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Abstract

This study examines the intricate pricing and coordination issues shaped by risk-averse
behavior and retailer competition in the green supply chain. Firstly, we derive equilibrium
strategies for stakeholders by employing models. The impact of the risk aversion level on
pricing and greenness is analyzed. Secondly, we conduct comparative analyses of optimal
decisions under the three models. Finally, we discuss the coordination of cost-sharing
contracts and validate the relevant conclusions through numerical simulation analysis. By
linking firms’ decision-making behaviors with product greenness, the study further shows
how operational choices influence the overall sustainability performance of the supply
chain. Our findings reveal a downward trend in wholesale price, greenness, and retail price
as risk aversion levels escalate. Additionally, we uncover the dual effect of cost-sharing
contracts: while they enhance environmental sustainability by boosting greenness, they
also bolster supply chain profitability and facilitate coordination efforts. These insights offer
practical guidance for establishing more sustainable green supply chains in competitive
and risk-sensitive environments.

Keywords: green supply chain; competition; risk aversion; pricing; cost-sharing contract

1. Introduction
Over the past five decades, economic globalization has accelerated supply chain

expansion and supported global growth, but it has also caused significant ecological
degradation [1]. As a result, the global economy is increasingly shifting toward low-
carbon development. Manufacturing is central to economic activity, and greening supply
chains has become a key strategy for the manufacturing industry [2,3]. Promoting the
green transformation of supply chains is not only an essential industrial upgrade but also
a crucial pathway for achieving long-term environmental sustainability.

Some scholars have researched green supply chains from a competitive perspective.
Li et al. [4] used game theory to analyze how competition shapes equilibrium prices and
profits, showing that green technology improves with higher R&D investment, while
stronger green competition reduces members’ profits. Chang et al. [5] modeled a two-tier
supply chain and found that weak competition benefits leaders, whereas strong competition
favors followers. Xia et al. [6] examined financing decisions in competitive supply chains
and found that intense competition weakens manufacturers’ incentives to invest in emission
reduction. Li et al. [7] analyzed information sharing in horizontal competition and showed
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that, although information sharing generally enhances profitability, its effectiveness may
change under competitive pressure.

These studies assume that supply chain members are perfectly rational. However,
growing evidence shows that decision-makers often hold behavioral preferences that
diverge from rational predictions [8]. When confronted with risk factors, many small
and medium-sized enterprises tend to adopt conservative strategies and exhibit risk
aversion [9–11]. Intensifying market competition may further reinforce such risk-averse
tendencies among supply chain participants. Risk-averse behavior may hinder investments
in green technologies, and understanding its impact is essential for designing sustain-
able supply chain systems. Therefore, this study examines how risk aversion influences
decision-making within a green supply chain characterized by retailer competition. We
address the following questions:

RQ1: What is the optimal pricing approach when accounting for risk-averse behavior
in a market with competing retailers?

RQ2: How does risk aversion impact retailer-competitive green supply chain
decision-making?

RQ3: How do we coordinate risk-averse behavior under retailer competition?
Section 2 offers an overview of the pertinent literature. Section 3 presents the model

framework, including the underlying assumptions and model formulation. Section 4 ana-
lyzes and compares the decision variables under different models. Section 5 validates the
findings via numerical simulations. Section 6 concludes the paper and offers discussions.

2. Literature Review
This section reviews the research on retail competition and risk aversion coordination

and specifies our contributions.

2.1. Supply Chain Pricing Considering Retailer Competition

The competitive behavior of retailers is a focal point in supply chain pricing decisions.
Current literature primarily focuses on one manufacturer providing products to two com-
peting retailers [12,13]. For example, Mondal and Giri [14] investigated the competition
and cooperation issues between one manufacturer and two retailers within the context of
government intervention, carbon quota, and trade policies. They discovered that when
retailers act as followers to manufacturers, they are profitable in Stackelberg games. Wang
et al. [15] studied collaborative behavior among competing retailers in closed-loop supply
chains and found that retailer cooperation leads to increased profits. Zhang et al. [16]
examined enterprise decision-making considering supply disruption risk under retailer
competition. Their results revealed that an increase in the intensity of retailer competi-
tion enhances supply reliability. Zhuo and Han [17] considered the supply chain pricing
decisions with government subsidies and retailer competition. The results showed that
vertical cooperation in the supply chain can improve Pareto, but retailer cooperation may
not necessarily provide additional benefits to the supply chain. Li [18] examined the issue
of demand uncertainty among competing retailers. The results indicated that as retailers’
demand uncertainty decreases, their individual profits increase.

Some scholars have also examined supply chain decisions under retailer competition
from different perspectives. For example, Pal et al. [19] investigated retailer competition and
product recycling under a carbon trading policy and suggested that governments should
impose stricter carbon emission caps to further reduce emissions. Tang et al. [20] focused
on trade-in strategies and found that such strategies can effectively enhance consumer
brand loyalty in competitive retail environments. The study by Wu et al. [21] analyzed how
recycling channels are selected in a closed-loop supply chain with competing retailers, indi-
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cating that manufacturers tend to choose third-party recycling when competition is intense.
Ma et al. [22] analyzed the effects of retailer competition and warranty services on pricing
and showed that extending warranty periods can increase retailer profits. Maruthasalam
and Balasubramanian [23] examined the impact of asymmetric retailer competition on
supplier decisions and found that unequal competition not only encourages suppliers
to expand into new markets but also boosts product sales. Mandal and Jain [24] further
studied procurement decisions under retailer competition and revealed that when direct
procurement costs are high, both retailers prefer alternative indirect procurement strategies.

