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Abstract: The success of the geographical indication industry relies on the collaborative value creation
among its stakeholders. This article presents an evolutionary game model for the triad of associations,
firms, and peasant households in the geographical indication industry. The model examines their
strategic choices and analyzes the impact of profitability, scale factors, and premium factors across
different developmental stages. The study uncovers that while all parties may display collective
behavior, there are variations specific to each stage. In periods of low profitability, firms tend to adopt
a more cautious approach, while peasant households prioritize overall benefits. Both scale factors
and premium factors guide the game towards positive strategies. Consequently, it is recommended
to strengthen associations’ leadership role by fostering firm accountability in quality governance,
reducing costs and risks associated with peasant household participation, safeguarding their rights
and interests, enhancing economies of scale for geographical indication products, and bolstering
competitiveness and sustainability.

Keywords: geographical indications; value co-creation; evolutionary game theory

1. Introduction

Rural revitalization is a national strategy in China aimed at achieving coordinated
development between urban and rural areas, improving the living standards of peasant
households, protecting agricultural cultural heritage, and promoting ecological civiliza-
tion [1]. Industrial revitalization is an important component of rural revitalization and
serves as a key driving force for rural development [2]. Geographical indication products
refer to agricultural products with regional characteristics and cultural connotations that
play a crucial role in supporting the revival of rural industries [3]. Social innovation gov-
ernance represented by geographical indication systems holds significant importance in
disseminating new agendas for endogenous rural development and rejuvenating rural
areas. The purpose of geographical indications is to protect and maintain local agricultural
production, introduce new social, political, and economic transformations, and achieve
sustainable development in rural areas through novel forms of governance [4]. The con-
struction of industries related to geographical indications has improved local agriculture
and the rural economy [5], but there are various types of geographical indication prod-
ucts with different levels of development [6], resulting in many such products lacking
outstanding quality compared to similar non-geographical indication products, leading to
low brand premiums [7]. Furthermore, geographical indication products are distinct from
ordinary goods due to their stringent geographic limitations and prohibition of arbitrary
expansion. The pivotal characteristics of the geographical indication industry lie in its
scale and premium pricing, which significantly influence the selection of participants for
value co-creation in industry development strategies. The value co-creation model within
this industry is determined by resource allocation and utilization pathways that leverage
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advantageous resources tailored to local conditions, such as industrial scale and premium
pricing capabilities, thereby expediting industrial development [8]. Moreover, the hetero-
geneity inherent in the geographical indication industry also impacts the form of value
co-creation among relevant stakeholders [9].

According to current research findings, value co-creation is considered one of the most
intricate and elusive concepts in the field of management studies [10]. The production
environment of the geographical indication industry redefines value co-creation, placing
emphasis on collaborative efforts among participants and their willingness to coordinate
roles and responsibilities. This facilitates positive value growth across the entire geograph-
ical indication industry [11]. Hence, the current focal point of management research lies
in devising strategies to foster active industry-wide engagement in the development of
geographical indications [12]. More specifically, we focused on three things, by transcend-
ing international comparisons and delving into critical inquiries and recommendations for
enhancing the geographical indication system [13–15]. This study examines the structure
and driving forces behind geographical indication development from the perspective of
industrial producers, with a focus on key components including peasant households, firms,
and associations involved in production [16]. Previous studies have primarily focused on
examining the impact of various factors, including cooperative size, whether the peasant
household’s cooperative serves as a demonstration community, independent branding
presence, educational level of the chairman of the peasant household cooperative, and
government technical guidance and support policies on the operational performance of
peasant household cooperatives. It is particularly noteworthy that geographical indication
certification can significantly enhance the operational performance of agricultural products
produced by these cooperatives [17]. Alternatively, the research could exclusively concen-
trate on a single entity, such as classifying authentic cooperatives, shell cooperatives, de
facto private agricultural conglomerates, non-operational cooperatives, and failed coopera-
tives [18]. Different types of individuals also exhibit distinct collective network structures.
There exists a dynamic interplay among the internal structures of industry construction
entities, peasant households’ associations, and firms.

Furthermore, the geographical indication industry aligns with the industrial life cycle,
presenting a progressive trajectory that fosters growth, development, and integration [19].
The industrial life cycle is typically categorized into four stages: the pioneering stage,
expansion stage, leadership stage, and renewal stage [20]. The distinction among these
four periods lies in the disparity between input and output [21]. In the early stages of
development, despite lacking immediate returns, continuous investment is imperative for
the construction of the geographical indication industry. As the industry progresses and
brands mature, the prominence of the brand premium gradually emerges [22]. Therefore,
it is imperative to establish dynamic game analysis scenarios and explore the internal
dynamics among peasant households, associations, and firms, based on varying input–
output ratios within the industrial cycle.

Lastly, there is a vast number of geographical indication products. Furthermore,
there are significant differences between various geographical indication industries [23].
However, previous research has predominantly focused on qualitative studies, primarily
examining a limited number of products, macro regions, or the impact of geographical
indications on individual farm performance. This restricted evidence base at the meso-
territorial level impedes policymakers from accessing comprehensive information to inform
their decision-making in this field [24]. When promoting high-quality development of geo-
graphical indication product industries and establishing effective operational mechanisms
for these industries, it is imperative to consider not only the uniqueness specific to this
sector—such as balancing different construction entities or addressing uncertainties related
to providing public services—but to also fully acknowledge its heterogeneity encompassing
factors like industrial scale and premium attributes associated with geographical indication
products [25]. Specifically speaking, by examining how varying scales and premiums of
geographic indicator products affect local governance organizations responsible for over-
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seeing geographic indicators, a more diverse range of strategies can be offered to facilitate
stakeholder value co-creation at a local level.

In this context, the objectives of this study are threefold: (1) to examine the interactions
and engagement of associations, companies, and peasant households in the geographical
indication industry through evolutionary game theory; (2) to investigate the similarities
and differences in the evolutionary game among associations, companies and peasant
households during various stages of the industry cycle, including the exploration period,
expansion period, leadership period, and renewal period; (3) to explore the similarities and
differences in the evolutionary game among associations, companies, and peasant house-
holds within various geographical indication industries. The categorization of industries
is based on factors such as investment return rate [26], industry scale [27], and product
premium rate [28]. Subsequently, different scenarios are established according to these
influencing factors to examine the strategic choices made by the three key actors involved
in geographical indication production across diverse industries. This study reveals their
significant roles in promoting high-quality development of GI industries and provides
practical guidance for grassroots governance.

The remaining sections of the article are organized as follows. Section 2 comprises
a comprehensive literature review. In Section 3, we conduct an analysis and develop
a tripartite industry role structure model, make assumptions regarding the parameters
involved in co-creating value within geographical indication industries, and establish a
tripartite evolutionary game model involving peasant households, firms, and associations.
Building upon this foundation, we further explore strategic choices for stakeholders and
examine the equilibrium of the model. Section 4 encompasses simulation and discus-
sion to investigate different stages of industrial development, as well as various factors
influencing the participation of all three parties in geographical indication industry con-
struction. Section 5 discusses the dynamics of value co-creation in geographical indication
industries, emphasizing the importance of stakeholder involvement and the adaptation of
strategies according to the industry's life cycle stages for sustainable development. Finally,
Section 6 presents conclusions along with managerial insights and outlines prospects for
future research.

