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Abstract: Bulk logistics is an important part of the modern logistics system. The degree of digital
transformation of bulk logistics has a significant gap compared with other logistics forms. Combined
with the successful experience of digital transformation, value co-creation may become one of the
key strategies to solve the problem of digital transformation of bulk logistics. This study formulates
a four-party evolutionary game model to analyze the strategic choices and the stability of strategy
combinations in value co-creation activities among bulk logistics enterprises and related entities
and conducts numerical simulation analysis to explore the factors affecting the outcomes of the
proposed game. The numerical results demonstrate that the bulk logistics enterprises and government
departments are the key players in the game form that drive the success of value co-creation activities,
and the additional costs required by various enterprises and the policies and financial support from
government departments are key factors affecting strategic choices. Our findings can serve as a
reference for bulk logistics enterprises.
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1. Introduction

The digital economy presents different characteristics from the traditional economy in
terms of key elements, leading technologies and infrastructure, which drives the digital
transformation of the entire economy and society and promotes the transformation of
traditional industries into innovation-driven industries [1]. As a basic and strategic industry
in the national economy, the logistics industry is an important practice setting in the digital
economy. The continuous development of information technology has greatly helped
the logistics industry to achieve cost reductions, efficiency increases and service capacity
improvements. Traditional logistics have begun to gradually change to intelligent logistics.

The substantial achievements in the field of smart logistics have laid a solid foundation
for the digital transformation of logistics enterprises. In the process of digital transforma-
tion, logistics enterprises will pay more attention to customer needs to design logistics
products and services and break the traditional business boundaries by building a smart
logistics platform. This can promote its own integration with manufacturing, commerce,
finance and other industries. In this way, the service object is gradually extended from a
single customer to the whole supply chain.

From the perspective of the entire logistics industry, there is a significant disparity in
the level of digital transformation across different logistics business forms. At present, the
enterprises that have achieved remarkable results in digital transformation and possess
ecological service capabilities mostly come from the express logistics sector. For instance,
logistics enterprises in China, such as SF-Express and CaiNiao, have been able to leverage
the power of digital transformation to reduce costs and increase efficiency. By interacting
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and collaborating with customers, they have completed the business chain and service
model. On the one hand, these enterprises collect customers’ comments and suggestions
on products and services by building a smart logistics platform. This can not only optimize
logistics products and services but can also innovate products and services according to
customer needs and enhance the competitive advantage and brand awareness of enter-
prises. On the other hand, customers can have their needs for products and services met
by providing feedback or suggestions. This not only gives customers a sense of participa-
tion and satisfaction but also helps companies increase customer loyalty and purchasing
intent [2,3].

The successful experience of express logistics in the digital transformation shows
that the traditional path of relying on an enterprise’s own resources to obtain competitive
advantage has gradually failed. Collaborative innovation with consumers is a new path to
building competitive advantage. This path is a manifestation of value co-creation between
enterprises and consumers. The concept of value co-creation was first proposed by scholars
Prahalad and Ramaswamy (2000), stating that enterprises need to focus on consumer
experience and that enterprises and consumers will jointly create value [4]. Vargo and
Lusch refined the “value” in value co-creation as “use value” and supplemented the concept
of value co-creation from the perspective of service-oriented logic [5]. They believe that
consumers are not only the marketing objects of enterprises but also the co-creators of value
and part of enterprise resources, which generates value in the process of consumption and
the use of products and services [6].

Compared with express logistics, there is still a big gap in the digital transformation
of bulk logistics, which is represented by bulk commodities. Although a small number of
bulk logistics enterprises have gained some practical experience in digital transformation,
the level of digital transformation for the vast majority of bulk logistics enterprises is still
limited and at the initial stage. From the industry perspective [7,8], the pain points of
digital transformation in bulk logistics are generally manifested in three aspects: a low level
of informatization, low resource utilization and an incomplete service system. From the
perspective of enterprises [7], there are three shortcomings in the digital transformation of
bulk logistics enterprises: insufficient understanding of the significance of digital transfor-
mation, a lack of strategic objectives of digital transformation and a lack of understanding
of the underlying logic of digital transformation.

As an important part of the modern logistics system, bulk logistics has the characteris-
tics of a long business chain, more participants and higher information demand. It connects
the manufacturing nodes of almost all traditional industries such as energy, steel, chemicals
and materials and is highly related to various categories in the national economy [8]. This
indicates that the operation of bulk logistics requires close cooperation with the multiple
industries it connects. Therefore, it is necessary for bulk logistics to refer to the existing
digital transformation experience in the field of express logistics and use value co-creation
to break the current dilemma of weak competitiveness and insufficient service capacity.

It should be noted that compared with the service object of express logistics enterprises
being mainly ordinary individual consumers, the service object of bulk logistics enterprises
is mainly all kinds of enterprises in various connected industries. Therefore, the value
co-creation achieved by bulk logistics enterprises should essentially be a form of value
co-creation between enterprises rather than between enterprises and ordinary consumers.
This kind of value co-creation between enterprises is a process of co-creating value in
economic activities through the integration, complementarity and linkage of resources by
two or more stakeholders [9].

Based on the characteristics of bulk logistics and the practical experience of digital
transformation of express logistics, value co-creation is undoubtedly an advantageous
strategy to achieve digital transformation. With this regard, this study will address the
value co-creation behavior of bulk logistics enterprises under digital transformation from
the perspective of behavioral decision based on evolutionary game theory. Additionally,
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this study will present strategies and management insights for how to achieve digital
transformation through the value co-creation of bulk logistics enterprises.

2. Literature Review

The existing research can be summarized from the perspectives of macro development
of the logistics industry under a digital economy, the digital transformation of logistics
enterprises and value co-creation based on digital transformation.

2.1. Research on Macro Development of the Logistics Industry under a Digital Economy

This part of the relevant research focuses on the industrial development foundation
and driving force and industrial coupling development and innovation. Karapetyants et al.
(2017) proposed that the digital development of the logistics industry would promote the
reduction of logistics factor costs and help countries build economic competitiveness [10].
Jiang et al. (2020) constructed the logistics industry upgrading index and explored the
induction effect of the digital economy on the logistics industry upgrade [11]. Lu (2021)
demonstrated that the development of the digital economy can significantly promote the
improvement of logistics industry efficiency based on transaction costs [12]. By construct-
ing a conceptual scenario model, Elena et al. (2020) proposed that the digital economy
provides a new possibility for optimizing Russia’s transportation and logistics complex,
and the new generation of information technology has a broad application prospect in
the field of transportation and logistics [13]. Xu (2022) proposed that under the digital
economy, the modern logistics industry is based on supply-side reform, and the trend of
digital transformation of enterprises has become increasingly prominent [14]. Guo (2022)
et al. concluded, through data analysis, that energy consumption and a lack of logistics pro-
fessionals are major obstacles to the coupled and coordinated development of the logistics
industry and digital economy [15]. Zhang et al. (2022) proposed, through an input-output
model and social network analysis, that the integration degree of the core industry of
the digital economy and the logistics industry will show an upward trend with time [16].
Guo (2022) proposed that the coupling coordination degree between the development of
the digital economy and the logistics industry has stability, but the coupling effect of the
complementary effect has not yet formed [17].

2.2. Research on Digital Transformation of Logistics Enterprises

The relevant studies in this subsection focus on the factors affecting transformation,
transformation methods and strategies, etc. Liu et al. (2020) proposed that the logistics
industry began to carry out digital transformation under the COVID-19 pandemic due
to factors such as resource integration needs, contactless distribution needs and artificial
intelligence replacing labor shortage [18]. Iman et al. (2020) put forward the concept of
digitalization, which will effectively help logistics enterprises create more products and
services, improve profitability, integrate operational processes and transfer information
more efficiently [19]. Fernandez et al. (2020) proposed that logistics enterprises need to
introduce organizational change strategies to ensure the effect of digital transformation [20].
Singhdong et al. (2021) proposed that logistics enterprises need to develop digital business
strategies according to the capabilities of information systems, and digital transformation
can provide logistics stakeholders with greater market opportunities [21]. Medennikov
et al. (2021) proposed that the digital transformation of logistics enterprises should connect
all relevant business participants with digital logistics platforms [22]. Chen et al. (2022)
proposed that technical factors, organizational factors and environmental factors in the
digital transformation of logistics enterprises can, respectively, lay the foundation, process
and expectation of transformation and development [23]. Pan et al. (2022) proposed that
the level of digital transformation of enterprises will increase with the improvement of
the level of digital transformation of their spatial peers [24]. Nazet et al. (2022) proposed
that blockchain technology can help logistics enterprises serve the digital supply chain
and reduce the difficulty of supply and demand matching caused by changes in external
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factors [25]. Wang et al. (2022) proposed that the digital transformation of different logistics
operation modes requires the use of different digital technologies to achieve the integration
and collaborative innovation of business organizations [26]. Raza et al. (2023) discussed the
main obstacles in the digital transformation of maritime logistics and proposed a feasible
path [27]. Dossou et al. (2023) proposed a sustainable method for the digital transformation
of small- and medium-sized logistics enterprises based on the combination of performance
improvement with new technologies and organizational methods [28].

2.3. Research on Value Co-Creation from the Perspective of Digital Transformation

As one of the core production tools in the digital economy, an information platform
has strong digital economic characteristics and is a new type of infrastructure that enter-
prises must build in the digital transformation. Blaschke et al. (2019) proposed that the
information system supported by digital technology can realize resource exchange and
the integration of participants in the distributed economy, thus forming the phenomenon
of digital value co-creation networks (DVNs) [29]. Haki et al. (2019) proposed that the
information system design based on value co-creation realized the paradigm shift from
commodity-led (G-D) logic to service-led (S-D) logic [30]. Kautz et al. (2020) proposed that
information system development itself is a process of value co-creation, and there are many
different types of participants in the system development process [31].

