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Products returned by consumers are common in the retail industry and result in additional costs to both the manufacturer and
the retailer. This paper proposes dual-channel supply chain models involving consumer returns policies. Also, the price and service
competition between retail channel and direct channel is considered in the models. According to the models, we analyze the optimal
decisions in both centralized and decentralized scenarios. Then we design a new contract, coordinate the dual-channel supply chain,
and enable both the retailer and the manufacturer to be a win-win.

1. Introduction
Purchased products that are returned by consumers to retailers are common in the retail industry; for example, Wal-Mart
provides full credit for consumer returns under very broad
circumstances. Consumer returns policies are part of the
competitive strategy used by most of retailers, many of whom
commonly provide full refunds without question. In USA, the
value of products returned by consumers exceeds $100 billion
each year, and only about 5% of them were truly defective
[1, 2]. Related researches show that consumer returns policies
are able to strengthen consumer’s confidences, stimulate their
demands, and improve the market share [3–5]. However, consumer returns policies also bring in some negative impacts on
profits, such as increasing cost and malicious return.
The internet has significantly changed the way a consumer consumes as well as the sales model of manufactures
and vendors. Nowadays, online shopping became more and
more popular, and the electronic channel has become a critical sales channel. Hence, in order to ensure a greater advantage in the market competition, manufacturers and vendors
both change the sales model to satisfy the different consumption habits of consumers.
Many papers in dual-channel supply chain address the
issue of how manufacturers and retailers could benefit from
their own advantages, mainly concentrated on the sales price

and service levels. Chen et al. [6] examine how to make the
proper decisions of the direct online sales channel together
with a retail channel based on the same sales price and the
different service levels of dual channel. Dumrongsiri et al.
[7] study a dual channel supply chain, which exists in the
service and price competition, and analyze how different
product, cost, or service characteristics influence the equilibrium behavior of such supply chain. Based on the former
research, Hua et al. [8] consider the influence of the delivery
time on the price strategy and profits of both manufactures
and retailers under coordination of dual channel supply chain
which are based on price and delivery time. Cai et al. [9]
study the channel choice and coordination of dual channel
supply chain. They compare four different channels to illustrate the pros and cons of these channels. Chun et al. [10]
analyze optimal channel strategies of a manufacturer when it
considers an online store as its new direct channel and discuss
some strategic implications of channel strategies from the
perspective of consumer heterogeneity and the retail services.
Liu et al. [11] study the dual-channel supply chain under information asymmetry. They design two kinds of contracts to
coordinate the supply chain and derive the optimal production and the optimal price of dual channel. Chen and Bell [12]
bring consumer returns into the dual channel supply chain
and study how a firm that faces consumer returns can
enhance profit by using different consumer returns policies,
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full-refund, and no-returns, as a device to segment its market
into a dual-channel structure. Huang et al. [13] develop a
two-period pricing and production decision model in a dualchannel supply chain with demand disruption.
Coordination among suppliers and retailers is a very
important strategic issue in supply chain management, and
there is a vast literature on coordination contracts in one
channel supply chain. For example, Lariviere and Porteus [14]
show that the simple wholesale-price-only contract is unable
to coordinate the supply chain, and Pasternack [15] shows that
a returns policy, when the parameters are properly chosen,
can coordinate the supply chain. Recently, some papers put
forward several new contracts to coordinate the complex supply chain. For example, He et al. [16] consider a condition in
which the stochastic market demand is sensitive to both retail
price and sales effort. They show that coordination is achieved
by using a properly designed returns policy with a sales rebate
and penalty (SRP) contract. Chen and Bell [17] investigate a
channel that consists of a manufacturer and a retailer where
the retailer simultaneously determines the retail price and
order quantity while experiencing customer returns and price
dependent stochastic demand. They propose an agreement
that includes two buyback prices, one for unsold inventory
and one for customer returns, and show that this revised
returns policy can achieve perfect supply-chain coordination
and lead to a win-win situation. He and Zhao [18] employ a
properly designed returns policy between the manufacturer
and the retailer, combined with a wholesale-price contract
between the raw-material supplier and the manufacturer to
coordinate a multiechelon supply chain under supply and
demand uncertainty. Cachon [19] and Arshinder et al. [20]
provide detailed reviews of this literature. But the coordination in dual-channel supply chain has been largely neglected
in the research literature. Only limited studies consider this
problem. For example, Cai [21] investigated the influence of
channel structures and channel coordination on the supplier,
the retailer, and the entire supply chain in a dual-channel supply chain. He shows that a combination of a revenue sharing
and a linear price relationship between the price in the retail
channel and the price in the direct channel can coordinate
the supply chain. Chen et al. [22] examine a manufacturer’s
pricing strategies in a dual-channel supply chain. They show
the conditions under which the manufacturer and the retailer
both prefer a dual-channel supply chain and examine the
coordination schemes for a dual-channel supply chain and
find that a manufacturer’s contract with a wholesale price and
a price for the direct channel can coordinate the dual-channel
supply chain, benefiting the retailer but not the manufacturer.
Different from previous research, in this paper we consider the case of a price and service competition that exists
in dual-channel supply chain, besides that, the consumer
returns are considered in such supply chain. In decentralized
supply chain, we use Stackelberg game and Nash equilibrium
to derive the equilibrium solutions; then a new contract is
designed to coordinate the dual-channel supply chain.
The rest of this paper is organized as follows. Section 2
introduces model assumptions and problem formulation.
Section 3 examines a benchmark case of centralized dualchannel supply chain. In Section 4, we analyze the case of
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decentralized dual-channel supply chain by using Stackelberg
game and Nash equilibrium, respectively. In Section 5, we
investigate supply chain behavior and find an optimal contract to coordinate the decentralized supply chain. Section 6
uses numerical studies to illustrate our results. Section 7
presents conclusions, insights, and directions for future
research.