2. Review of Literature
2.1. Value Co-Creation Based on Game Theory

As a mathematical tool for analyzing decision-making and equilibrium in the direct in-
teraction of decision-makers, game theory can offer valuable insights into value co-creation
strategies for stakeholders in the geographical indication industry. Originating from evolu-
tionary biology research [29], game theory has evolved across various disciplines such as
economics [30] and engineering [31]. Evolutionary game theory is considered more realistic
and accurate compared to classical game models [32]. The study of tripartite evolutionary
games and value co-creation explores how different stakeholders interact and cooperate
to generate value in diverse contexts like crowdfunding, food delivery platforms, and
innovation ecosystems [33], providing references for optimal strategies and patterns of
value co-creation among participants [34]. Shizhen Bai employed a poverty alleviation
game model involving cooperatives, smart supply chain platforms, and government en-
tities to demonstrate that consumer preferences not only impact the cooperative games
between smart supply chains and partners but also influence product demand and prices.
Regulatory measures implemented by dominant parties contribute significantly to pro-
moting cooperation among participating entities [35]. Jiali Wang developed a game model
involving peasant households’ cooperatives, manufacturers, and retailers to address the
issue of unstable cooperation within agricultural supply chains. The research indicates
that the stringent regulation of peasant households’ cooperatives facilitates coordination
and collaboration among all involved parties [36]. Feixiao Wang’s research has demon-
strated that by constructing a tripartite evolutionary game model involving agricultural
service providers, peasant households, and the government, the government can effectively
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incentivize peasant households to actively participate in production through increased
incentives and strengthened supervision [37]. Zhang Na established a game model for col-
laborative governance among the government, third-party governance entities, and peasant
households. It was revealed that cost–benefit considerations and incentive mechanisms
collectively influence the strategies of all involved parties. Furthermore, by constructing a
tripartite evolutionary game between the government, social organizations, and impov-
erished communities during poverty alleviation processes, it was found that punishment
mechanisms can constrain the strategy choices of social organizations and impoverished
communities; however, an increase in collective interests enhances cooperation willingness
from both sides [38]. Lyu Jingye constructs a three-party cooperative evolutionary game
model under the framework of traditional contract management and cooperative relation-
ship handling, with platform companies as leaders. It was discovered that any changes in
research and development investments from any party would alter the minimum excess
returns acceptable to participating entities [39]. Value co-creation can bring benefits to all
participants such as higher income levels, lower costs, better quality outcomes, and more
innovation opportunities [40].

The aforementioned research suggests that the utilization of evolutionary game models
can effectively address the issue of value co-creation among participating entities. However,
two primary challenges exist: (1) The assumption of fully rational players is relatively ide-
alized. In reality, players are often constrained in their rationality by cognitive abilities and
the complexity of the game. For instance, variations in geographical indication industries
regarding scales and premium rates may have diverse effects on different entities, resulting
in disparities between predicted outcomes and actual situations [41]. (2) The dynamic
development process of games is disregarded, since many game problems do not rapidly
converge to expected equilibria [42]. Building upon these insights, this paper integrates evo-
lutionary game theory with contract rules and relationship rules to construct a three-party
evolutionary game model for geographical indication value co-creation, based on gover-
nance mechanisms [43]. By employing the model for resolution purposes, conditions for
behavioral stability among game participants are derived. Finally, numerical simulations
are employed to analyze key factors influencing system evolution processes and stability
from multiple perspectives, such as collaborative mechanisms, incentive mechanisms, and
trust mechanisms.

2.2. Co-Creating Value in the Geographical Indications Industry

Geographical Indication (GI) serves as a distinctive emblem that underscores the soci-
etal and cultural entrenchment of commodities [44], epitomizing specific natural habitats
and cultural customs [24]. GI products possess discernible regional and cultural attributes,
while the geographical indication industry encompasses the collective efforts involved
in their production and commercialization. Primarily, the cultivation and advancement
of this industry hinges upon a social network comprising diverse stakeholders such as
peasant households, businesses, associations, and governments [12]. The heterogeneous
development of industries associated with geographical indication products also engenders
varied models for stakeholder collaboration in value co-creation [45]. Commonly observed
models include the ‘company + professional cooperative organization + base + peasant
households’, ‘company + professional cooperative organization + peasant households’, or
the ‘professional cooperative organization + peasant households’ four-in-one ‘parent–child
trademark’ management organizational model [46]. The current research focuses on the
formation process and mechanism of regional brands utilizing characteristic agricultural
products from specific regions. Key factors influencing industry development include
government policies and actions, the communication and coordination abilities of industry
associations, entrepreneurial capabilities, the maturity of professional cooperative organiza-
tions, the willingness and capabilities of peasant households, brand technological strength,
and technology promotion abilities [47]. Ingram V conducted stakeholder interviews, mar-
ket surveys, and participatory action research to assess the extent to which geographical
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indications benefit peasant households in specific honey geographical indication product
cases [32]. The sustainable development of geographical indication industries should
prioritize ecology and necessitate broad social participation. In this regard, government
policies and actions, the communication and coordination abilities of industry associations,
entrepreneurial capabilities, the maturity of professional cooperative organizations, the
willingness and capabilities of peasant households, and brand technological strength, as
well as technology promotion abilities, are also influential factors for industry develop-
ment. Therefore, the level of organization in geographical indication industries depends on
member structure and participation behavior [48].

There are two primary objective factors that constrain the behavior of entities in
the geographical indication industry. Firstly, the scale of geographical indication indus-
tries is a crucial aspect to consider. Geographical indication products have a significant
connection to specific lands and cannot be produced or expanded without restrictions
elsewhere. However, producers aim to maximize profits [49]. Therefore, it is beneficial
for the moderate development of geographical indication products in order to achieve
maximum benefits and maintain quality standards. Adhering to the principle of “less
quantity, superior quality, higher price” is essential for preserving their brand image and
measuring industry success [50]. Secondly, the premium rate of geographical indication
products plays a vital role in reflecting their quality difference from ordinary goods within
the same category and indicating levels of development or successful brand cultivation
within geographic indications industries. A high premium rate not only enhances produc-
ers’ motivation for cooperation but also encourages increased participation in geographic
indications organizations and cooperatives. Through joint promotion and protection efforts,
producers can share economic benefits brought by premiums while enhancing overall
market competitiveness [51].

In summary, the development of the geographical indication-related product industry
involves multiple entities. However, existing research predominantly focuses on top-down
studies and discussions or specific case studies. This is primarily evident in two aspects:
(1) Scholars typically prioritize systematic research on innovative ecosystem governance
mechanisms but overlook the analysis of behavioral strategies adopted by system members.
The formulation of geographical indication governance mechanisms may prompt strategic
choices for innovation actors, such as how different situations of geographical indication
products impact the stability of system evolution; (2) Existing literature often emphasizes a
static perspective and lacks dynamic analysis. Innovative ecosystems possess characteristics
of dynamism, habitat, and growth. Innovation actors are not entirely rational during
cooperation processes and undergo multiple learning experiences and adjustments based
on scenarios. Evolutionary game theory highlights “bounded rationality” and dynamic
evolutionary process analysis, making it highly applicable to studying behavioral strategies
employed by innovation actors in innovative ecosystems. Although there have been actor
analyses from different perspectives within the geographical indication industry chain,
such as government, consumers, firms, etc., what sets apart the geographical indication
industry is the non-proprietary nature of geographical indication intellectual property
rights. Therefore, value co-creation strategies among peasant households’ associations
and firms constitute the most distinctive organizational structure within the geographical
indication industry.

