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Optimal Policies in a Green Supply Chain with
Reference Price Effect and Fairness Concern

Shengju Sang

Abstract—This paper explores the influences of reference
price effect and fairness concerns on the pricing policies and
green strategies in a two-echelon green supply chain with one
manufacturer and one retailer. Three game theory models with
Manufacturer-Stackelberg (MS) game, Retailer-Stackelberg
(RS) game and Vertical-Nash (VN) game are developed, and
their optimal solutions are also derived. Finally, the results of
the proposed game models are analyzed via a numerical
example. The results show that the wholesale price, the
greening level, and the retail price are lower in the scenario
with the reference price effect and the fairness concern than
without. The retailer can benefit in the three games, while the
manufacturer can suffer in the MS and RS games with
consideration of the reference price effect and the fairness
concerns.

Index Terms—green supply chain, reference price effect,
fairness concern, game theory

I. INTRODUCTION

W ITH economic globalization and environmental
resources issues becoming increasingly prominent,
the green supply chain is becoming a hot topic and
capturing keen scientific attention. The application of green
supply chain management can improve the environmental
and economic performance of supply chain members, as
well as enable members to obtain competitive advantage,
which encourages supply chain to be continually
sustainable.

As green policies have received increasing attention,
there is wide research on the appropriated operation
decisions under green supply chain. Some researchers are
interested in studying the problems of the pricing and
coordination strategies in green supply chains. For example,
Ghosh and Shah [1] developed game theoretic models in a
green supply chain and studied the impact of channel
structures on the greening levels, prices and profits. Xie et
al. [2] considered the selection of cleaner products in a
green supply chain, where the manufacturer and the retailer
faced financial risk. Xie et al. also [3] investigated the
selection of cleaner products with the consideration of the
tradeoff between risk and the return of players in a green
supply chain. Xie [4] analyzed the impact of the threshold
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value of energy saving levels on energy saving levels and
the price with an integrated structure and a decentralized
setting in a green supply chain. Liu and Yi [5] studied the
pricing policies of green supply chain considering targeted
advertising and product green degree in the Big Data
environment. Swami and Shah [6] proposed a two part tariff
contract to coordinate the green channel with a manufacturer
and a retailer. Zhang and Liu [7] studied the coordination
mechanism by using a revenue sharing mechanism, Shapley
value method coordination mechanism and asymmetric
Nash negotiation mechanism in a three stage green supply
chain. Zhang et al. [8] also investigated the pricing and
coordination strategies of green supply chain under hybrid
production mode. Ghosh and Shah [9] explored the supply
chain coordination issues by two cost sharing contracts, one
in which the retailer offered a cost sharing contract and the
other in which the retailer and the manufacturer bargained
on the cost sharing contract. Huang et al. [10] studied the
green supply chain coordination with multiple suppliers, a
single manufacturer and multiple retailers by a
game-theoretic model. Basiri and Heydari [11] investigated
the green channel coordination issue in a two-stage supply
chain with a non-green traditional product and a new
substitutable green product. Song and Gao [12] developed
two green supply chain game models under the revenue
sharing contract and showed this contract could improve the
greening level of the products. Some research has also
begun to emerge in the area of the competition of green
supply chain. Sheu [13], Sheu and Chen [14] analyzed the
impact of governmental intervention on competing green
supply chains. Li et al. [15] studied the optimal pricing and
greening strategies in a competitive dual-channel supply
chain. Chen et al. [16] studied the pricing and greening level
strategies in a duopoly green supply chain with a green
manufacturer, a traditional manufacturer and a common
retailer under vertical and horizontal competition.
Hafezalkotob [17] considered price and energy saving
competition and cooperation models between two green
supply chains under government financial intervention. Zhu
and He [18] investigated the green product design problems
in green supply chains under competition including a
horizontal retailer competition case and six cases of
competing supply chains. Recently, Yang and Xiao [19]
studied the pricing and greening level decisions in a green
supply chain with governmental interventions under fuzzy
uncertainties. Sang [20] developed three different
decentralized decision models of green supply chain, in
which the demand and cost were fuzzy.