These studies have yielded rich insights into retailer competition. However, they
fall short in examining how risk aversion affects decision-making in green supply chains
characterized by retailer competition.

2.2. Coordination of Risk Aversion

Risk-averse behavior significantly impacts the strategic choices of supply chains [25,26].
Risk-averse behavior may adversely affect supply chain pricing [27]. Moreover, appropri-
ately designed contracts can mitigate the effects of risk aversion and enable the supply
chain to achieve coordination [28,29]. Chen et al. [30] investigated the coordination problem
of two risk-averse manufacturers under quality competition, and their results indicate that
when the degree of risk aversion is low, a combination of contracts can achieve coordina-
tion. Xue and Wang [31] examined the coordination issues in a dual-channel supply chain
considering both risk aversion and fairness concerns and demonstrated that a combination
of revenue-sharing and buyback contracts can achieve Pareto optimal outcomes. Zhang
and Xu [32] explored how risk-averse behavior can be coordinated in platform-based
supply chains, finding that incentive-based agency contracts can enhance overall supply
chain performance. Cao and Tang [33] studied how risk aversion influences supply chain
efficiency in a newsvendor context and found that target-setting mechanisms help achieve
supply chain coordination. Tao and Koo [34] investigated coordination under risk aversion
while accounting for learning effects, showing that contracts incorporating learning curves
can generate additional profits for the supply chain. Hou et al. [35] analyzed effects of risk
aversion on marketing strategies for green products under manufacturer encroachment.
They conclude that cost-sharing agreements can lead to Pareto-efficient outcomes.

Taleizadeh et al. [36] used various coordination contracts to address risk-averse be-
havior and found that revenue-sharing and buyback contracts can maximize profits for
both manufacturers and retailers. Similarly, Cai et al. [37] examined coordination decisions
under uncertain returns and risk-averse preferences, showing that revenue-sharing and
subsidy contracts are particularly effective in achieving supply chain coordination. Yu
and Tian [38] further explored coordination under random yield and stochastic demand,
demonstrating that credit guarantee contracts help mitigate the double marginalization
effect. Using a mean-CVaR framework, Jammernegg et al. [39] revealed that wholesale
price contracts can effectively coordinate decisions between suppliers and buyers facing
risk aversion. In addition, Wu et al. [40] analyzed coordination strategies under carbon tax
policies and found that cost-sharing for green investment is the most suitable mechanism
when both marketing efforts and risk aversion are considered.

It is noteworthy that, although these studies employed various coordination mecha-
nisms to manage risk-averse behavior, they did not thoroughly address coordination issues
within competitive retail environments. We are the first to integrate risk aversion and
retailer competition into a green supply chain pricing decision model.

Existing research has largely concentrated on addressing coordination issues related
to risk aversion. However, the coordination of risk-averse behavior in retailer-competitive
green supply chains has not been thoroughly investigated. Therefore, we examine how
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risk aversion and retailer competition influence a green supply chain and further explore
contract coordination for risk-averse behavior.

Moreover, the major contributions are outlined below:

(1) Although prior studies have examined pricing decisions under retailer competition,
they typically assume risk-neutral supply chain members and therefore overlook the
critical role of risk aversion. This research explores the impact of risk aversion on
optimal decision-making in the green supply chain under retailer competition.

(2) While existing research has independently investigated retailer competition and risk
aversion, a unified decision-making framework that integrates competition intensity
and risk-averse behavior has not yet been established. This study advances the
literature by developing a Stackelberg game model that incorporates both retailer
competition and risk aversion.

(3) Previous research has primarily focused on pricing decisions, leaving coordination
mechanisms that simultaneously account for retailer competition and risk aversion
largely unexplored. By introducing a cost-sharing contract to mitigate risk-averse
behavior, this study fills this gap and demonstrates how green supply chains can be
effectively coordinated under competitive conditions.

3. Modeling
This section consists of four parts. Section 3.1 presents the fundamental assumptions

and parameter definitions required to establish the pricing model. Section 3.2 develops the
baseline pricing model in which both members are rational decision-makers. Section 3.3
further establishes the pricing model where the manufacturer is risk-averse while the
retailer remains rational. Section 3.4 introduces a cost-sharing coordination contract model,
in which the manufacturer continues to exhibit risk-averse behavior and the retailer remains
rational. Through this contract, the retailer assumes a share of the manufacturer’s R&D
costs to enable coordinated supply chain operations.

In addition, this section presents several propositions and properties. The propositions
describe the optimal equilibrium decisions and the comparative results across different
models, while the properties characterize how the optimal decisions vary with the manu-
facturer’s degree of risk aversion.

