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Abstract: Organic agriculture is a sustainable form of farming that can protect the environment. How-
ever, the high production costs of organic agriculture deter farmers from switching to organic farming.
To support the development of organic agriculture, many governments offer subsidies to farmers or
retailers. We develop an evolutionary game model to investigate the effect of government subsidies
on organic agriculture and the conditions under which the government should subsidize farmers
or retailers. We find that subsidizing farmers or retailers can promote agricultural development.
Government subsidies lower the requirement for social responsibility and the premium that retailers
offer. Furthermore, if the consumer’s social responsibility is sufficiently low, the government’s best
choice is to subsidize retailers. If the social responsibility premium is medium, the government’s
best choice is to subsidize farmers. Finally, higher subsidies motivate more farmers to produce
organic products when the government subsidizes retailers. Conversely, if the government subsidizes
farmers, it is more conducive to reducing the burden on retailers to purchase organic products.

Keywords: organic agriculture; government subsidies; evolutionary game theory; social responsibility

1. Introduction

Conventional agriculture, often characterized by its reliance on large-scale and in-
tensive farming techniques, has played a crucial role in boosting food production and
addressing global hunger. This approach typically involves the heavy use of synthetic
chemicals, energy, and genetically modified organisms [1,2]. Despite its contributions to
food security, the environmental repercussions of such practices are increasingly coming
under scrutiny. One of the most significant concerns is the degradation of soil quality, exac-
erbated by the excessive application of chemical fertilizers, insecticides, and herbicides [3].
These substances not only deplete the soil of essential nutrients and beneficial microbes but
also contribute to widespread soil erosion and degradation [4]. Furthermore, conventional
farming practices are a major source of greenhouse gas emissions, notably carbon dioxide
and methane, primarily due to the use of fossil fuels in agricultural machinery and the
burning of crop residues. According to the World Resources Institute, agriculture accounts
for about 25% of global greenhouse gas emissions, highlighting its impact on climate
change [5]. Additionally, the runoff of chemicals into water bodies poses serious risks to
water quality, leading to pollution and a loss of aquatic biodiversity. The cumulative effect
of these practices underscores the urgent need for a shift toward more sustainable and
environmentally friendly agricultural methods.

Conversely, organic agriculture is a sustainable form of farming that seeks to reduce
the impact of industrial agriculture on the environment while providing healthy and safe
food for consumers [6,7]. Organic farming systems are more sustainable than conventional
farming systems because they use fewer resources and have less of an impact on the envi-
ronment. Organic farms rely on natural resources like compost and manure to fertilize their
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soil rather than chemical fertilizers [8]. They also use crop rotation and other methods of
pest control rather than chemical pesticides. Organic farms also produce healthier food for
consumers. Organic foods are free of synthetic chemicals and genetically modified organ-
isms and are often higher in vitamins and minerals than their conventional counterparts.
Customers are inclined to spend more on these items, viewing them as healthier and more
beneficial [9,10].

Despite these benefits, organic agriculture carries a number of challenges. One of the
major challenges is the financial costs associated with organic production [11]. Organic
farmers are often required to pay higher prices for organic inputs, such as seed and feed,
and may also need to purchase additional equipment to comply with organic standards.
Furthermore, organic farmers may face increased labor costs due to the additional labor-
intensive management practices required for organic production [12]. Organic farms require
more labor and have lower yields than conventional farms, making it difficult for farmers
to make a profit [13,14].

To bolster organic agriculture, numerous governments are offering financial incentives
for organic farming. Financial support is extended to farmers to foster organic agriculture
and sustainable farming methods. For instance, the Chinese government has earmarked
approximately 20 billion CNY for agricultural funds aimed at decreasing green agriculture
production costs and encouraging green growth in the sector [15]. In India, through the
Paramparagat Krishi Vikas Yojana (PKVY) and Mission Organic Value Chain Development
for North Eastern Region (MOVCDNER) schemes, farmers receive financial aid of about
INR 30,000 per hectare over three years for organic inputs, including seeds, bio-fertilizers,
bio-pesticides, organic manure, compost/vermi-compost, and botanical extracts [16]. The
provincial government of Bali, Indonesia, has introduced subsidies for organic fertilizers,
starting with an annual fund of EUR 69.7 million, which is anticipated to increase annually
to lower the costs of organic farming for farmers [17]. Conversely, certain governments
provide subsidies to retailers to incentivize them to support farmers and market organic
products. For example, the Canadian Agricultural Partnership has laid robust groundwork
by offering subsidies to food processors to enhance organic agriculture [18]. Similarly, the
EU’s Common Agricultural Policy has contributed to the growth of organic production by
financing retailers for the marketing and promotion of organic items [19]. This leads us to
explore several questions: Should the government provide subsidies to farmers or retailers?
What are the different impacts of subsidies to farmers and retailers on the development of
organic agriculture? What is the evolutionary trend of the behavior of farmers and retailers?
How does the amount of government subsidies affect organic agriculture?

Therefore, this study aims to identify the most effective model for supporting organic
agriculture through government subsidies. Specifically, we intend to explore the compara-
tive effectiveness of subsidizing farmers versus retailers in promoting the development of
the organic market. By employing evolutionary game theory, this research seeks to provide
a nuanced understanding of the dynamics between government subsidy strategies and
their impact on the adoption of organic farming practices. This study addresses the critical
gap in the literature regarding the optimization of subsidy distribution to enhance the
sustainability and reach of organic agriculture.

The remainder of this paper is organized as follows: Section 2 reviews the relevant liter-
ature. In Section 3, we build revolutionary game models and analyze the results. Section 4
shows the simulation results. Section 6 shows the discussion. Finally, the conclusions and
implications are provided in Section 7.

2. Literature Review

Our research is related to the following four streams of literature: agriculture sup-
ply chain management, government subsidy programs to promote organic agriculture,
evolutionary game theory in sustainable agriculture, and supply chain contracts.
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2.1. Agriculture Supply Chain Management

Our work is closely related to studies of sustainable supply chain management. The ex-
isting literature mostly investigates how firms promote sustainability through supply chain
operations. For example, Vachon and Klassen [20] study how environmental collaborative
activities affect the sustainability of the supply chain. This environmental collaboration
includes setting a joint environmental goal and sharing environmental planning. They find
that the influence of collaboration with suppliers and consumers is different. Environmen-
tal collaboration with suppliers is better than environmental collaboration with consumers.
Wong et al. [21] examine the impact of green internal, consumer, and supplier integration
on a green supply chain. They show that green internal and consumer integration are
beneficial to environmental and cost performance. Bouchery et al. [22] combine a sustain-
ability and inventory model. They find that regulating the carbon price cannot lead to the
minimum carbon emissions. Firms can promote sustainability by operational adjustments
or investing in carbon-reducing technologies. Mondal and Giri [23] consider a sustainable
closed-loop supply chain in which the government can intervene in the third-party collec-
tor. They find that government subsidies and a reward–penalty mechanism have different
effects. Government subsidies are beneficial to the environment. The reward–penalty
mechanism can improve channel execution when the government imposes a tax. Khan
et al. [24] examine the impact of information sharing on a sustainable supply chain. They
build a two-level sustainable supply chain model and find that information sharing reduces
the buyer’s price, whereas it is beneficial to the annual profit. Junaid et al. [25] study a
sustainable supply chain from supply chain integration and green innovation. They find
that the integration of suppliers and customers can promote sustainability. Green process
innovations may hurt firms because rapidly changing process innovation increases the
company’s costs. Thus, firms should also focus on operational innovation. Fu et al. [26]
examine the impact of a sustainable supply chain on firms. They find that the sustainable
supply chain can improve firms’ financial performance. Taleizadeh et al. [27] study how to
design an optimal sustainable supply chain system when the supply chain faces disruptions.
They develop a model which consists of a government and a manufacturer. The results
emphasize the importance of an emergency stocks strategy, which is beneficial to both
manufacturers and governments. The centralized model has better results than the bi-level
model and is a better solution. Chen et al. [28] study how retail platforms reduce the risk of
social responsibility through social responsibility auditing when considering supply chain
information transparency. They build a model in which the retail platform has a better
understanding of consumers’ demand and the retail platform can decide whether to share
information with the firm. They find that the retail platform tends to share information with
the firm if the firm promises to audit suppliers under the uncertain product line strategy.
Parsaeifar et al. [29] investigate a competitive three-echelon green supply chain, finding
that market competition helps improve supply chain profits. Das et al. [30] focus on the
role of mediators in a three-tier green supply chain, finding that the centralized system is
more conducive to improving supply chain profits. Shekarian et al. [31] consider carbon
emission and remanufacturing in the closed-loop supply chain. They find that consumers’
willingness to choose remanufactured products significantly affects the collection rates of
the collector parties.

