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Return services are increasingly valued by manufacturers, retailers, and customers. In many countries, an offer of money-back
guarantee (MBG) is legally binding. In this paper, we discuss how a retailer and manufacturer with a direct channel should choose
single or dual MBG and pricing strategies. We identify the conditions under which a retailer or manufacturer should choose a
return strategy and show that the handling return loss and the customer return cost in each channel are critical factors that should
be considered by the retailer andmanufacturer when choosing a return strategy. In addition, the retailer should cooperate with the
manufacturer to establish an offline-to-online (O2O) omnichannel to fully benefit from the convenience and advantages
of the retail channel. We find that the adoption of the O2O strategy by the retailer in its retail channel always generates profits,
while the manufacturer may implement the O2O strategy in its direct channel when the profit from the Internet service is higher
than a threshold. Additionally, the impact of various strategies on pricing, market share, and profits is discussed.

1. Introduction

During the recent Tmall “Double Eleven” shopping festival
in 2018, a single day’s turnover reached $30.835 billion.
Faced with the temptation of sales through online channels
and the rapid development of the e-commerce market,
increasing numbers of manufacturers have begun to
transform and upgrade. Based on the existing traditional
retail channel, they open online direct sales channels and
directly sell products to customers, forming a dual channel.
)is sales model generates more market share and economic
profit. For example, an increasing number of PC manu-
facturers, such as Hewlett-Packard, Dell, and Toshiba, are
opening online direct sales channels while selling products
through retail partners, such as Walmart and CompUSA [1].
For example, to compensate for the gap in online sales in
Southeast Asia, Apple joined forces with Lazada, Southeast
Asia’s largest shopping site, in 2017 to announce that it
would launch online direct sales in several Southeast Asia
countries, some of which are the first to have official direct
online sales services from Apple [2].

Customer service and pricing are among the most im-
portant marketing strategies enabling sellers to maintain
market competitiveness [3]. Given the popularity of product
returns, sellers have begun to focus on creating a good return
experience as a way to compete in customer service and offer
loose return strategies. Return strategies (policies) usually
include a full refund strategy (e.g., money-back guarantee,
MBG) and a partial refund strategy (i.e., retailers allowing
returns but deducting a corresponding refund fee, thereby
returning only a partial refund of the purchase price to the
customers, which is commonly observed in the unsubscribe
refund of tickets). McWilliams [4] found that in the dual-
channel environment, as a relaxed return strategy, MBG is
widely available in both the traditional brick-and-mortar
retail channel (we refer to this channel simply as the “retail”
channel) and the online direct sales channel (we refer to this
channel simply as the “direct” channel). McWilliams and
Gerstner [5] found that 87% of 47 large stores in the United
States have implemented a full MBG strategy, while 13%
offer a partial refund strategy such that the retailer demands
a refund fee and returns only a partial refund of the purchase
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price to the customers. McWilliams [4] found that all top 10
online clothing retailers on the Top 500 list on the Internet
Retailers website and 16 high-selling brick-and-mortar re-
tailers offer MBG. MBG is very popular with customers
because this guarantee allows for the return of unsatisfactory
products with a full refund [6, 7]. In addition, MBG can
reduce the perception of risk and stimulate the desire to
purchase, thereby enhancing customers’ willingness to
purchase and increasing their willingness to pay [8].

From a retailer or manufacturer’s perspective, although
MBG increases customer satisfaction and stimulates sales, it
can also result in a large volume of product returns and high
associated processing costs, which could affect the profit-
ability of retailers and manufacturers [1, 9]. )e average
return rate via traditional retail channels is 8% [10], but the
return rate of e-commerce network sales usually ranges
between 20% and 40 [11]. In the fashion and apparel in-
dustry, the return rate can be as high as 74% [12]. At such
high return rates, processing returns is very expensive for
retailers and manufacturers. It is estimated that US man-
ufacturers and retailers spend more than 100 billion US
dollars per year on processing returns and related logistics
[13]. Each manufacturer and retailer lost an average of 3.8%
of revenue [14].

In practice, some manufacturers and retailers choose to
tighten their free return strategies to reduce and limit the
costs of processing returns and related reverse costs [15], and
some have not even implemented a return strategy [16].
However, in some cases, the manufacturer also provides a
more lenient return service to the retailer and does not allow
the retailer to resell the returned product. For example, both
Hewlett-Packard and Bosch require retailers to return any
returned product to their manufactures’ return centers [17].
)erefore, how should one launch MBG services? Should it
only do so for customers? Or should it be more relaxed and
available not only to the customers but also to the retailers in
the form of dual MBG (DMBG) services, that is, where
manufacturers also provide MBG services to retailers?
Should it not provide return services? How do manufac-
turers and retailers choose which MBG services to offer?
What factors influence the choice of return strategy? )is
series of questions remains open and deserves attention.

To reduce the return rate, retailers can also exploit the
convenience and advantages of their retail channels—display
and experience. Retailers can cooperate with manufacturers
to integrate channels and implement the increasingly
popular omnichannel offline-to-online (O2O) strategy.
With the omnichannel O2O strategy, the offline retail
channel and the online direct sales channel form an
omnichannel, and the offline retail channel provides product
line display and experience services. To prevent channel
conflicts and customer service free-riding behavior, the
omnichannel generally implements a uniform pricing
strategy. )e O2O omnichannel strategy based on uniform
pricing has been implemented in the electronics industry, for
example, by Apple, Huawei, and Mi, which have opened
online direct sales channels and retail experience stores
(retail channels) to provide consumers with offline product
line display and experience. )e offline channel is channeled

to the online channel to introduce customers to a wider
range of product lines and services, which will encourage the
development of brand fans and the repurchase of other
products and services. However, what is the impact of the
uniform pricing based O2O omnichannel strategy on
product return rates? How does the O2O strategy affect
consumer purchasing behavior and how does it affect the
optimal pricing decisions of manufacturers and retailers?
)is series of questions also attracts our attention and is
worth studying.

In this paper, in the context of a retailer and manu-
facturer with a direct channel who face customer returns and
pricing issues, we examine the commonly adopted MBG,
newly emerged DMBG, and popular O2O omnichannel
strategies. Specifically, we study the following.

(1) How should a retailer with a retail channel and a
manufacturer with a direct channel choose their
return strategy? Should the widely adopted MBG or
the more relaxed DMBG strategy be implemented?

(2) How do the MBG and DMBG strategies affect the
pricing, market share, and profits of the retailer and
manufacturer in the dual channel?

(3) How does the implementation of the O2O omni-
channel strategy affect the retailer and manufac-
turer’s choice of return strategies, their market
shares, and their optimal pricing decisions? How do
these factors in turn affect consumer purchasing
behavior?

(4) Should the retailer and manufacturer achieve
channel cooperation? What is the optimal choice
between the O2O strategy and the MBG/DMBG
strategy?

To address these questions, we consider a dual-channel
supply chain that includes a retailer and a Stackelberg
manufacturer with a direct channel. We use a game theory
model to discuss how the retailer and manufacturer de-
termine customer return strategies (the MBG or DMBG
strategy) and pricing strategies (based on a nonuniform
pricing MBG/DMBG strategy or an O2O omnichannel
strategy based on uniform pricing). How do the different
strategies affect the competition between the two channels?

We show that the return loss and customer return cost in
the purchasing channel are important factors that the re-
tailer and manufacturer should consider when choosing a
return strategy. Specifically, for a retailer, the retailer can set
the return strategy based on the level of return loss and the
customer return cost based on its retail channel. We found
that if the retailer and manufacturer cannot achieve channel
cooperation and implement nonuniform pricing, as long as
the return loss and the customer return cost in the retail
channel are less than those in the direct channel, the retailer
should provide MBG instead of DMBG. However, the re-
tailer tends to choose the O2O strategy if it collaborates with
the manufacturer to build an omnichannel and implement
uniform pricing.

Interestingly, for a manufacturer, when the net residual
value of satisfaction in the direct channel is positive,
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although the DMBG return strategy can effectively improve
the manufacturer’s direct profit, the manufacturer is still
willing to provide an MBG return strategy because the
manufacturer is more reliant on retailers to sell products,
thereby obtaining more wholesale profit. However, notably,
the manufacturer also benefits from DMBG, which not only
reduces the pressure on the retailer to address customer
returns and thus alleviates channel conflicts but also in-
creases the market shares and profits of direct channels.
)erefore, during the initial period after a manufacturer
opens a direct channel, the manufacturer can consider the
implementation of a DMBG return strategy, thus alleviating
channel conflicts and rapidly increasing the market share of
the direct channel.

Furthermore, we determined the conditions under which
the manufacturer would be willing to work with the retailer to
build an omnichannel and implement an O2O strategy with
uniform pricing, namely, when the profit conversion rate of
the Internet service exceeds a certain threshold, and the offline
channel can fully drain the online channel; in this case, the
manufacturer would be willing to sacrifice more wholesale
profit to implement an O2O strategy.

Although there is a substantial literature on the dual-
channel environment, less attention has been devoted to the
joint consideration of a single or dual MBG return strategy
and O2O strategy, especially not to all three simultaneously.
)is paper extends the existing literature and practice in this
direction. First, we expand the literature on the MBG and
O2O strategy in a dual-channel environment. In previous
research on dual-channel MBG, the dual-channel structure
considered is a retailer that not only operates a traditional
retail channel but also opens an online channel, that is,
operates two channels (e.g., [3, 4, 18]). However, especially
for large brands (such as Apple, Samsung, and Dell), the
manufacturers often open the online channel, while retailers
operate the retail channel. )is dual-channel structure is
closer to reality. Moreover, the traditional O2O channel
management literature focuses on the environment where
the online and offline operators (the manufacturer and
retailer) do not create a partnership (e.g., [19–21]). Our work
on O2O is focused on an environment where the online and
offline operators (the manufacturer and retailer) cooperate.
Specifically, here, the direct channel operated by the man-
ufacturer and the retail channel operated by the retailer
collaborate to integrate to the O2O omnichannel, and the
two sides cooperate and drain each other. Second, we ex-
amine a new direction in the literature on MBG strategy.
Previously, the literature on MBG has only considered
providing single MBG service, not dual DMBG service, and
did not discuss the combination of MBG with the in-
creasingly popular O2O strategy (e.g., [1, 7, 8]). We study the
impact of MBG and the more relaxed DMBG and O2O
strategies in dual-channel Stackelberg competition when the
manufacturer also has a direct channel. )e significance of
this study is that the manufacturer can provide the more
relaxed DMBG service or cooperate with the retailer to
establish an O2O omnichannel to alleviate the pressure on
the retailer to handle customer returns and ease the channel
conflicts caused by opening the direct channel. )ird, we

show that the manufacturer’s implementation of DMBG
service does not always harm his own interest. In the initial
stage of opening the direct channel, especially, DMBG can
not only reduce the pressure on the retailer to handle
customer returns and ease channel conflict but also increase
the market share of the direct channel. Finally, we show that
the O2O strategy is more attractive to the retailer. If the
retailer wishes to encourage the manufacturer to participate
in the establishment of O2O omnichannel, he should fully
drain the online direct channel and improve the profitability
of the online service.

