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Abstract: To enhance product greenness and operational performance, this study designs
a Nash bargaining contract incorporating consumer environmental awareness in an agri-
cultural supply chain consisting of one manufacturer and one retailer. The manufacturer
invests in green technologies and the retailer shares partial green costs to improve green-
ness and efficiency. Using game theory, theoretical models for competitive scenario without
Nash bargaining, local cooperative scenario with given ratio, and global cooperative sce-
nario with Nash bargaining are constructed. Through comparison and sensitivity analysis,
the enhancements from Nash bargaining are explored, and the effects of consumer envi-
ronmental awareness on these enhancements are examined. The findings reveal several
key insights. First, the process of bargaining determines the optimal contract ratio, which
also depends on the magnitude of price sensitivity, marginal green costs, and consumer
environmental awareness. Second, the Nash bargaining contract significantly improves
product greenness, increases retail prices, and boosts profits for both the manufacturer and
the retailer. Finally, consumer environmental awareness amplifies the effectiveness of the
Nash bargaining contract, leading to greener products, higher prices, and greater overall
supply chain profits. This research contributes to agricultural supply chain management
by providing a theoretically rigorous Nash bargaining mechanism alongside a real-world
case study, which harmonizes environmental stewardship and economic viability in agri-
cultural supply chains. The findings offer actionable insights for supply chain managers
and policymakers seeking to promote green innovation while maintaining profitability.

Keywords: agricultural supply chains; consumer environmental awareness; Nash bargaining
contract; product greenness

1. Introduction
Agricultural supply chains are key enablers of food security, rural development, and

sustainable agriculture because they orchestrate the movement of agricultural products
from farms to consumers. However, they have become the most significant greenhouse
gas emitting sector, generating nearly one-quarter of the overall greenhouse gas emissions.
To support the United Nations 2030 Agenda for Sustainable Development; that is, to
control pollutant emissions, agricultural supply chains should improve greenness by
substituting chemical substances such as fertilizers and additives with decomposable and
recyclable materials in producing, distributing, and selling agricultural products. As a large

Systems 2025, 13, 337 https://doi.org/10.3390/systems13050337

https://doi.org/10.3390/systems13050337
https://doi.org/10.3390/systems13050337
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/systems
https://www.mdpi.com
https://orcid.org/0000-0003-1251-0545
https://doi.org/10.3390/systems13050337
https://www.mdpi.com/article/10.3390/systems13050337?type=check_update&version=2


Systems 2025, 13, 337 2 of 26

agricultural country, China proposed the green transformation strategy of development
mode at the 20th National Congress of the Communist Party of China and introduced the
Comprehensive Revitalization of Rural Areas in January 2025. Green agricultural supply
chains, conducive to low carbon, high quality, and safety [1,2], are essential components of
national strategies for rural revitalization and green transformation in China [3].

At the consumer level, environmental awareness has been spreading widely and
rapidly. Evidence from 39 countries shows that environmental awareness results in more
eco-friendly actions [4]. For example, consumers want to buy green furniture [5] and
electric vehicles [6,7], which emit less pollution. Consumer environmental awareness is
especially strong in agricultural supply chains, as consumers are concerned about greener
agricultural products in daily meals. As governments are increasingly emphasizing con-
sumer requirement satisfaction in national strategies, it is important to enhance product
greenness and the operational performance of agricultural supply chains under consumer
environmental awareness.

Investing in eco-friendly technologies is the basic requirement of enhancing product
greenness [8]. If the upstream manufacturer burdens all the green costs, he will not carry
out enough green investments because of the intrinsic double marginalization. When the
downstream retailer proactively shares a portion of the green costs, more investments in
eco-friendly technologies will be carried out and the product greenness will be enhanced
to a higher level [9]. There is a conflict over the contract ratio. The manufacturer prefers
that the retailer covers most of the green investment, whereas the retailer wants a smaller
proportion [10]. They have to bargain on the specific contract ratio [11]. In view of
agricultural supply chains, this paper designs the optimal green cost-sharing contract with
Nash bargaining to enhance agricultural product greenness and supply chain performance.

While the previous literature has proposed similar solutions, there are three overlooked
limitations. First, the previous literature omitted consumer environmental awareness.
Existing contracts such as cost-sharing contract [12], benefit-sharing contract [13], and smart
contract [14] do not incorporate consumer environmental awareness which incentivize
consumers to pay more for green products. Second, the previous literature gave little
attention to the process of bargaining on contract parameters. The cost-sharing ratios are
often treated as given in the way of local equilibria [15,16], and the question of who and how
the contract ratios are determined has rarely been examined. Third, the previous literature
lacks real-life data from case studies. Numerical analysis such as in [11,17] is widely
adopted, but it is insufficient to validate the analytical results of the game theoretical model.

This paper addresses these three limitations of existing research by incorporating
widespread consumer environmental awareness and designing a Nash bargaining contract
to enhance the greenness and performance of agricultural supply chains. It aims to answer
the following important questions.

(1) What is the optimal Nash bargaining contract that incorporates the process of negoti-
ating on green cost-sharing ratios within agricultural supply chains?

(2) How does the Nash bargaining contract impact the greenness and performance of
agricultural supply chains?

(3) How does consumer environmental awareness change the impact of the Nash bar-
gaining contract?

To characterize and answer those three questions, this paper develops a game theory
model around a supply chain that includes a manufacturer investing in eco-friendly tech-
nologies to improve agricultural product greenness, and a retailer sharing part of the green
costs to promote green investments. However, there is a conflict over the sharing ratio.
The manufacturer hopes the retailer will bear most of the investment, while the retailer
prefers to contribute minimally. To answer the first question, this paper adopts the way
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of global equilibria, explores and attains the specific negotiated green cost-sharing ratio,
which actually determines the optimal bargaining contract. To answer the second question,
this paper compares the greenness and performance levels with and without the Nash
bargaining contract. To answer the third question, this paper conducts a sensitivity analysis
to describe how the impact of the Nash bargaining contract changes with the strength of
consumer environmental awareness. The main contributions in this study are concluded
as follows.

First, it offers a globally optimal green cost-sharing contract incorporating consumer
environmental awareness. By adopting Nash bargaining theory, the specific negotiated
green cost-sharing ratio is obtained, which expands the common local equilibria in the pre-
vious literature to global equilibria. By incorporating consumer environmental awareness,
the interaction between external contract incentive and internal intrinsic willingness to pay
for green products is examined.

Second, it systematically analyzes the dual impacts of bargaining on both product
greenness and supply chain performance. Through a comparative analysis between sce-
narios with and without bargaining, this study reveals the dynamic relationship between
negotiation outcomes and supply chain efficiency, which was previously unaddressed due
to the absence of bargaining assumptions in the prior literature.

Third, it conducts a comprehensive sensitivity analysis on consumer environmental
awareness initiatively, manifesting how this internal factor moderates the contract’s effec-
tiveness. By examining the interaction between external contract parameters and internal
behavioral preferences, this study extends existing research which primarily focused on a
single factor.

Fourth, it constructs a validation with a real-life case study. Using real-world data
from Guizhou Province’s green hot pepper supply chain, the case study validates the
model’s practicality by demonstrating how the proposed bargaining mechanism enhances
greenness and performance in actual agricultural supply chain management, providing
valuable insights for industry practitioners.

The remainder of this paper is as follows. Section 2 provides a literature review, and
Section 3 describes the target problem. Section 4 constructs and solves models in the
competitive scenario without the Nash bargaining contract, the local cooperative scenario
with ratio-given contract, and the global cooperative scenario with the Nash bargaining
contract. Section 5 discusses the impact of the Nash bargaining and its sensitivity to
consumer environmental awareness. Section 6 concludes.

2. Literature Review
Previous related research focused on three main directions: consumer environmental

awareness (CEA) in supply chains, greenness-improving supply chain contracts with CEA,
and greenness-improving contracts for agricultural supply chains.

2.1. Consumer Environmental Awareness (CEA) in Supply Chains

The influence of consumer environmental awareness (CEA) has been growing rapidly.
A study of 39 countries concluded that CEA leads to pro-environmental behaviors [4].
For example, environmentally conscious consumers are more willing to pay for green
furniture [5], second-hand clothes [18], and electric vehicles [6,7]. CEA has been extensively
discussed in general supply chains from the following two perspectives.

On the one hand, it has been proven that CEA promotes product greenness and im-
proves the overall performance of supply chains. For example, in supply chains with two
competing substitutable non-green products and green products, CEA raises the num-
ber of orders for eco-friendly products and the retailer’s profit [19]. It also increases the
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profitability of environmentally friendly manufacturers under low competition intensity
and decreases under highly intensive competition [20,21]. Similar to green subsidies, CEA
promotes green products but may result in more profits for manufacturers even if they
face more fierce competition, which is different from subsidies [22,23]. In dual-channel
supply chains with green and regular products, CEA is advantageous in developing green
products but disadvantageous in producing regular products [24]. In sustainable supply
chains with manufacturers competing in an uncertain market, CEA improves product
greenness and manufacturers’ profits [21]. In platform supply chains, CEA positively
influences product greenness and simultaneously increases the profits of the manufacturer,
platform, and retailer [25]. A consumer environmental mindset, which covers CEA and ex-
pectation of greenness, raises product greenness and profits of supply chains in sustainable
development [26].

