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Abstract
With the rapid development of green consumption demand, more and more consumers choose to purchase green products.
Incorporating consumers’ environmental awareness into a green supply chain, this paper studies the decisions and coordination
of the green supply chain under the retailer’s reciprocal preference. The decentralized models with and without reciprocity are
constructed and analyzed with consideration of product green degree and pricing. Then, the cost-sharing joint commission
contract is proposed to realize Pareto improvement. Finally, propositions and conclusions are verified by numerical simulation.
The results indicate that improving consumers’ environmental awareness is favorable to the profit of the whole supply chain and
environment. Besides, within the reasonable range of retailer’s reciprocal preference, higher value of the retailer’s reciprocal
preference is conductive to the better realization of environmental protection and the improvement of the economic welfare of the
whole society. The cost-sharing contract exerts a positive effect in improving the environmental and economic performance in the
green supply chain (GSC). The paper provides a theoretical foundation for the design of cooperative contracts in the GSC,
especially the GSC with retailer’s reciprocal preference.

Keywords Reciprocal preference . Green supply chain . Consumer’s environmental preference . Cost-sharing contract . Pareto
improvement . Game theory

Introduction

With the aggravation of the global greenhouse effect, it is
urgently necessary to achieve the emissions reduction tar-
gets (Lotfi et al. 2020). Consumer’s increasing preference
for green products is the primary incentive for enterprises

to reduce carbon emissions (Mehrjerdi and Lotfi 2019;
Banik et al. 2020). In recent years, a growing body of
literature shows that consumer’s awareness and preference
of green products will affect their consume behavior and
market demand (Aslani and Heydari 2019; Mehrbakhsh
and Ghezavati 2020). As enterprises in the green supply
chain (GSC) face a particular market demand, consumers
tend to have low-carbon preferences (Xu et al. 2018; Tang
et al. 2020). Faced with the double pressure of governmen-
tal controls on carbon emission and demand growth for
green products, the core enterprises in the GSC take green
transformation strategies, such as adopting advanced
energy-saving and emission-reduction production technol-
ogy, encouraging cooperators to participate in energy con-
servation and emission reduction, and stimulating
consumer-facing retailers to strengthen the propaganda
low-carbon products (Lotfi et al. 2017a, b). These strate-
gies will lead to an increase in operating costs more or less
and even a reduction in supply chain performance.
Therefore, it is of great significance for enterprises to take
consumers’ environmental preference into account when
making operational decisions.

Highlights
• Both environmental preference and retailer’s reciprocal preference are
considered.
•Retailer’s positive reciprocity is good for environment and supply chain.
• Channel profits can realize Pareto improvement by cost-sharing con-
tract.
• Green products provide more value-add for the GSC system.
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The psychology of decision-makers is still a key issue in
supply chain coordination. At present, a large number of re-
search is based on the low-carbon supply chain, most of which
assume that decision-makers are rational economic men (Xiao
et al. 2020). However, a growing number of researches sug-
gest that this assumption is at odds with reality. They propose
the theories of finite rationality and illustrate that people have
social preferences. A prime difference of finite rationality hy-
pothesis model from rational hypothesis model is that
decision-makers with social preferences target the maximum
utility functions which include cooperators’ profits and their
profits, rather than just maximizing their profits. Reciprocal
preference is one of the most critical social preferences, which
is defined as an attitude of the decision-maker to “repay the
kindness of others, revenge on the spite of others” (Fehr and
Gächter 2000). In practice, many firms reward partners who
are kind to them, even if they cannot foresee whether recipro-
cal behavior between firms will improve economic benefits.
Enterprises’ reciprocal preferences impact not only their own
decisions but also cooperators’ decisions in the GSC. For ex-
ample, companies in a reciprocal social network tend to adopt
kinder strategies, and any company adopting kind strategy can
increase the efficiency of the whole supply chain (Xia et al.
2018). Furthermore, to reflect the realistic conditions truer,
Xia et al. (2018) assume that the retailer has a reciprocal pref-
erence. In practice, it is usually the core enterprises in the
GSC, namely manufacturers, that play leading roles in reduc-
ing carbon emissions. For instance, Huawei Technologies
Co., Ltd., has cooperated with suppliers in energy conserva-
tion and emission reduction innovation, and actively partici-
pated in relevant industry organization activities and the for-
mulation of relevant standards to build a GSC in an all-round
way. This company has achieved a carbon emission reduction
of about 450,000 t by 2018. Similarly, Dell works closely with
Chinese suppliers to help them meet strict international stan-
dards in environmental protection and enhance competitive-
ness in the international environment. And it ranked second in
the 2017 CITI index of green supply chain released by the
Institute of Public and Environmental Affairs (IPE).
However, the dominant manufacturer tends to decide the most
self-interest way, such as deliberately improve the wholesale
price or share the less environmental cost, which is not con-
ducive to the long-term development of the GSC (Zhao et al.
2016). Therefore, the manufacturer needs to consider the rec-
iprocity preference of retailers so that the retailer can better
serve manufacturer’s green transformation strategies. In this
paper, we focus on a GSC in which the retailer wholesales
green products from a manufacturer to meet consumers’ de-
mand for low-carbon products. More specifically, we focus on
four issues: (1) How do players determine the optimal price of
green products and emission abatement level in a GSC con-
sidering reciprocal preference? (2) How does consumers’ en-
vironmental awareness influence management decisions in a

GSC? Can green products provide more value-add for the
GSC system? (3) How does retailer’s reciprocal behavior af-
fect environment, members’ decision-makings, and their
profits? (4) Can the channel profits realize Pareto improve-
ment under the cost-sharing contract? Can a cost-sharing con-
tract improve the environmental and economic performance in
the GSC?

Motivated by the above issues, several analytical models
are proposed under the framework of the Stackelberg game to
obtain the optimal equilibrium in the GSC. Based on these
equilibrium results, decision-makers can develop specific
computer programs and introduce them to management infor-
mation systems, then use mass data stored in the information
system to predict model parameters, so as to realize the opti-
mal pricing and emission-reduction scheme. For this purpose,
we first develop two decentralized models based on whether
the retailer has reciprocal preference. Then, we introduce the
cost-sharing contract to investigate whether contracts can re-
alize the Pareto improvement with and without the retailer’s
reciprocal preference. The backward induction method and
the Kuhn-Tucker condition (KT condition) are used to solve
the decision variables in our models. Our results lead to the
creation of new operation and management perspectives for
the decision-making and contract design in the GSC. The
results show that both the emission abatement level and the
profits of retailer and manufacturer increase with the con-
sumer’s environmental preference; thus, improving consumer
environmental preference is beneficial to the construction of
energy-saving society. In addition, we obtain a reasonable
range of retailer’s reciprocal preference. The results show that
the higher value of the retailer’s reciprocal preference can lead
to improvement in environmental protection and economic
welfare of the whole society within this reasonable range.
Besides, the manufacturer can make more profit when the
retailer is kind to him, while both the manufacturer and entire
GSC would make less profit when the retailer takes a hostile
attitude. Furthermore, we discuss the cost-sharing contract,
especially focus on exploring how this contract affects optimal
decisions and whether it can realize Pareto improvement.
Interestingly, we find that the channel profits can realize
Pareto improvement under certain conditions regardless of
the presence of the retailer’s reciprocal preference.