)e structure of this paper is as follows. Section 2
provides a literature review. Section 3 describes three
models, including the model of no returns, the model of
MBG, and the model of DMBG, and the selection and
impact of return strategies and other situations are dis-
cussed. Section 4 studies the case of the O2O strategy.
Section 5 studies the selection of the O2O strategy and return
strategies. Section 6 concludes with a discussion of the
management insights provided in this paper and recom-
mendations for future research.

2. Literature Review

)ere are three strands of literature related to this paper:
those on return strategy, pricing strategy in a dual-channel
environment, and channel management. )e first stream of
related literature we address is that on return strategy.
Return strategy is an important strategy for the manufac-
turer and retailer to maintain market competitiveness in
general and in customer service in particular [3]. Manu-
facturers’ return strategy for retailers is limited to excess
inventory (e.g., [22–29]). As seen from the above literature,
the manufacturer’s return strategy is a guarantee for the
retailer, which faces uncertain demand, thereby eliminating
or reducing the retailer’s sales risk and encouraging the
retailer to maintain more inventories.

Retailers’ return strategy is limited to consumer returns
(see [4, 6, 17, 30, 31]). Retailers’ return strategy for con-
sumers can reduce consumers’ perceived risk and encourage
them to purchase, thereby enhancing their willingness to
purchase and willingness to pay [8].

MBG return strategy is popular and often legally
enforced. Most retail stores in the United States provide a
comprehensive and relaxed return strategy; for example, the
top ten apparel retailers in the United States provide return
services [4]. )e “Interim Measures for the Return without
Reasons of Commodities Purchased Online within Seven
Days” in the Consumer Rights and Interests Protection Law
of China [32] stipulates that, in addition to special com-
modities, online shopping products allow consumers to
return goods within seven days from the date of arrival.
Manufacturers also provide retailers with relatively loose
return services and do not allow retailers to return goods to
reduce the pressure on retailers and standardize the treat-
ment of returned goods. For example, both Hewlett-Packard
and Bosch require retailers to return returned products to
their respective manufacturers’ return centers and refund
the wholesale amount to the retailer in full [17]. Davis et al.
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[31] emphasize that manufacturers can use the corre-
sponding return strategy to encourage retailers to provide a
more generous return strategy. Focusing on channel in-
terrelationships with respect to return strategies would be a
worthwhile project for future research. )erefore, how
should MBG return strategy be conducted, especially the
manufacturer’s return strategy? Is it a single MBG for
customers only? Or should it be more relaxed, including not
only customers but also retailers’ DMBG? How do the
manufacturer and the retailer choose their return strategy?
How do the two return strategies of MBG and DMBG affect
the pricing, market share and profit of the manufacturer and
the retailer? How do the manufacturer and the retailer in-
fluence one another in providing return strategy? )is series
of issues is rarely addressed in previous studies, especially for
DMBG. )erefore, research on the strategic interaction
between MBG and DMBG for manufacturers and retailers is
worthy of substantial consideration and research.

)e second strand of literature concerns pricing strategy
in a dual-channel environment. When studying dual-
channel pricing, some works assume that the prices of the
two channels should be the same (uniform) (e.g.,
[20, 33–36]) and contend that a common channel price can
alleviate channel conflict and maintain brand consistency.
However, some studies argue that the prices of the two
channels should be different (nonuniform) [19, 37, 38], and
some works contend that online prices should be lower than
offline prices because the operating cost of the online net-
work channel is lower than the operating cost of the offline
physical channel (e.g., [19, 37]). Other studies (e.g., [38])
argue that the online price should be higher than the offline
price when most customers prefer the online channel. In our
work, we consider both a situation based on the nonuniform
pricing strategy and a situation based on the uniform pricing
strategy. When the retailer and the manufacturer have not
yet achieved channel cooperation, the nonuniform pricing
strategy is implemented in the dual-channel system. We
consider how the retailer and manufacturer decide their
return strategy and how their pricing and return strategies
affect competition between the two channels. When the
retailer and the manufacturer achieve channel cooperation
and build an O2O omnichannel, the uniform pricing
strategy (the same product at the same price) is implemented
in the two channels. We also consider the conditions re-
quired to achieve channel cooperation between the retailer
and the manufacturer and the impact of the O2O strategy on
the competition between the two channels.

Our work is also related to the management of online
and offline channels. )e traditional channel management
literature focuses on the environment in which the online
and offline channels do not achieve cooperation and dif-
ferent companies operate different channels (e.g., [19–21]).
In contrast to this stream of work, our paper’s work on O2O
focuses on the environment in which the online and offline
channels achieve cooperation; that is, the retailer and the
manufacturer realize channel cooperation and build an O2O
omnichannel. Similarly, an omnichannel environment and
retailers managing both online and offline channels in an
integrated manner have been considered in the literature

[39–41]. When considering such an omnichannel envi-
ronment, most of the operational management literature
focuses on how the new omnichannel cooperation process is
implemented. For example, Gallino and Moreno [42] pro-
posed an online and offline cooperation method for “buy-
online, pick-up-in-store” (BOPS). Gao and Su [35] studied
the implementation of BOPS and its impact on channel
coordination from a theoretical perspective. Gallino et al.
[43] investigated another widely used omnichannel imple-
mentation program, ship to store, and experience that has
proven that the program can effectively improve the overall
sales dispersion of retailers, with the lowest-selling products
contributing the most. Our paper proposes a new online and
offline cooperation method. Here, the retailer cooperates
with the manufacturer to construct an O2O omnichannel.
)e retailer’s offline physical store (channel) provides dis-
play and experience services to customers, enhancing their
sense of experience with and preference for brand products.
It emphasizes the drainage from the offline channel to the
online channel, whereby customers are introduced to more
extensive product lines in the manufacturer’s online direct
channels to strengthen brand awareness and cultivate loyal
customers.

Recent studies investigating returns, pricing, and O2O,
including studies specifically related to the present work, are
listed in Table 1.

3. Modeling

In this paper, we consider a single product sold in a dual-
channel model with a retail channel and a direct channel,
and the supply chain system contains only onemanufacturer
(M) and one retailer (R). )e manufacturer not only
wholesales products to the retailer at wholesale price w but
also opens a direct channel (j� d) to sell directly to cus-
tomers at direct price pd. )e retailer operates a retail
channel (j� r) at retail price pr. In the fourth part of this
paper, we note that, to attract customer traffic and increase
the customer purchase rate, the retailer can cooperate with
the manufacturer to build an O2O omnichannel and im-
plement the O2O strategy, according to the advantages of its
own channel. Under the O2O strategy, the customer can
choose to purchase products directly in the direct channel or
to visit the physical retail store and experience the products
before deciding whether to purchase in the retail channel.

3.1.-eTraditionalModelwithNoReturns. As a benchmark,
we first discuss the traditional model. In the traditional
model, the retailer and the manufacturer do not provide an
MBG service to customers; that is, returns are not allowed.
)e retailer’s revenue comes from retail channel sales rev-
enue, and the manufacturer’s revenue comes from direct
channel sales revenue and wholesale revenue. )e channel
structure is shown in Figure 1.

Similar to many studies (such as [3]), we assume that a
customer’s willingness to pay for a product is v, and v is
subject to a uniform distribution based on [0, 1]. After the
customer purchases the product from channel j, if the
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product meets the customer’s needs and the customer is
satisfied with the product, he obtains utility v − pj; however,
if the customer is not satisfied with the product, he
obtains utility 0 − pj. )erefore, in the traditional
model, where returns are not allowed, the expected utility
of a retail channel customer is Ur � ar(v − pr) + (1 − ar)

(0 − pr) � arv − pr; the expected utility of a direct channel
customer is Ud � adv − pd. Here, αj is the customer satis-
faction with channel j, which is closely related to the quality

and service of shopping experience provided by channel j.
Echoing the findings of Ofek et al. [33], we find that the retail
channel is more accessible to customers, and customers can
use “touch and feel” to determine whether they are satisfied
with the product, so we assume that αr > αd. Customers
make a choice by comparison of whether to buy in the retail
channel, buy in the direct channel, or not buy; that is, their
problem is max(Ud, Ur, 0).

Obviously, when Ur ≥ 0 or v≥ vN
r � (pr/αr), the cus-

tomer is potentially willing to purchase the product via
the retail channel; when Ud ≥ 0 or v≥ vN

d � (pd/αd), the
customer is potentially willing to purchase the product
via the direct channel; when Ur ≥Ud or v≥ vN

rd �

((pr − pd)/(αr − αd)), the customer prefers to buy the
product via the retail channel but not the direct channel.
)erefore, the demand for the direct channel is
DN

d � vN
rd − vN

d . )e demand for the retail channel is
DN

r � 1 − vN
rd.

In the case of a traditional dual-channel supply chain
that does not allow returns, the retailer’s profit is
ΠN

r � maxpr
(pr − w)DN

r ; the profit of the manufacturer is
ΠN

d � maxpd,wwDN
r + pdDN

d , where ΠN
d1 � wDN

r is the

Table 1: Comparison among recent relevant studies.

