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Abstract

We analyze a manufacturer’s e-channel decision problem in which the manufacturer selects a direct-

sales channel or a third-party consignment channel to complement his existing physical retail channel.

We accordingly investigate two possible dual channels: a PD system involving a physical channel and

a direct e-channel, and a PC system consisting of a physical channel and a consignment e-channel.

For each system, we examine both a sequential-move game and a simultaneous-move game, as the

manufacturer can strategically decide to announce his pricing decision before the physical retailer

or to make his pricing decision with no communication with the physical retailer. Our analytical

results indicate that, if the manufacturer’s unit operating cost in the direct e-channel or the e-tailer’s

revenue allocation ratio in the consignment e-channel is suffi ciently small, then the manufacturer has

an incentive to adopt an e-channel. The manufacturer can always gain a higher profit by announcing

his pricing decision before the physical retailer. If the manufacturer aims at increasing the demand,

then he may choose the simultaneous-move game. Moreover, when the manufacturer selects an e-

channel to increase his profit, he should adopt a direct e-channel if his unit e-channel operating cost

is below a certain threshold that is dependent on the e-tailer’s revenue allocation ratio, and adopt

a consignment e-channel otherwise. A similar managerial insight is drawn when the manufacturer

intends to increase the demand.

Key words: Direct sales; consignment; sequential-move game; simultaneous-move game.
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1 Introduction

The rapid development of information technology has led many manufacturers to complement their

existing physical retail channels with an online channel (or, e-channel), which provides them with an

opportunity to serve more consumers who would otherwise have no intention to buy the manufac-

turers’products (Huang and Swaminathan 2009). A dual channel integrating an e-channel with a

physical one has been a dominant sales structure for many companies in the past decade. However,

the addition of an e-channel poses the important question of whether to set up a direct (proprietary)

sales website or to contract with a third-party e-tailer. Different strategies have been adopted to

tackle this issue. Many manufacturers– such as Hewlett & Packard, Lenovo, Compaq, Sony, Pana-

sonic, Mattel, Pioneer Electronics, Cisco System, and Estee Lauder– sell products through their

direct e-channels (Tsay and Agarwal 2004a, Kumar and Ruan 2006, and Chen, Kaya, and Ozer

2008). On the other hand, the largest English-language publisher Random House sells books on-

line to readers through Amazon and Barnes & Noble (Dumrongsiri et al. 2008), and Enesco and

Goebei utilize eBay to serve their consumers (Ow and Wood 2011). Dell Computer has been selling

its products at computer stores, department stores, offi cial supply stores, and its direct e-channel

DellAuction.com, and has also started to use eBay as a marketing channel (Ow and Wood 2011).

Moreover, Levi Strauss & Co., an American jeans and casual wear manufacturer, has terminated

its direct-sales websites at Levis.com and Dockers.com, and handed online business over to some

e-tail partners (Yoo and Lee 2010).

Motivated by the above practices, in this paper we focus on a dual channel problem in which

a manufacturer selects an e-channel to complement an independent physical channel. That is, the

manufacturer has been selling his products at a physical retailer’s store, and considers to add an

e-channel to serve his customers. As discussed above, there are two possible e-channels: (i) a direct

e-channel, and (ii) a consignment e-channel in which the manufacturer sells through an e-tailer under

a consignment contract. We denote the physical channel, the manufacturer’s direct e-channel, and

the consignment e-channel by P-channel, D-channel, and C-channel, respectively. The consignment

contract in the C-channel involves a revenue sharing formula, which is consistent with the practice of

many online marketplaces such as the online stores at Amazon.com and ebay.com; see Wang (2006),

Chen, Cheng, and Chien (2011), Ryan, Sun, and Zhao (2012), and Abhishek, Jerath, and Zhang

(2015). Under the contract, the manufacturer determines the retail price, and for each item sold, the

e-tailer deducts a percentage of revenue and remits the balance to the manufacturer, as shown by the

common practice by Amazon Marketplace, Kindle, iBook Store, and other e-tailers. Accordingly,

we consider a consignment contract in the C-channel, in which the manufacturer makes his retail

pricing decision given the e-tailer’s revenue allocation ratio.

Since the C- and D-channels are two e-channel choices, the manufacturer has two possible dual

channels: one consisting of a P-channel and a D-channel (simply called the “PD system”), and

the other consisting of a P-channel and a C-channel (simply called the “PC system”). We aim to

derive conditions for the manufacturer’s e-channel selection and provide managerial insights which

are expected to help practitioners make their dual channel decisions. In either the PD or the PC

system, we consider the manufacturer’s timing decision for the announcement of his retail price.

There are two timing choices for the manufacturer. Under the first choice, the manufacturer deter-

mines and announces his retail price in the e-channel before the retailer discloses her retail price

in the physical channel, which results in a sequential-move game under which the two firms make
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their pricing decisions “sequentially.”Under the second choice, the manufacturer and the retailer

have no communication, and determine their retail prices “simultaneously,”which corresponds to

a “simultaneous-move” game. For each of the PD and the PC systems, we derive the conditions

under which the manufacturer willingly adopts an e-channel and thus operates a dual channel, and

also compare the manufacturer’s profits and the demands in the two games to obtain the conditions

under which the manufacturer prefers to play the sequential-move or the simultaneous-move game.

Moreover, for each game, we compare the manufacturer’s profits and the demands in the PD and

the PC systems to find which system is preferable to the manufacturer. In addition, we show that

most of our major managerial insights still hold when the manufacturer makes his wholesale pricing

decision in dual-channel supply chains.

The rest of the paper is organized as follows. We review the relevant literature in Section 2

to show the originality of our paper. In Section 3, we describe our problem and derive the dual-

channel demand functions by analyzing consumers’ utilities drawn from their purchases in each

channel. In Section 4, for each of the PD and the PC systems, we investigate the sequential-move

and simultaneous-move games. Then, in Section 5, we compare the manufacturer’s profits and the

demands in the two systems, and obtain the conditions under which the manufacturer prefers to

adopt the D-channel (i.e., the PD system) or the C-channel (i.e., the PC system). In Section 6, we

perform our game-theoretic analysis when the manufacturer makes his wholesale pricing decision in

dual-channel supply chains. The paper ends with a summary of our major findings in Section 7. In

addition, the proofs of all theorems, lemmas, propositions, and corollaries are relegated to Appendix

A.

2 Literature Review

Our paper is related to the literature on dual-channel distribution. Observing the Internet’s great

accessibility to consumers, a growing number of firms have launched e-channels along with their

existing physical retail channels. The dual-channel hybrid of a physical channel and an e-channel

has been drawing great attention from researchers. Chen et al.(2017) examined how a newly-added

direct channel for a manufacturer influences a retailer Stackelberg supply chain and found that a

dual-channel supply chain can enhance the profits of the manufacturer and the supply chain. Chi-

ang, Chhajed, and Hess (2003) developed a consumer choice model and studied a pricing game

involving a manufacturer and a retailer in a dual-channel supply chain. Assuming that consumers’

acceptance of an e-channel is homogeneous and the dual channel can only exist under certain con-

ditions, the authors found that the manufacturer can employ a direct e-channel to mitigate double

marginalization. For a dual-channel distribution problem, Xiao, Choi, and Cheng (2014) developed a

retailer-Stackelberg pricing model to investigate a manufacturer’s product variety and channel struc-

ture strategies in a circular spatial market. They found that the motivation for the manufacturer to

use dual channels decreases with the unit production cost, but increases with (i) the marginal cost

of variety, (ii) the retailer’s marginal selling cost, and (iii) the customer’s fit cost. Assuming hetero-

geneous readers in their valuations of a book, Hua, Cheng, and Wang (2011) derived the conditions

under which a publisher should sell only printed books, only e-books, or both of them.

Fruchter and Tapiero (2005) considered a manufacturer who sells a product through retail stores

and an online store. Similar to Chiang, Chhajed, and Hess (2003), they assumed that consumers

have a lower valuation for the product purchased online than for that bought in the physical channel.
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Li et al. (2015) also made such an assumption because the consumers have a lower acceptance level

for the online channel. Zhang et al. (2017) considered the setting in which consumers choose products

based on quality and matchness, but they may assign different weights to quality and matchness

according to the product type. A survey by Kacen, Hess, and Chiang (2013) provided further

evidences that for many product categories consumers attach lower values to web-based purchases

than the purchases in physical stores.

Based on the work of Chiang, Chhajed, and Hess (2003), Yan (2008) adopted a game-theoretic

approach to investigate the strategic role of profit sharing between a manufacturer and a retailer,

and found that both parties can benefit from a dual-channel profit-sharing strategy. Bernstein, Song,

and Zheng (2008) performed an analysis to expose the value of the Internet as a selling channel for

retailers and consumers. They studied the case in which a retailer manages both its retail stores

and its proprietary online store, and also examined the case in which a traditional retailer aligns

with a pure e-tailer to sell products online. The authors showed that the adoption of an online

channel can reduce transaction costs and increase productivity. Moreover, as the additional market

reached by the use of the Internet channel increases, the firms’total profits increase, although their

profits from the original (physical) market decrease. Khouja, Park, and Cai (2010) analyzed the

channel selection and pricing decisions for a manufacturer who has the options of selling through an

online channel, his own retail channel, and/or an independent retail channel. They found that in a

vertically integrated supply chain, the most critical factor is the variable cost of a product sold in the

online channel compared with that sold in the retail channel; but, in the presence of an independent

retailer, the size of the retail-captive consumer segment relative to the size of the hybrid consumer

segment is a major factor.

Adopting a new channel is likely to cause channel conflicts (Cai 2010). Tsay and Agrawal (2004b)

considered the channel conflicts that arise as a company undertakes direct sales and competes with its

resellers. They concluded that the addition of a direct channel may not be detrimental to the reseller,

especially when the direct channel has a significant disadvantage in the cost of sales effort and/or

a significant advantage in the cost of fulfillment. Mukhopadhyay, Zhu, and Yue (2008) suggested

that the value added by a retailer to the product may result in product differentiation to consumers

and thus increase the manufacturer’s and the retailer’s profits. Xiao, Choi, and Cheng (2014)

studied the case that an indirect channel sells a standard product whereas a direct channel offers a

customized product to avoid the channel conflict. Li et al. (2016) developed an improved risk-sharing

contract that can help coordinate a dual channel supply chain with a risk-averse retailer. Cattani

et al. (2006) analyzed three prevalent price-matching strategies for a manufacturer to mitigate the

channel conflict resulting from its introduction of an Internet channel and entry into the market as a

competitor to its supply chain partner. The strategies include: (i) keeping wholesale prices as they

were before, (ii) keeping retail prices as they were before, and (iii) selecting wholesale and retail

prices that optimize the manufacturer’s profit. The authors found that the first and the second

strategies may be sub-optimal from the profit perspective, but they minimize disruptions to the

traditional physical channel. Huang and Swaminathan (2009) studied the pricing strategies that are

similar to those investigated by Cattani et al. (2006) for the case when a retailer adds an e-channel

to an existing traditional channel. Ding, Dong, and Pan (2016)showed that, in a dual-channel supply

chain involving a manufacturer and a retailer, a equal-pricing strategy and a price-matching strategy

may not be optimal for the manufacturer.

Our paper is also relevant to the literature on the selection of Internet selling channels. As Yoo
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and Lee (2011) stated, an online store may be operated by a manufacturer (i.e., the manufacturer’s

direct online retailing), an existing independent physical retailer (i.e., bricks-and-clicks retailing),

or a new third-party e-tailer (i.e., pure e-tailer selling). When a firm decides to directly access

consumers through its online retailing system, it faces a key question of which e-channel (its direct

e-channel or a third-party e-tailer) should be chosen. Bernstein, Song, and Zheng (2008) considered

traditional retailers’decisions on expanding their existing operations through e-tailing. Abhishek,

Jerath, and Zhang (2015) used a game-theoretic model to study an e-tailer’s choice between agency

selling (which provides manufacturers with direct access to their consumers but charges a fee for

such an access) and reselling (which buys from manufacturers and sells to consumers online). Ow

and Wood (2011) examined Dell Computer’s choice problem of whether to sell excess inventory at its

proprietary auction site or at eBay (which is a popular and well-established third-party auction site).