On the other hand, studies of the influences of CEA on environmental quality found
that CEA promotes supply chain emission reduction and energy efficiency. In supply
chains with carbon emission caps, CEA pushes carbon emission reduction directly and
indirectly, expanding governmental subsidy policies’ positive effects on carbon emission
reduction [27,28]. In supply chains with retailer fairness concerns, CEA raises the en-
vironmental quality of supply chains, which interacts positively with retailer’s fairness
concerns in case of favorable disutility [29,30]. In energy-saving supply chains with energy-
intensive manufacturers and energy service companies, CEA simultaneously improves
energy efficiency and profits of the manufacturer and the energy service company [31,32].
In a green supply chain with regulatory pressure and retailer responsibility, CEA can
effectively curb pollution, complementing and expanding the environmental pressure
of governmental regulation [33,34]. In e-commerce supply chains, CEA strengthens the
manufacturer’s preference for collaborators’ selling habits and improves operational energy
efficiency [23,35].

2.2. Greenness-Improving Supply Chain Contracts with CEA

Supply chain contracts aimed at improving greenness have been widely studied to
address the market demand for consumer environmental awareness, and they can be
classified into two sub-groups: individual contracts and hybrid contracts.

First, a group of researchers have focused on various individual supply chain con-
tracts, such as revenue-sharing, cost-sharing, and cross-shareholding contracts. Both
revenue-sharing contracts and cost-sharing contracts incentivize carbon emission reduction
and coordinate marine green fuel supply chains [16]. The profit-sharing contracts can,
but the cost-sharing contracts cannot coordinate green dual-channel supply chains [17].
Revenue-sharing contracts can realize the Pareto improvement of members in competitive
dual-channel supply chains [36], and promote green investment interacting with fairness
concerns [30]. Cost-sharing contracts urge technological innovation of green intelligent
home appliance supply chain [37], improve the greenness and overall supply chain prof-
its [11], and enhance carbon emission reduction in green supply chains [13]. CEA can
amplify the improvement from cost-sharing contracts [38]. Two-part tariff contracts can
screen the asymmetric information of green investment cost in retailer-dominated supply
chains [8] and reach the coordinated level of centralized decision-making for prefabri-
cated construction supply chains [39]. Three-echelon manufacturer–transporter–retailer
supply chains are another example where CEA supports carbon tax policy in enabling
cross-shareholding contracts to achieve coordination and cooperation in carbon emission
reduction and pricing decisions [40]. Agency contracts motivate a higher technological
level than resale contracts do in green supply chains [41].
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Second, relatively little research currently focuses on hybrid supply chain contracts
that combine the aforementioned independent contracts. For example, hybrid green costs
and revenue-sharing contracts in green supply chains can enhance green innovation and
thus product greenness [42], reduce the retail price, expand market demand, promote
operational sustainability, achieve coordination [43], and provide individual members with
more profits than their decentralized profits [44]. Furthermore, combining consignment
and zero wholesale price contracts in supply chains with customized cap-and-trade and
CEA can improve efficiency, promote carbon emission reduction, and enhance operational
sustainability [28].

However, most of the above literature examined greenness-improving supply chain
contracts through the lens of local equilibria, which treat contract ratios as given parameters
and thus fail to address the question of who determines the contract ratios and how they
are established. Only a few studies, such as [11,30], explored the process through which
the upstream and downstream entities bargained over contract ratios, ultimately reaching
negotiated terms and thereby achieving global equilibria.

2.3. Greenness-Improving Contracts for Agricultural Supply Chains

Existing work mainly studied three types of contracts for agricultural supply chains to
improve greenness: revenue-sharing, cost-sharing, and flexible contracts.

First, revenue-sharing contracts. In fresh agricultural product supply chains consid-
ering spatial-temporal costs, profit-sharing contracts based on the principal-agent theory
elevate freshness and operational efficiency [45]. Similarly, in green agricultural supply
chains with the uncertainty of output and demand, profit-sharing contracts lead to optimal
product greenness and coordination [15]. In low-carbon agricultural supply chains with
product traceability, a profit-distribution mechanism adopting improved Raiffa value is
conducive to improving sustainable development [1]. Ref. [46] designed a profit-sharing
contract to raise the freshness and greenness of agricultural product supply chains under
community group purchasing, but only reached the local equilibria where the profit-sharing
ratio and freshness preservation efforts were exogenous variables. The combination of
freshness preservation cost-sharing and revenue-sharing contracts enhances efficiency of
fresh mixed dual-channel supply chains [47].

Second, cost-sharing contracts. Green investment cost-sharing contracts strengthen the
efforts in agricultural product greenness and improve individual and overall profitability,
particularly in two-echelon agricultural product supply chains with freshness and greenness
concerns [48]. In the supply chain of fresh agricultural products with two-period prices,
cost-sharing contracts can raise the greenness and selling quantity through complete
coordination [49]. In three-tier fresh agricultural product supply chains, freshness-keeping
cost-sharing contracts motivate freshness-keeping efforts and realize individual and system-
wide profit improvements [12]. In fresh agricultural product supply chains, cost-sharing
contracts can promote the freshness of agricultural products, and increase sales [50].

Third, flexible contracts. For example, a smart contract based on blockchain technology
can raise credibility and traceability by recording the data flow of agricultural supply chains
automatically and thereby improve product greenness [14,51]. Moreover, option contracts
can decrease retail prices while increasing the order quantity for green agricultural products
and improving the overall profits of agricultural supply chains [52]. Similarly, the minimum
commitment supply contract can coordinate the community group buying fresh food supply
chain and enhance the green efforts [53]. Specifically, scan-based-trading agreements can
achieve food waste reduction and coordination in perishable product supply chains [54].
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However, CEA has rarely been incorporated into greenness-improving contracts
for agricultural supply chains. This is inconsistent with the fact that CEA incentivizes
consumers to purchase green organic foods [55] and prompts farmers to conserve land
towards sustainable agriculture [56].

2.4. Research Gap

In summary, the extant literature has widely recognized the importance of consumer
environmental awareness in supply chains and explored the greenness-improving contracts
for both general supply chains and agricultural supply chains. However, there are three-
fold gaps as follows. To highlight the contribution of this paper, the main differences
between this paper and previous typical highly related literature are listed in Table 1.

Table 1. Main differences between this paper and previous typical highly related literature.

Literature CEA Nash
Bargaining

Greenness
Improving

Agricultural
Product

[7,32]
√

[8,38]
√ √

[11,30]
√ √ √

[15,54]
√ √ √

This paper
√ √ √ √

First, there is little research on the bargaining over contract ratios. Although existing
work introduced diverse contracts to improve product greenness, they overlooked the
process of bargaining on consistent contract parameters. The contract ratios were assumed
to be given, and hereby the results belonged to local equilibria.

Second, there is little research on the interaction of consumer environmental awareness
and contract design. The widespread consumer environmental awareness may interact
with and change the impact of supply chain contracts on the greenness and performance
of agricultural supply chains. But existing contracts for agricultural supply chains rarely
incorporate consumer environmental awareness.

Third, there is little research on practical evidence supporting analytical findings.
Previous contract designs usually adopt mathematic models, especially the game theory,
and lack validation from real-life case studies.

To fill the above gaps, this paper incorporates the widespread consumer environmental
awareness into agricultural supply chains, designs a Nash bargaining contract meeting
global equilibria, examines the enhancement of greenness and supply chain performance,
and illustrates the interaction of consumer environmental awareness and Nash bargaining
in a theoretical analytical approach with a real-life case study.

3. Problem Description
3.1. Framework

The agricultural supply chain is composed of an upstream manufacturer denoted as
he, a downstream retailer denoted as she, and many consumers in the market. Consumers
endowed with environmental awareness are willing to pay more for greener products.
Green agricultural products can sell at higher prices and larger volumes, resulting in more
profits. To achieve such a target, both the manufacturer and the retailer must improve prod-
uct greenness together. Investing in eco-friendly technologies is an approach to enhance
agricultural product greenness, but it leads to green costs. If the manufacturer covers all
costs, he will not make enough green investments because of the intrinsic double marginal-
ization. Consequently, cooperation between the manufacturer and retailer is required. A



Systems 2025, 13, 337 7 of 26

cost-sharing contract where the downstream retailer proactively shares a portion of the
green costs promotes cooperation in green investment to enhance agricultural product
greenness. However, sharing green costs introduces a conflict over the contract ratio. The
manufacturer prefers that the retailer covers most of the green investment, whereas the
retailer wants a smaller proportion. Competition arises in which the manufacturer and
the retailer compete to share a smaller proportion of green investments. In practice, they
often determine the optimal contract ratio through Nash bargaining. We explore the pro-
cess and result of reaching the mutually agreed equilibrium ratio. Figure 1 illustrates the
basic framework.
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In the following, we describe the design of a Nash bargaining contract, probe how it
enhances the product greenness and operational performance of agricultural supply chains,
and explore the effect of consumer environmental awareness on the enhancement.

