
The Length of Product Line in Distribution Channels∗

Yunchuan Liu

University of Illinois at Urbana-Champaign

Tony Haitao Cui

University of Minnesota

(forthcoming, Marketing Science)

∗ Authors contribute equally to the paper and are listed in reverse alphabetical order. The helpful comments from
the editor, the area editor, and three anonymous reviewers are greatly appreciated. We thank Madhu Viswanathan
for his helpful comments. Yunchuan Liu is an Assistant Professor of Business Administration at College of Business,
University of Illinois at Urbana-Champaign. Tony Haitao Cui is an Assistant Professor of Marketing at Carlson
School of Management, University of Minnesota. Support for this work was provided to Tony Haitao Cui through a
3M Non-Tenured Faculty Grant. Email correspondence: liuf@uiuc.edu and tcui@umn.edu.



The Length of Product Line in Distribution Channels

Abstract

This paper studies a manufacturer’s optimal decisions on extending its product line when the

manufacturer sells through either a centralized channel or a decentralized channel. We show that

a manufacturer may provide a longer product line for consumers in a decentralized channel than

in a centralized channel if the market is fully covered. In addition, a manufacturer’s decisions on

the length of its product line may not always be optimal from a social welfare perspective in either

a centralized or a decentralized channel. Under certain conditions, a decentralized channel can

provide the product line length which is socially optimal whereas a centralized channel cannot.

(Keywords: Product Line, Distribution Channel, Consumer Heterogeneity, Game Theory.)

1. Introduction

The length of the product line is one of the most important product decisions by marketing man-

agers.1 This decision on product line length can have significant implications for the profitability

of manufacturers that are selling in centralized or decentralized channels (Eliashberg and Steinberg

1993; Villas-Boas 1998; Allain and Waelbroeck 2006; Netessine and Taylor 2007). The length of

product lines by manufacturers can also affect consumer and social welfare, leading to public policy

concerns (Root 1972; Barwise and Meehan 2005; Allain and Waelbroeck 2006). For instance, Allain

and Waelbroeck (2006) find that manufacturers do not extend their product lines enough, and that

longer product lines can improve social welfare by providing a better fit between product offerings

and consumer needs (Lancaster 1979; Aaker 1996). However, manufacturers are also often criti-

cized for excessive product proliferation through long product lines (Barwise and Meehan 2005).

According to Mary Stutzman of Find/VSP, a New York City marketing firm, over-the-counter

1In this paper, we define the length of a product line as the number of products in a product line. In the package
goods industry, the proportion of line and brand extensions is about 80% to 90% of new product offerings (Neff 2005).
Similarly, Aaker (1991) reports that 89% of all new consumer nondurable products are line extensions.



drug line extensions may be reaching a saturation point, and long product lines by pharmaceutical

manufacturers may not benefit consumers or retailers (Gannon 1994).

In this paper, we study the optimal decisions for a manufacturer on extending its product

line when the manufacturer sells through either a centralized channel or a decentralized channel.

In addition, we also explore the consequences of longer product lines on consumer and social

welfare. We try to answer the following questions: When should a manufacturer have a greater

incentive to expand its product line, in a centralized channel or a decentralized channel? How do

market characteristics affect a manufacturer’s decision on extending its product line? How does

a manufacturer’s extension of its product line affect consumer and social welfare in a centralized

channel and a decentralized channel? To answer these questions, we develop a game-theoretical

model to characterize the impact of channel structure on line extension decisions of a manufacturer

when the manufacturer sells directly to consumers and when the manufacturer sells through an

independent retailer.

1.1. Summary of Main Results

This study generates the following interesting findings. First, we show that a manufacturer, selling

in a fully covered market, may provide a longer product line to consumers when the manufacturer

sells through an independent retailer than when the manufacturer sells directly to consumers. This

result differs from the results in some of the previous literature showing that a manufacturer should

provide a shorter product line in a decentralized channel than in a centralized channel (Eliashberg

and Steinberg 1993; Netessine and Taylor 2007). The intuition behind this finding is as follows.

