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With the gradual deepening of environmental problems and the increase in consumer awareness of environmental protection,many
enterprises have already begun to pay attention to green supply chain management. However, the price of green products is higher
than that of nongreen products, which is an enormous challenge for many small- or medium-sized enterprises. To study the pricing
and coordination of green supply chains under capital constraints, a model consisting of a manufacturer and a capital-constrained
retailer is established; the manufacturer invests in green products and provides a deferred payment contract. Setting the situation
without capital constraints as a benchmark, this study explores the impact of the retailer’s capital constraints on the manufacturer’s
product greenness design; an interesting result shows that deferred payment can help encourage the retailer to order more products
and improve the profit of the manufacturer and the efficiency of the entire supply chain as well as the product’s greenness level
simultaneously. However, the profit of the retailer will be hurt by the deferred payment contract. Therefore, to guarantee the profit
of the entire channel and to make the two agents obtain a win-win outcome, a new two-way revenue-sharing contract is designed
to coordinate the green supply chain.

1. Introduction

With the rapid development of the modern economy,
the contradictions among economic development, resource
utilization, and environmental protection are becoming
increasingly prominent. Environmental pollution, waste of
resources, and ecological imbalance have become hot issues
of worldwide attention [1–3]. With economic develop-
ment and consumer awareness of environmental protec-
tion improving, the idea of using traditional supply chains
for manufacturing has not been able to meet the needs
of sustainable social development. Therefore, green supply
chain management (GSCM), which considers environmental
protection and resource saving, emerges as the times require
[4].

The green supply chain concept was first proposed by
the Institute for Manufacturing Research at Michigan State
University in 1996. This concept takes the environmental
impacts and resource optimization in the supply chain into

account, aiming to reduce the negative impact of the supply
chain on the environment and to improve resource utilization
[5].

After the green supply chain was proposed, it stimulated
extensive research in academia. Srivastava [6] defined the
green supply chain concept as “integrating environmental
thinking into supply chain management, including product
design, material sourcing and selection, manufacturing pro-
cesses, delivery of the final products to the consumers, and
end-of-life management of the product after its useful life.”
Green Jr. et al. [7] found that the green supply chain could
effectively improve environmental and economic benefits and
could promote enterprises to continue to invest in green
products.

Consumer preference for environmentally friendly prod-
ucts is one of the important drivers for improving the
quality of green products and increasing the profits of supply
chain members. Pujari [8] thought that with the increase
in consumer environmental awareness, consumers would be
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willing to pay a higher price for green products.Mu and Li [9]
thought that consumer attention to environmental protection
could effectively improve the profitability and competitive-
ness of green product manufacturers. Dumrongsiri et al. [10]
proposed that the environmental preference of consumers
would directly affect the price of green products and the
overall performance of the green supply chain. Martinsen
and Björklund [11] found that consumer demand for environ-
mentally friendly products is increasing. Lin and Huang [12]
found that there are two main reasons why consumers buy
green products: to meet their own needs for environmental
safety and because the purchase of green products reflects the
social responsibility of consumers.

With the wide attention of society on green products
and the improvement of consumer environmental awareness
[13] to promote sustainable development and gain more
competitive advantages in the long run [14], manufacturers
have implemented green supply chain strategies. Retailers,
which are other important members of the green supply
chain, are faced withmany difficulties and tests in the process
of implementing a green supply chain. The implementation
of a green supply chain can improve the enterprise’s resource
utilization and brand image in the long run, but, in the
short term, green products are typically priced at a higher
level [15]. Moreover, in China, retailers are typically small-
or medium-sized enterprises whose financial strength is not
very strong, which means that retailers do not have the
strength to implementGSCM.Due to limited available capital
or other strategic reasons, a quick payment may be difficult
for retailers (especially start-ups and small- and medium-
sized enterprises) in their transactions. Trade credit has
developed as a common method for addressing this problem
in supply chain management. This method is similar to the
delayed payment contract. Under this contract, if the retailer
does not have sufficient capital, then the manufacturer can
provide products or services to the retailer first without
getting paid. After a period of time, the retailer will repay the
loan and interest to the manufacturer [16, 17]. For example,
trade credit has been the main capital source for Wal-Mart,
which may be higher than bank credit [18]. In the Boeing
787 Dreamliner programme, a risk-sharing contract is signed
with the company’s strategic suppliers. Under this contract,
Boeing does not need to make payment before airplanes are
delivered to customers [19].

Thus, to satisfy consumer’ improving environmental
awareness and optimize the economic benefits, manufac-
turers seem to have incentives to improve the degree of
greenness of their products. However, a high degree of
greenness always means a high price. Thus an interesting
question occurs: If the retailer does not have sufficient capital
to purchase the products, how should manufacturers design
the products’ greenness level? To address this question,
this study establishes a model consisting of a manufacturer
and a capital-constrained retailer in a green supply chain,
and three scenarios are considered: an integrated situation,
a decentralized situation without capital constraints, and
additionally a decentralized situation with capital constraints
and a deferred payment contract is provided. The main
contributions of this paper are as follows. First, to the best

of our knowledge, this is the first paper to introduce the
capital constraint problem into GSCM using Stackelberg
game. Second, an interesting result shows that manufacturers
prefer to provide a deferred payment contract to a capital-
constrained retailer under certain conditions. Finally, a new
two-way revenue-sharing contract is designed to coordinate
the green supply chain, and a win-win outcome is obtained.

