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To compare the decisions of corporate social responsibility (CSR) and fairness
concerns in a low carbon supply chain (LCSC), decentralized decision making
with and without retailer’s fairness concerns are constructed based on
manufacturer s CSR. The possibility of LCSC coordination is explored by a cost-
sharing contract. It is shown that the manufacturer’s CSR contributes to LCSC.
Although his profit is reducing, the utility and consumer surplus are increasing.
The retailer s fairness concerns threaten the development of LCSC by reducing
the manufacturer’s low-carbon invest. Furthermore, cost-sharing contracts can
be a coordinating parameter in the LCSC with retailer s fairness concerns.

Keywords: Low Carbon Supply Chain, Corporate Social Responsibility,
Fairness Concerns, Cost Sharing Contract

1. Introduction

With the development of the industrial economy and the dramatic increase in the
number of people, carbon dioxide emissions are being emitted more and more, which
prompts growing awareness of environmental degradation. For companies, there are
three forces gaining the pressure of businesses to improve their environmental
management: staying ahead of regulations, stakeholder activism, competitive
pressures, thus investment in green products is one of the best practices of
environmental management. For consumers, they are more motivated to buy products
from companies with good environmental performance (Grimmer and Bingham,
2013), in addition to the fact that they expect companies to take the lead in
environmental protection (Bonini and Oppenheim, 2008). For the governments, they
are motivating companies to fulfill better corporate social responsibility (CSR) for the
purpose of protecting the environment through various measures, such as
strengthening regulation, financial subsidies, and tax breaks.

Driven by pressure from consumers, the environment and government, enterprises
are stimulated to consider their CSR.Though increasing the cost of enterprises and
compromising their profits, environmental degradation poses challenges as well as
opportunities, where companies can develop sustainable offerings or redesign existing
ones to become eco-friendly to reap a competitive advantage (Robert and Klassen,
1996; Lash and Wellington, 2007; Nidumolu et al., 2009; Liu et al., 2012). As a
consequence, more and more corporations, no matter what size, are taking into account
a green approach to managing their supply chains. (Rao, 2002; Chitra, 2007; Seuring,
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2013). For example, BYD is pioneering manufacturer in China, which spans four
industries: automotive, rail transportation, new energy, and electronics. Issuing CSR
report to disclose its philosophy and practices of CSR every year since 2010, BYD has
been devoted to reducing energy consumption and carbon emissions during this period,
as evidenced by a cumulative investment of more than 100 million USD for investment
in environmental protection, equipment renovation and technology promotion. One of
the outstanding results achieved is that BYD’s new energy vehicle sales still exceeded
200,000 units in 2019 against the backdrop of the fierce competition in the market,
which steadily ranked as the Chinese sales champion and was the first for six
consecutive years.

Standard theories in economics invoke the assumption that agents are self-interested
in their utility functions, which are only determined by their own material rewards.
Closer to reality, however, is the fact that members of economic activity usually
compare their compensation with that of others, and it is particularly prone for the
disadvantaged party to do so (Ding et al., 2013).R&D in the low carbon supply chain
(LCSC) is often invested by manufacturers, who are therefore dominant in the supply
chain, with retailers in a position to follow. In this context, combined with the
complexity of supply chain management, the construction of LCSC is accompanied
by challenges, notably the perception of inequality between the upstream and
downstream of the supply chain. On the one hand, the dominant players have the
potential to make decisions in their favor because of their strong position, leading to
resentment from followers. For example, over the past many years, Walmart has been
asking suppliers to lower their supply prices, and in June 2015, Walmart’s new
warehouse fees and payment plans caused dissatisfaction among suppliers, and the
supply chain cooperation was at risk of disintegration. On the other hand,
manufacturers must take into account the fairness concerns of retailers to keep the
supply chain running smoothly.

Not only are fairness concerns irrational behavior in the supply chain that may
threaten the sound development of LCSC, but also suppliers and retailers are often
concerned with their own goals rather than the profitability of the entire channel.
Considered a "double marginalization" problem, it often leads to poor performance
(Spengler, 1950; Nie and Du, 2017). As the leader of a LCSC, the manufacturer is
reasonable to propose a contract to improve the efficiency and low carbon level of the
supply chain. There are abundant types of contracts in supply chain, from widely
applied contracts like revenue sharing contract, cost sharing contract, quantity discount
contract, two-part tariff, buyback contracts, and so on (Jeuland and Shugan, 1983;
Moorthy, 1987; Ho and Zhang, 2008; Katok and Wu, 2009; Taleizadeh et al., 2018),
to coordination mechanism based on Shapley value, nucleolus solution, and equal
satisfaction (Zhang and Liu, 2013; Kumar and Sarmah, 2014; Zheng et al., 2019).

While both CSR and fairness issues are critical behaviors in the supply chains, few
studies integrate them together, which is what our paper focuses on. A Stackelberg
model with manufacturer’s CSR and retailer’s fairness concerns is constructed under
centralized and decentralized decision-making scenarios, respectively, to explore their
dual impact on decisions of LCSC. At the same time, a cost sharing contract is
designed to align the individual objectives with the overall objectives under
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decentralized decision making, to weaken double marginalization and reduce the
passive effect of retailer’s fairness concerns.

Contributions of this paper include the following: First, a Stackelberg model with
CSR and fairness concerns is constructed to research the interactive impact on LCSC,
which presents valuable managerial insights with a perspective that is attuned to reality.
Intuitively, we all know that CSR is favorable to LCSC, a fact that has been confirmed
by many studies. Still, will manufacturers still be committed to a LCSC if they
consider the fairness concerns of retailers? It is difficult to know for sure, which is
something that has been poorly studied. Even though fairness concerns of the retailer
can hinder the decarbonization of SC, the fact that the manufacturer’s CSR has a
positive impact on LCSC is revealed in this paper. However, it is also essential to
recognize that the positive effect of CSR can only occur under certain conditions.