3.2. Methods

In the agricultural supply chain, the retailer interacts with the manufacturer through
cooperation coexisting with competition. The moving timeline between the manufacturer
and the retailer unfolds in two stages. The first stage involves making decisions on the
contract ratio at the cooperative strategic level. The second stage involves making decisions
on the greenness and price at the competitive operational level.

Nash bargaining theory is applied at the first cooperation stage. The manufacturer and
retailer bargain to reach a mutually agreed contract ratio, which governs their collaboration
in sharing the green costs to promote green investment and thus enhance product greenness.
Some supply chain literature such as [11,30] has applied Nash bargaining theory to describe
the process of negotiating between the manufacturer and retailer.

Stackelberg game, as a research approach commonly adopted in most theoretical
model-based supply chain literature such as [8,12], is applied at the second competition
stage to describe the leader–follower relationship. The manufacturer as the leader sets the
product greenness level and wholesale price to maximize his profit. Then, the retailer as the
follower considers the greenness level and wholesale price established by the manufacturer,
and thereby determines the retail price to optimize her profit.

Moreover, Stackelberg game is also used to describe the above two-level configuration
with backward reduction. First, we derive the optimal product greenness, wholesale
price, and retail price in the low operational competitive level, which are all the reaction
functions of the given contract ratio and are hereby defined as local scenario. Second,
we solve the optimal contract ratio by substituting the above reactions into the objective
function of the Nash bargaining problem in the high cooperative strategic level. Third, we
substitute the solved contract ratio into the reactions derived in the first step to obtain the
optimal values for product greenness, wholesale price, and retail price, which are defined
as global equilibria.
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Additionally, several other methods are employed. Comparison analysis is used to
analyze the impacts of bargaining on the product greenness and operational performance
of the agricultural supply chain. Sensitivity analysis is adopted to show how consumer
environmental awareness affects the enhancement resulting from bargaining. Case study is
applied to validate the theoretical propositions with data from green hot pepper supply
chains in Guizhou Province of China. The methods of comparison and sensitivity analysis
are popular in theoretical model-based supply chain literature such as [36,46], while few
such as [57] incorporated case study into theoretical models to attain practical validation.

3.3. Assumptions

The market demand is described as D(p, e) = a − αp + βe employed by [8] wherein
parameter a represents the maximized demand, p and α stand for the retail price and
price sensitivity coefficient, respectively, e denotes agricultural product greenness, and
β indicates consumer environmental awareness. The agricultural product greenness is
defined as the pollution level from environmental pollutants such as poly-brominated
biphenyls and asbestos during various processes, e.g., planting, processing, and packaging.
For example, using an integrated planting and breeding model, the ZHENGDA Group
reduces chemical fertilizer use by 50% and cuts emissions of pollutants such as carbon
dioxide and sulfides by 99%. This model ensures that manure is fully recycled and returned
to the fields as fertilizer. Consumer environmental awareness captures the sensitivity to
product greenness, by which consumers will pay more for greener agricultural products.
For example, a questionnaire survey in Shanghai 2024 shows that 96.51% of consumers
prefer green, eco-friendly products even at higher prices.

The agricultural supply chain is made up of an upstream manufacturer and a down-
stream retailer. Upstream manufacturers refer to agricultural companies such as New
Hope Group and BEIDAHUANG Group, which produce agricultural products with unit
costs denoted as c. The manufacturer sells agricultural products of greenness denoted
as e to the downstream retailer at the wholesale price w. Downstream retailers, such as
Wal-Mart, Carrefour, CR Vanguard, and YONGHUI Superstores, process, package, and
retail agricultural products at a retail price p. The following model does not incorporate
processing and packaging costs.

The agricultural product greenness depends on investments in eco-friendly tech-
nologies made by the manufacturer, who construct pollutant treatment facilities and use
organic fertilizers and easily degradable films. The costs of green investment are denoted
as f (e) = 1

2 ke2, where the marginal green cost k is usually assumed to be sufficiently large
compared with other parameters and variables, which is popular in the previous literature
such as [8,9]. Similar to but different from the above convention, this paper restricts it to

k > 11β2

8α .

3.4. Notations

The notations classified into four categories of symbols, parameters, variables, and
superscripts are, respectively, listed in the following Table 2.

Table 2. Notations and their meanings used in the model.

Classifications Notations Meanings

Symbols
m Manufacturer of the agricultural supply chain, the upstream agricultural company, he.
r Retailer of the agricultural supply chain, the downstream sales firm, she.
t Entire agricultural supply chain system.
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Table 2. Cont.

Classifications Notations Meanings

Parameters

d Demand for agricultural products.
a Utmost potential demand.
α Price sensitivity coefficient.
β Consumer environmental awareness.
c Unit production cost.
k Marginal green cost.

πm Profit of the manufacturer.
πr Profit of the retailer.
πt Profit the supply chain system.
πA Social welfare defined in Nash bargaining theory.

f Costs of green investment on eco-friendly technologies.

Variables

e Greenness of agricultural products, established by the manufacturer’s green investment.
w Wholesale price established by the manufacturer.
p Retail price established by the retailer.

λ
Ratio of green costs shared by the retailer reached through Nash bargaining between
the manufacturer and the retailer.

Superscripts

* Optimal results.
D Scenario without Nash bargaining contract.
F Local scenario with ratio-given contract.
B Global scenario with Nash bargaining contract.

4. Model Construction and Solution
4.1. Competitive Scenario Without Nash Bargaining
4.1.1. Optimization Model

In the competitive scenario without Nash bargaining denoted as D, the manufacturer
and the retailer maximize their profits independently. First, the manufacturer as the
leader sets the product greenness level and wholesale price. Then, the retailer as the
follower determines the retail price by considering the greenness level and wholesale price
established by the manufacturer.

According to the Stackelberg game, the optimization model is as follows:

max
w,e

πD
m = (w − c)(a − αp + βe)− 1

2 ke2

s.t. max
p

πD
r = (p − w)(a − αp + βe)

4.1.2. Optimal Solution

The solutions of the above model reveal optimal greenness and profitability in the
scenario without Nash bargaining contract, which are listed in the following Theorem 1.
The proofs of all Theorems, Corollaries, and Propositions can be found in Appendix A.

Theorem 1. In the scenario without the Nash bargaining contract, the optimal agricultural

product greenness is eD∗
= (a−αc)β

4αk−β2 , the wholesale price is wD∗
= 2k(a+αc)−β2c

4αk−β2 , the retail

price is pD∗
= (3a+αc)k−β2c

4αk−β2 , the profits of the manufacturer, retailer, and overall system are

πD∗
m = (−cα+a)2k

8αk−2β2 , πD∗
r = αk2(−cα+a)2

(4αk−β2)
2 , and πD∗

t = (6αk−β2)(a−αc)2k
2(4αk−β2)

2 , respectively.

Furthermore, from the above Theorem 1, it is clear that ∂eD∗

∂β = (a−αc)(4kα+β2)

(4kα−β2)
2 > 0,

∂pD∗

∂β = 6kβ(a−αc)
(4kα−β2)

2 > 0, and ∂πD∗
r

∂β = 4k2αβ(a−αc)2

(4kα−β2)
3 > 0 because of k > 11β2

8α , a > αp, and p > c.
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Therefore, consumer environmental awareness simultaneously heightens the product
greenness, retail price, and profits of the manufacturer and retailer. The manufacturer
will invest more in eco-friendly technologies and attain greener agricultural products
when consumer environmental awareness strengthens this trend. Although bearing more
green costs, the manufacturer gains more profits. The retailer can also profit more because
environmentally conscious consumers will purchase greener products at higher prices.
Consumer environmental awareness incentivizes the manufacturer and the retailer to
interact in a win-win situation by increasing their profits concurrently.

4.2. Local Cooperative Scenario with Given Ratio
4.2.1. Optimization Model

In the local cooperative scenario under the ratio-given contract denoted as F, the ratio
of green costs shared by the retailer is given and thus fixed, and the results are all the
reactions of the given ratio and hereby actually fall into local equilibria. Although such a
scenario has not obtained the optimal contract ratio, it is widely adopted in literature such
as in [12,17,36].