Channel
structure MBG DMBG Two pricing

strategies O2O Major findings

Davis et al. [31] M √ × × × MBG enhances profit (if net salvage value is positive)

Chen and Chen [3] D √ × × ×
MBG mitigates price competition and may result in a Pareto

improvement in both retailers’ profits

McWilliams [4] D √ × × ×
MBG helps the low-quality retailer and harms the high-quality

retailer (if the net salvage value is positive)

Chen and Chen [18] R-D √ × × ×
MBG is the dominant choice for both channels (if the net salvage

value is positive)

Xia et al. [44] M-D √ × × ×

)e retailer’s high service cost reduces the manufacturer’s
incentive to add a direct channel in the presence of customer

returns

Li et al. [45] M-D √ × × ×
)e manufacturer prefers to offer MBG in both channels if the

return rate is low

Li et al. [1] M-D √ × × ×

MBG (if the net salvage value is positive) is the dominant choice
for retailer’s channel, and the manufacturer may offer an MBG

even if the net salvage value is negative
Heydari et al. [7] M √ √ × × DMBG can achieve Pareto-improving supply chain coordination
Gallino and Moreno
[42] R-D × × × √ )e O2O strategy of “BOPS” has a cross-selling effect and

channel-shifting effect

Gao and Su [35] R-D × × × √
)e O2O strategy of “BOPS” enables retailers to reach new
customers, and its revenue can be shared across channels to

alleviate incentive conflicts

Gallino et al. [43] R-D × × × √
)e O2O strategy of “ship-to-store” can effectively improve the
overall sales dispersion of retailers, where the lowest-selling

products contribute the most

Present study M-D √ √ √ √

)e handling loss with returns and the customer return cost for
each channel are critical factors that a retailer or manufacturer
should consider when choosing an MBG or a DMBG return
strategy. Moreover, the retailer should cooperate with the

manufacturer to establish an O2O omnichannel to make greater
use of the convenience and advantages of the retail channel

Decision is considered (√) or not considered (×). Channel structure: manufacturer’s dual channel (M-D; manufacturer’s dual channel in which the
manufacturer operates a direct channel and the retailer operates a retail channel); retailer’s dual channel (R-D; retailer’s dual channel in which the retailer
operates both direct channel and retail channel or a retailer operates a direct channel while another retailer operates a retail channel); duopoly (D; single
channel of duopoly); Monopoly (M; single channel of monopoly). Pricing: uniform pricing and nonuniform pricing strategies are considered (√) or not
considered (×).

Manufacturer

Customer

Retailer

w

pr

pd

Figure 1: )e traditional model with no returns.
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wholesale profit for the manufacturer, and ΠN
d2 � pdDN

d is
the direct profit for the manufacturer.)emanufacturer and
the retailer engage in a Stackelberg game to maximize their
respective interests. Because manufacturers are more
competitive in the market, they are generally dominant and
have complete information. )e order of the game is as
follows: the manufacturer (he) first sets his own direct price
pd and wholesale price w to maximize his own profits; then,
the retailer (she) sets her retail price pr to maximize her
revenue; finally, the customer decides whether and where to
buy. Proposition 1 can be obtained through backward
induction.

Proposition 1. In the case of a traditional dual-channel
supply chain that does not allow returns, the optimal prices
and wholesale price for the direct channel and the retail
channel are

p
N
d �

αd

2
,

w
N

�
αr

2
,

p
N
r �

3αr − αd

4
.

(1)

)e proof of Proposition 1 is shown in Appendix A.
Proposition 1 shows that the higher the customer satis-

faction with the direct channel is, the higher the price in the
direct channel is. )e higher the customer satisfaction in the
retail channel is, the higher the price in the retail channel is.
Because the retail channel can approach and serve customers
better, customer satisfaction is high (αr > αd); therefore, as
customer satisfaction increases, the change in the price of the
retail channel becomesmore significant. See Table 2 for details
on the other parameters. According to Proposition 1, it is easy
to obtain that the demand for the direct channel is
DN

d � (1/4), the demand for the retail channel is DN
r � (1/4),

and the profit of the manufacturer is ΠN
d � ((αd + αr)/8),

where (αr/8) is the wholesale incomeΠN
d1, (αd/8) is the direct

incomeΠN
d2, and the retailer’s profit isΠ

N
r � (1/16)(ar − ad).

3.2. -e Model with a Money-Back Guarantee. We do not
consider the case in which only one channel provides MBG
service while the other channel does not. )at is, in our
paper, we consider MBG service being provided in either
both channels or neither. )is is because, in reality, we find
that if only one channel provides MBG service, as long as it
can process product returns—that is, the returned product
has a net residual value greater than or equal to zero—then
its competitiveness is better than another channel that does
not. )is finding has been verified in the literature [1, 18].
)erefore, to fairly characterize channel competitiveness, we
assume that either both channels provide MBG service or
neither provides MBG service.

In the MBG model, we assume that the retailer and the
manufacturer both provide MBG service to the customer,
which allows the customer to return the product and receive

a full refund, but the manufacturer does not accept the
retailer’s returns. Here, the customer’s expected net utility in
the retail channel is Ur � ar(v − pr) − (1 − ar)tr. )e cus-
tomer’s expected net utility in the direct channel is
Ud � ad(v − pd) − (1 − ad)td, where tj is the average unit
return cost of the returns to the channel j when the customer
is dissatisfied with the product, including the transportation
cost of returning to the retail channel or the shipping cost of
returning to the direct channel. Since the retail channel is
more convenient for returns, we assume that tr < td. )e
dual-channel structure is shown in Figure 2.

Similarly, whenUr ≥ 0 or v≥ vM
r �((1− αr)tr/αr) + pr, the

customer purchases the product via the retail channel; when
Ud ≥ 0 or v≥ vM

d � ((1 − αd)td/αd) + pd, the customer pur-
chases the product via the direct channel; when Ur ≥Ud or
v≥ vM

rd �(((1 − αr)tr − (1 − αd)td + αrpr − αdpd)/(αr − αd)),
the customer prefers to buy the product via the retail channel
but not the direct channel. )erefore, the demand for the
direct channel is DM

d � vM
rd − vM

d , and the demand for the
retail channel is DM

r � 1 − vM
rd.

In the case of a dual-channel supply chain with MBG,
the retailer’s profit is ΠM

r � maxpr
[αrpr − (1 − αr)Tr]

DM
r − wDM

r , and the profit of the manufacturer is
ΠM

d � maxpd,wwDM
r + [αdpd − (1 − αd)Td]DM

d , where Tj is
the cost (loss) of processing the returned product via channel
j, such as the cost of repackaging and other handling of the
returned product (i.e., the loss incurred by the handling of
the returned product). Note that if the customer is not
satisfied with the product, the return cost incurred by the
customer is only the transportation cost of returning to the
retail channel or the shipping cost of returning to the direct
channel; the manufacturer with the direct channel not only
has to bear the positive delivery cost but also the handing
cost of the returned product, such as the cost of repacking
the returned product; in addition, because the retailer has
more sales experience and is more convenient, it is easier to
handle the returned product at a smaller loss. )erefore, it is
assumed that tr < td <Tr <Td. In addition, ΠM

d1 � wDM
r is

the wholesale profit for the manufacturer, and
ΠM

d2 � [αdpd − (1 − αd)Td]DM
d is the direct profit for the

manufacturer.
Next, we also use the Stackelberg game to obtain the

equilibrium solution. Similarly, in the Stackelberg game,
the manufacturer dominates and has complete information.
)e order of the game is as follows. )e manufacturer first
decides his direct price pd and wholesale price w. )en, the
retailer decides her retail price pr. Finally, the customer
decides whether and where to buy. Proposition 2 is also
obtained by backward induction.

Proposition 2. In the case of a dual-channel supply chain
with an MBG, the direct channel and the retail channel

Table 2: Sensitivity analysis of equilibrium demand, price, and
profit under the no-returns strategy.

pN
r pN

d wN DN
r DN

d ΠN
r ΠN

d1 Π
N
d2 Π

N
d

αr ↑ — ↑ — — ↑ ↑ — ↑
αd ↓ ↑ — — — ↓ — ↑ ↑
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provide MBG service to customers, but the manufacturer does
not accept the retailer’s returns. -e optimal prices and
wholesale price for the direct channel and the retail channel
are

p
M
d �

1
2αd

αd + 1 − αd(  Td − td(  ,

w
M

�
1
2

αr − 1 − αr(  Tr + tr(  ,

p
M
r �

1
4αr

3αr − αd + 1 − αr(  Tr − 3tr(  + 1 − αd(  Td + td(  .

(2)

)e proof of Proposition 2 is shown in Appendix A.
According to Proposition 2 and Table 3, when direct

sales channels and retail channels provide MBG service to
customers, that is, customers are allowed to return, but the
manufacturer does not accept the retailer’s returns, the
optimal decision of the manufacturer and the retailer will be
affected by their channel customer satisfaction, the loss from
handling returns, the customer return cost, among other
factors. We obtain the following findings.

(i) As the loss from handling customer returns in the
retail channel Tr increases, the retail price in the
retail channel will increase, and the manufacturer’s
optimal wholesale price will decline accordingly.
)is means that when customer returns entail a
large loss for the retailer, the retailer will implement
a high-price strategy to prevent some customers
who might return the product from buying the
product in the retail channel, thereby avoiding the
risk of return loss; however, to curb the high retail
price in the retail channel, the manufacturer will
reduce wholesale prices to mitigate the negative
impact of high prices on product demand.

(ii) As the loss to the manufacturer from handling
customer returns in the direct channel Td increases,
the direct price in the direct channel will increase,
but the wholesale price will not change. )is means
that when customer returns entail a substantial loss
in the manufacturer’s direct channel, the manu-
facturer will implement a high-price strategy to
prevent some customers who might return the
product from purchasing in the direct channel and

avoid the risk of return loss. However, to ensure
product demand, the manufacturer will not change
the wholesale price, so some customers who were
originally purchasing in the direct channel will turn
to the retail channel to buy, and demand in the retail
channel will rise.

(iii) As the retail channel customer return cost tr in-
creases, to restrain the sharp decrease in demand in
the retail channel, the retailer will reduce the retail
price, and the manufacturer’s optimal wholesale
price will also be appropriately reduced to com-
pensate for the loss of retailers. Moreover, some
customers who formerly purchased in the retail
channel will shift to purchasing in the direct channel,
so the demand for the direct channel will increase.

(iv) As the return cost for customers in the direct channel
td increases, the manufacturer will reduce the direct
price to curb the sharp decrease in demand in the
direct channel.Moreover, some customers in the direct
channel will shift to the retail channel for purchasing,
and the demand in the retail channel will rise.

