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Abstract: This paper focuses on coordination issues related to the green supply chain with capacity
constraints and green marketing efforts. We build a two-stage green supply chain, in which the
upstream manufacturer has a certain amount of installed capacity to produce green product, yet can
expand its capacity through a Cloud Manufacturing (CM) Platform once its existing capacity
becomes insufficient, while the downstream retailer expends green marketing effort to promote the
green product. In particular, we analyze the interaction between the capacity expansion options of
the manufacturer and the green marketing efforts of the retailer. Aiming to mitigate the inefficiency
under a decentralized green supply chain, we design a contract that combines cost-sharing and
revenue-sharing in green marketing in order to coordinate the supply chain. The results show that:
(1) when the manufacturer’s existing capacity falls below a certain threshold, it will choose to
expand its capacity. The threshold is related to existing capacity, capacity expansion cost coefficient,
green marketing cost coefficient, and sensitivity coefficient of demand to green marketing. (2) Under
low capacity, if the capacity expansion cost coefficient is large, a higher consumer environmental
awareness or preference for green products will weaken the retailer’s motivation for expending
green effort. (3) A contract for cost-sharing and revenue-sharing in green marketing can fully
coordinate the green supply chain, whereby the two share proportions are equal and meet certain
constraints.

Keywords: Green supply chain; green marketing; capacity expansion; Cloud Manufacturing;
supply chain coordination

1. Introduction

With the depletion of natural resources and the deterioration of the environment, environmental
issues affect all human activities, and environmental protection and sustainability are receiving
increasing attention [1-3]. Driven by regulations, competition, trends in consumption and social
responsibility, enterprises in various industries are implementing their own environmental practices
in different ways [4,5]. Producers try to use various methods and technologies to produce green
products, e.g., Commonwealth Edison uses a life-cycle management approach to manage materials
and equipment; Pepsi-Cola replaces corrugated cartons with reusable plastic transport containers [6];
BASF pharma uses renewable materials for pharmaceutical production [7]. Retailers are trying to
reduce carbon emissions in their supply chains through sustainable plans, such as Wal-Mart
launching a sustainable platform called Project Gigaton, which aims to reduce carbon dioxide
emissions by one billion tons with upstream and downstream partners between 2015 and 2030 [8].
According to Bonini and Oppenheim [9], 87% of respondents were worried about the environmental
and social impact of their purchases. More and more consumers are aware of the impact of their
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purchasing behaviors on the environment, and purchasing green products has becoming an
important way for them to fulfill their environmental responsibilities [10].

Nevertheless, on a consumption level, even if consumers are concerned about environmental
issues, it is difficult to translate their purchasing intentions into purchasing actions when they have
lower willingness to pay [11] or there is a lack of sufficient information about the green products [12].
Meanwhile, although the growth rate of green products is fast, the share of green products in the
whole market is still low [13]. There is still large room for further expansion of the green product
market.

The manufacturer’s green technology is an essential prerequisite for green products that
consumers are willing to buy. Nevertheless, for the manufacturer in the supply chain, its green
products still need to go through downstream retailers to reach their final consumers. If consumers
have no idea about the green products, or even are not able to accept them, it will be impossible for
the firms to achieve their original intentions of environmental protection practices. However, retailers
can implement green product promotion or green marketing that will make a key effect on
consumers’ shopping decisions on green products.

On the demand side, Hong and Guo [14] believe that environmental responsibility can maintain
the sustainability of green supply chain, because responsibility is an inherent incentive that can
cultivate a stable consumer market. Environmental education or advertisements are green-marketing
tools for retailers to communicate green product information to consumers [2]. They can strengthen
consumers’ environmental responsibility, increase consumers” willingness to pay, and improve the
trust relation between the firms and consumers [15,16]. In addition, consumers’ purchase of green
products also depends on their knowledge of green products. Different forms of marketing are used
by enterprises to transfer knowledge and information about green products to consumers. Examples
include paper media (newspapers and magazines), radio media (radio and television) [2], and new
media (mobile phone and Internet) [17,18]. Marketing campaigns can help consumers understand
the meaning of green products and experience the effect of green products; more shelf space allows
consumers to compare and choose green products easily [11]. Various media publicity, retail channel
display, and salesman explanations are the main ways available to most consumers for
understanding, judging and ultimately choosing green products. We refer to these activities as green
marketing efforts, which are effective tools for translating consumers’ green awareness into actual
purchasing behavior [19]. This is an important factor to be considered in this paper.

We assume that the manufacturer produces green goods with a certain green technology, that
is, the manufacturer’s green technology is exogenously given. In addition, we mainly focus on the
influence of the downstream retailer’s green marketing efforts on the green market cultivation or on
consumer demand. The reason for this is that it will be difficult for the manufacturer to adjust the
technology level in a short time once a certain green technology has been selected. On the contrary,
the retailer’s green marketing effort is an endogenous decision-making variable, because it can
control the promotion activities’ scale, duration, scope of influence, and channel selection, thus
influencing market demand. We therefore only consider green marketing efforts expended by the
retailer in promoting the manufacturer’s green product. For example, Walmart, the largest retailer in
the world, needs to consider how to expend its marketing efforts to promote green products once its
suppliers choose to participate in its green supply chain and produce organic cotton clothing [20].

For the supply side, with the development of information and communication technology (ICT),
especially emerging technologies such as Internet of Things (IoTs), Big Data, Cloud Computing and
Block Chain (BC), Cloud Manufacturing (CM) based on Industry 4.0 has brought significant changes
to the sustainability of manufacturing capacity [21]. Capacity, traditionally, was installed before the
demand season; then, production occurs according to the demand forecast information, or to the
realized demand. Capacity investment ahead of time puts manufacturers at risk. When demand is
too low, the manufacturer will suffer overcapacity; when demand is too high, the manufacturer will
experience undercapacity. This is a challenge for the capacity management of a manufacturer.
Although manufacturers can avoid risk by means of capacity pooling/trading, such capacity sharing
is usually only carried out among enterprises that are familiar with each other [22], due to transaction
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risk, e.g., inconsistency of technical standards, opportunism, brand dilution, and purchasing
defective or counterfeited goods. Furthermore, this sharing has a lack of flexibility. However, in CM
mode, ICT such as IoTs and BC can not only connect machines, resources and capacities into CM
platform and encapsulate them into various manufacturing cloud services [23], but can also achieve
information sharing and transparency [24], which help firms avoid opportunism and purchasing
counterfeited goods. Supported by the CM platform, capacity demanders can obtain manufacturing
cloud services, which resemble the manner in which water and electricity are consumed [25]. This
provides capacity sustainability for manufacturers who are suffering undercapacity, and thus
effectively helps manufacturers avoid the impact of demand uncertainty.

In complex environments, the supply chain should consider not only capacity sustainability, but
also how to optimize the green marketing efforts mentioned above. However, the two decisions are
usually made independently by different players in the supply chain. It is very possible that the
supply chain results in a failure of joint optimization of the capacity utilization and green marketing
efforts due to the players’ self-interest. Thus, our study aims to investigate the following questions:

(1) If the production of green products is constrained by the manufacturer’s existing capacity,
how do supply chain enterprises make decisions regarding the price and green marketing effort to
be expended?

(2) If the manufacturer can expand its capacity through the CM platform, how does the
manufacturer’s decision to acquire additional capacity interact with the retailer’s decision regarding
green marketing effort?