Under the given ratio denoted as λ, the manufacturer chooses the product greenness
and wholesale price before the retailer decides the retail price to maximize the manufac-
turer’s profit. The intrinsic problem of double marginalization leads to their competition,
reflected in the following optimization model:

max
w,e

πF
m = (w − c)(a − αp + βe)− 1

2 (1 − λ)ke2

s.t. max
p

πF
r = (p − w)(a − αp + βe)− 1

2 λke2

There is a leader–follower relationship of the Stackelberg game. Given the contract
ratio λ, the manufacturer decides the product greenness and wholesale price to maximize
his profit, followed by the retailer’s choice of the retail price to maximize her profit.

4.2.2. Optimal Solution

The solutions to the above model yield optimal decisions for greenness and profitabil-
ity, as shown in Theorem 2.

Theorem 2. Given the fixed contract ratio, the optimal agricultural product greenness
is modeled as eF∗

(λ) = (−αc+a)β

4k(1−λ)α−β2 while the optimal wholesale and retail prices, respec-

tively are wF∗
(λ) = 2(1−λ)(αc+a)k−cβ2

4k(1−λ)α−β2 and pF∗
(λ) = (1−λ)(αc+3a)k−cβ2

4k(1−λ)α−β2 . The optimal

profits of the manufacturer, retailer, and supply chain system are πF∗
m (λ) = k(−cα+a)2(1−λ)

8k(1−λ)α−2β2 ,

πF∗
r (λ) = k(−cα+a)2(2(1−λ)2kα−λβ2)

2(4k(1−λ)α−β2)
2 , and πF∗

t (λ) = k(6k(1−λ)2α−β2)(−cα+a)2

2(4k(1−λ)α−β2)
2 , respectively.

The optimal greenness, wholesale and retail prices, and the profits of the manufacturer,
retailer, and supply chain system are all the reaction functions of the given fixed ratio of
the local equilibria.

The following corollary 1 can be concluded by integrating Theorems 1 and 2 above.

Corollary 1. Within the threshold of the contract ratio, the Nash bargaining contract improves the

overall agricultural supply chain profits such that πD∗
t (λ) < πF∗

t (λ) only if 0 < λ < 2(4kα−β2)
16kα−3β2 .

Therefore, when the ratio falls within the threshold, the contract for sharing green
costs will improve the system profits compared with the scenario without Nash bargain-
ing contract.



Systems 2025, 13, 337 11 of 26

The contract enhances the total profit of the agricultural supply chain, creating oppor-
tunities for cooperation in green investment. However, the overall system profit must first
increase for the manufacturer and retailer to benefit. The retailer is willing to share part of
the green costs but remains constrained by a ratio threshold, preventing it from bearing an
excessive share.

4.3. Global Cooperative Scenario with Nash Bargaining
4.3.1. Optimization Model

In the global cooperative scenario with Nash bargaining, denoted as B, the manufac-
turer and retailer jointly determine the contract ratio under a green cost-sharing agreement
by negotiating with each other. Because it attains the optimal contract ratio, some literature
such as [11,30] applies it to explore the final optimal product greenness.

With the restriction displayed in Corollary 1, the optimization model for global sce-
nario is formulated by applying Nash bargaining theory [58,59].

max
λ

πA = [πF∗
m (λ)− πD∗

m ][πF∗
r (λ)− πD∗

r ]

s.t.

{
0 < λ < 2(4kα−β2)

16kα−3β2

πF∗
m (λ) > πD∗

m , πF∗
r (λ) > πD∗

r

As defined in Nash bargaining theory, social welfare is represented by πA. The
manufacturer’s profit πD∗

m and the retailer’s profit πD∗
r in the absence of a Nash bargaining

contract are given in Theorem 1. The optimal profits of the manufacturer πF∗
m (λ) and the

retailer πF∗
r (λ) under the given contract ratio λ are provided in Theorem 2.

Then, substituting them into the optimization model, it is extended accordingly
as follows.

max
λ

πA =

[
k(−cα+a)2(1−λ)
8k(1−λ)α−2β2 − (−cα+a)2k

8αk−2β2

][
k(−cα+a)2(2kα(1−λ)2−λβ2)

2(4k(1−λ)α−β2)
2 − αk2(−cα+a)2

(4αk−β2)
2

]

s.t.


0 < λ < 2(4kα−β2)

16kα−3β2

k(−cα+a)2(1−λ)
8k(1−λ)α−2β2 > (−cα+a)2k

8αk−2β2

k(−cα+a)2(2kα(1−λ)2−λβ2)

2(4k(1−λ)α−β2)
2 > αk2(−cα+a)2

(4αk−β2)
2

4.3.2. Optimal Solution

• Optimal Negotiated Contract Ratio

Solving the optimization model in global scenario with Nash bargaining contract leads
to the optimal negotiated contract ratio, as illustrated in the following Theorem 3.

Theorem 3. The optimal contract ratio is λB∗
= β2(4αk−β2)

αk(24αk−5β2)
, which represents the portion

λB∗
that the retailer will share of the green costs for eco-friendly technologies.

The optimal contract ratio λB∗
= β2(4αk−β2)

αk(24αk−5β2)
is influenced by three key factors: the

price sensitivity coefficient, marginal green costs, and the intensity of consumer environ-
mental awareness. This ratio is refined to a precise value through mutual negotiation
between the manufacturer and the retailer, making it more operationally effective than the

range described in Corollary 1, 0 < λ < 2(4kα−β2)
16kα−3β2 . This refinement enhances the practicality

of implementing the contract in real-world agricultural supply chains.
On the one hand, the direct effect of consumer environmental awareness on the

contract ratio is captured in Corollary 2.
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Corollary 2. Consumer environmental awareness positively influences the retailer’s willingness to
share a more significant portion of the green investment costs, namely ∂λB∗

∂β > 0.

As consumer environmental awareness increases, the retailer is incentivized to con-
tribute more towards green costs, strengthening cooperation within the agricultural supply
chain. This reduces the green investment burden on the manufacturer and drives additional
investments in eco-friendly technologies, further improving product greenness. Thereby,
consumer environmental awareness influences both the structure of the green cost-sharing
contract and the overall greenness of the agricultural supply chain. Specifically, using
the case study data in the following Section 5.1, Figure 2 illustrates how the negotiated
contract ratio evolves in response to increasing consumer environmental awareness. It is
clear that, as consumers pay more attention to environmental issues, the retailer becomes
more willing to share green costs.
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On the other hand, the indirect effects of consumer environmental awareness on the
contract ratio, which captures the mediation through the marginal green cost and price
sensitivity, are shown in Corollary 3.

Corollary 3. Both the marginal green cost and the price sensitivity factors negatively influence the
retailer’s willingness to share more green costs; that is, ∂λB∗

∂k < 0, ∂λB∗

∂α < 0.

From Corollary 3, the following two points can be found.
First, the marginal green cost negatively affects the contract ratio. As marginal green

costs increase, the retailer becomes less inclined to share a larger portion of green costs.
Conversely, as marginal green costs decrease, the retailer is more willing to bear a larger
portion of green costs. Therefore, technological progress driven by sustainable research
and development programs can help reduce marginal green costs, thereby enhancing the
greenness of agricultural supply chains.

Second, price sensitivity also negatively affects the contract ratio. The more consumers
are sensitive to price, the less willing the retailer is to absorb additional green costs. As
consumer willingness to pay a higher price for green agricultural products diminishes due
to price sensitivity, the retailer’s profits reduce, lowering the retailer’s share of green costs.

• Optimal Agricultural Product Greenness

Building on the contract ratio from Theorem 3 and on the base of the reactive choices
of the manufacturer for a given ratio from Theorem 2, the optimal product greenness under
the Nash bargaining contract is determined and shown in Theorem 4.

Theorem 4. In the global cooperative scenario with the Nash bargaining contract, the optimal

agricultural product greenness is eB∗
= β(a−αc)(24αk−5β2)

12αk(8αk−5β2)+9β4 .
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This optimal greenness results from the combined effects of several factors, including
consumer environmental awareness, marginal green costs, and price sensitivity.

On the one hand, the direct effect of consumer environmental awareness on optimal
product greenness is illustrated in Corollary 4.

Corollary 4. Consumer environmental awareness enhances the agricultural product greenness,
namely ∂eB∗

∂β > 0.

Consumers with stronger environmental awareness are more inclined to pay a pre-
mium for greener products. As their environmental consciousness increases, the retailer,
according to Corollary 2, is more willing to share a larger portion of the green invest-
ment costs. As a result, the manufacturer is incentivized to increase his investments in
eco-friendly technologies, leading to higher product greenness.

On the other hand, the indirect effect of consumer environmental awareness on the
product greenness via the marginal green cost and the price sensitivity is reflected in
Corollary 5.

Corollary 5. The marginal green cost and price sensitivity negatively affect the agricultural
product greenness; that is, ∂eB∗

∂k < 0, ∂eB∗

∂α < 0.