The remainder of this paper is structured as follows.
The relevant GSCM literature and model development are
discussed in Section 2. Section 3 derives the equilibrium
solutions in the centralized situation, in the decentralized
situation without capital constraints, and in the decentralized
situation with capital constraints. A new two-way revenue-
sharing contract is designed to coordinate the green supply
chain in Section 4 and to conduct a numerical experiment in
Section 5. Section 6 concludes this paper, and all proofs are
collected in the appendix.

2. Literature Review and Model Development

2.1. Literature Review. The research on pricing and coordi-
nation strategy of a sustainable green supply chain with a
capital-constrained retailer has a very important significance
for green supply chain management. Many scholars have
launched a related research about green supply chain. In this
section, the literature related to our work can be divided into
three streams. The first stream is the manufacturer’s green
production, the second stream explores the retailer’s capital
constraints, and the third stream includes green supply chain
coordination. Here the recent literature is as follows.

2.1.1. The Manufacturer’s Green Production. The green pro-
duction can enhance themarket competitiveness of products,
improve the favorability of consumer, and then expand the
market share and promote the sustainable development of
manufacturers. As a result, many manufacturers have begun
to invest in green products.

Amacher et al. [20] studied how to formulate a green
technology investment strategy according to the different cost
structures to gain competitive advantages. Liu and Cruz [21]
studied the price strategy of green products and the influence
of green products on market demand from the manufac-
turer’s perspective. Xia and He [22] noted that sharing the
carbon emission reduction costs was an effective measure
to promote the implementation of green supply chains.
Abdullah et al. [23] found that the obstacles encountered in
the implementation of green products, green processes, and
green systems were different based on an empirical study on
green innovation activities concerning more than 100 manu-
facturing enterprises in Malaysia. Zhang et al. [24] compared
and analysed the price strategy and green innovation strategy
of themanufacturer under the green supply chain framework.
Basiri and Heydari [25] established a green supply chain
model that included a manufacturer and a retailer to study
the coordination of green supply chains. In this model, the
green quality of the product was determined by the man-
ufacturer. Yu et al. [26] studied the manufacturer’s optimal
production decisions under different green input levels under
the premise of fully considering consumer environmental
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awareness and government support. Xu et al. [27] studied
how to reduce carbon emissions per unit of product by adding
the green technology input under cap-and-trade regulation
to promote sustainable environmental development. Scur
and Barbosa [28] studied and analysed the home appliance
industry’s green supply chain management practice through
5 manufacturers and 2 professional associations in Brazil and
further put forward the relevant recommendations on how
to implement green supply chain management in the home
appliance industry.

2.1.2. The Retailer’s Capital Constraints. Collecting the exist-
ing literature on green supply chains, there are no relevant
studies concerning capital-constrained retailers in GSCM.
The existing literature on capital-constrained retailers is
focused on traditional supply chain research. The related
literature is as follows.

Lai et al. [29] examined how financial constraints affect
supply chain efficiency under the preorder mode and the
consignmentmode. Lee andRhee [30] considered a newsven-
dor problem under trade credit and bank credit. These
researchers showed that a trade-credit contract is dominant
over bank credit in a centralized situation. Lee and Rhee [31]
further analysed this problem in a supply chain; a contract
combining trade credit and markdown allowance could
coordinate the supply chain. Luo and Zhang [32] derived
the equilibrium solution under trade credit with asymmetric
information. Jing et al. [33] explored a supply chain with
one manufacturer and one capital-constrained retailer and
with both bank credit and trade credit available. The results
showed that if the production cost is relatively small, then
the retailer will prefer trade-credit financing; otherwise, bank
credit financing is preferred. Taleizadeh et al. [34] showed
that in reality, manufacturers often have strong financial
capabilities and that to facilitate transactions they typically
provide commercial credit to capital-constrained retailers.
Cai et al. [35] studied how capital-constrained retailers make
a choice between bank credit and transaction credit and
verified the results through empirical research. Chen[19]
investigated a supply chainwith amanufacturer and a capital-
constrained retailer, and two ways of borrowing, from the
bank or from the manufacturer, were discussed. Finally, a
revenue-sharing contract was introduced to coordinate the
supply chain. Hou et al. [36] built a single-stage supply chain
model containing a manufacturer and a retailer and used
bank funds to solve the problem of the retailer’s funding
constraints; manufacturers and retailers achieved supply
chain coordination by sharing the financing cost and transfer
payment. Shi et al. [37] studied the optimal order quantity
and the optimal pricing problem of seasonal products under
the conditions of market demand uncertainty and a capital-
constrained retailer. Shi et al. [38] designed a simple intel-
ligent purchasing decision support system for the capital-
constrained retailers to help them determine the integrated
procurement time, quantity, and financing decisions for the
seasonal products.

From the above literature review, it can be seen that
the retailers often have financial constraint problems in
management practice. In the green supply chain, the green

products usually have a higherwholesale price, which to some
extent further exacerbated the capital pressure of retailers, so
the retailers’ financing problems become more important.