The remainder of the paper is organized as follows. The
“Literature review” section presents the relevant literature.
“The models” section introduces the problem description
and assumptions, besides elaborating the basic models’ for-
mulation and solution. Subsequently, “The models” section
introduces the contract mechanism to explore whether cost-
sharing contract can improve the performance of GSC or
achieve Pareto improvement. The “Numerical analysis” sec-
tion presents some numerical examples to analyze the equilib-
rium in “The models” section by several numerical examples.
The “Conclusions” section summarizes conclusions of our

29860 Environ Sci Pollut Res (2021) 28:29859–29874



work as well as proposes further research work direction of the
related research.

Literature review

In this section, the most relevant topics and research (includ-
ing three aspects) are presented that will help to continue the
discussion. Table 1 lists part of the literature, which is the
highly relevant to our research and shows our contributions.

Consumer environmental preference The first stream of liter-
ature studies consumer environmental preference in the sup-
ply chain. Chen et al. (2014) analyze the influence of consum-
er environmental preference on their purchase decisions, and
conclude that the low-carbon awareness, wage levels, cultural
diversity, and geographical position are influential in the con-
sumer’s purchase intentions. Wang et al. (2017) show that
increasing consumer environmental preference makes them
pay more attention to the carbon performance of products
and even would like to shell out more money for green prod-
ucts. Hence, consumer environmental preference exerts influ-
ence on consumer’s purchase intentions, which will affect
enterprises’ decision-making in turn. There are a couple of
studies similar to that of Wang et al. (2017) as they all illus-
trate the effects of consumer environmental preference on the
supply chain based on the demand of emission abatement
level (see for example Ghosh and Shah 2012; Du et al.
2016; Zhao et al. 2016; Cui et al. 2017; Du et al. 2017).
Ghosh and Shah (2012) investigate the influences of different
power structures on pricing and emission-reduction decision.
Du et al. (2016) present the effects of emissions and environ-
mental preference on the production decisions in the carbon
cap-and-trade system. Zhao et al. (2016) construct a
remanufacturing model considering low-carbon preference

to achieve harmonious development of economy. Cui et al.
(2017) study the selection model of remanufacturing quality
and introduce a demand function of remanufactured products
generated by environmental preference. The results show that
the optimal decision relates to consumer environmental pref-
erence. In the findings of Du et al. (2017), the environmental
performance of products in the low-carbon supply chain is
studied, and price discount sharing is designed to achieve
Pareto improvement. The above-cited work uses a similar lin-
ear demand function dependent on retail price and emission
abatement level. However, we consider a GSC where both
retailer’s reciprocal preference and consumer environmental
preference affect the channel decisions, rather than
disregarding reciprocity as the existing literature does.

Reciprocal preference in the supply chain The previous liter-
atures related to the reciprocal preference mainly involved two
aspects. One aspect conducts various surveys and experimental
games to prove that reciprocity exists and has a significant
effect on human behavior. For instance, Fehr and Gächter
(2000) show that individuals with reciprocal preferences are
willing to make the material sacrifice to reward others who
are kind to them and punish those who are not. The model of
reciprocity can explain games such as the gift exchange game
(Fehr et al. 1993), ultimatum game (Camerer and Thaler 1995),
trust game (Camerer 2003), and mini-ultimatum game (Falk
et al. 2003), while the widely studied fairness-based models
cannot. Fehr et al. (1993) find that the employer will recipro-
cate with a generous remuneration package, and the employer
expects reciprocity in return for a generous wage offer in the
gift exchange game. Camerer and Thaler (1995) illustrate that
responders continually reject low offers and always sanction
defectors for unfair behavior, which is manifested as negative
reciprocity in the ultimatum game. In Camerer (2003), there is
a positive reciprocal relationship between the investor and the

Table 1 Highly related literatures

Research paper Pricing strategy Low-carbon preference reciprocity Cost-
sharing

Aslani and Heydari (2019) √ √
Du et al. 2014 √ √
Du et al. (2016) √ √
Du et al. (2017) √ √
Ghosh and Shah (2012) √ √
Ghosh and Shah (2015) √ √ √
Wang and Shin (2015) √ √
Wang et al. (2017) √ √ √
Wang et al. (2017) √ √
Xia et al. (2018) √ √ √
Xiao et al. (2020) √ √ √
Our paper √ √ √ √
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trustor in the absence of a formal contract or a perfect contract.
The other aspect focuses on constructing various reciprocity
models and putting reciprocal preference into the study of the
supply chain. Many existing papers have proved that some
social preference behaviors, especially fairness concerns
(Chen et al. 2018; Liu et al. 2018), can affect supply chain’s
performances. Many contracts related to fairness concerns in
these literatures have been proved to be able to achieve channel
profits’ Pareto improvement, while it is difficult to implement
these contracts effectively in reality. Although the above works
are not about reciprocity, they have an important reference
value to this paper. A prime difference between the fairness-
based model and the reciprocity-based model is that in the
fairness-based model, the follower only punishes others if they
are possible to reduce such unfairness.While in the reciprocity-
based model, decision-makers reward or punish others based
on their perceived kindness or spite (Du et al. 2014). In prac-
tice, large-scale automobile manufacturers with reciprocal pref-
erences for suppliers, such as Toyota and GM, are not only
committed to profit-maximization but also concerned about
the profit of upstream suppliers. Therefore, a few scholars in-
troduce reciprocal preference into the supply chain decision-
making and further explore the performances of the supply
chain (Du et al. 2014; Xia et al. 2018; Yan et al. 2017). Du
et al. (2014) study the effects of reciprocal preferences on
players’ optimal decision-making by using the modeling quan-
titative analysis method. Xia et al. (2018) investigate a two-
level low-carbon supply chain in the trading scheme consider-
ing reciprocity theory. Yan et al. (2017) propose the allocation
game framework model under reciprocity. In our paper, the
similar reciprocity theory and different contract design to study
the optimal pricing and emission abatement problem in the
GSC.