2. Assumptions and Problem Formulation
In this paper, we assume that both the manufacturer and the
retailer provide consumer returns policies and there exists
price and service competition between the two channels.
Similar to Chen et al. [6], we use the delivery time 𝑡 to measure the service competition, where 𝑡 ∈ (0, 1). Also, following
several research studies (such as Chen and Bell [12] and
Chiang et al. [23]), we assume that consumers have a
consumption value V, which refers to subjective beliefs about
desirable ways to attain personal values, and that V is uniformly distributed [0,1] within the population where V captures individual differences in the value of the product: consumer perceives the product to be worth V when sold by retail
channel and 𝜃V when sold by direct channel. Here, we assume
𝜃 ∈ (0, 1); it indicates that consumer’s valuation parameter
to the retail channel is greater than the direct channel.
We use subscripts 𝑑 and 𝑟 to denote the direct channel
and the retail channel, respectively. Then we can derive the
consumer’s utility 𝑈𝑟 = V − 𝑝𝑟 from traditional retail channel
or 𝑈𝑑 = 𝜃V − 𝑝𝑑 − 𝑡 from the direct channel, where 𝑝𝑟 ∈ [0, 1]
and 𝑝𝑑 ∈ [0, 1] are the sales prices of retail channel and direct
channel, respectively.
Usually, if 𝑈𝑑 ≥ 0, consumers choose to purchase products from the direct channel; if 𝑈𝑟 ≥ 0, consumers choose
to purchase products from the retail channel. In this paper,
we consider the competition between the direct channel
and the retail channel. So, if 𝑈𝑑 > 𝑈𝑟 , consumers choose
to purchase products from the direct channel; on the contrary, if 𝑈𝑑 < 𝑈𝑟 , consumers choose to purchase products
from the retail channel.
Let 𝑐 be the product cost, let 𝑙 be the salvage value, and 𝑤
be the wholesale price. In this paper, we assume 𝑐, 𝑙, and 𝑤 are
constant and less than 1. The following assumptions are used
to formulate the problem.
(a) The products that consumers brought can be returned
to the manufacturer who provides full refunds without question. The manufacturer can continue to sell
the returned products which have been renewed with
small additional costs.
(b) If the products cannot be sold out at the end of sale
season, the manufacturer can get salvage value from
the unsold products. It is reasonable to assume that
𝑐 > 𝑙.
(c) Let 𝛼 be the return rate in the retail channel and let 𝛽
be the return rate in the direct channel. It is natural to
assume that 0 ≤ 𝛼 < 1, 0 ≤ 𝛽 < 1, and 0 ≤ 𝛼 + 𝛽 < 1.
(d) If consumers return the products that were bought
from the direct channel, while their utility for the
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retail channel is greater than zero, they will choose to
purchase the products from the retail channel. Meanwhile if consumers return the products that were
bought from the retail channel, while if their utility
for the direct channel is greater than zero, they will
choose to purchase the products from the direct
channel.
(e) The utility of the consumer for the same kind of product is subject to uniform distribution.
And according to Chen and Bell [12] and Assumption (e),
1
we know the demand for the product is ∫𝑝 𝑑V = 1 − 𝑝, where
𝑝 is the sale price. We denote the indifferent values for each
channel as V𝑑 = (𝑝𝑑 +𝑡)/𝜃 and V𝑟 = 𝑝𝑟 and the point where the
customer is indifferent between the channels as V𝑟𝑑 = (𝑝𝑟 −
𝑝𝑑 − 𝑡)/(1 − 𝜃).
When V𝑟 < V𝑑 , we have V𝑑 > V𝑟 > V𝑟𝑑 ; this implies that no
customer will buy from the direct channel and the customer
whose reservation price is in the range [V𝑟 , 1] will only
purchase a product in the retailer sale channel.
When V𝑟 > V𝑑 , we have V𝑑 < V𝑟 < V𝑟𝑑 ; this implies that the
customer whose reservation price is in the range [V𝑟𝑑 , 1] will
purchase from the retailer sale channel, while they will purchase from the direct channel if their reservation price is in
the range [V𝑑 , V𝑟𝑑 ]. The customers whose reservation price is
in the range [0, V𝑑 ] will not buy a product.
Because of the valuation of the customers is uniformly
distributed, the demands of the dual-channel can be modeled
as follows:
𝐷𝑟 (𝑝𝑟 , 𝑝𝑑 ) = 1 − 𝑝𝑟 ,
𝐷𝑑 (𝑝𝑟 , 𝑝𝑑 ) = 0,

𝑝 +𝑡
if 𝑝𝑟 ≤ 𝑑
,
𝜃

(1)

𝑝𝑟 − 𝑝𝑑 − 𝑡
,
𝑝 +𝑡
1−𝜃
if 𝑝𝑟 ≥ 𝑑
. (2)
𝑝𝑟 − 𝑝𝑑 − 𝑡 𝑝𝑑 + 𝑡
𝜃
𝐷𝑑 (𝑝𝑟 , 𝑝𝑑 ) =
−
,
1−𝜃
𝜃
Hence, from analysis we have the following.
𝐷𝑟 (𝑝𝑟 , 𝑝𝑑 ) = 1 −

(I) If 𝑝𝑟 ≤ (𝑝𝑑 + 𝑡)/𝜃, 𝛼𝐷𝑟 (𝑝𝑟 , 𝑝𝑑 ) consumers will return
their products in the retail channel, and, among these
consumers, (1−V𝑑 )/(1−V𝑟 ) ratio of them will buy from
the direct channel since 𝑈𝑑 ≥ 0 for these consumers
who become the additional demand for the direct
channel. The rest, that is, (V𝑑 − V𝑟 )/(1 − V𝑟 ) ratio of
𝛼𝐷𝑟 (𝑝𝑟 , 𝑝𝑑 ) consumers, have 𝑈𝑑 < 0, and they leave
the system without buying the product and become
the lost demand.
(II) If 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃, 𝛽𝐷𝑑 (𝑝𝑟 , 𝑝𝑑 ), consumers will return
their products in the direct channel, and they are lost
demand since 𝑈𝑟 < 0 for these consumers in the retail
channel and they leave the system without buying the
product.
(III) If 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃, 𝛼𝐷𝑟 (𝑝𝑟 , 𝑝𝑑 ), consumers will
return their products in the retail channel, but these
consumers will buy from the direct channel since
they have 𝑈𝑑 ≥ 0, and these consumers become the
additional demand for the direct channel.