2.2. Government Subsidy Programs to Promote Organic Agriculture

Government subsidy programs are pivotal in promoting organic agriculture, serv-
ing as a cornerstone for transitioning conventional farms to organic practices. The re-
search conducted by Adams Inkoom [32] highlights the pivotal role of conversion subsi-
dies in encouraging farmers to transition to organic farming practices. The study from
Argyropoulos et al. [33] on the conversion of smallholders to organic farming identifies
the critical importance of collaboration among grassroots organizations, governments,
and research institutions. They emphasize the necessity of providing information, advice,
training, and financial support to marginal and small farmers during the conversion period,
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underscoring that without such support most smallholders are hesitant to make the switch.
Panneerselvam et al. [34] examine the outcomes of offering subsidies for organic farming
without the obligation to sell the product as a labeled organic product if subsidies were
distributed per hectare of cultivated land. This approach, however, results in a failure to
supply the market with labeled organic products. Łuczka and Kalinowski [35] explore the
impact of agricultural environmental programs with lenient eligibility requirements for
supporting organic agriculture. In such scenarios, farmers receive payments for environ-
mental measures without the obligation to deliver organic food to the market. This leniency
leads to a tendency among farmers to engage in speculative practices, especially showing
a high interest in horticultural crops, which offered the highest payment rates without
the necessity of fulfilling organic obligations during the harvest period. The research by
Markuszewska and Kubacka [36] emphasizes the necessity of establishing stricter regula-
tions to ensure the effectiveness of subsidies. He argues that without strict rules, subsidies
would not serve as an incentive. Only those farmers who are genuinely committed to
their role as organic food producers would be motivated to contribute to building the
organic farming market. The study by Panneerselvam et al. [34] highlights one of the main
challenges traditional farmers face in organic farming: the control of pests and diseases
without chemical inputs. His findings suggest that policies supporting the use of bio-
dynamic inputs and bio-pesticides can significantly reduce input costs, thus offering a
primary advantage for organic farms. Schader et al. [37] examined the impact of ecological
direct payments, revealing that windfall profits from extensive payments on organic farms
can lead to higher profits but might result in negative environmental impacts, such as
increased eutrophication.

2.3. Evolutionary Game Theory in Sustainable Agriculture

The utilization of evolutionary game theory in the realm of sustainable agriculture
offers pivotal insights into the strategic interactions among key stakeholders, including
farmers, governments, and consumers. This interdisciplinary approach facilitates an under-
standing of how various policies and behaviors influence agricultural sustainability. For
instance, Tian et al. [38] construct an evolutionary game model to assess the effectiveness
of policies aimed at reducing chemical fertilizer use, highlighting the complex dynamics
between government incentives, farmers’ risk perceptions, and consumer preferences.
Yu and Rehman Khan [39] explore the financing mechanisms within the green agricultural
product supply chain amidst the COVID-19 pandemic, illustrating the strategic decisions
between suppliers and residents through the lens of evolutionary game theory. Addition-
ally, Luo et al. [40] apply this theory to examine the impact of government subsidies and
carbon pricing on farmers’ adoption of green planting practices, thereby contributing to
the broader discourse on sustainable agriculture. Liu et al. [41] contribute to this body
of work by examining the diffusion of low-carbon agricultural innovations through an
evolutionary game analysis, focusing on the dynamics among multiple stakeholders. Their
study underscores the complex negotiations and alignments needed to foster the adoption
of sustainable practices in agriculture. In another relevant study, Liu [42] explores the
tripartite evolutionary game dynamics within the green agro-product supply chain in an
agricultural industrialization consortium. This research delineates the cooperative and
competitive strategies among consortium members, illustrating how game theory can
predict the conditions under which sustainable agricultural products are more likely to
penetrate the market. Each of these studies underscores the application of evolutionary
game theory as a robust analytical framework for navigating the complexities of sustainable
agricultural development, highlighting its potential to inform policy-making and promote
environmentally friendly farming practices.

2.4. Supply Chain Contracts

Our work is also closely related to studies of supply chain contracts. Kim and Netessine
[43] study how the manufacturer collaborates with the supplier to reduce the uncertainty
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component production cost and uncertainties and reduce the expected cost under informa-
tion asymmetry. By comparing a number of procurement-contracting strategies, they find
that the manufacturer prefers an expected margin commitment if it can reduce the unit cost.
Chao et al. [44] discuss two cost-sharing contracts between a manufacturer and a supplier
and examine the manufacturer’s and the supplier’s effort to improve their component failure
rate. Hwang et al. [45] investigate the impact of the appraisal regime and the certification
regime on the supplier’s quality effort. Wagner [46] studies the relationship between supplier
development and the buyer from the resource-based view and the relational view. They find
that supplier development can support the buyer’s differentiation and cost leadership strategy.
Blonska et al. [47] examine why the performance effects cannot meet the expectation when
buyers invest in developing their suppliers. By using social capital theory, they find that
only investing in supplier development is not beneficial to the supplier and the buyer,
whereas relational capital can make them benefit from supplier development. Corbett and
DeCroix [48] study how the buyer collaborates with the supplier to reduce the consumption
of indirect materials and improve supply chain efficiency. They find that shared-savings
contracts can result in benefits for the supplier and the buyer. Lin et al. [49] study the effects
of the noncooperative innovation strategy and innovation alliance strategy. Chen et al. [50]
investigate incentives for refurbished products.

The existing literature focuses on how governments promote agricultural development
by subsidizing consumers or farmers. However, government subsidies to retailers are also
an effective method to promote organic farming. In this paper, we contrast the effects
of government subsidies on retailers and farmers. Second, in regard to the sustainable
supply chain, most studies analyze whether retailers purchase organic products. In practice,
retailers helping farmers also significantly affects organic farming. We examine retailers’
behavior in helping farmers. Finally, we use evolutionary game theory to study the
interaction of farmers and retailers under government subsidy strategies.

3. Model and Analysis

In our model, we consider an agricultural product market where farmers grow and sell
products to downstream retailers and then retailers sell them to consumers. Farmers have
two production strategies: the organic strategy in which farmers produce organic products,
and the conventional strategy in which farmers produce conventional products. Let y
(0 ≤ y ≤ 1) denote the fraction of farmers who have embraced organic farming practices.
Consequently, the fraction opting for traditional agricultural methods is expressed as
1 − y. If farmers sell conventional products to retailers, they can obtain revenue R f . If
farmers sell organic products to retailers, the revenue they can achieve is R f + Re, where
Re represents the premium retailers’ offer for organic products (organic premium) [51]. The
cost of producing organic (conventional) products is cH (cL). We assume that the organic
production cost cH is higher than the conventional production cost cL (cH > cL).

If retailers sell conventional products, they obtain revenue Rr. Conversely, if retailers
sell organic products, they obtain revenue Rr + q, where q is the price premium that
consumers pay for organic products [52,53]. Retailers can choose whether to help farmers.
Sharing production costs is a common method to help consumers [54,55]. If retailers help
farmers, they bear k (k ∈ [0, 1]) percentage of farmers’ production costs, and consumers
are willing to pay a premium s for retailers’ social responsibility (social responsibility
premium) [51,56]. Define x (0 ≤ x ≤ 1) as the share of retailers implementing a support
strategy. Accordingly, the share pursuing a strategy devoid of assistance is denoted by 1− x.