All studies mentioned above discussed the green supply
chain issues assumed that the supply chain members were
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rational-economic men, who always tried to maximize their
own profits. However, abundant evidence shows that supply
chain members not only care about their own profits, but
also the profit difference between the two sides, meaning
they concern about fairness. Cui et al. [21] investigated how
fairness concerns affected channel coordination in a supply
chain. Caliskan-Demirag et al. [22] studied the supply chain
coordination problem under fairness concerns with
nonlinear demand functions. Yang et al. [23] studied the
cooperative advertising problem in a distribution channel
with a manufacturer and a retailer when the retailer had
fairness concerns. Du et al. [24] studied a newsvendor
problem in a dyadic supply chain in which both the supplier
and the retailer had the preference of status-seeking with
fairness concerns. Recently, Nie and Du [25] investigated
quantity discount contracts with two fairness concerned
retailers in a dyadic supply chain. Sang [26] studied the
pricing and retail service level decisions between one
manufacturer and one retailer when the manufacturer had
fairness reference.

In addition, some previous empirical studies have
demonstrated that reference price significantly affects the
market demand. Reference price, which is the cognitive
price that consumers form based on historical prices of the
product, plays a key role in the purchase decisions of
consumers. Zhang et al. [27] studied the equilibrium pricing
strategies between the retailer and the manufacturer with
reference effects in a competitive supply chain. Lin [28]
studied the price promotion problem with the reference
price effects of consumers in a supply chain. Xu and Liu
[29] studied the optimal decisions of the manufacturer, the
retailer and the third party in a closed loop supply chain
with reference price effect.

However, very few studies have addressed the issues of
reference price effect and fairness concerns in a green
supply chain. Therefore, it is important to study the pricing
and greening level decisions when the consumer has
reference price and the supply chain members have fairness
concerns. In this paper, we discuss the pricing and greening
level decisions with a manufacturer and a retailer, in which
the consumer has reference price and the retailer has
fairness concerns. We mainly discuss the conditions where
the manufacturer and the retailer pursue three different
power structures: pursuing the Manufacturer-Stackelberg
game, playing the Retailer-Stackelberg game and acting in
the Vertical- Nash game.

The rest of paper is organized as follows. Section Il
briefly describes the problem and the notations in our
models. Section Il develops three non-cooperative games
between the manufacturer and the retailer when the retailer
has fairness concerns. A numerical example is provided to
illustrate the results of the proposed models in Section IV.
Finally, Section VV summarizes the work done in this paper
and further research areas.

Il. PROBLEM DESCRIPTIONS

This paper considers a two-echelon green supply chain
consisting of a manufacturer selling his green product to a
retailer, who in turn retails it to the consumer. We assume
the manufacturer produces only one green product and the
retailer sells only single product.

Following Ghosh and Shah [1], Xu and Liu [29], we
model the demand faced by the manufacturer and the
retailer as a linear function of the retail price p , the greening
level 9 and the reference price of the consumer », which is
given by

qg=a-pPp+y0-i(p-r) (1)
where the parameter « represents the market potential, the
parameter g represents the sensitivity of demand to price
changes, the parameter y represents the demand expansion
effectiveness coefficient of the greening level by the
manufacturer and the parameter A represents the reference
price coefficient.

Further, let w denote the wholesale price per unit charged
to the retailer by the manufacturer, cthe manufacturer’s
cost of producing its green product and m the retailer’s profit
margin on the green product. As the retail price can be
considered as the total of the profit margin and wholesale
price, we consider retail price as p=m+w . Then the

demand for the product can be rewritten as
q=a—ﬁ(m+w)+}/9—/1[(m+w)—r} 2
It is assumed that the greening level modeled here does

not affect the manufacturer’s marginal cost. Further, the cost

of achieving green innovation requires fixed investment,
which is a quadratic function of the level of greening level 6.

It is given by%na2 , where the parameter n is the investment

coefficient.

According to the problem descriptions, the profits of the
manufacturer and the retailer can be expressed as,
respectively

I1, =(w—c){a—ﬂ(m+w)+7/9—/?.[(m+w)—r}} —%7762 3)

HR:m{a—ﬂ(m+w)+;/0—/1[(m+w)—r]} (O]
We assume that the manufacturer is fairness neural and
his utility U,, equals his profitIT,, , that is

Uy =1, =(w=c){a=plm+w) 470~ (mew) - | =26 6)
The retailer has fairness concern and her utilityU,, is
given as follows
Uy =11, -5 (I, ~T1,)
= (1+8)m{a—B(m+w)+y0—A[ (m+w)-r ]}

—5(w—c){a—ﬂ(m+w)+79—/1[(m+w)—r]} +g77¢92 (6)

where 6 is the retailer’s fairness concern parameter and
5€[0,1]. When5=0, it means the retailer is fairness
neutral, and he does not concern fairness. The greater it is,

the more the retailer is concerned about the fairness of the
distribution.