Therefore, when 𝑝𝑟 ≤ (𝑝𝑑 + 𝑡)/𝜃, the direct channel only
sells the returned products which are returned from the retail
channel and renewed with small additional costs. In this case,
the direct channel can be recognized as a second market to
sell the remanufactured products.
When 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃, the new products can be sold
in both channels, but only the direct channel can sell the
returned products. This phenomenon is very popular in
reality.

3. The Centralized Dual-Channel
Supply Chain
In this section, we consider a centralized dual-channel supply
chain, in which the manufacturer and the retailer are vertically integrated in the traditional channel.
3.1. Scenario 1 (𝑝𝑟 ≤ (𝑝𝑑 + 𝑡)/𝜃). Under such dual-channel
supply chain, the direct channel only sells the returned products. Then the profit of the centralized supply chain Π𝑇 is
Π𝑇 = max 𝑝𝑟 (1 − 𝛼) (1 − 𝑝𝑟 ) − 𝑐 (1 − 𝑝𝑟 )
𝑝𝑟 ,𝑝𝑑

+𝛼

V − V𝑟
1 − V𝑑
(1 − 𝑝𝑟 ) 𝑝𝑑 + 𝛼𝑙 𝑑
(1 − 𝑝𝑟 )
1 − V𝑟
1 − V𝑟

subject to 𝑝𝑟 ≤

(3)

𝑝𝑑 + 𝑡
.
𝜃

This optimization leads to the following result.
Proposition 1. Under a centralized dual-channel supply chain
with 𝑝𝑟 ≤ (𝑝𝑑 + 𝑡)/𝜃, there is a threshold delivery time 𝑡1∗ =
(𝜃(𝑐−𝛼𝑙)−𝑙(1−𝛼))/(1−𝛼) such that, if 𝑡 < 𝑡1∗ , the optimal prices
are
𝑝𝑑∗ =

𝜃
𝑐 + 𝛼𝑡
(1 +
) − 𝑡,
2
1 − 𝛼 + 𝛼𝜃

𝑝𝑟∗ =

(Case A1)

1
𝑐 + 𝛼𝑡
(1 +
).
2
1 − 𝛼 + 𝛼𝜃

If 𝑡 ≥ 𝑡1∗ , the optimal prices are
𝑝𝑑∗ =
𝑝𝑟∗

𝜃−𝑡+𝑙
,
2

(Case A2)

1
𝑐 − 𝛼𝑙
= (1 +
).
2
1−𝛼

The optimal policy is continuous at the threshold 𝑡1∗ .
Proof. From (3), we know that 𝜕2 Π𝑇 /𝜕𝑝𝑟 𝜕𝑝𝑑 = 𝜕2 Π𝑇 /𝜕𝑝𝑑 𝜕𝑝𝑟
= 0, 𝜕2 𝐿/𝜕𝑝𝑟2 = −2(1 − 𝛼), and 𝜕2 𝐿/𝜕𝑝𝑑2 = −(2𝛼/𝜃). Let 𝑀 be
the Hessian Matrix; then we obtain that

𝑀=(

𝜕2 𝐿
𝜕𝑝𝑟2

𝜕2 𝐿
𝜕𝑝𝑟 𝜕𝑝𝑑

𝜕2 𝐿
𝜕𝑝𝑟 𝜕𝑝𝑑
𝜕2 𝐿
𝜕𝑝𝑑2

)

(4)

4
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is negative definite matrix. Hence, (3) is a convex optimization problem. In all proofs, we focus on the Lagrangian multipliers and on the orthogonality conditions of the KarushKuhn-Tucker theorem.
Then the Lagrangian and the Karush-Kuhn-Tucker optimality conditions are
𝐿 (𝑝𝑟 , 𝑝𝑑 ) = 𝑝𝑟 (1 − 𝛼) (1 − 𝑝𝑟 ) − 𝑐 (1 − 𝑝𝑟 )
V − V𝑟
1 − V𝑑
(1 − 𝑝𝑟 ) 𝑝𝑑 + 𝛼𝑙 𝑑
(1 − 𝑝𝑟 )
1 − V𝑟
1 − V𝑟

+𝛼

+ 𝜆(

𝑝𝑑 + 𝑡
− 𝑝𝑟 ) ,
𝜃

From Proposition 1, we know that 𝑑𝑝𝑑∗ /𝑑𝑡 < 0 in both
Cases A1 and A2; this indicates that the direct sale price is
always decreasing in 𝑡. But 𝑑𝑝𝑟∗ /𝑑𝑡 > 0 in Case A1 while
𝑑𝑝𝑟∗ /𝑑𝑡 = 0 in Case A2; this means that the retail sale price is
increasing in 𝑡 when 𝑡 < 𝑡1∗ ; however, when 𝑡 ≥ 𝑡1∗ , the retail
sale price will not be influenced by 𝑡 anymore.
3.2. Scenario 2 (𝑝𝑟 ≥ (𝑝𝑑 +𝑡)/𝜃). In such dual-channel supply
chain, the direct channel can sell not only the new products
but also the returned products. Then the profit of the centralized supply chain is
Π𝑇 = max 𝑝𝑟 (1 − 𝛼) 𝐷𝑟 + 𝑝𝑑 (1 − 𝛽) 𝐷𝑑 − 𝑐 (𝐷𝑟 + 𝐷𝑑 )
𝑝𝑟 ,𝑝𝑑