In addition, we found amore interesting phenomenon in
Table 3. (i) As customer satisfaction in the retail channel
increases, demand in the retail channel decreases. )is
occurs because when customer satisfaction in the retail
channel is high, the manufacturer will increase the wholesale
price, which will increase the retail price. )e negative
impact of the rising retail price is greater than the positive
impact of the rising customer satisfaction, which reduces the
demand in the retail channel. However, as customer satis-
faction with the retail channel increases, the loss from
handling customer returns is substantially reduced, and even
if demand is reduced, the retail channel profit nevertheless
increases. (ii) When customer satisfaction in the direct
channel increases, the demand for both channels increases,
but the increase in demand in the direct channel is greater
than that in the retail channel, which also shows that channel
customer satisfaction has a greater impact on channel de-
mand than do other channels.

Finally, according to Proposition 2, the demands in the
direct channel and the retail channel and the profits of the
manufacturer and the retailer in this case of MBG can be
obtained. )e details are shown in Table 4.

Proposition 3. -e impact of the MBG strategy on the re-
tailer and manufacturer’s optimal pricing decisions is as
follows: pM

r >pN
r ; pM

d >pN
d ; wM <wN.

Manufacturer

Customer

Retailer

w

pr

pd

Money-back gurantee

Figure 2: )e model with money-back guarantee.

Table 3: Sensitivity analysis of equilibrium demand, price, and
profit under MBG strategy.

pM
r pM

d wM DM
r DM

d Π
M
r ΠM

d1 ΠM
d2 Π

M
d

αr ↑ — ↑ ↓ ↑ ↑ ↑ ↑ ↑
αd ↓ ↓(micro) — ↑(micro) ↑ ↓ ↑(micro) ↑ ↑
Tr ↑ — ↓ ↓ ↑ ↓ ↓ ↑ ↓
Td ↑ ↑ — ↑ ↓ ↑ ↑ ↓ ↓
tr ↓ — ↓ ↓ ↑ ↓ ↓ ↑ ↓
td ↑ ↓ — ↑ ↓ ↑ ↑ ↓ ↓
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)e proof of Proposition 3 is shown in Appendix A.
According to Proposition 3, the optimal pricing decisions

of the retailer and the manufacturer are affected by the MBG.
)eMBG strategy will result in a “downward distortion” of the
optimal wholesale price (wM <wN). However, the retailer
does not necessarily reduce the retail price in the retail
channel, and the manufacturer does not necessarily reduce the
direct price in the direct channel. )e price in each channel
depends primarily on the size of the loss from handling
customer returns. As mentioned above, the retailer and
manufacturer raise sales prices as their losses from handling
customer returns increase. However, the MBG strategy can
alleviate the uncertainty in customer purchases to a certain
extent, and customers need to pay a premium for this service.
To curb the retailer’s high-price strategy, the manufacturer will
reduce the wholesale price to alleviate the negative impact of
the high-price strategy on product demand.

)e customer return behavior will cause losses for the
retailer and the manufacturer due to losses from returns in
the supply chain. )erefore, when the retailer/manufac-
turer’s loss from handling returns is large, the retailer/
manufacturer will raise the sales price, which can prevent
some customers with a lower valuation from purchasing to
avoid more return losses.

Proposition 4. -eMBG strategy can effectively increase the
demand and profit in the retail channel as follows: when
Td + td >Tr + tr, then DM

r >DN
r , 

M
r > 

N
r .

-e proof of Proposition 4 is shown in Appendix A.

Proposition 5. -e MBG strategy can reduce the demand
and profit in the direct channel but can increase the wholesale
profit of the manufacturer as follows.

(i) When Td + td >Tr + tr, then DM
d <DN

d , 
M
d2 > 

N
d2.

(ii) When Td + td >Tr + tr and αr > (1 − αr)(Tr + tr),
then 

M
d1 > 

N
d1.

)e proof of Proposition 5 is shown in Appendix A.
Propositions 3 and 5 show that the MBG strategy can

eliminate the purchasing uncertainty of online customers in
the direct channel and reduce the risk that customers will not
be satisfied with the products; however, due to the loss from
handling customer returns, the manufacturer will increase
the sales price in the direct channel, thus reducing the
demand and profit in the direct channel. According to
Propositions 3 and 4, the retail price in the retail channel also
increases due to handling returns after providing an MBG
strategy, but the demand and profit in the retail channel are

not affected; in fact, the MBG strategy can effectively en-
hance the demand and profit in the retail channel. )is is
because the retail channel facilitates contact with and service
of customers relative to the direct channel, so both the loss
from handling returns and the customer return cost are
smaller than those in the direct channel, which makes it
more likely for customers to accept the retail channel and
increase both demand and profit.

Notably, the previous conclusions are based onTd >Tr and
td > tr. )us, if the manufacturer can reduce the loss incurred
by handling customer returns in the direct channel, the direct
channel is convenient enough, and the customer return cost is
low enough to obtainTd <Tr and td < tr; theMBG strategy can
increase demand in the direct channel, thereby increasing the
profitability of the manufacturer’s direct channel.

3.3. -e Model with a Dual Money-Back Guarantee.
Similar to the case in Section 3.2, in this section, we assume
that the retailer provides an MBG to customers; here the
manufacturer also provides DMBG service. )is means that
the manufacturer not only provides MBG service to the
direct channel customers but also provides MBG service to
the retailer, accepting returns from retail channel customers
and providing a full refund of the wholesale price to the
retailer. For example, both Hewlett-Packard and Bosch allow
retailers to return the returned products to their respective
manufacturers’ return centers for processing and provide a
full refund of the wholesale price to retailers [17]. Because
the manufacturer accepts customer returns from the retail
channel, the retailer does not need to repack or otherwise
handle the returned product or resell the returned product at
a discount and only needs to return the customer returned
product to the manufacturer, which is equivalent to the
retailer’s loss from handling customer returns being largely
transferred to the manufacturer. )erefore, in the DMBG
model, for the convenience of calculation and without af-
fecting the results, we assume that the retailer’s loss from
handling customer returns is zero (Tr � 0); however, the
manufacturer has to bear the loss from handling customer
returns from the retail channel. We assume that the man-
ufacturer’s loss from handling customer returns in the retail
channel returns is the same as that in the direct channel, both
of which are Td, and the manufacturer also provides the
MBG service with a full refund to the retailer, but notably,
the manufacturer gives the retailer a refund amount of w.

Because Section 3.3 is similar to 3.2, customers are
allowed to return products with which they are dissatisfied
and obtain a full refund, so the customer’s expected net

Table 4: Coefficients of demands and profits with the MBG strategy.

Coefficient Value
DM

d (1/4αd(αr − αd))[(αr − αd)αd − (1 − αd)(2αr − αd)(Td + td) + (1 − αr)αd(Tr + tr)]

DM
r (1/4(αr − αd))[(αr − αd) − (1 − αr)(Tr + tr) + (1 − αd)(Td + td)]

ΠM
d1 (1/8(αr − αd)) [αr − (1 − αr)(Tr + tr)] · [(αr − αd) − (1 − αr)(Tr + tr) + (1 − αd)(Td + td)] 

ΠM
d2 (1/8αd(αr − αd)) [αd − (1 − αd)(Td + td)] · [αd(αr − αd) − 2αr(1 − αd)(Td + td) +αd(1 − αr)(Tr + tr) +αd(1 − αd)(Td + td)] 

ΠM
d ΠM

d1 +ΠM
d2

ΠM
r (1/16(αr − αd))[(1 − αr)(Tr + tr) − (1 − αd)(Td + td) − (αr − αd)]2
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utility and demand function are unchanged. However,
the profit functions of the retailer and the manufacturer
change because the manufacturer is accepting customer
returns from the retail channel. )e retailer’s profit is
ΠDM

r � maxpr
αr(pr − w)DDM

r . )e manufacturer’s profit is
ΠDM

d � maxpd,w[αrw − (1 − αr)Td]DDM
r + [αdpd − (1 − αd)

Td]DDM
d .

)e dual-channel structure of the DMBG model is
shown in Figure 3.

We also use the Stackelberg game to obtain an equi-
librium solution. Similarly, in this Stackelberg game, the
manufacturer dominates and has complete information.)e
order of the game is as follows. )e manufacturer first
decides his direct price pd and wholesale price w. )en, the
retailer decides her retail price pr. Finally, the customer
decides whether and where to buy. Proposition 6 can be
obtained by backward induction.

Proposition 6. In the case of a dual-channel supply chain
with a DMBG, the optimal pricing and wholesale price for the
direct and retail channels are

p
DM
d �

1
2αd

αd + 1 − αd(  Td − td(  ,

w
DM

�
1
2αr

αr + 1 − αr(  Td − tr(  ,

p
DM
r �

1
4αr

3αr − αd + 1 − αr(  Td − 3tr(  + 1 − αd(  Td + td(  .

(3)

)e proof of Proposition 6 is shown in Appendix A.
According to Proposition 6, under the DMBG strategy,

the optimal decisions of the manufacturer and retailer are
affected by loss from handling customer returns and the
consumer return cost. Moreover, since the manufacturer
accepts the customer returns from the retail channel, the
retailer’s loss from handling the returns is transferred to the
manufacturer; that is, Tr � 0. Table 5 indicates that the pa-
rameter changes under the DMBG strategy are basically the
same as those under the MBG strategy. One important dif-
ference is that when the manufacturer faces substantial costs
from handling customer returns, the manufacturer would
raise the wholesale price to compensate for the loss from
handling returns caused by providing DMBG to the retailer.

Due to the high wholesale price, the retailer also in-
creases the retail price. However, note that the direct price
under the DMBG strategy is the same as the direct price
under the MBG strategy, which indicates that the price in a
given channel is closely related to the return strategy in that
channel but has nothing to do with other return strategies in
other channels.

Similarly, according to Proposition 6, the demands in
the direct and retail channels in the case of DMBG are
DDM

d and DDM
r , and the profits of the manufacturer and

retailer are ΠDM
d and ΠDM

r . )e details are shown in
Table 6.

3.4. Return Strategy Selection and the Impact of a Dual-
Channel Environment. Return services are increasingly
valued by manufacturers, retailers, and customers. In many
countries, MBG services are legally binding, and return
strategy has clearly become an important strategy for
manufacturers and retailers to exercise. )us, it is worth-
while and interesting to investigate what kind of return
strategy the manufacturer and retailer should choose. In this
section, we discuss the impact of the MBG and DMBG
strategies on the competition between the manufacturer and
retailer in a dual-channel supply chain.

