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Abstract

With the background of government subsidies and increasing consumer en-
vironmental awareness, this article establishes a two-echelon supply chain
model of manufacturer and retailer. Based on this model, this article analyzes
the decision-making problems of manufacturer and retailer under both de-
centralized and centralized decision modes, and the impact of consumer green
sensitivity on product pricing, green degree and other decisions. The results
show that government subsidies, higher consumer green sensitivities are
conducive to green product promotion and members of decentralized deci-
sion supply chain, but higher consumer green sensitivity will reduce the over-
all supply chain profit in a centralized decision mode. Finally, this paper dis-
cusses the design of supply chain contract mechanism in decentralized deci-
sion mode to achieve supply chain coordination.

Keywords

Green Product, Consumer Green Sensitivity, Game Decision, Supply Chain
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1. Introduction

Since the Industrial Revolution, various industries experienced rapid develop-
ment, and human’s material life has been greatly facilitated and enriched, at the
same time, people are confronted by the problems of resource shortage, envi-
ronmental pollution, global warming and so on. Therefore, the development of
green technology and promotion of green products have become particularly
important. Governments all over the world have launched fiscal and taxation
policies to promote the development of green technology and products. At the
same time, under the influence of government regulations, market and public

pressure, more and more enterprises actively formulate green strategy and
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promote the implementation of green technology and products.

The rest of the paper is organized as follows. Section 2 provides the back-
ground literature of this paper. Section 3 discusses the problem and model as-
sumptions. Section 4 provides establishment and solution of the model. Section
5 discusses design of supply chain coordination mechanism. Section 6 presents
the results of numerical analysis. Section 7 concludes with the discussion and

future research directions.

2. Literature Review

Green supply chain management has been on the rise since 1990s. In the past ten
years, more and more scholars have begun to pay attention to the research of
green supply chain management. The research of Menges (2003) [1] shows that
consumers buy green products not only because they are concerned about envi-
ronmental protection, but also because buying green products can bring higher
utility. Bowen (2001) [2] and Li Yina et al (2011) [3] discuss in this paper about
the relationship between enterprise green practice, supply chain management
ability and enterprise performance under institutional pressure and green supply
chain environment. Eriksson (2004) [4] points out by studying duopoly green
market that when consumers do not voluntarily internalize external environ-
ment, public policies must be intervened in the form of subsidies and other
forms to protect the environment. Zhu Qinghua ef al (2007) [5] and Cohen et al
(2015) [6] studied the game between government and enterprises and green
product manufacturers in green supply chain. Conrad (2005) [7], Liu et al (2012)
[8] and Zhang ef al (2015) [9] established green supply chain model under var-
ious circumstances, and studied the influence of consumers’ environmental pro-
tection consciousness on the decision making of members of supply chain. Mitra
(2008) [10], Cohen et al (2015) [11], Ling Liuyi et al (2012) [12] researched the
influence of different forms of government green subsidies and the best form of
subsidy under different circumstances.

The above researches cover many aspects of green product supply chain
management, including multi-game of green supply chain, the impact of con-
sumer’s awareness of environmental protection, government subsidies and so on.
This paper further discusses the issues of decision making of manufacturers and
retailers in the two-level supply chain of green products under the condition of
government subsidies, as well as the influence of consumer’s green sensitivity on
product pricing, green degree and other decisions under the two modes of de-

centralized and centralized decision-making.

3. Problem Description and Model Assumptions

3.1. Problem Description
This paper considers a two-level supply chain system with government’s partic-

ipation, which consists of a manufacturer of green products and a retailer. The

manufacturer produces green products and the retailer sells green products. And
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the government will subsidize manufacturers based on product’s greenness and
sales volume. The demand of customers for green products is not only related to
the price, but also to the green degree of the product and the green sensitivity of
consumers. The decision problem of manufacturers is to determine the green
degree of green products and wholesale prices to maximize their own profits,
and the decision problem of retailers is to determine the sales price of green

products to maximize their own profits.

3.2. Model Symbols and Assumptions

The model symbols covered in this article are as follows, p, w; c are the retail
price of product, wholesale price and unit cost of production respectively. D
stands for the demand of green product and s the green degree of green prod-
uct; a is the sensitivity of consumers to green degree of product. 7, 7, represents
the profits of retailers and manufacturers respectively.
The assumptions of this article are as followings:
e The market demand of green product is negatively correlated with price and
positively correlated with green degree of product. The demand function is:
D=a-bp+ab;
¢ In terms of production cost, the marginal production cost of green product is
c. At the same time, manufacturers must invest in research and development
of green technological innovation in the production of green products. Ac-
cording to the study of Savaskan (2006) [13] and Swami (2013) [14], it is as-
sumed that the manufacturer’s research and development investment in
green technology innovation is proportional to the square of green degree,
whichis £6%/2.