I1l. MODELS ANALYSIS

In this section, we analyze the manufacturer and the
retailer how to set their optimal policies when they pursue
different power structures in a green supply chain. The
manufacturer determines the wholesale price and the
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greening level, and the retailer decides the profit margin.
We mainly discuss the conditions where they pursue three
non-cooperative games: the manufacturer leads the supply
chain, the retailer leads the supply chain, and they have the
same power.
A. Manufacturer-Stackelberg game

Under the MS (Manufacturer-Stackelberg) game, the
manufacturer holds more bargaining power than the retailer.
Thus, the manufacturer acts as the Stackelberg leader and
the retailer acts as the Stackelberg follower. That is, firstly,
the manufacturer sets the wholesale price w and the
greening level @by using the retailer’s reaction function.
Then, the retailer sets the profit margin m so as to maximize
his utility.

We first obtain the optimal reaction function of the
retailer. Proposition 1 gives the result.
Proposition 1. Under the MS game, the optimal reaction

function m’"(w,0) of the retailer can be given by

considering the wholesale price and the greening level
made earlier by the manufacturer

. _a+ﬂr—(ﬁ+/1)w+ (&) 5(w—c)
m(6)= 2(4+2) : 2(1+9)

Proof. Referring to (6), we can get the first order derivative
of U, tomas follows

O

s _ o+ 8) (Bt Aym—(B+ 2)w+ (1+8) 70

+(1+6)(a+ar)-8(B+2)c (8)

Then, the second order derivative of U, to m can be
shown as

d’uU,

dm®

Note that the second order derivative of U, tom is
negative definite, since >0, 4>0 and 0<6<1 .
Consequently, U, is strictly concave inm .

Setting (8) to zero, the first order condition can be shown
as

=2(1+8)(B+A)m—(B+A)w+(1+5)y0
+(1+6)(a+ar)-S6(B+4)c=0 9)

=-2(1+6)(B+41)

Solving (9), we obtain

i () = a+ir—(B+A)w+y0 . S(w—c)
2(p+2) 2(1+6)
The proof of Proposition 1 is completed.
After knowing the retailer’s reaction function, the

manufacturer would use it to maximize his utility by
choosing the wholesale price and the greening level.

Proposition 2. Under the MS game, if4(B+1)n >y,

then the optimal policies of the manufacturer and the
retailer are

Ve 2(1+5)77[a+ﬁ,r—(ﬂ+/1)c]
C4(1+28)(B+A)n—(1+8)y°

+c (10)

~ (l+5)7[a+/lr—(ﬂ+/1)c]
C4(1+25)(B+A)n—(1+8)p°
(l+55)77[a+/1r—(ﬂ+/1)c}

" a1 20)(frA)n—(1+0) 7 (12)

(11)

Proof. Substitutingm™ (w, @) in (7) into (5), we can get the
utility of the manufacturer U,, as follows

1 B _5(/3’+ﬂ.)(w—c) 1 13

UM_Z(W c) a+Ar (ﬂ+l)w+79 T s 277(92 (13)

From (13), we can get the first order derivatives
ofU,, tow and & as follows

ou, 1+26 1 1 1+36

Mo—_ +AwH+—pyf+—-a+ +A 14
ow 1+6(ﬂ Jw 27 2a 2(1+6)('B Je (14)
ou,, 1 1
— M —_pl+= J— 15
s 10+ ywore (15)

Then, the second order derivatives ofU,, tow and § can
be shown as

2 2
0 U2M :_ﬂ(ﬂ_ﬁ%)] Uy =1 .
ow 1+6 owold 2
o’U, _ . U, :17_
06° " otow 2
Thus, the Hessian matrix can be obtained as
o*U,, o0U
é” ¥ —1+2§(ﬂ+/1) l}/
= ow owol _ 1+0 2
o*U,, oU 1
= X 4 -n
oGow 00 2

Note that the Hessian matrix is negative definite,
since 4(B+A)n>y*and 0<5<1. Consequently, U, is
strictly jointly concave inw and 4.

