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Abstract

As consumers’ demand for low carbon products is growing, we develop a two-echelon supply
chain with price-and-carbon-emission dependent demand consists of a dominant manufacturer
and a retailer, and compare the optimal price and carbon emission and profit under the centra-
lized and decentralized scenarios. Based on the manufacturer who wants to coordinate the whole
supply chain, two different coordination contracts are proposed. We find that these two contracts
not only improve profits of both sides, but also have the effect of carbon reduction. Finally we va-
lidate the effectiveness and environmental of these contracts through numerical examples.
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1. Introduction

In recent decades, increasingly serious global warming has affected all aspects of human life, even the survival
of human being. The work to reduce the emissions of greenhouse gases, most of which is carbon dioxide, has
risen to be a common sense of all the word, and it has brought people more green life concept. This concept has
affected people’s daily lives—people are willing to buy more environmental friendly products, which means that
the demand for certain products will be affected by this product’s environmental performance. Much research
also confirmed that. For example Kleindorfer et al. (2005) and Sarkis et al. (2011) found that customers will
continue to exert influence on companies to reduce the impact on the environment during production [1] [2].
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Kassinis and Soterious (2003) found that if the customers doubt the products’ environmentally performance, the
demand of this kind product will reduce [3]. And Klassen et al. (1996), Elsayed et al. (2005) found that if man-
ufactures reduce the impact of their products on environmental or improve the environmental performance of
their products will increase their market share [4] [5]. Thus we can predict that with the more widespread
awareness of environmental protection and enhanced in the future, the performance of the impact on environ-
mental will affect the market demand in a more prominent way. Therefore, considering the demand influenced
by product’s environmental performance, when coordinated supply chain, will be an inevitable trend.

Currently, there are many scholars carry out the researches on the coordination of two-echelon supply chain
with manufacturers and retailers. Wang et al. (2004) constructed a two-stage sales model, and applied the reve-
nue sharing contract to coordinate the profit of two parties [6]. Raju and Zhang (2005) considered two-echelon
supply chain model with a leading retailer, and studied how the parties collaborate for more benefit in the supply
chain [7]. While Xie and Wei (2009) obtained optimal equilibrium price collaboration and cooperative advertis-
ing strategy by coordinating manufacturers and retailers [8]. Ouardighi and Kim (2010) constructed a supply
chain with a vendor and two competing manufacturers who compete on price and product quality, and compared
the supply chain coordination between the wholesale discount and revenue sharing contract [9]. Du et al. (2011)
consider wholesale price discounts and credit contractual options to achieve supply chain coordination [10].

In the existing studies of supply chain coordination, the patterns of demand are different. Zhou et al. (2008)
concerned on the demand depends on the inventory levels [11]; Chauhan (2005) considers the demand influ-
enced by the price of the product [12]. While Yang and Zhou (2006) studied this case by the demand affected by
pricing among competitors [13]. And Parthasarathi et al. (2011) did this research under the demand depend on
pricing and the retailers’ initial inventory levels at the same time [14]. However, in existing research, fewer pa-
pers consider carbon emission when they express the demand. In this article, therefore, we are considering de-
mand depends on product sales prices and carbon emissions to study the supply chain coordination problem.

Reviewed the existing research of the coordination of supply chain, we found that the directions of the re-
search are mainly wholesale price discount contract, revenue sharing contract, buyback contracts and credit con-
tractual options. In this paper, the wholesale price with quantity discount contract and wholesale price are both
used to coordinated the supply chain, by determining the reasonable wholesale price range and the amount of the
discount, to achieve supply chain coordination, so that manufacturer and retailer got profits improved.

2. Fundamental Assumptions

We study a two-echelon supply chain coordination problem, with a dominated manufacturer and a retailer, both
of the manufacturer and retailer make their decision base on the of maximization of their profits. The manufac-
turer sell a single product to retailer by the price of w, while the retailer sell their products to customers at price p.

The market demand of retailer not only depends on the price p, but also sensitive to the carbon emissions per
unit of product. That requires to set a joint demand function with price and carbon emissions per unit of product,
and the demand is monotonically decreasing at product price and carbon emissions per unit of product. There-
fore we set the demand function as: the same as Yalabik et al. (2011) [15], D( p, g) =a—bp—kg . In this func-
tion, p is the per-unit price charged by the firm and g is the amount of emissions per unit of output produced.
The parameters a, b, and k are properties of the consumer market as follows: a is the market size, b is the sensi-
tivity of the market to the firm’s price, and k is the sensitivity of the market to the firm’s emissions.

At the same time, we assume that the manufacturer’s initial unit product emissions amount is gy, the fixed
production cost of per unit product is ¢, the manufacturer is able to carbon emissions per unit of product g by
means of technology transformation, and the transformation cost is t(g0 -9 )2 , (t > 0) decide the size of the cost.