3.4.1. -e Impact of the Return Strategy on Pricing

Proposition 7. -e impact of the MBG and DMBG strategies
on the retailer and manufacturer’s optimal pricing decisions is
compared as follows.

(i) When Td >Tr, then pDM
r >pM

r .
(ii) pDM

d � pM
d , wDM >wM.

)e proof of Proposition 7 is shown in Appendix A.
Under the DMBG strategy, the manufacturer will increase

the wholesale price (wDM >wM) to compensate for loss from
handling the retailer’s returns, which means that the DMBG
strategy can, to some extent, alleviate the pressure on the
retailer to process returns, and the retailer must pay a pre-
mium for DMBG service. Due to the high wholesale price, the
retailer will also increase the retail price (pDM

r >pM
r ), which

also means that customers pay a premium for the DMBG
service that the retailer actually enjoys. Interestingly, we find
that the direct price set by the manufacturer under the DMBG
strategy is the same as that under the MBG strategy
(pDM

d � pM
d ). )is is because the direct price is related to the

return strategy in the direct channel and has nothing to do
with the return strategy in the retail channel.

From a supply chain perspective, since the return behavior
of customers and retailers will bring losses for themanufacturer,
when the return loss of the manufacturer is large, the manu-
facturer will increase the wholesale price under the DMBG
strategy. )e retailer will increase the retail price to prevent
some customers in the retail channel who have lower valuations
from purchasing products to avoid more return losses.

To directly observe the impact of the MBG and DMBG
strategies on the sales price in the retail channel and direct
channel, we set the parameters Td � 0.04, Tr � 0.02, td � 0.02,

Manufacturer

Customer

Retailer

w

pr

pd

Money-back gurantee

Figure 3: )e model with a dual money-back guarantee.
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and tr � 0.01. Note that, in this paper, there is no product
differentiation in the dual-channel supply chain, so cus-
tomer satisfaction levels in the two channels often jointly
increase or decrease. According to the National Retail
Federation [10] and Ratcliff [11], satisfaction with e-com-
merce channels is only 0.65–0.87 times the satisfaction with
traditional retail channels.)erefore, we take the parameters
αd � 0.75αr and αr � 0.4 : 0.05 :1 to draw the curves repre-
senting the relationship between the retail and direct price
and wholesale price with customer satisfaction, as shown in
Figures 4 and 5. We find the following. (i) In the absence of
an MBG, the sales price in each channel and the wholesale
price will always increase in customer satisfaction, thereby
generating more profits. (ii) In the case of the MBG strategy,
due to the return service provided, customers have to pay a
premium for the MBG, so the sales prices in both the retail
channel and the direct channel are higher than in the ab-
sence of a return service guarantee. (iii) In the case of the
DMBG strategy, since the retailer also enjoys the MBG
service, although the pressure on customer returns is re-
duced, a certain premium for the service is also required
(wDM >wM), so customers also have to pay the same pre-
mium (pDM

r >pM
r ). Under the DMBG strategy, the direct

price is the same as in the case of the MBG strategy
(pDM

d � pM
d ). )is also indirectly illustrates the fairness of

the manufacturer. It does not transfer the loss suffered in the
retail channel to the customers of the direct channel, which
is more beneficial for generating consumer trust.

3.4.2. -e Impact of the Return Strategy on Market Share and
Profit

Proposition 8. -e impact of the MBG and the DMBG
strategies on the market share and profitability of the retail
and direct channels is as follows.

(i) When Td >Tr, then DDM
r <DM

r , DDM
d <DM

d .
(ii) When Td >Tr and td > tr, then ΠDM

r <Π
M
r .

(iii) When Td >Tr and Δr > 0, then ΠDM
d1 <Π

M
d1.

Table 5: Sensitivity analysis of equilibrium demand, price, and profit under the DMBG strategy.

pDM
r pDM

d wDM DDM
r DDM

d ΠDM
r ΠDM

d1 ΠDM
d2 ΠDM

d

αr ↑ — ↓ ↓ ↑ ↑ ↑ ↑ ↑
αd ↓ ↓ (micro) — ↑ (micro) ↑ ↓ ↑ (micro) ↑ ↑
Td ↑ ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↓
tr ↓ — ↓ ↓ ↑ ↓ ↓ ↑ ↓
td ↑ ↓ — ↑ ↓ ↑ ↑ ↓ ↓

Table 6: Coefficients of demands and profits with the DMBG strategy.

Coefficient Value
DDM

d (1/4αd(αr − αd))[(αr − αd)(αd − (2 − αd)Td) − (1 − αd)(2αr − αd)td + αd(1 − αr)tr]

DDM
r (1/4(αr − αd))[(αr − αd) + (αr − αd)Td + (1 − αd)td − (1 − αr)tr]

ΠDM
d1 (1/8(αr − αd))[αr − (1 − αr)(Td − tr)][(αr − αd) − (αr − αd)Td + (1 − αd)td − (1 − αr)tr]

ΠDM
d2 (1/8αd(αr − αd))[αd − (1 − αd)(Td + td)][(αr − αd)((2 − αd)Td − αd) + (1 − αd)(2αr − αd)td − (1 − αr)αdtr]

ΠDM
d ΠDM

d1 + ΠDM
d2

ΠDM
r (1/16(αr − αd))[(αr − αd) + (αr − αd)Td + (1 − αd)td − (1 − αr)tr]

2
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Figure 4: Price changes with αr.
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Figure 5: Wholesale price changes with αr.
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(iv) When Td >Tr and Δd > 0, then ΠDM
d1 <Π

M
d1.

)e proof of Proposition 8 in shown in Appendix A.
For the convenience of expression, we define Δj � αj −

(1 − αj)(Tj + tj) as the net residual value of satisfaction for
selling products and providing return services through
channel j, which also represents the supply chain’s efficiency in
selling the product and providing return services through
channel j. Propositions 7 and 8 show that when the retailer’s
loss from handling the returns from the retail channel and the
cost of a customer’s return are both small, the retailer would
not be willing to choose a DMBG strategy and instead prefers
an MBG strategy. Obviously, when the manufacturer provides
a return service for the retailer, the retailer needs to pay a
premium for that service, thereby reducing themarket share of
the retail channel and decreasing profits. Moreover, due to the
increase in the retail price, some customers with a purchase
intention but a low willingness to pay turn to the direct
channel, so the market share of the direct channel increases.

Note that, with Td >Tr alone, it is not possible to
determine which return strategy the manufacturer im-
plements. Only when the manufacturer can also efficiently
handle customer returns through the retail channel
(Δr > 0) and the wholesale profit contributes to the
manufacturer’s overall profit will the manufacturer select
the MBG return strategy. When the manufacturer effi-
ciently handles customer returns through the direct
channel (Δd > 0) and the direct channel operation is the
primary strategy of the manufacturer, the manufacturer
will select the DMBG return strategy.

To directly observe the impact of the MBG and DMBG
strategies on the market shares of the retail channel and direct
channel, we set the same parameters tomap themarket shares
of the retail channel and direct channel with respect to
customer satisfaction. Figure 6 reveals the following. (i)When
customer satisfaction is low, regardless of whether the MBG
or DMBG strategy is in place, the return strategy can effec-
tively increase the market share of the retail channel. When
customer satisfaction is high, the incentive effect of the return
strategy is gradually reduced, the demand in the retail channel
thus declines, and its market share is reduced. (ii) However,
the direct channel experiences the opposite effects from the
retail channel. When customer satisfaction is low, return
strategies reduce the market share of the direct channel. )is
is because the customer return cost in the direct channel is
higher than that in the retail channel, so most customers
choose to buy in the retail channel, and the market share of
the direct channel is small. When customer satisfaction is
high, some customers choose to turn to the direct channel for
purchasing, the demand for the direct channel increases, and
its market share increases.)emarket share of the direct sales
channel under the DMBG strategy is larger than that under
the MBG strategy. )is is because the direct price under the
DMBG strategy is the same as that under the MBG strategy,
and the retail price under the DMBG strategy is higher than
that under the MBG strategy, so that some customers with
purchase intention but low perceived willingness to pay turn
to the direct channel for purchasing, which also makes the

market share of the direct marketing channel under the
DMBG strategy higher than that under MBG strategy. We
analyze profits in the next section.

3.5. Other Situations. Proposition 8 is the conclusion ob-
tained when the manufacturer’s loss from handling returns
and the customer return cost through the direct channel are
both large (Td >Tr, td > tr). However, under other cir-
cumstances, how will the impact of the DMBG and MBG
strategies on the profitability of the retailer and manufac-
turer change? To visually clarify the impact of the DMBG
and MBG strategies on the profitability of the retail and
direct channels under other circumstances, we plot curves
depicting conditions under these other circumstances are
plotted. We set roughly the same parameter values as above,
taking the parameters αd � 0.75αr, αr � 0.3 : 0.05 :1, and Td

taking (0.04, 0.02, 0.02), Tr taking (0.02, 0.04, 0.02), tr taking
(0.01, 0.02, 0.02), and td taking (0.02, 0.01, 0.02), to ensure
the net residual value of satisfaction Δj ≥ 0. Moreover, de-
note ΔΠDM

r � ΠDM
r − ΠM

r , ΔΠDM
d2 � ΠDM

d2 − ΠM
d2,

ΔΠDM
d � ΠDM

d − ΠM
d as the DMBG strategy’s impact on “the

retail channel profit,” “the direct channel profit,” and “the
manufacturer profit” relative to the MBG strategy.
Figures 7–9 show the influence of ΔΠDM

r , ΔΠDM
d2 , and ΔΠDM

d

under three circumstances of “Td>Tr, td> tr,” “Td<Tr,
td< tr” and “Td �Tr, td � tr.”

As Figures 7–9 and Proposition 8 show the following.

(i) When the retailer’s loss from handling returns and
the customer return cost are both low
(Td >Tr, td > tr), the MBG strategy is more favor-
able for the retailer. However, the DMBG strategy
benefits the manufacturer’s direct channel, but
because the wholesale profit in practice is often
greater than the direct profit (the wholesale profit
dominates), the MBG strategy is more beneficial to
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Figure 6: Market share changes with αr.
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the manufacturer’s overall profit. Furthermore, if
the manufacturer wants to support the direct
channel and cultivate customers in the direct
channel, the manufacturer should consider imple-
menting the DMBG strategy, which can not only
rapidly increase the market share and profit of the
direct channel but also compensate the retailer
providing MBG service for return losses to ease
channel conflicts caused by opening direct channel.