𝜕𝐿
= 𝑐 + (1 − 2𝑝𝑟 ) (1 − 𝛼) − 𝛼𝑙 − 𝜆 = 0,
𝜕𝑝𝑟

+ 𝛼𝑝𝑑 𝐷𝑟 + 𝑙𝛽𝐷𝑑
subject to 𝑝𝑟 ≥

𝛼𝑙 − 2𝛼𝑝𝑑 − 𝑡𝛼 + 𝛼𝜃 + 𝜆
𝜕𝐿
=
= 0,
𝜕𝑝𝑑
𝜃
𝜆(

𝑝𝑑 + 𝑡
− 𝑝𝑟 ) = 0.
𝜃

(5)

Since the multiplier can be either zero or positive, we
could have two cases to examine.

(11)
From (11), we know that when 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃, taking
second partial derivatives with respect to 𝑝𝑟 and 𝑝𝑑 , the
existence condition for a unique optimal solution to 𝑝𝑟 and
𝑝𝑑 is 4(1 − 𝜃)/𝜃 > 𝛽2 /((1 − 𝛼)(1 − 𝛽)) or
𝜃<𝜃=1−

Case A1 (𝜆 > 0). The value of 𝜆 is
𝜆=

−𝛼 (𝑡 + 𝑙 − 𝑙𝛼 − 𝑐𝜃 − 𝛼𝑡 + 𝑙𝛼𝜃)
.
1 − 𝛼 + 𝛼𝜃

(6)

Since the multiplier is positive, we have the necessary condition in this case
𝑡<

𝜃 (𝑐 − 𝛼𝑙) − 𝑙 (1 − 𝛼)
= 𝑡1∗ .
1−𝛼

(7)

Since the condition is satisfied, the prices in each channel

𝑝𝑟∗

1
𝑐 + 𝛼𝑡
= (1 +
).
2
1 − 𝛼 + 𝛼𝜃

𝛽2
.
4 (1 − 𝛼) (1 − 𝛽) + 𝛽2

(12)

𝜃 in (12) is a decreasing function of 𝛼, 𝛽. For instance, when
𝛼 = 𝛽 = 0.3, we have 𝜃 = 0.9561. So we conclude that optimal
prices exist for a broad range of 𝜃, 𝛼, and 𝛽.
Proposition 2. Under a centralized dual-channel supply chain
with 𝑝𝑟 ≥ (𝑝𝑑 +𝑡)/𝜃, there is a threshold delivery time 𝑡2∗ = ((1−
𝛼)(2𝑐𝜃+2𝛽𝑙−2𝑐−𝛽𝜃)+𝛽𝜃(2𝛼𝑙−𝑐−𝛼𝜃))/(2(1−𝛼)(1−𝛽)−𝛼𝛽𝜃)
such that, if 𝑡 > 𝑡2∗ , the optimal prices are

are
𝜃
𝑐 + 𝛼𝑡
𝑝𝑑∗ = (1 +
) − 𝑡,
2
1 − 𝛼 + 𝛼𝜃

𝑝𝑑 + 𝑡
.
𝜃

𝜃
𝑐 + 𝛼𝑡
(1 +
) − 𝑡,
2
1 − 𝛼 + 𝛼𝜃
1
𝑐 + 𝛼𝑡
𝑝𝑟∗ = (1 +
).
2
1 − 𝛼 + 𝛼𝜃

𝑝𝑑∗ =
(8)

(Case B1)

If 𝑡 ≤ 𝑡2∗ , the optimal prices are
𝑝𝑑∗ = 𝑙 − (1 − 𝛼) ((2 − 𝛽) [(2𝑙 − 𝜃) (1 − 𝜃) + (2 − 𝜃) 𝑡]

Case A2 (𝜆 = 0). The prices in each channel are
𝑝𝑑∗ =
𝑝𝑟∗

𝜃−𝑡+𝑙
,
2

1
𝑐 − 𝛼𝑙
= (1 +
).
2
1−𝛼

+2𝑐𝜃 − 2𝑡 − 2𝑐)
−1

× (4 (1 − 𝛼) (1 − 𝛽) (1 − 𝜃) − 𝛽2 𝜃) ,
(9)

Because of 𝑝𝑟 ≤ (𝑝𝑑 + 𝑡)/𝜃, we obtain the necessary condition in this case
𝑡>

𝜃 (𝑐 − 𝛼𝑙) − 𝑙 (1 − 𝛼)
= 𝑡1∗ .
1−𝛼

(10)

Also, it is simple to show that the policy is continuous in
𝑡1∗ , by forcing 𝑡 = 𝑡1∗ in the optimal policy of Case A2.

𝑝𝑟∗ =

𝛽2
1
− ((𝛼𝛽 − 𝛼𝛽𝜃 − ) (𝜃 − 2𝑙)
2
2
+ (1 − 𝜃) (𝛽𝑐 − 2𝑐 + 2𝛼𝑐) + 𝛽𝑡 (𝛼𝜃 − 1 + 𝛽) )
−1

× (4 (1 − 𝛼) (1 − 𝛽) (1 − 𝜃) − 𝛽2 𝜃) .
(Case B2)
The optimal policy is continuous at the threshold 𝑡2∗ .
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Table 1: The Stackelberg equilibriums.