3. Methods
3.1. Problem Description and Model Construction

The geographical indication association, firms, and peasant households are the three
key stakeholders in the geographical indication industry. Their collaboration and value
creation play a crucial role in driving the development of this industry. However, during
the process of protecting and utilizing geographical indications, all three face practical
challenges, including imperfect legal systems for geographical indication protection, lack of
dynamism among market entities, and insufficient benefits for peasant households. Many
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industry associations suffer from inadequate reserves due to establishment conditions and
improper management [52]. Firms are constrained by factors such as funding, technology,
talent, and market access which hinder their ability to achieve scale-intensive branding
development of geographical indication products [16]. Consequently, there is a lack of
vitality among market entities that impedes innovation and competitiveness within the
geographical indication industry. Geographical indication peasant households form the
foundation and source of these products; however, they encounter issues such as low
awareness and capacity regarding intellectual property rights, as well as an incomplete
mechanism for benefit sharing during the process of protecting and utilizing geographic
indications [53].

Based on the aforementioned considerations, this paper constructs an evolutionary
game model among associations, peasant households, and companies to explore the mo-
tivation mechanism for value co-creation among these three entities (see Figure 1). The
industry association supervises and manages product quality, regulates the behavior of
geographical indication users, maintains the effectiveness of geographical indications, and
influences the standardization and effectiveness of geographical indication management
through formulating usage management rules. Companies actively engage in production
to enhance the economic benefits associated with geographical indications. Peasant house-
holds participate in cultivation to obtain premium benefits at the forefront of geographical
indications but may also discontinue planting or production due to insufficient profits.
There exist disparities in production resources and capabilities among these three entities,
as well as variations in their positions and functions within the industrial ecosystem. By
simulating the interaction between producers (peasant household, firms and associations)
of geographical indication origin, this paper analyzes their decision-making behavior and
interaction mechanism. This can describe complex connections between agents under
different conditions and predict the outcome of interactions.

Figure 1. Main interactions among associations, firms and peasant households in the GIs industry.

Associations, peasant households, and firms have different action decisions regarding
geographical indications. These entities are rational but not completely rational, and their
decisions are influenced by other entities. Therefore, based on bounded rationality and
limited information, evolutionary game theory can precisely describe the evolution of
population behavior and predict individual decision-making behavior. The specific game
strategies are shown in Table 1.

Assumption 1. In the co-creation of geographical indication value, a strategic game unfolds among
three key entities: associations, peasant households, and firms. Each entity possesses its own set
of strategic choices. The association can opt for active participation in geographical indication
management or adopt a passive approach, with probabilitiesβ and 1 −β, respectively. Peasant
households can choose to actively engage in production with probabilityγ or decide not to participate
with probability 1 −γ. Firms can select whether to actively utilize geographical indications and
engage in related product production within the field with probabilityα or refrain from using
geographical indications for production with probability 1 −α. All three entities are considered
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bounded rational individuals who will determine their strategies based on the decisions made by
other entities.

Assumption 2. The association incurs a cost of C0 when actively managing geographical indi-
cations. If companies actively utilize the indication, the association gains a benefit of E0. Active
participation by peasant households in the cultivation or production of geographical indication
products allows the association to obtain benefits of E1 and additional benefits ∆E1. However, if
peasant households do not actively participate in cultivating or producing geographical indications,
then the association will receive benefits A1. In cases where companies do not actively use the
indication but peasant households still engage in its cultivation or production, then the association
can gain benefits A2. However, if peasant households also do not participate in cultivating or
producing geographical indications, then there will be no benefit for the association. When no
action is taken by the association but companies actively use geographic indications and peasant
households are involved in production activities, it will receive geographic indication income E2 and
spillover income ∆E2. If companies do not utilize geographic indications while peasant households
are engaged in their production activities without participation from other stakeholders within
the community (the “tragedy of commons” scenario), instead of benefiting from it, there will be
a loss L1 imposed on the association as punishment for neglecting effective management of this
common resource.

Assumption 3. If a company actively utilizes geographical indications (GIs), it incurs a cost
denoted as M0. Under this circumstance, when the association proactively manages the GIs, the
company can attain a benefit denoted as B0. If peasant households actively participate in GI
cultivation or production, the company can obtain an additional benefit represented by D0. However,
if peasant households do not actively engage in GI development, the company will only receive
a benefit of B1. When the association takes no action and peasant households enthusiastically
participate in GI production and cultivation, employing GIs will result in a cost of M1 for the
company but yield a benefit of B2. Conversely, if peasant households do not participate in GI
development, then the company will receive benefits indicated by D2. In cases where companies do
not utilize geographical indications and associations implement encouraging policies to promote
peasant household engagement in GI cultivation or production, companies will enjoy spill-over
benefits symbolized by F2. Nevertheless, if peasant households choose not to participate in GI
industry development under such circumstances, then companies will receive benefits represented
by F3. If associations take no action and peasant households energetically partake in construction
projects related to GIs, companies will gain benefits depicted as D3; however, if peasant households
opt out from participation, companies will incur losses illustrated as F5.

Assumption 4. When peasant households actively participate, they incur an investment cost of
I0. Under the active management of the association in the geographical indication industry, if
firms actively engage in construction, peasant households can receive returns of G0 and spillover
benefits H0. If firms do not participate in the construction of the geographical indication industry,
peasant households will receive returns of G1. In case the association takes no action and firms
actively participate in constructing the geographical indication industry, peasant households can
obtain returns of G2. If neither party acts accordingly and firms do not engage in constructing
this industry, peasant households can obtain returns of G3. When peasant households do not
participate in geographical indication construction but the association proactively manages it and
firms actively engage in constructing this industry, both parties will benefit from S1 (primarily due
to local economic development brought by positive externalities from geographic indications). If the
association takes no action but firms still use indications effectively at their own discretion, they can
gain spillover benefits denoted as S2. Generally speaking, S2 < S1. However, if the association is
proactive while businesses are not using indications effectively or participating fully with them then
peasant households will only receive benefits worth S3; furthermore, if neither party acts accordingly
there would be a loss for peasant households represented by I4.
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Table 1. Geographical indication industry producers tripartite game matrix.