(ii) When the manufacturer’s loss from handling
channel returns and the customer return cost are
both low (Td <Tr, td < tr), the DMBG strategy is
more advantageous for the retailer. However, the
MBG strategy benefits the direct channel, but be-
cause the wholesale profit is often greater than the

direct selling profit, the DMBG strategy is more
favorable for the manufacturer from the perspective
of overall profits.

(iii) When the losses from processing returns in the two
channels are equal and the customer return costs in
the two channels are equal (Td � Tr, td � tr), the
direct profit, manufacturer’s profit, and retailer’s
profit under the DMBG strategy are no different
from those under the MBG strategy.

In summary, the loss from handling returns and the
customer return cost in each channel are the main factors
that the retailer and manufacturer should consider when
deciding which return strategy to choose. )erefore, when
the retailer’s loss from handling returns and the customer
return cost in the retail channel are both lower than the
corresponding figures in the direct channel, the retailer and
the manufacturer should choose the MBG strategy to
achieve a win-win situation. When the manufacturer’s loss
from handling returns and the customer return cost in the
direct channel are both lower than those in the retail
channel, the retailer and the manufacturer should choose the
DMBG strategy to achieve a win-win situation. To obtain
more benefits, the retailer and the manufacturer should
reduce the losses from handling returns in their own
channels and the customer return cost. In addition, from
Figures 7–9, we also find that as customer satisfaction im-
proves, the return rate decreases, and the absolute value of
each profit difference also decreases, indicating that high
customer satisfaction can offset the impact of both return
strategies on the retailer or manufacturer’s profit.

4. O2O Omnichannel Strategy

In a dual-channel supply chain, manufacturers are more
competitive in the market and often dominate; however, is
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the retailer always in a passive position? Retailers can exploit
the convenience and advantages of the retail channel and
cooperate with manufacturers to establish an O2O omni-
channel. Here, we call this strategy the O2O omnichannel
strategy (abbreviated as O2O strategy). Under the O2O
strategy, the offline retail channel and the online direct
channel form an O2O omnichannel. )e offline retail
channel’s physical store provides product display and ex-
perience services. Notably, to prevent channel conflicts and
free riding on customer service, O2O omnichannels, in-
cluding offline and online channels, implement the same
product price strategy as previously implemented by Apple,
Huawei, and Mi. Under the O2O strategy, the offline retail
channel store allows customers to experience the product
freely and to perceive the real quality and value of the
product to determine whether it meets their requirements
and whether to buy it. Moreover, because the perceived
experience establishes trust in product quality and value,
when the customer chooses to visit the retail channel’s
physical store, if he is not satisfied with the product, he will
forgo purchasing; if he is satisfied with the product, he will
purchase in the retail channel’s offline physical store, and
there will be no return behavior. Moreover, the retail
channel can not only enhance the experience and immediacy
of the product through the display and experience services
but also enable customers to more broadly understand a
brand-rich product line, thereby strengthening brand
awareness and thus achieving another important task—
draining the online channel into the offline channel to in-
troduce and encourage the purchase of more products by
customers. Taking Mi in China as an example, it divides the
O2O omnichannel into three layers from top to bottom,
namely, “Mijia Youpin” and “Mi Mall” and “Mi Fans Club.”
“Mijia Youpin” is an online platform for crowdfunding and
screening of popular products and offers with the largest
number of products, approximately 20,000 different kinds.
“Mi Mall” is also an online e-commerce platform, mainly
selling Mi’s own-brand products and Mi ecological chain
products and offers a moderate number of products, ap-
proximately 2,000 different kinds. An offline “Mi Fans Club”
physical store, however, can only sell approximately 200
kinds of products due to space restrictions. )rough online
and offline channels, Mi can encourage its customers to
immediately experience and purchase popular products in
offline physical stores; if the product is not available in the
physical store, customers can purchase it through the online
e-commerce platform. )us, a customer who visits the
physical store once has an opportunity to become a true fan
of Mi and purchase other products from Mi’s product line.

Under the O2O strategy, manufacturers’ profits should
not be limited to product sales, and more profits can be
derived from Internet services, including cloud services,
financing, and advertising. For example, the surveillance
cameras sold by the Mi manufacturers can not only obtain
corresponding profits from sales but also obtain a larger
profit from Mi’s cloud service including cloud synchronous
backup and storage for surveillance video, among other
services.

However, experiencing products in the offline physical
store involves trouble and inconvenience costs for cus-
tomers, including time costs. Similar to the study conducted
by Cao et al. [46], we use h to denote the trouble cost or
inconvenience cost of a customer visiting an offline physical
store and experiencing a product under the O2O strategy.
)erefore, under the O2O strategy, the customer’s expected
net utility from the physical store (the retail channel) is
UO

r � ar(v − p) − h. When the customer chooses to pur-
chase the product directly on the direct channel without
visiting the physical retail channel store, due to the lack of
actual experience with the product, there may be return
behavior due to product dissatisfaction, and the expected
utility of the customer from the direct channel is
UO

d � ad(v − p) − (1 − ad)td.
By comparing utility functions, we observe that cus-

tomers have two choices: the customer will choose to buy
through the online direct channel if and only if ad(v − p) −

(1 − ad)td ≥ ar(v − p) − h and ad(v − p) − (1 − ad)td ≥ 0;
the customer will choose to buy through the offline retail
channel if and only if ar(v − p) − h≥ ad(v − p) − (1 − ad)td

and ar(v − p) − h≥ 0. )is means that a customer with a
utility value in the interval [p + ((1 − αd)td/αd), p + ((h −

(1 − αd)td)/(αr − αd))] will choose to buy in the online
direct channel; a customer with a utility value in the interval
[p + ((h − (1 − αd)td)/(αr − αd)), 1] will choose to buy in
the offline retail channel. )erefore, the effective demands
for the offline retail channel and the online direct channel
are DO

r � [1 − p − (h − (1 − αd)td/(αr − αd))] and
DO

d � [(h − (1 − αd)td/(αr − αd)) − (h/αr)], respectively.
Under the O2O strategy, the retailer’s profit is
ΠO

r � maxpαr(p − w)DO
r .

)e manufacturer’s profits include not only sales profits
but also Internet service profits. We use a functional form
similar to that used in previous studies to express the In-
ternet service profit (e.g., [47, 48]). )e expression of the
Internet service profit is f � (1/2)η(DO

r + DO
d )2, where η is

the unit Internet profit conversion rate. )erefore, the
manufacturer’s profit is as follows:

ΠO
d � max

w
wD

O
r + αdp − 1 − αd( Td D

O
d + f

� max
w

wD
O
r + αdp − 1 − αd( Td D

O
d +

1
2
η D

O
r + D

O
d 

2
.

(4)

We also use a Stackelberg game to obtain the equilibrium
solution; the manufacturer dominates and has complete
information. )e order of the game is as follows. )e
manufacturer first decides the wholesale price w and then
the retailer decides the retail price p. )e direct channel and
the retail channel adopt the same product price strategy; that
is, the manufacturer obeys the sales price set by the retailer.
Finally, the customer decides whether and where to buy.
Proposition 9 can be obtained through backward induction.

Proposition 9. Under the O2O strategy, the optimal price
and wholesale price for the retailer and the manufacturer are
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p
O

�
3αr − η − tdη − h

4αr − η
+

tdη αr − αd(  − 2αdαr h − td + αdtd( 

αd αr − αd(  4αr − η( 
,

w
O

�
2αr − η − 2h

4αr − η
+

tdη 1 − αd(  2αr − αd(  + αdηh

αd αr − αd(  4αr − η( 
.

(5)

)e proof of Proposition 9 is shown in Appendix A.
Similarly, we denote the demand in the direct channel

and in the retail channel under the O2O strategy as DO
d and

DO
r , respectively. )e profits of the manufacturer and the

retailer are ΠO
d and ΠO

r , respectively. For the sake of later
analysis, we denote the manufacturer’s profit without the
Internet service profit as ΠO′

d , where ΠO′
d � ΠO

d − f.
Table 7 shows the impact of various parameters on the

price, demand, and profit of the retailer and manufacturer
under the O2O strategy. We found the following. (i) As costs
faced by retail channel customers visiting the experience store
increase, the retailer will lower its sales price and the man-
ufacturer will lower the wholesale price.)is means that as the
cost that customers face from visiting the experience store
increases, the retailer will implement a low-price strategy to
attract customers to purchase products and avoid the risk of
loss of demand; moreover, the manufacturer will also reduce
the wholesale price to mitigate the impact of the low-price
strategy on the loss of sales profits from the retailer. (ii)
However, as the customer return cost in the direct channel
increases, more customers focus on the retail channel, the
demand for the direct channel decreases, the demand for the
retail channel increases, and the sales price increases, but
themanufacturer does not raise the wholesale price. (iii)When
the unit Internet profit conversion rate η increases, the sales
price and the wholesale price both decline, and the demand for
the retail channel increases. )is shows that as the profit from
the Internet service increases, the manufacturer and the re-
tailer directly give back to the customer, by lowering the sales
price, more customers are willing to participate in the retailer
channel, and the demand for the retail channel increases.

In addition, we also found that under the O2O strategy,
customer satisfaction in the retail channel has a positive
impact on the sales price, while customer satisfaction in the
direct channel has a negative impact on the sales price. )is
is because the retail channel and the direct channel im-
plement the same product price strategy, and the sales price
is determined by the retail channel, while the direct sales
channel obeys the sales price set in the retail channel. )us,
when customer satisfaction with the retail channel increases,
the retailer will increase the sales price. When customer
satisfaction with the direct channel increases, the demand
for the direct channel increases, so that the demand for the
retail channel decreases, and the retailer will lower the sales
price to encourage more customers to visit the retail store to
compensate for the further loss of demand.

5. O2O Strategy and Return Strategy Selection

In practice, retailers and manufacturers mostly base their
strategy choices using profit-based analysis. )erefore, we

will discuss the impact of the O2O strategy on the retailer
and the manufacturer’s profits and perform a comparative
analysis of the MBG and DMBG strategies mentioned above,
analyze whether the retailer and the manufacturer are
willing to cooperate on the O2O strategy, and extract further
managerial insights. Due to the complexity of the retailer
and manufacturer’s profit functions under the O2O strategy,
we have to use numerical simulation in our analysis.