In the following subsections, we will consider retailers and farmers interaction under
three different scenarios.

3.1. No Government Subsidy Scenario

In this scenario, the government does not subsidize retailers and farmers. It’s up to
the farmers to choose between producing organic or conventional products, and it’s the
decision of retailers whether to support the farmers. We can derive the expected payoffs
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of retailers and farmers, and replicator dynamic equations under different strategies is as
follows. Table 1 illustrates the payoff matrix for the evolutionary game under the absence
of government subsidies.

Table 1. Payoffs matrix of the no government subsidy scenario.

Farmers

Organic Conventional

Retailers Help π f 1 = R f + Re − (1 − k)cH ; π f 2 = R f − (1 − k)cL;
πr1 = Rr + s + q − kcH πr2 = Rr + s − kcL

Non-help π f 3 = R f + Re − cH ; π f 4 = R f − cL;
πr3 = Rr + q πr4 = Rr

The retailers’ expected payoffs under the help strategy are

πH
r = yπr1 + (1 − y)πr2 = y(q − kcH)− (1 − y)kcL + Rr + s. (1)

The retailers’ expected payoffs under the non-help strategy are

πNH
r = yπr3 + (1 − y)πr4 = yq + Rr. (2)

Based on Equations (1) and (2), the retailers’ overall expected payoffs are

π̄r = xπH
r + (1 − x)πNH

r . (3)

Then, the replicator dynamic equation of the retailers is as follows:

F(x) =
dx
dt

= x(πH
r − π̄r) = x(1 − x)(πH

r − πNH
r )

= x(1 − x)(s − ykcH − (1 − y)kcL).
(4)

The farmers’ expected payoffs under the organic strategy are

πO
f = xπ f 1 + (1 − x)π f 3 = (kx − 1)cH + Re + R f . (5)

The farmers’ expected payoffs under the conventional strategy are

πC
f = xπ f 2 + (1 − x)π f 4 = (kx − 1)cL + R f . (6)

Then, based on Equations (5) and (6), the farmers’ overall expected payoffs are

π̄ f = yπO
f + (1 − y)πC

f . (7)

Therefore, the replicator dynamic equation of the retailers is as follows:

F(y) =
dy
dt

= y(πO
f − π̄ f ) = y(1 − y)(πO

f − πC
f )

= y(1 − y)((kx − 1)(cH − cL) + Re).
(8)

We obtain replicator dynamic system (1) by combining Equation (4) and (8). Given that
F(x) = 0 and F(y) = 0, it follows that we can establish the subsequent equilibrium points:

(0, 0), (1, 0), (0, 1), (1, 1), (x1, y1)

where

x1 = cH−cL−Re
k(cH−cL)

, y1 = s−kcL
k(cH−cL)

0 < x1, y1 < 1
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To ensure that the retailers’ help can encourage the farmers’ organic production, we
assume that π f 1 > π f 2 and π f 4 > π f 3, which are equivalent to Re > (1 − k)(cH − cL)
and Re < cH − cL, respectively. Using the Jacobian matrix to analyze the stability of the
system’s dynamic equilibria, we can obtain the system’s Jacobian matrix in the no government
subsidy scenario:

J =

 ∂F(x)
∂x

∂F(x)
∂y

∂F(y)
∂x

∂F(y)
∂y


=

[
(1 − 2x)(−ykcH − (1 − y)kcL + s) (−1 + x)xk(cH − cL)

(1 − y)yk(cH − cL) (1 − 2y)((kx − 1)(cH − cL) + Re)

]
.

(9)

Then, we analyze matrix determinant Det(J) and matrix trace Tr(J) corresponding to
each system equilibrium and obtain both players’ stability analysis in Table 2.

Table 2. Stability analysis of both players.

Point Det(J) Tr(J)

(0, 0) (s − kcL)(Re − cH + cL) Re − cH + cL + s − kcL
(1, 0) −(s − kcL)(Re − cH + cL + kcH − kcL) −s + kcL + Re

−(1 − k)(cH − cL)

(0, 1) −(s − kcH)(Re − cH + cL) s − kcH − Re + cH − cL
(1, 1) (s − kcH)(Re − cH + cL + kcH − kcL) kcH − s − Re

+(1 − k)(cH − cL)

(x1, y1) Det5 0

where Det5 =
(Re − cH + cL)(Re − (1 − k)(cH − cL))(s − kcH)(s − kcL)

k2(cH − cL)2 .

From the stability analysis of Table 2, we can formulate the subsequent proposition.

Proposition 1. In the no government subsidy scenario, for dynamic system (1):

(i) If s ≤ kcL, (x1, y1) does not satisfy condition x1 > 0 and y1 < 1. (0, 0) is an asymptotically
stable equilibrium. (1, 0) is an unstable point. (0, 1) and (1, 1) are saddle points.

(ii) If kcL < s ≤ kcH , (x1, y1) satisfies x1 > 0 and y1 < 1. Dynamic system (1) has no asymp-
totically stable equilibrium. (x1, y1) is a central point, and all other points are saddle points.

(iii) If s > kcH , (x1, y1) does not satisfy condition x1 > 0 and y1 < 1. (1, 1) is an asymptotically
stable equilibrium. (0, 1) is an unstable point. (0, 0) and (1, 0) are saddle points.

Proposition 1 (i) elucidates that under conditions where the social responsibility
premium s falls below a critical threshold, the system gravitates towards the equilibrium
point (0, 0). This equilibrium signifies that no retailers engage in assisting farmers, leading
to an exclusive production of traditional commodities by all farmers. Whereas when the
social responsibility premium s increases to the medium value as Proposition 1 (ii) shows,
dynamic system (1) has no asymptotically stable equilibrium. Thus, this case cannot lead
to effective organic production. When the social responsibility premium s is sufficiently
high as proposition 1 (iii) shows, dynamic system (1) has the unique asymptotically stable
equilibrium (1, 1), which means that all retailers help farmers and all farmers produce
organic products.

Proposition 1 suggests that only when the social responsibility premium s is high
enough the system can avoid evolving into an inefficient equilibrium (0, 0). This neces-
sitates consumers being willing to afford a sufficiently substantial premium for retailers’
social responsibility, a feat challenging to realize in practice. This explains why organic
agriculture develops better in developed countries, such as European Union, the USA,
Canada and Japan, but lags behind in developing countries. In developed countries, con-
sumers’ willingness to pay for sustainable behavior is higher. In the following subsections,



Sustainability 2024, 16, 2246 8 of 24

we will discuss whether the government could use subsidy policies to reduce the high
requirements for achieving effective balance equilibrium.

Corollary 1. In the no government subsidy scenario, the possible asymptotically stable equilibria of
dynamic system (1) are (0, 0) and (1, 1).

Corollary 1 shows that, in the absence of government subsidies, dynamic system (1)
may evolve into one of two asymptotically stable equilibria. One is an inefficient outcome
in which no retailer helps farmers and no farmer produces organic products. The other is
an efficient outcome in which all retailers help farmers and all farmers produce organic
products. Clearly, the latter outcome is beneficial to the development of organic agriculture.

3.2. Government Subsidizing Retailers Scenario

In this scenario, the government will subsidize the retailers who help farmers. The
subsidies that a retailer can gain are G1(x) = G(1 − x), which are related to the number of
retailers helping farmers [57,58]. If more retailers choose to help farmers, the government
will offer lower subsidies to each retailer. G represents the maximum subsidies retailers
can gain. Table 3 is the payoffs matrix of the government subsidizing retailers scenario.

Table 3. Payoffs matrix of government subsidizing retailers scenario.

