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Abstract

The rapid advancement and widespread implementation of digital technology have created
opportunities for the e-commerce transformation of agricultural wholesale markets. The
building of e-commerce platforms in this process is of utmost importance and should be
approached methodically. This article analyzes the interests and behavioral choices of the
agricultural wholesale markets, local government, and wholesalers by establishing a tripar-
tite evolutionary game model. It applies replicator dynamics equations to describe the evolu-
tionary strategies of each party. The findings of the study indicate that the behavioral
choices of agricultural wholesale markets, local government, and wholesalers are influ-
enced by their initial intentions. Furthermore, there exists a degree of alignment between
the choices made by agricultural wholesale markets and wholesalers. The building of e-
commerce platforms by agricultural wholesale markets can be facilitated through direct and
indirect government subsidies; this also motivates wholesalers to adopt and utilize these
platforms. Agricultural wholesale markets may further incentivize wholesalers to utilize their
own e-commerce platforms by offering additional benefits. On the other hand, if the agricul-
tural wholesale markets demonstrate strong initial inclinations toward using third-party e-
commerce platforms. In this scenario, the local government has the potential to promote the
widespread use of these platforms by providing both direct and indirect financial incentives
to these markets, as well as actively encouraging wholesalers to participate in them. This
study presents policy recommendations for agricultural wholesale markets and local govern-
ment to support the effective implementation of e-commerce platforms in the agricultural
wholesaler markets and facilitate a smooth transition to e-commerce in agricultural whole-
sale markets.

1. Introduction

As conventional distribution firms, agricultural wholesale markets have proven essential in
improving the connection between small producers and large markets;this is achieved through
their architecture, rules, and mechanisms for price discovery [1]. In China, it has been
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observed that agricultural wholesale markets have been observed to play a significant role in
the distribution of products within rural areas, accounting for approximately 70% of the total
distribution. Agricultural wholesale markets serve as a fundamental component of the fresh
vegetable marketing system in Turkey [2]. Similarly, in Bulgaria, approximately 75% of fisher-
men participate in the direct or indirect sale of their products through agricultural wholesale
markets [3]. The advent of e-commerce has led to the need for improved safety standards,
transaction efficiency, responsiveness, information processing, and comprehensive services in
agricultural wholesale markets due to the circulation of farm products. Therefore, in order to
uphold the fundamental role of agricultural wholesale markets in agrarian circulation, it is
imperative to undertake the restructuring of their business models. This endeavor is also cru-
cial to industrial structural reform and advancement [4]. From this standpoint, the promotion
of e-commerce transformation and the upgrading of agricultural wholesale markets has
emerged as an inevitable trend in accordance with the progress of the era.

With the rapid development of digital technology, every industry is undergoing transfor-
mation and upgrading. In the agricultural field, digital innovation is one of the core elements
of agricultural high-end equipment manufacturing system digitization and decarbonization
strategy. The application of digital technology can help agricultural enterprises achieve more
efficient equipment manufacturing and reduce carbon emissions [5]. In the construction
industry, the development of digital technology contributes to improving the digital innova-
tion performance of enterprises. The digital integration of the construction-integrated supply
chain is a crucial factor affecting the digital innovation of construction industry enterprises
[6]. In the manufacturing industry, the degree of application of digital technology and the
intensity of investment in digital technology by enterprises are crucial factors in the digital
transformation of manufacturing enterprises [7]. Through digital innovation, manufacturing
enterprises can improve their competitiveness and profit levels and enhance their production
processes and management efficiency by effectively utilizing resources, increasing production
efficiency, and reducing costs [8]. This will lead to higher profits and a more stable market
position [7]. Digital technology is also impacting agricultural wholesale markets, which are
beginning to undergo e-commerce transformation. E-commerce platforms provide a channel
of information exchange for all potential traders [9]. With the widespread use of digital tech-
nology, many wholesale markets have taken advantage of digital technology, establishing their
own commodity trading platforms [10]. When constructing e-commerce platforms for agri-
cultural wholesale markets, there are two alternatives available: developing self-built platforms
or utilizing third-party e-commerce platforms. When agricultural wholesale markets opt for
self-building, they have the opportunity to tailor and create platforms that align with their spe-
cific requirements and distinctive attributes. The platforms have the capability to be created
and tailored to meet the specific needs of market participants, offering a wide range of compre-
hensive features and services. Self-built platforms also give enhanced control over brand per-
ception and user interaction, facilitating the provision of tailored services and solutions.
Nevertheless, the development of self-built platforms necessitates a significant allocation of
financial resources and technical expertise for their development and management. Addition-
ally, these platforms may encounter difficulties in attracting a sufficient number of users dur-
ing their early phase. By opting to utilize third-party platforms, agricultural wholesale markets
can expedite the process of selling and promoting their products by seamlessly integrating into
pre-existing platforms. Moreover, third-party platforms typically offer sophisticated logistics
and payment systems, thereby streamlining the supply chain management processes within
agricultural wholesale markets. However, the utilization of third-party platforms may result in
a lack of complete control over brand image and user experience. Additionally, the presence of
advertisements and competing brands on these platforms might potentially influence sales
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outcomes. Hence, in the context of the e-commerce revolution within agricultural wholesale
markets, the selection of suitable approaches for the systematic and rational build of e-com-
merce platforms emerges as a critical matter necessitating meticulous deliberation. To effec-
tively tackle this issue, the present study formulates a three-party evolutionary game model
that includes agricultural wholesale markets, local government, and wholesalers. It investigates
the evolutionary dynamics of equilibrium strategies within the system under varying condi-
tions and subsequently assesses the influence of relevant factors on system stability through
numerical simulations. This study aims to answer the following questions.

1. How can the promotion of self-built e-commerce platforms in agricultural wholesale mar-
kets be enhanced, and what strategies may be employed to incentivize wholesalers to choose
these platforms?

2. What strategies can be used to improve the promotion of third-party e-commerce plat-
forms in agricultural wholesale markets and foster increased adoption among wholesalers?

This research study provides the following contributions: (1) This study aims to examine
the process of e-commerce transformation in agricultural wholesale markets, with a specific
focus on the crucial task of constructing e-commerce platforms. (2) This study aims to provide
recommendations and insights for developing e-commerce platforms in agricultural wholesale
markets by analyzing the options of self-built e-commerce platforms and utilizing third-party
e-commerce platforms. (3) This study examines the impact of government subsidies on devel-
oping e-commerce platforms in agricultural wholesale markets. It aims to provide a scientific
basis for the government to effectively implement policy measures that promote the construc-
tion of e-commerce platforms in agricultural wholesale markets. (4) This study examines the
behavioral decisions made by agricultural wholesale markets, local government, and wholesal-
ers, considering various original intents. (5) This study investigates the reciprocal impact of
behavioral decisions and provides references and recommendations for developing e-com-
merce platforms in agricultural wholesale markets. The rest of this paper is structured as fol-
lows: The second part reviews existing research. The third part introduces the construction
process of a tripartite evolutionary game model involving agricultural wholesale markets, local
government, and wholesalers. The fourth part solves the game mode, explicitly examining the
equilibrium strategies of each entity involved in constructing e-commerce platforms in agri-
cultural wholesale markets. The fifth part conducts numerical simulations to analyze the
behavioral choices of the three parties under different initial intentions and examines the key
factors that influence their behavioral choices. The sixth and seventh parts summarize the
research, offering pertinent suggestions for the scientific and rational construction of e-com-
merce platforms in agricultural wholesale markets and elaborating on this study’s limitations
and future research directions.

2. Literature review

The literature on this topic mainly focuses on the following areas: (1) research on the e-com-
merce transformation of agricultural wholesale markets. (2) research on evolutionary game
theory.