(3) When the manufacturer and retailer make decisions independently, are the advantages of
capacity expansion fully utilized? If not, what kind of contract can be used to coordinate the decisions
of the manufacturer and retailer so as to make full use of the advantages of capacity expansion?

As we know, the manufacturer’s decisions are affected by the retailer’s decisions, and vice versa.
Therefore, the game theoretic setup is a highly appropriate way of modeling the interaction between
the two firms’ decisions. Therefore, to address these questions, we formulate a game model of a two-
stage supply chain in which an upstream undercapacity manufacturer can obtain additional capacity
through the CM platform, while the downstream retailer expends green marketing effort. Then we
apply the backward method to solve the game problem and analytically discuss the firms’ decisions.
Moreover, coordination contracts are designed to align their decisions. The main contributions of this
paper are as follows: based on Industry 4.0, a unified framework model of capacity sustainability is
constructed; the enabling role of emerging information technology in the implementation of
enterprise green practices is discussed; and a coordination contract for the green supply chain is
designed.

The rest of this paper is organized as follows. Section 2 presents the literature review. The
problems are mathematically formulated and analyzed for decentralized and centralized cases in
Section 3. Section 4 discusses supply chain coordination under a contract for green marketing effort
cost and revenue sharing. We conduct the numerical analysis in Section 5, and finally Section 6
concludes this study.

2. Literature Review

Three streams of research are related to this paper: supply chain capacity management, green
marketing, and green supply chain coordination.

The first stream of research mainly focuses on capacity management in green supply chains.
There is a large literature focused on capacity management in the fields of OM and SCM (see review
articles [26-28], among others). We only reviewed the literature that was related to capacity
management with respect to the green supply chain. Almost all of the literature on the green supply
chain assumes infinite capacity, i.e., production capacity constraints are not considered in the models,
with the exception of Zhang et al. [29] and Kim and Sim [30]. Zhang et al. [29] explore the influence
of consumer environment awareness (CEA) on order decision and supply chain coordination within
a two-stage supply chain, where one manufacturer produces two substitutable products: one green
product and one traditional non-green product. Their study suggests that the retailer’s profit
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increases, while the manufacturer’s profit is convex in CEA. However, under an assumption of
capacity constraints, our study indicates that the retailer’s profit is concave, while the manufacturer’s
profit increases with green sensitivity. To mitigate the double marginalization, they design a return
contract to coordinate the supply chain. Furthermore, when considering production capacity
constraints, they find that critical capacity points exist. Once the manufacturer’s capacity falls below
these critical points, the channel profit and order quantities are negatively changed by the capacity
constraint. This result is consistent with ours. However, they assume, in their model, that the existing
capacity is the upper boundary of production quantity. This is different from our model, in which
the manufacturer can expand their capacity from the CM platform. Kim and Sim [30] investigate the
effect of consumer awareness of pollution and supply chain coordination on manufacturers’ efforts
to reduce pollution. Their results show that consumer awareness plays an important role in curbing
carbon emissions in the supply chain. However, they don’t incorporate the retailer’s efforts into their
research. In addition, although a quadratic cost function similar to ours is used in their model, the
underlying assumption is still unconstrained capacity. Nevertheless, the quadratic cost function in
our research is caused by the manufacturer’s acquisition of additional capacity. Although in the OM
domain, Huang et al. [31] and Lu and Chen [32] take capacity expansion into consideration, none of
them involve environmental issues. Therefore, there are few studies on green supply chain
management involving capacity management. From the perspective of management practice,
considering capacity constraint will make the research conclusion more realistic.

The second stream of research is related to green marketing. In 1975, Ecological Marketing was
discussed in the workshop of the American Marketing Association (AMA), and then in the late 1980s
and early 1990s, green marketing came to prominence [1]. Peattie [33] breaks down the evolution of
green marketing into three distinct phases, i.e., Ecological marketing, Environmental marketing and
Sustainable marketing. Sustainability is the theme of green marketing in the future. Consumers have
an ever-increasing concern about the adverse impact of ecological degradation on their enjoyment of
life, thereby prompting firms to employ environmental claims to appeal consumers [2]. Different
enterprises in the industry can implement various sustainable practices. For example, manufacturers
can invest in reducing emissions through innovations in their production technologies, investment
in cleaner technologies, or education of their employees [34]. Unlike manufacturers, retailers are able
to implement green practices in various channels, e.g., advertisement, promotion etc., which is the
focus of our research. Peattie and Crane [16] find that consumers often lack knowledge and trust in
firms’ products. Environmental or green advertising is a major marketing tool used by firms to
increase CEA, and is conducive to the transformation of consumption into the purchase of green
products [35,36].

The third stream of research is related to coordination issues of the green supply chain. Based
on the Triple Bottom Line (TBL) of sustainability [37], our research belongs to a combination of
environmental and economigc, i.e., Green Supply Chain (GSCM). Ahi and Searcy [38] compare the
definitions of GSCM and Sustainable SCM (SSCM) on the basis of a literature review.

The focus in environmental OM is shifted from a local firm’s environmental optimization to the
supply chain’s global optimization due to the convergence of sustainability and supply chains [39].
More related research can be found in the study by Rajeev et al. [3], who conducted a literature review
on the evolution of sustainability in supply chain management. Green supply chain coordination can
enhance the relationship between supply chain members and try to achieve system-wide
improvement in terms of profit and environmental performance.

Many studies only consider the manufacturer’s green efforts when designing contracts to
coordinate the green supply chain. For example, Ghosh and Shah [40] develop an apparel supply
chain model in which the manufacturer carries out green innovation. They show that collaboration
between supply chain firms can lead to greater green levels, yet a higher green level may force
consumers to face a higher retail price. Ghosh and Shah [5] investigate the effect of cost sharing
contracts on product greening level, prices and profits in a supply chain. Their study reveals that cost
sharing between supply chain members can increase the profits of the firms and supply chain, and
green level. Zhu and He [41] show that wholesale price contracts or green cost sharing contracts alone
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fail to fully coordinate the supply chain, in particular, there is a failure to coordinate economic and
environmental objectives at the same time. To find a coordination contract, sometimes it is necessary
to compare and analyze multiple contracts. For example, Subramanian et al. [42] investigate three
coordination contracts: price-replacement interval, two-part tariff, and leasing. To encourage firms
to engage in green production, Tong and Li [43] investigate two types of investment funding for
green, i.e., external government subsidy and internal greening cost-sharing with a partner. Their
results show that the greening cost sharing contract, in which the retailer shares a part of the R&D
cost of the manufacturer, which will provide the manufacturer with incentive for greener product,
can coordinate the supply chain. Song and Gao [44] investigate the effect of revenue sharing contract
on the decisions and performances of the green supply chain. The authors show that the green level
and the profit of the supply chain are both improved under a revenue sharing contract. However, in
our research, it is impossible to coordinate the supply chain by sharing the cost of green effort or by
sharing the revenue separately. Kim and Sim [30] investigate the effect of consumer awareness of the
pollution and supply chain coordination on the manufacturer’s effort to reduce pollution. Their
results show that supply chain coordination will not work when consumers are environmentally
ignorant or sensitive enough. Yang et al. [45] investigate the influence of revenue sharing contracts
on the manufacturer’s emission reduction decisions and the firms’ profits. They find that the first-
mover advantage will affect the coordination contract; in particular, no matter which firms in the
supply chain have the first-mover advantage, revenue sharing fails to coordinate the system.