Setting (14) and (15) to zero, the first order conditions
can be shown as

1+26 1 1 1+36
- 2w+ y0+= A)e=0 (16
1o PHA G0yt s g P Ae=0 (8)
—7749+%}/w—%;/c:0 (17

Solving (16) and (17), we obtain
.21+ 5)f7[a+ﬁ,r—(ﬁ+/1)c}
w =
4(1+28)(B+A)n—(1+0)y*

. () a+ar—(p+)c]
S 4(1+25)(B+A)n—(1+6) 7

Substituting w"and @ into (7), we obtain

(1+58)n[a+ir—(B+2)c]
4(1+28)(B+A)n—(1+3)y

*

The proof of Proposition 2 is completed.
Then, the retail price can be obtained as

p=w+m
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~ (3+75)n[a+/1r—(ﬁ+/1)c}+c
C4(1+28)(B+A)n—(1+8)p° (18)

By combining (10), (11) and (12) with (5) and (6), we
derive the optimal utilities of the manufacturer and the
retailer in the MS case as follows

. *:(1+§)2[4(,B+/1)77—;/2J77[a+/1r—(ﬂ+/1)0}2
2[4(1+26)(p+ ) n—(1+6) 7 |

- (1+6)°[2(1+36)(B+A)n+8 [n[ e+ ar—(B+2)c]

! 2[4(1+25)(B+A)n—(1+5) |

Remark 1. If 1 =0, then the reference price effect of the
consumer is not considered, and the optimal policies of the
manufacturer and the retailer under the MS game are

. 2(1+68)n(a - Be)
4(1+28) n—-(1+6)
- (1+6)y(a-pc)
4(1+25) pr—(1+0) 7

. (1+55)77(a—ﬂc
4(1+25) - (1+6)

)

)

. (3+78)n(a-pc)
4(1+28) B —-(1+6)r*

" 2[a(1+25) pr-(1+6)5]

. (1+6) (4ﬂn—72)n(a—ﬂczz

(1+6) [ 2(1+38) B+ 87" |n(a—pe)’
2[4(1+28) pn—(1+8)7* |
Remark 2. If § =0, then the fairness concern of the retailer

is not considered, and the optimal policies of the
manufacturer and the retailer under the MS game are

. 2q[a+zr—(ﬁ+z)c]+
4(,3-1-/1)77—72
. }/[a+/1r—(ﬁ+/1)c]
- 4(p+A)n-y*
. 77[0:+/1r—(ﬁ+/1)c}
"= 4(p+A)n-y*
. ﬂ[a+/1r—(,b’+ﬁ,)c]
- 4(p+A)n-y*
U *:[4(ﬂ+/1)77—;/2}77|:a+/1r—(ﬁ+/1)c}2
" 2[4(ﬂ+/1)77—;/2]2
U*_[2(,B+/1)77+§}/2J77[a+/1r—(ﬂ+/1)c]2
! 2[4(B+2)n-r*]
Remark 3. If A=0and& =0, then neither the reference
price effect of the consumer nor the fairness concern of the

retailer is considered, and the optimal policies of the
manufacturer and the retailer under the MS game are

+c

*=27](0!—ﬂc) 9*=7/(a—ﬂc)
apn-y* apn-y* '
o a=pe) o Snlazpe)
4pn—y 4pn—y
U= n(a—ﬁc): | U*='an(a_ﬂcz)2.

2(4pn-7") (4pn-7%)

B. Retailer-Stackelberg game

Under the RS (Retailer-Stackelberg) game, the retailer
holds more bargaining power than the manufacturer. Thus,
the retailer acts as the Stackelberg leader and the
manufacturer acts as the Stackelberg follower. That is, firstly,
the retailer sets the profit margin m by using the
manufacturer’s reaction functions. Then, the manufacturer
sets the wholesale price w and the greening level #so as to
maximize his utility.

We first obtain the optimal decisions of the manufacturer.
Proposition 3 gives the results.

Proposition 3. Under the RS game, if2(+1)n > y*, then

the optimal reaction functions w™ (m)and 6~ (m)of the

manufacturer can be given by considering the profit
margin m made earlier by the retailer

B n{—(ﬂ+ﬂ,)m+[a+/1r—(ﬂ+/1)c]}

w**(m)— 2(ﬂ+/1)77—72 +c  (19)
e**(m):7{—<ﬂ+ﬂ;f(nﬂ++[j;7{ry—z<ﬂ+ﬂ>d} @0)

Proof. Referring to (3), the first order derivatives of
U,, tow and & can be shown as

%:—2(ﬂ+/1)w+7¢9—(ﬁ+/1)m+a+/1r+(ﬂ+/1)c(21)
6;]6,;4 =-nd+yw-yc (22)

Then, the second order derivatives of U,, tow and € can
be shown as

o°U U
6w;4 - _2(ﬂ+/1)' 6wé‘j‘; A
o°U o’U
oo - aow
Thus, the Hessian matrix can be obtained as
o’u,, o°U,,
| oWt owoe :‘—2(ﬂ+/1) y
o’u,, o°U,, y -7
06w  06?