Firm
Actively utilizing GI

y
Not actively using GI

1 − y

Peasant Household

Actively
participate

z

Not actively
participate

1 − z

Actively
participate

z

Not actively
participate

1 − z

Association

Active
management

x

−δC0 + δE0 +
δE1 + λ∆E1

−δM0 + δB0 + δD0
−δI0 + δG0 + λH0

−δC0 + δA1
−δM1 + δB1

λS1

−δC0 + δA2
λF2

−δI0 + δG1

−δC0
δF3
λS3

Inactive
management

1 − x

δE2 + ∆E2
−δM0 + δB2
−δI0 + δG2

δE4
−δM1 + δD2

λS2

δE3 + λ∆E3
δD3

−δI0 + δG3

−δL1
−δF5
−δI4

Based on the aforementioned analysis, an evolutionary game model can be for-
mulated to facilitate value co-creation within the geographical indication industry, as
delineated below:

1⃝ Modeling the anticipated income of the association.
If the association opts for an active management approach to shape return expectations

for landmarks as UG1, while adopting a passive stance towards return expectations as
UG2, then:

UG1 = yz(−δC0 + δE0 + δE1 + λ∆E1) + y(1 − z)(−δC0 + δA1) + (1 − y)z(−δC0 + δA2) + (1 − y)(1 − z)(−δC0) (1)

UG2 = yz(δE2 + ∆E2) + y(1 − z)δE4 + z(1 − y)(δE3 + λ∆E3) + (1 − y)(1 − z)(−δL1) (2)

The association’s mixed strategy, which represents the average expected return of two
strategies UG, can be formulated as follows:

UG = xUG1 + (1 − x)UG2

2⃝ Modeling the anticipated income of the firm.
If a company chooses to utilize the expected return of an underlying asset as UN1,

while deciding not to employ the projected return of said asset as UN2, then we obtain:

UN1 = xz(−δM0 + δB0 + δD0) + z(1 − x)(−δM0 + δB2) + x(1 − z)(−δM1 + δB1) + (1 − x)(1 − z)(−δM1 + δD2) (3)

UN2 = xzλF2 + x(1 − z)δF3 + z(1 − x)δD3 + (1 − z)(1 − x)(−δF5) (4)

The mixed strategy of a company, which represents the average expected return
derived from two strategies UN , can be formulated as follows:

UN = yUN1 + (1 − y)UN2

3⃝ Modeling the anticipated income of peasant households.
Assuming that the anticipated benefits for peasant households actively participating in

landmark construction are denoted as UA1, and the anticipated benefits for those choosing
not to actively participate are denoted as UA2, we have:

UA1 = xy(−δI0 + δG0 + λH0) + (1 − x)y(−δI0 + δG2) + x(1 − y)(−δI0 + δG1) + (1 − x)(1 − y)(−δI0 + δG3) (5)

UA2 = xyλS1 + (1 − x)yλS2 + x(1 − y)λS3 + (1 − x)(1 − y)(−δI4) (6)
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The mixed strategy of peasant households, which represents the average expected
return derived from two strategies UA, can be formulated as follows:

UA = zUA1 + (1 − z)UA2

Due to space constraints, a detailed stability strategy analysis of the three major entities
is provided in the Appendix A.1.

3.2. Analysis of System Stability Strategies

Based on the aforementioned analysis, it can be inferred that diverse evolutionary
strategies exist among associations, firms, and peasant households under varying initial.
The equilibrium state of the system denotes a harmonized condition where the replication
behavior of associations, firms, and peasant households remains unaltered in terms of
probability for strategy selection.

Based on the above analysis, when F(x) = 0, F(y) = 0, F(z) = 0, we obtain nine
equilibrium points:

E1 = (0, 0, 0), E2 = (1, 0, 0), E3 = (0, 1, 0), E4 = (0, 0, 1), E5 = (1, 1, 0), E6 = (1, 0, 1), E7 = (0,
1, 1), E8 = (1, 1, 1), E9 = (z*, x*, y*), E9 is a mixed Nash equilibrium solution.

If the equilibrium point is asymptotically stable in a three-player evolutionary game,
it must be a pure strategy Nash equilibrium solution. Therefore, it is sufficient to assess
the asymptotic stability of only eight pure strategy equilibria. The stability of strategies
in an evolutionary game is determined by the eigenvalues of the Jacobian matrix. In this
three-player game, we employ the Jacobian matrix (as is shown in Appendix A.2), then we
can obtain the local stability analysis of equilibrium points (in Table 2).

Table 2. Local Stability Analysis of Equilibrium Points.

Equalization Point Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E1 = (0, 0, 0) −δL1 − δC0 δ(−M1 + D2 − F5) −δI0 + δG3 − δI4
E2 = (1, 0, 0) δL1 + δC0 δ(B1 + F3 − M1) δG1 + λS3 − δI0
E3 = (0, 1, 0) δ(E4 + A1 − C0) δ(M1 − D2 + F5) δG2 + λS2 − δI0
E4 = (0, 0, 1) δE3 + λ∆E3 + δA2 − δC0 δ(B2 − M0 + D3) δI0 − δG3 + δI4
E5 = (1, 1, 0) −δ(E4 − C0 + A1) δ(M1 − F3 − B1) δG0 + λH0 + λS1 − δG3
E6 = (1, 0, 1) δC0 − δE3 − λ∆E3 − δA2 δB0 + δD0 + λF2 − δM0 δG1 + λS3 − δI0
E7 = (0, 1, 1) δE0 + δE1 + λ∆E1 + δE2 + ∆E2 − δC0 δ(M0 − B2 − D3) δI0 − δG2 − λS2
E8 = (1, 1, 1) δE0 + δE1 + λ∆E1 + δE2 + ∆E2 − δC0 δM0 − (δB0 + δD0 + λF2) δG0 + λH0 + λS1 +−δG3

4. Simulation and Results

In order to further investigate the mechanism of value co-creation in geographical
indication industries, this article establishes parameters based on actual scenarios from
multiple cases within a province in central China. The data are standardized before
simulating various situations using Matlab software R2021a. Considering the strategies of
other parties, the decision-making situation for the third party is initially set at 0.5 with a
step size of 0.1 when both other parties’ strategies are set at 0.2, 0.5, and 0.8, respectively.
The simulation then models temporal changes in the decision-making situation for the
third party. The setting of scenario parameters is shown in Table 3.

Table 3. Parameter Configuration Table for Simulation.

Parameter Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7

C0 60 80 100 60 60 60 60
E0 120 30 30 120 120 120 120
E1 150 20 20 150 150 150 150

∆E1 50 10 10 50 50 50 50
A1 80 50 25 80 80 80 80
A2 100 45 20 100 100 100 100
M0 35 60 60 60 60 60 60
B0 100 50 25 25 25 25 25
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Table 3. Cont.

Parameter Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7

D0 30 30 10 10 10 10 10
M1 25 25 50 50 50 50 50
B1 85 30 20 20 20 20 20
F2 20 5 5 5 5 5 5
F3 15 3 3 3 3 3 3
I0 50 70 35 35 70 70 70
G0 70 40 40 40 40 40 40
H0 40 10 20 20 10 10 10
S1 20 5 15 15 5 5 5
G1 40 40 40 40 40 40 40
S3 12 5 10 10 5 5 5
E2 50 50 25 25 50 50 50

∆E2 30 10 10 10 10 10 10
E4 35 35 20 20 35 35 35
E3 40 40 25 25 40 40 40

∆E3 25 25 15 15 25 25 25
L1 35 35 20 20 35 35 35
B2 42 42 35 35 42 42 42
D2 30 30 55 55 30 30 30
D3 20 20 20 20 20 20 20
F5 15 15 25 25 15 15 15
G2 30 30 30 30 30 30 30
S2 10 10 10 10 10 10 10
G3 15 15 45 45 15 15 15
I4 20 20 20 20 20 20 20
δ 2 2 2 2 2 20 20
λ 0.5 0.5 0.5 0.5 0.5 0.5 2

4.1. Geographical Indication Industries in the Mature Stage of Development

Situation 1 (Figure 2) represents a stage of relatively advanced development in geograph-
ical indications. In this scenario, the three parties involved—associations, firms, and peasant
households—invest more than they gain. There are also spill-over effects and penalty mech-
anisms present. Taking associations as an example, when all three entities adopt proactive
strategies, the association actively manages the cost of building geographical indications at 120
(i.e., C0 = 60, δ = 2), but can achieve a return of 295. If firms do not actively utilize these indica-
tions while the association and peasant households adopt proactive strategies, the association
still incurs a cost of 120 but gains only 160 in return. Furthermore, if both the association
and firms do not take proactive measures and only peasant households participate actively
in building geographical indications, then the association can obtain a spill-over return of
92.5 while peasant households receive a spill-over benefit of 40; in this case, the premium
adjustment factor is set at 0.5. Moreover, when all three parties choose non-proactive strategies,
penalties will be imposed on the association resulting in losses amounting to 70 units.