The application of an intelligent logistics platform as an information platform in the
logistics industry makes it a natural carrier for logistics enterprises to co-create value and
realize digital transformation. Song et al. (2015) proposed that the smart logistics platform
has general features such as providing services to bilateral users, complementary needs,
cross-network externalities and exclusive features such as requiring offline entity support
and regulatory supervision [32]. Gammelgaard et al. (2017) proposed that urban freight
transportation can achieve value co-creation and behavioral correlation among stakeholders
through information platforms [33]. Peng et al. (2020) proposed that value co-creation
will be more conducive to cold chain logistics enterprises and related enterprises to give
play to their own advantages and jointly develop the platform ecosystem to form a win—
win mechanism [34]. Zhang et al. (2021) proposed that data empowerment based on an
intelligent logistics platform can promote value co-creation between platform enterprises
and users, and value co-creation is an important factor for platform enterprises to improve
their service innovation ability [35]. Lin et al. (2021) proposed that value co-creation is
one of the key sustainable factors for the innovation of logistics platforms in the field of
logistics, and platform owners play a leading role in promoting value co-creation and
multi-agent competition associated with platforms [36]. Cheng et al. (2022) proposed that
factors such as network externalities, institution-based trust and multilateral mechanisms
would affect the value co-creation ability of platforms and strengthen the network effects
of enterprises in business activities [37]. Based on the business relationship and value
co-creation between manufacturers and digital platforms, Michel et al. (2022) proposed a
variety of digital transformation schemes related to crowdsourcing logistics [38]. Wei et al.
(2022) proposed that the composition dimension of value co-creation of the logistics service
ecosystem presents characteristics of multi-level unity and diversity at various levels, and
the digital capability of logistics enterprises will dynamically and interactively evolve at
different structural levels [39]. McIntyre et al. (2017) believe that leading enterprises in the
platform ecosystem need to invest a lot of resources to attract related enterprises to join
and provide convenience and incentive for rapid innovation [40].

2.4. The Application of Evolutionary Game Theory in Logistics and Value Co-Creation

At the current stage, evolutionary game theory has been applied to the study of
the development of the logistics industry and value co-creation activities to some extent.
However, no scholars have yet combined the two to explore the issues related to value
co-creation in logistics enterprises through the theory of evolutionary games.
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In the field of exploring the development of the logistics industry through evolution-
ary game theory, Yin et al. (2008) studied the game issues between market leaders and
followers in terms of reverse logistics policies using evolutionary game theory [41]. Shi
et al. (2009) used evolutionary game theory to study the competition and cooperation
between functional logistics service providers and integrated logistics service providers in
the logistics service supply chain [42]. Liu et al. (2012) analyzed the quality issues within
the group of functional logistics service providers using evolutionary game theory [43].
Wang et al. (2014) used evolutionary game theory to analyze the issues of cooperation and
competition between regional logistics nodes [44]. Gu et al. (2017) studied the low-carbon
strategy between the government and highway logistics enterprises using evolutionary
game theory [45]. Yang (2019) used evolutionary game theory to study the issues related
to agricultural product logistics finance warehousing business among agricultural prod-
uct production and processing enterprises, third-party logistics enterprises and financial
institutions [46]. Luo et al. (2022) used evolutionary game theory to study the interactive
mechanisms of emergency recycling logistics issues among the government, logistics enter-
prises and environmental protection non-governmental organizations (NGOs) [47]. Liu
et al. (2022) used evolutionary game theory to study the ecological cooperation trends
between logistics platforms and suppliers from the perspective of a business ecosystem [48].
Yang et al. (2023) used evolutionary game theory to study the knowledge-sharing strategy
selection mechanism of logistics enterprises in the process of digital transformation from a
dual perspective [49]. Zhang et al. (2024) used evolutionary game theory to discuss the
dynamic process of the government, platforms and logistics enterprises participating in the
selection of regional green logistics strategies [50].

In the exploration of value co-creation through evolutionary game theory, Zou et al.
(2021) used evolutionary game theory to investigate the value co-creation behaviors be-
tween shared supply chain platforms and manufacturers [51]. Wu et al. (2022) used
evolutionary game theory to explore the value co-creation behaviors between charging
service operators and private charging pile owners in terms of investment costs and bene-
fits [52]. Xu et al. (2023) used evolutionary game theory to explore the value co-creation
behaviors and dynamic decision-making processes between core enterprises and non-core
entities in the digital innovation ecosystem [53]. Gao et al. (2023) used evolutionary game
theory to explore the collaborative mechanisms of value co-creation among core manufac-
turing enterprises, service enterprises and customers under the influence of differences in
digitalization levels [54]. Dou et al. (2024) used evolutionary game theory to explore the
value co-creation behaviors between heterogeneous subsidiaries and consumers within
group enterprises [55].

2.5. Summary of Existing Research

The academic community has widely recognized that the digital economy has a posi-
tive impact on the development of the logistics industry. Simultaneously, some scholars
have used quantitative analysis to conclude that the digital economy and the logistics in-
dustry have been preliminarily coupled in development. They have essentially determined
that smart logistics platforms can serve as a carrier for logistics enterprises to co-create
value in the context of digital transformation. The value co-creation generated by digital
transformation will also have an impact on the organizational structure and member behav-
ior. Additionally, evolutionary game theory has begun to be applied to the exploration of
value co-creation issues in various fields. In the early stage of using evolutionary game to
analyze related problems in the field of logistics, scholars mostly focused on logistics itself.
Later, some scholars began to consider the research on the related problems between the
logistics industry and the external subjects. However, according to the existing literature,
there is a relative scarcity of studies on the digital transformation of bulk logistics, with
most scholars only analyzing the necessity of digital transformation and the technologies
required. There is a lack of in-depth and systematic research on the value co-creation
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behavior of bulk logistics enterprises in the process of digital transformation with other
related enterprises or institutions.

Therefore, this paper takes bulk logistics enterprises as the main research object and
comprehensively considers the business-related enterprises, service objects and government
departments that have attracted much attention in the above literature. This study will use
the evolutionary game model to analyze the value co-creation behavior of bulk logistics
enterprises in the process of digital transformation and discuss the impact of other subjects’
behavioral decisions on value co-creation activities.

3. Materials and Methods
3.1. Analysis of the Relationship between Digital Transformation and Value Co-Creation

According to the existing literature, we have found a close connection between digital
transformation and value co-creation. Therefore, it is necessary to first analyze the relation-
ship between digital transformation and value co-creation. Clarifying this connection will
help us understand why enterprises need to carry out value co-creation activities during
the process of digital transformation, and it will also facilitate subsequent analysis of the
behavioral strategies of bulk logistics enterprises and other related entities.

In the industrial economy era, if enterprises wanted to achieve excess profits, they
had to innovate around the supply side to establish a comparative advantage, but to
some extent, they neglected the value on the demand side [56]. As competition among
enterprises intensifies in the digital economy, the potential for the supply side to create
new value for enterprises has approached its limit, and the value on the demand side has
begun to be fully reflected, leading to a shift in value creation from the supply side to the
demand side [57]. In the digital economy, both the supply and demand sides hold equally
important significance. The supply side no longer depends on itself to judge what products
or services will be valuable to customers, but through the establishment of mutually
beneficial cooperative relations with the demand side, it jointly contributes to the innovation
of products and services. In addition, the digital platforms built by enterprises in the
process of digital transformation have continuously reduced the connection distance and
communication costs between the supply and demand sides, providing space for the supply
and demand sides to create value together [58]. For example, China’s Meituan APP gathers
different merchants from various industries such as catering, tourism, accommodation and
transportation to provide users with the necessary life and entertainment services. It not
only meets the requirements of demand-side users for one-stop services but also forms a
supply-side service alliance with itself as the core.

According to the above analysis, we believe that the logic of value formation in
the digital economy has undergone a fundamental change, and value co-creation has
become an essential path for enterprises to achieve value reconstruction during the digital
transformation process. This has made more and more enterprises realize that value is no
longer generated through a one-way direct delivery but instead through active collaboration
between the supply and demand sides to organize and co-create together. For this reason,
we summarized the connection between digital transformation and value co-creation
through Figure 1.

As shown in Figure 1, the digital platform becomes the connection node between
digital transformation and value co-creation. It not only serves as the infrastructure neces-
sary for the digital transformation of enterprises but also lays a space for value co-creation.
From an economic perspective, the digital platform constructs a two-sided market with
strong network externalities for enterprises. The value of this market is influenced by
users on both sides, who bring synergistic value to each other. Due to the existence of
the critical mass and the network effect paradox [59], enterprises need certain competitive
strategies and promotion measures to expand the scale of the network in order to make
the network externalities of the two-sided market play a role. This will make the number
of users of certain products or services in the market grow rapidly, showing a positive
feedback effect. After the scale of the two-sided market network constructed by the digital
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platform breaks through the critical capacity, all the subjects in the market will form an
economic consortium, and each subject will break the existing boundary and connect with
each other to form a value chain. Different value chains interweave to form a closely related
value network, where resources and information flow and circulate among various entities
through the value network, achieving value co-creation among multiple entities.

Aggregate value co-creators
Deepen cooperation among entities
Promote the integration of resources among entities.

| | Infrastructure Co-creation i l

. . S
Digital pace Value
Transformation Co-creation

{ )

Promoting the development of enterprise digital transformation towards
an ecosystem level and enhancing the digital capabilities of enterprises

Digital
Platform

Figure 1. The correlation logic between digital transformation and value co-creation.

3.2. Problem Description

Based on the analysis of Section 3.1, if bulk logistics enterprises want to achieve
digital transformation through value co-creation activities, they need to build a smart
logistics platform to establish connections with business-related enterprises and institutions.
This forms an ecosystem network centered on the smart logistics platform as the basic
condition for promoting value co-creation and adopts certain behavioral strategies to
promote the expansion of the network nodes and scale enlargement. At the same time,
the intelligent logistics platform is also an effective measure for bulk logistics enterprises
to improve the pain points of digital transformation [7]. It can effectively improve the
level of enterprise informatization, provide a medium for introducing external services and
improving the service system and realize the aggregation and utilization of internal and
external information resources.

We systematically sorted out the logical relationships between various entities in
the bulk commodity supply chain and drew Figure 2. Bulk logistics enterprises can
provide logistics services such as transportation, storage and packaging between any pair
of upstream and downstream enterprises in the bulk commodity supply chain. After the
bulk logistics enterprise builds the smart logistics platform, due to the limitations of its
own business scope and technical level, it needs the assistance of other related enterprises
such as financial institutions to provide integrated logistics, financial and information
services through the platform for service objects. Therefore, bulk logistics enterprises need
to strive for the recognition and support of other stakeholders in order to achieve the goal
of jointly carrying out resource integration, service innovation and knowledge sharing
with other business-related enterprises in value co-creation activities and, at the same time,
need to take a series of measures to avoid losses due to speculative behavior. In addition,
considering that government departments will carry out macro-control over the bulk
industry and pay attention to and supervise the monopoly issues of digital platforms [60],
bulk logistics enterprises also need to take into account the government’s attitude and
guidance in the decision-making process.



