and information sharing.
Some papers have explored the factors and mechanisms
aﬀecting information sharing. The author used the method
of cooperative game to study the conﬂict of interest between
the whole supply chain and a single partner and, ﬁnally,
proposed a solution to how to eﬀectively motivate partners
to cooperate with each other to resolve the proﬁt distribution
between partners [10]. Luai et al. adopted a two-stage
qualitative method. They conducted 40 interviews (4 in each
case) through interviews with 7 experts and 10 comparative
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case studies on the relationship between producers and
exporters. Supplemented by archival materials and nonparticipant observation, the author thought that speciﬁc
aﬀairs, relationships, and network drivers support information sharing in these relationships. This information
sharing is linked to export performance. In the case of high
performance, information sharing is triggered by integration-centric driving factors, and the focus is on long-term
and joint planning on the basis of broader information
sharing. In the case of poor performance, information
sharing is triggered by more personalized driving factors
[11]. Ye et al. [12] used CVaR criteria to measure risk and
pointed out the inﬂuencing factors of demand information
sharing from three diﬀerent levels. Guo et al. studied the
strategic information sharing behavior in two competitive
channels: a decentralized supply chain and an integrated
supply chain. The author believes that when competition in
the retail market intensiﬁes, retailers should reduce information sharing, but when their ability to obtain information
improves, more information should be disclosed [13].
Many scholars have also used game theory to discuss the
information sharing behavior in supply chain. In view of the
asymmetry of supply and demand information between
manufacturers and sellers, Wang Ying established a game
model of information sharing, analyzed the changes in
expected proﬁts before and after sharing demand information and cost information, and eventually proposed an
incentive mechanism for information sharing between
manufacturers and distributors [14]. Esmaeili and Zeephongsekul proposed several seller-buyer supply chain
models under the asymmetric information model and used
the non-cooperative Stackelberg game model to study the
incentive strategies when the buyer conceals the demand
information and the seller conceals the cost information. The
author also proposes a semi-cooperative model, which uses
the sharing marketing expenditure as an incentive strategy
to reveal information [15]. In traditional game theory,
participants often participate in the game under complete
information conditions, and they are often assumed to be
completely rational. However, the complexity of the economic environment and the game problem itself causes
incomplete information, which leads to the participants
bounded rationally. Smith and Price have made contributions to the development of evolutionary game theory. Their
evolutionary stability strategy has become the basic concept
of evolutionary game theory [16, 17]. Furthermore, Bach,
Helvikc, and Christiansen studied the divergence problem of
the evolutionary stability strategy [18] and conducted related
research on the cooperative evolutionary game problem in
the case of one-party imitating [19].
In summary, to overcome the diﬃculties in information
asymmetry in the supply chain and improve the level of
information sharing, many studies have explored from the
perspectives of technology applications, operation models,
coordination mechanisms, incentive contracts, and competition forms. Diﬀerent from supply chain of industrial
products, the supply chain of fresh produce has the characteristics of short product cycle, volatile prices related to
freshness, supply volume with a certain degree of
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randomness, and more uncontrollable factors. Because of
the particularity of its products, the “bullwhip eﬀect” in the
supply chain has a more profound impact on the supply
chain. Since the evolutionary game theory is aimed at lowrational parties that only have simple imitating ability, the
decision-making method is to follow the crowd and is
greatly aﬀected by random factors. In addition, most of the
fresh product supply chain companies are small- and medium-sized enterprises. When making information sharing
decisions, they often refer to the decision-making behavior
of companies of the same type. Although evolutionary game
has been used in many ﬁelds, it is seldom used in the study of
information sharing behavior involving fresh supply chain.
Based on the existing research and the evolutionary game
model, this paper conducts a study on the behavior of information sharing in the fresh product supply chain.