2.1.3. Green Supply Chain Coordination. The green supply
chain management is one of the important ways to improve
the environmental performance, and the development of
green supply chain depends on the realization of green supply
chain coordination [39]. To promote the further development
of green supply chains, increasing numbers of studies are
inclined to design a reasonable coordination mechanism
and an incentive mechanism to realize green supply chain
coordination and to maintain the benefits of supply chain
members [40]. Barari et al. [41] studied how to establish
a coordination mechanism concerning the environmental
benefits and commercial interests between suppliers and
retailers to promote the implementation of green supply
chains. Swami and Shah [42] studied the green supply chain
coordination problem in the centralization channel and
decentralization channel; in this model, manufacturer and
a retailer jointly invest in green innovation. Zhang and Liu
[43] designed threemechanisms, including a revenue-sharing
mechanism, a Shapley value coordination mechanism, and
an asymmetric Nash coordination mechanism, to encourage
supply chain members to increase their green input to realize
green supply chain coordination. Xu and Gao [44] studied
the pricing and coordination of green supply chains in the
home appliance industry on the basis of game theory and
contract coordination theory. Zhang et al. [45] studied how to
effectively determine the coordination strategy of the product
price and green supply chain coordination when green
products and nongreen products exist simultaneously under
the conditions of a cooperative game and a noncooperative
game. Xie [46] first introduced regulation into green supply
chain coordination and further analysed the influence of
regulation on green product prices and energy efficiency
levels. Hamdan and Cheaitou [47] designed a cost-sharing
contract to motivate the manufacturer to increase its green
input, but, unfortunately, the designed cost-sharing contract
was not applied to the centralized decision. Ghosh and Shah
[48] studied the role of the buy-back contract in the supply
chain coordination of a two-stage supply chain; in thismodel,
it is assumed that market demand is a function of product
prices and green levels. Zhang et al. [49] extended the GSCM
in a dual-channel supply chain and designed a two-part tariff
contract to achieve coordination. Li et al. [50] designed a
three-stage decision-making method to solve the problem of
multiperiod green supplier selection and order allocation for
all unit quantities in the green supply chain and achieved
green supply chain coordination.

It can be seen from the above literature review that
designing an incentive mechanism to realize green supply
chain coordination is always a heated issue. Thus, our study
wants to explore which contract can achieve the green supply
chain coordination when the retailer has financial constraint
pressure.

2.2. Model Development. This paper establishes a green sup-
ply chain model consisting of a single manufacturer and a



4 Complexity

single retailer in which they manage a single product in the
market. Assume that themanufacturer invests to improve the
degree of greenness of the product. The market demand is 𝑥,
which is statistic and follows a uniform distribution in (0, 𝑈).
Thus, the demand can be denoted as follows:

𝐷 = 𝑥 + 𝛽𝑒, (1)

where 𝑒 denotes the greenness of the product and 𝛽 is
the sensitivity coefficient. Further, the unit production cost
corresponding to the greenness 𝑒 is assumed to be V𝑒2, which
is widely used in the existing literature [51].

Themanufacturer’s wholesale price is𝑤, and the retailer’s
order quantity is 𝑞. Without loss of generality, assume that
the retail price is exogenous and normalized to be 1 [32].𝜋𝑖 represents the expected profit of 𝑖’s in the green supply
chain, and 𝑖 = 𝑚, 𝑟, 𝑐 refers to the manufacturer, retailer,
and the entire green supply chain, respectively. Thus, the
profit functions of the manufacturer and the retailer can be
obtained:

𝐸 (𝜋𝑚) = (𝑤 − V𝑒2) 𝑞 (2)

𝐸 (𝜋𝑟) = 𝑝min {𝐷, 𝑞} − 𝑤𝑞. (3)

In the centralized situation, the profit function is

𝜋𝑐 = 𝑝min {𝐷, 𝑞} − V𝑒2𝑞. (4)

3. The Equilibrium Solutions

3.1. The Centralized Green Supply Chain without Financial
Constraints. In this subsection, to construct a benchmark for
the analysis in the following, first consider the centralized
green supply chain without capital constraints in which there
is a central planner making decisions for the entire green
supply chain. That is, the aim of our model is to choose
an optimal degree of greenness 𝑒 and order quantity 𝑞 to
maximize the total channel profit 𝜋𝑐. According to formula
(4), the optimal solution of (𝑒∗𝑐 , 𝑞∗𝑐 ) is shown in Proposition 1.
Proposition 1. Assuming that demand uncertainty 𝑥 follows
a uniform distribution in (0, 𝑈), there is a unique equilibrium
solution in the centralized situation as follows.

(1)The optimal degree of greenness 𝑒∗𝑐 satisfies the following
equation:

2𝑒3𝑈V2 − 3𝑒2V𝛽 − 2𝑒𝑈V + 𝛽 = 0. (5)

(2) The optimal order quantity is

𝑞∗𝑐 = 𝑈 − 𝑒∗2𝑐 𝑈V + 𝑒∗𝑐 𝛽. (6)

3.2. The Decentralized Green Supply Chain without Financial
Constraints. If the retailer does not have capital constraints,
then the decision process is as follows. As a Stackelberg game
leader, the manufacturer first determines the wholesale price
and the degree of greenness. Second, the retailer, as a follower,
after observing themanufacturer’s decision, decides the order
quantity. According to formulas (2) and (3), Proposition 2 can
be obtained.

Proposition 2. Assuming the demand uncertainty 𝑥 follows a
uniform distribution in (0, 𝑈), there is a unique equilibrium
solution in the decentralized situation as follows.