Using the data collected on 557 auctions from DellAuction.com and 373 auctions from ebay.com,

the authors performed an empirical study and found that the computers at DellAuction.com were

sold for a price premium when compared to the computers sold by Dell at ebay.com.

Our paper differs from extant relevant publications in three aspects. First, we focus on the e-

channel selection problem in which a manufacturer has an existing physical retail channel, and

the manufacturer and a physical retailer make their pricing decisions in a sequential-move or

simultaneous-move game setting when the manufacturer chooses an e-channel. Secondly, we consider

consumers’purchasing channel decisions, and derive demand functions for the physical channel and

the e-channel. Thirdly, we investigate the case that the manufacturer keeps the wholesale price in

the physical channel unchanged when he adopts an e-channel, and also examine the case that the

manufacturer chooses a wholesale price to maximize his profit in a dual-channel supply chain.

3 Problem Description and Consumer Choice Analysis

In this section, we first describe our research problem, and then analyze consumer choice models to

derive demand functions for the manufacturer.

3.1 Problem Description

We consider an e-channel selection problem for a manufacturer who makes a product at the unit

cost cm and sells it to n potential heterogeneous consumers in a market. In addition to an extant

P-channel, the manufacturer will adopt an e-channel to expand sales and improve his profit. As

discussed in Section 1, in practice there are two common e-channel structures, i.e., the D- and C-

channels. Therefore, in this problem the manufacturer needs to make a choice between the PD system

(a combination of P- and D-channels) and the PC system (a combination of P- and C-channels).

Both systems involve a P-channel in which a physical retailer purchases the manufacturer’s

product at a wholesale price w and sells it to consumers at the retail price pr. But, the e-channels

in the two systems differ in their operations. In the D-channel of the PD system, the manufacturer

directly sells his product to consumers at a retail price pd. In the C-channel of the PC system,

the manufacturer determines a retail price p̂c and serves consumers through an e-tailer at the price

p̂c. Hereafter, we use the symbol “ˆ” to indicate the PC system. As in the practice of Amazon

Marketplace, the manufacturer and the e-tailer share a sales revenue according to an allocation ratio

ξ ∈ (0, 1) that is determined by the e-tailer. Specifically, when a consumer spends $p̂c to buy a unit
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of the manufacturer’s product at the e-tailer’s online store, the e-tailer retains the revenue ξp̂c and

allocates the remaining amount p̂c(1− ξ) to the manufacturer. Moreover, in reality, prior to trading
with manufacturers, many e-tailers determine the value of ξ for each product category and announce

the value at their websites. For instance, one can learn from Amazon’s webpage titled “Selling on

Amazon Fee Schedule” that the referral fee percentage is 15% for many product categories such

as beauty, clothing and accessories, toys and games, outdoors, etc., and 8% for some of the other

categories such as cell phone devices and consumer electronics. This evidence exposes a common

practice that because the e-tailers such as Amazon and eBay serve a number of manufacturers, they

cannot determine a revenue allocation ratio for every individual manufacturer but announce a single

ratio applicable to all relevant manufacturers. Accordingly, it is reasonable to assume the exogeneity

of the revenue allocation ratio in this paper.

In the above, ξp̂c can be per se viewed as the “percentage-based fee”paid by the manufacturer to

the e-tailer for “using”a space at the e-tailer’s online store. In addition, the e-tailer may charge the

manufacturer a small fixed fee. For instance, besides a percentage-based fee, Amazon Marketplace

charges a fixed fee of $39 per month from each seller who expects to sell regularly over a long

time horizon at its online store. After paying the fee, the sellers can access certain infrastructure

services such as easy interfaces for uploading and displaying product information. Because even

small professional sellers have the monthly sales with a value much higher than many thousands of

dollars, the fixed fee is negligibly small and thus, similar to Wang, Jiang, and Shen (2004), Ryan,

Sun, and Zhao (2012), and Abhishek, Jerath, and Zhang (2015), in this paper we do not consider

any fixed fee paid by the manufacturer to the e-tailer.

3.2 Consumer Choice Analysis and Demand Functions

When the manufacturer adopts an e-channel, each consumer can purchase a product in the P-channel

or the e-channel (the D- or C-channel). Next, we develop consumer choice models, which are then

analyzed to derive the demand function for each channel. We begin by computing a consumer’s

net utility drawn from his or her purchase in the P-channel. Let v denote the consumer’s valuation

of the product bought from the P-channel. Similar to Chiang, Chhajed, and Hess (2003), we

consider heterogeneous consumers in their valuations of the product. In our paper, V is a uniformly

distributed random variable on the support [0, v̄], where v̄ represents the highest one among all

consumers’ valuations. The uniformly distributed valuation has been widely used for analytical

tractability in many publications such as Balasubramanian (1998), Chiang, Chhajed, and Hess

(2003), Kumar and Ruan (2006), Dumrongsiri et al. (2008), Khouja, Park, and Cai (2010), Yan

and Ghose (2010), Yan, Wang, and Zhou (2010), and Hua, Cheng, and Wang (2011), Ofek, Katona,

and Sarvary (2011), and Ryan, Sun, and Zhao (2012). The physical retailer should decide on her

retail price pr such that pr ≤ v̄; this condition ensures some consumers’willingness to buy at the

physical store. Thus, a consumer with the valuation v ∈ [0, v̄] can obtain the surplus ur = v − pr
from purchasing a product in the P-channel. The consumer may be willing to buy in the P-channel

if and only if his or her surplus is non-negative (i.e., v ≥ pr).
If a consumer buys in an e-channel, then he or she may obtain a surplus that differs from ur, be-

cause, different from physical store shopping, the consumer cannot receive the product immediately

after placing an order online and thus has no opportunity to make any physical inspection during

the lead time. The disutility from online shopping is dependent on the characteristics of products
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and the nature of online channels, and it has been becoming smaller as a result of the improvement

of network technology and online service level. Nevertheless, many consumers still prefer physical

retail stores to Internet channels mainly because of their desires for service, shopping experience,

perceived risk, offl ine habit, etc., as shown by a number of empirical studies (e.g., Liang and Huang

1998, Chu et al. 2010, Kollmann, Kuckertz, and Kayser 2012, and Kacen, Hess, and Chiang 2013).

We can also learn from some publications (e.g., Chiang, Chhajed, and Hess 2003 and Song et al.

2014) that a consumer enjoys less from buying a product online than at a physical store. Accord-

ingly, in this paper each consumer possesses a lower valuation for the product when buying it from

the e-channel (i.e., the D- or C-channel) than from the P-channel.

A product with a valuation v in the P-channel has an online value θv, where θ ∈ (0, 1) is a measure

of consumers’e-channel acceptance. Hence v(1 − θ) reflects the disutility when a consumer makes
an online shopping. The value of θ is dependent on the characteristics of the product, consumers’

perceptions of the performance of online stores on different attributes such as quality, transaction

costs, and uncertainty, as well as the importance of each attribute. In an empirical study by Kacen,

Hess, and Chiang (2013), parameter θ is called the consumer’s acceptance index of online stores, and

is calculated as the ratio of the reservation price of buying a product online to that of buying the

product at a physical store. When the value of θ is close to 0, consumers have very poor perceptions

of the performance of online stores and thus much lower reservation price for the e-channel than

for the P-channel. When the value of θ is close to 1, consumers’ performance perceptions and

reservation prices for the online and physical stores are almost equal. Kacen, Hess, and Chiang

(2013) empirically investigated six product categories, and found that for the category of “books,”

the consumer’s acceptance index of online stores is θ = 0.92, which is the highest among the six

categories. The acceptance index implies that the reservation price for online bookstores is 8% less

than that for physical bookstores.

Using the above, we can find that, if a consumer with the valuation v ∈ [0, v̄] buys the product

online, then he or she can draw a surplus as ui = θv−pi, where pi is the retail price in the e-channel
and is smaller than or equal to θv̄, and i represents the e-channel adopted by the manufacturer,

i.e., i = d (the D-channel) or c (the C-channel). Therefore, each consumer with a valuation greater

than or equal to pi/θ can obtain a non-negative surplus from his or her online purchase and may

be willing to buy through the e-channel. Comparing the consumer’s valuations of the product from

the P- and the e-channels, we obtain the following proposition, which is depicted by Figure 1 and

can also be obtained by using the results given by Chiang, Chhajed, and Hess (2003).

Figure 1: Consumers’channel preference.
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Proposition 1 Given the retail prices pr in the P-channel and pi in the e-channel (i = d, c), a

consumer with valuation v for the product in the P-channel makes a purchase decision as follows.

1. When pr ≥ pi/θ, we find that if v < pi/θ, then the consumer purchases nothing; if pi/θ ≤ v <
(pr−pi)/(1−θ), then the consumer buys in the e-channel; otherwise, if (pr−pi)/(1−θ) ≤ v ≤ v̄,
then the consumer shops in the P-channel.

2. When pr < pi/θ, we find that if v < pr, then the consumer buys nothing; otherwise, if

pr ≤ v ≤ v̄, then the consumer buys in the P-channel. �

Using the above proposition, we can compute the expected demand faced by the manufacturer

in each channel in the PD and the PC systems. Denoting the expected demands in the P-channel

and e-channel of the PD (PC) system by Dp (D̂p) and Dd (D̂c), respectively, we have

[Dp | Dd] =


[
n

v̄

(
v̄ − pr − pd

1− θ

) ∣∣∣∣ nv̄
(
pr − pd
1− θ −

pd
θ

)]
, if pr ≥

pd
θ
,

[ n
v̄

(v̄ − pr)
∣∣∣ 0
]
, if pr <

pd
θ
;

(1)

and

[
D̂p

∣∣∣ D̂c

]
=



[
n

v̄

(
v̄ − p̂r − p̂c

1− θ

) ∣∣∣∣ nv̄
(
p̂r − p̂c
1− θ −

p̂c
θ

)]
, if p̂r ≥

p̂c
θ
,

[ n
v̄

(v̄ − p̂r)
∣∣∣ 0
]
, if p̂r <

p̂c
θ
.

(2)

Observing the demand functions, we find that when pr < pd/θ and p̂r < p̂c/θ, no consumer

intends to buy online. Therefore, the manufacturer has an incentive to adopt an e-channel and

implement a dual-channel distribution system, when the retail prices pr, p̂r, pd, and p̂c are determined

such that

pd/θ ≤ pr < v̄ and p̂c/θ ≤ p̂r < v̄. (3)

4 Game-Theoretic Analysis of Dual-Channel Supply Chains

As discussed in Section 3, the manufacturer has an existing P-channel, and decides on whether to

launch an e-channel (i.e., the D-channel or C-channel) as an additional distribution channel. Thus, to

find an optimal e-channel decision for the manufacturer, we should analyze two dual-channel systems

(i.e., the PD and the PC systems), and then compare our results for these two systems. Similar to

Yao and Liu (2005), we analyze the dual channel problem in the situation that the manufacturer does

not change his wholesale price in the physical channel when he adopts an e-channel. Accordingly, we

first calculate the manufacturer’s optimal wholesale price in a single-channel supply chain which only

involves the P-channel. It is easy to obtain the optimal wholesale price as w = (v̄−cr+cm)/2, where

cr and cm represent the retailer’s unit selling cost and the manufacturer’s unit product acquisition

cost, respectively.

4.1 Analysis in the PD System

In this system, the manufacturer complements his existing P-channel with a D-channel. Each con-

sumer can buy a product from either the P-channel or the D-channel, which implies that the two
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channels “compete” for consumers. When the manufacturer sells one unit of product in the D-

channel, he incurs an operating cost cd. As the empirical evidences in Garicano and Kaplan (2001)

and Zhu (2004) indicate that the Internet can help reduce sellers’transaction costs, we assume that

cd < cr, which actually reflects the differences between the two channels in stocking costs, employee

labor costs, facility maintenance costs, etc.