2.1 Research on the e-commerce transformation of agricultural wholesale
markets

The e-commerce transformation of agricultural wholesale markets is a process of technological
advancements. Technological advancements can significantly reduce production costs,
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improving productivity with fewer inputs [11]. E-commerce is also a shining manifestation of
technological progress in the Internet era and is gradually permeating all aspects of social
development [12]. Song et al. believed that information and communication technology have
brought opportunities to traditional agricultural wholesale markets [13]. E-commerce technol-
ogy has brought competitive advantages to conventional agricultural markets by helping them
adjust their business processes [14] and reducing potential risks in the farm supply process
[15]. Tan et al. argued that e-commerce technology can improve operational efficiency and
traceability in agricultural products [16]. Chaudhary et al. claimed that e-commerce in agricul-
tural wholesale markets will be more open and transparent than physical markets [17]. Addi-
tionally, e-commerce technology has the potential to decrease high transaction costs and
search costs resulting from incomplete or asymmetric information [18] while also assisting e-
commerce platform users in increasing their income [19]. Joshi et al. argued that developing e-
commerce technology is essential for developing countries to address food safety during emer-
gency outbreaks [20]. Kosior et al. believed that e-commerce technology can improve the com-
petitiveness of agricultural wholesale markets and enable them to utilize resources more
effectively [21]. However, the adoption of e-commerce technology also brings challenges to
agricultural wholesale markets [12]. The adoption of e-commerce technology also poses chal-
lenges for agricultural wholesale markets, as it increases transaction costs and triggers compe-
tition from influential e-commerce channels, which may necessitate traders to readjust or
reconfigure their strategies [22].

While transforming agricultural wholesale markets into e-commerce, Zengjun reviewed the
development history of agricultural wholesale markets. He believed that since the establishment
of the People’s Republic of China, agricultural wholesale markets have undergone spontaneous
emergence, rapid development, blind development, standardized development, and qualitative
improvement. With the application and widespread use of digital technology, the intelligent
“third-generation agricultural wholesale market” is the future direction of development [23].
Kamble et al. believed that technological progress drives the continuous development of agricul-
tural wholesale markets. In transitioning traditional agricultural wholesale markets towards e-
commerce-driven platforms, it is crucial for practitioners to make scientific and reasonable
investments [24]. Reardon et al. suggested strengthening investments in the infrastructure of
agricultural wholesale markets and reducing policy restrictions by simplifying regulations [25].
Yadav et al. emphasized that support from skilled technical personnel is critical for promoting
the digitization of agricultural supply chains. Meanwhile, infrastructure and logistics play cru-
cial roles [26]. Vern et al. argued that in the process of e-commerce transformation, well-trained
labor, abundant funding, and preliminary investigations are crucial factors [27]. Providing
timely government subsidies in this process is a more practical approach [28], as these subsidies
significantly improve business performance [29]. As a lever for market regulation and resource
allocation, the government provides generous financial support to enterprises, aiming to widely
replace outdated technologies in traditional industries [30]. The government also plays a signifi-
cant role in promoting economic development, technological innovation, and product innova-
tion [31]. Zeng believed that digitizing infrastructure can enhance the management level of
agricultural wholesale markets. Additionally, the government can enhance the innovative
capacity of agricultural wholesale markets through supportive policies [32].

2.2 Evolutionary game models and their applications

In recent years, the development of game theory has led to its wide application in various
research fields. Traditional game theory assumes that decision-makers are “completely ratio-
nal.” Still, in reality, decision-makers are limited by their own cognition and environmental
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information differences and can only make decisions that conform to expectations rather than
being optimal [33]. Therefore, game theory has gradually combined with other disciplines,
enriching and developing game theory. The combination of game theory and quantum infor-
mation science has formed quantum game theory. Yu et al. applied quantum game theory in
the development of rural new energy, explaining the entanglement mechanism between new
energy enterprises and rural collectives and establishing incentive mechanisms [34]. The deci-
sion-making process of decision-makers is often influenced by various stochastic interference
factors, leading to significant uncertainties in the equilibrium results. Therefore, some scholars
use the differential game theory to explore the issues. Yin et al. applied differential game theory
to analyze the issue of sharing low-carbon technology between dominant and inferior compa-
nies [35]. In the game process, the behavior adjustment of game participants should be
regarded as a dynamic evolution process, which is the core where evolutionary game theory
breaks the assumption of complete rationality [36]. Evolutionary game theory emphasizes
dynamic equilibrium, which can demonstrate a group’s dynamic evolution process over time,
thus finding optimal strategies and resolving the issue of actors’ incomplete rationality [37]. It
has been widely applied in supply chain management and system structural evolution research
[38]. Tang et al. proposed that when companies conduct e-commerce transformation and
upgrading, they need to ensure their own profits and good business operations by constructing
an evolutionary game model among companies, government, and digital technology platforms
[39]. Dong et al. used an evolutionary game model to discover that the government’s subsidy
intensity affects the digital transformation process of enterprises and put forward suggestions
such as strengthening digital infrastructure construction, establishing a subsidy dynamic
adjustment mechanism, and constructing a collaborative and synergetic digital ecosystem

[40]. Hou et al. also believed that excessive government intervention would affect market oper-
ations [41]. Sun et al. utilized dual-population evolutionary game theory to investigate the evo-
lutionary process and influencing factors of the cooperation mechanism in the pork supply
chain and devise a series of measures to promote effective competition and cooperation within
the high-quality pork supply chain. These measures include reducing cooperation costs,
increasing cooperation income, and establishing a fair and efficient system for income distri-
bution and risk compensation [42]. Through the analysis of an evolutionary game model, Lin
et al. discovered that the benefits of digital technology empowerment, spillover effects, and
supervisory effects exhibit positive correlations with governments, platform centers, and node
enterprises’ willingness to undergo e-commerce transformation [43].

2.3 Summary

Presently, experts from both domestic and international contexts have unequivocally acknowl-
edged the crucial significance of e-commerce technology in facilitating the transformative pro-
cess of agricultural wholesale markets within the realm of electronic commerce. The
facilitation of e-commerce transformation in agricultural wholesale markets is achievable
through various means, such as improving infrastructure and implementing supportive gov-
ernment policies. However, it is imperative to conduct a comprehensive study to ascertain the
scientific methods for building e-commerce platforms during the process of transforming agri-
cultural wholesale markets into e-commerce. Furthermore, the majority of existing research
primarily focuses on examining the use of game theory in analyzing the process of e-commerce
transformation undertaken by firms. In contrast, there is limited research on firms’ scientific
build of e-commerce platforms. Hence, this study employs evolutionary game theory as a
framework to examine the trajectory of agricultural wholesale markets in adopting e-com-
merce platforms, taking into account various initial intentions. Additionally, this research
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offers relevant recommendations to facilitate the transformation of agricultural wholesale mar-
kets into e-commerce entities.

3. Description and build of evolutionary game model
3.1 Model assumptions and parameter settings

Assumption 1: Game players

The process of building e-commerce platforms for agricultural wholesale markets involves
dynamic interactions among multiple parties. The promotion of e-commerce platforms in agri-
cultural wholesale markets can be facilitated by the local government through the provision of
subsidies. Consequently, the behavioral choices made by wholesalers have a direct impact on
the behavioral choices observed within the agricultural wholesale markets. The construction of
e-commerce platforms in agricultural wholesale markets is greatly facilitated by the co-creation
value between markets and wholesalers [44]. Hence, this research endeavors to establish a trilat-
eral evolutionary game model encompassing agricultural wholesale markets, local government,
and wholesalers. The game in question falls under the category of a non-symmetric information
dynamic game. All participants involved in the game exhibit bounded rationality as they seek
to optimize their own interests and adapt their methods iteratively throughout the game.