(1) The manufacturer’s optimal wholesale price 𝑤∗𝑑 and
product greenness 𝑒∗𝑑 are as follows:

𝑤∗𝑑 = 4𝑈
2V + 3𝛽2
8𝑈2V ,

𝑒∗𝑑 = 𝛽
2𝑈V .

(7)

(2) The retailer’s optimal order quantity is

𝑞∗𝑑 = 𝑈2 +
𝛽2
8𝑈V . (8)

Observation 1. Consider the impact of the key parameters𝑈, V, 𝛽 on the equilibrium solution under the case without
financial constraints:

(1) 𝜕𝑤∗𝑑/𝜕𝑈 = −3𝛽2/4𝑈3V < 0, 𝜕𝑒∗𝑑/𝜕𝑈 = −𝛽/2𝑈2V <0, 𝜕𝑞∗𝑑/𝜕𝑈 = 1/2 − 𝛽2/8𝑈2V > 0;
(2) 𝜕𝑤∗𝑑/𝜕V = −3𝛽2/8𝑈2V2 < 0, 𝜕𝑒∗𝑑/𝜕V = −𝛽/2𝑈V2 <0, 𝜕𝑞∗𝑑/𝜕V = −𝛽2/8𝑈V2 < 0;
(3) 𝜕𝑤∗𝑑/𝜕𝛽 = 3𝛽/4𝑈2V > 0, 𝜕𝑒∗𝑑/𝜕𝛽 = 1/2𝑈V >0, 𝜕𝑞∗𝑑/𝜕𝛽 = 𝛽/4𝑈V > 0.
The results in Observation 1(1) show that both the

wholesale price and the greenness effort are decreasing in 𝑈
whereas the retailer’s order quantity is increasing in 𝑈. The
reason is that, with 𝑈 increasing, which indicates that the
mean market demand (𝑈/2) is increasing, the retailer has an
incentive to increase the order quantity to satisfy the market
demand, and the manufacturer would like to provide a low
wholesale price level. In addition, it is not necessary for the
manufacturer to invest more greenness effort to expand the
market. In Observation 1, (2) and (3) demonstrate that the
impact of V and 𝛽 on the equilibrium solution is the opposite.
These results correspond to our intuition.

3.3. The Retailer with Capital Constraints. This subsection
analyses the situation in which the retailer has capital
constraints in purchasing products from the manufacturer.
Therefore, if the manufacturer wants to resort to the retailer
to distribute its products, then it must provide a trade credit
to the retailer. Then, the profits of the manufacturer and the
retailer can be rewritten as

𝜋𝑡𝑑𝑚 = min {𝑝𝐷,𝑤𝑞} − V𝑒2𝑞 (9)

𝜋𝑡𝑑𝑟 = {𝑝min {𝐷, 𝑞} − 𝑤𝑞}+ . (10)

To simplify the calculation, the retailer’s initial capital is
assumed to be zero without loss of generality.

Proposition 3. Assuming demand uncertainty 𝑥 follows a
uniform distribution in (0, 𝑈) and the retailer has capital
constraints, there is a unique equilibrium solution in the
decentralized situation as follows.
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(1) The manufacturer’s optimal wholesale price 𝑤𝑡∗𝑑 and
product greenness 𝑒𝑡∗𝑑 are as follows:

𝑤𝑡∗𝑑 = 𝑝 = 1,

𝑒𝑡∗𝑑 = √16𝑈
4V2 + 80𝑈2V𝛽2 + 𝛽4 − 4𝑈2V − 𝛽2

12𝑈V𝛽 .
(11)

(2) The retailer’s optimal order quantity is

𝑞𝑡∗𝑑 = 𝑈3 +
√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 − 𝛽2

24𝑈V . (12)

Observation 2. 𝜕𝑒𝑡∗𝑑 /𝜕𝑈 < 0, 𝜕𝑞𝑡∗𝑑 /𝜕𝑈 > 0, 𝜕𝑒𝑡∗𝑑 /𝜕V <0, 𝜕𝑞𝑡∗𝑑 /𝜕V < 0, 𝜕𝑒𝑡∗𝑑 /𝜕𝛽 > 0, 𝜕𝑞𝑡∗𝑑 /𝜕𝛽 > 0.
The results in Observation 2 are similar to those in

Observation 1. Therefore, the explanation is omitted. Recall
that Propositions 2 and 3 have given the equilibrium solutions
in the two situations. There is the problem of whether the
manufacturer has an incentive to provide a deferred payment
contract for the retailer if the retailer has capital constraints.
In other words, how will the deferred payment contract have
an effect on the optimal decisions and profits of the green
supply chain?

Proposition 4. If𝑈2V ≥ 3𝛽2/4, then the equilibrium solutions
under the two situations, without and with capital constraints,
have the following orders:

𝑤𝑡∗𝑑 ≥ 𝑤∗𝑑 ,
𝑒𝑡∗𝑑 − 𝑒∗𝑑 {{{

≤ 0, if 34𝛽2 ≤ 𝑈2V ≤ 2𝛽2> 0, if 𝑈2V > 2𝛽2,
𝑞𝑡∗𝑑 > 𝑞∗𝑑 .