In a decentralized channel, the manufacturer suffers from channel inefficiencies associated with

the double marginalization problem. A longer product line allows the manufacturer to better

match its products with consumer tastes. The better matching reduces consumers’ heterogeneity

on the mismatching between consumer tastes and the manufacturer’ product offerings, and more

importantly the retailer’s leverage of serving heterogeneous consumers for lower wholesale prices.
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Consequently, the manufacturer may have more incentives to provide a longer product line in a

decentralized channel than in a centralized channel to mitigate the double marginalization problem.

Second, the length of product line by a manufacturer in a centralized channel or in a decentral-

ized channel may not be optimal from a social welfare perspective. A manufacturer may provide

either a longer or shorter product line in both a centralized channel and a decentralized channel

relative to a social planner who maximizes social welfare. This may help explain the anecdotal

findings that product line extensions by manufacturers can be either insufficient or excessive in

both types of channels. More interestingly, we find that a manufacturer in a decentralized channel

can provide a product line length which is socially optimal from the perspective of a social planner

that maximizes social welfare, but the manufacturer in a centralized channel cannot. In other

words, channel decentralization can restore a social planner’s decision on product line length. This

is interesting since a decentralized channel, which is well-known for its inefficiency in maximizing

the channel profit, can provide an efficient length of product line from a social welfare perspective;

whereas a centralized channel, which is well-known for its efficiency in maximizing the channel

profit, may provide an inefficient length of product line.

The rationale is as follows. Channel decentralization leads to the problem of double marginal-

ization, and this can lead to the situation where the market is fully covered when the manufacturer

sells through a centralized channel but not fully covered when the manufacturer sells through a de-

centralized channel. A longer product line not only mitigates the double marginalization problem,

but also provides an extra benefit of more market coverage for the manufacturer in a decentralized

channel than in a centralized channel. This extra benefit to the manufacturer is also consistent with

the social welfare perspective since more market coverage improves consumer welfare. Therefore,

both the manufacturer’s incentive and the social planner’s incentive on product line extension are

more closely aligned in reducing the channel inefficiencies in a decentralized channel. Thus, the

manufacturer’s decision on the length of its product line is more likely to coincide with the social

optimum in a decentralized channel than in a centralized channel.
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1.2. Related Literature

This paper is related to two streams of literature. The first one is the literature on product line

extensions. Longer product lines may help firms achieve higher total demand and market shares

(Kotler 2002), target different customer segments (Villas-Boas 2004), and obtain more retail space

or better utilization of manufacturing capacity (Lancaster 1979; Quelch and Kenny 1994; Aaker

1996). In addition, more products can also satisfy consumers’ needs for “something different”

(Klemperer 1992; Randall et al. 1998), and help a firm preempt the market entry of a competitor

(Schmalensee 1978). This paper is particularly related to previous research on the effects of market

structure on firms’ product line extensions. Inderst and Shaffer (2007) find that the length of prod-

uct line will be reduced after a horizontal merger between non-competing retailers in a distribution

channel. Using a linear demand model, Allain and Waelbroeck (2006) study how the division of

the product launching cost between the manufacturer and the retailer could affect product line

length, and show that a manufacturer in a centralized channel offers a longer product line than in

a decentralized channel when the product launching cost is mostly supported by the manufacturer.

If a retailer can share a significant cost of the product line extension in a decentralized channel, a

manufacturer may provide a longer product line due to the de facto cost reduction. In this paper,

we contribute to the literature by showing that even when the manufacturer bears the entire cost

of extending the product line, the manufacturer may still be willing to offer a longer product line

in a decentralized channel than in a centralized channel.