Case C1: 𝑡 ≤

𝑡1𝑆

Case C2: 𝑡1𝑆 ≤ 𝑡 ≤ 𝑡2𝑆

Case C3: 𝑡 ≥ 𝑡2𝑆

𝑝𝑑𝑆

1
𝑀
[
− 𝑡]
2 (1 − 𝛽) (2 − 𝜃) − 𝛼𝜃

(1 − 𝜃 + 𝑤)𝜃
−𝑡
2−𝜃

𝑐 − 𝑤 + 𝑤𝛼 − 𝛼𝑡 + 𝛼𝜃
2𝛼

𝑝𝑟𝑆

1
𝑀
[2(1 − 𝜃 + 𝑤) + 𝑡 +
]
4
(1 − 𝛽) (2 − 𝜃) − 𝛼𝜃

1−𝜃+𝑤
2−𝜃

𝑐 − 𝑤 + 𝑤𝛼 + 𝛼𝑡 + 𝛼𝜃
2𝛼𝜃

𝑀 = (𝛽 − 1 − 𝛼)𝜃2 + (1 + 2𝑤 + 𝛼 + 𝑙𝛽 − 2𝑐 − 2𝑤𝛼 − 𝛽 − 𝑤𝛽)𝜃 + 2𝑐 − 2𝑙𝛽,
𝑡1𝑆 = (2𝜃(1 − 𝜃 + 𝑤))/(2 − 𝜃) − 𝑀/((1 − 𝛽)(2 − 𝜃) − 𝛼𝜃), and
𝑡2𝑆 = (2𝜃(1 + 𝑤 − 𝜃))/(2 − 𝜃) − (𝑐 + 𝑤𝛼 − 𝑤 + 𝛼𝜃)/𝛼.

Proof. The proof is similar to that of Proposition 1 and is
omitted.

the retailer’s best response function from the retailer’s maximization problem; then, the manufacturer maximizes their
profit based on the retailer’s best response function.

4. The Decentralized Dual-Channel
Supply Chain

Proposition 3. Under the decentralized dual-channel supply
chain, the Stackelberg equilibrium prices (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ) can be shown
in Table 1.

In this section, we consider a decentralized dual-channel
supply chain, in which both the manufacturer and the retailer
make their own decisions to maximize their individual profits. For decentralized dual-channel supply chain, the most
popular mode is that the manufacturer also sells the new
products by direct channel, which will lead to the service and
price competition with retailer. Hence, in decentralized
supply chain we only consider the scenario of 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃.
Since 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃 in this scenario, 𝐷𝑟 and 𝐷𝑑 satisfy
(2). The profit of the retailer is

From Proposition 3, we know that there are two threshold
delivery times 𝑡1𝑆 and 𝑡2𝑆 , and the Stackelberg equilibrium
prices are continuous at the thresholds 𝑡1𝑆 and 𝑡2𝑆 .
Proof. First, we derive the retailer’s best response to manufacturer’s decisions. The profit of the retailer is
Π𝑟 = max (𝑝𝑟 − 𝑤) (1 − 𝛼) (1 −
𝑝𝑟

𝑝𝑟 − 𝑝𝑑 − 𝑡
)
1−𝜃

The manufacturer’s profit is

𝑝 +𝑡
.
s.t. 𝑝𝑟 ≥ 𝑑
𝜃
Using the Lagrangian duality, we can easily get

Π𝑑 = 𝑤 (1 − 𝛼) 𝐷𝑟 − 𝑐 (𝐷𝑟 + 𝐷𝑑 ) + 𝑝𝑑 (1 − 𝛽) 𝐷𝑑

𝑝𝑟𝑆 =

Π𝑟 = (𝑝𝑟 − 𝑤) (1 − 𝛼) 𝐷𝑟 .

+ 𝛼𝑝𝑑 𝐷𝑟 + 𝑙𝛽𝐷𝑑 .

(13)

(14)

Next, we will obtain the equilibrium solutions by using
the Stackelberg game and the Nash equilibrium.
4.1. Stackelberg Game. In reality, decisions usually are taken
sequentially; some players decide first and the others respond
to these. This may be due to the lack of information of a
player about the other. With Stackelberg game, we model the
decision process as a sequential. The manufacturer can therefore operate as a Stackelberg leader while the retailer would
be the follower. The sequence of the events is as follows.

(c) The selling season starts and demand is observed.
Hence, we know that such a Stackelberg game will lie
on the following two-stage process: first, we can obtain

𝑝𝑑 ≤

(1 − 𝜃 + 𝑤) 𝜃
− 𝑡,
2−𝜃

(16)
𝑝𝑑 + 𝑡
(1 − 𝜃 + 𝑤) 𝜃
=
, 𝑝𝑑 ≥
− 𝑡.
𝜃
2−𝜃
Hence, the profit of the manufacturer will be divided into
two scenarios:
(1)
𝑝𝑟𝑆

1 𝑝 +𝑡−𝑤
]
Π𝑑 = max [𝑤 (1 − 𝛼) + 𝛼𝑝𝑑 ] [ + 𝑑
𝑝𝑑
2
2 (1 − 𝜃)
− 𝑐 (1 −

𝑝𝑑 + 𝑡
)
𝜃

1 𝑝 + 𝑡 − 𝑤 𝑝𝑑 + 𝑡
−
]
+ [𝑝𝑑 (1 − 𝛽) + 𝑙𝛽] [ − 𝑑
2
2 (1 − 𝜃)
𝜃

(a) The manufacturer, as the Stackelberg leader, owns the
complete information. He determines the direct sale
price 𝑝𝑑 and the delivery lead time 𝑡 first based on the
retailer’s response.
(b) The retailer, knowing the supplier’s decisions, determines his retail price.