3. Problem Description and Formulation
In this section, we discuss the information sharing behavior
between upstream suppliers and downstream retailers in a
two-level supply chain of fresh produce. In the process of
information sharing, the upstream and downstream enterprises attach great importance to measure the proﬁt and the
loss. The proﬁt and loss brought by the information sharing
behavior will reverse aﬀect the information sharing decision
of the upstream and downstream enterprises.
The basic idea of evolutionary game is as follows: in the
game group with a certain scale, the players carry out repeated game activities. Due to bounded rationality, it is
impossible for players to ﬁnd the optimal equilibrium point
in every game. They will focus on the successful players to
improve their game behavior. Therefore, their best strategy is
to imitate and improve the most advantageous strategy of
the past. The object of evolutionary game theory is a
“population,” which focuses on the change in population
structure, rather than the eﬀect analysis of individual behavior. When all participants in a system adopt the “evolutionary stability strategy,” the individuals who adopt other
strategies will not be able to invade the system. Or, individuals who adopt other strategies will change their strategies or exit the system under the pressure of natural
selection. That is to say, the information sharing behavior of
the upstream and downstream enterprises in the fresh
product supply chain will eventually reach a stable state, and
the income will be higher than that of the enterprises
adopting other strategies, so as to reach a stable level.
In the process of this game, the behavior of upstream and
downstream enterprises is not completely rational, and the
strategic combination of both sides is {sharing, not sharing}.
Moreover, in order to meet the needs of consumers and
obtain proﬁts, the relationship between the two sides is ﬁxed.
In the process of game, one member is chosen from each
group. Each member will adjust his strategy according to the
choice of other members. The assumptions and related
variables are as follows.
Assumption 1. Regarding the two-level supply chain system
of the upstream and downstream enterprises of agricultural
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products supply chain as a dynamic system, both sides of the
cooperation are bounded rationality, and they pursue the
maximization of interests and have learning ability and
speculation behavior. In the process of learning and imitating, both sides of the game seek better strategies through
trial and error and selection, so as to achieve a dynamic
balance.
Assumption 2. When upstream suppliers and downstream
retailers share information, the “bullwhip eﬀect” will be
eliminated to a certain extent, and then both sides will have
information sharing beneﬁts from responding ﬂexibly to
market and reducing fresh produce loss. When sharing
unilaterally, the other side will get additional beneﬁts, while
the sharing party will have potential losses due to the risk of
information leakage in addition to beneﬁts and construction
costs.
Assumption 3. Upstream supplier A (downstream retailer
A) can make use of the information platform unilaterally
constructed by downstream retailer B (upstream supplier b)
and make use of the other party’s information platform in a
certain extent through “free rider,” so as to obtain certain
beneﬁts. However, because the information platform is built
according to the needs of enterprise B (upstream supplier B),
the proﬁt obtained by enterprise B through the construction
of information platform is more than that of enterprise a by “
free rider” (λ > β).
For ease of reference, the list of notations is shown in
Table 1.
Based on the above assumptions, we can establish the
payoﬀ matrix U of both sides of the game.

4. Evolutionary Game Analysis
4.1. Equilibrium Analysis. According to the above payment
matrix, the game is analyzed and solved by the bounded
rationality game model.
According to Table 2, the expected payoﬀ for upstream
supplier sharing information is
u11 � y π1 + β1 l − θ1 − αC +(1 − y)π1 + β1 l − θ1 − C
� π1 + β1 l − θ1 − C +(1 − α)yC.
(1)
The expected payoﬀ for upstream supplier not sharing
information is
u12 � y π1 + λ1 l +(1 − y)π 1 � π1 + yλ1 l.

(2)

The average expected payoﬀ for upstream supplier is
u1 � xu11 +(1 − x)u12 � xπ1 + β1 l − θ1 − C +(1 − α)yC
+(1 − x) π1 + yλ1 l � π1 + yλ1 l
+ xπ1 + β1 l − θ1 − C +(1 − α)yC − π1 − yλ1 l.
(3)
The replicator dynamics equation of upstream supplier is

4

Discrete Dynamics in Nature and Society
Table 1: List of notations.