Our paper is also closely related to Villas-Boas (1998) who studies the effects of channel structure

on the optimal design of the product line and finds that a manufacturer may offer products that

are more differentiated from each other in a decentralized channel than in a centralized channel. In

Villas-Boas (1998), the retailer may find it more profitable not to serve the lower margin segment

since the profit made from serving this segment may not offset the opportunity loss from serving

only the higher margin segment. A strategic manufacturer, who takes into account the strategic

behavior by the retailer, will intentionally distort the product quality levels so that the quality
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difference between different products is larger in a decentralized channel. The current paper differs

from Villas-Boas (1998) in the following ways. First, Villas-Boas (1998) mainly deals with the design

issue of product line given the fixed number of products in the product line, i.e., how much should

products in a line differ from each other, while our model focuses on the length issue of product

line, i.e., should a firm extend a single product to a product line with multiple products. Second,

Villas-Boas (1998) studies the case where consumers are vertically differentiated. In this paper, we

examine the case where consumers are horizontally differentiated and where the number of products

is smaller than the number of consumer types, and focus on the optimal number of products in a

product line. We provide a new mechanism of beneficial product line extension for a manufacturer:

mitigating the double marginalization problem in a decentralized channel. We contribute to the

marketing literature by showing that a manufacturer in a decentralized channel can provide a

product line length which is optimal from a social welfare perspective but a manufacturer in a

centralized channel cannot, and channel decentralization can restore a social planner’s decision on

product line extension.

The second related stream of research is the one on distribution channel coordination. Due to

the well-known problem of double marginalization, a decentralized channel often results in demand

recession which leads to lower firm profits and social welfare. A good deal of research focuses on

how results in a decentralized channel can be restored to those in a centralized channel through

quantity discounts or two-part tariffs (Jeuland and Shugan 1983; Moorthy 1987; Ingene and Parry

1995; Raju and Zhang 2005), franchising and contracting (Lal 1990; Iyer 1998), pull promotion

(Gerstner and Hess 1995), bargaining (Iyer and Villas-Boas 2003; Dukes et al. 2006), trade pro-

motions and forward buying (Cui et al. 2008; Desai, et al. 2008), or channel members’ concerns

of fairness (Cui et al. 2007).2 This paper contributes to the distribution channel literature by

showing that a decentralized channel, which is well-known for its inefficiency in maximizing the

channel profit, can provide a product line length which is consistent with a social planner’s deci-

2This is only a representative list.
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sion from a social welfare perspective. However, a centralized channel, which is well-known for its

efficiency, cannot. Therefore, a decentralized channel, instead of a centralized channel, can be an

efficient structure of distribution channel when the decision on product line length is taken into

consideration. Consequently, channel coordination may lead to a new type of inefficiency.

The rest of the paper is organized as follows. We first lay out the model setup in the beginning

of Section 2. In Sections 2.1 and 2.2, we study the effects of product line extension in a centralized

channel and a decentralized channel respectively. In Section 2.3, we focus on how distribution

channel structure affects consumer and social welfare. We conclude in Section 3. All proofs of the

propositions are given in the Appendix or can be found in the online Technical Appendix.

2. Horizontal Product Line Extension

Consider a distribution channel where a manufacturer sells products through a retailer to con-

sumers. Consumers are located uniformly on a Hotelling line bounded between 0 and 1, and the

market size is normalized to be one (Hotelling 1929). Each consumer buys at most one product

with the reservation price V for her ideal product. When the manufacturer sells only one product,

the location of the product is assumed to be at the middle point (x = 1
2) of the Hotelling line. A

consumer located at x incurs a mismatching disutility of t|x− 1
2 | where t is the unit mismatch cost

which measures the magnitude of disutility a consumer incurs from the mismatching between her

ideal products and product offerings by the manufacturer. In this paper, we focus the analysis on

the most interesting case of t ≤ V .3 The manufacturer has the option to extend the product line by

adding another product with a fixed cost F . We consider only two products in an extended product

line to illustrate the main results and mechanisms.4 5 When the manufacturer has two products,

3The case of t > V is available in the online Technical Appendix.
4The main results do not change qualitatively when the product line is extended to n(n ≥ 3) products. See the

analysis of a product line with n(n ≥ 3) products in the online Technical Appendix.
5In the paper, we consider a firm’s product extension decisions given the firm has already had a product in

the market. That is, we focus on the product extension decisions of an “incumbent” firm instead of the product
introduction decision of a new entry firm.