3.1. Assumptions of the Model

This study adopts a Stackelberg game, which characterizes sequential decision-making
between two players. One party moves first, and the other follows. In prior studies, Wang
et al. [41] employed evolutionary game theory to examine diffusion processes, while Chu
et al. [42] used a Nash equilibrium framework to analyze fixed-cost allocation. These
approaches are suitable for different strategic settings. In contrast, this study focuses on
a sequential pricing game between the manufacturer and the retailer. The manufacturer
sets the price first, and the retailer responds accordingly. Therefore, the Stackelberg game is
more appropriate for the decision structure examined in this paper.

This study incorporates risk aversion into the decision model of the green supply
chain under retailer competition, and a two-tier green supply chain consisting of a single
manufacturer and two competing retailers is constructed. The supply chain framework
under competing retailers is depicted in Figure 1.
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Figure 1. Three supply chain structures under retailer competition.

To construct the demand model, this study makes the assumptions outlined below.

Assumption 1. The demand in the green market is not only influenced by greenness and retail
price but also by market competition [43,44]. The market demand is set as qi = α − pi + βpj + τθ,
i, j = 1, 2, i ̸= j.

Assumption 2. The relationship between green R&D investment and greenness follows a quadratic
function, which can be set to c(g) = 0.5ηθ2 [45]. Moreover, green R&D investment does not affect
the production cost of products [46]. Using a quadratic function to characterize the relationship
effectively captures the diminishing marginal effect, but this functional form is more suitable for
static analysis. Once dynamic time factors are incorporated into the model, the applicability of
a quadratic specification becomes limited.

Assumption 3. Supply chain members in the green supply chain are considered to exhibit risk-
averse behavior [47], and their behavior is represented through the mean-variance method. The
utility function can be set to U = E(π) − RVar(π)/2. Although this specification facilitates
model derivation, its applicability may be constrained when the manufacturer and retailer exhibit
significant heterogeneity in risk-bearing capacity, financing constraints, or market positions.

Assumption 4. Within the Stackelberg framework, manufacturers and retailers seek to maximize
their profits. When members are risk-averse, their risk attitudes are known to the other members.
The two parties share identical information within the supply chain. For example, market demand,
product greenness, and the degree of risk aversion are assumed to be observable to both parties.

It should be noted that this study considers only the manufacturer’s risk-averse behav-
ior and does not examine the retailer’s risk attitude. In addition, information asymmetry
and retailer-led decision structures are not incorporated into the analysis. These scenarios
fall beyond the scope of the present work but offer promising avenues for future research.
The Nomenclature section lists the symbols and variables used in this study.

In this research, additional symbols are explained: superscript B represents member ra-
tionality model. Superscript MA represents manufacturer risk aversion model. Superscript
RS represents cost-sharing contract model. Subscript m, r, sc denotes manufacturer, retailer,
and supply chain. For example, UB

m represents the manufacturer’s utility under member
rationality. πMA

r represents the profit of the retailer under manufacturer risk aversion.
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3.2. Member Rationality

In the member rationality model, manufacturers and retailers decide based on actual
demand. Furthermore, manufacturers and retailers do not exhibit risk-averse behavior.
Therefore, the profit functions are as follows:

πr1 = (p1 − w)(α − p1 + βp2 + τθ) (1)

πr2 = (p2 − w)(α − p2 + βp1 + τθ) (2)

πm = (w − c)(α − p1 + βp2 + τθ) + (w − c)(α − p2 + βp1 + τθ)− 1
2

ηθ2 (3)

Proposition 1. With decision-making guided by member rationality, the supply chain achieves
a unique optimal solution. Wholesale price wB, greenness θB, retail price pB

1 and pB
2 are given

by (4)–(6).

wB =
η(2 − β)(α − c + cβ)

2ηβ2 − 6βη + 4η − 2τ2 + c (4)

θB =
τ(α − c + cβ)

ηβ2 − 3βη + 2η − τ2 (5)

pB
1 = pB

2 =
η(3 − 2β)(α − c + cβ)

2ηβ2 − 6βη + 4η − 2τ2 + c (6)

Proof of Proposition 1. See Appendix A. □

Substitute Equations (4)–(6) into Equations (1)–(3). We can get retailers’ profits πB
r1

,
πB

r2
and manufacturer’s profit πB

m.

πB
r1
= πB

r2
=

η2(1 − β)2(α − c + cβ)2

4(ηβ2 − 3βη + 2η − τ2)
2 (7)

πB
m =

η(α − c + cβ)2

2(ηβ2 − 3βη + 2η − τ2)
(8)

3.3. Manufacturer Risk Aversion

Under the manufacturer’s risk aversion model, the utility functions of the manufac-
turer and the retailer are as follows:

Ur1 = (p1 − w)(α − p1 + βp2 + τθ) (9)

Ur2 = πr2 = (p2 − w)(α − p2 + βp1 + τθ) (10)

Um = (w − c)(α − p1 + βp2 + τθ) + (w − c)(α − p2 + βp1 + τθ)− 1
2

ηθ2 − 1
2

R(w − c)2δ2 (11)

Proposition 2. Under manufacturer risk aversion, when Rδ2(2 − β) > 4(1 − β), the supply
chain attains a single optimal solution. wMA, θMA and pMA

i are given by (12)–(14).

wMA =
2η(2 − β)(α − c + cβ)

L
+ c (12)
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θMA =
4τ(α − c + cβ)

L
(13)

pMA
i =

η(α − c + cβ)
(
−Rβδ2 + 2Rδ2 − 4β + 6

)
L

+ c (14)

where L = Rβ2δ2η − 4Rβδ2η + 4Rδ2η + 4β2η − 12βη + 8η − 4τ2.