J. Theor. Appl. Electron. Commer. Res. 2024, 19 2407

Government
Departments
| Full chain supervision
[ |
Raw material Finished product
Upstream Transportation Midstream Transportation Downstream
production processing trading
Enterprises Provide Enterprises Provide | Enterprises
ﬁLogistics ﬁ Logistics
Services Services
Bulk logistics Bulk logistics
Enterprises Enterprises

Y

Financial institutions
and other Enterprises

Provide ancillary services

Figure 2. Multi-agent logical relationship from the perspective of bulk commodity supply chain.

Based on this, this study mainly explores the following three research questions:

Q1: What factors influence various stakeholders, including bulk logistics enterprises,
to adopt proactive strategies when participating in value co-creation?

Q2: Considering the macro-control of the government department over value co-
creation activities, what impact will the change in attitude of government departments
have on value co-creation activities?

Q3: What is the final stable state between bulk logistics enterprises and related entities?
What insights does this provide for bulk logistics enterprises to build service capabilities
oriented to the entire bulk commodity supply chain through value co-creation?

3.3. Model Assumptions and Parameter Settings

Due to the current general low level of digital transformation in bulk logistics en-
terprises [7], the behavioral strategies they adopt are random and subject to change over
time. After some bulk logistics enterprises achieve results in digital transformation, the
remaining bulk logistics enterprises will choose their strategies based on existing experi-
ence. This indicates that the behavioral strategies of bulk logistics enterprises fully meet
the characteristics required by evolutionary game theory for the research object of the
game model, which includes the ability to change strategies over time, the coexistence of
selection and mutation during the evolution process and a certain inertia in the formulation
of behavioral strategies. In order to facilitate the construction of the model, combined
with the actual role of various enterprises in the bulk supply chain, this study classifies
financial institutions and other related enterprises as auxiliary enterprises and classifies
upstream production enterprises, midstream processing enterprises and downstream sales
enterprises as service objects.

Based on this, this paper constructs a four-party game model of value co-creation for
bulk logistics enterprises under digital transformation and represents it through Figure 3.

Apply for discounts Policy encouragement
”| Government
n Departments |«
Policy support Demand feedback
Apply for Policy
discounts support
Promote Bulk logistics Demand
cooperative .
Enterprises
usiness Provi
collaboration services
| Supporting Demand feedback Service |
Enterprises Provide services > object

Figure 3. The logical relationship of the four parties in the value co-creation game model.



J. Theor. Appl. Electron. Commer. Res. 2024, 19 2408

Based on the above description and in conjunction with the actual situation, to make
the research more targeted, the following assumptions are proposed:

e  Assumption 1: game players

In the game scenario, there are four main players: bulk logistics enterprises, supporting
enterprises, service objects and government departments. All four players are risk-neutral,
have information asymmetry with each other, and only act with bounded rationality. Each
player has two strategic choices. The strategy space for bulk logistics enterprises is active
promotion or passive promotion, for supporting enterprises is active cooperation or passive
cooperation, for service objects is active participation or passive participation and for
government departments is active support or limited support.

e Assumption 2: participation costs

When bulk logistics enterprises and supporting enterprises choose a passive strategy,
they will incur basic operating costs. When service objects choose a passive strategy, they
will pay for basic products or services. When the above three entities all choose active
strategies, in addition to the basic costs, they will also incur certain additional costs. The
additional costs are specifically manifested as the smart logistics platform construction
costs paid by bulk logistics enterprises, the platform-related usage fees paid by supporting
enterprises and the value-added service surcharges paid by service objects. Furthermore,
when bulk logistics enterprises choose an active strategy, there will be certain negative
losses due to the supporting enterprises choosing a passive strategy.

e Assumption 3: participation benefits

When bulk logistics enterprises and supporting enterprises choose a passive strategy,
they will only receive basic operating income. When service objects choose a passive
strategy, they will only receive the basic utility of products or services. When the above
three entities all choose active strategies, in addition to receiving basic benefits, they will
receive certain additional benefits or utility, and it will also bring additional economic
benefits such as increased tax revenue to the region. When service objects choose an active
strategy, and one of the bulk logistics enterprises and supporting enterprises chooses an
active strategy while the other chooses a passive strategy, the party that chooses the active
strategy will receive a small amount of additional benefits, service objects will receive
a small amount of additional utility, and it will also bring a small amount of economic
benefits to the region.

e Assumption 4: rewards and penalties

Supporting enterprises need to sign a cooperation agreement with bulk logistics enter-
prises in the process of participating in value co-creation. When supporting enterprises
actively cooperate with bulk logistics enterprises, the latter will give rewards to the support-
ing enterprises. When one party of supporting enterprises and bulk logistics enterprises
chooses an active strategy and the other chooses a passive strategy, the party that adopts
the passive strategy must pay a penalty for breach of contract to the party that adopts the
active strategy. When service objects adopt a passive strategy, they will not cause any loss
to other entities nor will they receive any rewards or penalties.

e  Assumption 5: government support

When the government chooses the active support strategy, it will give varying degrees
of policy rewards to bulk logistics enterprises, supporting enterprises and service objects
that choose active strategies. When the government chooses the limited support strategy, it
will only give policy rewards to bulk logistics enterprises that choose active strategies.

Based on the above assumptions, the definition of related parameters in the game
model is shown in Table 1.
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Table 1. Payment matrix of four-party evolutionary game with active government support.

Parameter Definition

a The probability of bulk logistics enterprises choosing an active strategy

b The probability of supporting enterprises choosing an active strategy

c The probability of service objects choosing an active strategy

m The probability of government departments choosing an active strategy
G The basic operating costs incurred by bulk logistics enterprises
Cix The additional operating costs paid by bulk logistics enterprises

6] The basic operating costs incurred by supporting enterprises
Cox The additional operating costs paid by supporting enterprises

Cs The basic product or service purchase fees paid by service objects
Csyx The additional participation costs paid by service objects

Ry The basic operating income obtained by bulk logistics enterprises
Rix The additional operating income obtained by bulk logistics enterprises
Ry The basic operating income obtained by supporting enterprises
Roy The additional operating income obtained by supporting enterprises

R3 The basic utility of products or services obtained by service objects
Ray The additional utility of products or services obtained by service objects
Ry The additional regional economic benefits obtained by governments

R The speculative income obtained by bulk logistics enterprises adopting a

5 passive strategy

P The policy rewards given to bulk logistics enterprises by governments

P, The policy rewards given to supporting enterprises by governments

Py The policy reward costs given to service objects by governments

Py The rewards given by bulk logistics enterprises to supporting enterprises
Ps The rewards given by bulk logistics enterprises to service objects

Ly The additional losses incurred by bulk logistics enterprises

Eq The small additional operating income obtained by bulk logistics enterprises
E; The small additional operating income obtained by supporting enterprises
E; The small additional utility obtained by service objects

E4 The small additional regional economic benefits obtained by governments
K The breach penalties paid by supporting enterprises to bulk logistics

enterprises
E The breach penalties paid by bulk logistics enterprises to supporting
enterprises

3.4. Description of the Behavioral Strategies of the Four Parties

According to the four-party game model of value co-creation of bulk logistics enter-
prises under digital transformation established in Section 3.2, the four subjects involved
are bulk logistics enterprises, supporting enterprises, service objects and government de-
partments. In the value co-creation activities involving the four parties, each stakeholder
may adopt two opposing behavioral strategies due to their different value acquisitions.
The behavioral strategies of each class of game players are analyzed as follows:

1.  Behavioral strategy analysis of bulk logistics enterprises

In the process of the value co-creation evolutionary game, the behavioral strategy
adopted by bulk logistics enterprises plays a guiding role in the formation of the whole
value co-creation. Specifically, when the bulk logistics enterprises adopt the “proactive
promotion” strategy, they will maximize their own resources and capabilities, as well
as actively seek cooperation with supporting enterprises and support from government
departments according to their own service pain points and defects and the actual needs
of service objects, so as to fully carry out value co-creation activities. When bulk logistics
enterprises adopt the strategy of “negative promotion”, it is usually due to the consideration
of high input costs, self-speculation and other factors so as to reduce the investment in
the resources they hold or the capabilities they have, and sometimes, they even intend to
obtain speculative returns through the resources provided by supporting enterprises or the
support provided by government departments so as to maximize their own interests.
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2. Behavioral strategy analysis of supporting enterprises:

In the process of the value co-creation evolutionary game, the behavioral strategy
adopted by the supporting enterprises plays a guaranteed role in the formation of the
whole value co-creation. Specifically, when the supporting enterprise adopts the strategy
of “active cooperation”, it will actively link with the bulk logistics enterprise and share
resources, capabilities and other elements and, at the same time, optimize, restructure and
cooperate with the bulk logistics enterprise in business and service and provide external
services through unified output. When the supporting enterprise adopts the strategy of
“negative cooperation”, it is usually due to the insufficient promotion of the bulk logistics
enterprise as the core leader, which leads to excessive investment in its own cost, or the
income obtained by participating in collaborative cooperation is almost the same as that
obtained by operating alone. At this time, the supporting enterprises will not participate in
the value co-creation activities because of the consideration of the cost of obtaining their
own interests and the ability to bear risks.

3.  Behavioral strategy analysis of service objects:

In the process of the value co-creation evolutionary game, the behavioral strategy
adopted by the service object plays a solid role in the formation of the whole value co-
creation. Specifically, when the service object adopts the strategy of “active participation”, it
will take the initiative to pass its own ideas and knowledge to the bulk logistics enterprises
and supporting enterprises providing services to meet its own needs because it wants
to obtain products or services that better meet its own needs. When the service object
adopts the strategy of “passive participation”, it will not take the initiative to pass its real
needs to the bulk logistics enterprises and supporting enterprises. Due to the speculative
psychology of the service objects, sometimes, it is difficult for the bulk logistics enterprises
and supporting enterprises to obtain the real needs of the service objects even when they
take measures such as employing questionnaire surveys or interviews with prizes, thus
hindering the development of value co-creation activities.

4. Behavioral strategy analysis of government departments:

In the process of the value co-creation evolutionary game, the behavioral strategy
adopted by the government department plays a supporting role in the formation of the
whole value co-creation. Specifically, when the government adopts the strategy of “active
support”, it will help the bulk logistics enterprises solve the various problems encountered
in the process of leading value co-creation by issuing preferential policies and granting
financial subsidies and, at the same time, improve the enthusiasm of supporting enterprises
and service objects to join the value co-creation system by giving support or rewards.
When government departments adopt the strategy of “limited support”, although they will
issue certain policy documents to give guided support, they will only take limited or no
substantive actions to help bulk logistics enterprises solve the problems encountered in the
process of value co-creation or give corresponding financial support and will not actively
encourage supporting enterprises and service objects to join the value co-creation system.