When the manufacturer launches the D-channel, the manufacturer and the physical retailer

determine their retail prices pd and pr to maximize their individual profits. The manufacturer’s

profit, denoted by πm, includes his profits in the two channels, and thus can be calculated as

πm = Dp(w − cm) + Dd(pd − cm − cd), where Dp and Dd are given in (1). Similarly, the physical

retailer’s profit πr can be computed as πr = Dp(pr − w − cr). Substituting the results in (1) into
the above profit functions, we can re-write the manufacturer’s and the physical retailer’s profits as

πm =
n

v̄
(w − cm)

(
v̄ − pr − pd

1− θ

)
+
n

v̄
(pd − cm − cd)

(
pr − pd
1− θ −

pd
θ

)
, (4)

πr =
n

v̄
(pr − w − cr)

(
v̄ − pr − pd

1− θ

)
. (5)

In practice, the manufacturer and the physical retailer can make their retail pricing decisions

either “sequentially”or “simultaneously.”Specifically, in the sequential (leader-follower game) set-

ting, the manufacturer first determines his online retail price pd and announces it to the physical

retailer, who then makes her pricing decision pr. In the simultaneous (“simultaneous-move”game)

setting, the two firms make their retail pricing decisions with no communication. Next, we investi-

gate both games to find in which setting the manufacturer can obtain a higher profit and a higher

demand. Hereafter, we use the superscripts “L”and “S”in notations to represent the sequential-

and simultaneous-move games, respectively.

4.1.1 Analysis of the Sequential-Move Game in the PD System

When the manufacturer and the physical retailer play a sequential-move game, their profit maxi-

mization problems can be written as maxpd≤θpr πm and maxpr≥pd/θ πr, respectively. Using backward

induction, we find that, given the manufacturer’s retail price pd, the physical retailer’s best-response

is

pr(pd) = max

{
pd
θ
,
a+ pd

2

}
, where a ≡ (1− θ)v̄ + w + cr. (6)

Using (6) to replace pr in the manufacturer’s profit function, we can derive the corresponding

equilibrium retail prices (pLd , p
L
r ) as given in the following proposition.

Proposition 2 When the manufacturer acts as the leader in the PD system, we can find the unique
retail prices in Stackelberg equilibrium as

pLd = min

{
θa

2− θ ,
θa+ θb+ (2− θ)(cd + cm)

2(2− θ)

}
and pLr =

a+ pLd
2

, (7)

where b ≡ w − cm. �

Using the above proposition, we can find the resulting demands and two firms’profits.

Proposition 3 For the sequential-move game in the PD system, we obtain the following results.
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1. If the manufacturer’s unit operating cost in the D-channel cd is given such that cd ≥ cLd , where

cLd ≡
θa− θb− cm(2− θ)

2− θ , (8)

then the demands in the P- and D-channels are DL
p = n[v̄ − a/(2 − θ)]/v̄ and DL

d = 0,

respectively; and, the manufacturer’s total profit in the two channels (which is also his profit

in the P-channel) is πLm = nb[v̄ − a/(2− θ)]/v̄. In this case, both DL
p and π

L
m are independent

of cd.

2. If cd < cLd , then the demands in the two channels are computed as

DL
p = n− n[a(4− 3θ)− θb− (2− θ)(cd + cm)]

4v̄(2− θ)(1− θ) and DL
d =

n[θa− θb− (2− θ)(cd + cm)]

4v̄θ(1− θ) .

We then find the total demand and the manufacturer’s total profit in the two channels as

DL
PD = DL

p +DL
d = n− n[θa+ θb+ (2− θ)(cd + cm)]

2v̄θ(2− θ) ,

πLm = nb− n

8v̄θ(1− θ)(2− θ) [2θab(4− 3θ)− θ2a2 − θ2b2

+2θ(2− θ)(a− b)(cm + cd)− (2− θ)2(cm + cd)
2]. (9)

Moreover, when cd < cLd , we find that as cd increases, (i) both pLr and pLd increase, and

the increase in pLd is greater than that in p
L
r ; (ii) D

L
p increases, whereas both D

L
d and D

L
PD

decrease; and (iii) the manufacturer’s profit in the D-channel decreases, his profit in the P-

channel increases, and πLm decreases. �

The above proposition indicates an interesting finding that the manufacturer’s profit in the P-

channel is non-decreasing in his operating cost in the D-channel (i.e., cd). This is justified as follows.

Responding to a higher value of cd, the manufacturer raises his retail price in the D-channel, and

the physical retailer also increases the retail price in the P-channel. But, to compete with the

D-channel, the physical retailer would raise the retail price at a smaller incremental rate than the

manufacturer. As a result, although the demand in the D-channel reduces, the demand in the P-

channel rises. Moreover, since the reduction in the manufacturer’s profit in the D-channel cannot

be offset by the increase in his profit in the P-channel, the manufacturer’s total profit in the two

channels is decreased.

4.1.2 Analysis of the Simultaneous-Move Game in the PD System

We consider a simultaneous-move game in which the manufacturer and the retailer determine their

retail prices pd and pr with no communication. Differentiating πr in (5) and πm in (4) w.r.t. pr and

pd, respectively, and setting the derivatives to zero, we find the two firms’best-response retail prices

as

pr(pd) = max

{
pd
θ
,
a+ pd

2

}
=

{
(a+ pd)/2, if pd < θa/(2− θ),
pd/θ, if pd ≥ θa/(2− θ);

(10)
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and

pd(pr) = min

{
θpr,

θb+ θpr + cm + cd
2

}
=

{
θpr, if pr < (θb+ cm + cd)/θ,

(θb+ θpr + cm + cd)/2, if pr ≥ (θb+ cm + cd)/θ.
(11)

Proposition 4 When the manufacturer and the retailer play a simultaneous-move game in the PD
system, we obtain the following results.

1. If cd ≥ cSd , where

cSd ≡
θa− (2− θ)(θb+ cm)

2− θ , (12)

then the retail prices in Nash equilibrium are pSd = θa/(2−θ) and pSr = a/(2−θ), the demands
in the P- and D-channels are DS

p = n[v̄ − a/(2 − θ)]/v̄ and DS
d = 0, respectively; and the

manufacturer’s profit is πSm = nb[v̄ − a/(2− θ)]/v̄.
2. If cd < cSd , then the retail prices in Nash equilibrium are

pSr =
2a+ θb+ cd + cm

4− θ and pSd =
θa+ 2(θb+ cd + cm)

4− θ .

As a result, the demands in the P-channel and the D-channel are

DS
p = n− n

v̄

a (2− θ)− (θb+ cd + cm)

(1− θ)(4− θ) and DS
d =

n

v̄

θa− (2− θ) (θb+ cd + cm)

θ (1− θ) (4− θ) ,

and the total demand in the two channels is

DS
PD = n− n

v̄

θa+ 2(θb+ cd + cm)

θ(4− θ) .

The manufacturer’s profit is thus computed as

πSm = nb− n

v̄θ(1− θ)(4− θ)2

{
2θab(4− 3θ)− θ2a2 − θ3b2 + 2θa(2− θ)(cd + cm)

−θb(4− 3θ + θ2)(cd + cm)− (2− θ)2(cd + cm)2
}
. � (13)

According to Propositions 3 and 4, we find that if the value of cd is suffi ciently high such that

cd > cLd in the sequential-move game and cd > cSd in the simultaneous-move game, then the “real”

online price pd/θ is higher than the price pr in the P-channel and thus, there is no demand in

the D-channel. That is, the manufacturer can realize sales in the P- and D-channels when the

manufacturer’s unit operating cost cd in the D-channel is below a certain threshold (i.e., cLd in the

sequential-move game and cSd in the simultaneous-move game). This result implies the following

remark.

Remark 1 If the manufacturer incurs a suffi ciently high operating cost cd in the D-channel, then
he should not adopt the D-channel but only sells his products in the P-channel; otherwise, the

manufacturer can achieve sales in the two channels. Specifically, it behooves the manufacturer to

consider a dual-channel system if cd < cLd (cd < cSd ) in a sequential-move (simultaneous-move) game.

�
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One may note that, in the above remark, the inequalities (i.e., cd < cLd and cd < cSd )– which

induce the manufacturer to operate a dual-channel system– are actually needed to ensure that the

condition in (3) is satisfied for the positive demands in both the P-channel and the D-channel. In

addition, we find that cSd < cLd because c
L
d − cSd = 2b/(2− θ) > 0.

Using Proposition 4, we can examine how the manufacturer’s unit operating cost cd affects the

retail prices, demands, and the manufacturer’s profits in both channels.

Corollary 1 If cd < cSd , then as the value of cd increases, (i) the retail prices p
S
r and p

S
d rise, and

the increase in pSd is higher than that in p
S
r ; (ii) the demand D

S
p increases, whereas the demands D

S
d

and DS
PD decrease; (iii) the manufacturer’s profit in the D-channel decreases whereas that in the

P-channel increases, and the manufacturer’s total profit πSm decreases. �

4.1.3 The Game Selection in the PD System

In Sections 4.1.1 and 4.1.2, we have investigated a sequential-move game and a simultaneous-move

game, respectively. An important question arises as follows: when the manufacturer decides to

adopt a D-channel in addition to an existing P-channel, should he choose a sequential-move game

or a simultaneous-move game? To address the question, in the PD system we need to compare

the total demand and the manufacturer’s profit in the sequential-move game with those in the

simultaneous-move game.

Theorem 1 In the PD system, we obtain the following results.
1. If cd ≥ cLd , then D

S
d = DL

d = 0, and the demands and the manufacturer’s total profits in the

two channels are the same in both games, i.e., DL
PD = DS

PD, and π
L
m = πSm.

2. If c̄d ≤ cd < cLd , where c̄d ≡ [θa−b(4−3θ)−cm(2−θ)]/(2−θ), then the manufacturer’s profit and
the total demand in the sequential-move game are higher than those in the simultaneous-move

game, i.e., πLm > πSm, and D
L
PD > DS

PD.

3. If cd < c̄d, then the manufacturer’s profit in the sequential-move game is higher than that in

the simultaneous-move game, i.e., πLm > πSm, whereas the total demand in the sequential-move

game is lower than that in the simultaneous-move game, i.e., DL
PD < DS

PD. �

We learn from the above theorem that, when the manufacturer considers a dual-channel system

and aims at the maximization of his profit, he should decide to announce his online retail price before

the physical retailer determines her retail price, gaining the first-mover advantage. However, if the

manufacturer aims to realize a higher demand, then the time of announcing his retail pricing decision

will depend on his unit operating cost in the D-channel cd. Specifically, if cd is smaller than c̄d, then

the manufacturer needs to announce his retail price “as the same time as” the physical retailer

announces her price; there is no first-mover advantage. However, if cd ≥ c̄d, then the manufacturer

should take the first-mover advantage by announcing his retail price prior to the physical retailer’s

price announcement.

4.2 Analysis in the PC System

In the PC system, the manufacturer serves consumers via both a third-party Internet marketplace

and the existing independent physical store. In the C-channel, the manufacturer sells products

directly to consumers on an e-tailer’s marketplace under a revenue-sharing consignment contract.

12



The e-tailer offers the consignment contract by specifying a revenue allocation ratio ξ ∈ (0, 1). Under

the contract, for each unit of the product sold, the e-tailer keeps a proportion ξ of the revenue for

herself and remits the rest, (1− ξ) proportion of the revenue, to the manufacturer.
We recall from Section 3.1 that as in practice, a unique revenue-allocation ratio usually applies to

all the sellers whose products belong to a common product category, and all sellers have the knowl-

edge of the revenue-allocation ratio prior to making an e-channel selection decision. Accordingly,

the manufacturer makes his e-channel selection and pricing decisions, given the e-tailer’s revenue

allocation ratio ξ. Similar to Section 4.1, the manufacturer sets a retail price p̂c in the C-channel to

maximize his expected profit. In the PC system, the manufacturer and the physical retailer obtain

their profits as π̂m = D̂p(w− cm) + D̂c[p̂c(1− ξ)− cm] and π̂r = D̂p(p̂r−w− cr), respectively, which,
using (2), can be specified as follows:

π̂m =
nb

v̄

(
v̄ − p̂r − p̂c

1− θ

)
+
n

v̄
[p̂c(1− ξ)− cm]

(
p̂r − p̂c
1− θ −

p̂c
θ

)
, (14)

π̂r =
n

v̄
(p̂r − w − cr)

(
v̄ − p̂r − p̂c

1− θ

)
. (15)

Next, we investigate both a sequential-move game and a simultaneous-move game, and compare our

analytic results to find which game makes the manufacturer better off.