Proof of Proposition 2. See Appendix A. □

Substitute Equations (12)–(14) into Equations (9)–(11). We get

πMA
ri

=
η2(α − c + cβ)2(Rβδ2 − 2Rδ2 + 2β − 2

)2

L2 (15)

πMA
m =

2η(α − c + cβ)2

L
(16)

Proposition 3. When the manufacturer is risk-averse, the decision variables meet the conditions in
wB > wMA, θB > θMA, pB > pMA.

Proof of Proposition 3. See Appendix A. □

Property 1. When the manufacturer is risk-averse, the connection between the optimal wholesale
price, greenness, retail price, member profit and R is

(1) ∂wMA/∂R < 0, ∂θMA/∂R < 0, ∂pMA
i /∂R < 0, ∂πMA

m < 0;
(2) When η

(
β2 − 3β + 2

)
> 2τ2, ∂πMA

ri
> 0.

Proof of Property 1. See Appendix A. □

3.4. Cost-Sharing Contract

This section applies a contract to align the risk-averse behavior. The utility functions
of the manufacturer and retailer are given by:

Ur1 = (p1 − w)(α − p1 + βp2 + τθ)− 1
4

gηθ2 (17)

Ur2 = πr2 = (p2 − w)(α − p2 + βp1 + τθ)− 1
4

gηθ2 (18)

Um = (w − c)(α − p1 + βp2 + τθ) + (w − c)(α − p2 + βp1 + τθ)− 1
2
(1 − g)ηθ2 − 1

2
R(w − c)2δ2 (19)

Proposition 4. Under cost-sharing contracts, the supply chain achieves a unique optimal solution.
wCS, θCS and pCS

i are given by (20)–(22).

wCS =
2η(1 − g)(2 − β)(α − c + cβ)

L1
+ c (20)

θCS =
4τ(α − c + cβ)

L1
(21)

pCS
i =

η(1 − g)(α − c + cβ)
(
−Rβδ2 + 2Rδ2 − 4β + 6

)
L1

+ c (22)
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where
L1 = δ2η

(
−Rgβ2 + 4Rgβ − 4Rg + Rβ2 − 4Rβ + 4R

)
+η

(
−4gβ2 + 12gβ − 8g + 4β2 − 12β + 8

)
− 4τ2 .

Proof of Proposition 4. See Appendix A. □

Substitute Equations (20)–(22) into Equations (17)–(19). We obtain

πCS
ri

=
η(α − c + cβ)2

(
η
(
1 + g2 − 2g

)(
Rδ2(2 − β) + 2(1 − β)

)2 − 4gτ2
)

L1
2 (23)

πm =
2η(1 − g)(α − c + cβ)2

L1
(24)

Proposition 5. Under cost-sharing contracts, the decision variables satisfy

(1) wCS > wMA;
(2) When 2Rδ2 − Rδ2β + 4 − 4β > 0, θCS > θMA, pCS > pMA.

Proof of Proposition 5. See Appendix A. □

Property 2. In the context of cost-sharing contracts, the connection between the optimal wholesale
price, greenness, retail price, member profit and R is

(1) ∂wCS/∂R < 0, ∂θCS/∂R < 0, ∂pCS
i /∂R < 0, ∂πCS

m /∂R < 0;
(2) When L2 > 0, ∂πCS

ri
/∂R > 0.

Proof of Property 2. See Appendix A. □

Propositions 1, 2, and 4 present the optimal equilibrium outcomes under retailer
competition with risk-averse behavior, thereby directly addressing RQ1.

4. Comparative Analysis
Building on the equilibrium solutions derived above, this section provides an in-depth

comparison of the results across different models.

Proposition 6. When Rδ2η(1− g)(2− β)2 > 4gτ2, the wholesale price satisfies: wB > wCS > wMA.

Proof. According to Propositions 3 and 5, we have wB > wMA, wCS > wMA. Subtracting
wB from wCS, we obtain

wB − wCS =
η(2 − β)(α − c + cβ)

(
Rδ2η(1 − g)(2 − β)2 − 4gτ2

)
(2β2η − 6βη + 4η − 2τ2)L1

It can be found that when Rδ2η(1 − g)(2 − β)2 > 4gτ2, wB > wCS. So, wB > wCS >

wMA. □

According to Proposition 6, wholesale prices are related as follows: wholesale price
in the member rationality model is higher than that in the cost-sharing contract model,
and both are higher than that in the manufacturer risk aversion model. This suggests that
manufacturer risk-averse behavior affects the wholesale price decisions. It is worth noting
that wholesale prices under cost-sharing contracts are higher than in the manufacturer
risk-aversion scenario. Cost-sharing contracts can increase the wholesale price.
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Proposition 7. When Rδ2(2 − β)(1 − g) > 4g(1 − β), greenness satisfies: θB > θCS > θMA.