Farmers

Organic Conventional

Retailers Help π f 1 = R f + Re − (1 − k)cH ; π f 2 = R f − (1 − k)cL;
πr1 = Rr + s + q − kcH πr2 = Rr + s − kcL

+G(1 − x) +G(1 − x)
Non-help π f 3 = R f + Re − cH ; π f 4 = R f − cL;

πr3 = Rr + q πr4 = Rr

The retailers’ expected payoffs under the help strategy are

πH
r = yπr1 + (1 − y)πr2 = y(q − kcH)− (1 − y)kcL + Rr + s + G(1 − x). (10)

The retailers’ expected payoffs under the non-help strategy are

πNH
r = yπr3 + (1 − y)πr4 = yq + Rr. (11)

Based on Equations (10) and (11), the retailers’ overall expected payoffs are

π̄r = xπH
r + (1 − x)πNH

r . (12)

Then, the replicator dynamic equation of the retailers is as follows:

F(x) =
dx
dt

= x(πH
r − π̄r) = x(1 − x)(πH

r − πNH
r )

= x(1 − x)(−ykcH − (1 − y)kcL + s + G(1 − x)).
(13)

The farmers’ expected payoffs under the organic strategy are

πO
f = (kx − 1)cH + Re + R f . (14)

The farmers’ expected payoffs under the conventional strategy are

πC
f = xπ f 2 + (1 − x)π f 4 = (kx − 1)cL + R f . (15)
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Then, based on Equations (14) and (15), the farmers’ overall expected payoffs are

π̄ f = yπO
f + (1 − y)πC

f . (16)

The replicator dynamic equation of the farmers is as follows:

F(y) =
dy
dt

= y(πO
f − π̄ f ) = y(1 − y)(πO

f − πC
f )

= y(1 − y)((kx − 1)(cH − cL) + Re).
(17)

We obtain replicator dynamic system (2) by combining Equations (13) and (17). Upon
setting F(x) = 0 and F(y) = 0, the ensuing equilibrium states are deduced as follows:

(0, 0), (1, 0), (0, 1), (1, 1), (x2, y2)

where

x2 = cH−cL−Re
k(cH−cL)

, y2 = s−kcL+G1(x)
k(cH−cL)

0 < x2, y2 < 1

Similarly, to ensure that retailers’ assistance effectively promotes farmers’ or-
ganic production, we assume π f 1 > π f 2 and π f 4 > π f 3 which are equivalent to
Re > (1 − k)(cH − cL) and Re < cH − cL respectively. Employing the Jacobian matrix for
the examination of stability within the system’s dynamic equilibrium states, we can obtain
system’s Jacobian matrix in the government subsidizing retailers scenario:

J =

 ∂F(x)
∂x

∂F(x)
∂y

∂F(y)
∂x

∂F(y)
∂y


=

[
Fxx −(1 − x)xk(cH − cL)

(1 − y)yk(cH − cL) Fyy

]
.

(18)

where

Fxx = (1 − 2x)(−ykcH − (1 − y)kcL + s + G1)− (1 − x)xG ,
Fyy = (1 − 2y)((kx − 1)(cH − cL) + Re)

Table 4 is the stability analysis in this scenario.

Table 4. Stability analysis of both players.

Point Det(J) Tr(J)

(0, 0) (G + s − kcL)(Re − cH + cL) G + Re − cH + cL + s − kcL

(1, 0) −(s − kcL)(Re − cH + cL + kcH − kcL) −s + kcL + Re − (1 − k)(cH − cL)

(0, 1) −(G + s − kcH)(Re − cH + cL) G − Re + cH − cL + s − kcH

(1, 1) (s − kcH)(Re − cH + cL + kcH − kcL) kcH − s − Re + (1 − k)(cH − cL)

(x2, y2) Det5 Tr5

where Det5 =
(Re − cH + cL)(Re − (1 − k)(cH − cL))(G1 + s − kcH)(G1 + s − kcL)

k2(cH − cL)2 ,

Tr5 =
G(Re − cH + cL)(Re − (1 − k)(cH − cL))

k2(cH − cL)2 .

Proposition 2. In the government subsidizing retailers scenario, (x2, y2) is an asymptotically
stable equilibrium only when kcL − G1 < s < kcH − G1.
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The observation of Proposition 2 is that when the government subsidizes retailers who
help farmers, (x2, y2) can emerge as an equilibrium. Recall that in Proposition 1, (x1, y1)
cannot be an equilibrium and the outcome can be efficient only if the social responsibility
premium s is sufficiently high (s > kcH). However, Proposition 2 shows that the outcome
can be efficient when s is medium (kcL − G1 < s < kcH − G1). This result reveals that the
subsidies to retailers can enlarge the region for approaching an efficient equilibrium state.
Consequently, a fraction x2 of retailers engages in support for farmers, while a fraction y2
of farmers opts for the cultivation of organic produce. On the other hand, higher subsidies
can lower the requirements for the social responsibility premium. This suggests that the
subsidies to retailers are an effective tool to develop organic agriculture if consumers’
awareness of social responsibility is low. This insight aligns with the observed trend that
many developing countries, such as China and Thailand, offer various subsidy policies to
agricultural firms to promote organic farming.

Then, we conduct a sensitivity analysis for the asymptotically stable equilibrium (x2, y2).
Proposition 3 analyzes the impact of the organic production cost cH , the percentage k of the
production costs that retailers bear, and the maximum government subsidies G on both the
retailers’ and farmers’ decisions.

Proposition 3. Through the sensitivity analysis of the asymptotically stable equilibrium (x2, y2),
we derive the following:

(i)
∂x2

∂cH
> 0,

∂x2

∂k
< 0,

∂x2

∂G
= 0.

(ii)
∂y2

∂cH
< 0,

∂y2

∂k
> 0 only if Re < − (G(−2 + k) + ks)(cH − cL)

2G
,

∂y2

∂G
> 0.

Proposition 3 shows that when the organic production cost cH increases, fewer farmers
produce organic products and more retailers help farmers. This is consistent with the reality
that a higher cost will discourage more farmers from switching to organic farming. In this
case, more retailers are willing to help farmers. When retailers help farmers, they bear a
percentage of the production cost for farmers. Obviously, if this production cost increases,
leading to high costs for retailers, fewer retailers choose to help farmers. On the contrary,
if retailers bear a higher percentage of the production cost for farmers and the premium
Re for organic products is low, more farmers produce organic products. Proposition 3 also
demonstrates that the government subsidizing retailers would encourage more farmers to
produce organic products.

Will the effect of subsidizing farmers be the same as that of subsidizing retailers? The
next subsection shows the results.

3.3. Government Subsidizing Farmers Scenario

In this scenario, the government will subsidize the farmers who produce organic
products. The subsidies that a farmer can gain are G2(y) = G(1 − y), which correlate with
the quantity of farmers involved in organic product cultivation [57,58]. If more farmers
choose to produce organic products, the lower the subsidies each farmer receives. G
represents the maximum subsidies farmers can gain. Table 5 is the payoffs matrix of the
government subsidizing farmers scenario.

The retailers’ expected payoffs under the help strategy are

πH
r = yπr1 + (1 − y)πr2 = y(q − kcH)− (1 − y)kcL + Rr + s. (19)

The retailers’ expected payoffs under the non-help strategy are

πNH
r = yπr3 + (1 − y)πr4 = yq + Rr. (20)
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Table 5. Payoffs matrix of the government subsidizing farmers scenario.