1 − 𝜃 + 𝑝𝑑 + 𝑤 + 𝑡
,
2

(15)

s.t. 𝑝𝑑 ≤

(17)

(1 − 𝜃 + 𝑤) 𝜃
− 𝑡;
2−𝜃

(2)
Π𝑑 = max [𝑤 (1 − 𝛼) + 𝛼𝑝𝑑 − 𝑐] (1 −
𝑝𝑑

(1 − 𝜃 + 𝑤) 𝜃
s.t. 𝑝𝑑 ≥
− 𝑡.
2−𝜃

𝑝𝑑 + 𝑡
)
𝜃

(18)

6
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Also, using the Lagrangian duality to solve the above
problems, we can get Proposition 3.
From Table 1, we easily know that 𝑝𝑑𝑆 is always decreasing
in 𝑡; 𝑝𝑟𝑆 is increasing in 𝑡 when 𝑡 ≤ 𝑡1𝑆 and 𝑡 ≥ 𝑡2𝑆 , but it does
not have any relationship with 𝑡 when 𝑡1𝑆 ≤ 𝑡 ≤ 𝑡2𝑆 .
4.2. Nash Equilibrium. In the Nash equilibrium version of the
competition, the price decisions of two channels are assumed
to be given simultaneously. Each player is assumed to know
how the other would behave; there is no priority or time
sequence among the players’ decisions. Hence, the profits of
retailer and manufacturer are
Π𝑟 = max (𝑝𝑟 − 𝑤) (1 − 𝛼) (1 −

𝑝𝑟 − 𝑝𝑑 − 𝑡
),
1−𝜃

Π𝑑 = max [𝑤 (1 − 𝛼) + 𝛼𝑝𝑑 ] (1 −

𝑝𝑟 − 𝑝𝑑 − 𝑡
)
1−𝜃

𝑝𝑟

𝑝𝑑

− 𝑐 (1 −

s.t. 𝑝𝑟 ≥

+ (1 + 𝑐 + 𝑡 + 𝑤 − 𝛼 − 𝑙𝛽 − 2𝛼𝑡 − 𝛼𝑤) 𝜃 + 2𝛼𝑡 − 2𝑡)
−1

× (2 + 2𝛼𝜃 − 2𝛼 − 𝛽𝜃 − 2𝛼𝜃2 ) ,
𝑝𝑟𝑁 = (((

𝛽
+ 𝛼 + 𝑤 − 𝑐 − 𝛼𝑡 − 𝛼𝑤 − 1) 𝜃
2

+ 𝑐 + 𝑡 + 𝑤 − 𝑙𝛽 − 𝛽𝑡 − 𝛼𝑤)
−1
1
× (2 + 2𝛼𝜃 − 2𝛼 − 𝛽𝜃 − 2𝛼𝜃2 ) ) + .
2

(Case D2)

Proof. The Lagrangian and the Karush-Kuhn-Tucker optimality conditions are
𝑝𝑟 − 𝑝𝑑 − 𝑡 𝑝𝑑 + 𝑡
−
)
1−𝜃
𝜃

𝐿 (𝑝𝑟 ) = (𝑝𝑟 − 𝑤) (1 − 𝛼) (1 −

𝑝𝑑 + 𝑡
.
𝜃

+ 𝜆 (𝑝𝑟 −
(19)

Since each profit function is strictly concave, each player
has a unique response for every decision of the competitor.
Hence, we can get the following proposition.
Proposition 4. Under the decentralized dual-channel supply
chain, there is a threshold delivery time
𝑁

𝑝𝑑𝑁 = (−𝛼𝜃3 + (2𝛼 + 𝑤 + 𝛼𝑡 − 𝑐 − 1 − 𝛼𝑤) 𝜃2

The Nash equilibrium policy is continuous at the threshold 𝑡𝑁.

𝑝𝑑 + 𝑡
)
𝜃

+ [𝑝𝑑 (1 − 𝛽) + 𝑙𝛽] (

If 𝑡 ≤ 𝑡𝑁, the Nash equilibrium prices (𝑝𝑑𝑁, 𝑝𝑟𝑁) are

3

𝑡 = (𝛼𝜃 − (1 − 𝛽 + 𝑐 − 𝑤 + 3𝛼𝑤) 𝜃

2

+ (1 − 𝛼 − 𝛽 + 3𝑐 − 𝑤 − 𝛽𝑙 + 3𝛼𝑤 − 𝛽𝑤) 𝜃

(20)

−1

−2𝑐 + 2𝑙𝛽) ((2 − 𝜃)(1 − 𝛼𝜃 − 𝛽)) .
𝑁

If 𝑡 > 𝑡 , the Nash equilibrium prices

(𝑝𝑑𝑁,

𝑝𝑟𝑁)

𝑝𝑑 + 𝑡
),
𝜃

𝐿 (𝑝𝑑 ) = [𝑤 (1 − 𝛼) + 𝛼𝑝𝑑 ] (1 −
− 𝑐 (1 −
×(

𝑝𝑟 − 𝑝𝑑 − 𝑡
)
1−𝜃

𝑝𝑟 − 𝑝𝑑 − 𝑡
)
1−𝜃

𝑝𝑑 + 𝑡
) + [𝑝𝑑 (1 − 𝛽) + 𝑙𝛽]
𝜃

𝑝 +𝑡
𝑝𝑟 − 𝑝𝑑 − 𝑡 𝑝𝑑 + 𝑡
−
) + 𝜆 (𝑝𝑟 − 𝑑
),
1−𝜃
𝜃
𝜃

𝜕𝐿 (𝑝𝑟 )
2𝑝 − 𝑝𝑑 − 𝑡 − 𝑤
= (1 − 𝛼) (1 − 𝑟
) + 𝜆 = 0,
𝜕𝑝𝑟
1−𝜃
𝜕𝐿 (𝑝𝑑 )
2𝑝 − 𝑐 + 𝑡 + 𝜆 + 𝑙𝛽 − 2𝛽𝑝𝑑 − 𝛽𝑡
= 𝛼− 𝑑
𝜕𝑝𝑑
𝜃
+ (2𝑝𝑑 − 𝑝𝑟 + 𝑡 − 𝑤 + 𝑙𝛽 − 2𝛼𝑝𝑑 + 𝛼𝑝𝑟

