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ABSTRACT

This paper develops the basic model of the buy-back contract by introducing the fairness to investigate how the
dominant supplier decides the wholesale price, whether the buy-back contract can achieve coordination and how
the fairness influences the wholesale price. It is found that, under Stackelberg game between the retailer and the
dominant supplier, the buy-back contract cannot coordinate the supply chain whether the fairness is incorpo-
rated or not. Furthermore, the optimal wholesale price under Stackelberg game is larger than the initial whole-
sale price, which can achieve coordination. Moreover, the optimal wholesale price decreases with the retailer’s

fairness, while it increases with the supplier’s fairness.
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1. Introduction

Generally, the members in the supply chain make deci-
sions to maximize their payoffs. However, the decisions
may damage the whole supply chain’s payoffs. This phe-
nomenon was called double marginalization. In order to
mitigate or even eliminate this phenomenon, the supply
chain contracts were emerged. Some supply chain con-
tracts such as the wholesale price contract, the buy-back
contract, the revenue sharing contract, and the quantity
flexibility contract, were introduced by Cachon [1]. The
buy-back contract can be expressed as: suppliers charge
the wholesale price for per unit product, but they return
the buy-back price for the left per unit product to the re-
tailer at the end of the season. The buy-back price is
smaller than the wholesale price. Some literatures indi-
cated that the buy-back contract can coordinate the
supply chain and the use of the buy-back contract is ben-
efit to supply chain members [2-4]. Traditional supply
chain contracts assume that the participants are rational
agents. However, the recent research found that the par-
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ticipants are not rational agents, their decisions may be
affected by some other factors. First, the supply chain
members’ status and strengthen are inconsistent, which
leads to the situations of the dominant retailer supply
chain and the dominant supplier supply chain. Also the
dominant enterprise can get better payoffs in this way [5].
The literature established the buy-back contract’s model
under Stackelberg game between the dominant supplier
and the retailer to research how they distribute the
payoffs. And the result found that the retailer can only
gain the reserved payoffs, while the supplier can obtain
all the left payoffs [6]. The literature investigated a mod-
el of the buy-back contract with the dominant retailer,
and pointed out that the supply chain cannot achieve the
coordination [7]. Second, decision makers’ behaviors
will be affected by some other factors such as fairness,
loss aversion, sympathy, disgust and so on in the real
operation of business. The decision makers not only pay
attention to their payoffs, but also concern about whether
the distribution of the payoffs is fair or not. Also, fairness
will affect the decision makers’ behaviors [8,9]. Some
literatures researched the impact of the fairness on the
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supply chain coordination [10-13]. In this paper, when
we investigate the buy-back contract, two factors will be
considered. First, we research a two-stage supply chain
including the retailer and the dominant supplier under
Stackelberg game. So the sequence of the decision is: the
supplier makes a decision first; then the retailer makes a
decision; at last, the supplier makes the optimal decision.
Second, fairness was incorporated. By establishing the
models under Stackelberg game incorporating fairness to
investigate whether the supply chain can achieve the
coordination, how the supplier formulates the optimal
wholesale price and how the fairness influences the sup-
plier’s optimal wholesale price.

The rest of the paper is organized as follows. In Sec-
tion 2, the basic model for the buy-back contract is em-
ployed. In Section 3, the Stackelberg game model is es-
tablished. In Section 4, the improved model incorporat-
ing fairness is investigated. Finally, conclusions are giv-
en in section 5.

2. Basic Model

Considering a two-stage supply chain where the retailer
buys the product at the wholesale price w from the
supplier, while sells the product at the retail price p to
the customers. To produce a production the supplier’s
costis c,and b is the buy-back price. The market de-
mand is D and the average demand is x, x=E(D).
Denoting f(-) as probability density function, and de-
noting F(-) as cumulative distribution function. Re-
spectively, F is a continuous, differentiable and strictly
increasing function, and F(0)=0, F(x)=1-F(x).
From these settings, we can calculate the expectation
quantity of the retailer is:

s(q) = J'Oqf(x)dx = q—Joq F (x)dx

So the expectation payoffs’ functions of the retailer,
the supplier and the system are as follows:

7, = ps(q)-[(w-b)a-+bs(q)]
=(p-b)s(a)~(w-b)q

7, =(w-b)q+bs(q)—cq=bs(q)+(w-b-c)q (2)

r=r,+m,=ps(q)-cq (3)

By calculating derivation of the above equations, it is
found that, the buy-back contract can achieve the coor-
dination of supply chain when the equation

1)

w=c+b —E was satisfied.
p

3. Stackelberg Game Model

Under Stackelberg game, the sequence of the decision
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between the dominant supplier and the retailer is: first,
the supplier decides the wholesale price and the buy-back
price, then, the retailer decides order quantity according
to the wholesale price and the buy-back price. At last, the
supplier decides the optimal wholesale price and the op-
timal buy-back price. The supplier’s choice of the optim-
al wholesale price and buy-back price are made by ob-
serving the retailer’s order quantity. Therefore, the sup-
plier’s wholesale price and buy-back price is a function
of the retailer’s ordering strategy. When the retailer
makes a decision of order quantity, the supplier will for-
mulates the wholesale price and the buy-back price rela-
tively. This is a dynamic Stackelberg game where the
participants grasp the perfectly information. So the back-
ward induction method can be used to solve this problem.
To simplify the research, we argue that the buy-back
price was given and unchanged. So the supplier only
makes a decision of the wholesale price.

Proposition 1: Under Stackelberg game, the retailer’s
optimal order quantity (q) satisfies the equation of

F(q*):w—_g. And the dominant supplier’s optimal
wholesale price (w*) subjects to equation of
w' =b+c—bF(q*)+(p—b)q*f q*).

Proof: We use the method of backward induction to
solve this problem.

First, according to the given information, the retailer
will decides order quantity, which satisfies the equation
drz,

of =0 to maximizing his payoffs, from this equa-

tion we can get that the retailer’s order quantity (q)

satisfies the equation of E(q*)=W—_E, which can be
p_
denotedas q* =F* (u] .
p-b

Then the supplier will chooses the optimal wholesale
price to maximizing payoffs according to the retailer’s
optimal order quantity. Substituting the above equation
into the supplier’s payoffs function, so the following eg-
uation can be got:

oo (3

o,

According to the equation of =0, we can get

that:

w' =b+c—bF(q*)+(p—b)q*fgq*). Q.E.D.

Proposition 2: If the initial wholesale price satisfies
the coordination of the buy-back contract, but under
Stackelberg game, the buy-back contract cannot achieve
coordination.

Proof: according to the buy-back contract’s basic mo-
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del, we know that when w:c+[ p—c]b the supply

p
chain can realize the coordination initially.

According to the method of decentralized decision, the
supplier’s optimal wholesale price satisfies the equation
of w =b+c—bF(q*)+(p—b)q*f(q*) Simplify the
equation,

w* =w+(p—b)q*f(q*)>w. Q.E.D.

Obviously, under Stackelberg game, the optimal who-
lesale price is larger than the wholesale price, which can
coordinate the buy-back contract. So the buy-back con-
tract can’t achieve coordination. This is because, first,
under Stackelberg game the dominant supplier sets the
wholesale price by considering his payoffs rather than
supply chain system payoffs. Second, the supplier sets
the wholesale price after observing the retailer’s order
quantity in which the decision is benefit to maximizing
his payoffs.

4. Improved Model

When the fairness was incorporated, the fair solution of
Nash barging was introduced, because the fairness is
relative, the status and the contribution of the two parties
will affect the distribution of payoffs, so the two sides
argued for their own fair payoffs as a criterion of whether
the trade is fair or not. Donating A, and A, as the
fairness of the retailer and the supplier respectively,
which 4, 20, A >0.Equation 4, =0 means that the
retailer doesn’t care fairness and equation A, =0 means
that the supplier doesn’t care fairness. And 7z, 7s re-
present the fair solution of Nash barging in which,
e Ziﬂ',;s Ziﬂ' [11].
2+ A, + A, 2+ A, + 4,