Cost-sharing contract in the supply chain Revenue-sharing
and cost-sharing have been widely studied in related literature
(Wang and Shin 2015) to encourage supply chain coordina-
tion. There are many papers similar to that of Wang and Shin
(2015) because they all consider the cost-sharing contract in
the non-green supply chain (see for example Cavusoglu et al.
2008; Chao et al. 2009; Frisk et al. 2010; Panda 2013).
Cavusoglu et al. (2008) assume that cost-sharing may realize
optimal social benefits even in the presence of information
asymmetry. Chao et al. (2009) present that cost-sharing con-
tract could raise the quality of the non-green product. Frisk
et al. (2010) propose an allocation method in a collaborative
forest transportation to achieve a balanced distribution of
profits among participants. Compared with the revenue shar-
ing contract, the cost-sharing contract proposed in Panda
(2013) can effectively coordinate the two-level supply chain.
Panda (2013) presents a cost-sharing contract that can effec-
tively coordinate the two-level supply chain, while the
revenue-sharing contract cannot. With the widespread

application of cost-sharing in reality, more and more aca-
demics start to study cost-sharing contracts in the field of the
GSC. Faced with the low-carbon demand in the GSC, the
retailers have the motivation to encourage manufacturers to
take steps to reduce carbon emission and protect the environ-
ment (Jaber et al. 2013). The manufacturers make unique in-
finitely divisible green products and engage in emission re-
duction by adopting green technology, which could not only
bring economic benefits and enhance enterprises’ competi-
tiveness but also increase investment costs (Xu et al. 2016).
In the work of Wang et al. (2017), the cost-sharing contract is
regarded as an effective coordinated mechanism under low-
carbon behavior. We refer the reader to Ghosh and Shah
(2015) for a recent review of practically implemented cost-
sharing contract. The authors develop two cost-sharing
models to compare and analyze performances of the supply
chain. A similar cost-sharing contract enables us to research
the influence of cost-sharing on the optimal decisions in the
GSC considering the retailer’s reciprocal preference.

The models

The paper focuses on a GSC considering reciprocity and cost-
sharing contract.We consider a make-to-order production sys-
tem in which the downstream retailer wholesales green prod-
ucts from an upstream manufacturer to satisfy environmental-
ly friendly market demand. The inventory is not taken into
account, and the information between supply chain members
is assumed to be completely symmetric. Table 2 shows the
notations that are used in the subsequent models. Figure 1
depicts the corresponding strategies of the five models pro-
posed in this paper.

Based on practical considerations, we give the following
three assumptions.

Assumption 1
The improvement of emission abatement level of low-
carbon products affects the market demand function. As
in the work of Tang et al. (2020), the manufacturer has a
quadratic abatement cost function, which is a convex and
increasing function with emission abatement level. So the
manufacturer’s cost function of investing emission abate-
ment is expressed as βθ2, where β denotes the difficulty
level of carbon emission abatement, and θ denotes emis-
sion abatement level of the manufacturer. In the actual
situation, the cost of emission abatement is diseconomies
of scale for green technology (Mehrbakhsh and
Ghezavati 2020), which means huge losses of profits.
Therefore, we have to ensure that the difficulty level of
emission abatement is high enough to reduce the loss of
profits. Following Xiao et al. (2020), we give the assump-
tion of e2 < 4bβ to keep the existence of optimal

29862 Environ Sci Pollut Res (2021) 28:29859–29874



solutions, besides, the values of total market potential a
and the investment coefficient of emission abatement β
are far higher than other parameters in this paper.

Assumption 2
The green supply chain faces the oligopoly market of sin-
gle low-carbon product, and each member is risk-neutral.
The manufacturer strengthens reduction efforts of carbon
emission by adopting various green measures, such as
using green raw materials and applying clean manufactur-
ing technology, to meet consumer demand for green prod-
ucts. The unique manufacturer is directly exposed to the

pressure of emission reduction, and the emission abate-
ment level of manufacturer immediately affects the carbon
emissions. According to Xu et al. (2018), we assume that
the manufacturer bears the whole emission abatement cost
without cooperative contracts, and retailer’s carbon emis-
sions are neglected. Given that cost-sharing contract plays
a critical role in encouraging the manufacturer to partici-
pate in the green channel (Ghosh and Shah 2015; Yang
and Chen 2018), we assume that the retailer determines a
ratio of sharing emission abatement cost, namelyϕ. Under
the cost-sharing contract, the retailer’s abatement cost is
ϕβθ2, and the manufacturer’s abatement cost is (1 −
ϕ)βθ2, where 0 <ϕ < 1.

Table 2 Concept of parameters

Notation Definition

Parameter a The total market potential, a>bp>0

b Price elasticity of demand, b>0

c Manufacturer's variable cost of production, c>0

e Consumer’s environmental preference, e>0

D Actual market demand

β The investment coefficient of emission abatement, β>0

πi Profit, i∈{m,r,sc} refers to manufacturer, retailer, and supply chain

γr Retailer’s reciprocal preference, −1<γr<1
Ur Retailer’s utility

Decision variable p Retail price for unit product

θ Emission abatement level, θ>0

w Wholesale price for unit product, p>w>c

ϕ Retailer’s cost-sharing ratio of emission reduction, ϕ∈(0,1)

Fig. 1 The corresponding
strategies of the five models
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Assumption 3
Consumers have low-carbon preferences and the market
demand is related to retail price and emission abatement
level. Demand function is linearly correlated with emis-
sion abatement level and negatively linearly related to the
retail price. Following Xia et al. (2018), the demand func-
tion is characterized as D = a − bp + eθ, where a is the
total market potential, b is the price elasticity of demand,
and e denotes consumer’s environmental preference and
the extent to which demand responds to changes in the
emission abatement level. The higher e is, the more will-
ing consumers are to buy low-carbon products and the
more insensitive demand function is to the retail price.

Case 0: Benchmark model

In this scenario, the retailer and manufacturer under the cen-
tralized decision-making are considered as a centralized sys-
tem. This is an ideal model that is practically impossible to
implement, as all the participants are committed to maximiz-
ing their profits. However, the achieved result by this model
can serve as a benchmark for the following decentralized
models. We index this case by superscript B. The whole sup-
ply chain’s objective function with constraints is:

max
pB>c;0<θB<1

πB
sc ¼ max

pB;θB
pB−c
� �

D−β θB
� �2h i

ð1Þ

By Eq. (1), we can derive the Hessian matrix of πC
sc with

respect to pC and θC:

H1 ¼
∂2πB

sc

∂pB2
∂2πB

sc

∂pB∂θB

∂2πB
sc

∂θB∂pB
∂2πB

sc

∂θC2

2
6664

3
7775 ¼ −2b e

e −2β

� �
:

In real-life, bβ is much bigger than e, then we can derive
that H1 is negative definite; thus, the GSC’s profit function is
jointly concavity for the above decision variables. Therefore,
the optimal solutions for Eq. (1) exist. Next, we can derive this
optimal solution with the Kuhn-Tucker condition (KT condi-
tion), and the optimal decisions can be derived from equating
the first derivatives concerning pB and θB to zero. The optimal

solutions and profit of GSC are pB* ¼ ce2−2aβ−2bcβ
e2−4bβ , θB* ¼

−aþ bcð Þ e
e2−4bβ;πB*sc ¼ a−bcð Þ

2β
−e2þ4bβ:

Case 1: Decentralized model without the retailer’s
reciprocal preference

In this case, the retailer has no reciprocal preference. Both the
retailer and manufacturer are completely rational and in

pursuit of the maximum profits (Lotfi et al. 2017a).
Supposing the manufacturer is the leader and bears all emis-
sion abatement cost, we solve the optimal decisions by the
backward induction method.

The sequence of events in the following decentralized
games is in the first stage; the manufacturer makes decisions
of the emission abatement level (θ) and wholesale price (w). In
the second stage, the retailer determines the retail price (p)
based on the manufacturer’s decisions in the first stage.
Then, the market demand and the profits of each member
are realized. Figure 2a depicts the decision process.