3.5. Value Co-Creation Evolutionary Game Payment Matrix

According to the logical relationship of the four parties in the four-party game model of
value co-creation of bulk logistics enterprises under the digital transformation discussed in
3.2 and combined with the basic assumptions and parameter settings in 3.4, the four-party
evolutionary game payment matrix of bulk logistics enterprises, supporting enterprises,
service objects and government departments is constructed, as shown in Tables 2 and 3,
respectively. In the table, from top to bottom, the incomes of bulk logistics enterprises,
supporting enterprises, service objects and government departments are shown.
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Table 2. Payment matrix of four-party evolutionary game with active government support.

Government Departments Active Support m

Service object passive
participation
(1-0)

Ri+E -G —Ci+P—P—Ds
Ry+Ey—Co—Coy +Pr+ Py
R3—C3+ P+ Ps
Ry—P—P— D3

Ry —Cy—Ciy+P—Py—P5—

Service object active participation

Strategy choices and benefits c

Ri+Ryxy —C1 —Cix+P1— Py — P5
Ry4+Roy —Cop —Cor + P+ Py
R3+R3x —C3 —Cax + P35+ P5

Ry—P—P— D3

Ri+E;—Ci—Cixy+P—Py—P5s— L1+

Supporting enterprise
active participation

Bulk logistics enterprise
active promotion

a Supporting enterprise F L1+ 5
passive participation Ry—Co+P—F Ry—Co+P—F
(1-1b) R3+E3—C3—Car + Ps R3—C3+ D5

Ey— P —P

Ri—Ci+Rs—F Ri—Ci+Rs—F
Ro+E—C—Cu+P+H Ro—C—Cu+P+H

Supporting enterprise
active participation

Bulk logistics enterprise Rst E3:PC3 = Cor RS,_pC3
negative promotion 2 2
(1-a) Supporting enterprise ﬁ; _ (C:; ﬁ; _ 8
assive participation
0 0

Table 3. Payment matrix of four-party evolutionary game with limited government support.

Government Departments Limited Support (1—m)

Service object active
participation
c

Service object passive

Strategy choices and benefits participation (1 — c)

Ri+Riy—Ci —Cix+ P —

Ri+E—Ci —Ci+ P —

Supporting enterprise Py — Ps Py — Ps
active participation Ry+Rpy —Co —Cop + Py Ry+Ey—Cy—Cy+ Py
Bulk logistics enterprise b Rs+ Rax = Co ~ Cox t P Rs = Cotbs
: ; Ry — P Ry—P
active promotion
a Ri+E —C—Ciy+P — Ri—Ci—Cix +P1 — P4 —
. . Pi—P5s—L1+F Ps-Li+F
Supporting enterprise
passivippartigpationp(l —Db) Ry =G+ Py~ B R =G+ P~ 5
R34+ E3—C3—C3x+ D5 R3 —C3+P5
Ey— P —P

Supporting enterprise
active participation

Ri—C+Rs—F
Ry+Ey,—Cy—Cy+F

Ri—Ci+Rs—F
Ry—C—Co+F

Bulk logistics enterprise Rs+Es _O Cs = Cax R 8 G
negative promotion
(1761) R17C1 lecl
Supporting enterprise Ry, —C Ry, —C;
passive participation (1 —b) R3 — C3 — C3y R; —C3
0 0

4. Analysis of Strategic Stability of Each Game Player

Based on the four-party evolutionary game payment matrix constructed in Section 3,
this section will adopt the replication dynamic equation from evolutionary game theory to
describe the changes among various entities in different strategies during the evolution
process. By drawing the phase diagrams for each entity, it will analyze the behavioral
trends of the groups of entities in specific environments, thereby identifying the key factors
influencing the choice of active strategies by each entity.
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4.1. Bulk Logistics Enterprises

The expected revenue W1 of bulk logistics enterprises choosing the “active promotion”
strategy is:

Wit =FE—-Cyy—C—L1+P—Py—Ps+Ry+b(Ey — F,+ L) +cE; +be(Ryx —2E7) (1)

The expected revenue Wi, of bulk logistics enterprises choosing the “negative promo-
tion” strategy is:
Wio = Ry — C; — bF; + bRy (2)

Therefore, the average revenue Wj of bulk logistics enterprises is:

W1 = aW11 + (1 — a)W12 = R1 — Cl + H(Fz — Clx — Ll + P1 — P4 — P5) (3)
+b(Ps — Fy) +ab(Ey + Fy — F, + L1 — Rs) 4+ acEq + abc(R1y — 2E;)
Then, the replication dynamic equation F(a) of bulk logistics enterprises is obtained

as follows:

Fla) =% =a (W3 — W)
=a(a—1)(Ciy—FK+Li—P +Py+DP5s—yEy —zE; —yh 4)
+bF, —bLy + bRs + 2bcE1 — bcRy,
The first derivative function F(a) of the replication dynamic equation F(a) for bulk
logistics enterprises is:

F(/a) = (2a — 1)(C1x —FK+ L1+ Py+P5s—bE; — cE;y — bF{ +bF, — bLy + bRs + 2bcE; — bCR]x) (5)

According to the stability theorem of differential equations, when a bulk logistics
enterprise chooses the “active promotion” strategy or the “negative promotion” strategy
and is in a stable state, the replication dynamic equation F(a) = 0 and the first derivative

-

of the replication dynamic equation F(a) < 0 should be satisfied.

Proposition 1. There exists cyp. When ¢ < cy, the stable strategy of bulk logistics enterprises
is active promotion with value co-creation; when c > ¢, the stable strategy of bulk logistics
enterprises is negative promotion with value co-creation. When ¢ = ¢y, the stability strategy
adopted by the bulk logistics enterprise cannot be determined.

Proof of Proposition 1. Let function G(c) be as follows:
G(c)=Cix—F+Li+ P4+ P5s+b(F, — Ey — F; — Ly + R5) — cEy + bc(2E; — Rix)  (6)

Since 0G(c)/dc < 0, it shows that the function G(c) is a decreasing function. When
F(a) = 0, there exists a threshold, cy, as follows:

Ciy—EFKE+Li—P,+Py+P5;—bE; — bF, + bF, —bL1 + bRs

_ 7
“ Ey — 2bE; + bRy, @

.

When ¢ = cg, F(a) = 0, F(a) = 0 and there exists any a € [0,1], which is a stable
point, the stable strategy adopted by bulk logistics enterprise cannot be determined. When
¢ # ¢, it can be deduced from F(a) = 0 that there are zero points 2 = 0 and 2 = 1, meaning
that the bulk logistics enterprises adopting active promotion and negative promotion are
both in stable states. When ¢ < ¢y, G(c) > 0, F(a)|,_, = 0 and F(a)|,_, < 0, at this time,
the bulk logistics enterprises choosing the “negative promotion” strategy are in a stable
state. When ¢ > ¢y, G(c) <0, F(a)|,_; = 0and F(a) l.—1 < 0, the bulk logistics enterprises
choosing the “active promotion” strategy are in a stable state. [
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Proposition 1 shows that there is a positive correlation between the enthusiasm of mass
logistics enterprises to carry out value co-creation activities and the enthusiasm of service
objects to participate in value co-creation activities. When the degree of participation of the
service object is not high, even if the bulk logistics enterprise actively promotes the value
co-creation activity, it is difficult to obtain the expected income. When the participation
of the service object gradually increases, the stable strategy of bulk logistics enterprises
is to actively promote value co-creation activities. Combined with the theory of digital
economics, it can be analyzed that bulk logistics enterprises can realize the connection and
interaction with service objects by using the intelligent logistics platform, and the obtained
threshold is the critical capacity of service objects to actively participate in value co-creation
activities. When the critical capacity is broken, the value spillover generated by network
externalities between bulk logistics enterprises and service objects will be transmitted to
each other, thus achieving a positive feedback effect similar to mutual positive promotion.

According to Proposition 1, the phase diagram of strategy selection for promoting
value co-creation activities of bulk logistics enterprises is shown in Figure 4. The volume
of V1 represents the probability that the bulk logistics enterprise chooses to negatively
promote the value co-creation activity, while the volume of V,, represents the probability
that the bulk logistics enterprise chooses to actively promote the value co-creation activity.

c<co c>c

Figure 4. The phase diagram of bulk logistics enterprise value co-creation activity strategy selection.

Combining the changes in the phase diagram and Equation (7), it can be seen that in the
process of participating in value co-creation, bulk logistics enterprises can achieve a rapid
breakthrough in critical capacity by issuing rewards to auxiliary enterprises and service
objects so as to improve the probability of these two types of subjects actively participating
in value co-creation. However, it is also necessary to pay attention to optimizing and
adjusting the reward strategy in time; otherwise, it will bring a cost burden to itself
due to giving too many rewards, which will affect its participation in value co-creation
activities. In addition, the policy rewards given by the government will be conducive to
the advancement of value co-creation activities by bulk logistics enterprises.

4.2. Supporting Enterprises

The expected revenue W1 of supporting enterprises choosing the “active cooperation”
strategy is:

Wo1 = F — Coy — Co 4+ Ry +aEy +mPy — aF{ + cEy 4+ aPy — 2acE> 4 acRy, (8)

The expected revenue W, of supporting enterprises choosing the “negative coopera-
tion” strategy is:
Wy = Ry — Cy —aFy +aPy 9)

Therefore, the average revenue W, of supporting enterprises is:
Wy = bWy + (1 —b)Wa

=Ry — Cy — bCy — aF) + bF; + aPy + abEy 4+ bmP, — abF; (10)
+abF, 4+ bcEy — 2abcEy + abcRy,,
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Then, the replication dynamic equation F(b) of the supporting enterprise is obtained
as follows:

Fb)=% =0 (Wn—W,)
= b(l — b) (Fl — Cyy +aEy +mPy, —aF, +aF, + cEp (11)
—2acEp + acRyy)
The first derivative function F(b) of the replication dynamic equation F(b) for sup-
porting enterprise is:

p

F(b) = (1 —2b)(F; — Cox + aEy +mPy — aFy 4+ aF, + cEy — 2acE; + acRyy) (12)

When the supporting enterprise chooses the “active cooperation” strategy or the
“negative cooperation” strategy and is in a stable state, the replication dynamic equation

F(b) = 0 and the first derivative of the replication dynamic equation F(b) < 0 should
be satisfied.