In Scenario 1, the strategic choices of the three main entities demonstrate convergence.
Taking associations as an example, when both companies and peasant households have
a probability of selecting proactive strategies at 0.2, the evolutionary trajectory of the
association exhibits a similar pattern to that of the companies and peasant households.
From time point 0 to 0.1, there is a rapid improvement in the association’s decision-making
behavior from its initial value, reaching its maximum value with a probability of 1 at time
point 0.1. This indicates that when both companies and peasant households initially have a
probability of choosing proactive actions as 0.2, the association’s likelihood of opting for
proactive strategies also rapidly increases from its initial value and reaches a probability of
1 within a short period.
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Figure 2. Evolutionary trajectory of game entities in the mature stage of the industry (Scenario 1).

4.2. The Situation of Geographical Indication Industries during the Period of
Industrial Development

The second scenario represents the initial stage of development in the geographical indi-
cation industry. In comparison to the first scenario, all three parties involved—associations,
firms, and peasant households—experience reduced profits in the second scenario. Associa-
tions also incur higher costs for cultivating the geographical indication industry compared
to the mature stage. If both other major entities adopt proactive strategies, associations
will generate slightly higher income relative to costs, as will firms and peasant households.
Furthermore, spill-over effects and penalty effects are observed.

From the perspective of the three main strategic evolution diagrams (as depicted in
Figure 3), there exists an imitation effect among the strategic choices of the three major enti-
ties. Specifically, when both companies and peasant households have a low probability of
choosing a proactive strategy, the association also tends to refrain from selecting a proactive
strategy. In this context, for associations, as both companies and peasant households exhibit
a 0.2 probability in opting for a proactive strategy, the likelihood of associations utilizing
positive targets gradually approaches zero. At time 0.1, it reaches its minimum with a prob-
ability of zero. The evolutionary pattern observed in peasant households’ strategic choices
is similar to that of the associations’. For companies, when both associations and peasant
households initially have a 0.2 probability in choosing a proactive strategy, companies
gradually decrease their initial probability and tend towards zero by time unit 0.9. When
setting initial probabilities for both associations and peasant households at 0.5 in selecting
a proactive strategy, the third entity also leans towards adopting such an approach. Taking
associations as an example again; when both companies and peasant households have a
0.5 probability in selecting a proactive strategy, the association’s likelihood of embracing
such an approach rapidly tends towards one at time unit 0.1, i.e., adopting an active target-
setting policy. The same trend occurs when setting it as 0. This demonstrates that there is
imitation among these three major entities’ strategies. Comparatively speaking, companies
display the smallest slope in their evolutionary decline and are therefore influenced least
significantly by external factors.
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Figure 3. Evolutionary trajectory of game agents during the exploration phase (Scenario 2).

As depicted in Figures 2 and 3, the interactions among associations, firms, and peas-
ant households in the development of geographical indication industries exemplify their
mutual reinforcement in co-creating industry value. The interaction between peasant
households and associations exerts a significant impact, while firms’ proactive utilization
of labels demonstrates lower sensitivity to the initial state of other participants. Conse-
quently, during the exploratory phase, there exists a higher threshold for value co-creation
behavior. Presently in China, registration protection and application promotion of geo-
graphical indications primarily rely on geographical indication associations with generally
active involvement from other participants. As stakeholders within an interest community,
these three principal entities exhibit imitation effects when actively engaging or governing
behaviors occur. Henceforth, it becomes imperative for the government to promote tool
utilization within geographical indication systems to stimulate innovation across related in-
dustries and disseminate geographical indication culture effectively. This entails providing
open participation platforms and opportunities for all involved parties, leveraging digital
infrastructure to facilitate information flow through diverse channels, incentivizing active
engagement from relevant stakeholders, and fostering cooperation among them. Addi-
tionally, optimal market access mechanisms should be optimized to cultivate an open and
equitable environment. This approach will serve as a foundation for effectively monitoring
the development of industries associated with geographical indication products as well as
decision-making processes.

4.3. Development Status of the Geographical Indication Industry

Scenario 3, similar to Scenario 2, represents the developmental stage of the geographi-
cal indication industry. In comparison to Scenario 2, the association experiences an increase
in its investment costs. As awareness regarding geographical indications expands, compa-
nies exhibit a greater willingness to invest higher costs in the research and development of
related geographical indication products. Consequently, company costs (M1) also double
during this stage. However, due to the ongoing rapid growth phase, more firms seize this
opportunity resulting in less pronounced or even slightly diminished benefits. The associa-
tion’s profits also do not witness significant improvement. From the peasant households’
perspective, the purchasing price for raw materials with geographical indications escalates
along with their output–input ratio. Therefore, S3 is assigned a value that is twice as high
as that in Scenario 2.
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From the three-dimensional graph of the tripartite game (Figure 4), it is evident that
both associations and peasant households’ strategic choices exhibit a temporal dependency.
Taking associations as an example, when both firms and peasant households initially opt for
a proactive strategy with a value of 0.2, the likelihood of associations selecting a proactive
management approach for landmarks tends to diminish at time 0.1 units; when both
firms and peasant households initially choose a proactive strategy with a value of 0.5, the
probability of associations adopting a proactive management strategy for landmarks shows
an initial decline followed by an increase, reaching its lowest point at 0.35 at time 0.1 and
attaining its maximum value of 1 at time 1.2, indicating an initial passive trend followed
by an active trend in this stage for associations’ behavior dynamics. In contrast, peasant
households participating in this evolutionary process alongside firms and associations
display an opposite pattern where their involvement first increases and then decreases,
suggesting peasant households’ inclination towards proactiveness initially. As for firms
under Scenario 3 conditions, regardless of whether the initial values of the other two
entities are set to be either 0.5 or 0.8, they ultimately tend not to actively employ landmark
strategies with probabilities approaching zero. Therefore, it can be observed that during the
expansion period, potential early benefits can mobilize peasant households’ proactiveness;
however, there is also a risk of decreased proactiveness among firms in this stage which
necessitates intervention from associations to sustain their levels.

Figure 4. Evolutionary trajectory of game agents during the exploration phase (Scenario 3).