From Corollary 5, the following two points can be found.
First, as the marginal green cost rises, product greenness decreases. Although con-

sumers with high environmental awareness are willing to pay more for greener products,
higher marginal green costs force the agricultural supply chain to shoulder more significant
green investment costs. Therefore, advancements in technology that reduce marginal green
costs are essential for improving the greenness of the agricultural supply chain.

Second, price sensitivity also diminishes product greenness. Consumers’ willingness
to pay for green products weakens as they become more sensitive to the price. This trade-off
between the cost of a product and its greenness reduces the likelihood of consumers paying
a premium for eco-friendly products. Consequently, as price sensitivity increases, the
marginal revenue from green investments declines, lowering product greenness.

• Optimal Supply Chain Profitability

Building on the contract ratio from Theorem 3 and on the base of the reactive choices
of the manufacturer, retailer, and system for a given ratio from Theorem 2, the optimal
profits for the manufacturer, the retailer, and the overall system under the Nash bargaining
contract can be determined as the following Theorem 5.

Theorem 5. In the global cooperative scenario with the Nash bargaining contract, the

optimal wholesale price and retail price are wB∗
= 6kα(αc(8kα−7β2)+a(8kα−3β2))+β4(7αc+2a)

3α(4k(8αk−5β2)+3β4)

and pB∗
= α2ck(8αk−11β2)+3aαk(8αk−3β2)+β4(2αc+a)

α(4kα(8αk−5β2)+3β4)
, respectively, while the optimal profits of the

manufacturer, the retailer, and the system are πB∗
m = (3αk(8αk−3β2))(a−αc)2

24α2k(8αk−5β2)+18αβ4 ,

πB∗
r = (18α2k2(8αk−3β2)+β6)(a−αc)2

18α(4αk−β2)
2
(8αk−3β2)

, πB∗
t = (6αk−β2)(9αk(8αk−3β2)+2β4)(a−αc)2

18α(4αk−β2)
2
(8αk−3β2)

, respectively.

Once the contract ratio is determined through bargaining, as shown in Theorem 3,
product prices and the overall profitability of the supply chain become clearly defined.

Furthermore, it holds that ∂wB∗

∂β = 4kβ(8kα−β2)(24kα−7β2)(a−αc)
3(4kα(8kα−5β2)+3β4)

2 > 0,

∂pB∗

∂β = 2kβ(8kα−β2)(24kα−7β2)(a−αc)
(4kα(8kα−5β2)+3β4)

2 > 0, ∂πB∗
m

∂β = kβ(8kα−β2)(24kα−7β2)(a−αc)2

3(4kα(8kα−5β2)+3β4)
2 > 0,
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∂πB∗
r

∂β = 4kβ(144k2α2(4kα−3β2)+β4(105kα−8β2))(a−αc)2

9(4kα−β2)
3
(8kα−3β2)

2 > 0, and

∂πB∗
t

∂β = 4kβ(8k2α2(576kα−408β2)+β4(744kα−53β2))(a−αc)2

9(4kα−β2)
3
(8kα−3β2)

2 > 0 from k > 11β2

8α , a > αp, and p > c.

These observations indicate that consumer environmental awareness positively influences
product pricing and supply chain profitability. More environmentally conscious consumers
are willing to pay higher prices for greener agricultural products. As a result, the manufac-
turer will invest more in eco-friendly technologies, leading to greener products. Although
manufacturers bear higher green investment costs, they ultimately gain greater profits.
Similarly, while retailers contribute a larger share of these costs, as shown in Corollary 2,
they also experience increased profitability. This cost–profit correlation creates a reinforcing
positive cycle. The effect of consumer willingness to purchase greener products at higher
prices outweighs the burden of increased green investment costs. Consequently, consumer
environmental awareness fosters stronger collaboration between manufacturers and retail-
ers, driving them to engage more actively in the market. This dynamic interaction leads to
a win-win outcome where both parties experience concurrent profit growth.

5. Comparisons and Sensitivity Analysis
5.1. Case Study: Data from Green Hot Pepper Supply Chains in Guizhou Province of China

Guizhou Province has developed China’s largest hot pepper industry, a key pillar of
the region’s agricultural economy. With a stable planting area of 5 million acres and an
annual yield of 7 million tons, the industry generates 28 billion yuan in primary output
and 18 billion yuan in processing output. As the industry scales, sustainability has become
an essential focus, driving leading manufacturers to adopt greener agricultural practices.

ZH Food, a major player in Guizhou’s hot pepper supply chain, has taken the lead in
integrating high-quality seeds, advanced techniques, and sustainable farming methods to
enhance the environmental friendliness of hot pepper cultivation. The company cultivates
locally renowned, high-yield varieties, achieving an intensive seedling cultivation rate
of over 90% on large-scale, standardized bases and ensuring 100% coverage of top-tier
varieties. ZH Food promotes innovative farming techniques to improve efficiency and
sustainability, including floating seedling raising, mechanical ridging and film covering,
mechanical drilling and transplanting, and targeted irrigation and fertilization. Addition-
ally, the company has advanced ecological green cultivation by developing scientifically
validated fertilizers and implementing water reservation management, mechanized har-
vesting, optimized planting density, and timely irrigation, leveraging modern agricultural
machinery for land preparation and ridge planting. ZH Food has established over 100 eco-
logical cultivation demonstration sites through these initiatives, significantly improving
product sustainability. A testament to this progress is the ZUNJIAO 222 variety, which
delivers double the usual yield—1500 kg per acre compared to the standard 750 kg—while
maintaining high environmental standards.

As a leading hot pepper supply chain manufacturer, ZH Food distributes Guizhou
hot peppers nationwide and globally through offline and online channels. The China Hot
Pepper City, the country’s largest hot pepper trading hub, and MaiLa.com, a specialized e-
commerce platform, serve as critical distribution channels. Beyond facilitating trade, these
platforms are vital in promoting green agriculture. Recognizing the costs associated with
sustainability, downstream retailers such as China Hot Pepper City and MaiLa.com have
actively supported investments in eco-friendly technologies. By sharing part of the green
costs incurred by upstream manufacturers, they create a more equitable and sustainable
supply chain that incentivizes environmental responsibility while maintaining profitability.

In order to protect business secrets and be consistent with the setting of the above
theoretical model, we standardize ZH Food’s operational data, and denote the utmost
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potential demand as a = 5000, price sensitivity coefficient as α = 3, marginal green cost as
k = 20, and unit production cost as c = 1. Additionally, to illustrate the effect of consumer
environmental awareness, let its degree change in the interval 0 ≤ β ≤ 5 freely. The
standardized data are illustrated in Table 3.

Table 3. Standardized numerical values of some key parameters in the case study.

Parameters Meanings Standardized Values

a Utmost potential demand. 5000
α Price sensitivity coefficient. 3
c Unit production cost. 1
k Marginal green cost. 20
β Consumer environmental awareness. [0, 5]

Following the analytical framework of [60], we illustrate the theoretical findings
about the impact of Nash bargaining on product greenness and supply chain performance
numerically and visually.

5.2. Comparisons: Enhancements from Nash Bargaining

By comparing the outcomes with and without Nash bargaining contract, we can
explore how Nash bargaining improves product greenness and operational performance of
agricultural supply chains.

5.2.1. Enhancement of Product Greenness

From Theorems 1 and 4, the impact of the Nash bargaining contract on the product
greenness is demonstrated as the following Proposition 1.

Proposition 1. The Nash bargaining contract enhances the agricultural product greenness, namely
eD∗

< eB∗
.

Without the Nash bargaining contract, the manufacturer and the retailer maximize
their profits individually, with the manufacturer bearing all green investments, leading to
the inherent issue of double marginalization. However, under Nash bargaining, the retailer
shares a portion of the green investment costs through mutual bargaining, incentivizing the
manufacturer to increase green investments, thereby improving product greenness. As a
result, the Nash bargaining contract not only meets the growing market demand for green
products but also strengthens the sustainability of agricultural supply chains.

5.2.2. Enhancement of Product Price

From Theorems 1 and 2, the impact of the Nash bargaining contract on the agricultural
product pricing is outlined as the following Proposition 2.

Proposition 2. The Nash bargaining contract increases the product price, namely pD∗
< pB∗

.

The price of agricultural products under the Nash bargaining contract is higher than
that in the scenario without it.

Compared to the scenario without Nash bargaining contract, the retailer encourages
the manufacturer to increase green investments by sharing part of the green costs. Although
the manufacturer bears only a fraction of these costs instead of all, the total green investment
increases, requiring the manufacturer to allocate more resources. To compensate for these
additional costs, the manufacturer raises the wholesale price. In turn, the retailer adjusts her
marginal price, reflecting both the partial burden of green costs and the higher wholesale
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price set by the manufacturer. As a result, the retailer has to raise the final retail price.
Through this mechanism, the Nash bargaining contract mitigates the issue of double
marginalization to a certain extent.

