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ABSTRACT. In this paper, we make a major contribution by examining supply chain co-
ordination under considering the dual-channel retailer. To end this, we first establish
a two-echelon supply chain model which consists of a manufacturer and a dual-channel
retailer. We then derive the optimal price decisions under the centralized and decentral-
ized supply chain. We find that there are different optimal price decisions in the different
range of customer acceptance of online channel. Subsequently, we compare the price deci-
sions between the centralized and decentralized supply chain. We find that facing a same
channel (online channel or offline channel) no matter what range of customer acceptance
of online channel is, the sale price under the decentralized supply chain is always higher
than that under the centralized supply chain. Lastly, we develop a sales rebate and penalty
contract which can perfectly coordinate supply chain and achieve win-win outcome.
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1. Introduction. With the rapid development of e-commerce, more and more bricks-
and-mortar retailers start to set up the online channel, such as Gome, Carrefour, Suning,
Metro and WalMart. Meanwhile, many online retailers also begin to layout offline channel,
such as JD.com, Tmall supermarket, Dangdang.com and Jumei.com. Thus, the dual-
channel retailer has become an important part of the modern retail industry.

Coordination between the manufacturer and retailer is a very important issue in the
field of supply chain management. A properly designed coordination contract cannot only
improve the performance of the entire supply chain, but also can lead the manufacturer
and retailer to achieve win-win outcome. Therefore, the following question is of great
practical importance: Facing the new channel structure, i.e., dual-channel retailer, how
the manufacturer designs a suitable contract to achieve supply chain coordination? Cur-
rently, the related researches mainly focus on the traditional supply chain structure, i.e.,
without considering the online channel [1-7]. Though some researches consider the online
channel, these researches mainly investigate the coordination under manufacturer’s dual-
channel mode, i.e., manufacturer distributes her product through her own direct online
channel and a bricks-and-mortar retailer simultaneously. For example, Chen et al. find
that the quantity discount contract can coordinate the dual-channel supply chain, and
make the supply chain members achieve Pareto improvement [8]. David and Adida fur-
ther consider the multiple retailers under the manufacturer’s dual-channel mode, and find
that though the quantity discount contract also can improve profits, it cannot achieve
complete coordination [9]. To coordinate dual-channel supply chain under the complex
situations, many new contracts have been proposed. Cao and Xiong consider the demand
disruption, and propose an improved revenue sharing contract and a one-time fee con-
tract respectively [10,11]. Saha et al. consider a closed-loop dual-channel supply chain
structure, and design a tripartite discount contract [12].
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To the best of our knowledge, vacant previous work has studied the supply chain co-
ordination under considering the dual-channel retailer. To fill this gap, we construct a
two-echelon supply chain model consisting of a manufacturer and a dual-channel retailer.
Our analysis proceeds in three phases. Firstly, as a benchmark, we begin by analyzing
the case of a centralized supply chain and obtain the supply chain’s optimal price deci-
sion. Secondly, we use game theory to study equilibrium solutions under a decentralized
supply chain. Lastly, we compare the price decisions between the centralized and decen-
tralized, and then we propose a sales rebate and penalty contract to achieve supply chain
coordination.

The rest of this paper is organized as follows. Section 2 introduces model assumptions
and notations. Sections 3 and 4 investigate price decisions under centralized and decen-
tralized supply chains, respectively. Section 5 compares the centralized and decentralized
supply chains and proposes a coordinating contract. Section 6 uses numerical studies to
illustrate our results. Finally, Section 7 provides concluding remarks and suggests future
research.

2. Model Assumptions and Notations. We consider a supply chain with a manufac-
turer (she) and a dual-channel retailer (he). Like most existing studies, we assume that
the manufacturer is the leader. The manufacturer produces a single product at cost ¢ per
unit and supplies the retailer at a unit wholesale price w, and w > ¢. The dual-channel
retailer distributes the product through an offline channel at price p, and an online chan-
nel at price p, simultaneously. Following [13], we also assume that the consumers are
heterogeneous in the valuation of the product, and the consumption value v is uniformly
distributed within the consumer population from 0 to 1, with a density of 1. Purchasing
from the offline channel, the consumer can physically inspect the product, so the product
is worth v. However, the product is worth fv (0 < § < 1) when it is obtained from an
online channel without detailed physical inspection. € also represents the customer accep-
tance of the online channel. Since offline shoppers have to travel to the stores, spending
time locating the desired items, waiting in lines to pay, etc., we assume an offline channel’s
purchase cost b, is higher than an online channel’s purchase cost b.. This assumption is
also used in [14].