Note that the Hessian matrix is negative definite, since
2(B+A)n>y* . Consequently, U, is strictly jointly

concave inwand é.
Setting (21) and (22) to zero, the first order conditions
can be shown as

2(B+A)w+y0—(B+A)m+a+ir+(B+A)c=0  (23)
-n@+yw—yc=0 (24)
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Solving (23) and (24), we obtain
~ n{—(ﬁ+/1)m+[a+ﬂr—(ﬂ+/1)c]}

wﬁ(m)— 2(ﬂ+/1)77_7/2 +c
. y{=(B+A)ym+[a+ir—(B+2)c]}
0" (m)= 205+ )17

The proof of Proposition 3 is completed.

After knowing the manufacturer’s reaction functions, the
retailer would use them to maximize her utility by choosing
the profit margin.

Proposition 4. Under the MS game, if2(B8+1)n >y,

then the optimal solutions of the manufacturer and the
retailer are

**:(1+25)[a+/1r—(,8+/1)c]

(2+30)(p+ 1) &

e (1+5)77[a+/1r—(ﬂ+2)c]+c
(2+35)[2(B+A)n-7"] (29)
. (0)r[atir—(B+2)c] 27

 (2+38)[2(B+ )77 ]

Proof. Substituting w™ (m)and 8™ (m)into (6), we get the
retailer’s utility as

(1+8)(B+A)n
Uy=—""—"—" A)ym— Ar— A
2(prA- n{(pe2ymAfasir=(ped)e]
on
22(p+2)n-7
From (28), we can get the first order derivative
of U,tomas

J{(ﬁﬂ)m—[mﬂr—(ﬁw)d}z(28)

dU, _ (,B+/1)77 . \m
dm - 2(,34—2.)77—72 {(2 35)(16 ’1)
~(1+28)[a+ar—(B+2)c]| (29)

Then, the second order derivative of U, to m can be
shown as

U, (2+35)(B+4)n
dm? 2(p+A)n-»*
Note that the second order derivative of U, tom is
negative definite, since 2(B8+A4)n>y® and 0<5<1 .
Consequently, U, is strictly concave inm .

Setting (29) to zero, the first order condition can be
shown as

__ (B+A)n

2(B+A)n-y*
~(1+26)[a+Ar—(B+A)c]} =0 (30)
Solving (30), we obtain

{(2+38)(p+2)m

o (1+25)[a+/1r—(ﬂ+/1)c]
- (2+358)(p+4)

Substituting m™ into (19) and (20), we obtain

- (1+5)q[a+/1r—(ﬂ+/1)c]+
(2+30)[2(B+A)n-7" ]

o (1+8)y[a+ir—(B+2)c]
(2+35)[2(B+A)n-7"]

The proof of Proposition 4 is completed.
Then, the retail price can be obtained as

p=w +m”

[(3+80)(B+A)n—(1+26)7* Jla+ar—(p+2)c]

= +c (31)
(2+35)(,5+/1)[2(/3+/1)77—y2]

By combining (27), (28) and (29) with (5) and (6), we
derive the optimal utilities of the manufacturer and the
retailer in the RS case as follows

v (o) nla+ar—(p+a)c]
Y 2(2+38) [2(p+A)n-1]
v (oY pla+ar—(p+a)c]
©2(2+38)[2(B+ -1
Remark 4. If 4 =0, then the reference price effect of the

consumer is not considered, and the optimal policies of the
manufacturer and the retailer under the RS game are

e (1+8)n(a—pc) e
(2+35)(28n-7%)
g - (1+68)y(a—pc)
(2+35)(28n-7*)
m**:(1+25)(a—ﬁc)
(2+36)B

. [(3+53)pn—(1+25)y" |(a - Bc)