4. Establishment and Solution of the Model

4.1. Decision Making by Retailers and Manufacturers in
Decentralized Decision-Making Mode

Under the decentralized decision-making mode, this paper adopts the Stack-
elberg game model who takes the leading position of manufacturers, which
means manufacturers and retailers are independent of each other and regard
the maximum of their own profits as a decision goal. The manufacturer de-
termines the green degree and wholesale price of the green product firstly,
and then the retailer, as a follower of the supply chain, determines the retail
price of the green product. The profit functions of retailers and manufactur-

ers are as follows:
7z, =(p-w)D=(p-w)(a—bp+ab) (1)
7, =(w-c+rf)(a—bp+ab)- pe? (2)
The reverse induction method is used to search for the best decision of re-

tailers and manufacturers. By finding the first derivative of p in function (1)

and making it zero, the optimal pricing decision of the retailer can be obtained
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as follows:

ps =(a+ab+bw)/2b (3)

By introducing function (3) of the optimal pricing decision for retailers into
the manufacturer’s profit function (2), the first derivative of and is obtained and
make it as zero, and the optimal wholesale price and the best green degree deci-
sion are obtained, and the optimal pricing results of retailers can be obtained as

follows:

W, = bc+a+2b(br—a)(ar—ac)—(br—a)z(bc+a) @

2b 2b(br —cx)’ +80 (ar - )
0; =[ (br —a)(bc+a)+2b(ac —ar)]/[(br —a) +4b(ar —ﬂ)} (5)

bc+3a (3a—br)(br—a)(bc+a)+(2br—6ab)(ar —ac)
= +
4b 4b(br —a)’ +160% (ar - )

*

d

(6)

By introducing the function of optimal solution (4)-(6) into function (1), (2),
the profit of retailer, manufacturer and supply chain under the decentralized de-

cision mode can be obtained, they are 7,7,,7,.

4.2. Decisions by Retailers and Manufacturers under the
Centralized Decision-Making Model

In the centralized decision-making mode, retailers and manufacturers make
joint decisions as a whole, and decide green degree and retail price of green
products at the same time in order to maximize the profit of supply chain. At

this point, the overall profit function of the supply chain is:
7 =(p-c+r0)D-p6*/2=(p-c+ro)(a-bp+ad)-po*/2 7)

In the same way, we can find the first derivative of p and 8 of function (9) and
make it zero. The optimal pricing decision of the supply chain is as follows:
o = a+bc (br —oc)2 (a+bc)+2b(br—a)(ac—ar)
o2 2b(br —a)’ +4b* (2ar - )

6; =[(br-a)(a+be)+ 2b(ac—ar) ]/ (br-a) +2b(2ar-5)] ()

(8)

Bring the function of optimal solution (8) and (9) into function (7), we can get
the total profit of the supply chain under the centralized decision mode.

According to the calculation results, the optimal green degree of products
made by manufacturers is higher than that of decentralized decision model, and
the retail price of product is higher than that of decentralized decision model
under the centralized decision model. The overall profit of supply chain under
decentralized decision is lower than that of supply chain under centralized deci-
sion. This means that the supply chain does not reach the Pareto optimal state
under the decentralized decision. This paper discusses the design of the contract

mechanism for the decentralized decision to realize the Pareto improvement of
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the supply chain.

5. Design of Supply Chain Coordination Mechanism

According to the previous analysis, the supply chain can obtain higher overall
profits under the centralized decision-making mode. In this section, a sharing
contract of supply chain revenue is designed to coordinate the supply chain reve-
nue under the decentralized decision-making mode. Supply chain revenue-sharing
contract is divided into two stages: firstly, the manufacturer determines the
wholesale price of green products to the retailer, and then the retailer provides

the manufacturer with a certain share of income as compensation, expressed by

symbol F.
In this case, the retailer and manufacturer’s profit function are:
7 =(p-w)(a—bp+ab)-F (10)
75 =(w-c+ro)(a-bp+abd)-p6°/2+F (11)

When the supply chain is coordinated by revenue-sharing contract, the op-
timal green degree and retail price of green product should be consistent with
the optimal decision result under the centralized decision. By introducing func-
tion (8) and (9), the optimal green degree and the retail price of the above green
product, into the above function, the optimal retail price of the manufacturer

can be obtained, which is as follows:

w* = bera —2bc3+2br? +ca” + aar]/[(br —a)’ +2b(2ar —,B)J (12)

According to the results of the calculation, we get w° <wj < p;. This shows
that, if there is no profit-sharing F between retailers and manufacturers in the
contract, the retailer can gain higher profits, and the manufacturer will lose cer-
tain profit compared with decentralized decision-making mode. So, the contract
design of benefit sharing Fis very important.

Assuming that the manufacturer and retailer’s acceptable minimum retained
profits are 7, and z. respectively, the manufacturer is willing to accept the

contract only if Fsatisfies 7z¢ > 7., that is
F>F =70—(w —c+rd;)(a-bpe +ab;)- p6* /2 (13)
Only if F meets z¢ > z7, the retailer is willing to accept the contract, that is

F<F,=(p;-w")(a-bp; +ab})-z’ (14)

6. Numerical Experiments

After the previous analysis, this study has reached some conclusions. This section
will introduce specific numerical experiments to verify the conclusions. Accord-
ing to the study of Swami (2013) [14], the relevant parameters are set as a = 100,
b=6,c=25r=5,=5.