Symbol
x
1− x
y
1− y
l
C
π1
π2
β1
β2
λ1
λ2
θ1
θ2
α
1− α

Description
The proportion of upstream suppliers participating in information of fresh product sharing
The proportion of upstream suppliers not participating in information of fresh product sharing
The proportion of downstream retailers participating in information of fresh product sharing
The proportion of downstream retailers not participating in information of fresh product sharing
The additional revenue of two-echelon supply chain due to information sharing
The information of fresh product sharing cost
The upstream supplier’s income, when the information is not shared
The downstream retailer’s income, when the information is not shared
The percentage of the additional revenue of upstream supplier in the additional revenue of whole supply chain due to
participation in information sharing
The percentage of the additional revenue of downstream retailer in the additional revenue of whole supply chain due to
participation in information sharing
The percentage of the additional revenue of upstream supplier in the additional revenue of whole supply chain due to unilateral
use of shared information from downstream retailer
The percentage of the additional revenue of downstream retailer in the additional revenue of whole supply chain due to unilateral
use of shared information from upstream supplier
The loss of information leakage caused by upstream supplier sharing information
The loss of information leakage caused by downstream retailer sharing information
The proportion of the information sharing cost borne by the upstream supplier, when the supply chain participants are all
involved in information sharing
The proportion of the information sharing cost borne by the downstream retailer, when the supply chain participants are all
involved in information sharing

Table 2: Information sharing evolutionary game payoﬀ matrix.
Downstream retailer
Sharing (y)
Not sharing (1 − y)
π1 + β1 l − θ1 − αC,
π 1 + β1 l − θ 1 − C
π2 + β2 l − θ2 − (1 − α)C
π2 + λ2 l
π 1 + λ1 l
π1 , π 2
π 2 + β2 l − θ 2 − C

Sharing (x)
Upstream supplier
Not sharing (1 − x)

F(x) �

dx(t)
� x u11 − u1  � x(1 − x) u11 − u12 
t

The replicator dynamics equation of downstream retailer
(4)

F(y) �

� x(1 − x)β1 l − θ1 − C +(1 − α)yC − yλ1 l.
The expected payoﬀ for downstream retailer sharing
information is
u21 � xπ2 + β2 l − θ2 − (1 − α)C +(1 − x) π2 + β2 l
− θ2 − C � π2 + β2 l − θ2 − C + xαC.

(5)

The expected payoﬀ for downstream retailer not sharing
information is
u22 � x π2 + λ2 l +(1 − x)π2 � π2 + xλ2 l.

is

(6)

The average expected payoﬀ for downstream retailer is
u2 � yu21 +(1 − y)
u22 � y π2 + β2 l − θ2 − C + xαC +(1 − y) π2 + xλ2 l
� π2 + xλ2 l + y π2 + β2 l − θ2 − C + xαC − π2 − xλ2 l
� π2 + xλ2 l + y β2 l − θ2 − C + xαC − xλ2 l.
(7)

dy(t)
� y u11 − u1  � y(1 − y) u21 − u22 
t

(8)

� y(1 − y) β2 l − θ2 − C + xαC − xλ2 l.
Let F(x) � 0 and F(y) � 0, then ﬁve singularities can be
gained:
O � (0, 0), A � (1, 0), B � (0, 1), C � (1, 1), and D �
(x∗ , y∗ ), where x∗ � (C + θ2 − β2 l/αC − λ2 l) and y∗ �
(C + θ1 − β1 l/(1 − α)C − λ1 l). By solvingF (x) and F (y)
′
′
separately, we have F (x) � (1 − 2x)[β1 l − θ1 − C + (1 − α)
′
yC − yλ1 l]
and
F′(y) � (1 − 2y)(β2 l − θ2 − C + xαC
− xλ2 l). Then, let F′(x) � 0 and F′(y) � 0, we can get the
solutions:x1 � (1/2) and y1 � (1/2), x2 � (C + θ2 − β2 l/αC
− λ2 l), and y2 � (C + θ1 − β1 l/(1 − α)C − λ1 l).
From the above results, when x∗ and y∗ exist, we get
αC > λ2 l,(1 − α)C > λ1 l, C + θ2 > β2 l, C + θ1 > β1 l. The cost
shared by all parties in the cooperative construction of
information platform is greater than the beneﬁts brought by
“free rider.” And the total construction cost is greater than
the diﬀerence between the proﬁt brought by information
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sharing minus the risk of information leakage when the two
sides share information. The following is a detailed analysis.
When
αC < λ2 l < β2 l − θ2 , (1 − α)C < λ1 l < β1 l − θ1 , C < β2 l −
θ2 , C < β1 l − θ1 , whether it is upstream or downstream,
choosing information sharing is a dominant strategy.
Choosing to share information always has more beneﬁts
than not sharing information. Then, the game will have the
Nash equilibrium {sharing, sharing}. From this, we can also
see that, with the development of information technology,
when the cost of information construction is low to a certain