Despite the growing awareness of environmental protection, compared to the price, the impact of carbon
emission on product demand is still much smaller. In addition, the cost of reducing carbon emissions and the
transformation is also very impressive. Therefore, we assume that the parameter b, k and t satisfy 4bt—k* >0,
make it more convenient for the following discussion .

3. Mathematical Formation and Analysis of the Model
3.1. Centralized Decision Model

Under centralized decision, the manufacturer and the retailer will form a unified one, its purpose is to maximize
the benefits of the whole supply chain, which is mainly achieved through the supply chain coordination and co-
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operation. In this paper, the centralized decision model of two-echelon supply chain is to maximize the profit of
the whole supply chain, and it is necessary to make the sales price p and the unit product carbon emissions g. In
this case, this decision is the global optimal one, and provides the benchmark for the coordination of the manu-
facturer and retailer in the decentralized decision. So in the case of centralized scenario, the entire supply chain
profit functionis =, :

7, =(p-c)(a-bp—kg)-t(g,-9)’ )
Take the partial derivative of the formula (1) for p and g respectively and make them equal to zero:

or,

5 =a+bc—-2bp-kg=0 2
P

aai:kc+2tgo—kp—2tg:0 3)
g

Simultaneous (2) and (3) and solved, we get:
. 2at+2bct—ck? —2ktg,

4
P 4bt —k* @
. 4btg, +bck —ak
=20 TR TR 5
9 4bt —k* ©)
Put the formula (4) and (5) into the demand function, we get:
2 —bc—k
D bt(a bc2 o) ©)
4bt —k
The optimal profit of supply chain under centralized scenario is:
t(4bt—k?)(a—bc—kg, )’
o ( )( 9) @

(4bt—k2)’
Theorem 1. There exist optimal p, and g, to maximize the profit of supply chain.

3.2. Decentralized Decision Model

In the case of decentralized scenario, manufacturer and retailer make their decisions to maximize their own
profits, the profit of the retailer 7, and manufacturer = are:

7, =(p-w)(a-bp-kg) 8)
7 =(W—c)(a=bp—kg)-t(g, - 9)’ )
Based on Stackelberg principle, we simultaneous (8) and (9), and solve, we get:

w2 Aat +4bct — ck? — 4ktg,

10
N 8bt —k* 10
. 8btg, +bck —ak
_ 11
N 8bt —k? D
. 6at+2bct —ck? —6ktg,
= 12
Py 8bt -k 12)
Put the formula (11) and (12) into the demand function, we get:
Df — 2bt(a—bc—kg,) 13)

N 8bt —k?
Theorem 2. The demand under decentralized scenario is smaller than the one under centralized scenario.
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Also, with the formula above, we get the optimal profit of manufacture, retailer and the whole supply chain:

. t(8ot—K?)(a—bc—kg,)’

m (14)

(80t —Kk2)’

4bt? (a—bc—kg, )’

LS 290) (15)

(80t —K?)

t(12bt —k?)(a—bc—kg, )’
T+, = ( )( 5 %) (16)
(8bt—k)
The margin profit in of the supply chain between centralized scenario and decentralized scenario is:
16b%t° (a—hc—kg, )°

Az, =7, —(72': +7rr’;): ( %) 17)

(4bt—K?) (80t —k?)’

Theorem 3. The profit of the supply chain under centralized scenario is bigger than the one decentralized
scenario.

We can find that, p; <py, 9, <dy and D, > Dy, which mean under centralized scenario the price and
emissions per unit of output produced is lower, and it accepts more customers than the decentralized scenario.
Not only it is good for environment, but also it can bring more profit.

So, we want to coordinate the whole supply chain, base on the centralized scenario. Therefore, how to moti-
vate the manufacturer and retailer make their decision throughout the supply chain profit maximization, how to
effectively design coordination mechanism and implementation is crucial

4. Coordination Contracts

Manufacturer and retailer coordinate with each other is to maximize the supply chain profits , but at the same
time, under coordination contracts the profits of manufacturer and retailer is not less than the profit they get un-
der decentralized scenario. That means they all attain Pareto optimal. We mainly determine a reasonable whole-
sale price and quantity discount of wholesale price contract to reach the coordination.