There are also studies that consider manufacturers and retailers both making green investments
at the same time. De Giovanni [46] explicitly considers both manufacturer and retailer investing in
green advertising, which aims to increase customer knowledge, awareness and concern regarding
environmental issues, and to change their purchasing intentions. However, what they study is the
problem in closed-loop supply chains, and they assume that the retail price is a function of the
wholesale price, that is, that the retailer has no pricing power. Swami and Shah [6] consider a supply
chain consisting of a manufacturer and a retailer, in which both firms expend green effort. They found
that the ratio between the two firms’ optimal greening efforts was equal to the ratio between their
green sensitivity and the greening cost. Hong and Guo [14] also consider a supply chain similar to
that of Swami and Shah [6], within which the manufacturer designs and produces a green product
and the retailer promotes the green product through green marketing. Their results indicate that
cooperation among green supply chain members can achieve environmental improvements; however,
green marketing cost sharing contracts fail to efficiently coordinate the supply chain.

Other studies considering carbon-related factors, e.g., cap-and-trade, carbon tax, and carbon
emission, have also studied green supply chain coordination [30,45,47-51], which mainly focus on
the manufacturer’s green efforts. In addition, some papers have investigated the decisions made with
respect to green supply chains under complex supply chain structures, for example, product
substitution between green and non-green products ([29,36,43], among others), and channel
competition between two supply chains ([52,53], among others).

Our study differs from the existing literature in two respects. First, other studies have assumed
that the manufacturer’s production capacity is unconstrained, or that the existing capacity is the
upper boundary that can be achieved for output. However, the manufacturer’s capacity, in our study,
is endowed with flexibility through access to cloud manufacturing platforms; that is, once the
capacity becomes insufficient, the manufacturer is able to obtain additional capacity at a cost. Second,
the main focus of their studies is the manufacturer’s green efforts, while the retailer’s green efforts
are emphasized in our study.

3. Model Formulation and Analysis

3.1. Model Description and Assumptions

Consider a supply chain consisting of a risk-neutral manufacturer (M) and a risk-neutral retailer
(R). The manufacturer produces a green product using a certain green technology, and the retailer
purchases the product and promotes it to the market through green marketing. In this research, we
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focus on the retailer’s green marketing decisions. That is, the retailer invests in green marketing to
promote the green product purchased from the manufacturer. For example, Walmart needs to
consider how to expend it marketing effort in order to promote the green products of its suppliers,
who have already participated the green supply chain and make use of some kind of green
technology [20]. For the manufacturer, given this green technology, we focus on its capability to
expand the capacity, which has often been overlooked in previous literature examining the green
supply chain.
The principal assumptions are as follows:

Assumption 1. Demand function. The size of the market demand (4 ) is sensitive to retail price (P ).
Meanwhile, the consumers in the market are environmentally conscious; thus, the retailer’s green marketing
effort €(e 2 0) will also influence the market demand. Intuitively, the higher the price (marketing effort), the
lower (higher) the demand. Without loss of generality, we assume that the demand is a linear function of retail
price, P, and green marketing effort, €. Similar types of demand function can also be seen in previous
research (e.g., [5,14], among others). The demand function can be given as:

gq=a—bp+ye 1)

In the above equation, @ denotes the market demand potential; b is the price sensitivity of market
demand, and @ and b are both greater than 0. For simplified analysis, we let b=1;and V (y>0)is
the sensitivity of demand fto the green marketing effort, or green semsitivity for short. Green sensitivity
represents the influence level of green marketing effort on the demand, that is, a greater value of sensitivity
implies that more consumers will be attracted by the same effort on the part of the retailer. As shown in Equation
(1), the market demand decreases linearly with the retail price, yet increases with the retailer’s green marketing

effort.

Assumption 2. Green marketing cost of the retailer. We only focus on the downstream retailer’s green
marketing decisions, rather than those of the upstream manufacturer, which have been the focus of previous
literature on the green supply chain. A higher green marketing effort expended by the retailer requires a higher
cost, that is, the effect of green marketing on the demand increment is diminishing. Therefore, we assume the
cost of green marketing effort to be qre®, where o >0 is the cost coefficient of green marketing effort, or
green cost coefficient for short. Such a quadratic form of the cost function is prevalent in previous research (e.g.,
[5,6,14], among others).

Assumption 3. Manufacturer’s capability of capacity expansion. The manufacturer’s existing capacity is K
, and it produces a green product using a given green technology at unit production cost C, ; that is, the
manufacturer’s green technology is exogenous and the unit production cost is constant. Then, it sells the green
product to the retailer at wholesale price W . Thus, we have 0 <c, <W< p. In contrast to the existing

literature, which investigates the manufacturer’s green decisions, we investigate the impact of the
manufacturer’s capacity sustainability, i.e., capacity expansion, on the decisions of the two firms and the
performance of the supply chain. In the literature regarding capacity management, lots of research assumes that
capacity investment decisions are made in the context of demand uncertainty. After demand realization, the
yield will not exceed the quantity of the installed capacity K . However, in Cloud Manufacturing mode, the
manufacturer is able to access manufacturing resources and capacities for producing green goods shared by
other manufacturers on the CM Platform. Once the manufacturer’s capacity for green product is insufficient,
it can expand this capacity through the platform.

Assumption 4. The cost of capacity expansion. The more additional capacity that is obtained, the higher the
cost is. The main reason for this lies in the greater degree of effort that will be required in order to coordinate
the manufacturing resources and capacity for green production, and the cost of logistics will increase in order
to support these operations. In order to model the cost of acquiring additional resources and capacity for green

1 2
production, we consider an increasing and convex cost structure, that is, Eﬂ[(q - K)+] ,inwhich >0
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is the cost coefficient for acquiring additional resources and capacities, or expansion cost coefficient for short.
1 2
Therefore, the total production costis C,.q + E p [(q — K)+:| . Please note that the manufacturer purchases

additional capacity only when the retailer’s order is greater than its existing capacity, and additional cost will
occur, accordingly.

Assumption 5. Cost sharing and revenue sharing. In order to mitigate double marginalization under
decentralized cases, it is necessary to introduce contracts to coordinate the two supply chain members’ decisions.
Cost sharing and revenue sharing contracts are used. To motivate the retailer to expend green marketing effort,

the manufacturer can share part of the green marketing cost. We assume the proportion to be 6 € [0,1]. On

the other hand, the retailer can also share its revenue with the manufacturer in order to obtain a lower wholesale

price. We assume the proportion tobe @ € [0,1] .When 6 =@ =0, there is no cooperation between the two

supply chain members, which corresponds to decentralized case.

Based on the above assumptions, the retailer’s profit function ( 77 ), without cooperation, can be

given as:

71'R(p,e)z(p—w)(a—bp+;/e)—0562

The manufacturer’s profit function ( 77, ), without cooperation, can be expressed as follows:

ﬂM(w|K)=(w—ck)q—%ﬂ[(q—l()+]2

In the following subsections, we first investigate the decisions made within a decentralized
supply chain (d ) in which the supply chain players, under a Stackelberg game framework, maximize
their own profits. Specifically, the manufacturer acts as the leader, and supplies product to the retailer
with a wholesale price contract; meanwhile, the retailer, acting as a follower, makes decisions with
respect to retail price and green marketing effort, and sells the product to the market. Then we
analyze the decisions and performance of the centralized supply chain (/).