Assumption 2: Strategy space

The building of e-commerce platforms in agricultural wholesale markets necessitates the
involvement of three key stakeholders: agricultural wholesale markets, local government, and
wholesalers. The agricultural wholesale markets are considering the potential implementation
of e-commerce platforms. The strategic options available for agricultural wholesale markets
include building self-built e-commerce platforms and using third-party e-commerce plat-
forms. The probability of agricultural wholesale markets choosing to build their own e-com-
merce platforms is denoted as x, while the probability of using third-party e-commerce
platforms is represented as 1 — x(0 < x < 1). The local government is currently deliberating on
the potential provision of subsidies for constructing e-commerce platforms within agricultural
wholesale markets. The strategic options available to local government include providing sub-
sidies or refraining from providing subsidies. The variable y represents the probability that
local government will choose to offer subsidies, while the probability of not providing subsi-
dies is represented by 1 — y (0 < y < 1). The strategic space available to wholesalers encom-
passes using self-built e-commerce platforms within agricultural wholesale markets or opting
for third-party e-commerce platforms. The probability that wholesalers choose to use self-built
e-commerce platforms of agricultural wholesale markets is denoted as z, while the probability
of choosing third-party e-commerce platforms is represented as 1 —z (0 < z < 1).

Assumption 3: Benefits to stakeholders and corresponding costs

When agricultural wholesale markets want to build their own e-commerce platforms, they
commonly encounter charges related to technology development, maintenance, human
resource expenditures, and other associated costs designated as C. However, when agricultural
wholesale markets want to utilize third-party e-commerce platforms, they typically incur
expenses associated with the management and operation of e-commerce enterprises, referred
to as C,. Subsidies are of paramount importance in incentivizing the building of e-commerce
platforms for agricultural wholesale markets by local government. Local government subsidies
can be categorized into two main types: direct subsidies and indirect subsidies, which may
include tax incentives [45]. When the local government chooses to allocate subsidies, both self-
built e-commerce platforms and third-party platforms utilized by agricultural wholesale mar-
kets will be eligible to receive direct and indirect financial assistance from the local govern-
ment. The local government designates the direct subsidy amount as variable I, while the
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allocation coefficient is represented by variable U. When agricultural wholesale markets
choose to build their own e-commerce platforms, they usually encounter expenses related to
technology development and maintenance and costs associated with human resources. Con-
versely, agricultural wholesale markets that decide to utilize third-party platforms will receive
direct subsidies of (1 — u)I from the local government. When agricultural wholesale markets
choose to build their own e-commerce platforms, the cost that the markets have to bear is rep-
resented by m. This means that the indirect subsidy provided by the local government for the
agricultural wholesale markets to build their own e-commerce platforms is 1 — m. On the
other hand, when agricultural wholesale markets choose to use third-party e-commerce plat-
forms, the cost that the markets have to bear is 1 — m, and the indirect subsidy provided by the
local government for the agricultural wholesale markets using third-party platforms is m.
Local government can promote the digital transformation process of agricultural wholesale
markets through subsidies. The central government recognizes the importance of these mea-
sures and encourages and supports the efforts of local government through rewards. Through
this mechanism, the central government aims to achieve balanced development nationwide,
promote economic prosperity in different regions, and strengthen cooperation and interaction
between local and central government. Therefore, if the local government chooses to provide
subsidies, it will receive rewards from the central government, referred to as A [46]. Assuming
that the wholesalers choose to utilize the internally developed electronic commerce systems
offered by the agricultural wholesale markets. In such circumstances, wholesalers must com-
pensate the platform for its use and pay commissions to the agricultural wholesale markets,
referred to as T. In the event that wholesalers choose to use third-party e-commerce plat-
forms, they are required to remunerate the platform provider, referred to as T, by paying
usage fees and commissions. When wholesalers want to utilize the self-built e-commerce plat-
forms offered by agricultural wholesale markets, they might generate additional revenue,
referred to as Uy, due to the enhanced provision of personalized services by these self-built
platforms. When the platform model utilized in agricultural wholesale markets aligns with the
platform model favored by the wholesalers, both parties can attain synergistic advantages,
denoted as b. However, if the platforms used by agricultural wholesale markets do not align
with the preferences of wholesalers, it may be necessary for these markets to attract a broader
customer base. The potential consequences of this situation may have adverse effects on the
progress of regional economic development, primarily stemming from the hindered ability to
facilitate the transition of agricultural wholesale markets towards e-commerce effectively. The
loss incurred by the local government is represented by the variable w,, while the loss of cus-
tomer sources for the agricultural wholesale markets is represented by the variable w;. The
parameter settings are presented in Table 1.

3.2 Game payoff matrix

The payoff matrix for the game model based on the above parameters and assumptions is
shown in Table 2.

4. Model solving
4.1 Trilateral replication dynamic analysis

According to the payment matrix, the expected revenue of choosing to build e-commerce plat-
forms for agricultural wholesale markets is Uy, thus:

U, = y2(ul = mC, + T, + b) + y(1 — 2)(ul — w, — mC) + (1 - y)2(~C, + b+ T))
+(1-p)(1—2)(~m,— C)
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Table 2. Game payoff matrix.

Table 1. Description of economic parameter variables in the game model.

Stakeholder Parameter Parameter description
agricultural wholesale C Cost of building e-commerce platforms for agricultural wholesale markets
markets C Cost of using third-party platforms for agricultural wholesale markets
b Both agricultural wholesale markets and wholesalers can benefit
synergistically when their behaviors align
W, Loss of customer sources for agricultural wholesale markets when their
behaviors are not aligned with wholesalers
local government I Amount of subsidy when agricultural wholesale markets choose to provide
subsidies
m The local government indirectly subsidizes agricultural wholesale markets for
using third-party e-commerce platforms.
A Rewards are given by the central government when local government chooses
to provide subsidies
w1 Loss incurred by local government when the behaviors of agricultural
wholesale markets and wholesalers are not aligned
u The proportion of direct subsidies the local government gives agricultural
wholesale markets for building their own e-commerce platforms
1-m The local government indirectly subsidizes agricultural wholesale markets for
building their own e-commerce platforms
1-u The proportion of direct subsidies the local government gives to agricultural
wholesale markets for using third-party e-commerce platforms
wholesalers T, Wholesalers must pay fees when using agricultural wholesale markets’ self-
built e-commerce platforms
T, Fees that wholesalers have to pay when using third-party e-commerce
platforms
Up Wholesalers can obtain additional benefits when using self-built e-commerce
platforms of agricultural wholesale markets

https://doi.org/10.1371/journal.pone.0297360.t001

Participants of the evolutionary game

Wholesalers

Using the e-commerce platforms of
agricultural wholesale markets z

Using third-party e-commerce
platforms 1-z

Agricultural wholesale markets are building their
own e-commerce platforms x

Local government provides

ul + mC;+ T, + b

ul — w, - mG

subsidies y

A-ul -wy+A-ul

T+ U, +b -T,

Local government does not -Ci+b+ T -wy, - C;
provide subsidies 1-y 0 W,
-Ti+b+ 0, -T,

Agricultural wholesale markets using third-party Local government provides Wy + (1 —w)-(1-m)C, b+(1-u) I- (1-m)C,

e-commerce platforms 1-x subsidies y A-wy — (1 -l A-(1-u) 1
T+ U, b-T,
Local government does not -w2-C b-C,

provide subsidies 1-y Wy 0

T+ U, b-T,

From top to bottom: agricultural wholesale markets, local government, wholesalers

https://doi.org/10.1371/journal.pone.0297360.t002
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The expected revenue of choosing to use third-party e-commerce platforms for agricultural
wholesale markets is U,, thus:

U,=yz(-w, + (1 —=uw)I— (1 —=m)C,) +y(1 —z)(b+ (1 —uw)[ — (1 — m)C,)