We propose a Stackelberg game model to study the man-
agement decisions with no reciprocal preference, which lays a
foundation for the research later in this section. We index case
1 by superscript N. The objective functions of each player are
stated as follows:

max
wN>c;0<θN<1

πN
m ¼ max

wN>c;0< θN<1
wN−c
� �

D−β θN
� �2h i

ð2Þ

max
pN>wN

πN
r ¼ max

pN>wN
pN−wN� �

D
� � ð3Þ

The optimal solutions can be obtained by backward induc-
tion method. Firstly, we can derive the retailer’s optimal re-
sponse function from the first-order condition for pN∗ = (a +
bw + eθ)/2b. Then, the manufacturer maximizes its profit
based on pN∗. Substituting pN∗ into Eq. (2). The Hessian ma-
trix with respect to w and θ is:

H2 ¼
∂2πN

m

∂wN 2

∂2πN
m

∂wN∂θN
∂2πN

m

∂θN∂wN

∂2πN
m

∂θN 2

2
664

3
775 ¼

−b
e
2e

2
−2β

2
4

3
5:

According to the “Case 0: Benchmark model” section, we
derive e2 < 8bβ, so H2 Hessian matrix is negative definite.
Then we can derive the optimal decisions of the manufacturer
by equating the first derivatives concerningwN and θN to zero.
The equilibrium solutions of decision variables in case 1 are

pN* ¼ ce2−6aβ−2bcβ
e2−8bβ , wN* ¼ −ce2þ4aβþ4bcβ

−e2þ8bβ , a n d θN* ¼
−aþ bcð Þ e

e2−8bβ. The players’ optimal profits are πN*
m ¼

a−bcð Þ 2β
−e2þ8bβ and πN*

r ¼ 4b aβ−bcβð Þ 2

e2−8bβð Þ
2. The entire

profit of the GSC is πN*
sc ¼ a−bcð Þ

2β −e2þ12bβð Þ
e2−8bβð Þ

2:

Proposition 1 The optimal decisions (pN∗, wN∗ and θN∗) and
the optimal profits (πN*

m ;πN*
r and πN*

sc ) are increasing with the
consumer environmental preference (e).

We can derive these relationships from the algebraic calcu-
lation of the corresponding first-order conditions. Proposition
1 implies that consumers’ environmental preference pushes
the manufacturer to increase emission-reduction efforts.
Intriguingly, the retail price, wholesale price, and emission-

29864 Environ Sci Pollut Res (2021) 28:29859–29874



reduction level increase with consumer environmental prefer-
ence. Consumer’s low-carbon awareness affects demand as
well as the profits of channel members. Both the retailer’s
and manufacturer’s profits increase with the consumer’s envi-
ronmental preference, so the GSC’s profit also increases.
Thus, improving consumer environmental preference is favor-
able to the construction of resource service–oriented and en-
vironmentally friendly society. How to improve consumers’
awareness of protecting the environment will be a major chal-
lenge facing the national environmental administrations.

Case 2: Decentralized model with the retailer’s
reciprocal preference

The theory of self-interest is often proved to be contradictory in
human’s decision-making process. To deal with these contradic-
tions, economists have tried to reconstruct utility functions that

can explain human’s behavior. Frequently studied fairness con-
cerns are defined over outcomes, while the reciprocity highlights
both outcomes and human beliefs about the individual intentions
or types of people they deal with (Loch and Wu 2008).

If the retailer in the GSC has the reciprocal preference, then
the retailer takes the manufacturer’s profit into his/her utility and
aims to maximize the utility function. The retailer’s utility func-
tion is expressed as Ur =πr+ γr ∗ πm, where γr is the retailer’s
reciprocal preference parameter, and it denotes the retailer’s ex-
tent of reciprocity to the manufacturer. The range of values of γr
is −1 to 1 and does not include 0. Especially, γr= 0 means that
the retailer has no reciprocal preference, which is similar to the
model in case 1. Importantly, if 0 < γr ≤ 1, the retailer has positive
reciprocity behavior and is kind to the manufacturer. A higher γr
implies a greater reciprocal preference of the retailer for the man-
ufacturer’s profit. On the contrary, −1 ≤ γr< 0 indicates that the
retailer has negative reciprocity behavior and shows hostility to

a

b
Fig. 2 Decision process. a Two-stage decision process. b Three-stage decision process under cost-sharing contract
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the manufacturer, and a higher γr implies a smaller reciprocal
preference of the retailer for the manufacturer’s profit. Besides,
the manufacturer who has no reciprocal preference aims to max-
imize the profit function. We index this case by superscript Y.
The player’s objective functions are:

max
wY>c;0< θY<1

πY
m ¼ max

wY>c;0<θ<1
wY−c
� �

D−β θY
� �2h i

ð4Þ

max
pY>wY

UY
r ¼ max

pY>wY
pY−wY� �

Dþ γr wY−c
� �

D−β θY
� �2h in o

ð5Þ

We substitute the best retailer’s response function
pY∗ = (a + bw + eθ + b(c −w)γr)/2b into Eq. (4). The Hessian
matrix with respect to wY and θY is:

H3 ¼
∂2πY

m

∂wY 2

∂2πY
m

∂wY∂θY
∂2πY

m

∂θY∂wY

∂2πY
m

∂θY 2

2
664

3
775 ¼

1

2
−2bþ 2bγrð Þ e

2e
2

−2β

2
64

3
75

e2 < 8bβ(1 − γr) is assumed to ensure that this model has an
optimal solution. Then the optimal decisions of the manufac-
turer can be derived by equating the first derivatives
concerning wY and θY to zero. The equilibrium solutions of
decision variables in case 2 are pY* ¼ −6aβ þ c e2−2bβð Þ þ
2 3aþ bcð Þ βγr

e2−8bβþ8bβγr
, wY* ¼ c−4 ae−bceð Þ β

e e2−8bβþ8bβγrð Þ,

θY* ¼ − ae−bce
e2−8bβþ8bβγr

. The optimal profits are πY*
m ¼ − a−bcð Þ

2β
e2−8bβþ8bβγr

, πY*
r ¼ 4b a−bcð Þ 2β2 −1þ γrð Þ −1þ3γrð Þ

e2−8bβþ8bβγrð Þ
2

and πY*
sc ¼ a−bcð Þ

2β −e2þ12bβ−24bβγrþ12bβγ2rð Þ
e2−8bβþ8bβγrð Þ

2.

Theorem 1 The reasonable range of the retailer’s reciprocal

preference is ΩY
r ¼ γrj−1≤γr < 0 and 0 < γr ≤1=3f g .

We derive ΩY
r from the inequality pY − wY = [2(a −

bc)β(−1 + 3γr)]/[e
2 − 8bβ + 8bβγr] ≥ 0. The manufacturer is

the market leader and is in a competitive position, the mini-
mum for the retailer to participate in the cooperation with the
manufacturer is to profit from it.