(13)

Proposition 4 indicates that, faced with a capital-
constrained retailer, the manufacturer would like to increase
the product’s greenness to attract more consumers in the
market only if the coefficient of the greenness cost is small or
the sensitivity parameter is great enough. Correspondingly,
its marginal profit (wholesale price) is also increasing. It
is interesting to find that although the wholesale price is
increasing, the capital-constrained retailer’s order quantity
is also increasing. This finding means that once the manu-
facturer promises to offer a deferred payment contract, the
retailer would rather bear more risk to order more products
to satisfy the uncertain demand.

Proposition 5. The profits of the green supply chain members
under the two situations, without and with capital constraints,
have the following orders:

𝜋𝑑𝑡∗𝑐 > 𝜋𝑑∗𝑐 ,
𝜋𝑑𝑡∗𝑚 > 𝜋𝑑∗𝑚 ,
𝜋𝑑𝑡∗𝑟 < 𝜋𝑑∗𝑟 .

(14)

Proposition 5 explains the reason why, in reality, a
majority of manufacturers prefer to offer a deferred payment
contract for their retailers. The results show that under a
deferred payment contract, the profits of both the manu-
facturer and the entire green supply chain will increase, but
it is unfortunate to observe that the profit of the retailer
decreases to 0. In fact, under the deferred payment contract,
the manufacturer sets a wholesale price that is equal to the
retail price, the marginal profit of the retailer is zero, and all
of its profit is held by themanufacturer.Thus, it is possible that
the retailer does not have an incentive to take part in the sales
process. Therefore, except for the deferred payment contract,
the manufacturer must design another contract to guarantee
the retailer’s profit.

4. Coordinate the Green Supply Chain with
Finance Constraints

This section tries to design a contract to coordinate the green
supply chain not only to guarantee the profit of the entire
channel but also to make the two agents obtain a win-win
outcome, especially the capital-constrained retailer’s profit.
Referring to Xu et al. [52], adopt a two-way revenue-sharing
contract that can be described as follows: the manufacturer
obtains a fraction of the revenue generated by the capital-
constrained retailer, and the retailer simultaneously obtains
a fraction of the revenue generated by the manufacturer.
Assume that 𝜆𝑟 (0 < 𝜆𝑟 < 1) represents the retailer’s share
of the sales profit in the retail channel and that 𝜆𝑚 (0 < 𝜆𝑚 <1) represents the manufacturer’s share of the gross profit in
the wholesale channel.Therefore, with this two-way revenue-
sharing contract, the profit functions of the two agents can be
rewritten as follows:

𝜋𝑠𝑑𝑡𝑚 = 𝜆𝑚 (min {𝑝𝐷,𝑤𝑞} − V𝑒2𝑞)
+ (1 − 𝜆𝑟) {𝑝min {𝐷, 𝑞} − 𝑤𝑞}+

𝜋𝑠𝑑𝑡𝑟 = 𝜆𝑟 {𝑝min {𝐷, 𝑞} − 𝑤𝑞}+
+ (1 − 𝜆𝑚) (min {𝑝𝐷,𝑤𝑞} − V𝑒2𝑞) .

(15)

Proposition 6. Under a two-way revenue-sharing contract(𝜆𝑚, 𝜆𝑟), the green supply chain can be coordinated only if𝜆𝑚 = 1−𝜆𝑟.Thismeans that the profit of the entire green supply
chain is equal to that in the centralized situation. Further, the
entire profit (centralized) can be allocated arbitrarily between
the manufacturer and the retailer by 𝜆𝑚.

Proposition 6 not only guarantees that the profit of the
green supply chain under contract is equal to the centralized
situation but also can make the two agents obtain a win-win
outcome. In fact, because the profit can be divided arbitrarily
between them by share, there must be a zone guaranteeing
the profits if themanufacturer and the retailer obtain a Pareto
improvement.
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(b) The impact of 𝛽 on 𝑞

Figure 1: The impacts of V, 𝛽 on the optimal order quantity.
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(b) V = 0.5

Figure 2: The impacts of V, 𝛽 on the degree of greenness.

5. Numerical Analysis

In this section, tomore clearly show the conclusions and illus-
trate the impact of the parameters to the optimal solutions,
some numerical analyses are given.

5.1. Comparative Analysis. First, let us explore how the
retailer’s optimal order quantity is affected by the investing
cost coefficient and the sensitive coefficient of greenness to
the demand. Let 𝑈 = 1; then, we can obtain the figures.

Figure 1 shows that the trade-credit contract can encour-
age the capital-constrained retailer to increase the order
quantity. However, with the coefficient of greenness cost
increasing, Figure 2(a) shows that the manufacturer will
decrease its investment; thus, demandwill decrease, as well as
the order quantity. In addition, with the sensitivity parameter𝛽 increasing, the manufacturer will increase the greenness

investment; thus, both the demand and the order quantitywill
increase.

On the other hand, Figure 2 implies that either V is small
or 𝛽 is large; the capital constraints can induce the manu-
facturer to set a relatively low greenness effort. Figure 2(a)
shows that if the retailer has capital constraints and a deferred
payment is provided, because both the wholesale price and
the order quantity are increasing, then themanufacturer does
not have an incentive to increase its greenness to expand its
market share, which may damage its unit marginal profit.
Similarly, the explanation of 𝛽 is similar to this. In short, the
manufacturer has a trade-off between increasing the demand
and increasing the unit marginal profit.