6



the two products are located at 1
4 and 3

4 optimally.6 The fixed cost F captures the repositioning

cost of the first product and the additional costs such as the cost of R&D of adding the second

product.7 The marginal production cost for the manufacturer is normalized to zero without further

loss of generality. We first analyze the effect of extending the product line in a centralized channel,

then we study the product line extension in a decentralized channel.

2.1. Horizontal Product Line Extension in A Centralized Channel

The centralized case with only one product provides a benchmark case for the effect of product

line extension in channels. Given any retail price pch1, the surplus for a consumer located at x is

given by V − pch1− t|x− 1
2 | and the demand of the product is Dch1 = 2V−pch1

t .8 The optimal retail

price and profit for the manufacturer in the centralized channel are given by pch1 = V − t
2 and

Πch1 = V − t
2 . When the manufacturer extends the product line by introducing the second product

with a fixed cost of F , the optimal retail price and total channel profit are given by pch2 = V − t
4

and Πch2 = V − t
4 − F .

Now, we compare the manufacturer’s profit before and after product line extension in the

centralized channel. We hereafter assume that the manufacturer will not extend the product line if

the manufacturer is indifferent between extending the product line and not extending the product

line. The manufacturer will profitably extend the product line if the fixed cost is sufficiently low,

F < t
4 . As the consumer mismatch cost t increases, product line extensions are likely to be more

profitable and the manufacturer is more likely to extend the product line. This is because as the

mismatch cost increases, an additional product will help reduce the mismatch cost for consumers,

which enables more consumers to purchase the product or be willing to pay a higher price.

6The formal proofs for both centralized and decentralized channels are given in the online Technical Appendix.
7Strictly speaking, F is the normalized fixed cost per consumer since the market size has been normalized to be

one.
8In order to differentiate between different cases, we use subscripts {·}ijk to refer to the measure {·} in an i (i ∈ {c :

centralized; d : decentralized}) channel with j (j ∈ {h : horizontal; v : vertical; b : both horizontal and vertical})
consumer distribution and k (k ∈ {1, 2}) products. For instance, the variable pch1 refers to the retail price in a
centralized channel with horizontally distributed consumers and one product offered by the manufacturer.
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Next, we look at the optimal product line extension decision from a social welfare perspective.

When there is only one product in the market, total consumer surplus is given by CSch1 = t
4 . After

product line extension, there are two products in the market and total consumer surplus is given by

CSch2 = t
8 . We calculate social welfare by adding up the firm’s profit and consumer welfare. Social

welfare before product line extension is given by SWch1 = V − t
4 . After product line extension,

social welfare is given by SWch2 = V − t
8 − F . Therefore, product line extension is beneficial from

the society’s point of view when F < t
8 .

Finally, we compare the optimal product line extension decisions from the manufacturer’s per-

spective and from the social welfare perspective respectively, and find that in a centralized channel,

a social planner who maximizes social welfare will not extend the product line, and a manufacturer

who maximizes own profit will extend the product line if t
8 ≤ F < t

4 . A longer product line allows

the manufacturer to better segment the market with two products, although the market will be

fully covered with only one product in this case. Such better segmentation gives the manufac-

turer more monopoly power over consumers and allows the manufacturer to charge a higher price

when its product line is extended (pch2 = V − t
4 > pch1 = V − t

2). Consumers are always worse

off after the manufacturer extends its product line (CSch2 = t
8 < CSch1 = t

4). Since the man-

ufacturer maximizes own profit and the social planner maximizes the sum of the manufacturer’s

profit and consumer welfare, the social planner is less likely to extend the product line. When

t
8 ≤ F < t

4 , the benefit of product line extension can offset the fixed cost F for the manufacturer

(Πch2 − Πch1 = t
4 − F ). However, the profit gain for the manufacturer is smaller than the loss of

consumer welfare (CSch2 − CSch1 = t
8). Thus, in this range, the manufacturer will and the social

planner will not extend the product line.