Fel-)(w - C) (- -ab-C) )
The replication dynamic equation for agricultural wholesale markets is as follows:
F(x) = dx/dt = x(U, — U,) = x(1 — x)(2T, 4+ 2bz + 2w,z + 2Iuy — C;my— 3
Cmy+Cy—C+C, —b—w,—1Iy)
According to the payment matrix, the expected revenue of the local government’s choice to
provide subsidies is Us, thus:
Uy=xz(A—ul) +x(1 —2)(—w, + A—ul) + (1 —x)z(A —w, — (1 — u)I) @
+1-x)(1—-2)(A—(1—uwl)
The expected revenue of the local government’s choice not to provide subsidies is U,, thus:
U, = x(1 - 2)(=w,) + (1 - x)z(—w,) (5)
The replication dynamic equation for the local government is:
E(y) = dy/dt = y(U; — U,) = y(1 = y)(A — I + Iu + Ix — 2[ux) (6)

According to the payment matrix, the expected profit of the wholesalers using the e-commerce
platforms of agricultural wholesale markets is Us, thus:

U =xy(-T, + U, +b) +x(1 —y)(-T, + b+ Up) + (1 —x)y(U, — T))

f1-xi-pu,-1) 7

The expected profit of the wholesalers using the third-party e-commerce platforms is Uy, thus:
Up = =0T, +x(1 =) (=T,) + (1 = x)y(b = T,) + (1 = x)(1 = y)(b = T) (8)

The replication dynamic equation of wholesalers is:

F(z)=dz/dt =2(U;, - U) =2(1 —2)(T, - T, + U,—b+ 2bx) (9)

4.2 Analysis of strategy stability under co-evolutionary dynamics

The asymptotic stability of an equilibrium point can be determined by constructing the Jaco-
bian matrix and solving for the eigenvalues. The Jacobian matrix can be obtained by taking the
partial derivatives of the replicator dynamic equations F(x), F(y), and F(z) with respect to x, y,
and z, respectively, as shown below:

OF(x) OF(x) OF(x)
ox oy 0z

5F(y) 5F(y) 5F(y) F, F, Fy
J= Sx 5}/ 5z =< F 21 F 22 F 23
F, F; Fy

0F(z) OF(z) OF(z2)
ox oy 0z
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In this context:

F, = (1-2x)(T,z+ 2bz+ 2w,z + 2luy — Cmy — Cmy+ Cy —b—w, + C, — C));
F,=x(1- x)(2[u—CmI—Cm—|—C I);F, = x(1 — x)(T, + 2b + 2w,)

F, =y(1—y)I—2Iu);F,, = (1 —2y)(A — I+ Iu+ Ix — 2[ux); F,; = 0

Fy = z(1 = 2)(2b); F;, = 0;Fyy = (1 = 22)(=T, + T, + U, — b + 2bx)

When each equilibrium point is stable, the replicator dynamic equations for agricultural
wholesale markets, local government, and wholesalers must equal zero.

dx/dt =
dy/dt =0
dz/dt =0

The pure strategy equilibria are the evolutionarily stable points in asymmetric games caused
by information asymmetry. Therefore, based on the replicator dynamic equations, only eight
pure strategy equilibrium points are discussed: (0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0), (1,0,1),
(1,1,0), and (1,1,1). According to Lyapunov’s theorem, when all eigenvalues of the Jacobian
matrix are “-,” the corresponding points are the equilibrium points of the evolutionary game.
The eigenvalues for various equilibrium points are shown in Table 3.

Scenario 1: When the value of A — I - I - u > 0, the local government will choose to provide
subsidies. Given the conditions 21 - u~C;- m - C;-m—-b-w2-I1+Ct<0and T, - T; + U,
— b <0, it can be determined that the equilibrium point of the system is located at coordinates
(0, 1, 0). The corresponding evolutionarily stable strategy is (agricultural wholesale markets
using third-party e-commerce platforms, local government provides subsidies, and wholesal-
ers using third-party e-commerce platforms). In this case, the local government chooses to
provide subsidies, and there is consistency in the behavior choices of agricultural wholesale
markets and wholesalers. The agricultural wholesale markets choose to use third-party e-com-
merce platforms, and wholesalers also use third-party e-commerce platforms.

Scenario 2: When the value of A — I'- u > 0, the local government will opt to provide subsi-
dies. Given the conditions Ty + b+ w, +2[-u-m-Ci—=m-C,—~I1+C,>0and T, - T, + U, +
b > 0, it can be concluded that the equilibrium point of the system is located at coordinates (1,
1, 1), and the choices of all parties are (agricultural wholesale markets building their own e-
commerce platforms, local government provides subsidies, and wholesalers choosing to use
the agricultural wholesale markets’ e-commerce platforms). In this case, the local government
will choose to provide subsidies, and there is consistency in the behavior choices of agricultural

Table 3. Stability analysis of equilibrium points.

I Ay A3 Stability
(0,0,0) -C+C,—b-w, A-T+Iu T,-Ti+U,-b Unstable point
(0,0,1) Ty+w,+b-C+C, A-T+Iu (T,-Ti+U,-b) Unstable point
(0,1,0) 2lu-Cm-Cim—b—-w, -1+ C, -(A-I+Iu) T,-Ti+U,-b Conditionally stable ESS
(0,1,1) Ti+b+wy+2lu-Cm—-Cm—-1+C, -(A-I+Iu) (T,-Ti+U,-b) Unstable point
(1,0,0) -(-Ci+ Ci—b—wy) A-Tu T,-Ti+U,+b Unstable point
(1,0,1) (Ty+b+wy,—C+ Cyp A-Tu (T, =Ty + U, + b) Unstable point
(1,1,0) -2Qlu-mC;—mC;—b—wy, — [+ C) -(A-Tu) T,-Ti+U,+b Unstable point
(1,1,1) Ty +b+wy+2Iu—mC—mC;— 1+ C)) -(A-Tu) (T,-T + U, +b) Conditionally stable ESS

https://doi.org/10.1371/journal.pone.0297360.t003
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wholesale markets and wholesalers. The agricultural wholesale markets tend to choose to build
their own e-commerce platforms, and wholesalers also tend to use the agricultural wholesale
markets’ self-built e-commerce platforms.

5. Simulation analysis

The present work utilizes MATLAB as a tool for conducting numerical simulation and analy-
sis. The validation of the usefulness and accuracy of the evolutionary stability analysis is
achieved by adding specific parameter values and conducting intuitive demonstrations. This
study examines the strategic decisions made by agricultural wholesale markets in developing
e-commerce platforms. Specifically, it investigates the impact of initial preferences of the
three-party evolutionary game players and essential parameters in the replicator dynamics
equations on the evolutionary behavior strategies of agricultural wholesale markets, local gov-
ernment, and wholesalers. This analysis aids in identifying the most advantageous approach
for constructing e-commerce platforms within agricultural wholesale markets.