J �

5
extent, the two sides of the game will deﬁnitely choose to
share information to maximize their own beneﬁts.
4.2. Stability Analysis of Equilibrium. Use the local stability
analysis of the Jacobian matrix to analyze the local stability of
each point. The Jacobian matrix of the evolutionary game is
((dx/dt)/dx) ((dx/dt)/dy)
J�
. It can be obtained by
((dy/dt)/dx) ((dy/dt)/dy)
substitution:

(1 − 2x)β1 l − θ1 − C +(1 − α)yC − yλ1 l

x(1 − x)(1 − α)C − λ1 l

y(1 − y) αC − λ2 l

(1 − 2y) β2 l − θ2 − C + xαC − xλ2 l

,

(9)

in which

detJ � (1 − 2x)β1 l − θ1 − C +(1 − α)yC − yλ1 l ∗ (1 − 2y) β2 l − θ2 − C + xαC − xλ2 l − x(1 − x)(1 − α)C − λ1 l
∗ y(1 − y) αC − λ2 l,

(10)

trJ � (1 − 2x)β1 l − θ1 − C +(1 − α)yC − yλ1 l +(1 − 2y) β2 l − θ2 − C + xαC − xλ2 l.
The equilibrium point satisfying the determinant
det J > 0 and the trace of matrix tr J < 0 is the evolutionary
stability strategy of the system. Calculating the expressions
of determinant det J and trace tr J of the matrix at ﬁve
equilibrium points, the results are shown in Table 3.
According to the above expression, the stability of the
equilibrium point of the game is analyzed. The results are
shown in Table 4.
4.3. Analysis of Evolutionary Game Results. According to the
stability theorem of replicator equation and the properties of
evolutionary stable strategy, whenF(y) � 0, F (y) < 0, y∗ is
′
an evolutionary stable strategy. The following is discussion.
(1) When x∗ < (C + θ2 − β2 l/αC − λ2 l), for y∗ � 0,
F(y∗ ) � 0, F′(y∗ ) < 0, y∗ � 0 is asymptotically
stable points. When the number of upstream suppliers participating in information sharing does not
reach a certain amount or is relatively small, the
proportion of downstream suppliers sharing information decreases. The changing trend of imitator
dynamic evolution is shown in Figure 1.
(2) When x∗ � (C + θ2 − β2 l/αC − λ2 l), for F(y) � 0,
F (y) � 0, all the values of the y are in a stable state.
′
If the proportion of the upstream suppliers participating in information sharing reaches
(C + θ2 − β2 l/αC − λ2 l), the dynamic evolution state
of downstream retailers is relatively stable.
(3) When x∗ > (C + θ2 − β2 l/αC − λ2 l), for y∗ � 1,
F(y∗ ) � 0, F (y∗ ) < 0, y∗ � 1 is asymptotically
′
stable points. When the number of upstream