are

−2𝛽𝑝𝑑 + 𝛽𝑝𝑟 − 𝛼𝑡 − 𝛽𝑡 + 𝛼𝑤)
× (𝜃 − 1)−1 = 0,

𝑝𝑑𝑁 = ((𝛽 − 𝛼 − 1) 𝜃2
+ (1 + 𝛼 + 𝑡 + 3𝑤 + 𝛼𝑡 − 𝛽𝑡 − 3𝛼𝑤 − 𝛽𝑤 − 𝛽 − 2𝑐) 𝜃
+ 2𝛽𝑡 + 2𝑐 − 2𝑡 − 2𝑙𝛽)

𝜆 (𝑝𝑟 −

𝑝𝑑 + 𝑡
) = 0.
𝜃
(21)

−1

× (4 + 𝛽𝜃 − 3𝛼𝜃 − 4𝛽 − 𝜃) ,

Since the multiplier can be either zero or positive, we could
have two cases to examine. Using the similar analysis of
Proposition 1, we can get the result.

𝑝𝑟𝑁 = (𝛼𝜃2 − (𝛼 − 2𝛽 + 𝑐 + 2 + 𝛼𝑡 − 𝑤 + 3𝛼𝑤) 𝜃
+2 + 𝑐 + 𝑡 + 2𝑤 − 2𝛽 − 2𝛽𝑤 − 𝑙𝛽 − 𝛽𝑡)

5. Supply Chain Coordination

−1

× (4 + 𝛽𝜃 − 3𝛼𝜃 − 4𝛽 − 𝜃) .

(Case D1)

From the above analysis, we can find that the prices of decentralized supply chain are different with the centralized supply
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𝐹 ∈ [Π𝑟 (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ) − Π𝑟 (𝑝𝑑∗ , 𝑝𝑟∗ ) , Π𝑑 (𝑝𝑑∗ , 𝑝𝑟∗ ) − Π𝑑 (𝑝𝑑𝑆 , 𝑝𝑟𝑆 )] .
(22)
Here, 𝐹 is positive if the contract (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ ) damages
the retailer’s profit; 𝐹 is negative if the contract (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ )
damages the manufacturer’s profit.
We provide an example to illustrate how to use the
coordination contract in practice. We use the same base
numbers as the next section and let 𝑡 = 0.1. Then we have
Π𝑟 (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ) = 0.0400, Π𝑑 (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ) = 0.0450 and Π𝑟 (𝑝𝑑∗ , 𝑝𝑟∗ ) =
0.0371, Π𝑑 (𝑝𝑑∗ , 𝑝𝑟∗ ) = 0.0644. We can find that the (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ )
enhances the retailer’s profit and coordinates the supply chain
but does not benefit the manufacturer. Hence, we use a complementary agreement (𝐹) to adjust the profit allocation and
ensure a win-win for both the manufacturer and the retailer.
Using (22) we can get the retailer to charge a lump sum fee 𝐹 ∈
[0.0029, 0.0194], so the contract (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ , 𝐹) can coordinate
the dual-channel supply chain.

6. Numerical Studies
Our objective in this section is to gain further insights based
on a numerical example. Also, in this section we only consider
the scenario of 𝑝𝑟 ≥ (𝑝𝑑 + 𝑡)/𝜃 in both centralized and decentralized supply chains. We use the following numbers as the
base values of the parameters: 𝛼 = 0.2, 𝛽 = 0.25, 𝑙 = 0.2,
𝑐 = 0.3, 𝜃 = 0.9, and 𝑤 = 0.4.
In centralized supply chain, we can get 𝑡 > 𝑡2∗ = −0.2061.
Hence, we know that the prices satisfy Case B1. Then we can
get the optimal prices by changing the delivery time 𝑡. This
can be shown in Figure 1.

1
0.95

Price

0.9
0.85
0.8
0.75
0.7
0.65

0

0.05

0.1
0.15
The delivery time

0.2

The retail sale price
The direct sale price

Figure 1: Effect of the delivery time on optimal prices of centralized
supply chain.
0.65
0.6
0.55

Price

chain. Hence, the total profit of decentralized supply chain
is lower than the centralized supply chain. In this section,
we will use resale price maintenance (RPM) to coordinate
the supply chain. In an RPM (𝑤, 𝑝, 𝑄) contract with quantity
fixing, the manufacturer specifies a resale price for the retailer
and controls the quantity of goods to be sold in the market
[24].
Since the coordination policy can only be used in the
Stackelberg game, in order to maximize the total supply chain
profit, the manufacturer as the Stackelberg leader should let
the prices (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ), equal to the centralized prices (𝑝𝑑∗ , 𝑝𝑟∗ ).
This coordination contract can be recognized as the RPM
(𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ ) contract. But only the RPM (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ ) contract
may damage one player’s profit and benefit the other. Hence,
we will discuss the implementation of the contract (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ )
with other complementary agreements between the manufacturer and the retailer that can coordinate the dual-channel
supply chain and ensure a win-win for both players.
In this paper, we find that a two-part tariff agreement is
a useful method to resolve this problem; that is, the retailer
can charge a lump sum fee (𝐹) when it accepts the contract
(𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ ). Hence, the contract (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ , 𝐹) can coordinate
the dual-channel supply chain and enable both the retailer
and the manufacturer to be a win-win, where 𝐹 satisfies
Π𝑟 (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ) ≤ Π𝑟 (𝑝𝑑∗ , 𝑝𝑟∗ )+𝐹 and Π𝑑 (𝑝𝑑𝑆 , 𝑝𝑟𝑆 ) ≤ Π𝑑 (𝑝𝑑∗ , 𝑝𝑟∗ )−𝐹,
that is,
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0.5
0.45
0.4
0.35

0

0.05

0.1
The delivery time

0.15

0.2

The price of retailer
The price of manufacturer

Figure 2: Effect of the delivery time on Stackelberg equilibrium
prices.