Proof. According to Propositions 3 and 5, we have θB > θMA, θCS > θMA. Subtracting θB

from θCS, we obtain

θB − θCS =
ητ(2 − β)(α − c + cβ)

(
Rδ2(2 − β)(1 − g)− 4g(1 − β)

)
(2β2η − 6βη + 4η − 2τ2)L1

It can be noticed that when Rδ2(2 − β)(1 − g) > 4g(1 − β), θB > θCS. Therefore
θB > θCS > θMA. □

Proposition 7 indicates that the relationship of greenness is as follows: greenness in
the member rationality model is higher than that in the cost-sharing contract model and
ultimately higher than that in the risk aversion model. This implies that the association of
greenness levels aligns with the relationship of manufacturer wholesale prices. The R&D
investment made by manufacturer influences the degree of greenness, and as the level of
greenness increases, the wholesale price also rises.

Proposition 8. When L3 > 0, greenness satisfies pB > pCS > pMA.

Proof. According to Propositions 3 and 5, we have pB > pMA, pCS > pMA. Subtracting pB

from pCS, we obtain

pB − pCS =
η(α − c + cβ)L3

(2β2η − 6βη + 4η − 2τ2)L1

where L3 = (1 − g)Rδ2η(2 − β)2 + 2(1 − g)Rδ2τ2(2 − β) + Rβ2δ2η + gτ2(8β − 12). When
L3 > 0, pB > pCS. We can get pB > pCS > pMA. □

Proposition 8 shows that the relationship among retail prices is as follows: retail price
in the model of member rationality is higher than that in the cost-sharing contract and
ultimately higher than that in the manufacturer risk aversion. When the manufacturer
is risk-averse, wholesale prices, greenness, and retail prices all decline, but introducing
cost-sharing contracts mitigates its adverse impact on retail pricing.

5. Numerical Analysis
Based on the above propositions and properties, we analyze the effect of R on green

supply chain decisions under a competitive environment through numerical analysis,
thereby responding to RQ2.

As a portable personal computing device, the laptop features a compact and
lightweight design along with strong performance. Typically weighing between 1 and
3 kg, laptops are characterized by their small form factor and are equipped with hardware
components such as an LED display, mouse, touch keyboard, CPU, and memory. Since
their introduction in the 1980s, laptops have undergone a significant transformation—from
early portable computing tools to today’s high-performance productivity devices. Laptops
are now widely used in office work, education, design, and entertainment, becoming indis-
pensable tools for both work and leisure. Global PC shipments reached 267 million units in
2019, increased to 303 million units in 2020, and further rose to 349 million units in 2021,
representing a year-on-year growth of 15.18%. However, due to the global economic envi-
ronment, market demand declined in 2022, and PC shipments fell by 16.3% year-on-year
to 292 million units. Preliminary statistics from Gartner show that global PC shipments
continued to drop to 242 million units in 2023. The market saw a slight rebound in 2024,
with full-year shipments expected to reach 245 million units, a year-on-year increase of
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1.4%. Using laptops as the research subject and following Sang and Zhang [48], the relevant
parameter values are set as follows: α = 100, c = 6, β = 0.1, τ = 0.2, η = 1, δ = 2, R = 0.6.
The parameter values satisfy the research assumptions.

5.1. Coordination of Cost-Sharing Compact

Regarding green supply chain operations, cost-sharing contracts are a common form of
collaboration. However, the impact of cost-sharing agreements is determined by how well
the manufacturer and retailer coordinate. Specifically, if the manufacturer and the retailer
can agree on a cost-sharing ratio, that can be determined in a way that promotes the profit
growth of both parties at the same time. Therefore, to evaluate the impact of cost-sharing
contracts on coordination, our research focuses on how changes in the cost-sharing ratio
affect the profits of manufacturers and retailers (Figure 2).
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Figure 2. Feasible range of cost-sharing contract g.

Figure 2 illustrates that as the cost-sharing ratio rises, manufacturer profit continuously
increases, while retailer profit first increases and then decreases. Under conditions of
a relatively small cost-sharing ratio, manufacturer and retailer profits under the cost-
sharing contract model are higher than the manufacturer risk aversion model. We will
analyze the impact of R on pricing under g = 0.6.

Cost-sharing contracts serve as an effective coordination mechanism by allowing
retailers to bear part of the green R&D investment. Similarly, Song et al. [49] adopted a cost-
sharing contract, but the effectiveness of their coordination mechanism was constrained by
the strategic conflict among supply chain members. By lowering the marginal cost of green
investment, cost-sharing contracts encourage manufacturers to adopt more environmentally
friendly technologies. As product greenness increases, retailers benefit from higher demand
and enhanced competitiveness, which justifies their contribution to R&D costs.

In practice, cost-sharing contracts are widely applied in sectors such as electronics
manufacturing and automotive production. However, their effectiveness depends on care-
fully designed sharing ratios. Information asymmetry, power imbalances, and uncertainty
regarding investment returns may influence implementation outcomes. Therefore, it is
essential to design cost-sharing contracts to specific supply chain contexts to ensure that
they achieve the desired coordination effects.
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5.2. R Impacts on Pricing, Greenness and Profits

Figure 3 presents the effects of risk-aversion level (R) on wholesale price (w), product
greenness (θ), and retail price (p).
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Figure 3. R impacts on decision-making variables. (a) R impacts on w and θ, (b) R impacts on p.