suppliers participating in information sharing reaches a certain amount or relatively large, the proportion of downstream suppliers sharing
information increases.
Same as above, whenF(x) � 0, F (x) < 0, y∗ is an evo′
lutionary stable strategy. The following is discussion.
(1) When y∗ < ((C + θ1 − β1 l)/((1 − α)C − λ1 l)), for
x∗ � 0, F(x∗ ) � 0, F (x∗ ) < 0, y∗ � 0 is asymptoti′
cally stable points. When the number of downstream
retailers participating in information sharing does
not reach a certain amount or is relatively small, the
proportion of upstream suppliers sharing information decreases. The changing trend of imitator dynamic evolution is shown in Figure 2.
(2) When y∗ � ((C + θ1 − β1 l)/((1 − α)C − λ1 l)), for
F(x) � 0, F (x) � 0, all the values of x are in a stable
′
state. If the proportion of the downstream retailers
participating in information sharing reaches
((C + θ1 − β1 l)/((1 − α)C − λ1 l)), the dynamic evolution state of upstream suppliers is relatively stable.
(3) When y∗ > ((C + θ1 − β1 l)/((1 − α)C − λ1 l)), for
y∗ � 1, F(y∗ ) � 0, F′(y∗ ) < 0, y∗ � 1 is asymptotically stable points. When the number of downstream
retailers participating in information sharing reaches
a certain amount or is relatively large, the proportion
of upstream suppliers sharing information increases.
As discussed above, if the cost is small enough, there will
always be more additional beneﬁts from sharing, and all
companies will choose to share information. When

6

Discrete Dynamics in Nature and Society
Table 3: The determinant det J and trace tr J of equilibrium point.

Equilibrium point
(0, 0)
(0, 1)
(1, 0)
(1, 1)
(x∗ , y∗ )

Determinant det J
(β2 l − θ2 − C) ∗ (β1 l − θ1 − C)
(β1 l − θ1 − αC − λ1 l) ∗ (− )(β2 l − θ2 − C)
− (β1 l − θ1 − C) ∗ (β2 l − θ2 − (1 − α)C − λ2 l)
(β1 l − θ1 − αC − λ1 l) ∗ [β2 l − θ2 − (1 − α)C − λ2 l]
− x∗ (1 − x∗ )[(1 − α)C − λ1 l] ∗ y∗ (1 − y∗ )(αC − λ2 l)

Trace tr J
(β2 l − θ2 − C) + (β1 l − θ1 − C)
[β1 l − θ1 − αC − λ1 l] − (β2 l − θ2 − C)
− (β1 l − θ1 − C) + (β2 l − θ2 − (1 − α)C − λ2 l)
− (β1 l − θ1 − αC − λ1 l) − [β2 l − θ2 − (1 − α)C − λ2 l]
0

Table 4: Stability analysis of equilibrium point.
Known conditions
Condition 1
β1 l − θ 1 − C < 0
β2 l − θ 2 − C < 0
β1 l − θ1 − αC − λ1 l < 0
β2 l − θ2 − (1 − α)C − λ2 l < 0
Condition 2
β1 l − θ 1 − C < 0
β2 l − θ2 − C < 0
β1 l − θ1 − αC − λ1 l > 0
β2 l − θ2 − (1 − α)C − λ2 l < 0
Condition 3
β1 l − θ 1 − C < 0
β2 l − θ 2 − C < 0
β1 l − θ1 − αC − λ1 l < 0
β2 l − θ2 − (1 − α)C − λ2 l > 0
Condition 4
β1 l − θ 1 − C < 0
β2 l − θ 2 − C < 0
β1 l − θ1 − αC − λ1 l > 0
β2 l − θ2 − (1 − α)C − λ2 l > 0

Equilibrium point
O(0, 0)
A(0, 1)
B(1, 0)
C(1, 1)
D(x∗ , y∗ )
O(0, 0)
A(0, 1)
B(1, 0)
C(1, 1)
D(x∗ , y∗ )
O(0, 0)
A(0, 1)
B(1, 0)
C(1, 1)
D(x∗ , y∗ )
O(0, 0)
A(0, 1)
B(1, 0)
C(1, 1)
D(x∗ , y∗ )