5.1. Retailer’s Strategy Selection. In view of the previous
analysis, we know that the MBG strategy is more beneficial
to the retailer than the DMBG strategy because the retailer’s
loss from handling returns and the customer return cost are
both lower (Tr <Td, tr < td).)erefore, for the analysis of the
retailer’s strategic choice, we will only compare the O2O
strategy with the MBG strategy and consider whether the
retailer is more inclined to the MBG strategy or the O2O
strategy. Can the O2O strategy improve the retailer’s profit?
We define ΔΠO

r � ΠO
r − ΠM

r to represent the impact of the
O2O strategy on the retailer’s profit based on the MBG
strategy.

Observation 1. )eO2O strategy can effectively increase the
profitability of the retailer, and the retailer always tends to
choose the O2O strategy.

From Figures 10–12, we find the following.

(i) As customer satisfaction in the retail channel in-
creases, the effectiveness of the O2O strategy will
have a more substantial positive effect on the re-
tailer’s profit. However, costs faced by customers in
accessing the physical store will inhibit the feasi-
bility of the retailer participating in the imple-
mentation of the O2O strategy.)at is, as such costs
increase, the positive profit difference, ΔΠO

r will
decrease (Figure 10).

(ii) As the retailer’s loss from handling returns Tr in-
creases, the retailer is more inclined to implement
the O2O strategy.)is is because as the retailer’s loss
from handling returns Tr increases, the profit
earned by the retailer under the MBG strategy is
reduced. However, when the retailer implements
the O2O strategy, because the customer can expe-
rience the product in the physical store, if the
product is satisfactory, then no returns are made.
)erefore, when the retailer implements the O2O
strategy, it has nothing to do with Tr. )erefore, as
the retailer’s loss from handling returns increases,
the retailer’s profit from the implementation of
MBG declines, and the retailer is more inclined to
choose the O2O strategy. Similarly, the retailer is
also more inclined to implement the O2O strategy
as the customer return cost tr in the retail channel
increases. )is means that as the retailer’s loss from
handling returns Tr and the customer return cost tr

in the retail channel increase, the O2O strategy is
more effective at increasing the retailer’s profit
(Figure 11).
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(iii) As the manufacturer’s loss from handling returns
Td increases, the effectiveness of the O2O strategy
becomes less effective at boosting the retailer’s
profit. )is is because as the manufacturer’s loss

from handling returns Td increases, the profit from
the retailer’s implementation of the MBG strategy
will gradually increase and the profit from the re-
tailer’s implementation of O2O strategy will not be
affected by Td. )erefore, an increase in Td will
weaken the retailer’s willingness to choose the O2O
strategy. However, as the customer return cost td in
the direct channel increases, the O2O strategy will
become more effective at increasing the retailer’s
profit. )is is because as the customer return cost in
the direct channel increases, the profit obtained
from the retailer’s implementation of the O2O
strategy increases faster than that under the MBG
strategy, resulting in a greater difference in positive
profit ΔΠO

r and more significant effectiveness of the
O2O strategy to improve the retailer’s profit
(Figure 12).

Interestingly, from Figures 10–12, we always find that the
profit difference ΔΠO

r is always greater than zero.)is means
that the retailer would be actually more willing to choose to
implement the O2O strategy.

5.2. Manufacturer’s Strategy Selection. In the same way, we
know that, in the case of Tr <Td and tr < td, the

Table 7: Sensitivity analysis of equilibrium demand, price, and profit under the O2O strategy.

pO wO DO
r DO

d ΠO
r ΠO

d1 ΠO
d2 f ΠO

d

αr ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↓ ↑
αd ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↑
h ↓ ↓ ↓ ↑ ↓ ↓ ↑ ↑ ↑
Td — — — — — — ↓ — ↓
td ↑ ↑ ↑ ↓ ↑ ↑ ↓ ↓ (micro) ↓
η ↓ ↓ ↑ — ↑ ↑ ↓ ↑ ↑
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manufacturer also chooses the MBG strategy over the
DMBG strategy given the effects on overall profits.
)erefore, for the manufacturer’s strategic choice analysis,
we will also compare the O2O strategy with the MBG
strategy, considering whether the manufacturer is more
inclined to the MBG strategy or the O2O strategy. Can the
O2O strategy improve the manufacturer’s profit? Simi-
larly, we define ΔΠO

d � ΠO
d − ΠM

d to represent the impact of
the O2O strategy on the manufacturer’s profit relative to
the MBG strategy.

Observation 2. When η> arg[f(η)>max{(ΠM
d − ΠO′

d ), 0}],
which is f(η)>max (ΠM

d − ΠO′
d ), 0 , the manufacturer

would be willing to integrate online and offline channels to
implement the O2O strategy.

From Figure 13, we find that (i) when the unit Internet
profit conversion rate η is greater than a certain threshold
arg[f(η)>max{(ΠM

d − ΠO′
d ), 0}], the profit of the manu-

facturer from implementing the O2O strategy is greater
than that from implementing the MBG strategy. Fur-
thermore, when the manufacturer implements the O2O
strategy when the profit from the Internet service is greater
than the loss from switching from the MBG strategy to the
O2O strategy, the manufacturer is willing to integrate the
online and offline channels and implement the O2O
strategy.

In summary, we conclude that if the offline channel can
fully drain the online channel, that is, the manufacturer’s
Internet service profit from implementing the O2O strategy
is greater than a certain threshold, such as
f>max (ΠM

d − ΠO′
d ), 0  or η> arg[f(η)>max (ΠM

d −

ΠO′
d ), 0}], the manufacturer would be willing to integrate the

online and offline channels and implement the O2O
strategy.

6. Conclusions

)is paper studies the problems of pricing decisions and
strategy choices of a retailer and amanufacturer with a direct
channel in a dual-channel supply chain, with a focus on the
single and dual versions of the MBG and the newly popular
O2O omnichannel strategy. Our analysis provides new in-
sights into the return strategy selection of the retailer and the
manufacturer, the integration of O2O channels, and the
pricing decisions of two competitive channels. In particular,
we show that when the retailer and manufacturer have not
cooperated to establish an O2O channel, the retailer is re-
luctant to choose the DMBG strategy and prefers the MBG
strategy if the retailer’s loss from handling returns and the
customer return cost are both low (i.e., Td <Tr, td < tr),
which contradicts our intuition and is an interesting con-
clusion. However, when the retailer achieves channel co-
operation with the manufacturer, the retailer is always
willing to choose the O2O strategy instead of the MBG or
DMBG strategy.

We find that, unlike the situation of retailer’s decision-
making, the manufacturer’s decision depends not only on
the handling loss and the customer return cost but also on
other factors. Specifically, when the manufacturer does not
cooperate with the retailer to integrate an O2O channel, if
both the loss from the retailer’s handling of returns and her
customer return cost are low and the retailer and the
manufacturer can effectively handle the customers’ returns,
the net salvage value of satisfaction is positive. In this case,
the DMBG strategy benefits the manufacturer’s direct
channel, and MBG improves the manufacturer’s wholesale
profit. )is means that if the manufacturer wants to support
the direct channel and cultivate the customers of his own
direct channel when it is first opened, the manufacturer
should consider implementing the DMBG strategy. )is
strategy can not only rapidly increase the market share and
profit of direct marketing channels but also provide MBG
services to the retailer to compensate for the retailer’s return
loss to alleviate channel conflicts caused by opening a direct
channel. Conversely, the manufacturer should choose the
MBG strategy to achieve a win-win situation.

In another case, when the retailer andmanufacturer have
not cooperated to establish an O2O channel and if the
manufacturer’s loss from handling returns and the customer
return cost are both low, the manufacturer and the retailer
should choose the DMBG strategy to achieve a win-win
situation. In conclusion, our analysis shows that the size of
the return loss and the customer return cost of each channel
are the main factors that the retailer and the manufacturer
should consider when deciding which return strategy to
choose when the two channels are not operated coopera-
tively. )e results further provide a theoretical explanation
and practical guidance for the popularity of MBG and
DMBG observed in the retail industry.

We also show that when considering whether the retailer
cooperates with the manufacturer to establish the O2O
strategy, the retailer always tends to cooperate with the
manufacturer and establish O2O omnichannels based on
unified pricing, and as customer satisfaction with the retail
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channel and the retailer’s handling of return losses increase,
the effectiveness of the O2O strategy in increasing the re-
tailer’s profits will be more substantial, while the increase in
the manufacturer’s losses from handling returns will inhibit
the O2O strategy from increasing the profits of the retailer.
However, the manufacturer cannot always benefit from the
O2O strategy; the manufacturer can benefit from the O2O
strategy only when the unit conversion rate of Internet
service profit is greater than a certain threshold and the
profit of Internet service is higher. )is result cautions re-
tailers that if they wish to improve profits via an O2O
strategy, they should ensure that the offline channel can fully
drain to the online channel to achieve the goal of establishing
the O2O channel in cooperation with the manufacturer. In a
word, our analysis shows that, under certain conditions,
retailers adopting an O2O strategy and the manufacturer
adopting an MBG in the direct channel can produce a win-
win result.

In the current analysis, we assume that there is no quality
difference between the two channels and that the return
strategy is a full refund. One extension of this paper would be
to consider quality differences between the two channels.
Another extension could be to examine the optimal return
strategy (full refund, partial refund, or nonrefund strategy)
in the dual-channel supply chain and the optimal refund
price under the partial refund strategy.

Appendix

All Proofs

Proof of Proposition 1.
For a given pd and w, taking derivatives of ΠN

r with
respect to pr: (d

N
r /dpr) � (1/(αr − αd))(αr − αd

+pd − 2pr + w), and (d2 
N
r /d(pr)

2) � − (2/(αr − αd)).
With (d2 

N
r /d(pr)

2)< 0, a unique optimal pr is

pr �
αr − αd + pd + w

2
. (A.1)

By substituting (A.1) into ΠN
d , the Hessian matrix is

obtained by taking the second partial derivatives of ΠN
d with

respect to pd and w:

H1 �

−
2 αr − αd/2( ( 

αd αr − αd( 

1
αr − αd

1
αr − αd

−
1

αr − αd

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (A.2)

With − (2(αr − (αd/2))/αd(αr − αd))< 0 and |H1| � (2/αd

(αr − αd))> 0, ΠN
d is jointly concave in pd and w. )erefore,

the unique optimal pN
d and wN can be determined by

the first-order partial derivatives (z 
N
d /zpd) � 0 and

(z 
N
d /zw) � 0.