Define Δ𝜋∗𝑖 = 𝜋𝑑∗𝑖 − 𝜋𝑑𝑡∗𝑖 ; then, Figure 3 is obtained.
It is easy to find that deferred payment can bring benefits

for the manufacturer and the entire supply chain, though
the profit of the retailer will be hurt. In addition, Figure 3
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Figure 4: Channel coordination under the mixed contract.

demonstrates that a small level of V or a great level of 𝛽 can
alleviate this effect on the retailer.

5.2. Coordination. Under a two-way revenue-sharing con-
tract, it has been verified that the supply chain can achieve
coordination. Figure 4 illustrates our conclusion. DefineΔ𝜋𝑑𝑠𝑡𝑖 = 𝜋𝑑𝑠∗𝑖 − 𝜋𝑑𝑡∗𝑖 as the difference between 𝑖’s profit
under the two-way revenue-sharing contract and without the
contract.Then, there is a Pareto zone that not only guarantees
that the profit in the decentralized situation is equal to that in
the centralized situation but alsomakes the two agents obtain
a win-win outcome.

6. Conclusion

With the deterioration of global warming and the ecological
environment, green supply chain management as a new way

to solve environmental problems has been a widespread
concern for the whole society. One of the most important
issues in green supply chain management is pricing and
coordination strategy. This paper considers a green supply
chain in which the manufacturer produces a green product
and the retailer has capital constraints.Three scenarios of the
model are analysed, the centralized situation, a decentralized
situation in which the retailer has sufficient capital, and
a decentralized situation in which the retailer has capital
constraints.

All the equilibrium solutions are obtained and the sensi-
tivity analysis results show that(1) With the market demand increasing, the retailer
will increase the order quantity while the manufacturer will
decrease the product greenness. This result indicates that the
manufacturer can obtain more profit from the sales amount,
whichmeans that it does not have an incentive to improve the
product’s greenness when facing a large market demand.(2) Further, compared to the two decentralized situations,
both the retailer’s order quantity and the wholesale price
are increased as the deferred payment contract is provided,
whereas the manufacturer’s greenness effort depends on
the greenness cost coefficient and the sensitivity parameter.
Specifically, only if the greenness cost coefficient is high
enough or the sensitivity parameter is at a small level will
the product’s greenness increase. This finding helps explain
why, in reality, manufacturers would like to provide deferred
payment contract for retailers. Deferred payment can encour-
age the retailer to bear more risk to order more products to
satisfy the uncertain demands, and the manufacturer may
also improve the product’s greenness.(3) In addition, the results show that both the manufac-
turer and the entire green supply chain can benefit from the
deferred payment contract, though the retailer’s profit will
be hurt. This analysis indicates that although the retailer’s
capital constraint increases the performance of the entire
green supply chain, it hurts the retailer’s profit; thus it is
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valuable to design a contract to coordinate the green supply
chain. Thus, a two-way revenue-sharing contract is designed
to achieve green supply chain coordination and verify that
there is a Pareto zonemaking the two agents obtain a win-win
outcome. In fact, combining the two-way revenue-sharing
and deferred payment contracts, the performance of the
entire supply chain with a capital-constrained retailer in a
decentralized situation is equal to that without a capital-
constrained retailer in a centralized situation.

The applicability of contributions includes two aspects: on
the one hand, the results provide solutions for the coordina-
tion mechanism problems encountered in the implementa-
tion,management, and operation of the green supply chain in
reality; on the other hand, our conclusions provide new ideas
in financing for small-scale and weak financial enterprises to
participate in the green supply chain.

Building on previous studies, this paper makes a useful
attempt in pricing and coordination strategy of a sustainable
green supply chain with a capital-constrained retailer, which
provides guidance for the development of green supply chain.
However, there are still some limitations in this paper; firstly,
this study only assumes the retailer has a capital constraint
problem, while, in fact, the manufacturer may also not have
sufficient capital to organize production; secondly, themarket
retail price in this paper is deterministic, but in practice it is
usually uncertain.

Therefore, future study should consider the expansion
from the following aspects: firstly, the manufacturer has a
capital constraint or both the manufacturer and the retailer
have capital constraints; secondly, considering a variety of
financing methods, rather than being limited to internal
financing within the green supply chain, is also an interesting
direction; thirdly, assume that the market retail price is an
endogenous variable.

Appendix

Proof of Proposition 1. In a centralized situation, the manu-
facturer determines (𝑒, 𝑞) to maximize the profit of the entire
supply chain; the first-order condition is

𝜕𝜋𝑐𝜕𝑒 = −2𝑒𝑞V + 𝛽 (𝑞 − 𝑒𝛽)𝑈 = 0,
𝜕𝜋𝑐𝜕𝑞 = 1 − 𝑒2V − 𝑞 − 𝑒𝛽𝑈 = 0.