Farmers

Organic Conventional

Retailers Help π f 1 = R f + Re − (1 − k)cH π f 2 = R f − (1 − k)cL;
+G(1 − y);

πr1 = Rr + s + q − kcH πr2 = Rr + s − kcL
Non-help π f 3 = R f + Re − cH π f 4 = R f − cL;

+G(1 − y);
πr3 = Rr + q πr4 = Rr

Then, based on Equations (19) and (20), the retailers’ overall expected payoffs are

π̄r = xπH
r + (1 − x)πNH

r . (21)

Therefore, the replicator dynamic of the retailers is as follows:

F(x) =
dx
dt

= x(πH
r − π̄r) = x(1 − x)(πH

r − πNH
r )

= x(1 − x)(−ykcH − (1 − y)kcL + s).
(22)

When farmers adopt the organic strategy, the corresponding expected payoffs are

πO
f = xπ f 1 + (1 − x)π f 3 = (kx − 1)cH + Re + R f + G(1 − y). (23)

When farmers adopt the conventional strategy, the corresponding expected payoffs are

πC
f = xπ f 2 + (1 − x)π f 4 = (kx − 1)cL + R f . (24)

Then, based on Equations (23) and (24), the farmers’ overall expected payoffs are

π̄ f = yπO
f + (1 − y)πC

f . (25)

The replicator dynamic equation of the farmers is as follows:

F(y) =
dy
dt

= y(πO
f − π̄ f ) = y(1 − y)(πO

f − πC
f )

= y(1 − y)((kx − 1)(cH − cL) + Re + G(1 − y)).
(26)

We obtain replicator dynamic system (3) by combining Equations (22) and (26). We
derive the following equilibria by setting F(x) = 0 and F(y) = 0:

(0, 0), (1, 0), (0, 1), (1, 1), (x3, y3)

where

x3 = cH−cL−Re−G2(y)
k(cH−cL)

, y3 = s−kcL
k(cH−cL)

0 < x3, y3 < 1

Similarly, in order to ensure that the assistance provided by retailers effectively pro-
motes organic production among farmers, we assume π f 1 > π f 2 and π f 4 > π f 3, which are
equivalent to Re + G2(y) > (1 − k)(cH − cL) and Re + G2(y) < cH − cL, respectively. Then,
we obtain the system’s Jacobian matrix in the government subsidizing farmers scenario:

J =

 ∂F(x)
∂x

∂F(x)
∂y

∂F(y)
∂x

∂F(y)
∂y


=

[
Fxx −(1 − x)xk(cH − cL)

(1 − y)yk(cH − cL) Fyy

]
.

(27)
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where

Fxx = (1 − 2x)(−ykcH − (1 − y)kcL + s),
Fyy = (1 − 2y)((kx − 1)(cH − cL) + Re + G2)− (1 − y)yG

Then, Table 6 is the stability analysis in this scenario.

Table 6. Stability analysis of both players.

Point Det(J) Tr(J)

(0, 0) (s − kcL)(G + Re − cH + cL) G + Re − cH + cL + s − kcL

(1, 0) (kcL − s)(G + Re − cH + cL + kcH − kcL) kcL − s + G + Re − (1 − k)(cH − cL)

(0, 1) −(s − kcH)(Re − cH + cL) −Re + cH − cL + s − kcH

(1, 1) (s − kcH)(Re − cH + cL + kcH − kcL) kcH − s − Re + (1 − k)(cH − cL)

(x3, y3) Det5 Tr5

where Det5 =
(G2 + Re − cH + cL)(G2 + Re − (1 − k)(cH − cL))(s − kcH)(s − kcL)

k2(cH − cL)2 , Tr5 =
G(s − kcH)(s − kcL)

k2(cH − cL)2 .

Proposition 4. In the government subsidizing farmers scenario, (x3, y3) is an asymptotically stable
equilibrium only if (1 − k)(cH − cL)− G2(y) < Re < cH − cL − G2(y) and kcL < s < kcH .

Proposition 4 shows that (x3, y3) can emerge as an efficient equilibrium. The subsidies
to farmers enlarge the region for approaching an efficient equilibrium state. A share x3 of
retailers provides assistance to farmers, and a share y3 of farmers engages in the production
of organic goods. Different from Proposition 2, Proposition 4 shows that higher subsidies
to farmers can lower the premium which retailers pay for organic products. This would
decrease retailers’ cost to source organic products. On the other hand, Proposition 4 shows
that the subsidies to farmers can also lower the requirements for the social responsibility
premium. However, this requirement is still higher than that in the government subsidizing
retailers. This insight is consistent with the findings of Azam and Shaheen [59], and reveals
that developing countries like India have to use various financial incentives to support
farmers in adopting organic farming.

Then, we conduct a sensitivity analysis for the asymptotically stable equilibrium
(x3, y3). We analyze the impact of the organic production cost cH , the percentage k of
production costs that retailers bear, and the maximum government subsidies G on both
retailers’ and farmers’ decisions.

Proposition 5. Through the sensitivity analysis of the asymptotically stable equilibrium (x3, y3),
we derive the following:

(i)
∂x3

∂cH
> 0 only if Re > G +

2G(s − kcH)

k(cH − cL)
,

∂x3

∂k
< 0,

∂x3

∂G
< 0.

(ii)
∂y3

∂cH
< 0,

∂y3

∂k
< 0,

∂y3

∂G
= 0.

Proposition 5 shows that a higher organic production cost would discourage farmers
from opting for the organic strategy. In this case, more retailers are willing to help farmers
when the premium Re for organic products is sufficiently high. If retailers bear a higher
percentage of the production cost for farmers, fewer retailers would choose to help farmers.
This results in fewer farmers producing organic products. Furthermore, when the subsidies
to farmers increase, fewer retailers choose to help farmers. This implies that the subsidies
to farmers can partly substitute retailers’ help to farmers.
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4. Simulation Analysis and Discussions

In this section, we utilize Matlab R2022a for numerical simulation to further illustrate
the findings. We will not only show the trends of retailers and farmers’ strategy selection in
different scenarios, but also observe how changes in parameters affect various players.

First, we analyze the simulation results without government subsidies. We set the
parameter values: s = 3, Re = 5, k = 0.5, cH = 16, and cL = 10, which satisfy Proposition 1
(i). As illustrated in Proposition 1 (i), Figure 1a shows that when the social responsibility
premium s is low, all retailers would not help farmers and all farmers would choose to
produce conventional products. We set the parameter values s = 6, Re = 5, k = 0.5,
cH = 16, and cL = 10 to depict the result of Proposition 1 (ii). As Figure 1b indicates, when
s is medium, dynamic system (1) has no asymptotically evolutionary stable point and the
graph presents a closed loop around the central point (x1, y1). Finally, in Figure 1c (we set
the parameter values: s = 9, Re = 5, k = 0.5, cH = 16, and cL = 10), the result is that all
retailers adopt the help strategy and all farmers adopt the organic strategy, which is illustrated
in Proposition 1 (iii).

(a) When s is low (s = 3) (b) When s is medium (s = 6)

(c) When s is high (s = 9)
Figure 1. Dynamic evolutionary process of the no government subsidy scenario (Re = 5, k = 0.5,
cH = 16, cL = 10).

Next, we present the result of the government subsidizing retailers scenario. We set
s = 5, Re = 5, k = 0.5, cH = 16, cL = 8, and G = 3. Figure 2a,b verify that when the s
is medium, the dynamic evolutionary process presents a spiral convergence and finally
goes to the asymptotically stable equilibrium (x2, y2). This result is consistent with the
conclusion of Proposition 2.

We set s = 4, Re = 5, k = 0.5, cL = 8, and G = 5 to illustrate the impact of cH on
retailers and farmers. Figure 3a suggests that as the cost of organic production rises, a
greater number of retailers offer support to farmers. Figure 3b shows that when the organic
production cost increases, fewer farmers produce organic products.
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Finally, we show the numerical simulation results of the government subsidizing
farmers scenario. Setting s = 5, Re =5, k = 0.5, cH = 16, cL = 8, and G = 3, we derive the
dynamic evolutionary process in Figure 4a, which presents a spiral convergence, and the
evolution of both populations in Figure 4b, which shows that dynamic system (3) eventually
approaches the asymptotically stable equilibrium (x3, y3). The above simulation results
verify Proposition 4.

(a) Dynamic evolutionary process (b) Evolution of two populations

Figure 2. Dynamic evolutionary results of government subsidizing retailers scenario (s = 5,
Re = 5, k = 0.5, cH = 16, cL = 8, G = 3).

(a) Evolution of retailers’ population (b) Evolution of farmers’ population

Figure 3. Evolution of farmers’ population under different k in government subsidizing retailers
scenario (s = 4, G = 5, Re = 5, k = 0.5, cL = 8).