Proposition 2. There exists my. When m> my, the stable strategy of the supporting
enterprise is active cooperation with value co-creation activities; When m < my, the stable
strategy of the supporting enterprise is negative cooperation with value co-creation. When
m = my, the stable strategy adopted by the supporting enterprise cannot be determined.

Proof of Proposition 2. Let function G(m) be as follows:
G(m) = F — Cy, +aEy +mPy —aFy + aF, 4+ cE; — 2acEy + acRoy (13)

Since dG(d)/od > 0, it shows that the function G(m) is a decreasing function. When
F(b) = 0, there exists a threshold, md, as follows:
Cox — Fy +aFy —aEy — aF, — cEy + 2acE> — acRyy

my = b, (14)

.

When m = my, F(b) = 0, F(b) = 0 and there exists any b € [0, 1], which is a stable
point, the stable strategy adopted by the supporting enterprise cannot be determined. When
¢ # cp, it can be deduced from F(b) = 0 that there are zero points b = 0 and b = 1, meaning
that the supporting enterprise adopting “positive cooperation” and “negative cooperation”
are both in stable states. When m < mg, G(m) < 0, F(b)|,_, = 0 and P(b)‘b:o <0, at
this time, the supporting enterprises choosing the “negative cooperation” strategy are in

a stable state. When m > mg, G(m) > 0, F(b)|,_; = 0and F(b)|,_; < 0, the supporting
enterprises choosing the “positive cooperation” strategy are in a stable state. [

Proposition 2 shows that the enthusiasm of supporting enterprises to participate
in value co-creation activities is positively correlated with the support of government
departments to the leading value co-creation activities of bulk logistics enterprises. When
the support of government departments is limited, due to the lack of policy guidance and
support, the risks brought by the market and the instability of the cooperative relationship
will increase when the supporting enterprises participate in the value co-creation activities
led by the bulk logistics enterprises, which will limit their enthusiasm to cooperate with
the value co-creation activities. When the government departments gradually increase
the support for the leading value co-creation activities of bulk logistics enterprises, the
stable strategy of supporting enterprises is to actively cooperate with the value co-creation
activities. When the “visible hand” of the government intervenes in the market, the
economic entities in the market will basically follow the relevant policy guidance and make
strategic adjustments in accordance with the changes in the market wind direction to obtain
greater market returns. Therefore, when government departments actively support mass
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logistics enterprises to carry out value co-creation activities, supporting enterprises will
actively respond and cooperate with the development of value co-creation activities.

According to Proposition 2, the phase diagram of supporting enterprises to promote
the strategy selection of value co-creation activities is shown in Figure 5. The volume of
Vi1 represents the probability of supporting the enterprise to choose the active cooperative
value co-creation activity, while the volume of Vj,, represents the probability of supporting
the enterprise to choose the negative cooperative value co-creation activity.

m>mg m<mg

Figure 5. The phase diagram of supporting enterprise value co-creation activity strategy selection.

Incorporating the phase diagram variations and Equation (14), it is evident that when
supporting enterprises actively participate in value co-creation, they can reap greater
benefits by investing more resources, which is conducive to their continuous self-driven
cooperation in value co-creation activities. Moreover, the presence of penalty clauses for
breach of contract in the cooperation agreements signed between supporting enterprises
and bulk logistics enterprises will influence the strategic choices of supporting enterprises
in participating in value co-creation.

4.3. Service Objects

The expected revenue W3 of the service object choosing the “active participation”
strategy is:

W31 = Ry — C3y — C3 + aE3 + bE3 + aPs — 2abE3 + abRsy + abmP; (15)

7

The expected revenue Ws; of the service object choosing the “passive participation”
strategy is:
W30 = R3 — C3 + xP5 4+ abmDP; (16)

Therefore, the average revenue Wj3 of the service object is:

Wi =cWa+ (1-c)Ws
= R3 — C3 — cC3y + aPs5 + acEz + bcE; + abmP; — 2abcEs (17)
+ﬂbCR3x

Then, the replication dynamic equation F(c) of the service object is obtained as follows:

d
F(c) = 5 = c(Way = Ws) = c(1 = ) (aE3 — Cs, + bEs — 20bE; + abRs,)  (18)

P

The first derivative function F(c) of the replication dynamic equation F(c) for the
service object is:

F(c) = (1 — 2¢)(aE3 — Csy + bE3 — 2abE3 + abR3y) (19)

When the service object chooses the “active participation” strategy or the “passive
participation” strategy and is in a stable state, the replication dynamic equation F(c) =0

,

and the first derivative of the replication dynamic equation F(c) < 0 should be satisfied.
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Proposition 3. There exists ag. When a> ag, the stable strategy of the service object is
active participation with value co-creation. When a < ay, the stable strategy of the service
object is passive participation with value co-creation. When a = gy, the stability strategy
adopted by the service object cannot be determined.

Proof of Proposition 3. Let function G(a) be as follows:
G(a) = aE3—Csy + DE3 — 2abE3 + abRs, (20)

Since 0G(a)/0da > 0, it is shown that the function G(a) is an increasing function. When
F(c) = 0, there exists a threshold, 4y, as follows:

_ Cax—bE;
~ E3 —2bE3 + bR3,

ap (21)

.

When a = ag, F(c) =0, F(c) = 0 and there exists any ¢ € [0, 1], which is a stable point,
the stable strategy adopted by the service object cannot be determined. When x # x, it
can be deduced from F(c) = 0 that there are zero points ¢ = 0 and ¢ = 1, meaning that
the service object adopting “active participation” and “passive participation” are both
in stable states. When a < a9, G(a) < 0, F(c)|.—, = 0 and F(c) l.—o < 0O, at this time,
the service object choosing the “passive participation” strategy is in a stable state. When

a > ag, G(a) >0, F(c)|._; = 0and F(c)|,_; < 0, the service object choosing the “active
participation” strategy is in a stable state. [J

Proposition 3 indicates that the enthusiasm of the service object in participating in
value co-creation activities is positively correlated with the extent of the bulk logistics
enterprise’s leading promotion in the value co-creation obtained. When the bulk logistics
enterprise’s promotion of the value co-creation activities it leads is insufficient, the service
object will not take the initiative to participate in the value co-creation activities and will
be more inclined to accept existing products or services. However, as the bulk logistics
enterprise gradually increases its promotion of the value co-creation activities it leads, the
stable strategy of the service object is to actively participate in value co-creation activities.
Combining theories related to digital economics, it can be concluded that when the bulk
logistics enterprise takes the initiative to promote value co-creation activities, it will shift
its business logic from product dominance to service dominance. The service object will
also occupy a core position in the marketing strategy of the bulk logistics enterprise and
can directly communicate and interact with the bulk logistics enterprise through a smart
logistics platform. This allows the service object to have more needs met and to transfer
the value generated by each other through the smart logistics platform, thereby greatly
enhancing the enthusiasm of the service object to participate in value co-creation activities
and forming a positive mutual promotion relationship with the bulk logistics enterprise.

According to Proposition 3, the phase diagram of strategy selection of value co-creation
activities promoted by service objects is shown in Figure 6. The volume of V. represents
the probability that the service object chooses to actively participate in the value co-creation
activity, while the volume of V, represents the probability that the service object chooses
to passively participate in the value co-creation activity.

“

a=a, a>a, a<a

Figure 6. The phase diagram of service object value co-creation activity strategy selection.
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Incorporating the changes in the phase diagram and Equation (21), it can be seen that
when the service object participates in value co-creation, if it can pay additional costs to the
bulk logistics enterprises, the service object will eventually participate in value co-creation
activities through its own initiative. The corresponding real-world market scenario is
as follows: In addition to providing the most basic products or services, bulk logistics
enterprises will also collaborate with supporting enterprises to offer other value-added
products or services. If service objects choose to purchase not only the basic products or
services but also the value-added products or services, this will encourage bulk logistics
enterprises to continuously meet any demands that the service objects have for the products
or services. Although service objects incur higher costs, they will gain more utility from the
products or services as their needs are continuously satisfied.

4.4. Government Departments

The expected revenue Wy; of the government departments choosing the “active sup-
port” strategy is:
Wy = acE4 — aPy — bPy — abPs; + abRy — abcEy (22)

The expected revenue Wy, of the government departments choosing the “limited
support” strategy is:
Wy = acE4 — aP; + abRy — abcEy (23)

Therefore, the average revenue Wy of the government departments is:
Wy = mWy + (1 — m)Wyp = acEq — aPy — bdPy — abmPs 4+ abRy — abcE, (24)

Then, the replication dynamic equation F(m) of the government departments is ob-
tained as follows:

F(m) = ‘%1 — m(Wygy — Wy) = m(m — 1) (bP, + xyPs) (25)

The first derivative function F(m) of the replication dynamic equation F() for the
service object is: )
F(m) = (2m —1)(bP, + abP3) (26)

When the government departments choose the “active support” strategy or the “lim-
ited support” strategy and is in a stable state, the replication dynamic equation F(m) = 0
and the first derivative of the replication dynamic equation F(m) < 0 should be satisfied.

Proposition 4. There exists a;. When a < aj, the stable strategy of the government
departments is active support with value co-creation. When a > aj, the stable strategy of
the government departments is limited support with value co-creation. When a = aj, the
stability strategy adopted by the government departments cannot be determined.

Proof of Proposition 4. Let function H(a) be as follows:
H(a) = bP, + abPs 27)

Since dH(a)/da > 0, it is shown that the function H(a) is an increasing function.
When F(m) = 0 there exists a threshold, x;, as follows:

-D

B 28)

X1 =

When a = a1, F(m) = 0, F(m) = 0 and there exists any m € [0,1], which is a stable
point, the stable strategy adopted by the government departments cannot be determined.
When a # aq, it can be deduced from F(m) = 0 that there are zero points m = 0 and
m = 1, meaning that the government departments adopting “active participation” and
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“passive participation” are both in stable states. When a > ay, H(a) < 0, F(m)|,,_
F(m) lu—o < 0, at this time, the government departments choosing the “limited support
strategy are in a stable state. When a < a1, H(a) > 0, F(m)|,_, = 0 and F(m)|,_, <0,
the government departments choosing the “active support” strategy are in a stable state. [

o =0and

7

Proposition 4 shows that there is a negative correlation between government depart-
ments” support for value co-creation activities and bulk logistics enterprises” promotion
of leading value co-creation activities. When the bulk logistics enterprises negatively pro-
mote the value co-creation activities, the government departments will choose to actively
support the development of value co-creation for the development of the whole industry
and macroeconomy so as to mobilize the enthusiasm of the bulk logistics enterprises to
promote the leading value co-creation activities.