4.4. The Impact of Corporate Profitability on Evolutionary Outcomes

The impact of corporate profitability on evolutionary outcomes is investigated in
Context 4. Referring to Context 1, the utilization of higher-cost targets by companies leads
to a lower cost for peasant households participating in landmark construction. Figure 5
illustrates distinct strategies adopted by the three main entities involved. Notably, both the
association and peasant households exhibit a similar trajectory in strategy selection. Taking
the association as an example, when the initial probability of active strategy selection
for both companies and peasant households is 0.2, the association’s probability rapidly
increases and reaches its maximum value of 1 at time unit 0.2. Conversely, for companies,
when both associations and peasant households have an initial probability of choosing
an active strategy at 0.2, their probability decreases rapidly and reaches its lowest value
of 0 at time unit 1.7. Figures 2 and 4 demonstrate how corporate profitability influences
strategy selection among these three parties engaged in geographical indication products.
The higher the rate of return for firms, the greater the likelihood that they, associations,
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and peasant households will opt for proactive strategies. Among these stakeholders, firms
are primarily influenced by the rate of return, followed by associations to a lesser extent,
and peasant households to an even lesser extent. This highlights the significance of the
rate of return as a driving force for firms’ active engagement in producing and utilizing
geographical indication products, while also serving as a core competitive advantage for
such products. Consequently, it is crucial for firms to lead and guide quality construction
efforts related to geographical indications. Firms should fully leverage their autonomous
innovation capabilities to enhance both the quality and value of geographical indication
products in order to strengthen their market competitiveness.

Figure 5. Evolutionary trajectory of game agents in Scenario 4.

4.5. Impact of Peasant Households’ Income on the Evolution Outcome

Scenario 5 is derived from Scenario 4, incorporating an additional cost for peasant
households’ active involvement in landmark construction and a reduction in the benefits (S1
and S3) they receive from non-participation. In this scenario, irrespective of the strategies
employed by associations and peasant households, companies tend to adopt a passive
approach (as depicted in Figure 6). As the cost for peasant households’ active participation
increases and the benefits from non-participation decrease, the driving force for companies
significantly diminishes. Regardless of the strategies chosen by associations and peasant
households, companies are inclined towards adopting a passive approach. For instance,
when both the association’s and the peasant household’s probabilities of selecting an active
strategy are 0.5, the company’s probability of choosing an active strategy reaches its nadir
at time unit 0.4 and remains at zero thereafter indicating the abandonment of utilizing
geographical indications. This illustrates that peasant household participation and benefits
play a pivotal role in fostering sustainable development of geographical indications; only
by reducing barriers to peasant household participation and augmenting their income
levels can we effectively stimulate grassroots governance.
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Figure 6. Evolutionary trajectory of game agents in Scenario 5.

4.6. Effects of Industrial Scale on Evolutionary Outcomes

In Scenario 6, under the conditions of Scenario 5, adjusting the scale factor results in
an evolutionary trajectory as shown in Figure 7 when the scale factor increases by a factor
of ten while maintaining a premium factor of 0.5.

Figure 7. Evolutionary trajectory of game agents in Scenario 6.

Taking associations as an example, when both firms and peasant households adopt a
proactive strategy with an initial value of 0.2, the probability of the association choosing a
proactive strategy will rapidly increase from the initial value of 0.2 and reach its maximum
at a time unit of 0.1, indicating their preference for proactive actions as their strategic
choice. This holds true for other scenarios as well, demonstrating that when the premium
factor significantly influences weights, all three major parties tend to opt for proactive
strategies. Figure 7 further illustrates that the scale factor of geographical indication
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products has a substantial positive impact on the association’s profitability and influence.
Therefore, in the early stages of developing geographical indication industries, it is crucial
for associations to take leadership roles and coordinate efforts to guide and incentivize
participation from other stakeholders. Additionally, Figure 7 highlights the influential role
played by economies of scale in altering the trajectory of strategic evolution in tripartite
games when scale factors experience exponential growth. Regardless of each party’s initial
proportions in choosing proactive strategies, they ultimately converge towards adopting
such strategies to achieve optimal outcomes in collaborative governance once the scale
factor increases tenfold. This underscores that economies of scale serve as an important
driving force behind tripartite parties’ choices for proactive strategies and represent a key
factor in achieving sustainable agricultural development.

4.7. Effect of Product Premium Rate on Evolutionary Outcomes

Scenario 7 is based on Scenario 6, with adjustments made to the scale factor and
premium factor. When the scale factor is set at 20 and the premium factor at 2, the evolution
trajectory shown in Figure 8 is obtained.

Figure 8. Evolutionary trajectory of game agents in Scenario 7.

The three major entities also demonstrate a tendency towards imitation in their strate-
gic choices. When the proactive strategies chosen by the other two entities have initial
values of 0.2, the strategy of the third entity gradually decreases from its initial value of
0.2 and eventually converges to 0. In contrast to Figure 7, where scale factors do not exert
influence, an increase in premium factors raises participation thresholds as well. All three
parties adopt a passive strategy when both other parties have a low probability of active
participation; however, they actively engage in geographical indication construction when
there is a 0.5 probability of active participation by both other parties.

5. Discussion and Revelation
5.1. Discussion

The relationship among peasant households, associations, and firms constitutes a
robust framework for analyzing the intricate interconnections involved in value co-creation
within geographical indication industries at the production stage, thereby overcoming
fragmented management practices [53–55]. Different strategic choices have been made
by associations, firms, and peasant households, leading to variations in collaboration at
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each stage. However, the active involvement of stakeholders in co-creating knowledge has
remained limited so far, resulting in missed opportunities to base innovation processes and
policy design on specific knowledge and experiences [56]. The study highlights the dynamic
and intricate interaction among stakeholders in industrial bases, which significantly shapes
the development of the geographical indication industry. Through qualitative analysis, it
becomes evident that stakeholders employ diverse strategies, ranging from cooperative
partnerships to competitive positioning, with the aim of achieving value co-creation for
geographical indication products. Moreover, this research employs quantitative modeling
to elucidate the underlying factors contributing to emerging production patterns such as
cooperation, betrayal, and strategic collusion among peasant households, associations, and
firms [57], thereby revealing potential mechanisms driving stakeholder behavior.

5.1.1. Situational Perspective

In the mature stage of an industry, all three parties quickly adopt proactive strategies.
However, in the exploratory stage of an industry, they may become passive due to the
lower likelihood of the other two parties adopting proactive strategies. The sequence of
influence is first the association, followed by peasant households and businesses. During
the development of an industry, especially in its rapid growth phase, complex dynamic
relationships emerge among these three parties. Peasant households demonstrate high
levels of activity and tend to actively participate even when there is a lower possibility for
involvement from businesses and associations. In contrast, businesses exhibit relatively
passive and reactive behavior.

5.1.2. Subject Perspective Influencing Factor Perspective

The action threshold for peasant households is comparatively lower, facilitating their
participation in co-creating value within geographical indication industries. Prior research
has demonstrated that peasant households are motivated by a diverse range of factors such
as economic benefits, problem-solving, curiosity and an inclination towards impartial and
reliable research outcomes [58]. From the company’s perspective, prioritizing its interests
in the tripartite relationship between associations, firms, and peasant households is the
most rational and profit-driven approach. The level of enthusiasm from other participating
parties has a relatively limited impact on the active involvement of the company. Com-
mercial pursuits significantly outweigh social responsibility for companies [59]. On the
contrary, geographical indications represent a form of collective intellectual property [60].
Value co-creation requires enhancing corporate social responsibility [61]. From the per-
spective of associations, association management tends to exhibit a formalistic approach
and lacks substantive involvement in overall management processes [62]. The empirical
findings of this study highlight the indispensable role played by associations in driving
the nascent stage of the industry, effectively addressing the challenge of value co-creation
within geographical indication industries [63].