Figure 3 shows that when supply chain members make decisions under manufacturer
risk aversion and cost-sharing contracts, the stronger the risk aversion level of supply
chain members, the lower the price and greenness. However, the equilibrium decision
under the cost-sharing contract is better than the manufacturer risk aversion model. The
product’s greenness increases, and the wholesale and retail prices also increase accordingly.
Zhang et al. [50] also found that risk aversion reduces the wholesale price and product
greenness. However, their results show that risk aversion leads to an increase in the retail
price. It can be observed that the increase in greenness is much greater than the increase in
wholesale and retail prices, which suggests that cost-sharing contracts are more conducive
to manufacturers’ investment in the development of green products. This implies that
cost-sharing contracts improve overall supply chain profitability while maintaining market
competitiveness. They provide managers with a mechanism to coordinate decisions and
incentivize green innovation. The cost-sharing contract encourages higher levels of green
R&D investment, resulting in products with improved environmental performance and
reduced ecological impact, which directly supports sustainable production practices.

Figure 4 presents the effects of risk-aversion level (R) on profit of retailer (πr), profit of
manufacturer (πm), and total profit (πsc).
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Figure 4. R impacts on profits. (a) R impacts on πr and πm, (b) R impacts on πsc.

From Figure 4, it is evident that as the level of R increases, manufacturer profit shows
a decreasing trend, while retailer profit and total profit show an increasing trend. Moreover,
when the risk aversion level is high, profits of supply chain participants under the cost-
sharing contract exceed those under the manufacturer risk-aversion model. Wang et al. [26]
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also found that risk aversion has an adverse effect on the members’ profits. Although the
retailer bears a portion of R&D costs, it is beneficial for the manufacturer, retailer, and
supply chain. All three parties’ profits increase, which shows the effectiveness of the cost-
sharing contract. This indicates that cost-sharing contracts enhance overall supply chain
efficiency and profitability. They provide managers with a tool to coordinate decisions
under risk-averse behavior and encourage investment in green innovation. By increasing
profits across supply chain members while promoting greener products, cost-sharing
contracts facilitate the adoption of environmentally responsible practices and enhance the
supply chain’s long-term sustainability.

5.3. R and β Impact on Pricing, Greenness and Profits

Figure 5 presents the effects of risk-aversion level (R) and the intensity of competi-
tion (β) on wholesale price (w), product greenness (θ), retail price (p), retailer profit (πr),
manufacturer profit (πm), and total profit (πsc).
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Figure 5. R and β impact on decision-making variables. (a) R and β impact on w, (b) R and β impact
on θ, (c) R and β impact on p, (d) R and β impact on πm, (e) R and β impact on πr, (f) R and β impact
on πsc.

According to Figure 5, the wholesale price, greenness, retail price, manufacturer
and total profits of the product show a positive correlation with competition intensity β

and a negative correlation with risk aversion level R. With high risk aversion, the cost-
sharing contract yields greater profits for supply chain members than the risk-aversion
model. The cost-sharing contract improves greenness and increases profits, effectively
coordinating risk-averse behaviors. This suggests that cost-sharing contracts enhance
supply chain performance under competitive conditions and support more efficient pricing
and investment decisions. Mandal et al. [51] also demonstrated the coordinating role
of cost-sharing contracts in supply chains. They offer managers a practical mechanism
to align incentives and mitigate the negative impact of risk aversion. Under varying
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competition intensities, cost-sharing contracts drive supply chain members to maintain or
improve product greenness, promoting eco-friendly innovation and supporting sustainable
consumption in competitive markets.

Figure 6 illustrates that the level of cooperation between manufacturers and retailers
impacts profitability under varying competition intensities and risk aversion levels, thereby
responding to RQ3. The results of the sensitivity analysis suggest that the coordination
effect of the cost-sharing contract is affected by the intensity of competition and the level of
risk aversion. How can manufacturers and retailers cooperate to achieve maximum profits?
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Figure 6. The effect of R and g on profits under different β.

Manufacturers expect retailers to bear more R&D costs to enhance risk resistance
capabilities. Moreover, this expectation intensifies with increasing competition intensity
and risk aversion levels. For retailers, increasing cooperation with manufacturers in
a less competitive environment helps boost their profits and product greenness, thereby
better attracting green-preferring consumers. However, as competition intensity increases,
retailers should prioritize their profits and avoid excessively bearing costs to prevent
harming their interests.

Overall, manufacturers and retailers should closely monitor competition intensity and
risk aversion levels, strengthening cooperation to promote the sustainable development of
the supply chain. Effective cost-sharing coordination allows both parties to achieve higher
combined profits and optimize investment in green innovation. It provides managers with
a tool to balance risk and competitive strategy. Strategic cooperation between manufac-
turers and retailers under cost-sharing agreements enables sustained investment in green
technologies, fostering a culture of environmental responsibility and enhancing the supply
chain’s resilience over time.
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6. Conclusions and Discussion
6.1. Conclusions

Under a green supply chain, members face competition, and non-rational behavior
can also influence their decision-making. To address this, our research introduces risk
aversion behavior into green supply chain decision-making under retailer competition. We
investigate how risk-averse behavior influences decision-making in the supply chain. We
draw the following conclusions:

To respond to RQ1, we derive the optimal equilibrium decisions under demand model.
The results indicate that in a retailer-competitive green supply chain, when manufacturers
exhibit risk-averse behavior, the wholesale price, greenness, and retail price are negatively
correlated with the level of risk aversion.