We then discuss the dual-channel retailer’s demand function. If the consumer would
consider buying from the offline channel, at least the consumer surplus is greater than 0,
ie., v —p. — b. > 0. The consumer whose valuation v" equals p, + b, is indifferent to
purchase from the offline channel or not at all. Equivalently, only if v — p. — b, > 0, the
consumer would consider buying from the online channel. The consumer whose valuation
v® equals pe;be is indifferent to purchase from the online channel or not at all. If consumer
can buy from either channel, the consumer will further compare v—p, —b, and v —p. —b,.
For example, a consumer will prefer the offline channel if v — p, — b, > 0v — p. — b.. The
customer whose valuation v* equals % is indifferent between the two channels.
We then derive the dual-channel retailer’s demand function in the two possible cases.

Case 1 v <"

In this case, we can easily check that v¢ < v" < v", as shown in Figure 1. If v* < 1, the
offline channel’s demand (), and the online channel’s demand Q. equal 1 —v* and v* — v°
respectively. If v* > 1, @), =0 and Q. = 1 — v°.

Case 2 v > 0"

In this case, we can easily check that v* < v" < v°, as shown in Figure 2. We then can
obtain ), =1 —v" and @, = 0.
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FIGURE 1. Retailer’s demand when v¢ < v"
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FIGURE 2. Retailer’s demand when v¢ > v"

To sum up, the dual-channel retailer’s demand function is

0 if 1—0+p.+b.<p-<1-—0,
pr+br_pe_be . pe+be
Q=< 1- o if 7 —bTS];TSl—Q—I—pe—I—be—br (1)
1—p, —b, it w<p <Py,
.
1—p€_gbe if 1= 04 potb<p, <1—b,
Qe: e(pr+br)_(pe_be) if pe+be—brﬁpr§1—9—l—pe+be—br (2)
(1—-6)0 0
0 if wgprgpe—i_be—b,,
. 0

3. Centralized Supply Chain. To establish a performance benchmark, in this section,
we analyze the centralized supply chain, where optimal decisions are made to maximize
the profit of the entire supply chain. For clarity, we add superscript ()" to the notation.
Hence, the supply chain’s profit, denoted as II?, is given by

5 (py, pe) = (o — )@y + (pe — )¢ (3)
From (1) and (2), we know that demand function differs in different intervals. We
assume that both channels have positive demands, i.e., peTH’e —b, <p. <1—04p.+b.—b,.

The supply chain’s profit function is then

pv + br - pv - be e(pv + br) - <pv + be)
Y (p'. %) = (p¥ — 1 — &r e v T e 4
st = - o e R R e (@)
Taking the second-order conditions with respect to py and py respectively, we have

Iy (py,py) 2 OPIN(pLpY) 2

oz 1-0  opopr 1-0
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O (pr, pt) 2 OI(prpl) 2
oprt (1-0)0  opopy  1-0
Then the Hessian matrix is
2 2
I 1-6 1-46
H(prvpe) - 2 2 (5)

1—-6  (1-6)0
It is easy to check that

2
Hy(pl,p")| = ———— <0
[Hi(prspe)l = —7—5 <
| Ha(py, )| = — 1>
2p’r‘7pe - (1_9)9
2
Hy(p!, )| = ————— <0
| 3(pr>pe)| (1_9)9<

Therefore, H(p?, p?) is a negative definite matrix, which implies that ITY(pY, p?) is jointly
concave in (p¥, p¥). The unique optimal (p?",pY") should satisfy the first-order condition.
Hence, we can get

U — 6
pr 2 ( )
* 9 - be _|_ C
vt 7
pe 2 < )
This solution satisfies I%be—br < pr < 1—04p.+b.—b, only when 0 € [Zrig, 1—0b,+ be] .
When 6 < %*¢ the online channel has no demand. When 6 > 1 — b, + b,, the offline

br+c’
channel has no demand. Using the similar method, we can get the optimal price decision

under these two conditions. In summary, we can have the following proposition.

Proposition 3.1. The centralized supply chain’s profit function 117 is jointly concave in
(p?,pY), and the optimal price decisions are summarized in Table 1.