4.2.1 Analysis of the Sequential-Move Game in the PC System

In this game, the manufacturer and the physical retailer sequentially make their retail pricing deci-

sions in two steps. The manufacturer first announces his retail price p̂c in the C-channel, and the

retailer then determines her price p̂r in the P-channel.

Proposition 5 When the manufacturer and the physical retailer play a sequential-move game in
the PC system, we can find their retail prices in Stackelberg equilibrium, and also compute the

resulting demands in the two channels and the manufacturer’s profit.

1. If ξ ≥ ξL ≡ 1 − [θb + cm(2 − θ)]/(θa), then the retail prices in Stackelberg equilibrium are

p̂Lc = θa/(2 − θ) and p̂Lr = a/(2 − θ). As a result, the demands in the P-channel and the

C-channel are D̂L
p = n[v̄−a/(2−θ)]/v̄ and D̂L

c = 0, respectively, and the manufacturer’s profit

is π̂Lm = nb[v̄ − a/(2− θ)]/v̄.
2. If ξ < ξL, then the retail prices in Stackelberg equilibrium are

p̂Lr =
1

4(2− θ)

[
a(4− θ) +

θb+ cm(2− θ)
1− ξ

]
and p̂Lc =

1

2(2− θ)

[
θa+

θb+ cm(2− θ)
1− ξ

]
.

The demands in the P- and C-channels are

D̂L
p = n− n

4v̄(1− θ)(2− θ)

[
a(4− 3θ)− θb+ cm(2− θ)

1− ξ

]
,

D̂L
c =

n

4v̄θ(1− θ)

[
θa− θb+ cm(2− θ)

1− ξ

]
;

and the total demand is

D̂L
PC = n− n

2v̄θ(2− θ)

[
θa+

θb+ cm(2− θ)
1− ξ

]
.
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The manufacturer’s profit is

π̂Lm = nb− n

8v̄θ(1− θ)(2− θ)
{

2θab(4− 3θ)− θ2a2(1− ξ)

+2θacm(2− θ)− [θb+ cm(2− θ)]2
1− ξ

}
. �

4.2.2 Analysis of the Simultaneous-Move Game in the PC System

In the simultaneous-move game the manufacturer and the physical retailer determine their retail

prices with no communication. Differentiating π̂r in (15) w.r.t. p̂r and π̂m in (14) w.r.t. p̂c, setting

them to zero, and solving the resulting equations, we find the two firms’best-response retail prices

as

p̂r(p̂c) =

{
(a+ p̂c)/2, if p̂c < θa/(2− θ),
p̂c/θ, if p̂c ≥ θa/(2− θ);

(16)

p̂c(p̂r, ξ) =

{
θp̂r, if p̂r < (θb+ cm)/ [θ(1− ξ)] ,
[θb+ θp̂r(1− ξ) + cm]/2(1− ξ), if p̂r ≥ (θb+ cm)/ [θ(1− ξ)] .

(17)

Using the above we can calculate Nash equilibrium (p̂Sc , p̂
S
r ) as well as the resulting demands and

the manufacturer’s profit.

Proposition 6 When the manufacturer and the retailer play the simultaneous-move game in the
PC system, we obtain the following results.

1. If ξ ≥ ξS ≡ 1 − [(2 − θ)(θb + cm)]/(θa), then the retail prices in Nash equilibrium are p̂Sc =

θa/(2 − θ) and p̂Sr = a/(2 − θ). The demand in the C-channel is zero, and the manufacturer
only gains the profit π̂Sm = nb[v̄ − a/(2− θ)]/v̄ in the P-channel.

2. If ξ < ξS , then the retail prices in Nash equilibrium are

p̂Sr =
1

4− θ

(
2a+

θb+ cm
1− ξ

)
and p̂Sc =

1

4− θ

[
θa+

2 (θb+ cm)

1− ξ

]
.

As a result, the demands in the P- and C-channels are

D̂S
p = n− n

v̄(1− θ)(4− θ)

[
a(2− θ)− θb+ cm

1− ξ

]
,

D̂S
c =

n

v̄θ(1− θ)(4− θ)

[
θa− (2− θ) (θb+ cm)

1− ξ

]
;

and the total demand in the two channels is

D̂S
PC = D̂S

p + D̂S
c = n− n

v̄θ(4− θ)

[
θa+

2 (θb+ cm)

1− ξ

]
.

The manufacturer’s profit is

π̂Sm = nb− n

v̄θ(1− θ)(4− θ)2

{
2θab(4− 3θ)− θ2a2(1− ξ)

+2θacm(2− θ)− [θ2b+ cm(2− θ)2]
θb+ cm
1− ξ

}
. �
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Observing Propositions 5 and 6, we find that for both the sequential-move and simultaneous-

move games, when the e-tailer’s revenue allocation ratio ξ is suffi ciently high (viz., ξ ≥ ξL in the

sequential-move game and ξ ≥ ξS in the simultaneous-move game), there is no demand in the C-

channel, which takes place mainly because the “real” online price p̂c/θ is higher than the price in

the P-channel p̂r.

Remark 2 If ξ < ξL (ξ < ξS) in the sequential-move (simultaneous-move) game, then the man-

ufacturer is willing to adopt a consignment e-channel in addition to his existing physical channel.

This implies that the e-tailer should set her revenue allocation ratio ξ below a critical level in order

to entice the manufacturer to use the e-channel. �

4.2.3 The Game Selection in the PC System

In the PC system, the manufacturer can announce his online retail price before the physical retailer

determines her retail price (i.e. the sequential-move game) or make a pricing decision with no

communication with the retailer (i.e., the simultaneous-move game). Next, we examine which game

makes the manufacturer better off.

Theorem 2 In the PC system, we derive the results regarding the manufacturer’s game preference.
1. If ξ ≥ ξL, then the demands and the manufacturer’s total profits in the two channels are the

same in both games, viz., the manufacturer has no preference between the two games.

2. If ξ̄ ≤ ξ < ξL, where ξ̄ ≡ 1− [b(4− 3θ) + cm(2− θ)]/(θa) < ξS , then both the manufacturer’s

total profit and the total demand in the sequential-move game are higher than those in the

simultaneous-move game, which means that the manufacturer prefers the sequential-move

game to the simultaneous-move game.

3. If ξ < ξ̄, then the manufacturer’s total profit in the sequential-move game is higher than that

in the simultaneous-move game, whereas the total demand in the sequential-move game is

lower than that in the simultaneous-move game. That is, from the profitability perspective,

the manufacturer should prefer the sequential-move game; from the demand perspective, the

manufacturer should prefer the simultaneous-move game. �

As the above theorem implies, if the manufacturer adopts a consignment e-channel with an

aim for a higher profit, then he should gain the first-mover advantage by announcing his online

consignment retail price before the physical retailer determines her retail price. However, if the

manufacturer aims for a larger demand, then he may or may not take the first-mover advantage,

which depends on the revenue allocation ratio in the consignment contract. Specifically, if the

allocation ratio is below the threshold ξ̄, then the manufacturer should set the retail price with

no communication with the retailer; otherwise, the manufacturer should announce his retail price

before the retailer makes her decision and enjoy the first-mover advantage.

4.3 Summary of Analytic Results

We provide Table 1 to summarize our analytic results that are obtained for the sequential-move and

simultaneous-move games in Sections 4.1 and 4.2.
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5 Selection of the Online Channel

Using our analytic results in Section 4, we now examine the manufacturer’s two critical questions as

follows. First, we need to address the question of which e-channel the manufacturer should adopt

in addition to an existing physical retail channel. That is, should the manufacturer adopt the PD

or the PC system? The second question is concerned with what factors have a significant impact on

the manufacturer’s online channel selection and how those factors influence the decision.

We learn from Section 4 that the demand in an e-channel is zero in the sequential-move (simultaneous-

move) game setting, when the manufacturer’s unit operating cost cd is suffi ciently high such that

cd ≥ cLd (cd ≥ cSd ) in the PD system, or the e-tailer’s revenue allocation ratio ξ is suffi ciently high

such that ξ ≥ ξL (ξ ≥ ξS) in the PC system. As a result, both the total demand and the man-

ufacturer’s total profit are the same in the PD and the PC systems, regardless of which game the

manufacturer is involved.

Next, we begin by comparing the demand and the manufacturer’s profit in the PD system with

those in the PC system. Specifically, we perform our analysis under the following conditions: cd < cLd
(in the PD system) and ξ < ξL (in the PC system) in the sequential-move game, and cd < cSd (in the

PD system) and ξ < ξS (in the PC system) in the simultaneous-move game. In each game setting,

we derive the conditions under which the manufacturer prefers to choose the PD or the PC system,

and find the important factors that significantly influence the manufacturer’s e-channel selection

decision.

5.1 Comparison between the PD and the PC Systems in the Sequential-Move
Game

We compare the demand and the manufacturer’s profit in the PD system with those in the PC

system, assuming that the manufacturer and the retailer play a sequential-move game.

Proposition 7 When the manufacturer adopts an e-channel in the sequential-move game (i.e.,
cd < cLd in the PD system and ξ < ξL in the PC system), we find the following results regarding the

comparison between the total demands and the manufacturer’s profits in the two systems.

1. If 0 ≤ cd < c̃Ld1 ≡ ξ[θb+cm(2−θ)]/[(1−ξ)(2−θ)], thenDL
PD > D̂L

PC ; otherwise, if c̃
L
d1 ≤ cd < cLd ,

then DL
PD ≤ D̂L

PC .

2. If 0 ≤ cd < c̃Ld2 ≡ (1−
√

1− ξ){θa+[θb+cm(2−θ)]/
√

1− ξ}/(2−θ), then πLm > π̂Lm; otherwise,

if c̃Ld2 ≤ cd < cSd , then π
L
m ≤ π̂Lm.

In the above, c̃Ld1 < c̃Ld2 < cLd . �

Proposition 7 indicates that when the manufacturer complements his physical channel with an

e-channel, both his unit operating cost cd in the D-channel and the e-tailer’s revenue allocation

ratio ξ have an impact on his profit and the total demand. Specifically, given a value of ξ, if cd is

suffi ciently small such that cd < c̃Ld1, then the demand and the manufacturer’s profit are higher in

the PD system than those in the PC system; otherwise, the demand and the manufacturer’s profit

are higher in the PC system. This result may be attributed to the following fact. As shown in

Proposition 3, in the PD system, the manufacturer’s total profit is increasing in his operating cost

in the D-channel cd. We can also easily show that the manufacturer’s total profit in the PC system

is decreasing in the e-tailer’s revenue allocation ratio ξ, and the manufacturer’s total profits in the

two systems are equal when cd = ξ = 0.
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Remark 3 When the manufacturer and the retailer make their retail pricing decisions sequentially,
the manufacturer prefers to operate his own (proprietary) e-channel if cd is suffi ciently small and

adopt a consignment e-channel otherwise. �

5.2 Comparison between the PD and the PC Systems in the Simultaneous-Move
Game

We now compare the demands and the manufacturer’s profits in the two systems when the manu-

facturer and the retailer play a simultaneous-move game.

Proposition 8 In the simultaneous-move game setting, when the manufacturer adopts an e-channel
(i.e., cd < cSd in the PD system and ξ < ξS in the PC system), we compare the demands and the

manufacturer’s profits in the PD and the PC systems as follows.

1. If 0 ≤ cd < c̃Sd1 ≡ ξ(θb + cm)/(1 − ξ), then DS
PD > D̂S

PC ; otherwise, if c̃
S
d1 ≤ cd < cSd , then

DS
PD ≤ D̂S

PC .

2. If 0 ≤ cd < c̃Sd2, where c̃
S
d2 is a unique solution satisfying the equation π

S
m − π̂Sm = 0, then

πSm > π̂Sm; otherwise, if c̃
S
d2 ≤ cd < cSd , then π

S
m ≤ π̂Sm.

In the above, c̃Sd1 < c̃Sd2 < cSd . �

The above proposition delivers similar insights as Proposition 7 and Remark 3 (in the sequential-

move game). That is, our insights about the manufacturer’s preference on the PD or the PC

system are consistent regardless of whether the manufacturer plays in the simultaneous-move or the

sequential-move game.