The utility functions of the retailer, the supplier and

the supply chain system are as follows:

U, =7, + 4 (7 =7 ) =1+ 4 )7, = A, 70 4)
U, =7, + 4 (7, -7 ) = (1+ 4 ) 7, = A, s (5)
U=U,+U, (6)

4.1. Only Retailer Incorporates Fairness

When the retailer incorporates fairness and the supplier

doesn’t incorporate fairness. Namely that 4, >0 and

A, =0. Putting these equations into the utility function

of the retailer, the supplier and the supply chain system,

the following equations can be got:

A (1+4)
2+ 1,

U . =x (8)

U, =(1+4)7 - )
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_ 2
2 A, ©)

U=A4r +
2+ 1,

Proposition 3: When only retailer incorporates fair-
ness, under Stackelberg game, the retailer’s order quan-
tity (q:) satisfies the equation of
. _E (4 +2)(w=b)-4.c

- 2p—(4 +2)b
plier’s optimal wholesale price (W:) satisfies the equa-
tion of

q

r

} . And the dominant sup-

2p_(ﬂr+2)b * *
Tqrf(qr).When

the decision is centralized, the order quantity satisfies the
equation of:

. :Elrr (4, +2)(w—b)+(2—/1f)c].

2(1+4,)p=4 (4 +2)b

W, =b+c—bF (g’ )+

Proof: we use the method of backward induction to
solve this problem.

First, according to the given information, in order to
maximize utility, the retailer’s order quantity subjects to

the equation of d:' =0, from this equation, we can get
q

that the retailer’s order quantity (q:)
(4 +2)(w=b)-2c
2p—(4 +2)b

above equation, we can get that

. _E_l{(/lr + 2)(W—b)—ﬂ,c}
2p—(4,+2)b |

Then the supplier sets the optimal wholesale price to

maximizing utility according to the retailer’s order quan-

tity. Substituting it into the equation of the supplier’s
utility function, the following equation can be got:

U, - bS{Fl{(ﬂ, +2)(W—b)—/1rc}}

2p—-(4+2)b

satisfies the equa-

tion of E(q:) = , simplify the

q

r

+(W_b_C)F_{(/1r+2)(W—b)—/1rc}

2p—(4 +2)b

T

. . U
According to the equation of aavvs =0, we can get

that:

2p-(4+2)b *f(q*)

W’:=b+c—bf(q’:)+ P )

Now considering the centralized decision, the supply
chain system’s utility function is:
2-4°

1

U=Ar +
2+ 4,
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To get the optimal quantity of the supply chain, the
equation of

——=2[(p-b)F(a)-(w-b)]

2-°1 =
~ pF(gq)-c|=0
= U

should be satisfied. So the system’s optimal quantity ¢
satisfies the equation of

—a| A (4 +2)(w=b)+(2-47)c
q =F (e +2)(w-b)+(2- %) Q.E.D.

' 2(1+4)p-4 (4 +2)b

Proposition 4: When only the retailer incorporates
fairness and the dominant supplier formulates a whole-
sale price, which can coordinate the buy-back contract
initially, but under the game, the buy-back contract can’t
achieve coordination and w<w; <w". Moreover, the
optimal wholesale price w; decreases with the retailer’s
fairness.

Proof: when the buy-back contract can coordinate
supply chain system, the equation of q; =q; should be
satisfied, simplify the equation, we can get that

w=c+b —E, from this, we can further get
p
g =0/ =0"=q".
The optimal wholesale price satisfies the equation:
2p—(4+2)b
wW=w+—-—>0qf(q")>w
r FRTI (a7)

So the buy-back contract can’t achieve coordination.
AP
A +2

Combining it with the Proposition 2, we can easily get
W<W, <W.

According to the theory of implicit function, we can
obtain that:

dw; 2p . .

—L=——"—-qf(q")<0 Q.E.D.

d2, (4 +2) ()

So the optimal wholesale price w; decreases with the
retailer’s fairness.