Second, a simple but useful cost sharing contract is designed to weaken the double
marginalization. As a leader of the supply chain striving for decarbonization, the
manufacturer invites the retailer to bear the R&D costs of green products. On the one
hand, cost-sharing helps the manufacturer increase his investment in green products
and improve the green performance of the supply chain, thus incentivizing consumers
with low-carbon preferences to purchase their products and increasing the profitability
of the supply chain. On the other hand, cost-sharing contracts are effective in that they
not only lead to increased profits for all parties, but also lead to higher low-carbon
investments than decentralized decision-making.

The paper is organized as follows: in section 2, a comprehensive review of related
studies is presented. Section 3 gives an explanation of the basic model. Section 4
introduces two models and makes comparison of their results. In section 5, a cost
sharing contract is designed and evidenced. In section 6, numerical analysis is
presented, and the conclusion in section 7.

2. Literature Review
There are three streams of literature research related to our study: CSR in supply chains,
supply chains with fairness concerns and cost sharing contract.

2.1 CSR in Supply Chains

As all the products or service operating by supply chain is justified only when they are
accepted by customers, increasing environmental awareness of consumers exerts
pressure on corporations (Seuring and Miller, 2008). Thus, the study of CSR has
become an urgent reality due to the deterioration of the environment.

In the research of Goering (2008), and Panda (2014), a company’s CSR was
expressed through the consumer surplus of its stakeholders. In particular, Panda (2014)
pointed out that although a manufacturer’s CSR behavior reduces its profit, there is an
increase in consumer surplus, which often increases more than the loss of its profit.

Carter and Jennings (2002) empirically investigated the impact of CSR on the
decision making of supply chain companies, showing that CSR behavior helps
increase customer trust in suppliers and improves supplier performance, thus enhances
the competitive position of suppliers. Niet al. (2012) constructed a supply chain in
which both upstream and downstream make CSR investment. Two models of
simultaneous-move and sequential-move CSR games were considered to explore
whether CSR activities are exogenously related and how they can reach a win-win
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model through mutual incentive. Integrating CSR with risk management and
environmental decision-making, Cruz (2008) investigated the equilibrium conditions
of this dynamic network model with CSR by multicriteria decision-making. Furtherly,
Cruz and Wakolbinger (2008) extended this model by measuring the long-term effects
of CSR.

2.2 Fairness Concerns in Supply Chains
There is a long history of research on fairness, and relative material rewards affecting
people’s behavior and welfare is a crucial insight.

Fehr and Schmidt (1999) proposed a far-reaching inequity aversion model. They
assumed that people are inequity a version, which means that people are willing to
move in the direction of more equitable results even at the expense of their own. The
utility function they proposed is based on two assumptions, the first is that people
experience inequity either when they are worse off or better off, and the second is that
material disadvantage makes people suffer more than material advantage.

To explore the effect of fairness in channel coordination, Cui et al. (2007) first
incorporated the concept of fairness in a conventional dyadic channel. Based on the
inequity a version model proposed by Fehr and Schmidt (1999), Cui et al. (2007)
respectively considered the retailer’s fairness concerns and both fair-minded
manufacturer and retailer. The initial step showed that the retailer motivates to develop
a fair outcome in the supply chain because of fairness concerns and a simple wholesale
price contract can coordination that channel. Caliskan-Demirag et al. (2010) further
considered other nonlinear demand functions such as exponential, elasticity, algebraic,
and log it demand, which extended the assumption of a linear demand function in the
research of Cui et al. (2007).

Feher and Schmidt (1999), Ho and Su (2009) and Ho et al.(2014) indicated that
there are two types of equity issues, one was caused by cooperation, i.e., distributive
equity, and the other was called peer-induced fairness, which occurred between
competitors. The research developed by Katok and Pavlov (2013) considered three
causes of a suboptimal supply chain, i.e., inequality aversion, bounded rationality, and
incomplete information. The results showed that inequality aversion explains retailers’
behavior most convincingly.

The disadvantaged party is more inclined to compare his or her payoff with others,
thus engendering a sense of inequality (Bruyn and Bolton, 2008; Feher and Schmidt,
1999). Considering the impact of both peer-induced fairness and distributional fairness,
Pan et al. (2020) built a model with a dominant retailer and two following
manufactures in a two-echelon supply chain. More studies assumed that manufacturers
dominate the supply chain, a setting that is consistent with most realities, thus the
fairness concerns of the followers, i.e. retailers, are more highly considered. Zheng et
al. (2019) proposed a model consisting of a manufacturer, a distributor, and a retailer,
then incorporated the retailer’s fairness concerns into the coordination of this three-
echelon supply chain. Pu et al. (2019) built a model with one fairness-sensitive retailer
and one manufacturer that dominated the supply chain.

There are also studies considering the fairness concerns of both manufacturers and
retailers simultaneously (Du et al., 2014; Li et al., 2018). Li et al. (2018) studied the
utilities of the manufacturer and the retailer in a low carbon and closed-loop supply
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chain under stable state and chaotic state. By investigating the news vendor problem
for a dyadic supply chain, which considered the fairness concerns of both the supplier
and the retailer, Du et al. (2014) further analyzed the effects of fairness concerns of
supply chain on the efficiency of the channel. The outcome showed that the double
marginalization may be magnified when the supply chain exists fairness concerns, but
the coordination contracts can also be successful like fairness-neutral supply chain.

2.3 Cost Sharing Contract in Supply Chains

The profit of a decentralized supply chain is always less than that in centralized supply
chain, which drives researchers to design different types of contracts to coordinate the
supply chain.