5.2.3. Enhancement of Supply Chain Profitability

From Theorems 1 and 4, the impact of the Nash bargaining contract on the profitability
of the agricultural supply chain is demonstrated as the following Proposition 3.

Proposition 3. The Nash bargaining contract enhances the overall profitability of the agricultural
supply chain, benefiting the manufacturer, the retailer, and the entire system; that is, πB∗

m > πD∗
m ,

πB∗
r > πD∗

r , πB∗
t > πD∗

t .

The Nash bargaining contract fosters a win-win situation where the overall system
profitability increases, and both the manufacturer and the retailer achieve higher individual
profits. First, the Nash bargaining contract strengthens cooperation between the manu-
facturer and the retailer by facilitating mutual bargaining. This partially alleviates the
issue of double marginalization, leading to greater overall system profitability. Second, the
contract enhances product greenness by requiring the retailer to share some green costs.
Consequently, the manufacturer is incentivized to invest further in green initiatives, as
outlined in Theorem 1. Since consumers are sensitive to product greenness, the market
demand is likely to expand. Third, the Nash bargaining contract leads to higher product
prices. Environmentally conscious consumers are willing to pay a premium for greener
agricultural products. As a result, both the manufacturer and the retailer can sell more
products at higher prices, with the additional revenue surpassing the increased green
investment costs.

In summary, Propositions 1, 2, and 3 highlight that the Nash bargaining contract
requires more green investments, higher product greenness, higher product prices, and
improves supply chain profitability. The contract drives a larger sales volume and prices
at the supply chain level, providing strong economic incentives for further green invest-
ments. At the societal level, it enhances product greenness, aligning with the growing
trend of green consumption while contributing to sustainable and balanced economic and
environmental development.

5.3. Sensitivity Analysis: Effect of CEA on the Enhancements

Consumer environmental awareness tends to amplify the enhancement impacts of the
Nash bargaining contract. Specifically, it often strengthens the degree to which the Nash
bargaining contract enhances product greenness and supply chain profitability.

5.3.1. Amplifying the Enhancement of Product Greenness

From Theorems 1 and 4, the effect of consumer environmental awareness on the extent
to which the Nash bargaining contract enhances product greenness can be summarized as
the following Proposition 4:

Proposition 4. Consumer environmental awareness strengthens the ability of the Nash bargaining

contract to enhance product greenness, namely ∂(eB∗−eD∗
)

∂β > 0.

The extent to which the Nash bargaining contract enhances product greenness, denoted
as eB∗ − eD∗

in Theorems 1 and 4, increases with the degree of consumer environmental
awareness, denoted as β. The stronger the consumer environmental awareness, the greater
the positive impact of the Nash bargaining contract on product greenness.
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The impact of the Nash bargaining contract on product greenness can be categorized
into two aspects: the aspect of direction, which determines whether product greenness im-
proves or declines, and the aspect of magnitude, which measures the extent of this change.
As established in Proposition 1, the Nash bargaining contract improves, rather than reduces,
product greenness. Meanwhile, Proposition 4 demonstrates that the magnitude of this
improvement increases with the intensity of consumer environmental awareness. Thus,
while the Nash bargaining contract solely determines the direction, the magnitude results
from the interaction between the Nash bargaining contract and consumer environmen-
tal awareness.

The effect of consumer environmental awareness on product greenness enhancement
reflects the synergy between these two factors. Accordingly, fostering environmental
awareness among consumers can improve agricultural product greenness in two ways: by
strengthening the market’s green orientation and by amplifying the greenness enhancement
achieved through the Nash bargaining contract.

On the basis of data from green hot pepper supply chains in Guizhou Province of
China, Figure 3 illustrates how the increment of product greenness resulting from Nash
bargaining changes with the varying degree of consumer environmental awareness.
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Figure 3 shows that product greenness enhancement remains consistently positive,
regardless of consumer environmental awareness levels. This trend confirms that Nash
bargaining always promotes product greenness, a conclusion supported by Proposition 1.
Additionally, when consumer environmental awareness falls between 0 and 2, its effect on
the degree of product greenness enhancement is minimal. However, within the range of 2–5,
its effect becomes significant, verifying Theorem 4 and Corollary 4. Lastly, as consumer
environmental awareness increases, product greenness enhancement continues to rise. This
reflects the synergistic interaction between Nash bargaining and consumer awareness,
further supporting Propositions 1 and 4.

5.3.2. Amplifying the Enhancement of Product Price

From Theorems 1 and 5, the effect of consumer environmental awareness on the extent
to which the Nash bargaining contract influences agricultural product prices is summarized
as the following Proposition 5:

Proposition 5. Consumer environmental awareness strengthens the ability of the Nash bargaining

contract to enhance product prices; that is, ∂(pB∗−pD∗
)

∂β > 0.

The extent to which the Nash bargaining contract raises product prices, denoted
as pB∗ − pD∗

in Theorems 1 and 5, increases with the level of consumer environmental
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awareness, denoted as β. The stronger the consumer environmental awareness, the more
significantly the Nash bargaining contract enhances product prices.

Similar to its impact on product greenness, the Nash bargaining contract’s impact
on product price can be analyzed in terms of direction and magnitude. As established in
Proposition 2, the Nash bargaining contract increases, rather than decreases, product prices.
Proposition 5 further indicates that the magnitude of this price increase grows as consumer
environmental awareness strengthens. While the direction is determined solely by the Nash
bargaining contract, the magnitude is jointly influenced by the Nash bargaining contract
and consumer environmental awareness. Moreover, the amplification of product price
enhancement due to consumer environmental awareness directly results from the amplified
greenness enhancement. Since environmentally conscious consumers are willing to pay
higher prices for greener agricultural products, their awareness reinforces the impact of the
Nash bargaining contract.

5.3.3. Amplifying the Enhancement of Supply Chain Profitability

From Theorems 1 and 5, the effect of consumer environmental awareness on the extent
to which the Nash bargaining contract enhances supply chain profitability is summarized
as the following Proposition 6:

Proposition 6. Consumer environmental awareness strengthens the Nash bargaining contract’s
ability to enhance overall agricultural supply chain profitability, including the profits of the

manufacturer, the retailer, and the entire system; that is, ∂(πB∗
m −πD∗

m )
∂β > 0, ∂(πB∗

r −πD∗
r )

∂β > 0,
∂(πB∗

t −πD∗
t )

∂β > 0.

The extent to which the Nash bargaining contract enhances system-wide, manufacturer,
and retailer profits, denoted as πB∗

t − πD∗
t , πB∗

m − πD∗
m , πB∗

r − πD∗
r in Propositions 1 and 5,

increases with the level of consumer environmental awareness, denoted as β. The stronger
the consumer environmental awareness, the more significantly the Nash bargaining contract
improves supply chain profitability. In other words, consumer environmental awareness
leads to an improvement in the agricultural supply chain’s profitability.

Similar to those with product greenness and price, the impact of the Nash bargaining
contract on supply chain profitability consists of two aspects: the direction aspect, which
determines whether profitability increases or decreases, and the magnitude aspect, which
measures the extent of the change. Proposition 3 establishes that the Nash bargaining
contract enhances, rather than reduces, supply chain profitability. Proposition 6 further
indicates that the magnitude of this enhancement increases with consumer environmental
awareness. While the direction is determined solely by the Nash bargaining contract, the
magnitude results from the interaction between the Nash bargaining contract and consumer
environmental awareness. The effect of consumer environmental awareness on amplifying
product price enhancement dominates its impact on greenness enhancement. Consequently,
the overall performance of the agricultural supply chain experiences a Pareto improvement.

The relationship between consumer environmental awareness and the manufacturer’s
profit and retailer’s profit increments from Nash bargaining is illustrated in Figure 4a
(manufacturer’s profit) and Figure 4b (retailer’s profit).
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Figure 4 highlights three important findings. First, both the manufacturer’s profit and
retailer’s profit increments remain consistently positive, regardless of the level of consumer
environmental awareness. This confirms that Nash bargaining effectively enhances supply
chain profitability, aligning with Proposition 3. Second, when the level of consumer environ-
mental awareness is between 0 and 3, its effect on profit increments is negligible. However,
in the range of 3–5, its effect becomes significant, further validating Propositions 3 and 6.
Finally, although increased consumer environmental awareness boosts the profits of both
the manufacturer and the retailer, the manufacturer’s profit grows at a significantly higher
rate than the retailer’s. This not only supports Propositions 1 and 6 but also underscores the
manufacturer’s dominant position in agricultural supply chains, extending the conclusions
of Propositions 3 and 6.

Summarizing Propositions 4–6, consumer environmental awareness strengthens the
impacts of the Nash bargaining contract, thereby amplifying the enhancements in agricul-
tural product greenness and supply chain profitability. Consequently, fostering environ-
mental awareness among consumers improves the operational performance of agricultural
supply chains and promotes the economic and environmental balance necessary for sus-
tainable agricultural development.