3.2. Decentralized Supply Chain Case (d)

In this subsection, we investigate the decisions and performance of the decentralized supply
chain case. The decision sequence of the two firms is as follows. First, the manufacturer determines
the wholesale price based on its existing capacity and its options for capacity expansion through the
CM Platform. Second, the retailer sets its retail price and green marketing effort level given the
manufacturer’s wholesale price. Finally, the manufacturer produces and deliveries the order.
Backward induction is used to solve this game problem. That is, the retailer decides on the retail price
P and green marketing effort € given a wholesale price W ; then, the manufacturer decides on its
wholesale price, anticipating the retailer’s reaction function. Therefore, we formulate the retailer’s
problem as follows:

%jaeicoﬂ;(p,e)z(p—w)(a—prr;/e)—aez @)

Solving Equation (2), we can determine the retailer’s decisions and demand as follows when

7/2/a<4:

Z(a—w)

e 0
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ed( )_(a—w)}//a

w ——4_7/2/0{ 4)
d _2(a—w)
q (W)—4_72/a (5)

That is, the retailer will respond to the manufacturer’s decision as in Equations (3) and (4). In
addition, we have the following proposition.

Proposition 1. As a follower, given the manufacturer’s wholesale price, the retailer’s green marketing
effort and demand are both decreasing with the manufacturer’s wholesale price; the retail price is nondecreasing

2/, < 2
with W when 0<y /a = 2, and is decreasing when 2<y /0{ < 4.
Proof of Propostion 1. The first-order condition (FOC) of the retailer’s profit with respect to the
retail price and green marketing effort is written as on ;: ( p,e) / op=-2p+a+ye+w,
871'; ( p.e ) / Oe = py —wy —2ae . The Hessian matrix of the retailer’s profit function is addressed

as follows. |Hl|=—2, H2|=40!—7/2>0,

H2|=46¥—7/2,when }/2/a<4,we derive |H,|<O,

which implies that the Hessian matrix is negatively defined. Therefore, when 7* /e < 4, the retailer’s
profit is jointly concave in (p,e).Let 97y (p.e)/dp=0 and Ory(p,e)/de=0;we can obtain
the response functions of the retailer with the wholesale price: p (W) =w+2(a—w)/(4-7/a),
e (w)y=(a-w)y/a / (4 —7?/ a) . Substituting these two formulas into the demand function
Equation (1), we can obtain the retailer’s order quantity ¢°(w)=2(a-w)/4-y"/a .
Furthermore, de’ (w)/dw = —7/a/(4 - 72/05) <0 , dq° (w)/dw = —2/(4 - 72/a) <0 ,
dpd(w)/dw=(2—7/2/a)/(4—7/2/a) CI0<y? fa<2, dpt(w)/dw=0; if 2<y*a <4,

dp* (W) / dw < 0. Thus, Propostion 1 is proved.

From Proposition 1, we find that the manufacturer’s wholesale price has different effects on the
retailer’'s two decisions. With respect to green marketing effort, a higher wholesale price will
discourage the retailer from expending effort. However, whether the retailer’s price increases or
decreases with wholesale price depends on the ratio of green sensitivity ) and green cost coefficient
o . A smaller ratio means that consumers are less sensitive to green marketing efforts, or that the
green marketing cost coefficient is higher. In a word, it is difficult to implement green marketing.
Thus, if the green marketing effort is inefficient or costly, the retailer will be more willing to use a
high-price strategy to deal with the manufacturer’s high wholesale price. Otherwise, the retailer will
adopt a low-price strategy in order to attract more demand to counter the manufacturer’s high
wholesale price.

As a game leader, the manufacturer maximizes their profit by optimally setting the wholesale
price, anticipating the retailer’s decisions. We formulate the manufacturer’s decision problem as
follows:

1 + 7
d d d
M>ax7rM(w|K)=(w—ck)q (w)—E,B[(q (w)—K) } (6)
W>Cp
By substituting Equation (5) into Equation (6), we then solve the manufacturer’s optimization
problem and obtain the following propositions.

Proposition 2. Let K= a_

case are as follows, respectively:
(1) When K <Kandy*[a< f+4,

a—c¢
T}a , the optimal decisions and profits of the decentralized supply chain
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o (@ra -7 a)e2Cep) . 1ama PR}
- 2(4+ p-7*[a) " T2 44— a
o a—c +pK o (a+ck —ﬂK)(4—72/a)+2a,B

7

azGrpr e 1
4+p-7la’ " T3 44 B-7a

" 1 (a—ck+,6’K)2(4—;/2/a)

= 7
T4 (4487 la) 7
| (a—ck+ﬁ’K)2 5
Y G ) B
o ar gyt N ®
(2) When K>Eand72/a<4,
e _ate a-g ed*:l(a—ck);//a 4 = A=C_ . _atg
2 4-pe’ 2 4-pla 4=y la” T 2
2
a-dleca) ©)
44—y /a
2
d* l(a_ck)
=— 10
T a (19

Proof of Propostion 2. When K <g¢g ¢ (W) , the retailer’s order quantity will be more than the

manufacturer’s existing capacity. To avoid supply shortage and to successfully execute the contract
between the two firms, the manufacturer needs to buy additional capacity from the CM platform,
that is, we calculate the manufacturer’s profit through the following formula:

d d
Ty (W|K) z(w—ck)q (w)——ﬂ(qd (w)—K)
We derive the FOC of the manufacturer’s profit with the wholesale price, and let it be equal to

2 2
0. 671':4 (W| K)/6W=m[a +¢, —2w+(a —W)ﬁ—ﬂ[(j =0 . The second-order

condition is 6271174(W|K)/6w2=—4(4—}/2/a+ﬂ)/(4—7/2/a)2.If 72/0£<ﬁ+4,then the

manufacturer’s profit function will be concave with their wholesale price W . Solving

oy (w| K) / ow=0 we obtain the manufacturer’s optimal price
2
. 1la+c,—pK)N4—y /a)+2ap
w? _—( k )( > / ) . Substitute this wholesale price into Equations (2)-(6),
2 4+ -y a

we can obtain the retail price, green marketing effort level, order quantity, and profits of the two
supply chain players as shown in Proposition 1(1).
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. . . d
Please note that the optimal values above are obtained under the assumption K < ¢ (W) , that

a-c, +pK a-c = a-c
4+ B-7|a 4-7|a 4-7 e
manufacturer’s existing capacity; once the manufacturer’s existing capacity falls below the threshold,
they will choose to expand their capacity through the CM Platform.

is, , which is a threshold of the

When K > K, the manufacturer’s existing capacity will be above this threshold. The manufacturer
will be able to produce the retailer’s order without encountering the capacity constraint. In this
situation, we are able to calculate the manufacturer’s profit on the basis of the formula:

72'174 (W| K)Z(W—Ck)q(W) . We let the FOC of Formula (12) with W be equal to 0, that is,
dﬁfl(W|K)/dW= 2(a +¢ —2W)/(4—7/2/Ot) =0 . The second-order condition is
d’n, (W | K)/dw2 = —4/(4 - ]/2/0!) CIf }/2/(1 <4, the manufacturer’s profit function will be

g a+c
concave with the wholesale price. We can obtain the optimal wholesale price as W ‘= Tk

substituting this wholesale price into Equations (2)—(6), we are able to obtain the retail price, green

By

marketing effort level, order quantity, and profits of the two supply chain players as shown in
Proposition 1(2).

a-c,
4—y*a

—¢,)-K(4-7 _
(a) the capacity expansion AK = (a ck) ( y /a) — a—¢ +ﬁK _

(4+ﬂ)—}/2/a (4+ﬂ)—}/2/a
OAK OAK OAK OAK

Proposition 3. (1) If the manufacturer’s existing capacity K <K= , and }/2 /0{ <4, then

(b)——<0, —=<0, —<0, >0
oK op oa oy
(limAK =K —K limAK =0
S—0 7 B
: 0 a 2 P d*
@when0<?—<a- g, L& >0when?_>4-p, TE <0
o 87 (04 67/
)if K> K, the manufacturer will not expand its capacity, and the production quantity is K
on®
(35 5
oy

Proof of Proposition 3. We used Mathematica to obtain these results, thus we omit the proof
process here.