The manufacturer is the market leader and in a competitive
position. As a follower, the retailer hopes to profit from
cooperating with the manufacturer. The reasonable range of

the retailer’s reciprocal preference (ΩY
r ) is a mutually benefi-

cial area for the manufacturer and retailer to maintain stability.
The following propositions in case 2 are based on this reason-
able range.

Proposition 2 In case 2, the optimal decisions (pY∗, wY∗ and
θY∗) and the optimal profits (πY*

m ;πY*
r and πY*

sc ) are increasing
with the consumer’s environmental preference (e).

This relationship can be derived from the algebraic calcu-
lation of the first-order partial conditions. Interestingly, the

relationship is similar to that of proposition 1. Proposition 2
means that the consumers’ low-carbon conscious make them
prefer to afford additional payment for green products, regard-
less of whether the retailer has reciprocal preference. If con-
sumers are more green-minded, greater emission abatement
could affect market demand. Meanwhile, emission abatement
level, members’ profit, and GSC’s profit tend to rise with
consumers’ environmental preference.

Proposition 3 The optimal decisions (pY∗, wY∗ and θY∗), man-
ufacturer’s profit (πY*

m ) and GSC’s profit (πY*
sc ) are increasing

with the retailer’s reciprocal preference parameter (γr).
Proposition 3 means that within the reasonable range of the

retailer’s reciprocal preference (ΩY
r ), the retailer’s reciprocal

preference can be an effective incentive for the manufacturer
to do more to reduce carbon emissions. Interestingly, the retail
price, wholesale price, and emission abatement level increase
with the retailer’s reciprocal preference. To encourage the
manufacturer to make efforts to enhance emission abatement
level, the retailer needs to show more kindness to him. This
means that the manufacturer’s profit has a greater impact on
the retailer’s utility. The retailer’s reciprocal concern not only
affects the low-carbon market demand but also affects manu-
facturer’s profit and GSC’s profit. More specifically, the
profits of manufacturer and GSC increase with retailer’s re-
ciprocal preference. Therefore, the increasing reciprocal con-
cern of the retailer is beneficial to the GSC within the reason-

able range (ΩY
r ). The realization of environmental protection

and the improvement of economic welfare of the whole soci-
ety would benefit greatly by the high-value retailer reciprocal
preference. In particular, the closer γr is to the maximum value
of 1/3, the larger the optimal decisions and GSC’s profit will
be in case 2.

Proposition 4 Within the reasonable range of retailer’s recip-

rocal preference (ΩY
r ), the comparison results of optimal de-

cisions in case 1 and case 2 are:

(i) if γr < 0, we have θY* < θN*;wY* < wN*; pY* < pN*;

πY*
m < πN*

m ;πY*
r > πN*

r ;πY*
sc < πN*

sc ;
(ii) if 0 < γr ≤ 1/3, we have θY* > θN*;wY* > wN*; pY* >

pN*;πY*
m > πN*

m ;πY*
r < πN*

r ;πY*
sc > πN*

sc .

Proposition 4 means that the retailer would make the man-
ufacturer more profitable if the retailer is kind to the manufac-
turer (0 < γr ≤ 1/3). By contrast, if the retailer is mean to the
manufacturer (−1 ≤ γr < 0), the manufacturer and GSC would
gain less profit. Especially, when the retailer shows positive
reciprocal concern to the cooperator, he/she is willing to sac-
rifice own interest to improve the manufacturer’s profit, which
can also enhance the entire GSC’s profit. Hence, as a leader,
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the manufacturer tends to collaborate with a retailer who has a
positive reciprocal preference.

Proposition 5 Within the reasonable range of retailer’s recip-

rocal preference (ΩY
r ), the optimal emission abatement level

and GSC’s profit in the benchmark are greater than those in

the decentralized cases (case 1 and case 2), that is: πB*
sc > πY*

sc

;πB*
sc > πN*

sc ; θ
B* > θY*; θB* > θN* .

Proposition 5 indicates that the centralized model is an ideal
case, as both emission abatement level andGSC’s profit in such a
case are larger than those of the other two decentralized cases.
This also explains why this paper uses centralized model as a
benchmark to help us characterize equilibrium decisions.
However, in reality, enterprises do not make decisions based
on the goal of maximizing the profit of the entire GSC. The
differences of enterprises’ goals lead to an inability to reach the
ideal state in the benchmark, namely, supply chain maladjust-
ment. Although it cannot achieve the optimal decisions of the
centralized case, enterprises can adopt effective cooperative con-
tracts, which will be a promising way to approach it infinitely.
Therefore, next, we will introduce the contract mechanism to
further explore whether cost-sharing contract can improve per-
formance of the GSC or achieve Pareto improvement in the
above decentralized models.

Case 3: Cost-sharing contract without the retailer’s
reciprocal preference

The above cases illustrate the GSC’s performance with and with-
out retailer’s reciprocal preference. In this section, we will intro-
duce the contract mechanism to explore whether cost-sharing
contract can improve performance of GSC or achieve Pareto im-
provement in the decentralized models. According to Xu et al.
(2016), the cost-sharing contract can coordinate the supply chain
with environment-concerned consumers and plays a significant
role in encouraging the manufacturer to participate in the green
channel. Therefore,we propose a cost-sharing contract in theGSC
where the retailer shares investment cost of emission abatement.
Contract analysis is important in this section. More importantly,
we need to determine whether the retailer benefits from this cost-
sharing contract. The following models reflect the collaborative
development of low-carbon products. Figure 2b describes the
decision process with the cost-sharing contract. The sequence of
the game to understand the cost-sharing contract:

Step 1: The retailer sets a cost-sharing ratio (ϕ), then the retailer’s
abatement cost and manufacturer’s abatement cost can
be obtained as ϕβθ2 and (1−ϕ)βθ2, respectively.

Step 2: The manufacturer determines the emission abate-
ment level (θ) and wholesale price (w) based on
the new abatement cost functions in Step 1.

Step 3: Finally, the retailer decides the retail price (p) based
on the emission abatement level and wholesale price
in STEP-2.

Under the above game sequence, the optimal decisions in
two cases can be derived.

In this case, players are completely rational and pursue
maximum profits. We index this case by superscript NS.
The objective functions of each player can be described as
follows:

max
wNS>c;0< θNS<1

πNS
m

¼ max
wNS>c;0<θNS<1

wNS−c
� �

D− 1−ϕð Þβ θNS
2

h i
ð6Þ

max
pNS>wNS

πNS
r ¼ max

pNS>wNS
pNS−wNS
� �

D−ϕβθNS2
h i

ð7Þ

By substituting the best retailer’s response pNS∗ = (a +
bwNS + eθNS + b(c −wNS)γr)/2b into Eq. (6), the Hessian ma-
trix with respect to wNS and θNS can be expressed as:

H4 ¼
∂2πm

∂wNS2

∂2πm

∂wNS∂θNS
∂2πm

∂θNS∂wNS

∂2πm

∂θNS2

2
664

3
775 ¼

−b
e
2e

2
2β −1þ ϕð Þ

2
4

3
5:

We assume 3e2 − 16bβ < 0 to ensure the existence of opti-
mal solutions. By first-order conditions, the optimal solutions

can be derived as pNS* ¼ 3ae2þ9bce2−48abβ−16b2cβ
12be2−64b2β , wNS* ¼

a e2−16bβð Þ þbc 5e2−16bβð Þ
6be2−32b2β , θNS* ¼ 2 a−bcð Þ e

−3e2þ16bβ. Then,

we substitute above optimal solutions to Eq. (7). Since d2πNS
r

=dϕ2 ¼ 8b a−bcð Þ
2e2β2 −5e2þ16bβ 1þ2ϕð Þð Þ

− e2þ8bβ −1þϕð Þð Þ
4 < 0, the optimal

cost-sharing ratio exists. We derive ϕNS* ¼ e2
16bβ by the first-

order condition.
Substituting the optimal decisions into Eq. (6) and Eq. (7),

we can derive the optimal profits πNS*
m ¼ a−bcð Þ

2 −e2þ16bβð Þ
8b −3e2þ16bβð Þ ,

πNS*
r ¼ a−bcð Þ

2 e2þ16bβð Þ
16b −3e2þ16bβð Þ andπ

NS*
sc ¼ a−bcð Þ

2 −e2þ48bβð Þ
16b −3e2þ16bβð Þ.

Proposition 6 The optimal decisions (pNS∗, wNS∗, θNS∗ and
ϕNS∗) and the optimal profits (πNS*

m ;πNS*
r and πNS*

sc ) increase
with consumer environmental preference (e).

The above relationships can be derived from the al-
gebraic calculation of the first-order partial conditions.
Interestingly, the relationship in proposition 6 is similar
to that of proposition 1 and proposition 2. This means
consumers’ strong low-carbon preference consciousness
can also be beneficial to environmental protection and
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supply chain interests even considering the cost-sharing
contract.

Proposition 7 The optimal decision variables and profits in

case 3 are greater than those in case 1, thus θNS* > θN*;wNS*

> wN*; pNS * > pN*;πNS*
m > πN*

m ;πNS*
r > πN*

r ;πNS*
sc > πN*

sc ;

the optimal emission abatement level and GSC’s profit in

the benchmark are greater than those in the case 3, thus θNS*

< θB*;πNS*
sc < πB*

SC .
Proposition 7 demonstrates the cost-sharing contract makes

for higher emission abatement level than the decentralized chan-
nel of case 1; that is, the cost-sharing contract can promote envi-
ronmental protection. Interestingly, both the retailer and

Table 4 Equilibrium solutions and profits in different cases

Model ϕ∗ p∗ θ∗ w∗ π*m π*
r π*

sc

Centralized case − 172.5 65 − − − 105625

Case 1 − 91.25 10.83 64.17 17604.2 14670.1 32274.3

Case 2

γr= −1 − 70.93 4.06 30.31 6601.56 16503.9 23105.5

γr= −0.8 − 72.68 4.64 33.21 7544.64 16490.4 24035.1

γr= −0.6 − 75 5.42 37.08 8802.08 16430.6 25232.6

γr= −0.4 − 78.25 6.5 42.5 10562.5 16266.2 26828.7

γr= −0.2 − 83.13 8.13 50.63 13203.1 15843.8 29046.9

γr=0.03 − 92.96 11.40 67.02 18530.7 14348.3 32879

γr=0.06 − 94.86 12.04 70.19 19560.2 13960.2 33520.4

γr=0.09 − 96.99 12.75 73.73 20710.8 13488.4 34199.2

γr=0.12 − 99.38 13.54 77.71 22005.2 12909.7 34914.9

γr=0.15 − 102.08 14.44 82.22 23472.2 12192.5 35664.5

γr=0.18 − 105.18 15.48 87.38 25148.8 11293 36441.8

Case 3 0.2 107.5 16.25 75 21125 15843.8 36968.8

Case 4

γr= −1 0.6 107.5 16.25 42.5 10562.5 26406.3 36968.8

γr= −0.8 0.56 107.5 16.25 46.11 11736.1 25232.6 36968.8

γr= −0.6 0.5 107.5 16.25 50.63 13203.1 23765.6 36968.8

γr= −0.4 0.43 107.5 16.25 56.43 15089.3 21879.5 36968.8

γr= −0.2 0.33 107.5 16.25 64.17 17604.2 19364.6 36968.8

γr=0.03 0.18 107.5 16.25 77.01 21778.4 15190.4 36968.8

γr=0.06 0.15 107.5 16.25 79.15 22473.4 14495.3 36968.8

γr=0.09 0.12 107.5 16.25 81.43 23214.3 13754.5 36968.8

γr=0.12 0.09 107.5 16.25 83.86 24005.7 12963.1 36968.8

γr=0.15 0.06 107.5 16.25 86.47 24852.9 12115.8 36968.8

γr=0.18 0.02 107.5 16.25 89.27 25762.2 11206.6 36968.8

Note: γr denotes the retailer’s reciprocal preference parameter; ϕ∗ represents the optimal retailer’s cost-sharing ratio of emission reduction; p∗ is the
optimal retail price for unit product; θ∗ denotes the optimal emission abatement level;w∗ is the optimal wholesale price for unit product;π*

i is the optimal
profit; i ∈ {m, r, sc} refer to manufacturer, retailer, and supply chain

Table 3 Numerical example of parameters in the “Influence of retailer’s reciprocal preference” section

Parameter Values

The total market potential a=1500

Price elasticity of demand b=20

Manufacturer’s variable cost of production c=10

Consumer’s environmental preference e=80

The investment coefficient of emission abatement β=100
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manufacturer in case 3 make higher profits than those of the
decentralized GSC in case 1. The manufacturer benefits from
the abatement cost-sharing of the retailer. Themain reason is that
the manufacturer can improve the greening level when the abate-
ment costs are lowered. Importantly, the retailer though bears a
portion of the abatement costs makes a higher profit than that of
the decentralized channel in case 1, which helps explain why the
retailer enters into this cost-sharing contract. More importantly,
sharing responsibility for reducing emission with manufacturer
can improve profits for each participant and the entire GSC,
which indicates that both of them can achieve Pareto improve-
ment through the cost-sharing contract without considering re-
tailer’s reciprocal preference. The above results serve as re-
minders to managers and policymakers to establish reasonable
incentives for the GSC.