TABLE 1. The optimal price decisions under the centralized supply chain

0 < 6« 6r <6 <68 0> 6°

v* 1-b,.+c 1—b.+c 2—0+be.—2b,+c
Dy 2 2 2

vt O(14byc)—2be O—botc —betc
De 2 2 2

where@“z%‘iamd@ﬁzl—m%—be

4. Decentralized Supply Chain. In this section, the manufacturer and the retailer
independently decide their price to maximize their own profits. Based on assumption,
the manufacturer is leader, so the game sequence is as follows. First, the manufacturer
acts the Stackelberg leader and decides the wholesale price. Second, the retailer acts the
Stackelberg follower and decides on the sale price. We use backward deduction to solve
this game. For clarity, we use superscript ()? to denote this scenario of decentralization.

Similar to the case of supply chain centralization, we also assume that the two channels
both have positive demands, i.e., petbe _p < pr<1—60+4p.+b. —0b.. Then the profit

9
functions of the manufacturer and the retailer are:

I (u) = (o) (2= )
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d d
pr+br_pe_be
0% (v, 0f) = (pff —w?) (1 - 1—-46 )

0 (p} +0b,) — (pf + )
(1-0)0
To solve the Stackelberg game, we first find the retailer’s best response. Similar to

proof of Proposition 3.1, we can get that the I1% (pf,pz) is jointly concave in (pf,pg).
Therefore, the best response is

(9)

+ (pf —w?)

1
6 — b, + w?
pr = 12 (1)
Substituting (10) and (11) into (8), the manufacturer’s profit can be rewritten as:
0 —b, —w?
1, (w?) = (w' - c) (T) (12)

We can easily check that I1¢, is concave in w?. Hence, by using the first-order condition,

we can get the optimal Wholesale price w? Wthh is
* 0 - be
wt = = re (13)

Substituting w?" into (10) and (11), we can obtain the equilibrium selling price.

pf* - ?>(9+b€)+c (15)

This solution satisfies pe+b€ -b.<p.<1—60+p.+ b, — b, only when

0 e

—(2br—be+c—1)+\/(Qbr—be+c—1)2+4(be+c)

1 —b,+ b
5 +

When 6 < — (@b —bete1)+y/( b “betor 1) +dlbeto) , the online channel has no demand. When

0 > 1—1b,. + b, the offline Channel has no demand Using the similar method, we can
get the equilibrium solutions under these two conditions. In summary, we can have the
following proposition.

Proposition 4.1. Under the decentralized supply chain, there exist Stackelberg equilibrium
solutions which are summarized in Table 2.

TABLE 2. The Stackelberg equilibrium solutions under the decentralized
supply chain

0 <o 0 <6<0° 0> 6°

d* 3(1—br)+c 2(1=by)+0—be+c  4—0+b.—4b.+c
pr 4 4 2

4% 0(34+br+c)—4be 3(0—be)+c 3(0—be)+c
pe 4 4 4

d* 1—b,+c 0—be+c O0—be+c
w 2 2 2

—(2br—betc—1)+14/ (2br—betc—1)2+4(be+c)
2

where 67 =
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5. Supply Chain Coordination. In this section, our main purpose is to propose a
contract for the decentralized supply chain to achieve coordination. To end this, we first
compare the optimal decisions of prices between the centralized and decentralized supply
chain.

We can check that 8% < 07 < 0°, so we will compare the price decisions in four intervals,
e, <0%0°<0 <@, 0 <6<6° and § > 65 From Propositions 3.1 and 4.1, we
can get the following proposition.

Proposition 5.1. For a same channel (online channel or offline channel), no matter
what range of 0 1is, the sale price under the decentralized supply chain is always higher
than that under the centralized supply chain.

Proposition 5.1 implies that coordination is needed to attain the optimal supply chain’s
profit. We then develop a sales rebate and penalty contract. Under such a contract, the
manufacturer sets up a constant wholesale price w' and a sales target T for the retailer.
If the retail sales are above (below) the target, the manufacturer will offer a unit rebate
A (a unit penalty A) for each unit above (below) 7. Under the coordination contract, the
retailer’s profits I1%, is

My (prope, w', A T) = (ph —w') Qp + (e — ') Qe + A (@ + Qe —T) (16
Rearranging (16), we have
Iy (P pe W' A T) = [p — (W' = N)] Qr + [pe — (w' = N)]Qc =T (17)

Comparing (3) and (17), we can get that when w' — A = ¢, the retailer’s decision is
same as centralized supply chain’s decision, i.e., the decentralized supply chain achieves
coordination.