When bulk logistics enterprises actively promote value co-creation activities, the stable
strategy of government departments is limited support for value co-creation activities.
Combined with the theory of digital economics, it can be analyzed that bulk logistics
enterprises, as the leading core of value co-creation activities, have basically mastered the
operation rules of the market in which they are located. At this time, the government
departments do not need to intervene too much in the market. Excessive intervention will
affect the enthusiasm of bulk logistics enterprises and supporting enterprises to carry out
value co-creation activities in coordination. In this regard, government departments will
gradually reduce or even cancel support for value co-creation so that resources will be
invested in the development of other industries.

According to Proposition 4, the phase diagram of government departments supporting
the strategy selection of value co-creation activities is shown in Figure 7. The volume of V,,;
represents the probability that government departments choose to actively support value
co-creation activities, and the volume of V,,;; represents the probability that government
departments choose to limit their support of value co-creation activities.

Vin Vina

m m

a<a a>a

Figure 7. The phase diagram of government supporting value co-creation activity strategy selection.

Combined with the phase diagram change and Equation (28), when government
departments participate in value co-creation, they can mobilize the enthusiasm of these
two types of subjects to participate in value co-creation by giving policy incentives to
supporting enterprises and service objects so as to help bulk logistics enterprises promote
the development of value co-creation activities faster. However, in this process, policy
incentives also need to be adjusted in a timely manner. If the policy rewards received by
supporting enterprises and service objects are too high, the investment in resource elements
for value co-creation will be reduced due to speculative psychology, which will affect the
enthusiasm of bulk logistics enterprises to participate in value co-creation and will also
affect the cooperation between these three types of entities, resulting in the obstruction of
value co-creation activities.

4.5. Discussion

This section draws the following findings: First, combined with the analysis of
Propositions 1-3, additional cost input is one of the factors that affects the choice of
active strategies of bulk logistics enterprises, supporting enterprises and service objects
to participate in value co-creation. Secondly, based on the analysis of Proposition 2, the
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penalty for breach of contract stipulated in the cooperation agreement signed by bulk
logistics enterprises and supporting enterprises will affect the choice of strategy. Finally,
combined with the analysis of Proposition 1 and Proposition 4, the policy incentives given
by the government will increase the enthusiasm of the three other entities to participate in
value co-creation, but the support given by government departments may change with the
strategic choices of other subjects.

In summary, it can be concluded that the additional costs paid by bulk logistics
enterprises, supporting enterprises and service objects, the contract penalty cost between
bulk logistics enterprises and supporting enterprises and the policy incentives given by
government departments are the key factors affecting the strategic choice of all entities.
From this, the answers to Question 1 and Question 2 posed in Section 3.2 are obtained.
However, how the above three key factors affect the strategy selection of each subject will
be explored in depth through numerical simulation in Section 6.

5. Stability Analysis of Strategy Combination

According to the analysis in Section 4, this study discusses the stability of each entity’s
behavioral strategy in the evolutionary game model of value co-creation under the digital
transformation of bulk logistics enterprises. The application of new-generation information
technology has reduced the degree of information asymmetry among various entities;
thus, the choice of behavioral strategies by each entity is significantly influenced by the
others. Therefore, according to the replication dynamic equation of the four-game players,
such as bulk logistics enterprises, supporting enterprises, service objects and government
departments, analyzed in Section 4, the four-game replication dynamic system of the value
co-creation evolutionary game of bulk logistics enterprises under the digital transformation
and under the joint construction is as follows:

Cix—Fh+Li—P;+Py+ P5s —bE; — cE1 — bF;
Fa) =a(l-a) ( +bF, — bLy + bRs + 2bcE; — beRy,
F(b) =b(1 —b)(Fy — Coy + aEp + mPy — aFy 4+ aF, 4+ cEy — 2acE; + acRyy) (29)
F(c) =c¢(1 —c)(aEs — C3y + bE3 — 2abE3 + abR3y)
F(m) =m(m —1)(bP, + abP3)

According to the replication dynamic system mentioned above, the possible balanced
combinations of strategies are calculated by constructing the Jacobian matrix. Ritzberger’s
research shows that the stable solution of multiple populations in an evolutionary game
must be a strict Nash equilibrium, and the strict Nash equilibrium must be a pure strat-
egy [61]. Therefore, in the game replication dynamic system constructed in this study, there
are 16 possible strategy equilibrium combinations.

In accordance with the first Lyapunov theorem, by substituting the equilibrium points
into the Jacobian matrix sequentially, if all the eigenvalues of the Jacobian matrix are less
than zero, it signifies that the dynamic system can progressively achieve asymptotic stability.
Consequently, when the eigenvalues of the Jacobian matrix corresponding to a certain
equilibrium point are all less than zero, it can be regarded that under the combined strategy
represented by this equilibrium point, the four-party game replication dynamic system
reaches a stable state. The following analysis will separately consider the scenarios where
the government department adopts the “active support” strategy and the “limited support”
strategy to examine the stability of the four-party game replication dynamic system in
order to explore the equilibrium states of this system.

5.1. Analysis of Strategy Combination Stability under Active Government Support

When the government opts for an active support strategy, the corresponding eight
sets of equilibrium points are sequentially substituted into the Jacobian matrix, and the
results are shown in Table 4.
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Table 4. Stability analysis of four-party evolutionary game with active government support.

Equilibrium Point

(0,0,0,1)

(1,0,0,1)

(0,1,0,1)

(1,1,0,1)

(0,0,1,1)

(1,0,1,1)

(0,1,1,1)

(1,1,1,1)

Eigenvalue Signs Stability
0; —Cay; F — Cox + Po;
Fy—Ciy—Ly+ P — Py — Ps (0,—,u,u Unstable
0; Es — Cay;
Ey —Cox + B + P; (0,+,+,U) Unstable
Cix—B+Li—P+Py+Ps
Py; E3 — Cay; Cox — Fy — Py;
Ey —Cix+F + P — Py — (+,+,U,U) Unstable
P5s —Rs
R3x—Csy; P» + P3;
Cox —Ey—F —Py; Cix — (+,+,—,U) Unstable
Ey—F—P+P4+Ps+Rs
0; Cax; By — Cox + Fy + Po;
Ei—Cix+h—-L1+P — (0,+,+,U) Unstable
Py — Ps
0; C3x — E3;
F, — Gy + P> + Roy;
Cix—Ey— o+ Ly — Py + (0,—,u,u Unstable
Py + Ps
P>; C3 — E3;
Cox—Ex—F — Py
F—Cpy+ Py —Py— Py — (+—-,-U) Unstable
Rs + Ry,
Csx — Ray; P, + P3;
Cox — B — Py — Rpy; Cix — (=, + —=U Unstable

Fi — Py + P4+ Ps + R5 — Ry,

U indicates that the sign of the eigenvalues is undetermined.

From Table 4, it can be inferred that when the government adopts an active support
strategy, there are no stable equilibrium points that belong to pure strategies under this
scenario. The sign characteristics of the equilibrium point (1,1,1,1) in the four-party game
replication dynamic system indicate that regardless of whether the supporting enterprise’s
cooperation strategy is stable, the stable strategies for the bulk logistics enterprise and the
service object are to actively promote and actively participate, respectively. The stability
of the government’s strategy depends on the size of the policy rewards given by the
government to the bulk logistics enterprise and the rewards given by the bulk logistics
enterprise to the supporting enterprises and service objects. In the case of the equilibrium
point (1,1,1,1), the supporting enterprise’s cooperation strategy is unstable, which is
consistent with the conclusion of Proposition 4 in Section 4.4. When the government
provides more policy rewards to supporting enterprises and service objects, the supporting
enterprises will make decisions based on the principle of maximizing their own interests
and develop speculative psychology. This leads to a reduction in their participation in
value co-creation activities and the intensity of resource element input, mainly aiming to
earn speculative profits to achieve the maximization of their own interests.

This can be a revelation: Government department needs to play the role of environ-
mental supporters. In the early stages of value co-creation activities led by bulk logistics
enterprises, they can build a favorable business environment by providing policy rewards
to the three other entities. This enables bulk logistics enterprises to maintain leadership
and advancement in value co-creation activities over the long term while also taking into
account the enthusiasm of supporting enterprises in cooperating with value co-creation
activities and the enthusiasm of service objects in participating in these activities. When
bulk logistics enterprises can form a positive collaboration with supporting enterprises and
service objects to jointly promote value co-creation activities, governments can gradually
phase out policy rewards for the three entities and shift to market regulation of value
co-creation activities to ensure the healthy development of the industry.
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5.2. Analysis of Strategy Combination Stability under Limited Government Support

When the government opts for a limited support strategy, the corresponding eight sets
of equilibrium points are sequentially substituted into the Jacobian matrix. The eigenvalues
of the resulting Jacobian matrices and the stability analysis are presented in Table 5.

Table 5. Stability analysis of four-party evolutionary game with limited government support.

Equilibrium Point

(0,0,0,0)

(1,0,0,0)

(0,1,0,0)

(1,1,0,0)

(0,0,1,0)

(1,0,1,0)

(0,1,1,0)

(1,1,1,0)

Eigenvalue Signs Stability
0; Fi — Cox; —Cays
ou,—-,u Unstabl
By~ Ciy—Ly+ P — Py— Py ( ) nstable
0; E3 — Cay; E2 — Cop + Bo;
tabl
Clx—F2+L1—P1+P4+P5 (Or+/+/u) Unstable
E3 — Csy; Cox — Fi; —Py;
Ey —Cix+F + P — Py — (+,U,—,U) Unstable
P5s —Rs
R3y—Csy;
—P, —P5;, Coy —E2 — 5 o
Cix —E1—F—P +P+ (= =) Unstable
P54+ Rs
0; Cax; B2 — Cox + Fi;
Ey—Cu+th—-Li+P — 0,+,+,U) Unstable
Py — D5
0; C3x — E3; Fo — Cox + Roy;
Cx—Ei—-hB+Li—P+ 0,—,+,U) Unstable
Py + D5
Csx — E3; —Py; Cox —E — Fy; ESS
b= Clx;;_i 1;154 ke (=== Condition (@)
Cax — R3y; =P — P3; Gy —
F, — Rpy; L ESS
Cre— F — Py + Py + Ps + (=== Condition @
RS - Rlx

U indicates that the sign of the eigenvalues is undetermined. Condition @ is F; — Ciy + P — P4y — Ps — Rs + Ry <
0. Condition @) is C1y — F; — P + P4+ Ps + Rs — Ry, < 0.

As can be seen from Table 5, there are two possible stable equilibrium points when the
government chooses the “limited support” strategy.