6. Conclusions
6.1. Main Findings

This paper integrates the widespread consumer environmental awareness into agricul-
tural supply chains. It explores a Nash bargaining contract to enhance product greenness
and operational performance, aligning with evolving development strategies and consumer
expectations. The pivotal points of this research endeavor are encapsulated as follows.

First, bargaining between the manufacturer and the retailer determines the optimal
contract ratio. The green cost-sharing ratio defines the optimal Nash bargaining contract
and each participant’s burden of green investment. Factors such as price sensitivity coef-
ficient, marginal green cost, and consumer environmental awareness influence this ratio.
Especially as consumer environmental awareness increases, the retailer is willing to share
more green costs. This upgrades the local equilibria adopted widely in the previous lit-
erature such as in [36,41] to the global equilibria, and the given sharing ratio is replaced
by obtaining the optimal value of the sharing ratio. According to the conflict that both
the manufacturer and the retailer prefer a smaller proportion, it is more reasonable and
practical to assume that the contract ratio is determined through Nash bargaining than to
assume that it is given by others.



Systems 2025, 13, 337 20 of 26

Second, the Nash bargaining contract enhances product greenness, improves oper-
ational performance, and raises the retail price of agricultural products. The all-round
enhancement and Pareto improvement from Nash bargaining makes it possible for the
manufacturer and the retailer to negotiate mutually on the sharing ratio, and creates condi-
tions for resolving the conflict that both the manufacturer and the retailer prefer bearing
a smaller portion of green costs. By comparing scenarios with and without bargaining,
we reveal the dynamic relationship between negotiation outcomes and supply chain effi-
ciency, which was previously unaddressed due to ignoring the process of bargaining in the
prior literature.

Third, consumer environmental awareness amplifies the benefits of Nash bargaining.
Environmentally conscious consumers are willing to pay a premium for greener products,
prompting retailers to share a portion of green investment costs. As a result, manufacturers
are incentivized to invest more in eco-friendly technologies. Interestingly, despite bearing
some green costs, retailers still achieve higher profits due to increased unit revenue and
higher sales volumes. The interaction between internal consumer preferences and external
contract design leads to greener products, higher retail prices, and improved supply chain
profitability. This underscores the importance of incorporating consumer environmental
awareness into agricultural supply chain strategies, and hereby fills the gap that consumer
environmental awareness has rarely been incorporated into greenness-improving contracts
for agricultural supply chains.

6.2. Managerial Implications

Based on these findings, several managerial and policy recommendations for supply
chain managers and policymakers in the agricultural sector are proposed.

First, supply chain managers should prioritize investments in eco-friendly technolo-
gies. Manufacturers should embrace green strategies by substituting chemical-based
substances, including pesticides, fertilizers, and herbicides, with biodegradable and re-
cyclable alternatives. Meanwhile, retailers should actively share green investment costs
through mutual bargaining. This approach creates a win-win situation where manufactur-
ers and retailers achieve higher profits while consumers benefit from greener products and
greater value.

Second, supply chain managers should implement advanced smart information man-
agement systems. From a business perspective, manufacturers and retailers can accurately
assess key factors such as price sensitivity, marginal green costs, and consumer environmen-
tal awareness, enabling them to negotiate more effectively. From a consumer perspective,
having access to transparent product greenness information empowers them to make well-
informed purchasing decisions, which in turn enhances market efficiency and boosts the
overall performance of the supply chain.

Third, government policymakers should actively promote and cultivate consumer
environmental awareness. As our findings have shown, stronger consumer awareness
magnifies the benefits of Nash bargaining, driving greater product greenness and higher
profitability across the supply chain. Notably, this enhancement is automatic and cost-free,
making it a highly effective long-term strategy. Encouraging consumer environmental
awareness will bring about extensive and enduring benefits for sustainability and eco-
nomic growth.

6.3. Future Directions

In practice, agricultural supply chains often are endowed with an unbalanced power
structure. For example, NEW HOPE GROUP as an upstream agribusiness dominates
its fresh pork supply chains, while JD FRESH as a downstream retailer dominates its
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retail supply chains. However, this study assumes that manufacturers and retailers have
equal bargaining power in negotiations. Consequently, future research should explore
asymmetric bargaining models to better capture the diverse influences of manufacturers
and retailers on contract ratios within agricultural supply chains.
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Appendix A
Appendix A.1. Proof of Theorem 1

Firstly, the first-order and second-order partial derivatives of πD
r on p are, respec-

tively, ∂πD
r

∂p = (w − 2p)α + βe + a and ∂2πD
r

∂p2 = −2α. From ∂2πD
r

∂p2 = −2α < 0 and
∂πD

r
∂p = (w − 2p)α + βe + a = 0, the optimal reaction of p with respective to w and e is de-

noted as pD(w, e) = αw+βe+a
2α . Secondly, substituting pD(w, e) into

πD
m = (w − c)(a − αp + βe)− 1

2 ke2, yield πD
m = (w − c)( a−αw+βe

2 )− ke2

2 . The first-order

partial derivatives of πD
m about w and e are ∂πD

m
∂w = a+βe+α(c−2w)

2 and ∂πD
m

∂e = (w−c)β
2 − ke,

respectively. Then, the Hessian matrix of πD
m on w and e is H1 =

[
−α

β
2

β
2 −k

]
, which

is negative because −α < 0 and αk − β2

4 > 0. Combining the first-order conditions
∂πD

m
∂e = (w−c)β

2 − ke = 0 and ∂πD
m

∂w = a+βe+α(c−2w)
2 = 0, the optimal product greenness and

retail price can be solved as eD∗
= (a−αc)β

4αk−β2 and wD∗
= 2k(a+αc)−β2c

4αk−β2 . Thirdly, substitut-

ing eD∗ and pD∗ into πD
m , πD

r , and πD
t = πD

m + πD
r , respectively, yield the max profits

πD∗
m = (−cα+a)2k

8αk−2β2 , πD∗
r = αk2(−cα+a)2

(4αk−β2)
2 , and πD∗

t = (6αk−β2)(a−αc)2k
2(4αk−β2)

2 . Q. E. D.

Appendix A.2. Proof of Theorem 2

Firstly, the first-order and second-order partial derivatives of πF
r on p are, re-

spectively, ∂πF
r

∂p = (−2p + w)α + βe + a and ∂2πF
r

∂p2 = −2α. From ∂2πF
r

∂p2 = −2α < 0

and ∂πF
r

∂p = (−2p + w)α + βe + a = 0, the optimal reaction of p with respective

to w and e is denoted as pS(w, e) = a+βe+αw
2α . Secondly, substituting pS(w, e) into

πF
m = (w− c)(a− αp+ βe)− 1

2 (1−λ)ke2, yield πF
m = (w− c)( a−αw+βe

2 )− 1
2 (1−λ)ke2. The

first-order partial derivatives of πF
r about e and w, respectively, are ∂πF

m
∂e = (w−c)β

2 − (1− λ)ke

and ∂πF
m

∂w = α(c−2w)+βe+a
2 . Then, the Hessian matrix of πF

r on e and w is

H2 =

[
−(1 − λ)k β

2
β
2 −α

]
, which is negative because −α < 0 and α(1 − λ)k − β2

4 > 0. Com-

bining the first-order conditions ∂πF
m

∂e = (w−c)β
2 − (1 − λ)ke = 0 and ∂πF

m
∂w = α(c−2w)+βe+a

2 , the
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optimal product greenness and retail price can be solved as eF∗
(λ) = (−αc+a)β

4k(1−λ)α−β2 and

wF∗
(λ) = 2(1−λ)(αc+a)k−cβ2

4k(1−λ)α−β2 . Thirdly, substituting eF∗ and pF∗ into πF
m, πF

r , and

πF
t = πF

m + πF
r , respectively, yields the max profits πF∗

m (λ) = k(−cα+a)2(1−λ)
8k(1−λ)α−2β2 ,

πF∗
r (λ) =

k(−cα+a)2((1−λ)2kα− 1
2 λβ2)

(4k(1−λ)α−β2)
2 , and πF∗

t (λ) = k(6k(1−λ)2α−β2)(−cα+a)2

2(4k(1−λ)α−β2)
2 . Q. E. D.

Appendix A.3. Proof of Corollary 1

By πD∗
t = (6αk−β2)(a−αc)2k

2(4αk−β2)
2 and πF∗

t (λ) = k(6k(1−λ)2α−β2)(−cα+a)2

2(4k(1−λ)α−β2)
2 , it is clear that

πD∗
t (λ) < πF∗

t (λ) equals k(6k(1−λ)2α−β2)(−cα+a)2

2(4k(1−λ)α−β2)
2 > (6αk−β2)(a−αc)2k

2(4αk−β2)
2 , whose optimal solu-

tion is 0 < λ < 2(4kα−β2)
16kα−3β2 . Q. E. D.