= +c
(2+35)B(28n-7")
- (1+68) n(a-pe)
Y 2(2+35) (28072
- (1+ 5)277(a—ﬁc)2
T 2(2+35)(28n-77)
Remark 5. If 6 =0, then the fairness concern of the retailer

is not considered, and the optimal policies of the
manufacturer and the retailer under the RS game are

o 77[0:+/1r—(ﬁ+/1)c]+
2[2(B+A)n-7"]
g = }/[a+/lr—(ﬂ+l)c}
2[2(B+4)n-7"]
m**:[a+/1r—(ﬂ+/1)c]
2(p+42)
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. [3(B+A)n—7y*|[a+ar—(B+2)c]
2(8+ ) 2(B+2)n-7"]
o nla+ar—(p+a)c]
8[2(ﬁ+/1)77—;/2]
. 77[0(+/1r—(ﬁ+/1)c]2
# al2(p+A)n-r"]
Remark 6. If A=0and& =0, then neither the reference
price effect of the consumer nor the fairness concern of the

retailer is considered, and the optimal policies of the
manufacturer and the retailer under the RS game are

w = —( ﬂc) +c, 67 =—y(a—ﬂcz ,
2(2pn-7") 2(2pn-7")
@B (3ﬂn—72)(a—ﬂc)+c
28 28(2Bn-7")
- n(a—ﬂc)z - n(a—ﬁc)z
Uy =or——v Ur =57
8(2pn-7") 4(2pn-7*)
C. Vertical-Nash game
Under the VN (Vertical-Nash) game, the manufacturer
and the retailer have equal bargaining power. That is, the
manufacturer determines his wholesale price w and the
greening level @, and the retailer makes her profit margin m
simultaneously and independently, so as to maximize their
utilities.
Proposition 4. Under the VN game, if 231 > »°, then the
optimal solutions of the manufacturer and the retailer are

_[(4+30)(B+2)n-2(1+6)y* [n[a+ir—(B+2 c]+

2B+ A) -7 ][(6+75)(B+A)n-2(1+5) ]
(32)
[(a+35)(B+2)n-2(1+6) 7" |y[a+ar—(B+2)c]
[2(B+A)n-7"][(6+75)(B+2)n-2(1+5)" ]
(33)

+c

M

Skok

- 2(1+25)n[a+Ar—(B+2)c]
(6+73)(B+A)n-2(1+8)y*

(34)

Proof. Note thatU,, is strictly concave inwand &, and U, is
strictly concave inm .

Then, the first order conditions of U,, and U, can be
shown as

%:—2(ﬂ+/1)w+79—(ﬁ+/l)m+a+/1r+(,b’+/1)c =0

(35)

ZL;Z—UH-F}/W—}/C:O (36)
Y _ p(118)( B+ A)m—(B+ A)w+(1+5)10

+(1+6)(a+Ar)=5(B+21)c=0 (37)

Solving (35), (36) and (37), we obtain

m_[(4+3§)(ﬂ+ﬂ)7]—2(1+5)72]77[a+/1r—(/3+2)c}
2B+ 2017 ](6+75)(p+A)n-2(1+6) ]
[(4+30)(B+2)n-2(1+0)y* |y[a+ar—(B+A)c]
[2(B+A)n- y][(6+75)(ﬂ+;t)n 2(1+5)5” |
m:2(1+25)77[a+/1r—(ﬂ+/1)c]
(6+78)(B+A)n-2(1+5)y*

The proof of Proposition 5 is completed.
Then, the retail price can be obtained as

ok

Hokke Hokk ek

p =w +m
:[(8+115)(ﬁ+/1)77—2(2+35)72],7[a+/1r—(ﬂ+/1)c]
[2(B+4)n-7" ][ (6+75)(B+A)n—2(1+5)y" ]

(38)

By combining (32), (33) and (34) with (5) and (6), we
derive the optimal utilities of the manufacturer and the
retailer in the VN case as follows

e :[(44_35)(:3"‘1)77—2(14-25)72]2 77|:a+/b’—(,3+ﬂ)c:|2
22(p+ -1 [(6+76)(p+A)n-2(1+8) 7 |
- [(4+35)(ﬂ+,1),7 2(1+8) n[a+ 18+ 2)c]

2[2(p+2) -y [(6+78)(p+A)n-2(1+8)y* |
x[(4+85+55%)(B+A)n+25(1+5)y” ]

Remark 7. If A =0, then the reference price effect of the
consumer is not considered, and the optimal policies of the
manufacturer and the retailer under the VN game are