2.2. Horizontal Product Line Extension in A Decentralized Channel

In this section, we analyze the product line extension decisions in a decentralized channel. We

model the manufacturer’s and the retailer’s decisions in a two-stage game. In the first stage, the
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manufacturer decides whether to extend the product line, and decides on its wholesale price wdh1.

In the second stage, the retailer decides on the retail price given the wholesale price wdh1. We focus

on the case where the manufacturer is more powerful than the retailer such that the manufacturer

is able to make a take-it-or-leave-it offer of products to sell to the retailer. Everything else remains

the same as in the centralized channel. We solve the game using backward induction to guarantee

subgame perfection.

When there is only one product for sale, the equilibrium prices for the manufacturer and the

retailer are:

wdh1 =


V
2 , if V

2 < t ≤ V ;

V − t, if t ≤ V
2 ;

pdh1 =


3V
4 , if V

2 < t ≤ V ;

V − t
2 , if t ≤ V

2 ;
(2.1)

The profits for the manufacturer (Πdh1) and the retailer (πdh1) are:

Πdh1 =


V 2

4t , if V
2 < t ≤ V ;

V − t, if t ≤ V
2 ;

πdh1 =


V 2

8t , if V
2 < t ≤ V ;

t
2 , if t ≤ V

2 .
(2.2)

Now, we analyze the case where the manufacturer extends the product line by adding another

product with a fixed cost of F . The equilibrium prices and profits for both the manufacturer and

the retailer for t ≤ V are as follows:

wdh2 = V − t
2 , pdh2 = V − t

4 , Πdh2 = V − t
2 − F, πdh2 = t

4 .
(2.3)

We compare the manufacturer’s profits before and after product line extension. Product line

extension is profitable for the manufacturer if the fixed cost is sufficiently low, F < t
2 if t ≤ V

2 and

F < V − t
2 −

V 2

4t if V
2 < t ≤ V .

We then compare the optimal product line extension decisions in the centralized channel and

in the decentralized channel, and summarize the main result in the following proposition.
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Proposition 1: When the market is fully covered (t ≤ V
2 ), the manufacturer extends its product

line in a decentralized channel but not in a centralized channel if t
4 ≤ F < t

2 .

Proposition 1 shows that a manufacturer in a decentralized channel may provide a longer prod-

uct line than in a centralized channel. Therefore, channel decentralization may cause a manufacturer

to extend its product line. The intuition of this interesting result is as follows. When selling in a de-

centralized channel, the manufacturer faces the classic problem of double marginalization.9 When

t is sufficiently small (t ≤ V
2 ), the manufacturer is forced to keep its wholesale price (wdh1 = V − t)

low enough to encourage the retailer to sell to all consumers including those located at the extreme

end of the Hotelling line (x = 1). A longer product line reduces the overall consumer heterogeneity

on the mismatching between consumer tastes and the manufacturer’s product offerings, and also

the retailer’s leverage of serving heterogeneous consumers for lower wholesale prices. Therefore, a

longer product line can help the manufacturer mitigate the double marginalization problem in a

decentralized channel, and such a benefit is not present when the manufacturer sells in a centralized

channel. Consequently, the manufacturer has a greater incentive to extend its product line in a

decentralized channel than in a centralized channel.

To better understand the intuition, recall that the manufacturer in the centralized channel

can increase its price for pch2 − pch1 = t
4 after the manufacturer extends the product line. In

a decentralized channel, after the manufacturer extends the product line, the retailer can again

increase the retail price for pdh2 − pdh1 = t
4 . However, the manufacturer increases its wholesale

price by wdh2 − wdh1 = t
2 > pch2 − pch1 = t

4 . Therefore, the extension of the product line in a

decentralized channel actually increases the manufacturer’s price and profit more than it does in a

centralized channel. The increase in price and profit for the manufacturer reflects the extra benefit

from mitigating the double marginalization problem in the decentralized channel when the market

is always fully covered (t ≤ V
2 ). When the manufacturer sells only one product, for V

2 < t ≤ V , the

market is not fully covered in a decentralized channel but is fully covered in a centralized channel.