Among these contracts in supply chains, cost sharing contract draws the attention
of most scholars because of its simplicity and practicality (Bai et al., 2017; Wang et
al., 2021; Yang et al., 2017; Zhang and Yu, 2021).Banerjee and Lin (2001) initially
proposed a cost sharing contract to realize the optimal size for the upstream and the
downstream in a research joint venture situation, and eventually succeeded to
coordinate the upstream manufacturer and the downstream retailer. Ghosh and Shah
(2015)proposed two models of cost sharing contract to explore their impact on the
green supply chains, in which one is that the retailer supported a contract and the other
is that the retailer and the manufacturer bargained on the contract. He et al. (2020)
built three Stackelberg differential game models to compare the effect of three cost
sharing contracts, i.e., not sharing any cost, sharing emission reduction cost, or sharing
service cost. Deng et al.(2021)studied whether the cost sharing contract can improve
the performance of the local government and enterprises on the investment of low-
carbon technology innovations. In their research, the cost sharing contract means that
the government shares its low carbon technology innovation cost with the enterprise.
With the differential game model, Liu and Li (2020) designed a cost sharing contract
to coordinate the supply chain, in which the low carbon preference of consumers was
also integrated. They both concluded that the contract has a good effect to coordinate
the supply chain and encourages the members to improve carbon abatement level. Also
considering LCSC, Shen et al. (2017) and Wang et al. (2016) compared cost sharing
contract to wholesale price contract. Shen et al. (2017) showed that the former has
better effect to motivate the manufacturer to adopt clean technology and reduce the
optimal wholesale price. Furthermore, the retailer-dominated supply chain and the
power-balanced supply chain were both considered by Wang et al. (2016).The result
showed that no matter what the power form, the cost sharing contract can coordinate
the supply chain.

Specially, there are some studies that considered to coordinate supply chains with
fairness concerns. Fehr and Klein (2007) conducted a series of experiments to
investigate how fairness concerns affect the actual and optimal choice of contracts.
The results showed that contract efficiency decreases significantly as fairness subjects
have a large impact on the incentive properties of various contracts. Zhou et al. (2016)
presented a one-manufacturer and one-retailer supply chain to explore the
effectiveness of the two contracts designed in their paper, and incorporated the fairness
concerns into the coordination to explore its impact. Taking three contracts namely
wholesale price, revenue sharing contract and cost sharing contract into consideration,
Xiao et al. (2020) showed abundant conclusions about the performance of those
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contracts in various situations that when the retailer or manufacturer performs different
level of fairness concerns, the effects of the contracts also perform differently. Li et al.
(2018) integrated carbon emission reduction (CER) and fairness concerns, which also
modeled with fairness-neutral manufacturer and fairness-concerned retailer in a two-
echelon supply chain. Though Li et al. (2018) highlighted the impact of retailer’s
fairness concerns, they neglected to analyze the impact of CSR and fairness concerns
in a comprehensive manner, which is refined in our research. In addition, Li et al.
(2018) studied the environment variable by CER, which considered that the
manufacturer produces green products, which will cause CER and also green cost. It
is worth to be noted that their research only considered the retailer’s utility with
fairness concerns and the supply chain’s utility with fairness concerns, which ignored
the consumer surplus. However, in our paper, it is the consumer surplus that presents
the concern to CSR of manufacturer.

3. Model Description
Including a dominated manufacturer which takes CSR and low carbon investment into
account and a followed retailer with or without fairness concerns being considered,
the LCSC model is shown in Figure 1. Since consumers in the LCSC have a dual
preference for products, concerned with both their price and their low-carbon level,
the price of low-carbon products is influenced not only by the baseline retail price of
the product, but also by its low-carbon level, which can be featured by

p=a-bg+lr (D

Where >0 is the demand of the low carbon product developed by the

manufacturer, 7 >0 is the low carbon level,a>0 is the benchmark price, b>0
and | >0 denote the price elasticity coefficients of demand and low carbon level,
respectively. Note that |7 is a price enhancement factor appearing in the linear
function, implying that consumers are willing to pay a higher price for a low carbon
product.Incorporating an enhancement factor into the price function or demand
function is widely used in supply chain models. (Wang et al., 2021; Ray and Jewkes,
2004; Liu et al., 2012).

Emission reduction costs increase with the level of emission reductions, quadratic
function is widely used as follows

o(r) == kyt? @)

where km >0 is the coefficient of low carbon investment.

Based on the above, the profit functions for the manufacturer, the retailer, and the
whole supply chain are as follows
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T = W0~ k7 3)
2
7, =(a—bg+1z—w)q 4)
1. 2
ﬂc:(a—bq+lr)q—5kmr (%)

Where W > 0 is the wholesale price determined by the manufacturer, 7z, , 77, , and 7,
are respectively the profits to the manufacturer, retailer, and the supply chain as a
whole. The consumer surplus and the social welfare after the retailer decides the order
quantitycan be expressed respectively as

Prmax a+lr
B 3 atlc—p 21 5
CS = qup_ j 0 dp_zbq (6)
p a+lz—bq
1, , 1 5
W:(a—bq+|r)q—§kmr +§bq (7)

Where CS denotes consumer surplus, which is the difference between the maximum
price consumers are willing to pay and their actual cost, and W represents social
welfare, defined as the sum of the profit earned by the firm and consumer surplus.

4% Manufacturer with CSR ‘

w T

Fairness-neutral retailer ‘ ‘ Fairness-concerned retailer
Model CS dinati
Model FN Model FC Coordination
B mechanism with cost
sharing contract
7@

Consumers with low
carbon preference

Figure 1 Model Structure of LCSC with Manufacturer s CSR

4. Decision Makings
Referring to Panda’s definition of CSR(Panda, 2014), the manufacturer’s concern for
CSR is defined as a concern for consumer surplus, which constitutes the
manufacturer’s utility function, and the goal it pursues changes from the traditional
profit maximization to utility maximization.Denote ¢ as the degree to which the
manufacturer is concerned about CSR with 0<t <1, where t =0 means that the
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manufacturer does not care about CSR at all, and t =1means that the manufacturer
cares about CSR completely. Only the scenarios with 0 <t <1will be considered in
this study.