Case 4: Cost-sharing contract with the retailer’s re-
ciprocal preference

To further explore whether members can achieve Pareto im-
provement through the cost-sharing contract, we focus on a
cost-sharing contract with the retailer’s reciprocal preference.
We first illustrate the necessary and sufficient conditions for

Pareto improvement in a GSC considering the retailer’s recip-
rocal preference. Next, we investigate how a cost-sharing con-
tract that realizes Pareto improvement affects GSC’s perfor-
mances. The retailer aims to maximize the utility function,
while the manufacturer pursues the maximum profit. We in-
dex this case by superscript YS. The player’s objective func-
tions are:

max
wYS>c;0< θYS<1

πYS
m

¼ max
wYS>c;0< θYS<1

wYS−c
� �

D− 1−ϕð Þβ θYS
� �2h i

ð8Þ

max
pYS>wYS

UYS
r

¼ max
pYS>wYS

pYS−wYS
� �

D−ϕβ θYS
� �2 þ γr wYS−c

� �
D− 1−ϕð Þβ θYS

� �2h in o

ð9Þ

By substituting the best retailer’s response pYS∗ = (a +
bwYS + eθYS + b(c − wYS)γr)/2b into Eq. (8), the optimal
emission abatement level and wholesale price can be
solved. The Hessian matrix with respect to wYS and θYS is:

Fig. 3 Influence of e on p. a γr = 0.2. b γr = − 0.2

Fig. 4 Influence of e on w. a γr = 0.2. b γr = − 0.2
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H5 ¼

∂2πYS
m

∂ wYSð Þ2
∂2πYS

m

∂wYS∂θYS

∂2πYS
m

∂θYS∂wYS

∂2πYS
m

∂ θYS
� �2

2
6664

3
7775 ¼

bγr
e
2e

2
2β 1−ϕð Þ

2
4

3
5;

Under the assumption of e2 < 8bβ(1 − ϕ)(1 − γr), the
Hessian matrix is negative definite; thus the decentralized
model has the optimal solutions. We derive the optimal retail
price and emission abatement level by equaling the first de-
rivatives concerning to 0. Then, we substitute the optimal
decision above to Eq. (9). The retailer’s utility function UYS

r

is concave in ϕ if the second-order condition d2UYS
r =dϕ2 ¼ 5

e2−16bβ 1þ 2ϕð Þ þ32bβ −1þ ϕð Þγr < 0 is satisfied. The
optimal cost-sharing ratio ϕYS∗ can be derived from setting
the first-order condition equal to 0. Especially, we can get the
necessary condition 3e2 < 16bβ, which ensures the existence
of the optimal decisions, by substituting the optimal cost-
sharing proportion ϕYS∗ into e2 < 8bβ(1 − ϕ)(1 − γr) and

d2UYS
r =dϕ2 < 0, the optimal solutions in this case can be

c a l c u l a t e d a s : wYS* ¼ a e2−16bβð Þ þbc 5e2−16bβð Þ

þ2bc −3e2þ16bβð Þγr
2b −3e2þ16bβð Þ −1þ γrð Þ, θYS* ¼ 2 a−bcð Þ e

−3e2þ16bβ, ϕ
YS*

¼ −e2þ16bβγr
16bβ −1þγrð Þ and pYS* ¼ 3ae2þ9bce2−48abβ−16b2cβ

12be2−64b2β .

Next, substituting the optimal decisions into Eq. (8) and
Eq. (9), the optimal profits are derived as: πYS*

m ¼ a−bcð Þ
2 e2−16bβð Þ

8b −3e2þ16bβð Þ −1þ γrð Þ , πYS*
r ¼ a−bcð Þ

2 e2þ16bβþ e2−48bβð Þγrð Þ
−16b −3e2þ16bβð Þ

−1þ γrð Þ and πYS*
sc ¼ a−bcð Þ

2 −e2þ48bβð Þ
16b −3e2þ16bβð Þ.

More interestingly, by solving inequalities pYS∗ −wYS∗ ≥
0, and 0 < ϕYS∗ < 1, the reasonable range of the retailer’s rec-
iprocity can be derived as:

ΩYS
r ¼ γrj−1≤γr < 0 and 0 < γr < e2=16bβ

� 	
. This rea-

sonable range (ΩYS
r ) is a mutually beneficial area for manu-

facturer and retailer to maintain stability. The following prop-
ositions in case 4 are based on this reasonable range.

Proposition 8 In the decentralized channel under cost-sharing
contract, the optimal decisions ((pYS∗, wYS∗, θYS∗ and ϕYS∗)
and the optimal profits (πYS*

m ;πYS*
r and πYS*

sc ) are increasing
with the consumer’s environmental preference (e).

The optimal decisions and profits increase with consum-
er environmental preference, which means that consumer’s
environmental awareness affects not only demand but also
profits. Thus, under the cost-sharing contract, enhancing

Fig. 5 Influence of e on θ. a γr = 0.2. b γr = − 0.2

Fig. 6 Influence of e on πm. a γr = 0.2. b γr = − 0.2

29870 Environ Sci Pollut Res (2021) 28:29859–29874



consumer’s environmental awareness is favorable to the
establishment of an energy-saving and environment-
protective society.

Proposition 9 The optimal cost-sharing ratio (ϕYS∗) and re-
tailer’s profit (πYS*r ) decrease with the retailer’s reciprocal
preference parameter (γr); the optimal wholesale price (wYS∗)
and the manufacturer’s profit (πYS*

m ) increase with the re-
tailer’s reciprocal preference parameter (γr).

Proposition 9 implies that the manufacturer will im-
prove wholesale price if the cooperator (the retailer) treats
him/her more kinder or less mean. Higher wholesale price
can bring the manufacturer more profit. Interestingly, the
cost-sharing ratio (ϕYS∗) decreases with retailer’s recipro-
cal preference parameter (γr). This indicates the retailer
shares less cost of emission abatement if retailer has stron-
ger reciprocal preference. More interestingly, the retail
price, emission abatement level, and GSC’s profit are equal
in case 3 and case 4, that is: πNS*sc ¼ πYS*

sc , θYS∗ = θNS∗ and
pYS∗ = pNS∗. The retailer’s reciprocal preference (γr) af-
fects the wholesale price and cost-sharing ratio. Signing
the cost-sharing contract contributes to achieve redistribu-
tion of the supply chain profit between the manufacturer
and retailer.

Proposition 10 Within the reasonable range of retailer’s reci-

procity (ΩYS
r ), the optimal decision variables and profits in

case 4 are greater than those in case 2, that is: θYS∗ > θY∗,
w Y S ∗ > w Y ∗ , p Y S ∗ > p Y ∗ , πYS*

m > πY*
m , πYS*

r > πY*
r

, πYS*
sc > πY*

sc .
Proposition 10 indicates that within a reasonable range

(ΩYS
r ), both the retailer and the manufacturer make more

profits in case 4 than those in case 2. Interestingly, the emis-
sion abatement level is also greater in case 4, which implies
that the cost-sharing contract is conducive to realizing Pareto
improvement of channel profits and improving the manufac-
turer’s environmental protection efforts. The above results
will contribute to the coordination theory of the GSC with
reciprocity preference.

Numerical analysis

In this section, we comprehensively analyze the equilibrium in
“The models” section by several numerical examples. We
mainly concentrate on the influences of the retailer’s recipro-
cal preference and consumer environmental preference on the
optimal decisions and profits.

Fig. 7 Influence of e on πr. a γr = 0.2. b γr = − 0.2

Fig. 8 Influence of e on πsc. a γr = 0.2. b γr = − 0.2
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Influence of retailer’s reciprocal preference

According to the related conditions and literature, we provide
some parameter values related to the current study, as shown
in Table 3.

We can derive the reasonable range of retailer’s reciprocity:
{γr| − 1 ≤ γr < 0, 0 < γr < 0.2}. The equilibrium solutions and
profits in different cases are obtained and shown in Table 4.