Since conditions (D and (@ cannot be met simultaneously, the equilibrium points
(0,1,1,0) and (1,1,1,0) cannot occur at the same time. Condition (1) implies that when the
bulk logistics enterprise actively promotes value co-creation activities, the total additional
cost (Cyy + Py + P5) is much greater than the additional revenue obtained (R, + P;). Con-
dition (2) implies that when the bulk logistics enterprise actively advances value co-creation
activities, the total additional cost (Cyy + Py + P5) is less than the additional revenue ob-
tained (R1y + P1).

The equilibrium point (0,1,1,0) does not align with the results of the replication
dynamics analyses in Sections 4.1 and 4.4. In the actual market environment, the rewards
P, and Ps that the bulk logistics enterprise provides to supporting enterprises and service
objects in promoting value co-creation activities depend on the profitability level of the
bulk logistics enterprise itself, and they will not provide excessive rewards to avoid causing
their own cost losses. The cost C;, invested by the bulk logistics enterprise mainly comes
from the construction of new infrastructure such as smart logistics platforms, and the
funds and resources they are required to pay for are usually high. Therefore, once the bulk
logistics enterprise chooses to build new infrastructure like smart logistics platforms, it will
inevitably choose an active strategy to avoid wasting the high investment and affecting
normal business operations. Based on this, if the bulk logistics enterprise adopts a passive
strategy, the supporting enterprises and service objects will certainly not choose to adopt
an active strategy, so this equilibrium point does not conform to the actual business logic.
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The equilibrium point (1,1,1,0) represents a strategy combination that is consistent
with the results of the replication dynamics analysis in Section 4. At this point, because
the bulk logistics enterprise chooses to actively promote the development of value co-
creation activities, the supporting enterprises and service objects also choose to adopt active
strategies towards value co-creation activities. The bulk logistics enterprise can gradually
achieve digital transformation at the ecosystem level according to its own expectations by
carrying out value co-creation activities. The supporting enterprises and service objects will
also maximize their own interests by benefiting from the ecosystem network constructed by
the bulk logistics enterprise. Since the three other main entities can collaborate effectively
and efficiently and can use market resource elements to actively drive the development
of the industrial economy, the government department can also gradually reduce the
support for value co-creation, thereby being able to transfer more resources to the economic
development of other industries.

5.3. Discussion

This section further supplements the answer to Question 2 and provides the answer to
Question 3. Based on the analysis of the two possible stable equilibrium points, (1,1,1,0)
is the rational evolutionary stable strategy combination in the evolutionary game model
of value co-creation by bulk logistics enterprises under digital transformation. The com-
bination of evolutionary stable strategies shows that in value co-creation activities, bulk
logistics enterprises, supporting enterprises and service objects are the three core value
creation subjects. Government departments will gradually reduce their support as the
value co-creation activities of enterprises reach a certain level and may even adopt an exit
strategy to continuously decrease their support for value co-creation activities.

In addition, combined with the analyses of Sections 4 and 5, it can be concluded that
the bulk logistics enterprises are the core leaders of leading value co-creation activities,
the supporting enterprises are the collaborators who cooperate with the bulk logistics
enterprises to carry out value co-creation activities, the service objects are the demand
gatherers who accept the services of bulk logistics enterprises and supporting enterprises
in value co-creation activities, and the government departments are the environmental
supporters to ensure the smooth development of value co-creation activities.

6. Simulation Analysis

To demonstrate the impacts of key elements in the replication dynamic system on
the evolution process and outcomes of the multi-party game, we conduct a numerical
analysis of the evolution trajectories of each game party using Matlab R2021a. Since we
are familiar with the Chinese bulk commodity market and can obtain relevant first-hand
data, we choose the JN Port and Shipping Development Group in China as a case study for
research.

6.1. Verifying the Rationality of the Case Subject

This study utilizes numerical simulation to determine if the case subject is consistent
with the proposed four-party evolutionary game model, ensuring that the subsequent
strategies and recommendations are scientifically valid and rational.

Numerical simulation should be conducted under the premise of meeting the con-
ditions (2) proposed in Section 5.2, based on the actual operating data of the JN Port and
Shipping Development Group and its partner enterprises, as well as relevant data from
policy documents where the enterprises are located. After anonymization, the parameters
are assigned as follows: Ci, € [55,155], Cax € [30,80], C3x € [5,30], Ry, € [130,170],
Ry € [80,110], R3x € [20,30], Rs € [50,60], P, € [0,80], P, € [0,30], P; € [0,20],
Py € ]0,10], P5 € [0,10], Ly € [10,30], E; € [60,80](2E; < Riy), Ez2 € [30,50](2Ez < Ray),
E; € [5,10](2E3 < Ray), F; € [0,50], F, € [0,50].

Based on the parameters set above, considering all four parties as risk neutral, the
probability that the JN Port and Shipping Development Group, as the leader in value co-
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creation, adopts an active strategy should be greater than the probability that the supporting
enterprises and service objects adopt active strategies. The government department, as an
environmental supporter, should initially adopt an active strategy. Therefore, the initial
strategies for the four parties are set as (0.6,0.5,0.5,1), and the resulting evolutionary image
is shown in Figure 8.

Initial state evolution
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Figure 8. The evolution process of the four-party subject strategy in the initial state.

The government department adopts an active strategy at the initial stage of value
co-creation activities to provide a favorable development environment for the JN Port and
Shipping Development Group. As the probability of the JN Port and Shipping Development
Group and the supporting enterprises adopting active strategies gradually approaches 1,
the probability of the government department adopting active strategies will begin to show
a downward trend. This decrease will be accompanied by an increase in the probability of
service objects adopting an active participation strategy. When the probability of service
objects adopting active strategies gradually approaches 1, the probability of the government
department adopting active strategies will gradually approach 0.

The evolution process mentioned above is consistent with the behavioral strategy
analysis results in Section 4.4 and also aligns with the stable state analysis of the value
co-creation four-party evolutionary system in Section 5.2, reaching a stable equilibrium
state of (1,1,1,0), which proves the rationality of the choice of application example. At
the same time, this evolution process shows that when the three other parties can form a
good cooperative relationship and rely on market mechanisms to jointly carry out value
co-creation activities, the government department no longer needs to intervene in the
market and provide environmental support. The next section will analyze several key
factors that influence value co-creation activities.

6.2. Analysis of the Impact of Government Support on Strategy

Government departments play a crucial role in assisting bulk logistics enterprises in
carrying out value co-creation activities and achieving their development goals, which
is specifically manifested in the introduction of favorable policies and financial support.
Favorable policies can greatly help enterprises achieve their development goals more
quickly, while financial support can help reduce the operational costs to a certain extent.

First, an analysis of the different states of government policy support for value co-
creation activities is conducted. In conjunction with the game model, m = 0 indicates
that the government department adopts a strategy with limited support, m = 0.5 suggests
that the government department’s support strategy is intermediate between active and
limited strategies, and m = 1 signifies that the government department adopts an actively
supportive strategy. Based on this, simulations of the evolution process for the JN Port and
Shipping Development Group, supporting enterprises and service objects under varying
degrees of support are carried out, as illustrated in Figure 9.
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(b) (c)

Figure 9. The evolution of strategies under different levels of support from government departments:
(a) limited support; (b) general support; (c) active support.

When the government department is in a state of limited or average support, the final
stable strategy for the three other parties is not unique. When the government department
is actively supportive, the three other parties will eventually evolve towards the state
of (1,1,1). This evolution indicates that when the government department’s support is
insufficient, and if the JN Port and Shipping Development Group also adopts a more
passive strategy, the supporting enterprises and service objects will gradually lose their
enthusiasm for participating in value co-creation activities, leading to the ultimate failure
of the value co-creation activities. When the government department actively provides
support, all parties will actively cooperate within the economic environment constructed
by the government department to jointly promote the development of value co-creation
activities.

Next, an analysis of the financial support provided by the government department
is conducted. Financial support can specifically be reflected through various ways such
as tax relief, financing support, environmental optimization and one-time rewards. In the
context of digital transformation, due to the substantial financial and human resource costs
involved in building new infrastructure such as smart logistics platforms, direct financial
support from the government department will be more helpful in reducing the cost input
of the JN Port and Shipping Development Group, allowing the enterprise to allocate more
resources to other aspects of development. Based on this, an analysis of the evolution of
the JN Port and Shipping Development Group under different levels of policy rewards is
conducted, as shown in Figure 10.
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Figure 10. The strategy evolution process of the JN Group under different forms of financial support.

Figure 10 shows that financial support from the government department significantly
promotes the progress of the JN Port and Shipping Development Group in actively advanc-
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ing value co-creation activities. When the government department is unable to provide
financial support, there will be significant fluctuations in the enterprise’s strategic choices.
At this time, since the enterprise has not received any financial support, it implies the need
to invest additional costs to ensure the normal conduct of value co-creation activities. This is
a huge test for the actual operation of the enterprise, making it necessary for the enterprise
to make more cautious decisions on whether to lead the value co-creation activities. As the
financial support that the government department can provide increases, it is evident that
the evolution of the JN Port and Shipping Development Group towards actively promoting
value co-creation activities accelerates.

From this, an insight can be drawn that in the early stages of bulk logistics enterprises
leading the development of value co-creation activities to form an integrated bulk supply
chain service capability, government departments can, in line with actual conditions,
appropriately provide certain financial support to bulk logistics enterprises and even offer
supporting enterprises and service objects certain policy rewards to more rapidly construct
a market economic environment that is suitable for bulk logistics enterprises to carry out
value co-creation activities, helping bulk logistics enterprises to accelerate the formation of
an integrated bulk supply chain service capability.

6.3. The Impact of Additional Cost Investment on Strategy Evolution

For traditional industries such as logistics, the additional costs required during the
digital transformation process mainly come from the construction of information platforms
and supporting infrastructure, as well as various financial and human resources needed for
subsequent platform usage and upgrades. The following section will analyze the additional
costs that the three parties other than the government department need to invest.

1. JN Port and Shipping Development Group

As the core leader of the value co-creation activities, the JN Port and Shipping De-
velopment Group’s additional costs mainly stem from the resources invested in building
smart logistics platforms and other new types of infrastructure to meet the needs of all
parties. Based on this, taking R;, = 170 and Cy, taking values of 55, 90, 140 and 150, the
evolution of the JN Port and Shipping Development Group’s strategy choice is depicted in
Figure 11.
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Figure 11. The evolution process of the JN Group’s strategy under different additional cost inputs.