5.3 The Manufacturer’s Online Channel Selection

We learn from Propositions 7 and 8 that the manufacturer’s e-channel selection decision depends on

his unit operating cost in the D-channel (i.e., cd) and the e-tailer’s revenue allocation ratio in the

C-channel (i.e., ξ). Given a revenue allocation ratio ξ, we draw Figure 2 to illustrate our analytic

results concerning the comparison between the manufacturer’s profits and the demands in the PD

and the PC systems in the sequential-move and simultaneous-move games.

Figure 2: Comparison of the manufacturer’s profits and the demands in the PD and PC systems.

Remark 4 When the manufacturer sells his products through a dual channel, he may adopt a direct
e-channel or a consignment e-channel, which depends on the values of cd and ξ.

1. When 0 ≤ cd ≤ c̃Ld1, the manufacturer should adopt a direct e-channel, which can maximize

his profit and the demand, regardless of which game the two firms play.
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2. When c̃Ld1 < cd ≤ c̃Sd1, the manufacturer prefers to adopt a direct e-channel if he aims at

maximizing his profit, in both the sequential-move and simultaneous-move games. However,

if the manufacturer aims at maximizing the demand, then he should adopt a consignment

e-channel in the sequential-move game but adopt a direct e-channel in the simultaneous-move

game.

3. When c̃Sd1 < cd ≤ min
(
c̃Sd2, c̃

L
d2

)
, the manufacturer should adopt a direct e-channel to maximize

his profit but consider a consignment e-channel to maximize the demand, regardless of which

game the two firms play.

4. When max
(
c̃Sd2, c̃

L
d2

)
≤ cd ≤ cSd , the manufacturer should adopt a consignment e-channel,

which can maximize both his profit and the demand in the two games.

5. When cSd < cd ≤ cLd , the manufacturer should adopt a consignment e-channel and announce

the retail price before the retailer. �

The above remark indicates that the manufacturer should make his e-channel selection decision

according to his objective, his e-channel unit operating cost, and the e-tailer’s revenue allocation

ratio. As an example, Levi Strauss & Co. discontinued its direct e-channel at Levis.com and

Dockers.com, and handed online sales over to a few e-tailers due to the high operation costs and

low demand in the e-channel in 1990s. The firm reopened its online store recently as the operation

costs dropped and demand grew because of the rapid development of Internet technology and the

increasing popularity of online shopping (Yoo and Lee 2010).

6 Game-Theoretic Analysis of Dual-Channel Supply Chains with

the Wholesale Pricing Decision

In previous sections we have investigated the manufacturer’s e-channel selection problem assuming

that the wholesale price does not change when the manufacturer complements his physical channel

with an e-channel. That is, in any dual-channel supply chain, the manufacturer always chooses the

same wholesale price as that in the single-channel supply chain, which may differ from practical

operations because the addition of an e-channel may entail a change in the wholesale price. In this

section, we relax the assumption of unchanged wholesale price and analyze the dual-channel supply

chain in which the manufacturer determines the retail price in the e-channel (i.e., pi, i = d, c) and

the wholesale price in the physical channel (i.e., w) to maximize his profit.

For the PD and PC systems, we analyze the sequential- and simultaneous-move games. In the

sequential-move game, the manufacturer first determines pi (i = d, c) and w, and announces them

to the physical retailer, who then makes her pricing decision pr. In the simultaneous-move game,

the two firms make their pricing decisions with no communication. For each game, we can obtain

the two firms’equilibrium prices, the resulting demands, and the manufacturer’s profit, as given in

Table 2. Next, using these results, we examine whether our major insights obtained in Sections 4

and 5 still hold when the manufacturer makes his wholesale pricing decision in dual-channel supply

chains. The major insights are concerned with (i) the game selection in the PD and the PC systems

and (ii) the selection of the online channel.
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6.1 The Game Selection in the PD and the PC Systems

We start with examining whether our insights in Sections 4.1.3 and 4.2.3 hold for our game analysis

with the manufacturer’s wholesale pricing decision in dual-channel supply chains. Using the results

for the PD system in Table 2, we find that if cd < c̄Ld ≡ [(1 − θ)(θv̄ − 2cm) + θcr]/(2 − θ) in the
sequential-move game, or cd < c̄Sd ≡ Γ/(8−θ−θ2) (where Γ ≡ θv̄(1−θ)(2+θ)+6θcr−cm(8−7θ−θ2))

in the simultaneous-move game, then the demand in the D-channel is positive and the manufacturer

should adopt an e-channel. Moreover, for the PC system, the demand in the C-channel is positive

if, in the sequential-move game, ξ < ξ̄L ≡ [2(1 − θ)(θv̄ − 2cm) + θcr]/{θv̄[(3 − 2θ) + cr + cm]}, or
in the simultaneous-move game, ξ < ξ̄S ≡ {Λ −

√
Λ2 − 4θΓ[3v̄ (2− θ) + 2cr + 2cm]}/{2θ[3θv̄(2 −

θ) + 2cr + 2cm]}, where Λ ≡ θv̄(8− 4θ − θ2) + 8θcr + cm(11θ − 8). The above results indicate that

the results in Remarks 1 and 2 hold when the manufacturer makes his wholesale pricing decision

in dual-channel supply chains. That is, the manufacturer should adopt an e-channel if he incurs a

suffi ciently low operating cost cd in the D-channel or has a suffi ciently small revenue allocation ratio

ξ in the C-channel.

Next, we compare the manufacturer’s profits in the sequential- and simultaneous-move games

using our results in Table 2. In the PD system, the difference in the manufacturer’s profits in the

two games is computed as

πLm − πSm =
nθ

8v̄(1− θ)(8 + θ)
[v̄ (1− θ) + cr − cd]2 ,

which is obviously positive. Similarly, in the PC system, we calculate the difference in the manufac-

turer’s profits in the two games as

π̂Lm − π̂Sm =
nθ(1− θ){v̄(1− ξ)[2− θ(2− ξ)]− 2cr(1− ξ) + ξcm}2

4v̄(1− ξ)[8(1− ξ)− θ(8− 8ξ + ξ2)][8(1− ξ)− θ(7 + θ − 8ξ + ξ2)]
, (18)

which is positive because [8(1−ξ)−θ(8−8ξ+ξ2)][8(1−ξ)−θ(7+θ−8ξ+ξ2)] > 0, for ξ ∈ [0, ξ̄S) and

θ ∈ [0, 1]. This means that, in the PC system, the manufacturer prefers to play in the sequential-

move game.

In addition, we compare the demands in the sequential- and simultaneous-move games. Using

Table 2, we find that in the PD system, the difference in the demands in the two games is DL
PD −

DS
PD = n[v̄(1− θ)− cr + cd]/[v̄(8 + θ)], which is positive when v̄(1− θ)− cr + cd > 0, or cd > c̄d2 ≡

cr − v̄(1 − θ). That is, if the manufacturer’s unit operating cost in the D-channel cd is suffi ciently
small, then the demand in the sequential-move game is greater than that in the simultaneous-move

game. Otherwise, the demand in the simultaneous-move game is higher. For the PC system, we find

that if ξ < ξ̄1 ≡ (−8+7θ+
√

17θ2 − 80θ + 64)/(2θ), then the demand in the sequential-move game is

less than that in the simultaneous-move game; otherwise, the demand in the sequential-move game

is greater.

Remark 5 According to our results above, we can draw managerial insights as follows.
1. In the PD system, the manufacturer always prefers the sequential-move game to the simultaneous-

move game from the profitability perspective. From the demand perspective, if cd is suffi ciently

large, then the manufacturer prefers to play in the sequential-move game; otherwise, the man-

ufacturer is better off in the simultaneous-move game. The results are similar to those in

Theorem 1.
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2. We find that in the PC system, if ξ ≥ ξ̄1, then the manufacturer prefers to play in the

sequential-move game, from both the profitability and the demand perspectives. Otherwise,

the manufacturer prefers to play in the sequential-move game from the profitability perspective,

but prefers to play in the simultaneous-move game from the demand perspective. The results

are similar to those in Theorem 2. �

6.2 Numerical Analysis for the Selection of the Online Channel

We now examine whether the main results in Section 5 hold when the manufacturer makes his

wholesale pricing decision in dual-channel supply chains. Since we cannot find any analytical results

regarding the selection of the online channel, we have to perform numerical experiments to compare

the results for the PD and the PC systems using Table 2. For our numerical experiments, n = 1,

v̄ = 1, θ = 0.8, cm = 0, and cr = 0.025. In addition, we assume the revenue allocation ratio as

ξ = 15%, which is a typical value for a large number of product categories sold through consignment

contracts at Amazon.com.

When we change the value of cd from 0 to 0.15, we use the formulas in Table 2 to calculate

all the results, and find that the conclusions in Remark 4 hold with the cutoff levels c̃Ld1 = 0.042,

c̃Sd1 = 0.0472, and c̃Ld2 = 0.064. We also conduct such calculations for other two common allocation

ratio values (i.e., ξ = 8% and ξ = 20%) used by Amazon.com. When ξ = 8%, we obtain the

conclusions in Remark 4 with the cutoff levels c̃Ld1 = 0.018, c̃Sd1 = 0.0472, c̃Ld2 = 0.064; and when

ξ = 20%, the conclusions in Remark 4 hold with c̃Ld1 = 0.065, c̃Sd1 = 0.071, and c̃Ld2 = 0.088. It thus

follows that the conclusions in Remark 4 are very likely to hold when the manufacturer makes his

wholesale pricing decision in dual-channel supply chains.

7 Summary and Concluding Remarks

In this paper, we analytically investigate a manufacturer’s decision on selecting between a direct

e-channel and a consignment e-channel to complement his existing traditional retail channel. Ac-

cordingly, we consider two types of dual channel: a PD system consisting of a physical channel and

a direct e-channel, and a PC system consisting of a physical channel and a consignment e-channel.

For each system, we analyze a sequential-move game and a simultaneous-move game, in which the

manufacturer and the physical retailer determine their retail prices in the e-channel and the physical

channel, respectively.

When the manufacturer’s unit operating cost in the e-channel of the PD system or the e-tailer’s

revenue allocation ratio in the PC system is suffi ciently small, the manufacturer is willing to adopt

an e-channel in addition to the extant physical channel. For each system, by comparing the manu-

facturer’s profit and the demand in the sequential-move game with those in the simultaneous-move

game, we show that the manufacturer can always gain a higher profit by acting as a “leader” in

setting his retail price. But, to increase the demand, the manufacturer should determine his retail

price with no communication with the retailer, if his unit e-channel operating cost is low in the

PD system or when the e-tailer’s revenue allocation ratio is low in the PC system. Otherwise, the

manufacturer should announce his retail price before the retailer.

We then investigate the manufacturer’s e-channel selection decision by comparing his profits and

the demands between the two systems in each game. Our analytical results reveal that, in each game,
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when the manufacturer aims at increasing his profit, he should adopt a direct e-channel if his unit

e-channel operating cost is below a threshold given the e-tailer’s revenue allocation ratio, and adopt

a consignment e-channel otherwise. A similar conclusion can be obtained when the manufacturer

intends to improve the demand. Both the manufacturer’s e-channel operating cost and the e-tailer’s

revenue allocation ratio have a significant impact on the manufacturer’s e-channel selection decision.

We also find that most of our major managerial insights still hold when the manufacturer makes his

wholesale pricing decision in dual-channel supply chains.
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Appendix A Proofs

Proof of Proposition 1. In a dual channel, a consumer with the valuation v needs to compare
the surpluses ur = v − pr and ui = θv − pi (i = d, c) to make his or her purchase decision. If
v = (pr − pi)/(1− θ), then v − pr = θv − pi and the consumer obtains an identical surplus from the
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two channels. In addition, if pi/θ ≤ pr, then pr ≤ (pr − pi)/(1 − θ); otherwise, if pi/θ > pr, then
pr > (pr − pi)/(1− θ). We accordingly consider two cases as indicated in Figure 1.
Case 1: pr ≥ pi/θ. For this case, pi/θ ≤ pr ≤ (pr−pi)/(1−θ). As shown in Figure 1, if a consumer’s

valuation v is smaller than pi/θ, then the consumer cannot enjoy any positive surplus from the
purchase and thus, will not buy the product in any channel. If pi/θ ≤ v ≤ (pr − pi)/(1 − θ),
then the consumer will obtain a higher surplus from the online shopping and thus choose the
e-channel (viz., the D- or the C-channel). Otherwise, if (pr − pi)/(1 − θ) ≤ v ≤ v̄, then the
consumer prefers to buy in the P-channel.