Based on our theoretical results in “The models” section
and the numerical results in Table 4, we draw the following
insights: (1) compared with other decentralized models, both
emission abatement level and GSC’s profit are the highest,
while the retail price is the lowest in the centralized model,
which illustrates that the centralized decision-making is able
to improve the GSC’s efficiency; (2) in case 2 and case 4, the
profit of retailer decreases with γr, the profit of manufacturer
and wholesale price decrease with γr. This can be explained
by the fact that with a greater γr, the retailer is more kind to the
manufacturer and prefers to sacrifice self-profit to realize the
growth of GSC’s profit. Meanwhile, increasing the wholesale
price can result in a higher manufacturer profit, indicating that
the Pareto improvement of channel profit can be realized
through cost-sharing contract. However, in case 4, γr has no
significant effect on the emission abatement level, GSC’s
profit, and retail price, which shows that the cost-sharing con-
tract can realize profits Pareto only by affecting wholesale
price and cost-sharing ratio; (3) in case 4, the manufacturer’s
profit shows an increasing trend when the retailer is kinder to
the manufacturer. Interestingly, the profit of the GSC is con-
stant. This is because reciprocal preferences only work be-
tween enterprises within the GSC, and the change of the re-
tailer’s reciprocity preference value does not affect the GSC’s
profit when the supply chain is a system; (4) the cost-sharing
contract plays an active role in improving the environmental
and economic performance in the GSC. For each value of
retailer’s reciprocal preference, the players’ profits and the
emission abatement level in the models of using cost-sharing
contract (in case 3 and case 4) are higher than those of the
models without using cost-sharing contract (in case 1 and case
2), which means that the contract is able to realize the profit’s
Pareto improvement, as well as environmental protection and
economic growth of the whole society.

Influence of consumer environmental preference

In this part, we focus on interpreting the impacts of consumer
environmental preference on optimal decisions and profits.
Similar to the “Influence of retailer’s reciprocal preference”
section, the parameters are set to a = 1500, b = 20, c = 10, and
β = 100. Importantly, we derive the value range of consumer’s
environmental level (e) from the conditions: γr < e2/16bβ and
3e2 − 16bβ < 0. According to the above conditions, we find
that the value range of e is related to the value of γr.
Therefore, we illustrate the influence of the consumer envi-
ronmental preference in the cases of positive retailer’s recip-
rocal preference (i.e., γr = 0.2) and negative retailer’s recipro-
cal preference (i.e., γr = − 0.2) respectively. The changes of
the optimal decisions and profits are shown in Figs. 3, 4, 5, 6,
7, and 8 (by Matlab 2010). Here, the value of e approximately
varies from 80 to 103 if γr = 0.2, while the value of e almost
varies from 0 to 103 when γr = − 0.2. The numerical example
of parameters is shown in the Table 5.

As shown in Figs. 3, 4, 5, 6, 7, and 8, consumer’s environ-
mental preference (e) positively impacts optimal decisions and
profits regardless of whether the retailer’s positive or negative
reciprocal preference is considered. The higher the e, the more
likely consumers are to buy green products. Then the manu-
facturer increases emission-reduction efforts to produce
consumer-oriented products (refer to Fig. 5), which means
greater costs of investing carbon emission abatement. To
make up for the loss of profit caused by the increase in envi-
ronmental cost, the manufacturer raises the wholesale price
(refer to Fig. 4), and the retailer accordingly increases the retail
price (refer to Fig. 3).

In addition, we find that the members’ profits and GSC’s
profit are increased with e (refer to Figs. 6, 7, and 8).
Therefore, the manufacturer and environmental regulators
should devote themselves to improve consumers’ low-
carbon concerns to ensure that the players’ in the GSC make
more profits. Interestingly, the curves of the optimal retail
price, emission abatement level, and GSC’s profit in case 3
and case 4 coincide completely. This means that the retail
price, emission abatement level, and GSC’s profit are out of
the effect of retailer’s reciprocal preference parameter (γr).
The retailer’s reciprocal preference (γr) affects the wholesale

Table 5 Numerical example of parameters in the “Influence of consumer environmental preference” section

Parameter Values Values

Retailer’s reciprocal preference γr=0.2 γr= −0.2
The total market potential a=1500 a=1500

Price elasticity of demand b=20 b=20

Manufacturer’s variable cost of production c=10 c=10

Consumer’s environmental preference 80<e<103 0<e<103

The investment coefficient of emission abatement β=100 β=100
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price and cost-sharing ratio. Signing the cost-sharing contract
contributes to achieve redistribution of the supply chain profit
between the manufacturer and retailer.

Conclusions

Reciprocal preference has a profound influence on the
policymakers and managers. In this paper, we attempt to inte-
grate the consumers’ environmental preference in the channel
members’ decision-making with and without the retailer’s re-
ciprocal preference. We present a centralized model to char-
acterize pricing and emission-reduction decisions, as well as
four decentralized cases in which retailer’s reciprocal prefer-
ence and cost-sharing contract are selectively considered.

The key conclusions and management implications of this
paper are highlighted as follows: (1) The higher consumers’
environmental awareness makes them prefer to pay for low-
carbon products. The emission abatement level, channel
profits, and GSC’s profit tend to increase with consumer’s
environmental preference. Green products provide more
value-add for the GSC system. Therefore, improving consum-
er environmental awareness is favorable to the construction of
resource-saving society. The government should strengthen
civic awareness of protecting environment. Meanwhile, the
enterprises need to enhance the propaganda of low-carbon
products. (2) In this paper, reciprocal behavior is further di-
vided into two types: reciprocation for a friendly act (positive
reciprocity) and revenge for a hostile one (negative reciproc-
ity). When the retailer shows positive reciprocal concern to the
cooperator, he/she is willing to sacrifice his/her own interest to
improve the manufacturer’s and the GSC’s interest. Thus, the
retailer with reciprocal preference is trying to ensure that the
cooperator (the manufacturer) can make profit. In addition,
within the reasonable range of retailer’s reciprocal preference,
higher value of the retailer’s reciprocal preference is condu-
cive to the better realization of environmental protection and
the improvement of the economic welfare of the whole soci-
ety. (3) Regardless of whether the retailer’s reciprocal prefer-
ence is considered, the channel profits can realize Pareto im-
provement under certain conditions using the cost-sharing
contract. Thus, the cost-sharing contract plays an active role
in improving the environmental and economic performance in
the GSC. These conclusions provide a theoretical basis on
cooperation contract for companies committed to reducing
carbon emissions in the GSCwhen the retailer has a reciprocal
preference.

Although this research provides useful insights, there are
some limitations to this study. Firstly, only a two-stage supply
chain structure without competitive relationship is considered.
However, the actual supply chain structure is more complicat-
ed; it is necessary to develop models among competing re-
tailers or manufacturers. Secondly, the current research is

based on the assumption that each member has symmetrical
information. Given that players’ information is usually asym-
metric in practice, it would be of value to investigate the GSC
with incomplete asymmetric information for getting more
convincing results. Furthermore, we will be looking at
perfecting our research by introducing random demand that
has wider applicability.
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