To respond to RQ2, our analysis demonstrates that risk-averse behavior adversely
affects the greenness and the profits. Under risk aversion, supply chain profits are reduced
relative to rational behavior.

To respond to RQ3, we show that a cost-sharing contract can effectively coordinate
risk-averse behavior. Compared with the risk-aversion model, product greenness and
member profits increase under the cost-sharing contract.

6.2. Management Implication

This study offers several meaningful insights for managing green supply chains. The
managerial implications are summarized below.

Consistent with Proposition 3, supply chain profits and product greenness are highest
when all members behave rationally. In contrast, as shown in Property 1, risk-averse
behavior reduces both greenness and member profits, suggesting that firms need to consider
risk-averse preferences when managing supply chain operations.

In addition, Proposition 5 demonstrates that cost-sharing contracts can effectively coor-
dinate risk-averse behavior. As further supported by Proposition 7, such contracts enhance
product greenness and increase member profits, thereby mitigating the negative effects of
risk aversion. However, the effectiveness of cost-sharing contracts depends on the intensity
of retailer competition, which warrants careful consideration in practical implementation.

Manufacturers should take measures to strengthen cooperation with retailers. Higher
levels of cooperation are more beneficial for them. However, retailers should consider the
limit of R&D costs they can bear. If retailers bear excessive R&D costs, it may adversely
affect their profits.

6.3. Theoretical Implication

This research provides multiple theoretical insights to existing supply chain man-
agement research. Firstly, while there is considerable research on competition, there is
relatively little research regarding risk aversion behavior from the perspective of retailer
competition. Examining risk-averse behavior will contribute to a deeper analysis in future
competition studies. Secondly, in terms of model construction, our study integrates relevant
theories from game theory and behavioral economics. We construct a model of retailer
competition in green supply chains, considering risk aversion behavior, making it more
applicable to complex and practical situations. Lastly, limited by the complexity of models
under competitive environments, most studies only explore the impact of member prefer-
ences on competitive supply chains. However, our research delves into how to coordinate
adverse behaviors. Moreover, we use cost-sharing contracts to enhance product greenness
and profits.
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6.4. Limitation and Future Direction

Some limitations of this study could be addressed in future work. For instance, it
only considers risk-averse behavior from manufacturers. In competitive environments,
manufacturers and retailers may simultaneously engage in risk-averse behavior. Once
multiple members become risk-averse, the modeling framework changes substantially.
Future research could construct a multi-agent risk aversion model in which manufacturers
and retailers each optimize an individual risk-adjusted objective function. This would allow
scholars to examine how asymmetric or symmetric risk preferences influence equilibrium
pricing, greenness decisions, and profit allocation under retailer competition.

Furthermore, we focus on manufacturer-dominated supply chains. In some supply
chain practices, retailers may also hold a dominant position. When the retailer acts as the
leader, the structure of the Stackelberg game changes fundamentally, leading to an entirely
different set of optimal equilibrium decisions. Future research could therefore explore
a retailer-led leadership mode, examining the impact of risk aversion on pricing decisions.

Finally, this study assumes symmetric information. In markets with asymmetric infor-
mation, the bargaining power and profit allocation between manufacturers and retailers
may change accordingly. Future research could therefore develop game-theoretic models
under asymmetric information. In addition, this study is conducted in a static decision
environment and does not account for the dynamic evolution of demand, cost, or risk
preferences over multiple periods. Future work may extend the analysis to dynamic game
settings to examine how temporal changes influence green supply chain decisions.
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Nomenclature

Meaning Parameters
Wholesale price w
Greenness θ

Retail price p1, p2

Potential market demand α

Intensity of retailer competition β

Greenness sensitivity coefficient τ

Sensitivity coefficient for green product costs η

unit cost c
Level of risk aversion R
Risk aversion variance δ

Members’ profit π

Members’ utility U
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Appendix A

Proof of Proposition 1. Equations (1)–(3) are solved using the inverse solution method. The
retailer’s profits πr1 and πr2 are a first-order partial derivative of the retail prices p1 and p2.
Let ∂πr1 /∂p1 = 0, ∂πr2 /∂p2 = 0; we get the optimal retail prices pB

1 , pB
2 . Further, substitute

the optimal retail price into Equation (3). πm takes the second-order partial derivatives for
w and θ.

The second-order partial derivative of πm with respect to w is − 4(1−β)
2−β . The second-

order partial derivative of πm with respect to θ is −η. The mixed second-order partial
derivative of πm with respect to w and θ is 2τ

2−β .

Then we obtain the Hessian matrix H1 =

[
− 4(1−β)

2−β
2τ

2−β
2τ

2−β −η

]
. Since the first-order

principal subequation −4(1 − β)/(2 − β) < 0 and the second-order principal subequation
4
(
ηβ2 − 3βη + 2η − τ2)/(2 − β)2 > 0, we get a negative definite matrix H1. And πm is

a concave function concerning w and θ. Under rational decision-making, the supply chain
attains a unique optimal solution. □

Proof of Proposition 2. Equations (9)–(11) are solved using the inverse solution method.
Let ∂Ur1 /∂p1 and ∂Ur2 /∂p2 to zero. We obtain pMA

1 and pMA
2 under the manufacturer’s

risk aversion and insert it into Equation (11). Equation (11) takes the wholesale price’s
second-order partial derivatives and greenness derivatives.