(a) Dynamic evolutionary process (b) Evolution of two populations

Figure 4. Dynamic evolutionary results of the government subsidizing farmers scenario (s = 5, Re = 5,
k = 0.5, cH = 16, cL = 8, G = 3).

Then, we present the numerical simulation results of Proposition 5. Figure 5 presents
the impact of the organic production cost on the retailers’ decisions. When the organic
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premium is high, a higher organic production cost encourages more retailers to help
farmers.

Figure 6 shows that when the subsidies to farmers increase, the farmers’ decisions
are not affected, but more retailers are reluctant to help farmers, which is consistent with
Proposition 5.

Figure 5. Evolution of retailers’ population under different cH in the government subsidizing farmers
scenario (s = 7, Re = 5, k = 0.5, cL = 8, G = 5).

(a) Evolution of retailers’ population (b) Evolution of farmers’ population

Figure 6. Evolutionary results under different G in government subsidizing farmers scenario (s = 5,
Re = 5, k = 0.5, cH = 16, cL = 8).

5. Extension

In the extension, we integrate a crucial third entity, the government, whose influence
extends well beyond mere subsidy distribution, actively sculpting the interactions between
farmers and retailers. This expanded tripartite model investigates the complex interplay be-
tween farmers, retailers, and the government, aiming to illuminate the profound impact of
governmental policies on the environmental sustainability and economic health of organic
agriculture. By advancing this framework, we seek to clarify the wide-reaching effects of
governmental actions, deepening our insight into its essential role in promoting sustainable
practices within the organic farming sector. In light of the analogous implementation
processes between government subsidies for retailers and those for farmers, we solely focus
on elucidating the implementation and analysis of the former in the extension.

We will delve further into the government subsidizing retailers scenario, where the
government provides subsidies to retailers that help farmers. The model’s setup for retailers
and farmers remains as detailed in the main text. We denote z (z ∈ [0, 1]) as the probability
of the government opting for a subsidizing strategy, with 1 − z reflecting the likelihood of
a non-subsidizing strategy. The cost of the subsidy for the government is denoted by Gg.
Should farmers choose an organic approach, the government realizes environmental bene-
fits denoted by eg1 for the subsidizing and eg2 for the non-subsidizing strategy. We assume
that eg1 > eg2, indicating greater government environmental benefits under the subsidizing
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strategy. Non-subsidizing policies lead to a cost cg for the government, attributed to a
reduction in the credibility. The subsidy amount allocated to the retailer, which reflects the
cost of the subsidy from the government’s perspective, can be formulated as Gg = G1(x)
with G1(x) = G(1 − x), which is also consistent with the main body. Table 7 is the payoffs
matrix of this scenario.

Table 7. Payoffs matrix of the government subsidizing retailers scenario.

Farmers Governments

Subsidizing Non-Subsidizing

Retailers Help Organic π f 1s = R f + Re π f 1ns = R f + Re
−(1 − k)cH ; −(1 − k)cH ;

πr1s = Rr + s + q πr1ns = Rr + s + q
−kcH + G(1 − x); −kcH ;

πg1s = eg1 − G(1 − x) πg1ns = eg2 − cg
Conventional π f 2s = R f − (1 − k)cL π f 2ns = R f − (1 − k)cL

πr2s = Rr + s πr2ns = Rr + s − kcL;
−kcL + G(1 − x);

πg2s = −G(1 − x) πg2ns = −cg
Non-help Organic π f 3s = R f + Re − cH ; π f 3ns = R f + Re − cH ;

πr3s = Rr + q; πr3ns = Rr + q;
πg3s = eg1 πg3ns = eg2 − cg

Conventional π f 4s = R f − cL; π f 4ns = R f − cL;
πr4s = Rr; πr4ns = Rr;
πg4s = 0 πg4ns = −cg

The retailers’ expected payoffs under the help strategy are

πH
r = y(zπr1s + (1 − z)πr1ns) + (1 − y)(zπr2s + (1 − z)πr2ns)

= y(q − kcH)− (1 − y)kcL + Rr + s + zG(1 − x).
(28)

The retailers’ expected payoffs under the non-help strategy are

πNH
r = y(zπr3s + (1 − z)πr3ns) + (1 − y)(zπr4s + (1 − z)πr4ns) = yq + Rr. (29)

Based on Equations (28) and (29), the retailers’ overall expected payoffs are

π̄r = xπH
r + (1 − x)πNH

r . (30)

Then, the replicator dynamic equation of the retailers is as follows:

F(x) =
dx
dt

= x(πH
r − π̄r) = x(1 − x)(πH

r − πNH
r )

= x(1 − x)(−ykcH − (1 − y)kcL + s + zG(1 − x)).
(31)

The farmers’ expected payoffs under the organic strategy are

πO
f = (kx − 1)cH + Re + R f . (32)

The farmers’ expected payoffs under the conventional strategy are

πC
f = (kx − 1)cL + R f . (33)

Then, based on Equations (32) and (33), the farmers’ overall expected payoffs are

π̄ f = yπO
f + (1 − y)πC

f . (34)
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The replicator dynamic equation of the farmers is as follows:

F(y) =
dy
dt

= y(πO
f − π̄ f ) = y(1 − y)(πO

f − πC
f )

= y(1 − y)((kx − 1)(cH − cL) + Re).
(35)

The governments’ expected payoffs under the subsidizing strategy are

πS
g = yeg1 − xG(1 − x). (36)

The governments’ expected payoffs under the non-subsidizing strategy are

πNS
g = yeg2 − cg. (37)

Then, based on Equations (36) and (37), the governments’ overall expected payoffs are

π̄g = zπS
g + (1 − z)πNS

g . (38)

The replicator dynamic equation of the governments is as follows:

F(z) =
dz
dt

= z(πS
g − π̄g) = z(1 − z)(πS

g − πNS
g )

= z(1 − z)(y(eg1 − eg2) + cg − xG(1 − x)).
(39)

We obtain replicator dynamic system (4) by combining Equations (31), (35), and (39).
Let F(x) = 0, F(y) = 0, and F(z) = 0, and we derive the following equilibria:

(x4, y4, z4), (x1, y1, 0), (x2, y2, 1), ( cg
G1(x) , 0, −s+kcL

G1(x) ), (
cg+eg1−eg2

G1(x) , 1, −s+kcH
G1(x) ),

(0, 0, 0), (1, 0, 0), (0, 1, 0), (1, 1, 0), (0, 0, 1), (1, 0, 1), (0, 1, 1), (1, 1, 1)

where

x4 = cH−cL−Re
k(cH−cL)

, y4 =
−kcg(cH−cL)+(cH−cL−Re)G1(x)

k(cH−cL)(eg1−eg2)
,

z4 =
−kcg(cH−cL)−(s−kcL)(eg1−eg2)+(cH−cL−Re)G1(x)

(eg1−eg2)G1(x)
0 < x4, y4, z4 < 1

To maintain alignment with the text and to ensure that the support from retailers
effectively promotes organic production among farmers, we assume Re > (1 − k)(cH − cL)
and Re < cH − cL. Using the Jacobian matrix to analyze the stability of the system’s dynamic
equilibria, we can obtain the system’s Jacobian matrix in the government subsidizing
retailers scenario:

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


=

 Fxx −(1 − x)xk(cH − cL) (1 − x)xG1
(1 − y)yk(cH − cL) Fyy 0
(1 − z)z(xG − G1) (1 − z)z(eg1 − eg2) Fzz

.

(40)

where

Fxx = (1 − 2x)(−ykcH − (1 − y)kcL + s + zG1)− (1 − x)xzG,
Fyy = (1 − 2y)((kx − 1)(cH − cL) + Re),
Fzz = (1 − 2z)(cg + y(eg1 − eg2)− xG1)

Table 8 is the stability analysis in this scenario.
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Table 8. Stability analysis of both players.