Propositions 2 and 3 imply that there is a threshold of the manufacturer’s capacity at which the
manufacturer will decide whether or not to expand its capacity. When the existing capacity falls
below this threshold, the manufacturer will expand its capacity to satisfy the retailer’s order. The
existing capacity, expansion cost coefficient, and green cost coefficient have negative effects on the
capacity expansion quantity, yet green sensitivity has a positive effect. If it is free to access additional
capacity, the manufacturer will produce at the threshold value. This is equivalent to the case of
unconstrained capacity. Therefore, the production quantity will be lower than the threshold as long
as the expansion cost coefficient is greater than 0. Zhang et al. [29] also found that there exists a critical
capacity point for a manufacturer’s capacity when considering the capacity constraint. However, the
manufacturer is not able to expand their capacity in their model, that is, the existing capacity
represents the upper boundary of output. This is different from in our model, where the
manufacturer is able to expand their capacity through the CM Platform and benefit from this
flexibility with respect to capacity.

Green sensitivity (/') has different effects on the profits of the two firms. A higher green
sensitivity will result in a higher green effort from the retailer, which will stimulate greater market
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demand. In addition, the manufacturer may benefit from this increased demand. As for the retailer,
although the higher demand and retail price, brought about by greater green sensitivity, will increase
its revenue, it may bear a higher green marketing cost because of the increased green marketing effort.
In consequence, whether the retailer is able to benefit from the enhancement of green sensitivity will

depend on the value of green sensitivity. When the green sensitivity is high, i.e., ]/2 / a>4— [, the

retailer will undertake too much green marketing cost, and therefore be worse off. This result is
different from that of Zhang et al. [29], whose results showed that a retailer’s profit will increase,
while the manufacturer’s profit will be convex with CEA. The inconsistency of these two results is
mainly due to the different subjects of green decision-making in their study; in particular, the
decision-maker in Zhang et al. [29] was the manufacturer, while ours is the retailer.

When the existing capacity is above the threshold, the manufacturer will maintain their
production quantity at the threshold, regardless of its existing capacity. The reason for this is that the
availability of more capacity to the manufacturer is not necessarily beneficial to it. Specifically, even
though greater demand can be met by sufficient capacity, the manufacturer has to set a lower
wholesale price for this higher demand. Consequently, the profit resulting from the increased
demand may be offset by the reduction in wholesale price. Therefore, the manufacturer will not
produce more than the threshold, in order to maintain maximum profit. Similar conclusions were
also drawn in Zhang et al. [29] in the case of sufficient capacity. This shows that when production
capacity is insufficient, the manufacturer is able to benefit from acquiring additional capacities
through the CM platform, but when the production capacity is sufficient, a part of that capacity will
be idle, leading to inefficient utilization of production capacity, to a certain extent.

3.3. Centralized Supply Chain Case ([ )

In this subsection, we investigate the decisions and performance of the supply chain when the
supply chain players operate as a whole. We use the superscript / to denote the centralized case.
The decision-maker, representing the entire supply chain, simultaneously determines the retail price
P and the green marketing effort €, with the aim of maximizing the system’s profit. Thus, the
system’s problem can be stated as follows:

1 + 7
Max 7’ =(p- — [ K J —aé
Max 7' (p.e)=(p-c)q-7F|(a-K) | ~ae (11)

Using the same method as in the decentralized case, we can solve the problem of the centralized
case. The proposition below presents the optimal solutions of the above problem in Equation (7). In
addition, these solutions are the benchmark for designing contracts to coordinate the decentralized
supply chain.

2(a—ck)

Proposition 4. LetK = 4~ Ja’ the optimal decisions and profit of the centralized supply chain case

are as follows, respectively:
(1) if K<K,andy’[a<4+2p,

[*_2a(1+ﬂ)+(ck—Kﬂ)(2—72/a) el*:(a—ck+Kﬁ)7//0{ q,*:2(a—ck+,[)’K)
- 2(2+p)-7* ’ 22+ 8)-7Ja’ 2(2+8)-7a

o (a—ckJrKﬁ)2 KB
202+ )y a 2

(12)

2)ifK > K, andy’[a <4
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4=y /0{ 4=y /0{ 4—y /a

2
« la—c¢
= # (13)
4-7*a
Proof of Proposition 4. We use the same method to solve the centralized supply chain case as in
the decentralized case, so we omit the proof process here.

From Proposition 4, it is easy to see that there is also a capacity threshold in the centralized case.
If the existing capacity falls below the threshold, the centralized decision-maker will purchase
additional capacity from the CM Platform to expand their capacity to the system-wide optimal
quantity. The relevant analysis is similar to that in the decentralized case.

Based on a comparison between the centralized and decentralized cases, we can obtain the
following proposition. Because the comparison was conducted in Mathematica, we omit the proof
process.

Proposition 5. The decisions and profits under the decentralized and centralized cases have the following
relationship: q* <q'", e <&, 7wl +mh <z’

Proposition 5 demonstrates that the quantity decision, green marketing effort, and total profit
under the decentralized case are all lower than those under the centralized case. The reason for this
is that there exists double marginalization in the decentralized case, where each member seeks to
maximize their own profit. Many researchers have found and discussed this issue in the green supply
chain, for example, Xue et al. [51], Zhang et al. [29], and Yang et al. [45]. Therefore, in the following
section, we will design appropriate contracts to align the members’ decisions and enhance the
members’ profit in order to realize Pareto improvement of the entire supply chain.

4. Supply Chain Coordination

In this section, we will look for a contract that is able to align the decisions of the supply chain
members and improve their profits. Proposition 5 shows that the demand satisfied by the supply
chain and the green marketing effort expended by the retailer are both lower than the optimal values
in the centralized case. Decision misalignment between the two cases causes supply chain
inefficiency. To eliminate this inefficiency, the designed contract should meet two requirements: the
first one is to align the members’ decisions in the decentralized case with those under the centralized
case; and the other one is to make sure that each member is better off. Thus, we will design a contract
in accordance with each of the requirements above in turn.

Because qd* < q[*, we should design a contract that eliminates the misalignment between the

two quantity decisions. Based on this, we first try to employ a green marketing effort cost sharing
(GCS) contract, in which the manufacturer shares a fraction of the retailer’s green marketing effort
cost, aiming to incentivize greater effort on the part of the retailer. Then we design another contract
combining GCS and revenue sharing (RS), named the GC&RS contract, in which the manufacturer
shares fraction of the retailer’s effort cost and revenue. The results show that GCS contract can align
the two quantity decisions, and the RS contract is able to balance the profits of the two firms. In other
words, the GC&RS contract we designed is able to fully coordinate the supply chain, and all members
are better off.