5.1.3. Influencing Factor Perspective

From the perspective of industrial influencing factors, namely the scale of the geo-
graphical indication industry and product premium, a tenfold increase in the scale factor
leads to a tendency for all three parties to adopt proactive strategies, regardless of their
initial values for positive strategies. In contrast, an increase in the premium factor raises
entry barriers. When both the other parties actively participate or have a low probability
of active participation, all three parties maintain passive strategies. The increase in scale
factors prompts all entities in the geographical indication industry to lean towards adopting
proactive strategies, emphasizing the significance of expanding scale for co-creation strate-
gies [64]. Conversely, the presence of a premium factor acts as an obstacle for all parties
seeking to enter the geographical indication industry, indicating that a higher premium
rate corresponds to a greater barrier to industry participation [65].
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5.2. Theoretical Implications

This article makes three theoretical contributions. Firstly, by incorporating evolution-
ary game theory, it complements the existing literature on value creation in the geograph-
ical indication industry and applies this approach to elucidate how association-peasant
household-firm participation can enhance value acquisition in industrial base construc-
tion. The existing literature suggests that proactive engagement as a form of co-creation
can foster the prosperous development of the geographical indication industry [66], yet
overlooks the essential factors required for mobilizing motivation. The application of
evolutionary game analysis offers a robust framework for simulating strategic interactions
and dynamic changes observed among stakeholders [67]. By actively involving participants
in the development of geographical indication industries, this study unveils the underly-
ing mechanisms that drive value creation in geographical indications by showcasing the
ever-evolving industry ecosystem.

Secondly, based on field research, this article divides the geographical indication
industry into different stages of its life cycle through real-life experiences. Furthermore,
by examining the changes in inputs and outputs during each stage, the study establishes
various scenarios to enrich the vertical dimension of industry research, a perspective that
has not been covered in existing literature.

Thirdly, this study takes into account the heterogeneity of the geographical indication
industry and introduces two factors, namely industry scale and premium, as adjustment
variables. It also investigates the influence of these two factors on co-creating value
in geographical indications, offering valuable insights for the strategic development of
the geographical indication industry. Moreover, it extends the research scope by explor-
ing horizontal dimensions of geographical indications that have not been addressed in
existing literature.

In summary, this study presents a quantitative analysis based on qualitative insights
and evolutionary game theory in the domain of geographical indications and value co-
creation. By elucidating the intricate stakeholder interactions and strategic dynamics within
the geographical indication industry, this research holds significance for augmenting the
sustainability and competitiveness of geographical indication products. Further research
endeavors and collaborative initiatives are imperative to foster innovation, encourage
active stakeholder participation, as well as safeguard the heritage and authenticity of
geographical indication products in an increasingly globalized market.

5.3. Practical Implications

Geographical indication industries play a pivotal role in rural economic development.
Hence, active engagement of key stakeholders is imperative in the value creation process of
geographical indication industries. By fostering collaboration among associations, peasant
households, and firms, we can enhance product quality and awareness, augment market
competitiveness and profitability. During the construction phase, it is crucial to stimulate
cooperation within associations while emphasizing innovation capabilities within peasant
households and firms during maturity periods. The development strategy for geographical
indication industries should be adjusted according to different stages of their life cycle to
adapt to market changes and demands. In the initial stage, investment in resources and
technology should be made to improve product quality and standards while establishing
brand image and reputation. In the mature stage, focus should be on product differen-
tiation and innovation to explore new markets and consumer groups while increasing
premium pricing and profits. During renewal stages, efforts should concentrate on product
transformation and upgrading to sustain industry vitality.

6. Conclusions and Limitations
6.1. Conclusions

The present study examines the strategic choices and interactions among peasant
households, associations, and firms in their participation in the co-creation of geographical
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indication value. It also investigates the moderating effects of industry scale and premium
on these dynamics. Employing a combination of qualitative and quantitative methods, this
research introduces an evolutionary game framework to explore the life cycle and contex-
tual perspectives of geographical indication industries. This article makes three theoretical
contributions: firstly, it supplements existing literature by uncovering mechanisms that
drive the creation of geographical indication value; secondly, based on field research, it
categorizes the life cycle stages of geographical indication industries, thereby enriching
vertical dimensions within industry studies; thirdly, considering the heterogeneity across
geographical indication industries, it incorporates industry scale and premium factors to ex-
pand horizontal dimensions in research content. The practical significance lies in providing
strategic recommendations for enhancing sustainability and competitiveness within geo-
graphical indication industries through emphasizing cooperation and innovation among
associations, peasant households and firms as well as product quality and differentiation.

6.2. Limitations and Prospects

This study has certain limitations; however, it also provides valuable insights for
future research. The paper presents a theoretical framework for the value co-creation model
in the geographical indication industry and explores strategies employed by associations,
firms, and peasant households through simulation analysis. Nevertheless, due to research
constraints, the first three scenarios in the numerical simulation stage were assigned based
on different stages of geographical indication industry development, while the subsequent
four scenarios were analyzed using hypothetical simulated cases to examine influencing
factors. These aspects require further improvement in future research as they lack exten-
sive empirical data support. The value co-creation mechanism within the geographical
indication industry is a complex process that necessitates comprehensive analysis beyond
just decision-making situations of key participants such as associations, firms, and peasant
households; other entities involved in the entire industry chain may have intricate impacts
as well. Future studies will focus on expanding research on strategy choices made by
additional stakeholders to optimize game evolution scenarios comprehensively.
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Appendix A

Appendix A.1 Refined and Robust Analysis of Strategies

In the co-creation of value within the geographical indication industry, associations,
firms, and peasant households strategically adjust their approaches based on each other’s
actions, engaging in a dynamic game. Simultaneously, associations are also influenced by
other associations when making strategic decisions, leading to imitation and learning. Sim-
ilarly, firms are influenced by other companies in order to achieve higher expected returns.
Following the principles of evolutionary game theory, entities with lower expected returns
will learn from and imitate opponents with higher expected returns. Thus, this process can
be accurately described through the construction of a replicator dynamic equation.
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Appendix A.1.1 Stability Analysis of the Evolutionary Process of Association Strategies

Based on the principles of evolutionary game theory [39], we formulate a dynamic
replication equation to model associations.

F(x) = dx
dt = x(UG1 − UG) = x(1 − x)(UG1 + UG2)

= x(1 − x)[yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δy(E4 + L1 + A1)+
z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0]

The first-order derivative can be computed by differentiating the equation F(x):

dF(x)
dx

= (1 − 2x)[yz(A0 + A1 − A2) + y(E0 − A1) + z(A2)− C0 + yzE1 + y(1 − z)E2 + y(1 − z)E3 + (1 − y)(−C2)] (A1)

According to the dynamic Equation (A1), let F(x) = 0:
1⃝ If

yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δy(E4 + L1 + A1)+
z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0 = 0

,

then

y =
δL1 + δC0 − z(δE3 + λ∆E3 + δL1 + δA2)

z(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δ(E4 + L1 + A1)
,

so F(y) ≡ 0. Then, irrespective of any value assumed, the game will attain a state of
stability.

2⃝ If

yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δy(E4 + L1 + A1)+
z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0 ̸= 0

,

Make F(x) = 0, get x = 0 and x = 1 are two stable states. Now let us proceed with
the analysis of various scenarios for f (x). Analysis

yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δy(E4 + L1 + A1)+
z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0

,

If

yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δy(E4 + L1 + A1)+
z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0 ≻ 0

,

then dF(x)
dx

∣∣∣
x=1

≺ 0, dF(x)
dx

∣∣∣
x=0

≻ 0, x = 1 demonstrates a stable state, and the association
tends to adopt a proactive management policy towards landmarks.