4.1 Model FN: Decentralized Model without Fairness Concerns

In such a scenario, the retailer does not consider fairness concerns, which pursues
maximum profit only. As the leader of the supply chain, the CSR-focused
manufacturer first determines w and 7 in accordance with their utility maximization,
followed by the retailer determining its product order quantity ¢ .Denote U, as the

utility obtained by the manufacturer,which can be expressed as follows
Umzwq—%kmrzﬂéqu (8)

By background introduction and Hessian Matrix H (See Appedndix A), it can be
proven that when b(4—t) Ky —1 2

values for w and z . The optimal decisions can be obtained as shown in Table 1. Thus
the following conclusions can be obtained.

>0, H is negative definite, i.e., there are maximum

FN orN

FN
07y >0, >O,aﬂm

ot ot
Proof. See Appendix B, and the same for Proposition2-Proposition4.

Proposition 1. <0.

Proposition 1 demonstrates that whenthe manufacturer’s CSR is presented in the
supply chain, both the retailer’s profit and overall supply chain profit increase as the
degree of manufacturer’s CSR increases. However, since the manufacturer’s CSR calls
for it to focus on consumer surplus and share a portion of its profit with consumers,
thus, the manufacturer’s own profit is caused to decline.

FN FN FN
Proposition 2. ocs >0, oW >0, U
ot ot ot

>0.

Proposition 2 shows that as the degree of manufacturer’s CSR increases, the
consumer surplus, social welfare, and the utility ofmanufacturer increase as
well.Combined with Proposition 1, it is clear that the manufacturer shares a portion of
its profit with consumers, and although his profit diminishes, consumers receive more
consumer surplus,which makes the utility of manufacturer remain higher overall.
However, given the benefit to shareholders,the manufacturer must limittheirown CSR
practices, meaning that t <1.

arFN awrN agFN FN FN FN
Proposition 3. LAY W <0 q <O;aT >0,8W >0,aq

> P >0.
ok ok ok al al al
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Proposition 3 suggests that when the manufacturer has CSR behavior, the
equilibrium low-carbon invest level and wholesale price determined by the
manufacturer and the equilibrium order quantity determined by the retailer are
constrained by the low-carbon cost coefficient on the one hand and positively
influenced by consumers' low-carbon preferences on the other. Low-carbon products
are more expensive tobe made for the manufacturer (Conrad. 2005), which leads to an
increase in the manufacturer's wholesale price. However, the consumers with low
carbon preferences are willing to pay higher prices for products with low carbon
(TrudelandCotte. 2009.), which is an incentivefor boththe manufacturer to produce
and the retailer to sell low carbon products.

4.2 Model FC: Decentralized Model with Fairness Concerns

Still dominated by the manufacturer while introducing the retailer’s fairness concerns
into the LCSC, the decision-making of the manufacturer and retailer are deliberated in
this scenario, where the retailer will also pursue utility maximization rather than profit
maximization. Referring to the F&S model proposed by Fehr and Schmidt (1999), the
utility functions of the manufacturer and retailer, respectively, are

Up, :Wq—%km72+%tbq2 ©)

Ur=7l'r—ﬂr(7l'm—ﬂ'r) (10)

Integrating the profit functions of the retailer and the manufacturer yields the utility
function of retailer as

u, = q(a—bq—W+Ir)+%(2q(a—bq—2w+lr)+r2km)ur (11)

The optimal decisions can be obtained wunder the condition

by (1+ 244, ) (4—t+4p, — 2t ) - |2 (1+ 1, )2 >0 by the backward introduction and

Hessian matrix (See Appendix A), as demonstrated in Table 1. Then we can get the
following conclusions.

FC FC FC FC FC
ot >0,aq—>0,aw—<0; acs >0, ow >0.

Proposition 4.
ot ot ot ot

Proposition 4 indicates that the impact of manufacturer’s CSR behavior on the
supply chain is positive even in the presence of retailer’sfairnessconcerns. This is
evidenced by the fact that as the manufacturer’s CSR level increases, both the
manufacturer’s investment level of low carbon and the retailer’s order quantity
increase, and the manufacturer’s wholesale price of the product decreases. The
reduction in wholesale price reduces the retail price of the product and increases
consumer surplus and social welfare.
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U Fe FC FC
Proposition 5. m_ <0, or <0, ow < 0; under the condition of
iy Oy Oty
FC FC
| —Jtbk
tbkm<|2<9tbkm, XS 20 for U € O,A , and S g
Oty 2,Jtbk, —1 Oty
I — . /tbk
when g €| ——="-,
2,/thk,, —1

Proof. See Appendix C.

It can be concluded from Proposition 5 that the supply chain decarbonization is
hamstrung by fairness concerns. Although low-carbon inputs enhance the overall
benefits of the supply chain, the retailer’s fairness concerns are not spared to lose her
own benefit in pursuit of equity, which is manifested in this scenario in the reduction
of decarbonization, i.e., with the increase in the coefficient ofretailer’s fairness
concerns, the manufacturer’s low-carbon input decreases subsequently.