Symbol of determinant
+
—
—
+
—
+
+
—
—
—
+
—
+
—
—
+
—
—
+
—

1 > x∗ > 0 and 1 > y∗ > 0, for y � ((C + θ1 − β1 l)/ ((1 − α)
C − λ1 l)), equation (4) is always be equal to 0, and x is stable.
For y > ((C + θ1 − β1 l)/((1 − α)C − λ1 l)), equation (4) is
positive and x � 0, x � 1 is a two-stable stage, where x � 1 is
an evolutionary stable strategy. For y < ((C + θ1 − β1 l)/((1 −
α) C − λ1 l)), equation (4) is negative, and x � 0, x � 1 is a
two-stable stage, where x � 0 is an evolutionary stable
strategy. The evolutionary stable strategy of y can be analyzed in the same way of x. The dynamic relationship between the above two groups is represented by a twodimensional drawing, as shown in Figure 3.
Point O indicates that both upstream and downstream
enterprises do not share information, while point C indicates
that both upstream and downstream enterprises participate
in information sharing. When the proﬁt of information
sharing is greater than that of building information system,
both sides will adopt information sharing strategy after longterm game. Through the formula derivation, we can observe
that the basic income π when information is not shared has
no inﬂuence on the formation of decision equilibrium state.
With the improvement in people’s living standards, the
demand for fresh produce is also increasing. Information
sharing in the supply chain of farm products is an eﬀective
means to improve the eﬃciency of the supply chain and
reduce the consumption rate of fresh produce. This is also in
line with the basic cognition. In fact, enterprises in fresh
product supply chain may not be completely rational and

Symbol of trace
—
Uncertain
Uncertain
+
0
—
+
Uncertain
Uncertain
0
—
Uncertain
+
Uncertain
0
—
Uncertain
Uncertain
—
0

Result
ESS
Unstable
Unstable
Unstable
Saddle point
ESS
Unstable
Unstable
Unstable
Saddle point
ESS
Unstable
Unstable
Unstable
Saddle point
ESS
Unstable
Unstable
ESS
Saddle point

often choose to follow others. Through the above model, it
can be seen that the larger the SADBC area, the greater the
possibility of enterprises to participate in information
sharing. The area of SADBC is related to the diﬀerence in
income from information sharing and cost of building information system. The greater the diﬀerence, the greater the
probability of upstream and downstream enterprises participating in information sharing. We can observe that the
closer point D is to point O, the larger area of SADBC is, the
more likely enterprises are to share information. That is,
((C + θ2 − β2 l)/(αC − λ2 l)),
((C + θ1 − β1 l)/((1 − α)C − λ1 l)) the smaller, the greater the
possibility of information sharing. We can infer that the
smaller the “free rider” revenue ratio (λ) is, the greater the
proportion of construction income (β) is, the less loss caused
by information leakage and the greater the possibility of
enterprise information sharing is. The following text will use
numerical simulation to verify this.

5. Numerical Simulation
In order to elaborate the evolution game more intuitively, we
make some numerical analyses to simulate the dynamic
evolution of its strategy select in diﬀerent situations. We take
initial point at 0.1 intervals and set the time step to 1. Referring to the research of Cai et al. [20–22], the parameter
values are α � 0.5, C � 20, and l � 100.
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0
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x

Figure 1: Changing trends of information sharing in evolutionary game x∗ � ((C + θ2 − β2 l)/(αC − λ2 l)).

dx/dt

0

1

y∗

y

Figure 2: Changing trends of information sharing in evolutionary game y∗ � ((C + θ1 − β1 l)/((1 − α)C − λ1 l)).
y

B (0, 1)

C (1, 1)

D (x∗, y∗)

O (0, 0)

A (1, 0)

x

Figure 3: Schematic diagram of group replication dynamics and stability of both parties in the game.