(A.1)

Thus 𝑞∗𝑐 = 𝑈 − 𝑒2𝑈V + 𝑒𝛽, 𝑒∗𝑐 satisfies 2𝑒3𝑈V2 − 3𝑒2V𝛽 −2𝑒𝑈V + 𝛽 = 0.
The Hessian matrix 𝜋𝑐 is as follows:

𝐻1 = [[[
[
−2𝑞V − 𝛽2𝑈 −2𝑒V + 𝛽𝑈
−2𝑒V + 𝛽𝑈 − 1𝑈

]]]
]
. (A.2)

It is obvious that −2𝑞V − 𝛽2/𝑈 < 0; then, on the
equilibrium point (𝑒∗𝑐 , 𝑞∗𝑐 ),

󵄨󵄨󵄨󵄨𝐻1󵄨󵄨󵄨󵄨𝑒=𝑒∗
𝑐
,𝑞=𝑞∗
𝑐

= 2V (𝑈 − 3𝑒2𝑈V + 3𝑒𝛽)𝑈 , (A.3)

because

2𝑒3𝑈V2 − 3𝑒2V𝛽 − 2𝑒𝑈V + 𝛽 = 0 󳨐⇒
2𝑒𝑈V (1 − 𝑒2V) − 𝛽 (1 − 3𝑒2V) = 0 󳨐⇒
3𝑒2V < 1 󳨐⇒
𝑈 − 3𝑒2𝑈V + 3𝑒𝛽 > 𝑈 − 𝑈 + 3𝑒𝛽 = 3𝑒𝛽 > 0 󳨐⇒
󵄨󵄨󵄨󵄨𝐻1󵄨󵄨󵄨󵄨𝑒=𝑒∗

𝑐
,𝑞=𝑞∗
𝑐

= 2V (𝑈 − 3𝑒2𝑈V + 3𝑒𝛽)𝑈 > 0.

(A.4)

Thus, Proposition 1 holds.

Proof of Proposition 2. From formula (3), due to 𝜕2𝜋𝑑𝑟 /𝜕𝑞2 =−1/𝑈 < 0, the retailer’s optimal order quantity satisfies

𝜕𝜋𝑑𝑟𝜕𝑞 = 1 − 𝑤 − 𝑞 − 𝑒𝛽𝑈 = 0. (A.5)

Thus 𝑞𝑑 = 𝑈 − 𝑈𝑤 + 𝑒𝛽.
Substitute it into (2); then, according to the first-order

conditions, there are

𝑤∗𝑑 = 4𝑈
2V + 3𝛽2
8𝑈2V ,

𝑒∗𝑑 = 𝛽
2𝑈V .

(A.6)

The Hessian matrix 𝜋𝑚 is as follows:
𝐻2 = [ −2𝑈 2𝑒𝑈V + 𝛽

2𝑒𝑈V + 𝛽 −4𝑒V𝛽 − 2V (𝑈 − 𝑈𝑤 + 𝑒𝛽)] . (A.7)

Because −2𝑈 < 0 and, on the equilibrium point, there is

󵄨󵄨󵄨󵄨𝐻2󵄨󵄨󵄨󵄨𝑒=𝑒∗
𝑑
,𝑤=𝑤∗
𝑑

= 12 (4𝑈2V + 𝛽2) > 0. (A.8)

Summarizing the above formulations, Proposition 2
holds.

Proof of Proposition 3. The deriving process is similar to
Proposition 2; firstly, according to

𝜕2𝜋𝑡𝑑𝑟𝜕𝑞2 = −(𝑝 − 𝑤) (𝑝 + 𝑤)𝑝𝑈 < 0,
𝜕𝜋𝑡𝑑𝑟𝜕𝑞 = −𝑞 (𝑝 − 𝑤) (𝑝 + 𝑤)2𝑝𝑈

− (𝑝 − 𝑤) (𝑞𝑤 + 𝑝 (𝑞 − 2 (𝑈 + 𝑒𝛽)))2𝑝𝑈 = 0,

(A.9)
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there is 𝑞 = 𝑝(𝑈 + 𝑒𝛽)/(𝑝 + 𝑤). Then substitute it into (9):

𝜕𝜋𝑡𝑑𝑚𝜕𝑤
= 𝑝 (𝑈 + 𝑒𝛽) (𝑒2𝑝𝑈V + 𝑒2𝑈V𝑤 + 𝑝2 (𝑈 + 𝑒𝛽))𝑈 (𝑝 + 𝑤)3
> 0,

(A.10)

and then 𝑤𝑡∗𝑑 = 𝑝.
Now 𝜕2𝜋𝑡𝑑𝑚 /𝜕𝑤2 = −𝑈V − 3𝑒V𝛽 − 𝛽2/4𝑈 < 0, and let𝜕𝜋𝑡𝑑𝑚 /𝜕𝑒 = 0; there is

𝑒 = −4𝑈
2V − 𝑝𝛽2 + √16𝑈4V2 + 80𝑝𝑈2V𝛽2 + 𝑝2𝛽4

12𝑈V𝛽 . (A.11)

Proof of Observation 2. One has

𝜕𝑒𝑡∗𝑑𝜕𝑈
= −(4𝑈

2V − 𝛽2) (√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 − 4𝑈2V − 𝛽2)
12𝑈2V𝛽√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4

< 0,
𝜕𝑞𝑡∗𝑑𝜕𝑈
= 8𝑈
2V + 𝛽2 + (16𝑈4V2 − 𝛽4) /√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4

24𝑈2V
> 0,
𝜕𝑒𝑡∗𝑑𝜕V = 𝛽(√16𝑈

4V2 + 80𝑈2V𝛽2 + 𝛽4 − 40𝑈2V − 𝛽2)
12𝑈V2√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 < 0,

𝜕𝑞𝑡∗𝑑𝜕V = 𝛽
2 (√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 − 40𝑈2V − 𝛽2)

24𝑈V2√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 < 0,

𝜕𝑒𝑡∗𝑑𝜕𝛽

= (4𝑈
2V − 𝛽2) (√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 − 4𝑈2V − 𝛽2)

12𝑈V𝛽2√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4
> 0,
𝜕𝑞𝑡∗𝑑𝜕𝛽 = 2 (40𝑈

2V𝛽 + 𝛽3) /√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 − 2𝛽
24𝑈V

> 0.