4.1. Green Marketing Effort Cost Sharing Contract (GCS)

From the analysis in Section 3, the manufacturer is able to purchase additional capacity from the
CM Platform in order to satisfy the increased demand induced by the retailer’s green marketing
effort. Based on Proposition 5, we know that the quantity decision in the decentralized case is lower
than that in the centralized case. Therefore, we need a contract that is able to motivate the retailer to
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create more demand. A green cost sharing contract is a kind of contract commonly used in the green
supply chain, for example, Ghosh and Shah [5], Zhu and He [41], Tong and Li [43], Hong and Guo
[14]. The GCS contract, under which the manufacturer shares a fraction of the retailer’s green cost,
provides an incentive for the retailer to attract more consumers through a green marketing effort.
According to Assumption 5, the share ratio is 0. The two firms’ profits under the GCS contract are

as follows:
7[1(§(p,e)=(p—w)q—(1—6’)oze2 (14)
4 1 + 2 2
ﬂM(w|K)=(w—ck)q—Eﬂ[(q—K) } —Bae (15)

The second item on the right of Equation (14) represents a part of the green marketing cost borne
by the retailer. In addition, the other part of the green marketing cost, shared by the manufacturer, is
the third item of Equation (15).

Using the same method as before, we are able to obtain the following Equation and proposition

when K<1?=2(a—c,<)/(4—72/a).

. O a—c,+KB) 1
2l anl = - (a Gt ﬁ)?’/a 16

(1-6) (2(2+8) -7 /a)

Proposition 6. When the capacity is insufficient, a green marketing effort cost sharing contract will not

be able to efficiently coordinate the supply chain, whereby the retailer will expend green marketing effort and
the undercapacity manufacturer has the option of purchasing additional capacity from the CM Platform.
Proof of Proposition 6. We first derive the retailer’s optimal decisions. The FOC of Equation (14)

with respect to P and € can be set to 0, as follows: aﬂ'z (p,e)/ﬁp =2p+a+ye+w=0,
6 -2 ¥

o7y (p,e)/@e = ]f(p - W) —2(1 - 9)&6 =0 . The Hessian matrix is H =|: y —2(1—9)0{:| .

Please note that the Hessian matrix of the retailer’s profit function is negatively defined for P and

e if y g / a< 4(1 -0 ) . Solving the two equations above, we are able to obtain the retailer’s decisions

as a function of the manufacturer’s wholesale price:

w(2(1—9)_7,2/a)+2a(1—0) e(w)= (a—w)y/a
4(1-0)-y* e ' 4(1-0)-7"a

_2(1-0)(a—w)

demand can be represented as: q(W)—— . As mentioned above, when

4(1-0)-7"a

p (W) = Accordingly, the

2(a—cy)
4—y*a

when quantity alignment has been realized, we are able to obtain the manufacturer’s optimal price

I*

K< , the optimal quantity decision of the centralized case is q[*. Let g (W) =q ,ie,

decision as follows:

, (a—¢+pK)(4(1-0)-7*/a)
(2(2+8)-7*/a)(1-0)

Substituting the equation above into Equations (3)—(5), we obtain the retailer’s optimal decisions
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pg:a_(a—ck+/3K)(2(1—¢9)—7/2/a) o (a—c,+BK)y/a
(2(2+8)-7*/e)(1-0) ’ 2C+p)-rla)1-6)
o 2(a-c, +Kp) o . . | |
= 2(2 N ﬂ) ~ 7/2 /a . Substituting the equations above into Equations (2) and (6), we can obtain

0
the formula: 7y t 7%y = - 7 . It is easy to see that once 6 >0, the

(1-6) (2(2+8)-7"/a)

GCS contract will fail to efficiently coordinate the green supply chain. Proposition 6 is therefore

0 . Hz(a—ck+K,B)2;/2/a
Vs

proved.

From Equation (16), it is easy to see that once the share proportion € is moregreater than 0, the
total profit of the two firms will be less than the optimal value of the centralized case, even though
the quantity decision is aligned. Furthermore, we find that the green marketing effort under the GCS
contract is greater than that under the centralized case. This implies that the GCS contract gives the
retailer an excessive incentive to expend green marketing effort. In a word, although the GCS contract
is able to improve the green marketing effort, it is not able to maximize the profit of the supply chain.
The manufacturer will even suffer from a lower wholesale price. That is, the supply chain is out of
balance between economy and environment under this GCS contract. This result is consistent with
previous studies. For example, Ghosh and Shah [5] argued that although green cost sharing contracts
were able to improve the green level and supply chain performance, they could not achieve this
performance in centralized cases. Hong and Guo [14] also regarded cooperation as being able to help
improve environmental performance, but suggested that green cost sharing contracts might not
benefit all members of the supply chain. Therefore, another way is required to further coordinate the
profits of supply chain members. Based on the analysis above, we incorporate a revenue sharing (RS)
contract into the GCS contract, aiming to adjust the two firms’ profits.

4.2. Green Marketing Effort Cost Sharing and Revenue Sharing Contract (GC&RS)

Based on the results in Section 4.1, we further design a combined contract in which the
manufacturer not only shares in the cost of the retailer’s green marketing efforts, but also shares in
the retailer’s sales revenue. Revenue sharing contracts have been used by many researchers to
coordinate green supply chains, e.g., Song and Gao [44], Yang et al. [45]. Based on Assumption 5, the
proportion of the retailer’s revenue shared by the manufactureris ?. Thus, the parts of revenue and
green marketing cost of the retailer shared by the manufacturer are P4 and @ae’, respectively.
The two firms’ profit functions under the GC&RS contract are given as:

7" (p.e)=(1-¢) pg—wq—(1-0)ac’ (17)
1 L2
7 (wIK) = ppg+(w—c)g— B[ (4-K)' | ~ae’ 1s)
2(a=c)

, we can derive the two firms’

Similarly, when}/z/a <4(1—9)/(1—(0) and K < 4_}/2/a

optimal decisions and profits:

(4(1-0)-(1-0)7* ja)(1-p)(a=c, + BK)
(1-0)(2(2+8)-7*/a)

w’? = a(l—gﬂ)— 19)
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[ (1+5)-2-2, /aj (K,B—ck)[z—tgyz/a)

p9,¢: (10)
(2+,B)—7/2/a
ee,(/,:(a—CﬁKﬂ)(l—(/?)J//a
(2(2+ )~ /a)(1-6) an
b 2(a—¢, +KpB)
_2(2+,[)’)—;/2/a (12)
(a—c,+ k)| 224 8)-| V=2 1]
209 4 200 _ (1- 9) KB (13)

(2(2+8)-7/a) 2

Proposition 7. p®? =p", 0 =¢", ¢""=q", #y?+ny’ =x" when O0=0.

Proof of Proposition 7. The expressions of the decisions and profits of the two firms are derived
using the same method as before. We are able to directly obtain the result by comparing the decisions
made under the GS&RS contract with those of the centralized case.

Based on Proposition 7, above, we found that the GC&RS contract, under the condition =09,
satisfies the first of the requirements of an efficient contract, that is, the decisions of the two firms
under the decentralized case are consistent with those of the centralized case. Both green cost sharing
and revenue sharing constitute cooperation between firms. However, they are different for the two
firms. Green cost sharing is beneficial to the retailer, while revenue sharing is good for the
manufacturer. In other words, all members of the supply chain should expect to derive benefit from
cooperation.