If

yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δy(E4 + L1 + A1)+
z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0 ≺ 0

,

then dF(x)
dx

∣∣∣
x=1

≻ 0, dF(x)
dx

∣∣∣
x=0

≺ 0, and x = 0 is in a stable state, and the association tends
to adopt non-interference as a governance strategy.
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Appendix A.1.2 Analysis of the Evolutionary Stability of Corporate Strategies

According to the evolutionary game theory [33], we formulate the dynamic replication
equation for firms.

F(y) = dy
dt = y(UN1 − UN) = y(1 − y)(UN1 + UN2)

= y(1 − y)[xz(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + zδ(−M0 + B2 + M1
−D2 + D3 + F5) + xδ(B1 − D2 + F3 + F5) + δ(−M1 + D2 − F5)]

(A2)

The first derivative of F(y) can be obtained by differentiation:

dF(y)
dy = (1 − 2y)[xz(−δM0 + δB0 + δD0) + z(1 − x)(−δM0 + δB2) + x(1 − z)(−δM1 + δB1) + (1 − x)(1 − z)(−δM1 + δD2)

+xzλF2 + x(1 − z)δF3 + z(1 − x)δD3 + (1 − z)(1 − x)(−δF5)]

By applying the dynamic Equation (A2) and setting F(y) = 0, we obtain:
1⃝ If

xz(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + zδ(−M0 + B2 + M1 − D2 + D3 + F5)
+xδ(B1 − D2 + F3 + F5) + δ(−M1 + D2 − F5) = 0

,

thus

z =
xδ(D2 − B1 − F3 − F5) + δ(M1 − D2 + F5)

x(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF) + δ(−M0 + B2 + M1 − D2 + D3 + F5)
,

then F(y) ≡ 0, at this juncture, irrespective of the selected value, the game remains in a
state of equilibrium,

2⃝ If

xz(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + zδ(−M0 + B2 + M1 − D2 + D3 + F5)
+xδ(B1 − D2 + F3 + F5) + δ(−M1 + D2 − F5) ̸= 0

,

let F(y) = 0, get y = 0 and y = 1 are two stable states.
If

xz(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + zδ(−M0 + B2 + M1 − D2 + D3 + F5)
+xδ(B1 − D2 + F3 + F5) + δ(−M1 + D2 − F5) ≻ 0

,

then dF(y)
dy

∣∣∣
y=1

≺ 0, dF(y)
dy

∣∣∣
y=0

≻ 0, at this situation, y = 1 is a stable state, companies have

a tendency to prefer actively utilizing GI.
If

xz(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + zδ(−M0 + B2 + M1 − D2 + D3 + F5)
+xδ(B1 − D2 + F3 + F5) + δ(−M1 + D2 − F5) ≺ 0

,

then dF(y)
dy

∣∣∣
y=1

≻ 0, dF(y)
dy

∣∣∣
y=0

≺ 0, at this situation, y = 0 is a stable state, companies have

a tendency to prefer negative utilizing GI.

Appendix A.1.3 Analysis of the Evolutionary Stability of Peasant Household Strategies

According to the evolutionary game theory [33], we formulate a dynamic replication
equation for agricultural practitioners.

F(z) = dz
dt = z(UA1 − UA) = z(1 − z)(UA1 + UA2)

= z(1 − z)[xy(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4)+
y(δG2 − δG3 + λS2 + δI4) + x(δG1 − δG3 + λS3 + δI4)− δI0 + δG3 − δI4]

Taking the first derivative of F(z):
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dF(z)
dz = (1 − 2z)[xy(δG0 + λH0 − δG2 + δI0 − δG1) + y(δG2 − δG3) + x(δG1 − δG3)− δI0 + δG3+

xy(λS1 − λS2 − λS3 − δI4) + y(λS2 + δI4) + x(λS3 + δI4) + (−δI4)]

According to the dynamic Equation (A1) setting

F(z) = 0

1⃝ If

xy(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4) + y(δG2 − δG3 + λS2 + δI4)+
x(δG1 − δG3 + λS3 + δI4)− δI0 + δG3 − δI4 = 0

,

thus F(z) ≡ 0, the game remains in a stable state irrespective of the selected value.
2⃝ If

xy(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4) + y(δG2 − δG3 + λS2 + δI4)+
x(δG1 − δG3 + λS3 + δI4)− δI0 + δG3 − δI4 ̸= 0

,

let F(z) = 0, get z = 0 and z = 1 two stable stages.
If

xy(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4) + y(δG2 − δG3 + λS2 + δI4)+
x(δG1 − δG3 + λS3 + δI4)− δI0 + δG3 − δI4 ≻ 0

,

thus dF(z)
dz

∣∣∣
z=1

≺ 0, dF(z)
dz

∣∣∣
z=0

≻ 0, z = 1 is a stable state, and peasant households tend to
choose to actively participate in GI.

If

xy(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4) + y(δG2 − δG3 + λS2 + δI4)+
x(δG1 − δG3 + λS3 + δI4)− δI0 + δG3 − δI4 ≺ 0

,

thus dF(z)
dz

∣∣∣
z=1

≻ 0, dF(z)
dz

∣∣∣
z=0

≺ 0, this situation, z = 0 is a stable state, and peasant
households tend to choose not to actively participate in GI.

Appendix A.2 The Jacobian Matrix J

J =


∂F(x)

∂x
∂F(x)

∂y
∂F(x)

∂z
∂F(y)

∂x
∂F(y)

∂y
∂F(y)

∂z
∂F(z)

∂x
∂F(z)

∂y
∂F(z)

∂z

 =

J11 J12 J13
J21 J22 J23
J31 J32 J33


Including,

J11 = (1 − 2x)[yz(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1)+
δy(E4 + L1 + A1) + z(δE3 + λ∆E3 + δL1 + δA2)− δL1 − δC0]

J12 = x(1 − x)[z(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1) + δ(E4 + L1 + A1)]

J13 = x(1 − x)[y(δE0 + δE1 + λ∆E1 − δA1 − δA2 + δE2 + ∆E2 − δE3 − λ∆E3 − δE4 − δL1)+
(δE3 + λ∆E3 + δL1 + δA2)]
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J21 == y(1 − y)[z(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + δ(B1 − D2 + F3 + F5)]

J22 = (1 − 2y)[xz(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + zδ(−M0 + B2 + M1
−D2 + D3 + F5) + xδ(B1 − D2 + F3 + F5) + δ(−M1 + D2 − F5)]

J23 == y(1 − y)[x(δB0 − δB1 − δB2 + δD0 + δD2 − δD3 + λF2 − δF3 − δF5) + δ(−M0+
B2 + M1 − D2 + D3 + F5)]

J31 = z(1 − z)[y(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4) + δG1 − δG3 + λS3 + δI4]

J32 = z(1 − z)[x(δG0 − δG1 − δG2 + δI0 + λH0 + λS1 − λS2 − λS3 − δI4) + δG2 − δG3 + λS2 + δI4]

J33 = (1 − 2z)[xy(δG0 + λH0 − δG2 + δI0 − δG1 + λS1 − λS2 − λS3 − δI4)+
y(δG2 − δG3 + λS2 + δI4) + x(δG1 − δG3 + λS3 + δI4)− δI0 + δG3 − δI4]
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