(1) Assuming that λ1 � λ2 � 0.05, θ1 � θ2 � 5. The
values of β are assumed to be 0.1, 0.2, 0.3, and 0.4. In
the case of diﬀerent β, the dynamic evolution process
of enterprise’s strategy is shown in Figure 4. When β
is larger, enterprises gradually change from unwilling to share to willing to share. Because enterprises
beneﬁt more from information sharing, when β
increases, the greater the percentage of the additional
revenue (β), the faster the enterprises participate in
information sharing.
(2) Assuming that θ1 � θ2 � 5, β1 � β2 � 0.3. The values
of λ are assumed to be 0, 0.05, 0.075, and 0.1. In the case

of diﬀerent λ, the dynamic evolution process of enterprise’s strategy is shown in Figure 5. The larger the
percentage of the additional revenue (λ) due to unilateral use of shared information from others, the slower
the enterprises participating in information sharing.
(3) Assuming that β1 � β2 � 0.3, λ1 � λ2 � 0.05. The
values of θ are assumed to be 0, 5, 10, and 15. In the case
of diﬀerent θ, the dynamic evolution process of enterprise’s strategy is shown in Figure 6. With the increase in information leakage loss, enterprises gradually
change their strategies from information sharing to not
sharing.
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Figure 6: In the case of diﬀerent θ values, dynamic evolution process of information sharing: (a)θ1 � θ2 � 0; (b) θ1 � θ2 � 5; (c)θ1 � θ2 � 10;
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6. Conclusions
Information sharing in the fresh product supply chain is an
eﬀective means to improve the ﬂexibility of the supply chain
and reduce the consumption of fresh produce. To solve the
loss of fresh produce in a two-echelon supply chain, some
companies build their own information management systems or use information systems built by other companies to
share and manage the information of fresh produce in a
timely manner, thereby reducing product wastage brought
by the “bullwhip eﬀect.” In practical situation, companies
may not be completely rational and often follow suit. Based
on the evolutionary game and the characteristics of fresh
produce, this paper conducts process modeling and analysis
on the behavior of upstream suppliers and downstream
retailers participating in information sharing. Some conclusions are drawn as follows:
(1) The larger the diﬀerence between the proﬁt obtained
through information sharing and the cost of building
information system, the greater the probability of
upstream suppliers and downstream retailers participating in information sharing.
(2) When the proportion of construction revenue (β) is
greater, “free rider” revenue ratio (λ) is smaller, and
the loss (θ) of information leakage caused by information sharing is smaller, upstream suppliers and
downstream retailers are more likely to participate in
information sharing.
Based on the above ﬁndings, some management implications can be got as follows:
(1) For upstream wholesalers and downstream retailers,
the loss and cost can be reduced eﬀectively by
building information sharing platforms, such as
ERP, OMS, WMS, TMS, and DMS. At the same time,
in order to improve the proﬁt of supply chain
members from information sharing, the government
can give incentives and subsidies to the construction
of information platform and launch farmers’ information technology training, to encourage supply
chain members to participate in information sharing
more actively. In this way, the quality and the
timeliness of fresh produce will be improved, and
ultimately the eﬃciency of the whole fresh product
supply chain also will be improved.
(2) When the supply chain members use the information sharing system that has been built by the other
party, the platform builder can charge the management fee of the information platform or providing the system interface with compensation. By
reducing the “free rider” income of the members
who do not share information, the progress of their
participation in information sharing speeds up.
Furthermore, the members can obtain a certain
proportion of extraproﬁts brought by information
sharing by means of incentive contracts such as the
revenue sharing contract, which can also encourage

those who do not share information to change their
strategies to participate in information sharing. At
the same time, the loss caused by information
leakage will reduce the information sharing willingness of supply chain participants, so it is necessary
to formulate constraint mechanism and conﬁdentiality agreement to reduce the risk of information
leakage.
Although some useful conclusions and management
implications have been obtained in this article, there is still a
lot of research space in the future. Further research can
consider increasing government subsidy variables to explore
the impact of subsidy mechanism on upstream and
downstream enterprises’ participation in information
sharing.
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