In addition, the retailer’s fairness concerns also lead to lower wholesale prices for
the manufacturer. Although the manufacturer is willing to reduce his wholesale price
to increase the consumer surplus, as intentioned before, the manufacturer will not share
too much of his benefit with the retailer and consumers because of the shareholders.
More specifically, fairness concerns of the retailer lead to lower wholesale price for
the manufacturer, who decides that the wholesale price should be reduced in order to
maintain the supply chain development when the retailer’s fairness concerns factor is
maintained within a certain range. An unexpected benefit for consumers appears as a
result where by they receive a higher consumer surplus owing to the reduced wholesale
price.

However, excessive retailer’s fairness concerns will trigger the breakdown of the
supply chain, provoking the manufacturer into terminating the cooperation with the
retailer, and the consumer will also suffer losses, as expressed in the decrease of
consumer surplus with the increase of retailer’s fairness concerns.

4.3 Comparison of FN and FC models
To illustrate the impact of fairness concerns from the retailer, this part compares the
optimal decisions of the last two sections, which should satisfy the range of

A+ 24, )(4—t+4p, —2tp, )bk, — 1+ 1,)°1> > 0.

FC _ 4FN FC _{|FN
Conclusion 1. 7' ¢ <z™ a7 <™ wC<w™ Ug”<Ug™

Proof. See Appendix D

Proposition 5 gives the variation of some factors with the retailer’s fairness concerns,
confirming the negative impact of fairness concerns on the supply chain, which is more
directly illustrated by Conclusion 1, i.e., the low carbon input, order quantity, and
wholesale price in the supply chain are inferior to those before fairness concerns.

The retailer’s fairness concerns lower the manufacturer’s wholesale price, but
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instead of increasing its order quantity to compensate the manufacturer, the retailer
also lowers its order quantity, further exacerbating the manufacturer’s loss. All these
actions lead to manufacturer’s inability to afford the huge costs of R&D of low-carbon
products, which may eventually make the LCSC unsustainable and the supply chain
less competitive.

Table 1 Optimal Decisions of Model FN and Model FC

Variables Model FN Model FC
al al(L+u )
‘ (4—t)bk, -1 ()
m bk, (1+ 21 )(4+4u, —t =2t ) =1 (1+ 1)
w abk,, (2-t) abk,, (1+ 4, )(2+2u, —t—2tu,)
(4-t)bk, - I? bk, (L+ 244, ) (4+4p, —t—2tp, ) —1? (1+ 4, )’
q ak, ak,, (1+ 4, )(1+24,)
(4-t)bk, ~1° b, (1+ 244, ) (4+4pt, —t 2z, )~ 12 (1+ 11, )’
a’bk? a’bk? (1+ a1, ) (1+ 241, ) (1= g1, (t=5+24, (t-2)))
z, T v
((4-t)bk, ~17) (bk (1+2yr)(4+4,u,7t72t,u,)7|2(1+y,)2)2
a%k, (2(2-t)bk, —1?) | a%k, (L+ 4, )" (20K, (1+20 ) (2+ 20 —t=2tp ) -1 (1+ 1, )
., 2
2((4-t)bk, ~1%) 2(ok, (1+ 26 )(4+ 4ps, ~t- 2, ) 1 (L 41, )
a%k, (2(3-t)bk, —1°) | a%k, (L+ 4, )(20k, (1+22 ) (3-t=(2t=3) )~ 1*(1+ 1))
T, 2
2((4-t)bk, ~17) 2(k, (1 201,)(4+ s, —t =2ty ) ~1? (14 11, )
y &k, (1 41, ) (P, (L4 ) + 20k, (1+ 241, )
r - 2(k, (1+ 20 )(4+ 4pt, ~t -2t )1 (1 1,7 )
U a’k, a’k, (1+4, )
" 2((4-t)bk, ~I°) (b, (1 264) (4 41, ~t-2tu) (15 1, ) )
cs a’bk’ a?bk? (1+ 4, )" (1+24,)°
2
2((4-t)bk,, —1?) Z(bkm(l+2yr)(4+4yr—t—Ztyr)—|2(1+ur)2)z
alk, ((7-2t)bk, —17) | @k, (14 a1, ) (B, (24201, ) (74 2= (7 +48) 1, ) =17 (1+ 11, )')
W 2
2((4~t)bk, 1) (b, (1264 (4 + 41, ~t—2t) (L4 1))

5. Model CS: Coordination with Cost Sharing Contract
Since the low carbon innovation of the manufacturer creates a positive externality for
down stream firms, upstream firms may decide to internalize this externality by
inviting the down stream firm, i.e., the retailer, to share the R&D costs
Assume that the retailer shares the low-carbon product R&D costs for the
manufacturer and the sharing ratio is f#, where 0< f<1.C, (r) And C, (r) are

denoted as the manufacturer’s and retailer’s R&D of low carbon products after cost-
sharing, respectively, which are expressed as follows.
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Cn @):%(1_ Bkt (12)

1
Cr () =5 Bint” (13)
This yields the profit functions of the manufacturer and retailer respectively as

. =wq—%(1— Bkt (14)

ﬂr:(a—bq+lr—w)q—%ﬂkmr2 (15)
Thus, the utility functions of the manufacturer and the retailer are respectively as

U, :Wq—%(l—/i’)kmrz+%tbq2 (16)

U, = Q(a—bq—W“T)_%ﬁTzkm —(qw-q(a-bg-w+lr)-
(17)

1 1

E(l—ﬁ)rzkm +Eﬁ72km):ur

By backward introduction and Hessian matrix (See Appendix A), the optimal
decision can be derived under the condition

(1—ﬂ)(1+ zﬂr)(4_t+4ﬂr —2t,ur)bkm —|2(1+,Ur )2 >0 » as illustrated in Table 2,

from which the following conclusions can be drawn.

Proposition 6. The supply chain can be coordinated through cost sharing contract
when the sharing ratio stays within a reasonable range.