5.1 Basic situation simulation

While the initial values of the parameters do have some impact on the rate and scope of their
evolution, they do not alter the overall patterns and outcomes. The accuracy and practicality of
the model are essential considerations in the process of establishing a model. This article
obtains the initial values of various parameters through four methods. The first method is
from policies. Since the issuance of the “Opinions on Accelerating the Development of the Cir-
culation Industry” by the State Administration for Industry and Commerce of China in 2013,
policies have been introduced across the country to support the development of e-commerce
in agricultural wholesale markets after the establishment of online sales platforms. In Foshan,
Guangdong, the government provides incentives of 0.4 million and 0.2 million yuan respec-
tively for the construction of five-star and four-star smart agricultural wholesale markets. In
Dongguan, Guangdong, the government provides a subsidy of 30% of the investment for the
construction of smart agricultural wholesale markets, with a maximum of 0.5 million yuan. In
Shishi, Fujian, and Haining, Zhejiang, the local finance department provides subsidies of up to
0.1 million yuan for the transformation of agricultural wholesale markets into e-commerce. In
Qingdao, Shandong, the municipal government provides an incentive of up to 0.3 million
yuan for the transformation into e-commerce of agricultural wholesale markets. In Jiaozuo,
Henan, and Huaihua, Hunan, the municipal government provides financial support of up to
0.5 million yuan for the construction of smart agricultural wholesale markets. The implemen-
tation of these policies has stimulated the transformation of agricultural wholesale markets
into e-commerce. Based on policies across the country, it is assumed that I = 30 (Units: ten
thousand yuan). The second method is based on existing literature. Referring to the research
by Cui et al. [47] on platform enterprises, government, and consumers, T; = 15 and T, = 10
(Units: ten thousand yuan) are assumed. Referring to the research by Li et al. [46] on the pro-
motion of regional public brands for agricultural products and the analysis by Guo et al. [48]
on the construction of agricultural product brands, A = 30 and U, = 5(Units: ten thousand
yuan) are assumed. B = 30 (Units: ten thousand yuan) is assumed based on the research by
Guo et al. [48] on the construction of agricultural product brands, and W, = 20 (Units: ten
thousand yuan) is assumed based on the research by Sara et al. [49] on the adoption of electric
vehicles and the research by Guo et al. [48] on the construction of agricultural product brands.
The third method is based on field research. This article assumes that the incentives from the
government for agricultural wholesale markets to build their own e-commerce platforms and
use third-party platforms are the same at the initial stage, that is, u = 0.5 and m = 0.5. At the
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same time, the influence of different levels of government support on the behavior of agricul-
tural wholesale markets and wholesalers is also discussed in the subsequent discussions. The
fourth method is based on interviews with managers of agricultural wholesale markets and
data collection. This article obtained that the cost for agricultural wholesale markets to choose
to build their own e-commerce platforms is approximately 0.4 million to 0.5 million yuan
through interviews with managers of agricultural wholesale markets. By reviewing the fees for
joining third-party platforms, it is found that the fees mainly include platform service fees,
margin, promotion fees, and technical service fees. The platform service fees are about 0.05
million to 0.2 million yuan, the margin is about 0.05 million to 0.1 million yuan, the promo-
tion fees are about 0.03 million to 0.06 million yuan, and the technical service fees, which are
commission, are about 5% to 12% of the sales revenue. Therefore, it is assumed that C; = 45
and C; = 35(Units: ten thousand yuan). Based on the above analysis, the assigned values for
each parameter are as follows: b = 30;C; = 45;C, = 35;w, = 20,1 = 30;T; = 15;T, = 10;A = 30;U,
= 5;u = 0.5;m = 0.5(Units: ten thousand yuan). To verify the accuracy of the parameter assign-
ments, this study conducted simulations under basic conditions and obtained the simulation
results as seen in Fig 1.

From Fig 1, it can be observed that the system has two equilibrium points at this time,
namely (0, 1, 0) and (1, 1, 1), which represent the behavioral choices of each party as follows:
the first equilibrium point illustrates the choices of the agricultural wholesale markets using
third-party platforms, local government provedes subsidies, and wholesalers using third-party
e-commerce platforms. The second equilibrium point represents the agricultural wholesale
markets’ choices to build their own e-commerce platforms, local government provides subsi-
dies, and wholesalers using the agricultural wholesale markets’ e-commerce platforms. These
choices are consistent with the theoretical analysis mentioned earlier. Therefore, this parame-
ter assignment has a certain level of validity.

Z
1~ -
= =
b Ao //}///7 /
74

0.6 - 7 ’;’////7
0.4 -
0.2 -

Fig 1. Results after 50 iterations of evolution.

https://doi.org/10.1371/journal.pone.0297360.g001
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5.2 The influence of changes in initial intentions of subjects on system
evolution

Referring to the methods of parameter setting by Liu et al. [43] and Liu et al. [50], the initial
intentions of agricultural wholesale markets to choose self-built e-commerce platforms, gov-
ernment provedes subsidies, and wholesalers to choose to use self-built e-commerce platforms
of agricultural wholesale markets were set at three levels: low, medium, and high, denoted as x,
¥,z € (0.2, 0.5, 0.8). The results of the behavioral evolution strategy are shown as follows.
5.2.1 The impact of changes in initial intentions of subjects on the evolution of behav-
ioral strategies in agricultural wholesale markets. Changes in the initial intentions of
agents have varying degrees of impact on the evolution of behavioral strategies in agricultural
wholesale markets. As shown in Fig 2, when the initial intention of agricultural wholesale mar-
kets to use self-built e-commerce platforms is low, that is, the initial intention to use third-
party e-commerce platforms is high (x, = 0.2), if the initial intention of local government sub-
sidies is also low (yo = 0.2), the agricultural wholesale markets will choose to use third-party e-
commerce platforms. As the initial intention of local government subsidies gradually increases,
the behavioral choices of agricultural wholesale markets will shift from using third-party e-
commerce platforms to building e-commerce platforms, and the speed will increase progres-
sively. When the initial intention of agricultural wholesale markets to use self-built e-com-
merce platforms is high (x, > 0.5), the initial intention of local government subsidies has no
impact on the behavioral choice of agricultural wholesale markets to build their own e-com-
merce platforms. However, the speed of building their own e-commerce platforms increases
with the continuous increase in the initial intention of local government subsidies. As shown
in Fig 3, when the initial intention of agricultural wholesale markets to use third-party plat-
forms is high, indicating a low initial intention to build their own e-commerce platforms (x, =

revrann Y =0 2
y=0.5
———-y=0.8

é 1

0 0.2 0.4 0.6 0.8 1
T

Fig 2. Evolutionary strategies of agricultural wholesale markets behavior under different initial intentions of local
government.

https://doi.org/10.1371/journal.pone.0297360.g002
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Fig 3. Evolutionary strategies of agricultural wholesale markets behavior under different initial intentions of
wholesalers.

https://doi.org/10.1371/journal.pone.0297360.9003

0.2), if the initial intention of wholesalers to use the self-built e-commerce platforms of the
agricultural wholesale markets is low (zy = 0.2), the agricultural wholesale markets will choose
to use third-party e-commerce platforms. As the initial intention of wholesalers to use self-
built e-commerce platforms of the agricultural wholesale markets gradually increases, the
behavioral choices of the agricultural wholesale markets will shift from using third-party e-
commerce platforms to building their own e-commerce platforms at an increasing speed.
When the initial intention of agricultural wholesale markets to build their own e-commerce
platforms is at a moderate level (x, = 0.5), if the initial intention of wholesalers to use the self-
built e-commerce platforms of the agricultural wholesale markets is low (z, = 0.2), the agricul-
tural wholesale markets will choose to use third-party e-commerce platforms. As the initial
intention of wholesalers to use self-built e-commerce platforms of the agricultural wholesale
markets gradually increases, the behavioral choices of the agricultural wholesale markets will
shift from using third-party e-commerce platforms to building their own e-commerce plat-
forms, and the speed of choosing to build their own e-commerce platforms will gradually
increase. When the initial intention of agricultural wholesale markets to build their own e-
commerce platforms is at a high level (x, = 0.8), as the initial intention of wholesalers to use
the self-built e-commerce platforms of the agricultural wholesale markets gradually increases,
the speed of building their own e-commerce platforms will gradually increase. This indicates
that the initial intentions of local government and wholesalers influence the behavioral choices
of agricultural wholesale markets.