Case 2: pr < pi/θ. We find that (pr−pi)/(1−θ) < pr < pi/θ. According to Figure 1, we find that,
if v < pr, then the consumer will not buy the product in any channel; otherwise, if pr ≤ v ≤ v̄,
then the consumer will buy in the P-channel.

Proof of Proposition 2. We learn from (6) that the retailer’s best-response retail price is

pr(pd) =

{
pd/θ, if pd ≥ θa/(2− θ),
(a+ pd)/2, if pd < θa/(2− θ).

Since pr(pd) depends on the value of pd, we consider the following two cases:
1. If the manufacturer determines pd such that pd ≥ θa/(2− θ), then the retailer’s best response
decision is pr(pd) = pd/θ. Substituting pr(pd) into (4), we find that πm = nb(v̄ − pd/θ)/v̄. As
∂πm/∂pd = −nb/(v̄θ) < 0, πm is decreasing in pd. Thus, the manufacturer’s and the retailer’s
retail prices in equilibrium are calculated as

pLd =
θa

2− θ and p
L
r =

a

2− θ .

Using the above, we find that the demand in the D-channel is DL
d = 0.

2. If the manufacturer’s online retail price is set such that pd < θa/(2−θ), then pr(pd) = (a+pd)/2.
Substituting pr(pd) into (4) and solving the first-order condition ∂πm/∂pd = 0, we find the
manufacturer’s retail price as

pLd =
θa+ θb+ (2− θ)(cd + cm)

2(2− θ) ,

which is the unique solution maximizing πm, as ∂2πm/∂p
2
d = −b(2− θ)/[v̄θ(1− θ)] < 0.

Proof of Proposition 3. We consider the following two cases.
1. If cd ≥ cLd , then θa/(2−θ) < [θa+θb+(2−θ)(cd+cm)]/[2(2−θ)], and we find from Proposition
2 that pLd = θa/(2− θ) and pLr = a/(2− θ). Using the retail prices, we compute the demand in
the P-channel and that in the D-channel as DL

p = n−na/[v̄ (2− θ)] and DL
d = 0, respectively.

The manufacturer’s profit is πLm = nb− nab/[v̄(2− θ)].
2. If cd < cLd , then p

L
d = [θa+ θb+ (2− θ)(cd + cm)]/2(2− θ). Using (7) we find the retail price in

the P-channel as pLr = [a(4− θ) + θb+ (2− θ)(cd + cm)]/[4(2− θ)]. Moreover, we can compute
the corresponding demands and the manufacturer’s profit as given in this proposition.
Next, we examine how the manufacturer’s operating cost cd affects the retail prices, demands,
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and the manufacturer’s profits in both channels. We find

∂pLr
∂cd

=
1

4
> 0 and

∂pLd
∂cd

=
1

2
>
∂pLr
∂cd

;

and
∂DL

p

∂cd
=

n

4v̄(1− θ) > 0,
∂DL

d

∂cd
= − n(2− θ)

4v̄θ(1− θ) < 0, and
∂DL

PD

∂cd
= − n

2v̄θ
< 0.

Moreover, the manufacturer’s profit in the D-channel (i.e., πL(D)
m ) is calculated as

πL(D)
m =

n

v̄
(pLd − cm − cd)

(
pLr − pLd

1− θ −
pLd
θ

)
=
n

v̄

[θa− (2− θ)(cd + cm)]2 − θ2b2

8θ(1− θ)(2− θ) ,

and his profit in the P-channel (i.e., πL(P )
m ) is calculated as

πL(P )
m =

nb

v̄

(
v̄ − pr − pd

1− θ

)
=

nb

4(2− θ)v̄ [4v̄(2− θ)− a(4− 3θ) + θb+ (2− θ)(cd + cm)] .

We then compute the first-order derivatives

∂π
L(D)
m

∂cd
= − n

4v̄θ(1− θ) [θa− (2− θ)(cd + cm)] ,
∂π

L(P )
m

∂cd
=
nb

4v̄
> 0,

∂πLm
∂cd

= − n

4v̄θ(1− θ) [θa− θb− (2− θ)(cm + cd)].

Since cd < cLd = [θa − θb − cm(2 − θ)]/(2 − θ) and θa − θb − (2 − θ)(cm + cd) > 0. Thus
∂π

L(D)
m /∂cd < 0 and ∂πLm/∂cd < 0.

Proof of Proposition 4. We consider the following two cases:
1. If cd ≥ cSd , then θa/(2− θ) ≤ θb+ cm + cd, and we have the following discussions.

(a) If the manufacturer determines the retail price pd subject to the constraint pd ≥ θa/(2−θ)
and the retailer determines the retail price pr subject to the constraint pr < (θb + cm +

cd)/θ, we can use (10) and (11) to find the two firms’best-response retail price functions
as pr(pd) = pd/θ and pd(pr) = θpr. It follows that the retail prices in Nash equilibrium
satisfy the equation pr = pd/θ, where pr ≤ (θb + cm + cd)/θ and pd ≥ θa/(2 − θ).
Substituting this equation into (1) gives the demand in the D-channel as Dd = 0, and
the manufacturer’s profit can be re-written as πm = nb (v̄ − pd/θ) /v̄. Differentiating πm
w.r.t. pd yields ∂πm/∂pd = −nb/(θv̄) < 0, which means that πm is decreasing in pd. Thus,
the two firms’retail prices in Nash equilibrium are pSd = θa/(2− θ) and pSr = a/(2− θ),
and the manufacturer’s profit is πSm = nb[v̄ − a/(2− θ)]/v̄.

(b) If the manufacturer determines pd under the constraint pd ≥ θa/(2− θ) and the retailer
determines pr subject to the constraint pr ≥ (θb + cm + cd)/θ, then the two firms’best-
response retail price functions are pr(pd) = pd/θ and pd(pr) = (θb + θpr + cm + cd)/2.
Solving the equations, we obtain the unique retail prices in Nash equilibrium as

pSr =
θb+ cm + cd

θ
and pSd = θb+ cm + cd.

Using the above, we find that the demand in the D-channel is DS
d = 0 and the manu-

facturer’s profit is calculated as πSm = nb[v̄ − (θb + cm + cd)/θ]/v̄, which is smaller than
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nb[v̄ − a/(2− θ)]/v̄ for the case that cd ≥ cSd .
(c) If the manufacturer determines pd subject to pd < θa/(2− θ) and the retailer determines

pr subject to pr < (θb+cm+cd)/θ, then the two firms’best-response retail price functions
are pr(pd) = (a + pd)/2 and pd(pr) = θpr. Solving the equations, we obtain the retail
prices in Nash equilibrium as

pSr =
a

2− θ and pSd =
θa

2− θ ;

and we then find that the demand in the D-channel is DS
d = 0, and the manufacturer’s

maximum profit is πSm = nb[v̄ − a/(2− θ)]/v̄.
(d) If the manufacturer determines pd subject to pd < θa/(2− θ) and the retailer determines

pr subject to pr ≥ (θb+cm+cd)/θ, then the two firms’best-response retail price functions
are pr(pd) = (a+ pd)/2 and pd(pr) = (θpr + θb+ cm + cd)/2. When pr ≥ (θb+ cm + cd)/θ,
if the value of pd satisfies the best-response function pd(pr) = (θpr + θb + cm + cd)/2,
then it should also satisfy the inequality pd > θb + cm + cd. Therefore, when cd ≥ cSd ,
i.e. θb+ cm + cd ≥ θa/(2− θ), there is no equilibrium solution of pd under the constraint
pd < θa/(2− θ).
In summary, if cd ≥ cSd , then the demand in the D-channel is zero and the manufacturer
achieves a profit only in the P-channel. The two firms’retail prices in Nash equilibrium
are pSd = θa/(2 − θ)and pSr = a/(2 − θ), and the manufacturer’s maximum profit is
πSm = nb[v̄ − a/(2− θ)]/v̄.

2. If cd < cSd , then θa/(2− θ) > θb+ cm + cd, and we have the following discussions.
(a) If the manufacturer and the retailer determine their retail prices subject to the constraints

pd ≥ θa/(2− θ) and pr < (θb+ cm + cd)/θ, respectively, then the two firms’best-response
retail price functions are pr(pd) = pd/θ and pd(pr) = θpr. Using the best responses, we
can re-write the above two constraints as

θa

2− θ ≤ pd < θb+ cm + cd, (19)

In this case θa/(2− θ) > θb+ cm + cd, the inequality in (19) is not satisfied, which means
that there is no equilibrium solution if pd ≥ θa/(2− θ) and pr < (θb+ cm + cd)/θ.

(b) If the manufacturer determines pd under the constraint pd ≥ θa/(2− θ) and the retailer
determines pr subject to the constraint pr ≥ (θb + cm + cd)/θ, then the two firms’best-
response retail price functions are pr(pd) = pd/θ and pd(pr) = (θpr + θb + cm + cd)/2.
Solving the equations gives the retail prices as

pSr =
θb+ cm + cd

θ
and pSd = θb+ cm + cd.

When cd < cSd , p
S
d = θb + cm + cd < θa/(2 − θ), thus there is no equilibrium solution of

pd under the constraint pd ≥ θa/(2− θ).
(c) If the manufacturer determines pd subject to pd < θa/(2− θ) and the retailer determines

pr subject to pr < (θb+cm+cd)/θ, then the two firms’best-response retail price functions
are pr(pd) = (a + pd)/2 and pd(pr) = θpr. Solving the equations, we obtain the retail
prices as

pSr =
a

2− θ and pSd =
θa

2− θ . (20)
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When cd < cSd , p
S
r = a/(2 − θ) > (θb + cm + cd)/θ, thus there is no equilibrium solution

of pr under the constraint pr < (θb+ cm + cd)/θ.
(d) If the manufacturer determines pd subject to pd < θa/(2− θ) and the retailer determines

pr subject to pr ≥ (θb+cm+cd)/θ, then the two firms’best-response retail price functions
are pr(pd) = (a+ pd)/2 and pd(pr) = (θb+ θpr + cm + cd)/2. Solving the equations yields
the unique retail prices in Nash equilibrium as

pSr =
2a+ θb+ cd + cm

4− θ and pSd =
θa+ 2 (θb+ cd + cm)

4− θ , (21)

where pSd is a unique solution maximizing π
S
m because ∂

2πSm/∂p
2
d = −2n/[v̄θ(1− θ)] < 0,

and pSr is a unique solution maximizing π
S
r because ∂

2πSr /∂p
2
r = −2n/[v̄(1 − θ)] < 0.

Substituting pSr and p
S
d in (21) into (1), we can compute the corresponding demands and

the manufacturer’s profit as given in this proposition.

Proof of Corollary 1. Using Proposition 4 we find that when cd < cSd ,

∂pSr
∂cd

=
1

4− θ > 0 and
∂pSd
∂cd

=
2

4− θ >
∂pSr
∂cd

;

and

∂DS
p

∂cd
=

n

v̄(1− θ) (4− θ) > 0,
∂DS

d

∂cd
= − n(2− θ)

v̄θ(1− θ) (4− θ) < 0, and
∂DS

PD

∂cd
= − 2n

v̄θ (4− θ) < 0.

Moreover, the manufacturer’s profit in the D-channel πS(D)
m is calculated as

πS(D)
m = (pSd−cm−cd)DS

d =
n{[θa− (2− θ)(cd + cm)]2 + θ2b [θa− (2− θ)(cd + cm)]− 2θ2b2(2− θ)2}

v̄θ(1− θ)(4− θ)2
,

and that in the P-channel πS(P )
m is calculated as

πS(P )
m = bDS

p = nb− nb [a(2− θ)− θb− (cd + cm)]

v̄(1− θ)(4− θ) .