When only the retailer incorporates fairness, the sup-
plier formulates the wholesale price, which can coordi-
nate the buy-back contract initially, under Stackelberg
game, the supplier will sets the optimal wholesale price,
which is larger than the initial wholesale price, so the
buy-back contract cannot achieve coordination. When the
retailer incorporates fairness, the retailer will not only
pays attention to his utility but also concerns about the

Also W' =w"— q*f(q*)<w*

supplier’s utility, when the optimal wholesale price is
lower, the retailer will believes that he gets a relative fair
treatment. However, the supplier sets the optimal price to
maximizing his utility according to the retailer’s order
guantity. So the optimal wholesale price is smaller than
the optimal wholesale price, which the members of sup-
ply chain don’t incorporate fairness.

4.2. Retailer and Supplier all Incorporate
Fairness

When the retailer and the supplier all incorporate fairness,
namely that 4, >0 and A > 0. Putting these equations
into the utility function of the retailer, the supplier and
the supply chain system, the following equations can be
got:

U, =(1+24)~, —Mﬁ (10)
2+ A, + A,
A (1+ 4,)
U, =(1+41 -7 )-——" 11
= A om) = (11)
2
U =(/1r_/ls)”r+2+2,15+,1,/15—,1, . 12

2+ A, + 4,

Proposition 5: When the retailer and the supplier all
incorporate fairness, and decisions are decentralized, the
retailer’s order quantity (q:r) satisfies the equation of

C_Ed (2424 +4)(w=b)-Ac
r (2+4)p—-(2+ 4. +4 )b

nant supplier’s optimal wholesale price (Wsr) satisfies
the equation of

W, =b+c-bF(q’ )
+(2+/15);)—(/15+/1r+2)b - (q;)
A +2

/Is[pF(q;)—c}
" A +A +2

When decision is centralized, the optimal order quan-
tity satisfies the following equation (see foot of page).

Proposition 6: When the retailer and the supplier all
incorporate fairness and the supplier formulates the who-
lesale price, which can coordinate the buy-back contract
initially, but under Stackelberg game, the buy-back con-
tract can’t achieve coordination and w<w, <w, <w".
Moreover, the optimal wholesale price w;, decreases
with the retailer’s fairness, while increases with the sup-
plier’s fairness.

q

S|

] And the domi-

9 =F

o (A=A )(2+ 4 + A) (WD) +(2+ 24 + 4,4, - 47 )c
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Proposition 5 and proposition 6 can be proofed simi-
larly as proposition 3 and proposition 4. So we simplify
that here.

When the retailer and the supplier all incorporate fair-
ness and the supplier formulates the wholesale price,
which can coordinates buy-back contract firstly, under
Stackelberg game the dominant supplier will sets the
optimal wholesale price, which is larger than the initial
wholesale price, so the buy-back contract cannot achieve
coordination. The optimal wholesale price W, increas-
es with the supplier’s fairness. That is because when the
retailer’s order quantity is unchanged and the retailer’s
fairness coefficient is larger, the supplier will maximizes
his utility by using the method of raising the wholesale
price.

5. Conclusions

This paper investigates the buy-back contract incorpo-
rating fairness under Stackelberg game between the do-
minant supplier and the retailer based on newsvendor
model. By establishing models, we research how the do-
minant supplier sets the wholesale price, whether the
buy-back contract can achieve coordination and how the
fairness influences the wholesale price. The results show
that the buy-back contract can’t coordinate the supply
chain under Stackelberg game whether the two parties
incorporate fairness or not. And the retailer’s order quan-
tity is unchanged. Moreover, we obtain that the optimal
wholesale price decreases with the retailer’s fairness,
while it increases with the supplier’s fairness.

However, there are still some limitations in this paper.
First, we consider a two-stage supply chain including a
retailer and a supplier, in another words, we did not con-
sider the competition among the supply chain members.
So the future research can extend the supply chain. Se-
cond, we only incorporate fairness, but in real life, peo-
ple will incorporate a variety of factors, such as reciproc-
ity, empathy, jealousy, so the future research can inves-
tigate the supply chain with a variety of behavioral ten-
dencies.
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