5.2.2 The impact of initial intention changes of subjects on the evolutionary strategies
of local government behavior. From Figs 4 and 5, the initial intentions of self-built e-com-
merce platforms for agricultural wholesale markets and the choices of wholesalers to use these
platforms will not affect the evolutionary direction of local government behavior strategies.
Local government will always choose to provide subsidies, and the speed of their subsidy selec-
tion will increase as their initial willingness to subsidize gradually increases. This indicates that
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Fig 4. Local government behavior strategy selection under different initial intentions of agricultural wholesale
markets.

https://doi.org/10.1371/journal.pone.0297360.g004

in the three-way game system of agricultural wholesale markets, local government, and whole-
salers, the role of local government is more inclined to be the main body that exerts influence,
and the behavior choices of agricultural wholesale markets and wholesalers will not affect the
evolutionary process of local government behavior choices.
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Fig 5. Local government behavior strategy selection under different initial intentions of wholesalers.

https://doi.org/10.1371/journal.pone.0297360.g005
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5.2.3 Influence of changes in initial intentions of subjects on the evolutionary strategy
of wholesalers’ behaviors. The choice of strategy by the subject has different degrees of influ-
ence on the strategy selection of wholesalers’ behaviors. From Fig 6, it can be observed that
when wholesalers’ initial intention to choose self-built e-commerce platforms for agricultural
wholesale markets is low (zo = 0.2), indicating a high initial intention to choose third-party e-
commerce platforms, wholesalers will choose to use third-party e-commerce platforms if the
initial intention of the agricultural wholesale markets to choose self-built e-commerce plat-
forms is also low (xy < 0.5). However, suppose the initial intention of the agricultural whole-
sale markets to choose self-built e-commerce platforms is high (xo = 0.8). Wholesalers will use
the self-built e-commerce platforms. When wholesalers have a higher initial intention to use
the agricultural wholesale markets’ self-built e-commerce platforms (z, > 0.5), the speed at
which agricultural wholesale markets choose to build their own e-commerce platforms will
gradually increase as the initial intention increases. From Fig 7, it can be observed that when
wholesalers have a low initial intention to choose to use the agricultural wholesale markets’
self-built e-commerce platforms (z, = 0.2),that is to say, a high intention to choose third-party
e-commerce platforms, they will choose the latter regardless of the local government’s initial
intention to provide subsidies. In the case where wholesalers have a higher initial intention to
choose to use the agricultural wholesale markets’ self-built e-commerce platforms (z, > 0.5),
the size of the subsidies provided by the local government does not affect wholesalers’ strategy
selection to use the agricultural wholesale markets’ self-built e-commerce platforms. However,
as the local government’s initial intention to provide subsidies gradually increases, the speed at
which wholesalers choose to use the self-built e-commerce platforms of agricultural wholesale
markets will increase gradually. This indicates that the choices of agricultural wholesale mar-
kets and local government can influence the choices of wholesalers, but the choices made by
wholesalers tend to have strong inertia. Once wholesalers have built their usage habits, it is dif-
ficult for changes in the strategies of other agents to influence the behavior choices of
wholesalers.
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Fig 6. The behavioral strategy choices of wholesalers in agricultural wholesale markets at different levels of initial
intention.

https://doi.org/10.1371/journal.pone.0297360.g006
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Fig 7. The behavioral strategy choices of wholesalers in local government at different levels of initial intention.

https://doi.org/10.1371/journal.pone.0297360.g007

5.3 The impact of parameter changes on the system evolution results at
different levels of the initial intention of the subjects

Based on the above analysis, the values of u, m, b, and Up are individually modified to obtain
the strategic evolution trajectory of agricultural wholesale markets and wholesalers with differ-
ent initial intentions. The above analysis shows that the local government is the main entity
exerting influence. Therefore, this study focuses on analyzing the impact of parameter changes
on the behavioral choices of agricultural wholesale markets and wholesalers.

5.3.1 The impact of changes in u on the system evolution outcomes with different initial
intention levels of the main subject. For u € €(0.2, 0.5, 0.8), corresponding to low, medium,
and high levels of direct subsidies provided by the local government for the agricultural whole-
sale markets to choose to build their own e-commerce platforms, the evolutionary trajectories
of the behaviors of the agricultural wholesale markets and wholesalers are shown in Figs 8 and
9.

According to Fig 8, When the initial willingness of agricultural wholesale markets to build
their own e-commerce platforms is low (xo = 0.2), if the local government provides low-level
direct subsidies (1 = 0.2) to those markets that opt for self-building, they will choose to utilize
third-party platforms. Conversely, if the local government offers high-level direct subsidies
(u > 0.5), the agricultural wholesale markets will choose to construct their own e-commerce
platforms. Additionally, the pace at which these markets choose to build their own platforms
will gradually increase as the local government continues to provide direct subsidies. Accord-
ing to Fig 9, when wholesalers have a low initial intention to use agricultural wholesale mar-
kets’ e-commerce platforms (z, = 0.2), if the local government provides a low level of direct
subsidies to agricultural wholesale markets for choosing to build their own e-commerce plat-
forms (u < 0.5), wholesalers will choose to use third-party platforms. However, suppose the
local government provides high direct subsidies to agricultural wholesale markets for choosing
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Fig 8. The impact of u changes on the behavioral choices of agricultural wholesale markets.

https://doi.org/10.1371/journal.pone.0297360.g008

to build their own e-commerce platforms (u = 0.8). In that case, wholesalers will use the e-

commerce platforms of agricultural wholesale markets. When wholesalers have a moderate
initial intention to use agricultural wholesale markets’ e-commerce platforms (z, = 0.5), the
direct subsidies provided by the local government to the agricultural wholesale markets for
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Fig 9. The impact of u changes on the behavioral choices of wholesalers.

https://doi.org/10.1371/journal.pone.0297360.9009
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choosing to build their own e-commerce platforms do not affect wholesalers’ behavioral
choices, and they will still choose to use the agricultural wholesale markets’ e-commerce plat-
forms. However, as the direct subsidies from the local government to the agricultural wholesale
markets increase, wholesalers are gradually choosing to use the agricultural wholesale markets’
e-commerce platforms at a faster rate. When the initial willingness of wholesalers to use agri-
cultural wholesale markets” e-commerce platforms is high (x, = 0.8), the direct subsidies pro-
vided by the local government for choosing to build their own e-commerce platforms will not
affect wholesalers’ behavioral choices. Still, it will have a relatively small impact on the develop-
ment rate using the agricultural wholesale markets’ e-commerce platforms. Comparing Figs 8
and 9, it can be seen that when the willingness of the agricultural wholesale markets to choose
their e-commerce platforms is high (x, > 0.5), the construction of their own e-commerce plat-
forms can be promoted through direct subsidies provided to the markets for choosing to build
their own e-commerce platforms. This also encourages wholesalers to use the e-commerce
platforms of agricultural wholesale markets. In cases where the willingness of agricultural
wholesale markets to choose their own e-commerce platforms is low (xq = 0.2), but the willing-
ness to use third-party platforms is high, local government can provide subsidies directly to
these markets to encourage the use of third-party e-commerce platforms. This approach is also
beneficial for wholesalers who want to use third-party e-commerce platforms offered by agri-
cultural wholesale markets.

5.3.2 The impact of changes in 1-m on the system evolution outcomes with different ini-
tial intention levels of the main subject. For 1 —m € ©(0.2, 0.5, 0.8), corresponding to low,
medium, and high levels of indirect subsidies provided by the local government to agricultural
wholesale markets for choosing to build their own e-commerce platforms, the behavioral strat-
egy evolution trajectories of agricultural wholesale markets and wholesalers can be seen in Figs
10 and 11.