Differentiating πS(D)
m , πS(P )

m , and πSm (which is the sum of πS(D)
m and πS(P )

m ) w.r.t. cd, we find that

∂π
S(D)
m

∂cd
= − n(2− θ)

v̄(1− θ)(4− θ)2

{
2 [θa− (cd + cm)] + θ2b

}
,

which is negative because cd < cSd = θa− (2− θ)(θb+ cm)/(2− θ);

∂π
S(P )
m

∂cd
=

nb

v̄(1− θ)(4− θ) > 0;

and,
∂πSm
∂cd

= −n{2(2− θ)[θa− (2− θ)(θb+ cm + cd)] + θb(1− θ)(4− θ)}
v̄(1− θ)(4− θ)2

< 0,

which also follows the fact that cd < cSd = θa− (2− θ)(θb+ cm)/(2− θ).

Proof of Theorem 1. Using Propositions 3 and 4, we can draw the results as follows.
1. If cd ≥ cLd , then we find that D

S
d = DL

d = 0, DL
p = DS

p = n[v̄ − a/(2− θ)]/v̄, and πLm = πSm =
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nb[v̄ − a/(2− θ)]/v̄.
2. If cSd ≤ cd < cLd , then we learn from Proposition 4 thatD

S
d = 0, DS

PD = DS
p = n[v̄−a/(2−θ)]/v̄,

and πSm = nb[v̄ − a/(2− θ)]/v̄.
To compare the total demands in the sequential-move and simultaneous-move games, we com-
pute

DS
PD −DL

PD =
n

v̄

(
v̄ − a

2− θ

)
− n

v̄

θa+ 2θb+ 2(cd + cm)]

v̄θ(4− θ)

= −n
v̄

θa− θb− (2− θ)(cd + cm)

2θ(2− θ) ,

which is negative as cd < cLd . Moreover,

πSm − πLm =
n

8v̄θ(1− θ)(2− θ) [2θab(4− 3θ)− θ2a2 − θ2b2 + 2θ(2− θ)(a− b)(cm + cd)

−(2− θ)2(cm + cd)
2]− n

v̄

ab

2− θ

= −n
v̄

1

8θ(1− θ)(2− θ) [θa− θb− (2− θ)(cm + cd)]
2 ,

which is also negative. Thus, when cSd ≤ cd < cLd , we find that π
L
m > πSm and DL

PD ≥ DS
PD =

DS
p .

3. If cd < cSd , then, using Propositions 3 and 4, we have

πLm − πSm =
n

v̄θ(1− θ)(4− θ)2
[2θab(4− 3θ)− θ2a2 − θ3b− θb(4− 3θ + θ2)(cd + cm)

+2θa(2− θ)(cd + cm)− (2− θ)2(cd + cm)2]− n

8v̄θ(1− θ)(2− θ) [2θab(4− 3θ)

−θ2a2 − θ2b2 + 2θ(2− θ)(a− b)(cm + cd)− (2− θ)2(cm + cd)
2],

or,

πLm − πSm =
nθ

8v̄(1− θ)(2− θ)(4− θ)2
[θa− (4− 3θ)b− (2− θ)(cm + cd)]

2 ,

which is positive. Thus, πLm > πSm. In addition, we find that

DL
PD −DS

PD =
n[θa+ 2θb+ 2(cd + cm)]

v̄θ(4− θ) − n[θa+ θb+ (2− θ)(cd + cm)]

2v̄θ(2− θ)
= − n

2v̄(2− θ)(4− θ) [θa− b(4− 3θ)− (2− θ)(cd + cm)], (22)

which is negative, because if cd < c̄d (where c̄d is defined as in the theorem), then θa− b(4−
3θ)− (2− θ)(cd + cm) > 0.
Next, to compare the thresholds cSd and c̄d, we compute

cSd − c̄d =
θa− θb(2− θ)− cm(2− θ)

2− θ − θa− b(4− 3θ)− cm(2− θ)
2− θ =

b(4− θ)(1− θ)
2− θ ,

which is positive, because θ < 1 and b > 0. That is, cSd > c̄d. Similarly, we can show that
DL
PD ≥ DS

PC when c̄d ≤ cd < cSd .
Summarizing the above, we prove the theorem.
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Proof of Proposition 5. As a response to the online retail price p̂c, the physical retailer
determines her retail price p̂r to maximize her profit in (15). That is, the retailer’s best-response
price is p̂r(p̂c) = arg maxp̂r≥p̂c/θ π̂r(p̂c). We take the first- and second-order derivatives of π̂r in (15)
with respect to p̂r, and find that ∂2π̂/ (∂p̂r)

2 = −2b/[v̄(1 − θ)] < 0. Solving ∂π̂r/∂p̂r = 0 yields
p̂r(p̂c) = (a+ p̂c)/2. Thus, the physical retailer’s best response is

p̂r(p̂c) = max

{
p̂c
θ
,
a+ p̂c

2

}
.

Next, we calculate the retail prices in Stackelberg equilibrium.
1. If the manufacturer determines his online retail price subject to p̂c ≥ θa/(2 − θ), then the
retailer’s best response is p̂r(p̂c) = p̂c/θ. Substituting p̂r(p̂c) into (14), we find that π̂m =

nb(v̄− p̂c/θ)/v̄. Differentiating π̂m w.r.t. p̂c gives ∂π̂m/∂p̂c = −nb/(v̄θ) < 0, which means that
π̂m is decreasing in p̂c. Thus, for this case, the retail prices in Stackelberg equilibrium are

p̂Lc =
θa

2− θ and p̂
L
r =

a

2− θ . (23)

2. If p̂c < θa/(2 − θ), then p̂r(p̂c) = (a + p̂c)/2. Substituting p̂r(p̂c) into (14) and solving the
first-order condition ∂π̂m/∂p̂c = 0, we find p̂Lc = {θa + [θb + cm(2 − θ)]/(1 − ξ)}/[2(2 − θ)].
Thus, for this case, the prices in Stackelberg equilibrium are

p̂Lc =
1

2(2− θ)

[
θa+

θb+ cm(2− θ)
1− ξ

]
, (24)

p̂Lr =
1

4(2− θ)

[
(4− θ)a+

θb+ cm(2− θ)
1− ξ

]
,

which are unique, because ∂2π̂m/ (∂p̂c)
2 = −b(2− θ)(1− ξ)/[v̄θ(1− θ)] < 0.

According to the above, we find the equilibrium prices as

p̂Lc = p̂′c ≡ min

{
θa

2− θ ,
1

2(2− θ)

[
θa+

θb+ cm(2− θ)
1− ξ

]}
, (25)

p̂Lr = (a+ p̂′c)/2.

Thus we have following discussions.
1. If ξ < ξL, i.e., θa > [θb+ cm(2− θ)]/(1− ξ), then {θa+ [θb+ cm(2− θ)]/(1− ξ)}/[2(2− θ)] <
θa/(2−θ), the two firms’retail prices in Stackelberg equilibrium are obtained as given in (24),
and we can calculate the corresponding demands and the manufacturer’s profit as shown in
Item 1 of this proposition.

2. If ξ ≥ ξL, then the two firms’retail prices in Stackelberg equilibrium are obtained as given
in (23). We then find the demand in the P-channel and that in the C-channel as D̂L

p =

n[v̄ − a/(2 − θ)]/v̄ and D̂L
c = 0, respectively. The manufacturer’s profit can be re-written as

π̂Lm = nb[v̄ − a/(2− θ)]/v̄.

Proof of Proposition 6. We consider the following two cases.
1. If ξ ≥ ξS , where ξS is defined as in this proposition, then (θb+ cm)/(1− ξ) ≥ θa/(2− θ), and
we have the following discussions.
(a) If the manufacturer determines his retail price p̂c subject to the constraint p̂c ≥ θa/(2−θ)

and the retailer determines her retail price p̂r subject to the constraint p̂r < (θb+cm)/(1−
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ξ), then we can find from (16) and (17) that the two firms’best-response functions are
p̂r(p̂c) = p̂c/θ and p̂c(p̂r) = θp̂r. As a result, the retail prices in Nash equilibrium are
those satisfying the equation p̂r = p̂c/θ, where p̂r < (θb+cm)/(1−ξ) and p̂c ≥ θa/(2−θ).
Substituting this equation into (2) yields that the demand in the C-channel is D̂S

c = 0,
and the manufacturer’s profit can be re-written as π̂m = nb(v̄ − p̂c/θ)/v̄. Differentiating
π̂m w.r.t. p̂c gives that ∂π̂m/∂p̂c = −nb/θv̄ < 0, which means that π̂m is decreasing
in p̂c. Thus, the two firms’ retail prices in Nash equilibrium are p̂c = θa/(2 − θ) and
p̂Sr = a/(2− θ), and the manufacturer’s maximum profit is π̂Sm = nb[v̄ − a/(2− θ)]/v̄.

(b) If the manufacturer determines p̂c subject to the constraint p̂c ≥ θa/(2 − θ) and the
retailer determines p̂r subject to the constraint p̂r ≥ (θb + cm)/[θ(1 − ξ)], then using
(16) and (17) we compute the best-response retail price functions as p̂r(p̂c) = p̂c/θ and
p̂c(p̂r) = [θp̂r(1 − ξ) + θb + cm]/[2(1 − ξ)]. Solving the equations, we obtain the unique
retail prices in Nash equilibrium as

p̂Sr =
θb+ cm
θ (1− ξ) and p̂

S
c =

θb+ cm
1− ξ .

Using the above, we find that the demand in the C-channel is D̂S
c = 0 and the manufac-

turer’s profit is calculated as π̂m = nb{v̄ − (θb+ cm)/[θ(1− ξ)]}/v̄, which is smaller than
nb[v̄ − a/(2− θ)]/v̄ (i.e., the manufacturer’s maximum profit when ξ ≥ ξS).

(c) If the manufacturer determines p̂c subject to p̂c < θa/(2− θ) and the retailer determines
p̂r subject to p̂r < (θb + cm)/[θ (1− ξ)], then the best-response functions are p̂r(p̂c) =

(a + p̂c)/2 and p̂c(p̂r) = θp̂r. Solving the two equations, we obtain the retail prices in
Nash equilibrium as

p̂Sr =
a

2− θ and p̂Sc =
θa

2− θ ;

and we find that the demand in the C-channel is D̂S
c = 0, and the manufacturer’s profit

is π̂Sm = nb[v̄ − a/(2− θ)]/v̄.
(d) If the manufacturer determines p̂c subject to p̂c < θa/(2− θ) and the retailer determines

p̂r subject to p̂r ≥ (θb + cm)/[θ (1− ξ)], then the two firms’best-response retail price
functions are p̂r(p̂c) = (a + p̂c)/2 and p̂c(p̂r) = [θp̂r(1 − ξ) + θb + cm]/[2(1 − ξ)]. When
p̂r ≥ (θb + cm)/[θ (1− ξ)], p̂c(p̂r) ≥ (θb + cm)/(1 − ξ). Noting that when ξ ≥ ξS , (θb +

cm)/(1 − ξ) ≥ θa/(2 − θ), we conclude that there is no equilibrium solution under the
constraint p̂c < θa/(2− θ).

Summarizing the above, we have the results for the case of ξ ≥ ξS as shown in this proposition.
2. If ξ < ξS , then (θb+ cm)/(1− ξ) < θa/(2− θ), and we have the following discussions.

(a) If the manufacturer and the retailer determine their retail prices subject to the constraints
p̂c ≥ θa/(2−θ) and p̂r < (θb+cm)/(1−ξ), respectively, then the two firms’best-response
retail price functions are p̂r(p̂c) = p̂c/θ and p̂c(p̂r) = θp̂r. Using the best responses, we
can re-write the above two constraints as

θa

2− θ ≤ p̂c <
θb+ cm
1− ξ , (26)

which is contrary to the condition (θb + cm)/(1 − ξ) < θa/(2 − θ). Thus, there is no
equilibrium solution if p̂c ≥ θa/(2− θ) and p̂r < (θb+ cm)/(1− ξ).