Figure 1 indicates that the retail sale price is greater than
the direct sale price under centralized supply chain. Since
both prices are in (0, 1), we can get that the range of the delivery time is (0, 0.24). Also, we can find that the impact of delivery time on the direct sale price is less than on the retail sale
price.
In Stackelberg game, similarly we can get the 𝑡1𝑆 = −0.0575
and 𝑡2𝑆 = −0.0186. Since 𝑝𝑑 > 𝑐 = 0.3, we know that the range
of 𝑡 should be (0, 0.2). Hence, we conclude that the Stackelberg equilibrium prices should satisfy Case C3. Then, we
can draw the prices curves with the delivery time shown in
Figure 2.
From Figure 2, we can see that 𝑝𝑑𝑆 is decreasing in 𝑡, while
𝑝𝑟𝑆 is increasing in 𝑡. This means that the manufacturer will

8

Discrete Dynamics in Nature and Society
0.8
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0.7

0.05

0.65
0.6
Price

Profit

0.045
0.04

0.55
0.5

0.035

0.45

0.03

0.4

0.025

0.35

0.02
0.015

0
0

0.05

0.1
The delivery time
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0.1

0.2

The profit of manufacturer
The profit of retailer

0.2
0.3
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The delivery time

0.5

0.6
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The price of manufacturer

Figure 4: Effect of the delivery time on Nash equilibrium prices.

Figure 3: Effect of the delivery time on each player’s profit under
Stackelberg game.

0.7
0.6
0.5

Profit

have to decrease their direct sale price when their service
level is low. This result is caused by the competition from the
retailer.
Then, we can get Figure 3 which reflects how the delivery
time affects each player’s profit under Stackelberg game.
Figure 3 shows that the manufacturer’s profit under
Stackelberg game is decreasing in 𝑡, while the retailer’s
profit is increasing. Hence, under the Stackelberg game, the
manufacturer should improve the service level and increase
the direct sale price simultaneously to gain more profit.
In Nash equilibrium, we can get 𝑡𝑁 = −0.325. Hence, we
know that the Nash equilibrium prices satisfy Case D1. Then,
we can get the relations of the Nash equilibrium prices and
the delivery time shown in Figure 4.
Figure 4 shows that 𝑝𝑑𝑁 is decreasing in 𝑡, while 𝑝𝑟𝑁 is
increasing in 𝑡. Since 𝑝𝑑𝑁 > 𝑐 = 0.3, we can obtain that
the valid range of 𝑡 is (0, 0.6). Then, we can get profit curves
shown in Figure 5.
From Figure 5 we can find that both players’ profits under
Nash equilibrium are increasing in 𝑡. From intuition, the
manufacturer’s profit should decrease when the delivery time
increases. However, we find that this intuition is wrong under
Nash equilibrium. The main reason is that the source of
manufacturer’s profit is not only from the direct channel’s
customers but also from the retailer. Hence, when the delivery
time increases, the decrement in direct channel can be offset
by increased retailer’s order quantity.
From the above analysis, we can find that 𝑡 ∈ (0, 0.2) is the
common valid range in modes of centralized supply chain,
Stackelberg game, and Nash equilibrium. Hence, we will
compare the profits under the range of 𝑡 ∈ (0, 0.2). We use
𝑁
(Π𝑆𝑑 , Π𝑆𝑟 ) and (Π𝑁
𝑑 , Π𝑟 ) to represent the manufacturer’s profit
and the retailer’s profit under Stackelberg game and Nash
equilibrium, respectively. Let Π𝐶𝑇 be the total supply chain’s

0.4
0.3
0.2
0.1
0

0

0.1

0.2
0.3
0.4
The delivery time

0.5

0.6

The profit of retailer
The profit of manufacturer

Figure 5: Effect of the delivery time on each player’s profit under
Nash equilibrium.

profit under centralized supply chain. Then, we can plot the
profit gap between Nash equilibrium and Stackelberg game at
the range of 𝑡 ∈ (0, 0.2) in Figure 6.
Figure 6 shows that each player’s profit under Nash equilibrium is higher than the one under Stackelberg game, and
each player’s profit gap between the two games is increasing
in 𝑡.
Figure 7 depicts the total profits of supply chain under
three modes with respect to 𝑡.
From Figure 7 we can find that the total supply chain’s
profit under centralized supply chain is larger than the decentralized modes, that is, Stackelberg game and Nash equilibrium. This will make it possible that the decentralized supply
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Figure 6: Profit gap between Nash equilibrium and Stackelberg
game with the delivery time.
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and decentralized supply chains with consumer returns. In
decentralized supply chain, we consider the two different
competition types, that is, Stackelberg game and Nash equilibrium. Since the total supply chain’s profit under decentralized supply chain is less than the centralized supply chain, we
put forward a new contract (𝑤, 𝑝𝑑∗ , 𝑝𝑟∗ , 𝐹) to coordinate the
decentralized supply chain and gain the win-win outcome.
From numerical studies, we also find some interesting
results. For instance, in some cases, both players can get more
profit under Nash equilibrium than under the Stackelberg
game. In addition, we can find that, under Nash equilibrium,
prolonging the delivery time possibly becomes an effective
measure to improve each player’s profit.
There are several interesting topics for further research.
For example, we can extend one retailer to multiple retailers.
The competition between the multiple retailers will affect the
decisions between channels. We plan to explore this issue in
a future study.
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