By substituting pN
d and wN into (A.1), the optimal pN

r

can be obtained. )us, Proposition 1 is proven.
Proof of Proposition 2.
For a given pd and w, taking the second derivative ofΠM

r

with respect to pr, (d2 
M
r /d(pr)

2) � − (2α2r/(αr − αd)).

With (d2 
M
r /d(pr)

2)< 0, a unique optimal pr can be
determined by the first-order derivative (z 

M
r /zpr) � 0.

By substituting the optimal pr into ΠM
d , the Hessian

matrix is obtained by taking the second partial derivatives of
ΠM

d with respect to pd and w:

H2 �

−
2αdαr 1 − αd/2αr( ( 

αr − αd

αd

αr − αd

αd

αr − αd

−
1

αr − αd

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (A.3)

With − ((2αdαr(1 − (αd/2αr)))/(αr − αd))< 0 and |H2| �

(2αd/αd(αr − αd))> 0, ΠM
d is jointly concave in pd and w.

)erefore, the unique optimal pM
d and wM can be deter-

mined by the first-order partial derivatives (z 
M
d /zpd) � 0

and (z 
M
d /zw) � 0.

By substituting pM
d and wM into pr, the optimal pM

r can
be obtained. )us, Proposition 2 is proven.

Proof of Proposition 3

(i) We have

p
M
r − p

N
r �

1
4αr

3αr 1 − αr(  − 3tr 1 − αr(  + Td 1 − αd( 

+ Tr 1 − αr(  + td 1 − αd(  − αd 1 − αr( 

>
1
4αr

3αr 1 − αr(  − 3tr 1 − αr(  + 2Tr 1 − αr( 

+ tr 1 − αr(  − αr 1 − αr( 

�
1
2αr

1 − αr(  Tr + αr − tr( .

(A.4)

Because tr <Tr, therefore, pM
r >pN

r .
(ii) We have pM

d − pN
d � (1/2αd)(1 − αd)(Td + αd− td).

Because td <Td, therefore, pM
d >pN

d .
(iii) We have wM − wN � − (1/2)(1 − αr)(Tr + t r)< 0;

therefore, wM <wN.

Proof of Proposition 4.

(i)

D
M
r − D

N
r �

1
4 αr − αd( 

Td − Tr + td − tr − αdTd + αrTr(

− αdtd + αrtr

>
1

4 αr − αd( 
Td − Tr + td − tr − αdTd + αdTr(

− αdtd + αdtr

�
1

4 αr − αd( 
1 − αd(  Td + td − Tr − tr( > 0.

(A.5)
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When Td + td >Tr + tr, we can obtain DM
r >DN

r .

(ii) We can obtain



M

r

− 

N

r

�
1

16 αr − αd( 
αr − αd(  + Td − Tr + td − tr − αdTd − αrTr(  − αdtd − αrtr(  

√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√

2

(1)

− αr − αd( 
√√√√√√

2

(2)

⎡⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎦. (A.6)

When Td + td >Tr + tr, part (1) is strictly greater than
part (2); that is,

αr − αd(  + Td − Tr + td − tr − αdTd − αrTr(  − αdtd − αrtr( 

> αr − αd(  + Td − Tr + td − tr − αd Td − Tr(  − αd td − tr( 

� αr − αd(  + 1 − αd(  Td + td − Tr − tr( > αr − αd( .

(A.7)

)erefore, when Td + td >Tr + tr, we can obtain


M
r > 

N
r .

Proof of Proposition 5.

(i)

D
M
d − D

N
d �

1
4αd αr − αd( 

αd 1 − αr(  Tr + tr(  − αr 1 − αd(  Td + td(  − αr − αd(  1 − αd(  Td + td(  

≤ −
1

4αd αr − αd( 
αr 1 − αd(  Td + td − Tr − tr(  + αr − αd(  1 − αd(  Td + td(  .

(A.8)

When Td + td >Tr + tr, we have DM
d − DN

d < 0; that is,
DM

d <DN
d .



M

d2
− 

N

d2

�
1

8αd αr − αd( 
αd − 1 − αd(  Td + td(   αd αr − αd(  − 2αr 1 − αd(  Td + td(  + αd 1 − αr(  Tr + tr( 

+ αd 1 − αd(  Td + td(  − αd αd αr − αd(  

≤
1

8αd αr − αd( 
αd − 1 − αd(  Td + td(   αd αr − αd(  − 2αd 1 − αd(  Td + td(  + αd 1 − αd(  Tr + tr( 

+ αd 1 − αd(  Td + td(  − αd αd αr − αd(  

�
1

8αd αr − αd( 
αd − 1 − αd(  Td + td(   αd αr − αd(  − αd 1 − αd(  Td + td − Tr − tr(  

√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√
(1)

− αd αd αr − αd(  
√√√√√√√√√√√√√√

(2)

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
.

(A.9)

18 Mathematical Problems in Engineering



When Td + td >Tr + tr, part (1) is strictly less than
part (2); that is, 

M
d2 < 

N
d2.

(ii)


M

d1
− 

N

d1
�

1
16 αr − αd( 

2 αr − 1 − αr(  Tr + tr(  

Td − Tr − αd + αr + td − tr − Tdαd(

+ Trαr − αdtd + αrtr − αr − αd( 
2


>
1

16 αr − αd( 
αr − 1 − αr(  Tr + tr(  

αr − αd(  + 1 − αd(  Td + td − Tr − tr(   − αr − αd( 
2
.

(A.10)

Apparently, when Td + td >Tr + tr and αr − (1 − αr)

(Tr + tr)> αr − αd, we have 
M
d1 > 

N
d1. By αr > αd, when

Td + td >Tr + tr and αr > (1 − αr)(Tr + tr), we can obtain


M
d1 > 

N
d1.

Proof of Proposition 6.
For a given pd and w, taking the second derivative ofΠM

r

with respect to pr, (d2 
DM
r /d(pr)

2) � − (2α2r/(αr − αd)).
With (d2 

DM
r /d(pr)

2)< 0, a unique optimal pr can be
determined by the first-order derivative (z 

DM
r /zpr) � 0.

By substituting the optimal pr intoΠDM
d , the Hessian matrix

is obtained by taking the second partial derivatives of ΠDM
d

with respect to pd and w:

H3 �

−
2αdαr 1 − αd/2αr( ( 

αr − αd

αdαr

αr − αd

αdαr

αr − αd

−
α2r

αr − αd

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (A.11)

With − (2αdαr(1 − (αd/2αr))/(αr − αd))< 0 and
|H3| � (2αdα2r/(αr − αd))> 0, ΠDM

d is jointly concave in pd

and w. )erefore, the unique optimal pDM
d and wDM can be

determined by the first-order partial derivatives
(z 

DM
d /zpd) � 0 and (z 

DM
d /zw) � 0.

By substituting pDM
d and wDM into pr, the optimal pDM

r

can be obtained. )us, Proposition 9 is proven.
Proof of Proposition 7.

(i) pDM
r − pM

r � (1/4αr)(1 − αr)(Td − Tr). When Td >
Tr, we have pDM

r >pM
r .

(ii) pDM
d − pM

d � 0. wDM − wM � (1/2αr) (1 − αr)(αr +

Td − tr +αrTr + αrtr), due to Td > tr, wDM − wM > 0.

Proof of Proposition 8.

(i) DDM
r − DM

r � − (1/4(αr − αd))(1 − αr)(Td − Tr).
When Td > Tr, we can obtain DDM

r < DM
r .

DDM
d − DM

d � (1/4(αr − αd))(1 − αr)(Td − Tr). When
Td>Tr, we can obtain DDM

d >D
M
d .

(ii)

ΠDM
r − ΠM

r �
1

16 αr − αd( 
1 − αr(  Td − Tr(  Tr − Td + 2αd − 2αr − 2td + 2tr + 2αdTd − αrTd − αrTr + 2αdtd − 2αrtr( 

<
1

16 αr − αd( 
1 − αr(  Td − Tr(  Tr − Td + 2αd − 2αr − 2td + 2tr + 2αdTd − αdTd − αdTr + 2αrtd − 2αrtr( 

�
1

16 αr − αd( 
1 − αr(  Td − T( r − 2 αr − αd(  − 1 − αd(  Td − T( r − 2 1 − αr(  td − tr(  .

(A.12)

When Td >Tr and td > tr, we can obtainΠDM
r <Π

M
r .

(iii)

ΠDM
d1 − ΠM

d1 �
1

8 αr − αd( 
1 − αr(  Td − Tr(  Tr + αd − 2αr − td + 2tr + αdTd − αrTd − αrTr + αdtd − 2αrtr( 

<
1

8 αr − αd( 
1 − αr(  Td − Tr(  Tr − αr + td + 2tr − αrTr + αdtd − 2αrtr( 

<
1

8 αr − αd( 
1 − αr(  Td − Tr(  1 − αr( Tr + 2 1 − αr( tr − 1 − αr( td − αr 

<
1

8 αr − αd( 
1 − αr(  Td − Tr(  1 − αr(  Tr + tr(  − αr .

(A.13)
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When Td >Tr and αr > (1 − αr)(Tr + tr), we can
obtain ΠDM

d1 <Π
M
d1.

(iv)

ΠDM
d2 − ΠM

d2 �
1

8 αr − αd( 
1 − αr(  Td − Tr( 

· αd − 1 − αd(  Td + td(  .

(A.14)

When Td >Tr and αd > (1 − αd)(Td + td), we can obtain
DDM

d >DM
d , ΠDM

d2 >Π
M
d2.

Proof of Proposition 9.
For a given w, taking the second derivative of ΠO

r

with respect to p,
(d2 

O
r /d(p)2) � − 2αr. With (d2 

N
r /d(p)2)< 0, a

unique optimal p can be determined by the first-order de-
rivative (z 

O
r /zpr) � 0.

By substituting the optimal p into ΠO
df and the

second derivative of ΠO
d with respect to w,

(d2 
O
d /d(w)2) � − (αr − (η/4)). We assume αr > (η/4);

then (d2 
O
d /d(w)2)< 0. )erefore, the unique optimal wO

can be determined by the first-order partial derivatives
(z 

O
d /zw) � 0.

By substituting wO into p, the optimal pO can be ob-
tained. )us, Proposition 9 is proven.
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