From Fig 10, it can be seen that when the initial willingness of agricultural wholesale mar-
kets to build their own e-commerce platforms is low (xo = 0.2), and if the local government
provides a low level of indirect subsidy to agricultural wholesale markets (1 — m = 0.2) to
choose to build their own e-commerce platforms, then the agricultural wholesale markets will
choose to use third-party e-commerce platforms. On the other hand, if the local government
provides a higher level of indirect subsidies (1 — m > 0.5), the agricultural wholesale markets
will choose to build their own e-commerce platforms. When the initial willingness of agricul-
tural wholesale markets to build their own e-commerce platforms is high (x, > 0.5), the behav-
ior of the local government does not affect the choice of agricultural wholesale markets to
build their own e-commerce platforms. However, as the level of indirect subsidies the local
government provides to agricultural wholesale markets for building their own e-commerce
platforms increases, the speed of agricultural wholesale markets building their own e-com-
merce platforms accelerates gradually. From Fig 11, it can be seen that when the initial willing-
ness of wholesalers to use agricultural wholesale markets’ self-built e-commerce platforms is
low (xo = 0.2), and if the local government provides a high level of indirect subsidies to agricul-
tural wholesale markets (1 — m = 0.8) for choosing to build their own e-commerce platforms,
then wholesalers will choose to use agricultural wholesale markets’ self-built e-commerce plat-
forms. On the other hand, when the initial willingness of wholesalers to use agricultural whole-
sale markets’ self-built e-commerce platforms is high (x, > 0.5), the behavior of the local
government does not affect the choice of wholesalers to use the self-built e-commerce plat-
forms of agricultural wholesale markets. However, as the level of indirect subsidies the local
government provides to agricultural wholesale markets for building their own e-commerce
platforms increases, the rate at which wholesalers choose to use the self-built e-commerce plat-
forms of agricultural wholesale markets also accelerates. Figs 10 and 11, it can be seen that
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Fig 10. The impact of 1-m variations on the behavioral choices of agricultural wholesale markets.

https://doi.org/10.1371/journal.pone.0297360.9010

when the agricultural wholesale markets are highly willing to build their own e-commerce
platforms, the local government can promote the building of self-built e-commerce platforms
by providing indirect subsidies to the agricultural wholesale markets. This indirect subsidies is
also beneficial for wholesalers to use the self-built e-commerce platforms of agricultural
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Fig 11. The impact of 1-m variations on the behavioral choices of wholesalers.

https://doi.org/10.1371/journal.pone.0297360.9011
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wholesale markets. Similarly, when the willingness of agricultural wholesale markets to use
third-party e-commerce platforms is high, the local government can promote this behavior by
providing indirect subsidies to the agricultural wholesale markets; this also helps wholesalers
choose to use third-party e-commerce platforms provided by agricultural wholesale markets.

5.3.3 The impact of changes in b on the system evolution outcomes with different initial
intention levels of the main subject. For b € Q(30, 60, 90), corresponding to low, medium,
and high levels of synergistic benefits in the matching of agricultural wholesale markets and
wholesalers’ behaviors, the evolutionary trajectories of the markets and wholesalers’ strategies
are shown in Figs 12 and 13.

From Fig 12, it can be observed that when the initial willingness of agricultural wholesale
markets to choose self-built e-commerce platforms is low (x, = 0.2), as the synergistic benefits
continue to increase, agricultural wholesale markets opt for third-party e-commerce platforms
due to the increasing synergistic benefits. When the initial willingness of agricultural wholesale
markets to choose self-built e-commerce platforms is relatively high (x, > 0.5), they will opt to
build their own platforms. As the synergistic benefits continue to increase, the speed at which
agricultural wholesale markets choose to build their own e-commerce platforms gradually
accelerates. From Fig 13, it can be seen that when the initial willingness of wholesalers to use
self-built e-commerce platforms of agricultural wholesale markets is low (xo = 0.2), they will
choose to use third-party e-commerce platforms. With the continuous increase of synergistic
benefits, the speed at which wholesalers are using third-party e-commerce platforms is gradu-
ally increasing. When wholesalers have a high initial willingness (x, > 0.5) to use self-built e-
commerce platforms of agricultural wholesale markets, they will utilize these platforms. With
the continuous increase in synergistic benefits, the speed of wholesalers using self-built e-com-
merce platforms of agricultural wholesale markets increases. From Figs 12 and 13, it can be
seen that there is a certain degree of synchronization in the behavioral choices of agricultural
wholesale markets and wholesalers. With the continuous increase of synergistic benefits, the

wreranen h=30

- — —-b=90

0.4 0.6 0.8 1
T
Fig 12. The impact of b variations on the behavioral choices of agricultural wholesale markets.

https://doi.org/10.1371/journal.pone.0297360.9012
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Fig 13. The impact of b variations on the behavioral choices of wholesalers.

https://doi.org/10.1371/journal.pone.0297360.g013

synchronization of the evolution of behavioral strategies of both parties gradually increases.
When agricultural wholesale markets initially show a high willingness to use third-party e-
commerce platforms, the presence of higher synergistic benefits can further encourage them
to choose to use these platforms. Additionally, wholesalers are more likely to opt for third-
party e-commerce platforms. When agricultural wholesale markets have a high initial willing-
ness to build their own e-commerce platforms, with the continuous increase of synergistic
benefits, agricultural wholesale markets will choose to build their own e-commerce platforms,
and wholesalers will also choose to utilize the self-built e-commerce platforms of agricultural
wholesale markets. This indicates that when agricultural wholesale markets choose to build
their own e-commerce platforms, they will be more proactive in understanding the needs of
wholesalers willing to use their e-commerce platforms. Additionally, wholesalers are more
likely to use the self-built e-commerce platforms of agricultural wholesale markets. When agri-
cultural wholesale markets choose to use third-party e-commerce platforms, they will also be
more proactive in understanding the needs of wholesalers who are willing to use such plat-
forms. Additionally, wholesalers are more likely to use third-party e-commerce platforms.

5.3.4 The impact of changes in Up on the system evolution outcomes with different ini-
tial intention levels of the main subject. For U, € Q (5, 10, 15), corresponding to low,
medium, and high levels of additional profits that wholesalers can obtain when they use self-
built e-commerce platforms for agricultural wholesale markets. At this time, the evolutionary
trajectories of the behavioral strategies for agricultural wholesale markets and wholesalers are
shown in Figs 14 and 15.

From Fig 14, it can be seen that when the initial intention of agricultural wholesale markets
to build their own e-commerce platforms is low (x < 0.5), the agricultural wholesale markets
will choose to build their own e-commerce platforms. As the additional profits that wholesalers
can obtain when using the agricultural wholesale markets’ self-built e-commerce platforms
continue to increase, the speed at which agricultural wholesale markets choose to build their
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Fig 14. The impact of Up changes on the behavioral choices of agricultural wholesale markets.

https://doi.org/10.1371/journal.pone.0297360.g014

own platforms accelerates. When the willingness of agricultural wholesale markets to build
their own e-commerce platforms is high (xy = 0.8), the size of the synergistic benefits that
wholesalers can obtain when using the agricultural wholesale markets’ self-built e-commerce
platforms has little impact on the speed at which agricultural wholesale markets choose to
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Fig 15. The impact of Up changes on the behavioral choices of wholesalers.
https://doi.org/10.1371/journal.pone.0297360.9015
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build their own e-commerce platforms. From Fig 15, it can be seen that when the initial will-
ingness of wholesalers to use the agricultural wholesale markets’ self-built e-commerce plat-
forms is low (zo = 0.2), if the additional profits that wholesalers can obtain when using the
agricultural wholesale markets’ self-built e-commerce platforms are low (U, < 10), wholesalers
will choose to use third-party platforms. Suppose wholesalers can obtain additional profits
when using the self-built e-commerce platforms of agricultural wholesale markets, which are
highly profitable (U, = 15). In that case, wholesalers will utilize the self-built e-commerce plat-
forms of agricultural wholesale markets. When wholesalers initially show a high willingness (zo
> 0.5) to use the self-built e-commerce platforms of agricultural wholesale markets, the speed
at which they adopt these platforms gradually increases as the additional profits that wholesal-
ers can obtain increase. This indicates that when wholesalers intend to use the agricultural
wholesale markets’ self-built e-commerce platforms, the agricultural wholesale markets should
strive to increase the additional benefits that wholesalers can obtain when using these plat-
forms. This will encourage wholesalers to utilize the agricultural wholesale markets’ self-built
e-commerce platforms.