The second-order partial derivative of πm with respect to w is − Rδ2(2−β)+4(1−β)
2−β . The

second-order partial derivative of πm with respect to θ is −η. The mixed second-order
partial derivative of πm with respect to w and θ is 2τ

2−β .

Then we obtain the Hessian matrix H2 =

[
− Rδ2(2−β)+4(1−β)

2−β
2τ

2−β
2τ

2−β −η

]
. When

Rδ2(2 − β) > 4(1 − β), the first-order principal minor of H2 is less than zero, and the
second-order principal minor is greater than zero. Therefore, H2 is a negative defi-
nite matrix. Equation (11) is a concave function. Proposition 2 also yields a unique
optimal solution. □

Proof of Proposition 3. Comparing the optimal decisions under manufacturer risk aversion
and member rationality shows that

wB − wMA = Rδ2η2(2−β)3(α−c+cβ)
(2ηβ2−6βη+4η−2τ2)L > 0, θB − θMA = Rδ2ητ(2−β)2(α−c+cβ)

(ηβ2−3βη+2η−τ2)L > 0,

pB − pMA =
Rδ2η(2−β)(α−c+cβ)(2η−βη+2τ2)

(2ηβ2−6βη+4η−2τ2)L > 0.

Therefore, from the above equation, it follows that wB > wMA, θB > θMA,
pB > pMA. □

Proof of Property 1. The first-order partial derivation of Equations (12)–(16) with respect to
the level R of risk aversion gives

∂wMA

∂R = − 2δ2η2(2−β)3(α−c+cβ)
L2 < 0, ∂θMA

∂R = − 4δ2ητ(2−β)2(α−c+cβ)
L2 < 0,

∂pMA
i

∂R = − 2δ2η(2−β)(α−c+cβ)(η(2−β)+2τ2)
L2 < 0,

∂πMA
m

∂R = − 2δ2η2(2−β)2(α−c+cβ)2

L2 < 0.
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When η
(

β2 − 3β + 2
)
> 2τ2,

∂πMA
ri

∂R
=

4δ2η2(2 − β)(α − c + cβ)2(β2η − 3βη + 2η − 2τ2)(2Rδ2 − βRδ2 + 2 − 2β
)

L3 > 0.

□

Proof of Proposition 4. Equations (17)–(19) are solved using the inverse solution method.
Let ∂Ur1 /∂p1 and ∂Ur2 /∂p2 to zero. Then we can get pCS

i . Substitute pCS
i into Equation (19).

Equation (19) takes the second-order partial derivatives of w and θ.

The second-order partial derivative of πm with respect to w is − Rδ2(2−β)+4(1−β)
2−β . The

second-order partial derivative of πm with respect to θ is η(g − 1). The mixed second-order
partial derivative of πm with respect to w and θ is 2τ

2−β .

We obtain the Hessian matrix H3 =

[
− Rδ2(2−β)+4(1−β)

2−β
2τ

2−β
2τ

2−β η(g − 1)

]
. From H3, it can

be found that the first-order principal subequation is less than zero and the second-order
principal subequation is greater than zero. H3 is a negative definite matrix. Equation (19) is
a concave function, and a single optimal solution exists for Proposition 4. □

Proof of Proposition 5. A comparison of the optimal decision between the cost-sharing
contract and the manufacturer’s risk aversion yields

wCS − wMA =
8gητ2(2 − β)(α − c + cβ)

LL1
> 0. When 2Rδ2 − Rδ2β + 4 − 4β > 0,

θCS − θMA =
4gητ(2 − β)(α − c + cβ)

(
2Rδ2 − Rδ2β + 4 − 4β

)
LL1

> 0,

pCS − pMA =
4gητ2(α − c + cβ)

(
2Rδ2 − Rδ2β + 6 − 4β

)
LL1

> 0.

□

Proof of Property 2. Equations (20)–(24) take a first-order partial derivation of the degree
of risk aversion to obtain

∂wCS

∂R
= −2δ2η2(1 − g)2(2 − β)3(α − c + cβ)

L1
2 < 0,

∂θCS

∂R
= −4δ2ητ(1 − g)(2 − β)2(α − c + cβ)

L1
2 < 0,

∂pCS
i

∂R
= −

2δ2η(1 − g)(2 − β)(α − c + cβ)
(
η(1 − g)(2 − β) + 2τ2)

L1
2 < 0,

∂πCS
m

∂R
= −2δ2η2(1 − g)2(2 − β)2(α − c + cβ)

L1
2 < 0. When L2 > 0,

∂πCS
ri

∂R
= −4δ2η2(1 − g)(2 − β)(α − c + cβ)2L2

L1
2 < 0

where
L2 = η(1 − g)2(Rδ2(−β3 + 5β2 − 8β + 4

)
+ 2

(
−β3 + 4β2 − 5β + 2

))
+2Rδ2τ2(g − 1)(2 − β) + τ2(−6gβ + 8g + 4β − 4)

. □
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