(b) If the manufacturer determines p̂c subject to p̂c ≥ θa/(2− θ) and the retailer determines
p̂r subject to the constraint p̂r ≥ (θb + cm)/(1 − ξ), then the best-response retail price
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functions are p̂r(p̂c) = p̂c/θ and p̂c(p̂r) = [θp̂r(1 − ξ) + θb + cm]/[2(1 − ξ)]. Solving the
equations, we obtain the retail prices as

p̂Sr =
θb+ cm
θ(1− ξ) and p̂Sc =

θb+ cm
1− ξ ,

which implies that when ξ < ξS , p̂Sc < θa/(2 − θ); thus, there is no equilibrium solution
under the constraint p̂c ≥ θa/(2− θ).

(c) If the manufacturer determines p̂c subject to p̂c < θa/(2− θ) and the retailer determines
p̂r subject to p̂r < (θb + cm)/θ(1 − ξ), then the best-response retail price functions are
p̂r(p̂c) = (a+ p̂c)/2 and p̂c(p̂r) = θp̂r. Solving the equations gives the retail prices as

p̂Sr =
a

2− θ and p̂Sc =
θa

2− θ ,

which means that when ξ < ξS , p̂Sr > (θb + cm)/θ(1 − ξ); thus, there is no equilibrium
solution under the constraint p̂r < (θb+ cm)/θ(1− ξ).

(d) If the manufacturer determines p̂c subject to p̂c < θa/(2−θ) and the retailer determines p̂r
subject to p̂r ≥ (θb+cm)/θ(1−ξ), then the best-response functions are p̂r(p̂c) = (a+p̂c)/2

and p̂c(p̂r) = [θp̂r(1− ξ) + θb+ cm]/[2(1− ξ)]. Solving the two functions yields the unique
retail prices in Nash equilibrium as

p̂Sr =
1

4− θ

(
2a+

θb+ cm
1− ξ

)
and p̂Sc =

1

4− θ

(
θa+

2 (θb+ cm)

1− ξ

)
.

Substituting p̂Sr and p̂
S
c into (2), we can compute the corresponding demands and the

manufacturer’s profit as given in this proposition.

Proof of Theorem 2. According to Propositions 5 and 6, we obtain the following results.
1. If ξ ≥ ξL, then D̂S

c = D̂L
c = 0, D̂L

p = D̂S
p = n[v̄ − a/(2− θ)]/v̄, and π̂Lm = π̂Sm = nb[v̄ − a/(2−

θ)]/v̄.
2. If ξS ≤ ξ < ξL, then D̂S

c = 0, D̂S
PC = D̂S

p = n[v̄ − a/(2− θ)]/v̄ and π̂Sm = nb[v̄ − a/(2− θ)]/v̄.
To compare the total demands in the two games, we compute

D̂S
PC − D̂L

PC =
n

2v̄θ(2− θ)

[
θa+

θb+ cm(2− θ)
1− ξ

]
− n

v̄

a

2− θ

= −n
v̄

[
θa− θb+ cm(2− θ)

1− ξ

]
,

which is negative since ξ < ξL. Moreover,

π̂Sm − π̂Lm =
n

8v̄θ(1− θ)(2− θ)
[
2θab(4− 3θ)− θ2a2(1− ξ) + 2θacm(2− θ)

− [θb+ cm(2− θ)]2
1− ξ

]
− n

v̄

a

2− θ

= − n(1− ξ)
8v̄θ(1− θ)(2− θ)

[
θa− θb+ cm(2− θ)

1− ξ

]2

,
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which is also negative. In addition, since

ξS − ξ̄ =
(4− 3θ)b+ cm(2− θ)

θa
− (2− θ)(θb+ cm)

θa
=
b(4− θ − θ2)

θa
> 0

as θ < 1 and b > 0, we find that ξS > ξ̄.
Therefore, when ξ̄ < ξS ≤ ξ < ξL, we have the result as listed in Item 2 in this theorem.

3. If ξ < ξS , we learn from Propositions 5 and 6 that

π̂Lm − π̂Sm =
n

v̄θ(1− θ)(4− θ)2
{2θab(4− 3θ)− θ2a2(1− ξ) + 2θacm(2− θ)

−[(cm2− θ)2 + θ2b]
θb+ cm
1− ξ

}
− n

8v̄θ(1− θ)(2− θ){2θab(4− 3θ)

−θ2a2(1− ξ) + 2θacm(2− θ)− [θb+ cm(2− θ)]2
1− ξ

}
=

n

8v̄θ(1− θ)(2− θ)(4− θ)2

{
θ4a2(1− ξ)− 2θ3ab(4− 3θ)− 2θ3acm(2− θ)

−8(2− θ)[cm(2− θ)2 + θ2b]
θb+ cm
1− ξ + (4− θ)2 [θb+ cm(2− θ)]2

1− ξ

}
=

nθ(1− ξ)
8v̄(1− θ)(2− θ)(4− θ)2

[
θa− b(4− 3θ) + cm(2− θ)

1− ξ

]2

,

which is positive. Thus, π̂Lm > π̂Sm. In addition,

D̂L
PC − D̂S

PC =
n

v̄θ(4− θ)

[
θa+ 2

θb+ cm
1− ξ

]
− n

2v̄θ(2− θ)

[
θa+

θb+ cm(2− θ)
1− ξ

]
= − n

2v̄(2− θ)(4− θ)

[
θa− b(4− 3θ) + cm(2− θ)

1− ξ

]
,

which may or may not be positive. If ξ < ξ̄, where ξ̄ is defined as in this theorem, then
D̂L
PC < D̂S

PC ; otherwise, D̂
L
PC ≥ D̂S

PC .

Proof of Proposition 7. Using Table 1, we can calculate the difference between the total demand
in the PD system and that in the PC system as

DL
PD − D̂L

PC =
n

2v̄θ(2− θ)

{
ξ

1− ξ [θb+ cm(2− θ)]− cd(2− θ)
}
,

which is positive, or, DL
PD > D̂L

PC , if ξ[θb+ cm(2− θ)]/(1− ξ)− cd(2− θ) > 0, viz., cd < c̃Ld1. Noting
that

cLd − c̃Ld1 =
θa− θb− cm(2− θ)

2− θ − ξ

1− ξ
θb+ cm(2− θ)

2− θ

=
1

2− θ

[
θa− θb+ cm(2− θ)

1− ξ

]
,

which is positive when ξ < ξL, and thus, cLd > c̃Ld1. Therefore, if c̃
L
d1 ≤ cd < cLd , then D

L
PD ≤ D̂L

PC .
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Next, we compare the manufacturer’s profits in the two systems as

πLm − π̂Lm =
n

8v̄θ(1− θ)(2− θ)

{
−θ2a2(1− ξ) + 2θacm(2− θ)− [θb+ cm(2− θ)]2

1− ξ
+θ2a2 + θ2b2 − 2θ(2− θ)(a− b)(cm + cd) + (2− θ)2(cm + cd)

2
}

=
n

8v̄θ(1− θ)(2− θ)

{
[θa− θb− (2− θ)(cm + cd)]

2 − (1− ξ)
[
θa− θb+ cm(2− θ)]

1− ξ

]2
}

=
n

8v̄θ(1− θ)(2− θ)

{
[θa− θb− (2− θ)(cm + cd)] +

√
1− ξ

[
θa− θb+ cm(2− θ)

1− ξ

]}
×
{
θa
(

1−
√

1− ξ
)
− cd(2− θ) +

(
1−
√

1− ξ
)

[θb+ cm(2− θ)]
√

1− ξ

}
.

When ξ < ξL and cd < cLd , [θa − θb − (2 − θ)(cm + cd)] +
√

1− ξ{θa − [θb + cm(2 − θ)]/(1 − ξ)} is
positive. Thus, if θa(1−

√
1− ξ)− cd(2−θ)+(1−

√
1− ξ) [θb+ cm(2− θ)] /

√
1− ξ > 0, or, cd < c̃Ld2

where c̃Ld2 is defined as in this proposition, then π
L
m > π̂Lm.

In addition,

cLd − c̃Ld2 =
1

2− θ [θa− θb− cm(2− θ)]− 1−
√

1− ξ
2− θ

[
θa+

θb+ cm(2− θ)√
1− ξ

]
=

√
1− ξ

2− θ

[
θa− θb+ cm(2− θ)

1− ξ

]
,

and

c̃Ld1 − c̃Ld2 =
ξ

(2− θ) (1− ξ) [θb+ cm(2− θ)]− 1−
√

1− ξ
2− θ

[
θa+

θb+ cm(2− θ)√
1− ξ

]
= −1−

√
1− ξ

2− θ

[
θa− θb+ cm(2− θ)

1− ξ

]
.

Because ξ < ξL, θa > [θb+ cm(2− θ)]/(1− ξ) and c̃Ld1 < c̃Ld2 < cLd .

Proof of Proposition 8. Using Table 1, we compute

DS
PD − D̂S

PC =
2n

v̄θ(4− θ)

[
ξ

1− ξ (θb+ cm)− cd
]
,

which is positive, or, DS
PD > D̂S

PC , if cd < c̃Sd1. We also calculate

cSd − c̃Sd1 =
1

2− θ [θa− (2− θ)(θb+ cm)]− ξ

1− ξ (θb+ cm)

=
1

2− θ

[
θa− (2− θ)(θb− cm)

1− ξ

]
.

According to Proposition 6, we find that, in the simultaneous-move game, a dual channel exists
when ξ < ξS . It thus follows that cSd − c̃Sd1 > 0. Hence, if c̃Sd1 < cd ≤ cSd , then DS

PD < D̂S
PC .
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Next, we compare the manufacturer’s profits in the two systems as follows.

πSm − π̂Sm =
n

v̄θ(1− θ)(4− θ)2

{
−θ2a2 (1− ξ) + 2θacm(2− θ)− [cm(2− θ)2 + θ2b] (θb+ cm)

1− ξ
+θ2a2 + θ3b2 + θb(4− 3θ + θ2)(cd + cm)− 2θa(2− θ)(cd + cm) + (2− θ)2(cd + cm)2

}
=

n

v̄θ(1− θ)(4− θ)2

{
ξθ2a2 − [cm(2− θ)2 + θ2b] (θb+ cm)

1− ξ
+
[
(2− θ)2(cd + cm) + θ2b

]
(θb+ cd + cm)− 2θacd(2− θ)

}
.

We note that

∂πSm
∂cd

= − n

v̄θ(1− θ)(4− θ)2

{
2 (2− θ) [θa− (2− θ) (θb+ cd + cm)] + θb

(
4− 3θ + θ2

)}
,

which is positive if cd < cSd , i.e., θa > (2− θ) (θb+ cd + cm). Thus, πSm is decreasing in cd. In
addition, when cd = 0,

(πSm − π̂Sm)|cd=0 =
n

v̄θ(1− θ)(4− θ)2

{
ξθ2a2 − [cm(2− θ)2 + θ2b]

ξ (θb+ cm)

1− ξ

}
=

nξ

v̄θ(1− θ)(4− θ)2

[
θ2a2 − [cm(2− θ)2 + θ2b] (θb+ cm)

1− ξ

]
> 0;

when cd = cSd ,

(πSm − π̂Sm)|cd=cSd
= − (1− ξ)

{
θa− 1

1− ξ

[
cm(2− θ) +

θ2b

2− θ

]}[
θa− (2− θ) (θb+ cm)

1− ξ

]
< 0;

and when cd = c̃Sd1,

(πSm − π̂Sm)|cd=c̃Sd1
= −θ2a2 (1− ξ)− [cm(2− θ)2 + θ2b]

θb+ cm
1− ξ + θ2a2 + θ3b2

+θb(4− 3θ + θ2)(cd + cm)− 2θacd(2− θ) + (2− θ)2(cd + cm)2

= ξ

[
θa− (2− θ) (θb+ cm)

(1− ξ)

]2

> 0.

Therefore, there must exist a unique value of cd in the interval
(
c̃Sd1, c

S
d

)
, denoted by c̃Sd2, which

satisfies πSm − π̂Sm = 0. Accordingly, if cd < c̃Sd2, then π
S
m − π̂Sm > 0, i.e., πSm > π̂Sm; otherwise, if

c̃Sd2 < cd < cLd , then π
S
m < π̂Sm.
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