Point Det(J) Tr(J)

(0, 0, 0) cg(s − kcL)(Re − cH + cL) Re − cH + cL + cg + s − kcL

(1, 0, 0) −cg(s − kcL)(Re − cH + cL + kcH − kcL) cg − s + kcL + Re − (1 − k)(cH − cL)

(0, 1, 0) −(s − kcH)(Re − cH + cL)(cg + eg1 − eg2) −Re + cH − cL + s − kcH + cg + eg1 − eg2

(1, 1, 0) (s − kcH)(Re − cH + cL + kcH − kcL)(cg + eg1 − eg2) kcH − s − Re + (1 − k)(cH − cL) + cg + eg1 − eg2

(0, 0, 1) −cg(G + s − kcL)(Re − cH + cL) G + Re − cH + cL − cg + s − kcL

(1, 0, 1) cg(s − kcL)(Re − cH + cL + kcH − kcL) −cg − s + kcL + Re − (1 − k)(cH − cL)

(0, 1, 1) (G + s − kcH)(Re − cH + cL)(cg + eg1 − eg2) G − Re + cH − cL + s − kcH − cg − eg1 + eg2

(1, 1, 1) −(s − kcH)(Re − cH + cL + kcH − kcL)(cg + eg1 − eg2) kcH − s − Re + (1 − k)(cH − cL)− cg − eg1 + eg2

(x1, y1, 0) Det1 Tr1

(x2, y2, 1) Det2 Tr2

( cg
G1(x) , 0, −s+kcL

G1(x) ) Det3 Tr3

(
cg+eg1−eg2

G1(x) , 1, −s+kcH
G1(x) ) Det4 Tr4

(x4, y4, z4) Det5 Tr5

where Det1 =
(Re − cH + cL)(Re − (1− k)(cH − cL))(s − kcH)(s − kcL)((kcg − G1)(cH − cL) + (s − kcL)(eg1 − eg2))

k3(cH − cL)3 ,

Tr1 =
(kcg − G1)(cH − cL) + (s − kcL)(eg1 − eg2) + ReG1

k(cH − cL)
,

Det2 =
(Re −cH +cL)(Re −(1−k)(cH −cL))(G1+s−kcH)(G1+s−kcL)(−(cH −cL)(kcg −G1)−(G1+s−kcL)(eg1−eg2)−ReG1)

k3(cH −cL)3
,

Tr2 = ((G − Gk + k(G1 − kcg))(c2
H + c2

L)− (kcL)
2(eg1 − eg2) + GR2

e + cL(G(2 − k)Re + G1kRe + k(G1 + s)(eg1 −
eg2)), +cH(2GcL(k − 1)− 2kcL(G1 − kcg) + Re(G(k − 2)− G1k) + k(2kCL − G1 − s)(eg1 − eg2)))/(k2(cH − cL)

2),

Det3 =
cg(cg − G1)(cgG − G2

1)(ReG1 − (cH − cL)(G1 − kcg))(kcL − s)(s − kcL + G1)

G5
1

,

Tr3 = (cH − cL)(−1 +
kcg

G1
) + Re +

cgG(cg − G1)(kcL − s)
G3

1
,

Det4 =−
(cg+eg1−eg2)(cg+eg1−eg2−G1)((cg+eg1−eg2)G−G2

1)(ReG1−(cH −cL)(G1−k(cg+eg1−eg2)))(kcH −s)(s−kcH +G1)

G5
1

,

Tr4 =
(cH − cL)(G1 − k(cg + eg1 − eg2))

G1
− Re +

(cg + eg1 − eg2)G(cg + eg1 − eg2 − G1)(kcH − s)
G3

1
,

Det5 = ((Re − cH + cL)(Re − (1 − k)(cH − cL))(ReG1 − (cH − cL)(G1 − kcg))(ReG1 − (cH −
cL)(G1 − k(cg + eg1 − eg2)))((cH − cL)(kcg − G1), +(s − kcL)(eg1 − eg2) + ReG1)(−(cH −
cL)(kcg − G1) − (G1 + s − kcL)(eg1 − eg2) − ReG1))/((k(cH − cL)(eg1 − eg2))

3G1), Tr5 =
−G(Re − cH + cL)(Re − (1 − k)(cH − cL))((kcg − G1)(cH − cL) + (s − kcL)(eg1 − eg2) + ReG1)

k2(cH − cL)2(eg1 − eg2)G1
.

Proposition 6. When governments get involved in the game and need to decide whether to subsidize
retailers, we derive the following:

(i) (x1, y1, 0) is not the possible asymptotically stable equilibrium, this point is equivalent to point
(x1, y1) in the no government subsidy scenario of this paper’s main body, and the conclusion
is also consistent.

(ii) (x2, y2, 1) is equivalent to point (x2, y2) in the government subsidizing retailers scenario of this
paper’s main body, and it is an asymptotically stable equilibrium only when kcL − G1 < s <
kcH − G1 and ∆eg2 < eg1 − eg2 < ∆eg1.

(iii) (x4, y4, z4) is an asymptotically stable equilibrium only when ∆s2 < s < ∆s1 and ∆cg2 <
cg < ∆cg1,

where

∆eg1 = −
(cH − cL)(kcg − G1) + ReG1

G1 + s − kcL
,

∆eg2 = −
(cH − cL)

2(G(k − 1) + k2cg − kG1)− (cH − cL)(G(k − 2)− kG1)Re − GR2
e

k(cH − cL)(G1 + s − kcL)
,

∆s1 =
cL(keg1−keg2−G1)+G1(cH−Re)+kcg(cL−cH)

eg1−eg2
,

∆s2 =
G1(cH−eg1+eg2−Re)+cL(keg1−keg2−G1)+kcg(cL−cH)

eg1−eg2
,
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∆cg1 = G1(cH−cL−Re)
k(cH−cL)

,

∆cg2 = G1(cH−cL−Re)
k(cH−cL)

− eg1 + eg2.

Proposition 6 articulates the nuanced role of government subsidies in fostering organic
agriculture, emphasizing that without subsidies, a stable equilibrium supporting organic
practices among retailers and farmers is difficult to achieve. It identifies specific condi-
tions under which government subsidies can achieve a stable equilibrium, highlighting
the need for subsidies to be finely tuned to bridge the cost gap between low and high
organic production levels. Moreover, it states that equilibrium stability depends on the
additional environmental benefits for organic agriculture that the government can obtain
by subsidizing retailer (eg1 − eg2) and social responsibility premiums (s), alongside the
credibility reduction costs to the government (cg). This analysis underscores the importance
of strategic government intervention through subsidies to promote organic agriculture,
suggesting that well-designed subsidy programs are crucial for creating an ecosystem
where organic practices are sustainable. By establishing the criteria for effective subsidies,
Proposition 6 offers valuable insights for policy-makers on how to balance economic incen-
tives with environmental benefits, indicating that targeted government support is vital for
the successful transition toward more sustainable agricultural practices.

Then, we conduct a sensitivity analysis for the asymptotically stable equilibrium
(x4, y4, y4). Proposition 7 analyzes the impact of the organic production cost cH , the
percentage k of production costs that retailers bear, and the maximum government subsidies
G on the retailers’, farmers’, and governments’ decisions.

Proposition 7. Through the sensitivity analysis of the asymptotically stable equilibrium
(x4, y4, y4), we derive the following:

(i)
∂x4

∂cH
> 0,

∂x4

∂k
< 0,

∂x4

∂G
= 0.

(ii)
∂y4

∂cH
> 0 and

∂y4

∂k
< 0 only if Re >

(
1 − k

2

)
(cH − cL),

∂y4

∂G
> 0.

(iii)
∂z4

∂cH
> 0 only if Re >

(cH−cL)(k2cg+G(1−k))
G ,

∂z4

∂k
> 0 only if cg((k − 2)(cH − cL) + 2Re) <

(eg1−eg2)((cH−cL)((k−2)kcL+s)−Re(s−2kcL))

k(cH−cL)
,

∂z4

∂G
> 0 only if cg >

(eg1−eg2)(kcL−s)
k(cH−cL)

.