Figure 11 shows that different levels of additional cost investment have a significant
impact on the strategic stability of the JN Port and Shipping Development Group. When
the additional costs are much lower than the additional benefits, the company’s enthusiasm
for actively promoting value co-creation activities will rapidly increase. As the additional
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costs invested continue to rise, the company’s enthusiasm for actively promoting value
co-creation activities will noticeably slow down, especially when the difference between
the two is small, and the company may even experience strategic fluctuations and adopt a
passive strategy for a certain period. However, since the government department, as an
environmental supporter, always adopts an actively supportive strategy from the beginning,
the bulk logistics enterprise will ultimately choose to actively promote the development of
value co-creation activities under the guidance of the government department.

2. Supporting enterprises

As a collaborative partner in value co-creation activities, the additional costs for
the supporting enterprises mainly come from the usage fees paid during the process of
using new types of infrastructure such as smart logistics platforms. Based on this, taking
Ry, = 110 and Cy, taking values of 50, 90, 105 and 110, the evolution of the strategy choices
for the supporting enterprises is depicted in Figure 12.
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Figure 12. Evolution process of supporting enterprise’s strategy under different additional
cost inputs.

Figure 12 shows that different levels of additional cost investment have a significant
impact on the strategic stability of supporting enterprises. When additional costs are much
lower than additional benefits, the enthusiasm of enterprises to actively cooperate in value
co-creation activities will rapidly increase. As the additional costs invested continue to
rise, the enthusiasm of enterprises to actively participate in value co-creation activities will
gradually slow down. When the difference between the additional costs and additional
benefits is small, the enterprises will experience strategic fluctuations, but they will even-
tually evolve to actively participate in the strategy. When the additional costs are equal
to additional benefits, the enthusiasm of enterprises to participate in value co-creation
activities will gradually decrease over time. If the enterprise cannot obtain additional
benefits that are higher than the additional costs during this stage, then the enterprise will
ultimately choose to passively cooperate in value co-creation activities.

3. Service objects

As the demand aggregators in value co-creation activities, the incurred additional costs
for the service objects mainly come from the fees paid for choosing to receive additional
value-added products or services. Based on this, taking R3, = 30 and Cs, taking values
of 5,12, 25 and 30, the evolution of the strategy choices for service objects is depicted in
Figure 13.
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Figure 13. The evolution process of the service object’s strategy under different additional cost inputs.

Figure 13 shows that the investment in different additional costs also has a significant
impact on the strategic stability of service objects. When the additional costs are much
lower than the additional benefits, the service objects will actively participate in value
co-creation, and their enthusiasm will significantly increase in the short term. As the
required additional costs continue to rise, the enthusiasm of service objects to participate
in value co-creation activities will gradually slow down. Especially when the difference
between the additional costs and additional benefits is small, the service objects will go
through a longer period before evolving to a stable state of active participation. When
the additional costs required by service objects are the same as the expected additional
income, the enthusiasm of service objects to participate in value co-creation activities will
slowly decline. Although it will not evolve to a stable state of passive participation, it will
maintain attention to value co-creation activities with a lower level of enthusiasm.

4. Evolutionary results analysis

Smart logistics platforms and other new types of infrastructure are characterized
by high R&D costs, high added value, and cumulative utility. The number of service
functions that smart logistics platforms and other new types of infrastructure possess is
the direct cause affecting the level of investment costs. Therefore, bulk logistics enterprises
need to fully consider the gap between the additional costs they invest and the expected
additional benefits they obtain to avoid excessive investments that affect the company’s
own operational development. Based on this, bulk logistics enterprises should thoroughly
study the characteristics of the bulk industries they serve, coordinate with the development
of business, formulate a scientifically reasonable construction cycle and gradually carry
out and improve the construction of smart logistics platforms and other new types of
infrastructure.

Bulk logistics enterprises, as providers of smart logistics platforms and other new types
of infrastructure in value co-creation activities, usually charge supporting enterprises and
service objects a certain service fee. Therefore, when setting the service fee standards, bulk
logistics enterprises should fully investigate the cost of the daily operations of supporting
enterprises to avoid a negative shift in strategic choices due to excessively high fees. At
the same time, bulk logistics enterprises should maintain attention to the enthusiasm of
service objects in participating in value co-creation. This not only determines whether bulk
logistics enterprises can lead supporting enterprises to provide more matched and efficient
services to service objects and obtain additional benefits but also determines when bulk
logistics enterprises should initiate the upgrade and iteration of smart logistics platforms
and other new types of infrastructure.

6.4. The Impact of Contractual Penalties on Strategy Evolution

In the process of participating in value co-creation, bulk logistics enterprises need
to consider the possibility of supporting enterprises adopting passive strategies to earn
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speculative profits in order to avoid the loss of benefits to themselves. At the same time, the
supporting enterprises also need to evaluate the bulk logistics enterprises before joining
the value co-creation activities so as to avoid falling into risk themselves. In this case,
enterprises usually adopt the method of signing agreement terms to clarify the obligations
and responsibilities that each party needs to undertake and to restrict the behavior of
withdrawing from cooperation. Based on this, when (F;,F,) take (0,0), (30,30), (50,50) and
(100,100), respectively, the evolutionary images of the strategy choices between the JN Port
and Shipping Development Group and supporting enterprises are shown in Figure 14.
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Figure 14. The evolution of enterprise strategy under different contractual penalties.

Figure 14 shows that setting a certain punishment mechanism in the enterprise co-
operation agreement will be conducive to the JN Port and Shipping Development Group
and the supporting enterprises to cooperate and jointly promote the development of value
co-creation activities so as to form an integrated bulk supply chain service capacity faster.
When the level of punishment agreed on in the cooperation agreement is small, the above
two entities may still adopt negative strategies because of speculation. As the level of
punishment agreed on in the cooperation agreement gradually increases, the punishment
mechanism will be effective, prompting the above two subjects to adopt active strategies to
participate in value co-creation.

7. Conclusions and Managerial Insights
7.1. Main Conclusions

Under the background of digital transformation of bulk logistics enterprises, this
paper considered the real market situation composed of four parties including bulk lo-
gistics enterprises and studied the key factors affecting the strategy selection of the four
parties and the evolutionary stability strategy by constructing a four-party evolutionary
game model.

First of all, this paper used the replication dynamic equation to analyze the four
subjects and concluded that the main factors that affect the bulk logistics enterprises,
supporting enterprises and service objects to take active strategies to participate in value
co-creation were the additional costs paid. At the same time, the punishment agreed on in
the contract signed by the bulk logistics enterprises and the supporting enterprises is also
another factor affecting the adoption of positive strategies. Furthermore, the support of
government departments for value co-creation would change with the strategic choices of
the three other subjects. Secondly, based on the replication dynamic equations, this paper
solved the final evolutionary stability strategy of the four-party subject, which clarifies the
status and role of the four-party subject in the process of cooperative value co-creation,
and found that the government departments would gradually reduce or even cancel the
support for value co-creation activities when the three other subjects could cooperate well
to carry out value co-creation independently.

Compared with previous studies, this paper has the following contributions:



J. Theor. Appl. Electron. Commer. Res. 2024, 19 2429

This paper has expanded the application of evolutionary game theory in value co-
creation theory to some extent. In previous studies, scholars tended to simplify the
scenarios and select two or three entities for research. Based on the actual market
situation as far as possible, this paper takes into account other relevant subjects that
affect the behavior decision of bulk logistics enterprises, selects four subjects to carry
out research and realizes the expansion from a three-party game to four-party game.

This paper has filled the gap in the application of evolutionary game theory and value
co-creation in the field of bulk logistics to some extent. In previous studies, scholars
were mostly based on the entire logistics industry or express logistics fields, with few
focusing on the field of bulk logistics. This paper applies evolutionary game theory to
the analysis of related issues of value co-creation of bulk logistics enterprises, which
makes up for the lack of research in the field of bulk logistics.

This paper has innovated the application of value co-creation theory in the digital
economy to some extent. By using digital economics theory, it clarifies the logical
relationship between digital transformation and value co-creation and analyzes the
fundamental motivation for enterprises to undergo digital transformation from a
theoretical perspective, which is to adapt to the changes in the value generation logic
of the digital economy.

7.2. Managerial Insights

Based on the main conclusions drawn, this paper puts forward the following manage-
ment insights for bulk logistics enterprises:

(1) Value co-creation, as one of the means for bulk logistics enterprises to achieve digital
transformation, can help these enterprises better understand customer needs, improve
supply chain efficiency and service quality, reduce operational costs, acquire various
data, technology and knowledge resources, achieve win—-win and joint development
with stakeholders and promote their transformation into integrated service providers
in the bulk commodity supply chain. However, bulk logistics enterprises need to
continuously pay attention to the three factors affecting the decision-making changes
of the four parties in order to adjust corporate strategies in time, maintain stable
cooperative relationships with other entities, ensure the smooth progress of value
co-creation activities and achieve the goal of accumulating digital transformation
development resources through value co-creation.

(2) Bulk logistics enterprises need to fully recognize that smart logistics platforms and
other new types of infrastructure are the core tools for ensuring the smooth progress
of value co-creation activities, achieving service expansion and building competitive
advantages. They are also the main sources of additional costs that bulk logistics
companies incur in value co-creation activities. Given the high-cost characteristics of
smart logistics platforms, bulk logistics enterprises need to scientifically formulate
construction and iteration upgrade plans for smart logistics platforms and other new
types of infrastructure to ensure reasonable investment in resources such as data,
knowledge and technology. In addition, bulk logistics enterprises should understand
the profitability of supporting enterprises and the additional payment willingness
of service objects through market research and other means in order to scientifically
formulate service fee collection models and avoid unreasonable pricing affecting the
willingness of other entities to participate in value co-creation activities.

(3) In the process of carrying out value co-creation activities, bulk logistics enterprises
need to combine the development of the industry and accurately grasp policy orienta-
tions to rely on the government to create an environment suitable for the development
of value co-creation activities. Bulk logistics have characteristics such as long business
chains and long transportation distances, which means that bulk logistics enterprises
need to frequently engage in cross-domain, cross-industry and cross-regional cooper-
ation. Therefore, they need sufficient policy support from government departments
in terms of policy and funding to ensure the smooth progress of value co-creation
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activities. At the same time, given that government departments will gradually reduce
their support in the later stage of value co-creation activities, it is necessary for bulk
logistics enterprises to actively seek other special support from the government based
on their own capabilities and advantages. This can not only ensure the stability of
the environment for value co-creation activities but also enhance the recognition and
confidence of supporting enterprises and service objects in value co-creation activities.
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