Substituting w® — A = ¢ into (17), we obtain the retailer and manufacturer’s profit
function:

MG =M% — (w'—¢) T (18)

Y, =(w'—¢)T (19)

From (18) and (19), the supply chain members can accommodate arbitrary divisions of
the profit by varying T'. However, in reality, only when the retailer and manufacturer’s

profits must be Pareto improving under coordination, will they accept the coordination
contract. It is namely to satisfy the following inequality group:
I, — 1% >0
{ I, — ¢, >0 (20)
M M=

Because 1T + [T, = T1% > [1% + 114, and the supply chain members can accommodate
arbitrary divisions of the profit by varying 7', the inequality group (20) is not an empty
set. In additional, from the above, we know that under the different intervals of 6, the
price decisions are also different. Hence, under the different intervals of 8, T has the

different ranges of values. We then can get the following proposition.

Proposition 5.2. The sales rebate and penalty contract can coordinate the supply chain
if \ =w' — ¢, the detailed ranges of T'’s values are as follows:

o —b.—c)? —br—c)? | .
()10 < 6%, T € |Gbog® 002

(2)If0 <0 <0, Tc [(Harc)Q 89(«97befc)(br+c)+9(3+0)(1fbrfc)274(0+be+c)(07befc)] ;

8(wt—c) 7’ 166(1—0)(wt—c)
(0—be—c)? (0—be—c)[80—4(0+be+c)—(1+30)(0—be—c)] | .
(3) If 07 S 0 S 667 Te |: 80(wt—c) 166(1—0)(wt—c) ]’

(0—be—c)? 3(0—be—c)?
(4) 1f 0 > 07, T € [se(wt—c) 7166 (w!—c) ]
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6. Numerical Examples. In this section, we focus on the impact of the sales target T’
on the profits under coordination. We use the following numbers as the base values of the
parameters: § = 0.7, b, = 0.3, b, = 0.1, c= 0.1, w' = 0.2, A = 0.1.

In Figure 3, we keep other parameters constant and change the sales target 1. Under the
coordination contract, we use II%, T, and II% to represent the retailer, manufacturer and
total supply chain’s expected profits respectively. Correspondingly, under the wholesale
price contract, we use 1%, 114, and T1¢ to represent the retailer, manufacturer and total
supply chain’s expected profits respectively.

Figure 3 shows that IT% is always higher than I1%. It implies that it always improves the
profits of the supply chain by using the sales rebate and penalty contract. From Figure 3,
we also can find that 15 > 1% and 114, > 14, only when T" € [0.455,0.67]. Therefore, by
choosing a suitable sales target 7', the retailer and manufacturer under the sales rebate

and penalty contract can reach Pareto improvement, which is consistent with Proposition
5.2.

0.1
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F1GURE 3. The impact of T on profits

7. Conclusions. The main purpose of this paper is to study supply chain coordination
under considering the dual-channel retailer. To end this, we set up a two-echelon supply
chain model with a manufacturer and a dual-channel retailer. According to the mathe-
matical model, we first discuss the retailer’s demand functions for online and/or offline
channel. Based on it, we then derive the optimal price decisions under the centralized and
decentralized supply chain. Our results show that the price decision under the decentral-
ized supply chain is not consistent with the price decision under the centralized supply
chain, which means the commonly used wholesale price contract cannot coordinate supply
chain. We further study supply chain coordination and develop a sales rebate and penalty
contract which can perfectly coordinate supply chain and achieve win-win outcome.

There are two interesting topics for further research. First, in business practice, many
dual-channel retailers start to try some lateral coordination strategies between the online
channel and offline channel, such as “Preorder-online, pickup-in-store”, “Preorder-online,
store-delivery” and “Preorder-online, store-return”. What impact of these lateral coordi-
nation strategies on the supply chain coordination? Second, this paper just considers a
manufacturer and a dual-channel retailer. In reality, the channel structure is much more
complicated than this. What happens when competition is introduced among multiple
manufacturers and/or dual-channel retailers? We believe answers to these research ques-
tions will help firms and managers design more practical contracts to improve supply
chain performance.
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