According to individual rationality, the two firms” profits under the GC&RS contract need to

meet the following relationships, 7 z’g ((9 ) > 71'1?* and 72';;9 (9 ) 2 71'51* . We assume that the set of &

that satisfies the two inequalities is @, and @, and 6, are the maximum and minimum

max

elements of the set, respectively. That is, 0= {9 | 7[,9,,9 (9) - ﬁz* >0,and 7[2’9 (9) - 72';1* > 0} ,

0 =max6f and 6. =mind. Whenlg <6<46 both firms are better off compared with

max min max /
the decentralized case. In other words, the GC&RS contract satisfies another requirement of an
= a-¢ = 2(a—c¢
efficient contract. Recall that K = 57— and K =———-=, which will be used in the following
4—y/a” 4-y|a
analysis.

When K < K, on the basis of Equations (7)—(8), (17)-(22), we derive the following equations:

_(#6+p)-37e)(d-7a)  _ 4-pfa
e M4+p-pla) T 2447 /a)

When K « K < [? , on the basis of Equations (9)—(10), (17)—(22), we derive the following
equations:
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((3(a=e,)+2KB)(4-7"[a)+28(a~c,))

o2 = 4(a—c, +Kp) (4-7*/a)
4(4@r-%)2+16K4ﬁ+(—a+ck+4K)2ﬁ2)
~8((a—c, ) +6K*B+K (-a+c, +4K) ) a
(14)% _(Hleme) rars(e p))r )t K2

(2(a—ck +Kﬂ)2 (4—7/2/a)2)

The analysis above investigates the supply chain coordination under the condition
2(a-c 2(a-c . 2(a-c

geoe) e 2ea)

4—7a 4—ya 4-7a

using the same method as before.

, we can obtain the following results by

When g s K, we can obtain the upper and lower bounds of 8 as follows

3 |
emax 3T Hmin 3T 5
-4 2
The results above can be summarized in the following proposition.
Proposition 8. The GC&RS (@, ) contract is able to coordinate the supply chain efficiently when the
following conditions are satisfied:
1) 0=9;
(2) When K <I? ’ Hminj SHSHmaxJ ; when I? <K <I? ’ Hmin; < 9S emax; ; when K> ]? ’
<0<0._ ..
Proof of Proposition 8. The first part of Proposition 8 is proved directly by Proposition 7. The

second part is proved as follows. When K < K, solving 7[2’6 (49) > ﬂ:* and 7[5,’6 (9) > ﬁf; , we

6,

min 3

can obtain 9min71 and Hmaxg- In the same way, we are able to obtain Oin 2, 0, ax 2, 0, 3 and

emax 5 . The solution was performed in Mathematica, thus we omit the process.

Propositions 6-8 demonstrate that the GCS contract alone is not able to efficiently coordinate the
supply chain, even though decision alignment is achieved with respect to quantity. However, the
GC&RS contract, which combines green marketing effort cost sharing and revenue sharing, is able to
simultaneously coordinate decisions related to both quantity and green marketing efforts.
Furthermore, in order to ensure that each firm benefits from the contract, the proportions of cost
sharing and revenue sharing, @ and @, should be equal, and their values should be in appropriate
intervals according to different K values.

5. Results and Insights

In Section 3, we solved the equilibrium decisions for the supply chain with capacity expansion
under decentralized and centralized cases, respectively. Based on these equilibrium decisions of
centralized case as a benchmark, a coordination contract is designed to coordinate the decisions of
the green supply chain enterprises in Section 4. These results enable us to compare and analyze the
changes of decisions and profits of the enterprises and supply chain before and after coordination.
We can also explore the relevant parameters, e.g., demand sensitivity to green marketing effort, the
cost coefficient of capacity expansion and existing capacity, on the decisions and profits of the firms.
In the following, we first conduct numerical analysis to verify the correctness of our model we have
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modeled. Then we present the implications of our research for the theory and management. The
following values were assumed: a =100, ¢, =30, ¢ =25, y=1{0,2}, B =1{2,inf} . When
7 =0, it is implied that a consumer’s demand is not influenced by the retailer’s green marketing
efforts at all; otherwise, the demand will increase with the effort; when £ =inf | this represents that

the cost of purchasing additional capacity through the CM Platform is so high that the manufacturer
will give up on expanding its capacity.

5.1. The Impact of 7 and B on the Optimal Production Quantity

Due to the similarities in the effect of existing capacity on the optimal production quantities
between the decentralized and centralized cases, we only display the figures for the centralized case
below.

As shown in Figure 1a,b, break points exist in each line, i.e., K(}/ =0) and K(}/ = 2), which
are the breakpoints represented by the dashed-line and dotted-line, respectively. They divide the
lines into two segments, the oblique line on the left and the horizontal line on the right. We first focus

on the oblique line. Please note that K s independent of the existing capacity K, but increases
with 7. Therefore, for a given value of 7 ,i.e., with a fixed break point, the slope of the oblique line
will increase with s . When p =int , the slope is 1, that is, the capacity cost is so high that the firm
will not purchase any additional capacity, and will produce up to its existing capacity (as shown in
Figure 1a). Once the firm has the option to expand its capacity through the CM Platform, i.e., the
capacity cost is not too high, the firm will produce more than its existing capacity. Meanwhile, we
found that a gap between the two oblique lines appears (as shown in Figure 1b), which is different
from Figure 1a, where the two oblique lines overlap. To be brief, the oblique line will rotate anti-
clockwise with the break point as an axis when B increases. For the horizontal lines, the distance
between them is dependent on and increases with 7 In summary, 7 determines the horizontal
line’s position, and B determines the oblique line’s slope. That is, when the capacity is low, the

effect of capacity expansion is significant; when the capacity is high, the effect of the green marketing
effort will be significant.

60
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Figure 1. The optimal production quantity in the centralized case. (a) No capacity expansion. (b)
Capacity expansion.

5.2. The Impact of 7 and B on the Firms’ Profits
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Figure 2 displays the two firms’ profits with various values of 7 and B in the decentralized
case. There is also a break point in each line. Recall that, when the existing capacity is low, the

£ (additional capacity unavailable).
In this situation, the retailer’s green marketing efforts will not lead to an increase in production, but
instead increase its cost, which may reduce the retailer’s profits. In Figure 2a, we can clearly see that,
when the existing capacity is low, the retailer earns a lower profit when undertaking green marketing
efforts (dotted line), relative to with no green marketing effort (dashed line). In contrast, the
manufacturer earns more profit thanks to the retailer’s green marketing efforts (as shown in Figure
2¢). That is, green marketing effort transfers some profits from the retailer to the manufacture.

When A #inf

manufacturer will produce up to its existing capacity if g =in

, the manufacturer has the opportunity to use additional capacity. So long as the

cost of additional capacity is low enough, such as p=2 , the retailer’s profit will increase with its
green marketing effort (as shown in Figure 2b). By comparing Figure 2c and 2d, we can find that the
manufacturer’s profit always increases with green marketing effort. Therefore, we draw the
conclusion that the availability for purchase of additional capacity is an effective incentive for the
retailer to expend green marketing effort when the existing capacity is low.
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Figure 2. The profits of the manufacturer and retailer. (a) Retailer’s profit without capacity expansion.
(b) Retailer’s profit with capacity expansion. (c¢) Manufacturer’s profit without capacity expansion.
(d) Manufacturer’s profit with capacity expansion.