The acceptance of the cost sharing contract by the retailer and manufacturer requires
that the profit after the cost-sharing contract should be greater than that before. Denote

ﬂES and nr‘ff the profits of the retailer and manufacturer after the implementation of
FC cs FC

the cost-sharing contract, implying that ﬂrc 5> - and s >y
Derive the partial derivatives of S for 72',? S and ﬁgs , respectively, and we get

on® 211212 3
—L=abl Ky L+ 2 )° L+ 244, ) x
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(2-68+t(2B8-1)+(10-188+ (88 —5)1)) 1, +2(4— 63 +1(48—3)) 12 (18)
(bkm (1_ﬂ)(l+ Zlur)(4_t + 4:ur - 2:urt) - |2(1+:Ur)2)3

orts Ty (L) (17 (L (L (1201 ) (443t (460 )

_ (19)
3
op 217 (1 b1 )k (14224 ) (414 2(241) )
Make 65?8 10 >0,then fe (0, R®S ) , Where
2 2 2 3
s bk (L+ 201, ) (+124 —tas, +12487 6tuaf ) +17 (L+ ) 0. When -0,

bk (1+ 24, )(8—t+28/jr —Ttu, +204? —1Ot,ur2)

7=z Therefore, if f e (O, R®S ) , thenz"° > 77 | ie., the range pe (0, RCS )

will make the retailer accept the cost sharing contract.
Similarly, we can drive the range in which the manufacturer will accept the cost
sharing contract. The range can be expressed by g < (0, M €S ) , Where

1S _ Dk (1420 )(4-3t + g —6tp, )12 (L4 4, )’ o
bk (14244 ) (4-3t + 4, —6tus,)

When e (0, min { RS M cs }) , the situation that both the retailer and manufacturer

gain more profits is available. Thus, the following conclusion can be arrived.

s cs cs
ow -0, or -0, aq
op op op

>0,

Conclusion 2. When f e (O, min{RCS MCS }) ,

cs cs
oCS >0’8W 20,

op op
Proof. See Appendix E.

Some valuable findings can be summarized by combining Proposition 6 and
Conclusion 2. In the scenario of model CS, there is a reconcilable interval for LCSC
when cost-sharing contract is used. In this interval, the margins of both the
manufacturer and the retailer are greater than those before.

The costsharing contract has three positive effects on the supply chain in the
following ways. First, since the retailer shares some of the R&D cost, the manufacturer
will invest more capital and have access to produce more eco-friendly products,
contributing to a greener supply chain. Second, the retailer’s concern for fairness,
which reduces their own order quantity and the manufacturer’s wholesale price,
probably leads to a loss of both with the manufacturer. The cost sharing contract is a
great option to improve it.Third, though the wholesale price of the manufacturer is
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reduced, the consumer surplus and social welfare are still increasing with the sharing
ratio.

Table 2 Optimal Decisions of Model CS

Variables Model CS
al(1+4
i bk, (1= ) (1+ 221, ) (A—t + g, — 2zs, ) — 12 (L+ 11, )’
abk, (1+ 2, )(1-B)(2—t+2u, —2ty,)
v DK, (L 8)(L+ 204 ) (4t + gy~ 21 )1 (14 1, )
a@+u)(1-p)(1+2u)
a bk (1 ) (L+ 20 ) (4—t+ dpa, — 2t )~ 12 (L4 a1, )
a2km (1+ /ur)(Zbkm (l_ﬂ)z (1+ Z”r)(l_ Hy (t -5+ zlur (t - 2))) - IZIB(1+ Hy )3)

T

' 2(kyy (1 ) (14 201, ) (4t + 4, 2t ) |2(1+y,)2)2

a® (L+ )k (14 )7 (20K, (1= ) (14 20, ) (2~ t 4 2 ~ 221, ) ~ 17 (14 11,))

T

" 2(bky, (1 )L+ 201, ) (4=t Aty — 2t ) =1 (14 g1, ) )2

a%k, (1+ a4, ) (20k, (1- )" (L+24, )" (3—t+3p, —2tu, ) —1* (1+ 41, )')

T 2(0k, (1 B)(1+ 26 ) (4t + dpt, ~ 2t )1 (L4 1, ')
u azkm (1+‘ur )B(Zb(l_ﬂ)z km (1+ 2, )2 -1 (1+:ur)(ﬂ+(2ﬁ_l)/ur))

' 2(bk,, (1= ) (L+ 24, )(4=t+ 41, 2t )= 1* (L+ g, )2)2
0 a’k, (1-B)(1+ 4, )

" 2(bk,, (L B)(L+ 2, ) (4=t +4p, ~ 2t ) =1* (L4 1))

a?bk? (1- B (L1+ 1. )’ (1+24,)°
cs 2(bk, (1- B) (L+ 24, ) (4=t +4a, —2ty,)—|2(1+g,)2)2
ak, (1+ a4, ) bk, (L= ) (1+ 201, (4=t 4pt, — 2t ) =1 (1+ 11, )
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6. Numerical Analysis
To further demonstrate the effect of the cost-sharing contract and the impact of the
manufacturer’s CSR degree 7 and retailer’s sharing ratio 4, three numerical examples
are presented in this section. In particular, model FN, FCand CS are all illustrated in
this part, and the specific parameters are assumed for all the scenarios as follows:
#4,=05, pe@),te(0,1),a=100,b=10,ky, =6,1=3-
It is persuasive that the cost sharing contract stimulates the supply chain cooperation
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to some extent, which has been given out by combining Proposition 6 and Conclusion
1, and the numerical results are illustrated in Figure2.

225 — o
220

215

210 -
205 -
200
195 -, ~
190 L—"

Figure 2 The Impact of t and [ on the Profit of overall Supply Chain

It is known from proposition 6 that regardless of the degree of the manufacturer’s
CSR ¢, the manufacturer’s profit and retailer’s profit under the cost sharing contract

are greater than the pre-cost-sharing profit in the range ,Be(O, min{RCS,MCS}) .