The detailed insights from Proposition 7 emphasize the intricate effects of organic pro-
duction costs, retailer cost-sharing, and government subsidies on the adoption of organic
agriculture. It demonstrates that higher organic production costs, mitigated by market
premiums, can incentivize both retailers and farmers toward organic practices given the
economic benefits. The analysis also shows that decreasing the cost burden on retailers
enhances their support for organic farming, suggesting a need for policies that redistribute
costs more fairly. Crucially, government subsidies are highlighted as key to lowering barri-
ers to organic farming, supporting sustainability, and public health goals. This multifaceted
approach, involving strategic policy interventions and market adjustments, is crucial for
promoting organic agriculture. It underscores the necessity of economic incentives, eq-
uitable cost distribution, and supportive government policies in creating a conducive
environment for organic farming, thereby contributing to environmental sustainability and
a healthier food system in a holistic manner.

6. Discussion

The benefits of organic farming are significant, offering environmental, health, and
social advantages by avoiding synthetic pesticides and fertilizers, which promotes biodiver-
sity, soil health, and reduces pollution. However, farmers engaging in organic agriculture
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frequently face financial challenges due to the inherently higher costs associated with this
farming method. These costs stem from the need for organic inputs, such as seeds and
natural pest control methods, adopting new techniques and potential yield reductions and
more labor-intensive practices required to adhere to organic standards. To mitigate these
challenges, subsidies for organic farming are essential to help farmers sustainably manage
and grow their organic operations [60]. The EU’s Common Agricultural Policy (CAP)
has provided financial support for the adoption of organic farming, which has provided
a clear incentive for the increase in land cultivated organically with the most supported
crops [19]. In India, through the PKVY and MOVCDNER schemes, farmers receive financial
aid of about INR 30,000 per hectare over three years for organic inputs, including seeds,
bio-fertilizers, bio-pesticides, organic manure, compost/vermi-compost, and botanical
extracts [16]. The provincial government of Bali, Indonesia, has introduced subsidies for
organic fertilizers, starting with an annual fund of EUR 69.7 million, which is anticipated to
increase annually to lower the costs of organic farming for farmers [17]. According to the
simulation results presented in this article, government subsidies to farmers can promote
the development of organic agriculture. This effect is manifested in two main aspects:
On one hand, retailers usually require a higher premium for organic products, which can
only then incentivize farmers to cultivate organic crops. Government subsidies to farmers
help reduce the need for such a price premium for organic products. On the other hand,
government subsidies also lower the requirement for social responsibility.

Most scholars have focused on the significance of subsidies for organic agriculture
development primarily from the perspectives of government subsidies to farmers or con-
sumers. However, in practice, governments can also promote the development of organic
agriculture through subsidies to retailers. For example, the EU’s Common Agricultural
Policy supported the growth of organic production, including investments for retailers in
aid of the marketing and promotion of organic products [19]. The Canadian Agricultural
Partnership laid a strong foundation to subsidize food processors to seize market oppor-
tunities [18]. According to the simulation results in this article, government subsidies to
retailers can foster the development of organic agriculture. When governments subsidize
retailers, it becomes easier for retailers to assist farmers. For instance, the German discount
store PENNY supports farmers through the “Naturgut Junior-Helden" program, helping
them sell products during the transition from conventional to organic farming, thus easing
the transition period [61]. In Canada, two retailers, Nature’s Path and Riverside Natural
Foods, offer funding and support to organic oat growers during the organic certification
process [61]. Similarly, the American company Giant provides consulting and training for
farms looking to transition to organic farming [62].

7. Conclusions

How to develop organic agriculture has increasingly attracted attention from govern-
ments and academia. In this study, we formulate evolutionary game models to examine the
government’s implementation of subsidy strategies aimed at fostering the growth of the
organic product market. We consider three different scenarios: no government subsidy, the
government subsidizing retailers, and the government subsidizing farmers. In these scenar-
ios, farmers make the decision of producing organic or conventional products, and retailers
determine whether to provide assistance to farmers. Drawing from our investigation, we
offer the following conclusions:

• If the government does not subsidize retailers and farmers, the organic market is likely
to be ineffective. The production cost of organic products is high, so when the social
responsibility premium is low and there is no subsidy available, farmers are likely to
produce conventional products. The system can converge to an efficient outcome only
under the extreme condition (the social responsibility premium is sufficiently high),
which is difficult to achieve in reality.

• Government subsidies to retailers could promote the development of an organic
product market by lowering the requirement for social responsibility. Government
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subsidies to retailers and the social responsibility premium can both compensate
retailers for helping farmers. Thus, when the government subsidizes retailers, it could
lower the requirement of social responsibility. This allows the organic market to avoid
the inefficient outcome without subsidies when the social responsibility premium
is medium.

• Government subsidies to farmers could promote the development of an organic
product market by lowering the requirement for social responsibility and the premium
that retailers offer. Different from government subsidies to retailers, government
subsidies to farmers lower the requirement for the premium retailers offer. This is
because subsidies to farmers are a substitute for the premium from retailers. Although
subsidies to farmers lower the requirement for social responsibility, it is still higher
than that under government subsidies to retailers.

• Increasing subsidies to retailers and farmers have different effects. If the government
increases subsidies to retailers, the lower the premium requirement will be, and
more farmers will produce organic products. If the government increases subsidies
to farmers, the lower the premium requirement will be, and more retailers do not
help farmers.

Our paper proposes the following insights for the government. If the government
wants to develop organic agriculture without subsidies, it should enhance the consumers’
social responsibility. Otherwise, the government’s best choice is to offer subsidies. Whether
the government subsidizes retailers or farmers, it can promote the development of organic
agriculture. However, subsidizing retailers and farmers has different effects. If the con-
sumers’ social responsibility is sufficiently low or the government wants to encourage more
farmers to produce organic products, the government’s best choice is to subsidize retailers.
If the social responsibility premium is medium and the government wants to reduce the
burden of retailers, the government’s best choice is to subsidize farmers.

In conclusion, reflecting upon the theoretical underpinnings of our evolutionary game
model and its implications for the agricultural sector, it becomes evident that the insights
derived from our analysis hold substantial potential for informing policy-making and prac-
tical decision-making. We reveal that targeted government subsidies to either farmers or
retailers, based on our evolutionary game theory model, can significantly enhance the adop-
tion of organic farming practices. Our propositions highlight the importance of considering
the specific dynamics between farmers’ costs and retailers’ incentives for organic products.
To operationalize our findings, we recommend that future policy development efforts
consider the model’s predictions regarding the optimal distribution of subsidies between
farmers and retailers. This approach can ensure that subsidy allocations are strategically
targeted to maximize the uptake of organic practices, balancing environmental benefits
with economic viability. Moreover, our analysis underscores the importance of adapting
subsidy policies to the specificities of the agricultural ecosystem, including the varying
levels of social responsibility and the economic pressures faced by farmers and retailers. By
aligning policy initiatives with the insights provided by our model, decision-makers can
more effectively promote sustainable agriculture, contributing to the broader objectives
of environmental conservation and food security. Thus, our research offers a concrete,
evidence-based pathway for policy development, suggesting that a nuanced understand-
ing of the agricultural ecosystem is essential for fostering the growth of organic farming
through well-informed subsidy strategies.

This paper presents several limitations. First, we assume that farmers produce organic
products honestly and do not consider the potential for fraudulent behavior driven by sig-
nificant economic incentives. This assumption ignores instances where farmers, motivated
by higher profits, might falsely label conventional products as organic. An illustrative case
occurred in the United States, where five farmers were incarcerated for selling conventional
corn and soybeans as organic items. Second, our analysis is confined to the roles of the
government, farmers, and retailers, neglecting the potential impact of other stakeholders in
the organic product supply chain. Finally, the focus is solely on the government’s subsidy
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policies for organic agriculture, without consideration of punitive measures for pollution
from traditional agriculture. In countries like China and Germany, punitive measures have
been implemented against practices, such as straw burning in fields, the arbitrary discharge
of animal manure, and the landfill treatment of agricultural plastic films.
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