9This holds even when t is sufficiently small (t ≤ V
2

) and the whole market is always fully covered.
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In this case, product line extension provides an additional benefit of market expansion for the

manufacturer, and the manufacturer in a centralized channel does not but the manufacturer in a

decentralized channel does extend the product line when t
4 ≤ F < V − t

4 −
V 2

2t .

Proposition 1 complements the findings in the literature that channel decentralization always

shortens product lines when only the manufacturer bears the cost of extending a product line

(Eliashberg and Steinberg 1993; Allain and Waelbroeck 2006; Netessine and Taylor 2007). Allain

and Waelbroeck (2006), for instance, show that channel decentralization has a negative effect on

a manufacturer’s incentive to extend the product line, if the manufacturer bears the entire cost of

extending the product line. If the retailer in the decentralized channel shares a significant amount of

the fixed cost of product line extension, the manufacturer may have a stronger incentive to extend

its product line. In this case, it is important to note that the driving force behind additional

product line extensions for a manufacturer after channel decentralization is the cost reduction

described in Allain and Waelbroeck (2006). In this paper, however, there is no cost reduction and

the manufacturer bears the entire cost of product line extension. The reason for the manufacturer

to be more likely to extend the product line is because of the extra benefit of product line extension

on mitigating the double marginalization problem, which is present in a decentralized channel but

absent in a centralized channel.

To further confirm the effect of product line extension on mitigating the double marginalization

problem, we examine the case when the market is not fully covered (t > V ).10 In this case, the

impact of product line extension on mitigating the double marginalization problem is low since the

manufacturer cannot increase its wholesale prices without reducing market coverage. That is, the

wholesale price and the product line extension decisions for the manufacturer are bound more by

considerations of market coverage than by mitigating the double marginalization problem in the

decentralized channel. The manufacturer is thus always less likely to extend the product line in a

decentralized channel than in a centralized channel.

10See the detailed analysis in the online Technical Appendix.
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Next, we study the effect of product line extension on consumer surplus and social welfare in

a decentralized channel. When there is only one product in the market, total consumer surplus

is given by CSdh1 = t
4 if t ≤ V

2 and CSdh1 = V 2

16t if V
2 < t ≤ V . After product line extension,

total consumer surplus for t ≤ V is given by CSdh2 = t
8 . Consumer surplus decreases for t ≤ V√

2

and increases for V√
2
< t ≤ V . Recall that consumers are always worse off when the manufacturer

extends the product line in a centralized channel. In contrast, when the manufacturer sells through

a decentralized channel, consumers may benefit from product line extension. The benefit comes

from the market expansion effect of a longer product line by the manufacturer in a decentralized

channel since the market is not fully covered when the manufacturer has only one product but fully

covered after the manufacturer extends the product line for V
2 < t ≤ V .

We now look at the effect of product line extension on social welfare by considering the profits

of both the manufacturer and the retailer, and consumer welfare, together. Social welfare before

product line extension is given by SWdh1 = V − t
4 if t ≤ V

2 and SWdh1 = 7V 2

16t if V
2 < t ≤ V . After

product line extension, social welfare is given by SWdh2 = V − t
8 − F for t ≤ V . Therefore, a

social planner will extend the product line if the fixed cost is sufficiently low, F < t
8 if t ≤ V

2 and

F < V − t
8 −

7V 2

16t if V
2 < t ≤ V .

We compare the product line extension decision for a manufacturer with the product line ex-

tension decision for a social planner in a decentralized channel. We find that in a decentralized

channel, the manufacturer extends the product line but the social planner does not when t ≤ V
2

if t
8 ≤ F < t

2 or when V
2 < t ≤ V√

2
if V − t

8 −
7V 2

16t ≤ F < V − t
2 −

V 2

4t . When V√
2
< t ≤ V if

V − t
2 −

V 2

4t ≤ F < V − t
8 −

7V 2

16t , the manufacturer does not extend but the social planner does

extend the product line.