Appendix A.4. Proof of Theorem 3

First, all constraints are assumed to be relaxation conditions. Then, regard-
ing the objective function, the first-order partial derivatives and second-order partial

derivatives of πA with respect to λ are ∂πA
∂λ = (−24α2k2λ+αβ2k(λ+4)−β4)k2λ(a−cα)4β4

128(4αk−β2)
2
(4k(1−λ)α+β2)

4 and

∂2πA
∂λ2 = 8(8α2k2(λ(1+λ)αk−(5λ2+17λ+2)β2)+β4(2(11λ+4)αk−β2))k2(a−αc)4β4

8(4αk−β2)
2
(β2−4k(1−λ)α)

5 , respectively. From

k > 11β2

8α and 0 < λ < 1, yield ∂2πA
∂λ2 < 0. Then, from the first-order condition

∂πA
∂λ = (−24α2k2λ+αβ2k(λ+4)−β4)k2λ(a−cα)4β4

128(4αk−β2)
2
(4k(1−λ)α+β2)

4 = 0, yield λB∗
= β2(4αk−β2)

αk(24αk−5β2)
, which proves

the first constraint is relaxed really. The second and third constraints are proven to be slack
in the following Proposition 3.

Q. E. D.

Appendix A.5. Proof of Corollary 2

By λB∗
= β2(4αk−β2)

αk(24αk−5β2)
in Theorem 3, yield ∂λB∗

∂β = 96kαβ(2kα−β2)+10β5

kα(24kα−5β2)
2 . From k > 11β2

8α ,

yield 96kαβ(2kα−β2)+10β5

kα(24kα−5β2)
2 > 0. Q. E. D.

Appendix A.6. Proof of Corollary 3

By λB∗
= β2(4αk−β2)

αk(24αk−5β2)
in Theorem 3, yield ∂λB∗

∂k = −48kαβ2(2kα−β2)−5β6

k2α(24kα−5β2)
2 and

∂λB∗

∂α = −48kαβ2(2kα−β2)−5β6

kα2(24kα−5β2)
2 . From k > 11β2

8α , yield −48kαβ2(2kα−β2)−5β6

k2α(24kα−5β2)
2 < 0 and

−48kαβ2(2kα−β2)−5β6

kα2(24kα−5β2)
2 < 0. Q. E. D.

Appendix A.7. Proof of Theorem 4

Substituting the sharing ratio λB∗
= β2(4αk−β2)

αk(24αk−5β2)
into the reaction function of greenness

on given ratio eF∗
(λ) = (−αc+a)β

4k(1−λ)α−β2 , yield eB∗
= β(a−αc)(24αk−5β2)

12αk(8αk−5β2)+9β4 . Q. E. D.

Appendix A.8. Proof of Corollary 4

By eB∗
= β(a−αc)(24αk−5β2)

12αk(8αk−5β2)+9β4 , yield ∂eB∗

∂β = (4kα(192k2α2−29β4)+15β6)(a−αc)
3(4kα(8kα−5β2)+3β4)

2 , which is greater

than zero because k > 11β2

8α and a > αc. Q. E. D.
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Appendix A.9. Proof of Corollary 5

By eB∗
= β(a−αc)(24αk−5β2)

12αk(8αk−5β2)+9β4 , yield ∂eB∗

∂k = − 4βα(a−αc)(192k2α2−80β2αk+7β4)

3(4kα(8kα−5β2)+3β4)
2 and

∂eB∗

∂α = − β(768aα2k3+320αβ2(a−αc)k2+4β4(36αc+7a)k−15β6c)
3(4kα(8kα−5β2)+3β4)

2 . Furthermore, from k > 11β2

8α and

a > αc, it is clear that − 4βα(a−αc)(192k2α2−80β2αk+7β4)

3(4kα(8kα−5β2)+3β4)
2 < 0 and

− β(768aα2k3+320αβ2(a−αc)k2+4β4(36αc+7a)k−15β6c)
3(4kα(8kα−5β2)+3β4)

2 < 0. Q. E. D.

Appendix A.10. Proof of Theorem 5

Substituting the sharing ratio λB∗
= β2(4αk−β2)

αk(24αk−5β2)
into the reactions function on given ra-

tio, respectively, wF∗
(λ) = 2(1−λ)(αc+a)k−cβ2

4k(1−λ)α−β2 , pF∗
(λ) = (1−λ)(αc+3a)k−cβ2

4k(1−λ)α−β2 ,

πF∗
m (λ) = k(−cα+a)2(1−λ)

8k(1−λ)α−2β2 , πF∗
r (λ) = k(−cα+a)2(2(1−λ)2kα−λβ2)

2(4k(1−λ)α−β2)
2 , and

πF∗
t (λ) = k(6k(1−λ)2α−β2)(−cα+a)2

2(4k(1−λ)α−β2)
2 , yield the corresponding final optimal wholesale price, re-

tail price, profit of system wB∗
= 6kα(αc(8kα−7β2)+a(8kα−3β2))+β4(7αc+2a)

3α(4k(8αk−5β2)+3β4)
,

pB∗
= α2ck(8αk−11β2)+3aαk(8αk−3β2)+β4(2αc+a)

α(4kα(8αk−5β2)+3β4)
, πB∗

m = (3αk(8αk−3β2))(a−αc)2

24α2k(8αk−5β2)+18αβ4 ,

πB∗
r = (18α2k2(8αk−3β2)+β6)(a−αc)2

18α(4αk−β2)
2
(8αk−3β2)

, and πB∗
t = (6αk−β2)(9αk(8αk−3β2)+2β4)(a−αc)2

18α(4αk−β2)
2
(8αk−3β2)

. Q. E. D.

Appendix A.11. Proof of Proposition 1

By Theorem 1 and 5, yield eB∗ − eD∗
= 4(a−αc)β3

12αk(8αk−5β2)+9β4 . From a > αc and k > 11β2

8α ,

yield eB∗
> eD∗

. Q. E. D.

Appendix A.12. Proof of Proposition 2

By Theorem 1 and 5, yield pB∗ − pD∗
= (a−αc)β4

α(4kα−β2)(8kα−3β2)
. From a > αc and k > 11β2

8α ,

yield pB∗
> pD∗

. Q. E. D.

Appendix A.13. Proof of Proposition 3

According to πD∗
t given in Theorem 1 and πB∗

t given in Theorem 5, it is clear that

πB∗
t − πD∗

t = (6kα−β2)(a−αc)2(288α3k3−36α2(5β2+2)k2+αβ2(35β2+27)k−2β6)

18α(4αk−β2)
2
(8αk−3β2)

. From k > 11β2

8α , yield

πB∗
t > πD∗

t . Similarly, πB∗
m − πD∗

m = β4(a−αc)2

24α2k(8αk−5β2)+18αβ4 > 0, and thereby πB∗
m > πD∗

m ;

πB∗
r − πD∗

r = (a−αc)2β6

18α(4kα−β2)
2
(8kα−3β2)

> 0, and thereby πB∗
r > πD∗

r . Q. E. D.

Appendix A.14. Proof of Proposition 4

According to eD∗
given in Theorem 1 and eB∗

in Theorem 4, it can be found that
∂(eB∗−eD∗

)
∂β = 4(a−αc)2β2(4αk(24αk−5β2)−3β4)

3(4αk(8αk−5β2)+3β4)
2 . From k > 11β2

8α , yield eB∗
> eD∗

. Q. E. D.

Appendix A.15. Proof of Proposition 5

According to pD∗
given in Theorem 1 and pB∗

in Theorem 5, it can be found that
∂(pB∗−pD∗

)
∂β = 8β3k(a−αc)(16αk−5β2)

3(4αk(8αk−5β2)+3β4)
2 . From a > αp,p > c and k > 11β2

8α , yield eB∗
> eD∗

.

Q. E. D.
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Appendix A.16. Proof of Proposition 6

According to πD∗
t given in Theorem 1 and πB∗

t given in Theorem 5, it is clear
∂(πB∗

t −πD∗
t )

∂β = 2β(a−αc)2(192k3α3−16k2α2β2−24kαβ4+3β5)

9α(4kα−β2)
3
(8kα−3β2)

2 . From k > 11β2

8α , yield ∂(πB∗
t −πD∗

t )
∂β > 0.

Similarly, ∂(πB∗
m −πD∗

m )
∂β = 4β3k(a−αc)2(16αc−5β2)

3(4αk(8αk−5β2)+3β4)
2 , and thereby ∂(πB∗

m −πD∗
m )

∂β > 0;

∂(πB∗
r −πD∗

r )
∂β = 32kβ5(3kα−β2)(a−αc)2

9(4kα−β2)
3
(8kα−3β2)

2 , and thereby ∂(πB∗
r −πD∗

r )
∂β > 0. Q. E. D.
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