(A.12)

Proof of Proposition 4. Let

𝑒𝑡∗𝑑 − 𝑒∗𝑑 = √16𝑈
4V2 + 80𝑈2V𝛽2 + 𝛽4 − 4𝑈2V − 𝛽2

12𝑈V𝛽
− 𝛽
2𝑈V = 0.

(A.13)

Then there is

𝑒𝑡∗𝑑 − 𝑒∗𝑑 {{{
≤ 0, if 34𝛽2 ≤ 𝑈2V ≤ 2𝛽2> 0, if 𝑈2V > 2𝛽2,

𝑞𝑡∗𝑑 − 𝑞∗𝑑
= 8𝑈
2V − 𝑝𝛽2 + √16𝑈4V2 + 80𝑝𝑈2V𝛽2 + 𝑝2𝛽4

24𝑈V
− 𝑈2 −

𝑝𝛽2
8𝑈V

= √16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4 − 4𝑈
2V − 4𝛽2

24𝑈V > 0
𝑤𝑡∗𝑑 − 𝑤∗𝑑 ≥ 0.

(A.14)

Proof of Proposition 5. (1) Without capital constraints,

𝜋𝑑∗𝑚 = (4𝑈2V + 𝛽2)
2

64𝑈3V2
𝜋𝑑∗𝑟 = 16𝑈4V2 + 8𝑈2V𝛽2 − 15𝛽4128𝑈3V2
𝜋𝑑∗𝑐 = 48𝑈4V2 + 24𝑈2V𝛽2 − 13𝛽4128𝑈3V2 .

(A.15)

(2) With capital constraints: let 𝐾 =
√16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4;
𝜋𝑑𝑡∗𝑚 = 11728𝑈3V2𝛽2 (𝛽4 (𝐾 − 𝛽2) − 64𝑈6V3
+ 40𝑈2V𝛽2 (2𝐾 − 3𝛽2) + 8𝑈4V2 (21𝛽2 + 2𝐾))

𝜋𝑑𝑡∗𝑟 = 0
𝜋𝑑𝑡∗𝑐 = 11728𝑈3V2𝛽2 (𝛽4 (𝐾 − 𝛽2) − 64𝑈6V3
+ 40𝑈2V𝛽2 (2𝐾 − 3𝛽2) + 8𝑈4V2 (21𝛽2 + 2𝐾))

𝜋𝑑𝑡∗𝑐 − 𝜋𝑑∗𝑐 = 13456𝑈3V2𝛽2 (349𝛽6 − 128𝑈6V3
+ 2𝛽4𝐾 + 32𝑈4V2 (𝐾 − 30𝛽2)
+ 8𝑈2V𝛽2 (20𝐾 − 111𝛽2)) .

(A.16)
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It is easy to find that 𝜋𝑑𝑡∗𝑐 − 𝜋𝑑∗𝑐 is increasing in 𝐾, so let𝜋𝑑𝑡∗𝑐 − 𝜋𝑑∗𝑐 = 0; there is
𝐾0 = 128𝑈

6V3 + 960𝑈4V2𝛽2 + 888𝑈2V𝛽4 − 349𝛽6
2 (16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4) . (A.17)

Recall that 𝐾 = √16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4; now we only
need to compare𝐾0 and𝐾.

𝐾2 − 𝐾20 = 27𝛽
4 (3072𝑈8V4 + 17152𝑈6V3𝛽2 − 1536𝑈4V2𝛽4 + 22992𝑈2V𝛽6 − 4511𝛽8)

4 (16𝑈4V2 + 80𝑈2V𝛽2 + 𝛽4)2 . (A.18)

To simplify writing, let 𝑡 = 𝑈2V, 𝑡 ≥ 3𝛽2/4; then it means
that

𝐾 > 𝐾0
⇕

𝑓 (𝑡) = 3072𝑡4 + 17152𝑡3𝛽2 − 1536𝑡2𝛽4
+ 22992𝑡𝛽6 − 4511𝛽8 > 0, 𝑡 ≥ 3𝛽24

⇕
𝑓󸀠 (𝑡) = 48 (256𝑡3 + 1072𝑡2𝛽2 − 64𝑡𝛽4 + 479𝛽6) (A.19)

> 0, 𝑡 ≥ 3𝛽24⇕
𝑓󸀠󸀠 (𝑡) = 1536 (24𝑡2 + 67𝑡𝛽2 − 2𝛽4) > 0, 𝑡 ≥ 3𝛽24

⇕
𝑓󸀠󸀠󸀠 (𝑡) = 1536 (48𝑡 + 67𝛽2) > 0, 𝑡 ≥ 3𝛽24 .

From the above analysis, 𝑓(𝑡) is increasing in 𝑡, when 𝑡 =3𝛽2/4, 𝑓(𝑡)|𝑡=3𝛽2/4 = 20077𝛽8 > 0. Thus, 𝜋𝑑𝑡∗𝑐 − 𝜋𝑑∗𝑐 > 0.
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