Therefore, the overall supply chain profit under the cost-sharing contract is greater
than the pre-cost-sharing profit. Taking Figure 2 as an example, the overall profit of
the supply chain increases when the manufacturer’s CSR degree is constant and the
cost-sharing rate is within a reasonable range. However, once the cost-sharing rate is
beyond the range, the overall profit of the supply chain will suffer different degrees of
decline until it is less than the profit before the cost sharing contract, which also means
that the supply chain cooperation then breaks down. Also, Proposition 4, which
demonstrates that the impact of manufacturer’s CSR on the supply chain remains
positive even under fairness concerns of the retailer, is confirmed by Figure 2, which
shows that the overall profit of the supply chain increases with ¢.

3
*
i +
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Figure 3 The impact of CSR and sharing ratio on the profit of manufacturer and retailer
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The cost sharing contract and CSR interact to develop the supply chain, which will
obtain more profit only when CSR degree is relatively high and the sharing ratio is in
a reasonable range. On the contrary, the supply chain will not achieve higher profit if
the CSR degree is high but the sharing ratio is beyond the range.

Figure 3 depicts the trend of manufacturer’s and retailer’s profits under the joint
effect of CSR and the cost sharing contract.

In Figure 3, the curve with**’ represents ,CS=7FC  which is expressed by

_131072000t> — 963686400t2 + 2260696320t — 167835677
320(409600t> — 3028800t + 7166898t — 5298507)

102400t —1246080t + 2762613 .

4096002 — 3054720t + 5451840
The image is divided into three regions by these two curves, satisfying ,,rCS > 7, FC

, and the curve with ‘o0’

represents 7G5 =7FC , which is expressed by =

and 75 5 zFC in region T, 785 <;FC and 7O 7FC in region I,
7 <xfC and 785 < 7FCin region [II. It is evident from Figure 3 that the

condition z&5 » 7FCand 7C5 7 FC are definitely satisfied within the range of region

I , in which the retailer is satisfied with the cost sharing contract, and the
manufacturer’s profit will increase as a result. As the degree of manufacturer’s CSR t
increases, on the one hand, the manufacturer is willing to make the cost sharing
contract effective through a lower sharing ratio /3, and on the other hand, the retailer
is agreeable to accept a higher sharing ratio. It suggests that with the concerted efforts
of CSR and the cost sharing contract, the manufacturer and the retailer take more
consider is on of the other’s interests, rather than making decisions only with the goal
of maximizing its own profit, which is more conducive to the cooperation between the
two parties.

Combining Figure 2, Figure 3 and Proposition 6, it is available that the supply chain
achieves the goal of coordination and optimization under the cost sharing contract
compared to the pre-sharing. For the further purpose of driving the impact of the cost
sharing contract on the manufacturer’s low carbon effort, there is no harm in letting
t=0.3 at random. Thus, the range of £ can be calculated as (0, 0.524). Within this range,
the impact of the sharing ratio on manufacturer’s low-carbon inputs is illustrated in
Figure 4.

o
e

Figure 4 The Impact of Sharing Ratio on Low Carbon Input
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Conclusion 2 is verified by Figure 4, which indicates that the fairness-concerned
behavior of the retailer is an irrational behavior that reduces the manufacturer’s low
carbon inputs. However, the combination of Figure 4 and Conclusion 2 shows that a
retailer’s sharing of manufacturer’s low-carbon cost can increase the degree of
manufacturer’s low-carbon efforts. Even with the presence of retailer’s fairness
concerns, it is even possible to achieve a coordinated degree of manufacturer’s low-
carbon effort greater than that under retailer’s fairness neutrality.

7. Conclusion
7.1 Summary
Integrating manufacturer’s CSR and retailer’s fairness concerns, a Stackelberg model
is considered to study the dual impact of both factors in the LCSC. A cost sharing
contract is designed to mitigate the double marginalization and has been proven
effective.

Here are a few notable conclusions: (1) Decision-making of the manufacturers is
also affected by their own behavior, i.e., CSR, if the retailer’s fairness concerns are not
taken into account, with the increasing CSR degree, the level of low carbon investment
decided by the manufacturer and the order quantity decided by the retailer will increase
and the wholesale price will decrease. (2) When the retailer are concerned about their
fairness, the manufacturer will reduce wholesale price to compensate for this unfair
mentality of retailer, but also reduce low-carbon invests in their products because of
this retailer’s behavior. (3) The cost sharing contract can realize the coordination of
LCSC with retailer’s fairness concerns. When the sharing ratio is within a certain range,
the cost sharing contract can facilitate the development of LCSC and have a positive
impacton consumer surplus and social welfare. The sharing ratio has a catalytic effect
on manufacturer’s low-carbon inputs, allowing for a coordinated low-carbon
investment that is even greater than the low-carbon investment when retailer is
fairnessneutral.

7.2 Management Insights
Management insights can be provided from the above results as follows.

(1) With growing awareness of low carbon and higher demands on environmental
protection of consumers, companies are aroused to put CSR on their agenda, which is
not only a challenge but also an available opportunity. On the one hand, enterprises
that cannot keep up with the trend of low carbon and fail to achieve low carbon reform
will be phased out of the market; on the other hand, those who conduct low carbon
R&D and make efforts to transform will be recognized by consumers and gain more
long-term development. Willing to share some of the benefits with consumers to
maximize utility, the ultimate goal of a company with CSR is not pursuing profit
maximization. Some profits probably are sacrificed in the short term, however, in the
long run, CSR will increase a company’s investment in low-carbon R&D and improve
the utility of the manufacturer, consumers, and the supply chain as a whole, which is
significant for the long-term development of anLCSC.