4.1. Wholesale Price Contract

In this case, the manufacturer develops a reasonable wholesale price to sell products to retailers, and the price
and the emissions per unit of output produced are the same with centralized scenario, while their own profits are
not less than the profits under decentralized scenario, Assume the wholesale price manufacturers gives is w, then
the profit of retailer and manufacturer are:

7y =(p; —w)Dy (18)

m1=(W—C)D.*—t(go—97)2 (19)

Theorem 4. When the wholesale price w is with (W, W, ), both the manufacturer and retailer would get
profits not less than the decentralized scenario one. While the

_mtt(-8i) +eD Do
min T DI* ’ max DI*
It’s easy to prove the theorem 4, from the assumptions above, we know
Ty 27, T

i =7

Thatare (pj—w)D; >z;, (w—c)D,"—t(gO—g;‘)zzf

m
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* * 2 * % % %
ﬂm+t(go—g,) +cD, we pD -7

Then we get w> " —
DI DI

T, +t(g0 —g,")2 +cDy;

Finally, w;, = D
p'D -x’ Ar
Winax :+|*r, Winax ~ Winin :FIC> 0
When w e (W,,,, W, ), the profit of this case is equal to the centralized scenario, compare with decentralized

scenario we can get the increased profit of manufacturer and retailer .
1) The increased profit of supply chain: Az, = (W, — W, )D; >0
2) The increased profit of retailer: Az, =(W,, —W)D; >0
3) The increased profit of manufacturer: Az, =(w-w,,)D; >0
When w=w,,, , the increased profit of retailer and manufacturer are 0 and Az, .
When w=w,;, , the increased profit of retailer and manufacturer are Az, and 0.

min !

4.2. Wholesale Price Discount Contract

Manufacturers and retailers make the decision to maximize the profit of the supply chain the demand will also,
as we can know for n the formula D, > Dy, increased. So for the cooperation of retailer, we can make a
wholesale price discount if the demand of retailer is bigger than Dy, , then the part of Dy, is sell to retailer at
price w, while the part above Dy will get a discount 0. The profit of the retailer =,, and the manufacturer
7., arerespectively:

7., =( Py —w) Dy, +( p; —ow)(D; - Dy ) (20)
Tz = (W—€) D +(ow—c)(D; ~ D )~t(g, ~ g} ) (21)

Theorem 5. When the wholesale price discount & is with (0,0 ), both the manufacturer and retailer
would get profits not less than the decentralized scenario one. While the

| :n; +t(go—g]“)2+CDf—WD§ _ p;D; —wDy, — 7,
m'” w(D; -D}) w(Dj -D})

! max

When 0 € (0,0 ) - the profit of this case is equal to the centralized scenario, compare with decentralized
scenario we can get the increased profit of manufacturer and retailer .

1) The increased profit of supply chain: A7z, = (0. —Omin )W(Dl" -Dy, ) >0

2) The increased profit of retailer: Az, = (0, —6)W(D,* - Dy, ) >0

3) The increased profit of manufacturer: Az, , =(0-0,,, )W(DI - Dy, ) >0

When 0=0,,,, the increased profit of retailer and manufacturer are 0 and Az, .

When 0=0,,,, the increased profit of retailer and manufacturer are Az, and 0.

max ?

min !

5. Numerical Examples

For a market whose total demand is 200, and g,=20, c=5 the demand function is D( p, g) =200-8p-g,
the the transformation cost is 0.5(20— g)2 , then we can get the following table.

From Table 1, we know that the profit and demand of centralized scenario is bigger than decentralized scena-
rio, also the carbon emissions is smaller, that means under the centralized scenario, we can get a better emission
reduction. So it’s importany to use the contracts we design.

From Table 2, we know if the manufacture make the wholesale price unde the range of (9.30, 12.15), the
profit of the whole supply chain, retailer and manufacturer will improve. If the wholesale price is 13, the dis-
count will give to the part of (D,* - Dy ) =38.53764 . Also it will decrease the carbon emission.
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Table 1. The results under centralized scenario and decentralized scenario.

Centralized scenario Decentralized scenario
P g D 7, Py N w, Dy A .,
14.33 10.67 74.67 653.33 18.55 15.48 14.03 36.13 163.16 316.13

Table 2. The results of different contracts

Contracts Profit of chain Profit of retailer Profit of manufacturer Parameter range
. (Wmim Wmax)
Wholesale price 653.33 (163.16, 337.20) (316.13, 490.17) (9.30. 12.15)
Whenw =13
Wholesale price discount 653.33 (163.16, 337.20) (316.129, 490.17) (Cin+ O )
(0.53, 0.87)

6. Conclusions

With the popularity of green life, the demand for green products is being more intense. Based on this, we con-
sider the impact of price and carbon emissions on demand, and coordination of two-echelon supply chain. The
profit realized by centralized scenario is bigger than decentralized scenario, and the carbon emission is lower.
To coordinate the supply chain and improve the profit of both manufacturer and retailer, we design two con-
tracts; within the range we give, we can achieve our goals. For a more green production, it is important to use
this kind of contract.

Also, there are limitations of this research. The most important is we do not give specific contracts, including
the contract of wholesale price and contract of wholesale price discount, but, to a certain extent, the result of this
paper provides effective suggestions.
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