The optimal green degree of green product under two decision modes can be
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obtained by adding the parameter value into the above optimal decision results
and using the software to draw figures, which is shown in Figure 1. The optimal
retail price of green product, and the wholesale price of it under the decentra-
lized decision model and the centralized decision model in contract mechanism
are shown in Figure 2. The overall profit of manufacturers, retailers and supply
chains under decentralized decision mode and the profit of supply chain under

centralized decision mode are shown in Figure 3.
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Figure 1. Optimal green degree decision of manufacturer green product.
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Figure 2. Optimal retail price and wholesale price decision.
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Figure 3. Profits of manufacturers, retailers and supply chain.

Figure 1 shows that under the centralized decision mode, the green degree of
product under the manufacturer’s decision is higher than that of the decentra-
lized decision. The reason is that the supply chain is as a whole in the centralized
decision-making mode, which can Offer products with a higher degree of green-
ery, and is more likely to stimulate consumer’s demand and thus generate higher
profits. In the same mode, the optimal green degree of the product made by the
manufacturer will increase with the exaltation of the green sensitivity of the
consumer, because the higher the sensitivity of the green product, the more
willing to pay for the green product. Manufacturers can significantly increase the
green product sales and their own profits by increasing the green degree of their
products. On the whole, the green degree of the products made by the manufac-
turer is always above 0.6, which indicates that although the optimal green degree
will be different in different modes, the introduction of high-degree green prod-
ucts is the consensus of all parties in the market supply chain.

Figure 2 shows that the optimal retail price of products under centralized de-
cision mode is always higher than that of decentralized decision mode, and in
their respective mode, the optimal retail price will decrease with the increase of
green sensitivity of consumers, which is because, the higher the green sensitivity
of consumers, the more willing to buy. At this time, retailers reduce the retail
price of products properly, the greater market demand can be caused and thus a
higher level of profits can be achieved. Under the decentralized decision mode,
the wholesale price set by manufacturers increases slowly with the increase of
green sensitivity of consumers, which indicates that a win-win situation for
manufacturers and retailers can be achieved if manufacturers tend to give more
profits to retailers so as to promote retailers to reduce sales prices under the sit-

uation of consumers are more willing to pay for green products. In addition,
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under the coordination between decentralized decision model of supply chain
and contract mechanism, the wholesale price set by the manufacturer is lower
than that without the contract, which is because in order to achieve supply chain
coordination, the retailer has to pay the manufacturer a sum of compensation.
At the same time, manufacturers will also reduce wholesale prices accordingly to
achieve the optimal overall profit in the supply chain.

Figure 3 shows that in decentralized decision-making mode, manufacturers
and retailers can increase their respective profits rapidly as consumers’ green sen-
sitivity increases, and retailers’ profits are always higher than manufacturers’. Un-
der the centralized decision-making mode, the overall profit of the supply chain
is relatively stable, and with the increase of green sensitivity of consumers, there
is only a minimal decline. This is because in the centralized decision-making
mode, supply chain as a whole tends to set a higher retail price, regardless of the
green sensitivity of consumers, can achieve a higher level of profit, and with the
continuing reduction of pricing, the overall profit of the supply chain will also
decline slightly. In addition, the overall profit of supply chain in centralized de-
cision-making mode is always higher than that in decentralized mode.

7. Conclusions and Directions for Future Research

Based on the background of government subsidizing green products, this paper
establishes a two-level green product supply chain decision model composed of
manufacturers and retailers. The optimal decision behavior of manufacturer and
retailer under the two decision modes of decentralization and centralization is
analyzed, and the contract mechanism to realize the coordination of supply
chain is also analyzed. The findings are as follows.

First, in the decentralized decision-making mode, manufacturers, as supply
chain leaders, tend to produce higher green products and set higher wholesale
prices, while, retailers tend to set higher retail prices to make profits. The overall
profit of the supply chain is not superior to the centralized decision model.

Second, the design of contract mechanism can solve the problem of uncoor-
dinated decision of supply chain in decentralized decision-making mode, and
realize the win-win solution between manufacturer and retailer, but it needs the
participation and negotiation of manufacturer and retailer.

Third, government subsidies are conducive to promoting the promotion of
green products, but the final effect is also related to consumers’ willingness to
pay for green products. The higher the green sensitivity of consumers, the more
conducive to the green product input of manufacturers. Retailers are also more
inclined to reduce retail prices, and the profit of the supply chain will vary ac-
cording to the different decision models.

This article researches the issue of green supply chain decision-making and
coordination in the background of government subsidies, and complements the
lack of research in this area. However, this article only considers the situation of

single green product manufacturers and single retailers. In the future, it could be
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extended to multiple manufacturers and retailers. In addition, it is also mea-

ningful to research the situation that both green products and common products

exist, and the situation that different subsidy modes exist in the market.
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