(2) Even if a manufacturer’s CSR behavior is not affected by a retailer’s fairness
concerns, the retailer should still reduce its level of fairness concerns to lessen the
negative impact on the supply chain. When a retailer’s fairness concerns are
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considered into the LCSC, series of passive impacts on LCSC are induced.It is worth
noting that the retailer’sfairness concerns lead to lower wholesale prices of products,
which appear to benefit consumers. However, contrary to CSR behaviors that increase
the utility of a manufacturer, the retailer’s fairness concerns force the manufacturer to
reduce wholesale prices excessively; making manufacturer utility lower. Furthermore,
the impediment to supply chain decarbonization from retailer’s fairness concerns
threatens the sustainability of the supply chain and may ultimately undermine
manufacturer’s low-carbon efforts.

(3) Fairness concerns have been proven to exist objectively, and retailers should do
their best to reduce such behavior, but cannot rigorously require its complete
elimination. The manufacturer, as the dominant player in the LCSC, should propose a
contract, such as a cost-sharing contract that has been proven to be effective, to reduce
the adverse effects on the LCSC of retailer’sfairness concerns and achieve Pare to
improvements.

7.3 Limitations and Future Work

There are some limitations to this study. First, CSR, which is only considered in the
form of CSR of manufacturers for simplicity, should be expanded to the CSR of
retailers, as well as CSR of both manufacturers and retailers in future studies. Second,
the linear demand function cannot describe the realistic model precisely, a stochastic
demand function could be introduced. Third, only the costsharing contractis taken into
account at this step, the coordination effects of the contracts in LCSC with fairness
concerns can be analyzed base on various contracts, e.g. revenue contracts, quantity-
discount contracts, two-part tariff contracts.

8. Appendices

Appendix A. Proof of § 4.1, § 4.2 and §5
o,
q

=a-2bg-w+Iz (A1)

The demand of the retailer can be observed by solving a;r =0.
q

a-w+lr
=— (A2
q 0 (A.2)
Substituting Eq. (A.2) into Eq. (9), we can get

a—w+Iz)(at + 4w—tw+ Itz ) —4brk
( ) )

m
= (A.3)
" 8b
-8+2t |(4—t)—|t
The Hessian Matrix of Eq. (A3) is H= 8b 8o and
I(4-t)-It  21% —8bk,
8b 8b

-8+ 2t

obviously <0 . It can be proven that when b(4—t)km—|2 >0, H is
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negative definite, i.e., there are maximum values for w and ¢ . The optimal decisions
can be obtained as shown in Table 1.
The proofs of §4.2 and §5 are similar to §4.1. It can be derived that when

by (L+ 21, ) (4=t +4psy =2t ) =12 (L4 g1, )* > 0 in §4.2 and

(1_ﬂ)(1+ Zﬂr)(4—t+4ﬂr —2t,ur)bkm —1? (1+ i, )2 >0 1in §5, there are maximum

values for w andr . The optimal decisions of §4.2 and §5 are also shown in Table 1
and Table 2 respectively.

Appendix B. Proof of Proposition 1-Proposition 4

Solve the partial derivatives of z ™ , zt™ , ziN  respectively,
A orfN  a’h?(2-t)k3
—_ 3 b = 3 b
% (b(4-t)ky 1) A (b(a-t)ky—12)
omN a’b’tk3 o

r

= 5 - Because b(4—t)km—|2>0 , then
A (12-b(a-t)ky)
om "

ot
Proposition 1.

>0,

FN
or,
>0, m

<0 The proofs of Proposition 2 Proposition 4 are similar to

Appendix C. Proof of Proposition 5
auFe a’bk?2 (1+ 4, )(—2+t + 2(—1+t)yr)

2 . Because t—-2+2(t-1)y <0, so
Ot (I2(1+y,)2+bkm(l+2,ur)) (t=0)s
auFe orF¢ _ 2ablk, (1+y,)(t(l+2,ur)—2(l+yr))
<0 - P RV Because
Ot M bl (L4 2 ) (4=t gt ~2 ) =1 (L4 41, )
FC

or

t(1+24,)—2(1+ 4, ) <0, 50 <0-

Oty
e abkm(bkm(8—4t+t2+4(4—3t+t2),ur+4(2—2t+t2)yr2)—tlz(1+yr)2)

2
(bl (2 22 ) (4=t-+ 44z, ~2) =12 (L 41
Because
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>
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combined with the condition tbk,, (1+ 2u, )(4 —t+4u, —2ty, ) —tl? (1+ 4y )2 >0
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50 bkm(8—4t+t2+4(4—3t+t2)yr+4(2—2t+t2)yr2)—tlz(1+,ur)2>0 . then

FC
<0.

Oty
sosFe bk (L+3u, + 244 )(l2 (1+ 4, ) btk (1+ 24, )2)

R T S PR

We can get

- FC _
#r<ﬂ by solving &>0 and /’lr<ﬂ

2,/tbk, —I Oty 2,Jtbk., —1
acste

OHy

by solving

<0 . Combining the condition ;. & (0,1), we can derive tok,,, <l 2<gtbkm .
4

Appendix D. Proof of Conclusion 1
A @+24 )(4—t+ A, —2tp, Yok, — Lz )2 (4-t)bky, = g (14, (4-31)
+(4-2t))bk,, >0,
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+(4-2t))bk, >0 ,s0 7¢ <™ . The proofs of g™ <g™ , w <w™ and

Un':c < U,EN are similar.

Appendix E. Proof of Conclusion 2

cs cs cs
The proofs of ow >0 ot >0, q > ( are similar to Proposition 1. In
op op op
cs CS A,CS cs
addition, we can also subtly prove that OCS™ _0CS~ oq” _ bg®s 2 >0 and
op oq®s  op op
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