- [(4+35) Bn—2(1+6)* |n(a—pe) .
(2,377—y2)[(6+75)ﬂ77—2(1+5)y2]
e [(4430) B -2(1+8)7" 7 (a-
6
(2pn- ;/)[(6+7§)ﬁ'77 2(1+5) ]

o 2(1+ 25)77(0:—ﬂc)
(6+75)Bn-2(1+05)y*

[(8+115)/377 2(2+35)y* [n(a- +
(2n- )[6+75)ﬂn 2(1+6)y ] ‘

Hokke

p

o _[(4+36) pr—2(1+25)7 T n(a—pey
2(287-7)[(6+75) - 2(1+5);%]

M

 [(4+35) Bn-2(1+6)7” |n(a—pe)’
2(2ﬁ77 7’ )[(6+75) Bn—2(1+5)y ]

x[(4+85+552),6'77+25(1+ 5)%]

R

Remark 8. If 6 =0, then the fairness concern of the retailer
is not considered, and the optimal policies of the
manufacturer and the retailer under the VN game are

. [8(8+)n-27Jn[a+ ar—(B+2)c]
BRI Era
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o [2(,3+l)77—7/2]7[a+Ar—(ﬂ+i)c]
[2(8+2)n-7"][3(B+A)n-7"]
- nla+ir—(p+4)c]
3(B+A)n—(1+8)y°
- 2[2(ﬁ+/1)77—yz}n[a+/lr—(ﬁ+/1)c}
[2(B+2)n-7"][3(B+A)n-7"]

- [2(8+2)n-7] nect ar~(p+2)c]
[2(8+2)n-7 ] 3(5+An-(1+6)7* ]

U 2(8+A)pla+ar—(p+2)c]
= 2
[3(ﬂ+}t)77—]/2]
Remark 9. If A=0and§ =0, then neither the reference
price effect of the consumer nor the fairness concern of the

retailer is considered, and the optimal policies of the
manufacturer and the retailer under the VN game are

w :—n(a_ﬂi)+c .0 :—)/(a—ﬁcz) ,
3pn—y 3pn-y
mm:n(a—ﬁc) ***:277(a—ﬂc)+c
3pn-y* pn-y*
b (28n-7")n(a-pe)
2(3p7-7°)
g P pe)
(38n-7°)

IV. NUMERICAL EXAMPLE

Owing to the complicated forms of the solutions, we
conduct a numerical example to compare the optimal
policies under three different game models. The following
parameters are used for illustration;

a=100,4=5,y=4,1=5,c=6and r=15.

Based on the analysis showed in the Section I, we
present the results of the optimal prices, greening level and
utilities of the supply chain members in the MS, RS and VN
games in Tables I, Il and I1l. The optimal policies without
reference price effect of the consumer and fairness concern
of the retailer are shown in Table I, and the impacts of the
reference price coefficient and the fairness concern
coefficient on the optimal polices under the MS, RS and
VN cases are shown in Tables Il and 111, respectively.

TABLE |
THE OPTIMAL POLICES WITHOUT REFERENCE EFFECT AND
FAIRNESS CONCERN

w [ m p Uy, U, Uge
MS 1433 3.33 4.17 18.50 145.83 86.81 232.64
RS 11.15 4.12 7.00 18.15 90.07 180.15 270.22
VN 11.93 4.75 5.93 17.86 119.65 175.95 295.60

TABLE Il
THE OPTIMAL POLICIES WITH DIFFERENT 4 (5=0.5)
7 w 0 m p Uy, Uy Usc
MS 1 1149 219 640 17.89 7825 11888  197.13
3 1092 197 573 1665 86.99 12565 21264
5 1059 1.83 535 1594 9682 13576 23258
7 1038 175 510 1548 107.19 147.38 25457
9 1023 169 493 1516 117.86 159.82  277.68
RS 1 985 308 752 1737 6513  227.96  293.09
3 925 260 6.93 1618 6751 23627 303.78
5 893 235 657 1550 7229  253.03 32532
7 874 219 633 1507 7810 27335 35145
9 861 209 6.16 1477 8443 20552  379.95
VN 1 1043 355 6.67 17.10 8642 22270  309.12
3 993 314 584 1577 9865 22597 .24.62
5 964 291 539 1503 111.24 23840 349.64
7 945 276 510 1455 12410 25480 378.90
9 933 266 489 1422 137.14 27326  410.40
TABLE Il
THE OPTIMAL POLICIES WITH DIFFERENT & (4=5)
5 w 0 m P Uy, Uy Usc
MS 01 1169 228 284 1453 14882 10644 255.26
03 11.00 2.00 250 1349 11485 12159 236.43
05 1059 1.84 229 1288 9682 13576 23258
07 1032 173 216 1248 8575 149.69 23544
09 1013 1.65 206 1219 7830 16358 241.88
RS 01 927 262 600 1527 9003 207.07 297.10
03 907 245 6.34 1541 7929 229.37 308.46
05 893 235 657 1550 7229 253.03 32532
0.7 884 227 673 1557 67.67 27744 35571
09 877 221 685 1562 6432 302.32 366.64
VN 01 1011 3.28 460 1471 14157 19371 33551
03 9583 307 506 1489 12331 21520 33851
05 964 291 539 1503 111.24 23840 349.64
07 950 280 562 1512 10270 26252 365.22
09 939 271 581 1520 96.35 287.16 38351
Based on the results showed in Tables I, 1l and IlI, we
find:

1) The wholesale price w is the highest in the MS game
when the manufacturer has more bargaining power,
followed by the VN and then the RS games. The
greening level @ is the lowest in the MS game this is
because under this game the full costs of investment
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are afforded by the manufacturer. The profit margin of
the retailer m is the highest in the RS game, followed
by the VN and then the MS games.

2) The retailer sets the highest retail price in the MS
game and the lowest in the VN game in Tables | and
I1, while the retail price is the highest in the RS game,
followed by the VN and then the MS games in Table
1.

3) The manufacturer obtains the largest utility in the MS
game, and the smallest in the RS game in Tables |
and 111, while he obtains the largest utility in the VN
game, and the smallest in the RS game in Table II. On
the other hand, the retailer obtains the largest utility
in the RS game, and the smallest in the MS game. It
indicates that the actor who is the leader in the supply
chain not always takes advantage in making the
higher utility with reference effect and fairness
concern. In addition, the supply chain system always
obtains the largest utility in the VN game, followed
by the RS and then the MS games.

4) When the reference price coefficient of the consumer /4
increases, the wholesale price w, the greening level 6,
the profit margin m and the retail price p are all
decreasing in the three games. While the utilities of
the manufacturer, the retailer and the supply chain
system increase as the reference price coefficient 1
increases.

5) When the retailer’s fairness concern coefficient o
increases, the wholesale price w, the greening level 9
and the profit margin m decrease. The retailer price p
decreases as the fairness concern parameter o
increases in the MS game, while the retailer price
increases as the fairness concern coefficient o
increases in the RS and VN games. The utility of the
manufacturer decreases as the fairness concern
coefficient J increases, while the utility of the retailer
increases as the fairness concern coefficient o
increases. When the fairness concern coefficient ¢
increases, the utility of the supply chain system
increases in the RS and VN games, while decreases
first and then increase in the MS game.

6) The optimal policies in Table | show the results at
A=0and s =0, which are just the optimal solutions
without consideration of the reference price effect of
the consumer and the fairness concern of the retailer.
Compared these optimal solutions without reference
price effect and fairness concerns to those with
fairness reference price effect and fairness concerns,
we observe that the wholesale price, the greening
level, the profit margin and the retail price are higher
than those with the reference price effect and the
fairness concern. The utility of the retailer is higher
in the three games, while the utility of the
manufacturer is lower in the MS and RS games
when the reference price effect and the fairness
concerns are considered. It means that the retailer
could benefit from the reference price effect and the
fairness concern, while the manufacturer could
suffer from this condition in the MS and RS games.

V. CONCLUSION

This paper considers the pricing and greening level
decisions in a green supply chain, where the manufacturer
and retailer pursue three different kinds of scenarios:
Manufacturer-Stackelberg game, Retailer-Stackelberg game
and Vertical-Nash game. In our models the manufacturer is
fairness neutral and the retailer is fairness sensitive. We also
examine the effect of the reference price coefficient and the
fairness concern coefficient on the prices, greening level and
utilities of the manufacturer and the retailer, which is truly
representative of the decision maker’s behavior.

Based on the discussions above, three findings can be
obtained. Firstly, the reference price coefficient positively
affects the utilities of the manufacturer, the retailer and the
supply chain system. Secondly, the actor who dominates the
supply chain not always takes advantage in making more
utility with reference effect and fairness concern. Thirdly,
the retailer can benefit in the three games, while the
manufacturer can suffer in the MS and RS games with the
reference price effect and the fairness concerns.

Our study mainly focus on one manufacturer and one
retailer in a two-echelon green supply chain, therefore, the
pricing and greening level decisions with multiple
competitive manufacturers or retailers are the important
directions for the future research.
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