5.3. The Impact of the Share Proportion O on the Profits of the Firms

The GC&RS contract only works when the sharing proportion of the cost of the green marketing
effort is equal to the sharing proportion of retailer’s revenue, and the proportions should be in
correspondingly feasible ranges, depending on the manufacturer’s existing capacity. As shown in
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Figure 3, when @26 .  the manufacturer’s profit under the GC&RS contract is more than that in

min /
the decentralized case. However, the retailer’s profit under the GC&RS contract will be lower than in
the decentralized case if the & becomes too high (e.g., more that @, ). That will result in the
retailer’s giving up their participation in the contract. Therefore, there is a necessary condition

0<6

max *

T T 1
—+—— profit of R after coordination
1600 profit of R before coordination [
— —— - profit of M after coordination
1400 - — — — - profit of M befort coordination ||
12001 -]
T
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Figure 3. The profits of the manufacturer and retailer after coordination.

5.4. The Impact of Existing Capacity on the Upper and Lower Bounds of the Share Proportion

As shown in Figure 4, the parameter @ of the coordination contract has different feasible ranges
depending on the manufacturer’s existing capacity K . Recall that, although the supply chain profit
after coordination is higher than before, the GC&RS contract does not necessarily coordinate the
supply chain if the share proportion is not within the feasible range. In particular, if the share
proportion is relatively low, the manufacturer is worse off, ultimately leading to contract failure. We
first consider the left area (K < K ). To ensure that the manufacturer is not worse off, the retailer
needs to share enough profit with the manufacturer. Please note that the manufacturer’s profit
reduction is proportional to the retailer’s profit increment, and the ratio of the two profit changes is

independent of existing capacity, i.e., 5[(72]3’6 - 71';[;) / (ﬂ_z,a - ﬂ;*)]/aK = 0. Therefore, we can

use the same share proportion to coordinate the supply chain regardless of existing capacity. For
K > K , the production quantity is not affected by the existing capacity. Specifically, the
manufacturer will produce the green product without capacity constraint, and its optimal production

quantity will be 1? Obviously, the two firms’ profits are independent of existing capacity once

K> ]? . However, when K < K < [? , the upper and lower bounds of 6 are increasing with
existing capacity. In this capacity range, the production quantity will be affected by the existing
capacity. Therefore, greater existing capacity will be beneficial to both firms. That is, the higher the
existing capacity, the higher the supply chain profit will be after coordination. However, greater
demand implies a lower wholesale price on the part of the manufacturer. Thus, it is necessary for
more profits to be shared by the retailer in order to offset this loss, that is, the ratio of the profit that
the retailer should share with the manufacturer to the retailer’s profit increment, @, will increase
with existing capacity.
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Figure 4. The upper and lower boundaries of share proportion €.

5.5. Implications for Theory and Management

Our research results show that the manufacturer's existing capacity has an important impact on
the decisions of the supply chain enterprise. When the manufacturer has sufficient capacity, the
decisions of supply chain enterprises are equivalent to that of enterprises without capacity constraint,
which is also the hypothesis of most existing literature. But this hypothesis is too ideal. In reality,
enterprises will not only encounter the situation of excess capacity, but also face the situation of
insufficient capacity. When the manufacturer's capacity is insufficient, the retail price and green
marketing effort of the downstream retailer will be constrained by the manufacturer's capacity.
Although Zhang et al. [29] and Kim and Sim [30] take into account the capacity constraint in the green
supply chain, none of them consider the manufacturer's capacity sustainability, that is, capacity
expansion. Therefore, our study has the following implications, in Theory: (1) Constructing model
considering capacity constraint and capacity expansion is more in line with the practical situation,
and we can draw conclusions that can not be obtained under no capacity constraint. For example,
higher demand sensitivity to green marketing effort is not always beneficial to the retailer; (2)
Constructing a unified framework of capacity model is helpful in conducting more comprehensive
capacity decision analysis. In Management: (1) It is necessary to design a contract with equal right
and responsibility to motivate the supply chain members to participate in the contract; (2) To
implement the contract, it is necessary to carefully set contract parameters so that the supply chain
members can accept the contract.

6. Conclusions

The green supply chain is a focus of industry attention, but also a hotspot of current research.
Previous studies have focused on the coordination of the green supply chain, and have drawn a rich
variety of conclusions and insights. The advent of new information technology and its application in
the manufacturing industry make it possible for manufacturers to expand their capacities. However,
most existing research on the green supply chain is based on the assumption that the capacities of
manufacturers are infinite. Meanwhile, few studies consider the impact of green effort on the entire
supply chain only from the perspective of the retailer. The current study focuses on these two aspects,
that is, we build a game theory model that incorporates the option for the capacity expansion of the
manufacturer and the retailer’s green effort; and we discuss the interaction between the decisions of
the green supply chain members. On this basis, a coordination contract for the green supply chain is
designed.
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On the basis of analysis and discussion, we obtain some management implications. (1) Under
the decentralized case, there exists a capacity threshold with respect to the manufacturer’s existing
capacity that determines whether the manufacturer will expand their capacity. The decision-making
of a manufacturer with sufficient capacity is similar to that of a manufacturer with no capacity
constraints, as has been studied in most of existing papers ([5,14,40], among others). If the existing
capacity is lower than the threshold, the manufacturer will make its capacity expansion decision
based on several effects. For example, the negative effect of existing capacity, capacity expansion cost
coefficient, and the green marketing cost coefficient on the expanded capacity; and the positive effect
of the sensitivity coefficient of demand to green marketing on the expanded capacity. After
considering the trade-off between these effects, the manufacturer will then determine whether or not
to expand its capacity. (2) Under low capacity, the sensitivity coefficient of demand to green
marketing has different effects on the profits of the manufacturer and the retailer. Higher green
sensitivity coefficients will result in more demand, and the manufacturer will benefit from capacity
expansion. For the retailer, however, when the cost coefficient of capacity expansion is higher, the
manufacturer will transfer the cost to the retailer through wholesale price, resulting in the retailer
being worse off. That is, consumers’ high environmental awareness or preference for green products
will reduce the motivation of the retailer’s green effort. (3) The quantity decision, green decision and
system profits under the decentralized case are lower than those under the centralized case. The
double marginalization in the decentralized case makes it impossible for the manufacturer and
retailer to make optimal decisions with respect to the whole system. Although the manufacturer is
able to share part of the retailer’s green marketing costs in order to give the retailer sufficient incentive
to implement green marketing efforts, they are still not able to achieve optimal profit for the system,
and the additional profits are not able to be effectively distributed between the two players. To
address this issue, we designed a contract that combines green marketing cost sharing and revenue
sharing in order to effectively align the decisions of the supply chain members. Under this contract,
both of them are better off. This shows that it is necessary to deliberately design contract for the green
supply chain, for example, considering both environmental and economic efficiency [41], in order to
make the relevant enterprises willing to enter into the contract.

This paper attempts to add to the increasing literature on the green supply chain, considering
the more realistic background of the green supply chain, namely, the interaction between capacity
expansion and green marketing. However, the current research work is also limited by some
assumptions, such as deterministic demand, and the upward capacity expansion of the manufacturer
when capacity is insufficient. Meanwhile, the analytical results of our game theory model need more
real data to be verified. The current study can be extended into several orientations, such as
considering decision-making under stochastic demand; the manufacturer also selling their idle
capacity via the CM Platform; the incorporation of the competition factor; or exploring these issues
from the perspective of empirical research.
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