6. Discussion

Comparing the stability analysis and simulation results of the game model, it is found that the
agricultural wholesale markets, local government, and wholesalers consistently maintain stable
strategies in the simulation analysis. During the simulation process, the influence of the initial
intentions of the agricultural wholesale markets, local government, and wholesalers on each oth-
er’s behavioral choices is considered. Variables such as direct subsidies, indirect subsidies, syner-
gistic benefits, and additional profits are introduced. Due to the influence of environmental and
decision-making uncertainties on the strategic evolution of the three parties, the decision-mak-
ing intentions fluctuate randomly. However, the overall trend of the simulation results is consis-
tent with the stability analysis results, demonstrating the validity of this research method.
Meanwhile, the evolutionary results of the game system also demonstrate that the wide-
spread application of digital technologies (artificial intelligence, blockchain, cloud computing,
and digital platforms) has provided corresponding technological conditions for the construc-
tion of agricultural e-commerce platforms in wholesale markets. However, there are still prob-
lems with insufficient funding [51], inadequate policies [52], and difficulty in changing
purchasing and sales habits among wholesalers [53] during the construction process of these
platforms. Therefore, the use of evolutionary game models and simulations is effective.

7. Conclusion

7.1 Research conclusions

1. In the game system comprising agricultural wholesale markets, local government, and
wholesalers, the behavioral choices of agricultural wholesale markets are influenced by the
initial intentions of the local government and wholesalers. When agricultural wholesale
markets have a higher initial intention to choose self-built e-commerce platforms, increased
subsidies from the local government and higher intentions of wholesalers to use agricultural
wholesale markets’ self-built e-commerce platforms are conducive to promoting the use of
self-built e-commerce platforms in agricultural wholesale markets. When agricultural
wholesale markets show a higher intention to choose third-party e-commerce platforms,
increased subsidies from the local government and a stronger intention among wholesalers
to utilize these platforms can be beneficial for agricultural wholesale markets to use third-
party e-commerce platforms. The local government is the main entity exerting influence,
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and the behavioral choices of agricultural wholesale markets and wholesalers can not
change the behavioral choices of the local government. The behavioral choices of agricul-
tural wholesale markets and the local government influence the behavioral choices of
wholesalers. However, the behavioral choices of wholesalers tend to exhibit strong inertia.
Once they form their usage habits, it becomes challenging for external entities to alter their
behavioral choices.

. The behavioral choices of agricultural wholesale markets and wholesalers have a certain

level of synchronization. As the mutual benefits of their actions increase, the synchronicity
of their behavioral strategies is also enhanced. If agricultural wholesale markets have a
strong preference for creating their own e-commerce platforms, providing direct subsidies
from the local government to these markets will encourage the development of such plat-
forms. These subsidies will also encourage wholesalers to use the self-built e-commerce
platforms of agricultural wholesale markets. Indirect subsidies from the local government
to agricultural wholesale markets that choose self-built e-commerce platforms also encour-
age the adoption of these platforms and facilitate wholesalers in their decision to use them.
The gradual increase in additional benefits for wholesalers who utilize self-built e-com-
merce platforms in agricultural wholesale markets is beneficial for promoting these
options.

. When agricultural wholesale markets initially show a strong preference for third-party e-

commerce platforms, direct subsidies from the local government can encourage the adop-
tion of third-party e-commerce platforms by agricultural wholesale markets. Additionally,
these subsidies also benefit the promotion of wholesalers’ choice of third-party e-commerce
platforms. Indirect subsidies from the local government to agricultural wholesale markets
that choose third-party e-commerce platforms also encourage the adoption of these plat-
forms by agricultural wholesale markets and facilitate the use of third-party e-commerce
platforms by wholesalers.

7.2 Policy recommendations

1. Asan important policy maker, the government should take proactive measures to promote

the development of the agricultural wholesale markets through e-commerce. In recent
years, the trend of third-party e-commerce platforms’ monopoly has become increasingly
apparent. These platforms not only charge high usage fees and commissions but also
impose restrictions on wholesalers. This situation has prompted eligible companies to tran-
sition to the self-built e-commerce platforms gradually. In addition, the “14th Five-Year
Plan for Digital Economy Development” issued by the State Council in 2022 also men-
tioned supporting large enterprises with certain conditions to establish comprehensive e-
commerce platforms. Therefore, if enterprises have a strong interest in building their own
e-commerce platforms, the government can provide funding through fiscal budget arrange-
ments to subsidize the construction of agricultural wholesale markets that choose to build
their own e-commerce platforms to encourage and support the establishment of these plat-
forms. In addition, the government can lower the cost of building self-built e-commerce
platforms for agricultural wholesale markets through measures such as monetary supply
and interest rate regulation, such as lowering loan interest rates, to further promote the
construction of these platforms. The “Notice on Promoting High-Quality Development of
E-commerce Measures” issued by the Shandong Provincial People’s Government also
emphasizes encouraging traditional commercial distribution enterprises to expand their
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network sales share through self-built or third-party platforms. When the agricultural
wholesale markets choose to use third-party e-commerce platforms, the government can
directly subsidize the platform service fees that these markets pay for maintenance, techni-
cal support, and promotion. At the same time, the government can help agricultural whole-
sale markets reduce the resources and human resources required for using third-party e-
commerce platforms, as well as the expenses of managing and operating an e-commerce
business, by providing low-interest loans and other methods.

2. Agricultural wholesale markets and wholesalers’ behavior choices are somewhat synchro-
nized. When agricultural wholesale markets choose to build their own e-commerce plat-
forms, they can gather information about the specific requirements of wholesalers through
face-to-face interactions and online research. By utilizing data analysis tools to analyze
wholesalers” behavioral data and behavior trajectories, agricultural wholesale markets can
gain insights into wholesalers’ search and purchase preferences and identify any problems
they may encounter when using the platforms. This insight can help agricultural wholesale
markets better understand the needs of wholesalers who are willing to use self-built e-com-
merce platforms in agricultural wholesale marketsi%a? which can promote the use of such
platforms by wholesalers. Moreover, agricultural wholesale markets can customize their
independent and self-built e-commerce platforms according to the needs and preferences
of wholesalers. This allows them to provide better user experiences and enhance their com-
petitiveness in the market,and also makes it easier for wholesalers to browse and purchase
products, enjoy personalized services, and obtain accurate product information, thereby
enhancing wholesalers’ satisfaction and generating additional revenue. When agricultural
wholesale markets choose to use third-party platforms, they can actively participate in vari-
ous activities organized by the platforms to create a tight marketing atmosphere with other
merchants. This can promote the use of the platforms by wholesalers who are willing to use
third-party e-commerce platforms.

7.3 Contributions and limitations

This research makes significant contributions to both theoretical knowledge and management
practices. Firstly, the research findings reveal the initial intentions of agricultural wholesale
markets, local government, and wholesalers regarding each other’s behavioral choices, which
helps to deepen the understanding of the strategic decision-making and interaction processes
among the different participants in the tripartite evolutionary game environment. Secondly,
the research proposes policy recommendations for building e-commerce platforms for agricul-
tural wholesale markets by analyzing government subsidies, collaborative benefits, and addi-
tional benefits. In particular, government subsidies and collaborative benefits serve as
important influencing factors, and it is recommended that the government increase funding to
support and cooperation efforts for agricultural wholesale markets to promote their develop-
ment towards e-commerce. Furthermore, while it may be challenging to attain additional ben-
efits directly, it is advisable for agricultural wholesale markets to enhance their internal
innovation capabilities, optimize product supply, and improve service quality to enhance mar-
ket competitiveness and attractiveness. This research provides valuable experiences and
insights for transforming agricultural wholesale markets in e-commerce. It is also a reference
and foundation for policy formulation and management practices. However, this research also
has certain limitations. During the construction of the game model, only the mutual influence
between agricultural wholesale markets, local government, and wholesalers was considered.
Other aspects, such as logistics during the construction of e-commerce platforms for
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agricultural wholesale markets, should have been considered. Therefore, future research can
further advance the construction process of e-commerce platforms for agricultural wholesale
markets by considering more participating entities, thus promoting the e-commerce transfor-
mation process more effectively.
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