2.3. Channel Structure and Welfare-Improving Product Line Extension

The previous analysis lists the threshold values of the fixed cost F for an optimal product line

extension for the manufacturer and a social planner, respectively. The comparison of the threshold

12



values of F suggests that the manufacturer’s decision on product line extension is not always

consistent with the decision of a social planner who maximizes social welfare. Consequently, one

interesting question to ask is: in which channel structure is a manufacturer more likely to make a

welfare-improving product line extension decision? We try to answer this question by comparing

the conditions of beneficial product line extension for a manufacturer and for a social planner in

both a centralized channel and a decentralized channel. We summarize the main results in the

following proposition.

Proposition 2: The manufacturer in a decentralized channel can provide the socially optimal

product line length while a manufacturer in a centralized channel cannot when t
8 ≤ F < min{V −

t
8 −

7V 2

16t ,
t
4} if V

2 < t ≤ V . Under this condition, channel decentralization by a manufacturer can

help restore a social planner’s decision on product line extension.

Interestingly, Proposition 2 shows that a decentralized channel, which is well-known for its

inefficiency in maximizing the channel profit due to the double marginalization problem, can be

more efficient than a centralized channel on product line extension from a social welfare perspec-

tive. Therefore, channel decentralization by a manufacturer can have important implications for

achieving social optimum from a social welfare perspective. In Proposition 2, we refer restoring

a social planner’s decision on product line to the situation where the manufacturer’s decision on

its product line extension in a decentralized channel is the same as a social planner’s decision in

the decentralized channel, and for the same parameter space, the manufacturer’s decision is not

consistent with a social planner’s line extension decision in a centralized channel.11

The rationale behind the effect of channel decentralization on restoring a social planner’s deci-

sion comes from the difference in market coverage between a centralized channel and a decentralized

channel. When V
2 < t ≤ V and the manufacturer sells in a centralized channel, the market is fully

11As shown in the online Technical Appendix, in a market where consumers are vertically differentiated or where
consumers are both horizontally and vertically differentiated (Moorthy 1984,1988; Desai 2001), channel decentraliza-
tion can still restore a social planner’s decision on product line extension.
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covered. In this case, the only incentive to extend the product line for the manufacturer and a

social planner is to reduce the mismatching cost for consumers. However, the social benefit of

extending the product line is a reduction in mismatching costs to the average consumers, while

the private benefit to the manufacturer pertains only to the marginal consumers located at the

extreme end of the Hotelling line (x = 1). Therefore, the manufacturer’s and the social planner’s

incentives of extending the product line are not necessarily aligned. When the manufacturer sells in

a decentralized channel, the market is not fully covered due to the double-marginalization problem.

In this case, a longer product line by the manufacturer not only mitigates the double marginal-

ization problem, but also provides an extra benefit of market expansion to the manufacturer in

a decentralized channel. This market expansion effect benefits social welfare as well since more

consumers will be covered, and the incentives for both the manufacturer and the social planner

are more closely aligned in reducing the inefficiencies in the decentralized channel. Therefore, the

decision to extend the product line by the manufacturer is more likely to be consistent with that

from a social welfare perspective.

To further understand the intuition, recall that after product line expansion, consumer welfare

always decreases in a centralized channel when t ≤ V but can increase in a decentralized channel

when V√
2
< t ≤ V . In addition, the manufacturer is more likely to extend the product line in

a decentralized channel than in a centralized channel when t
2 < t ≤ V . Therefore, product line

extension by the manufacturer is more likely to benefit consumer welfare in a decentralized channel

than in a centralized channel. Although a manufacturer maximizes its own profit when deciding the

product line extension, the positive spillover effect of product line extension on consumer welfare is

consistent with a social welfare perspective. When V
2 < t < V√

2
, consumer welfare decreases after

the manufacturer extends the product line in a decentralized channel, but the benefit to firms from

market expansion dominates the loss to consumer welfare. In this situation, product line extension

by the manufacturer again improves social welfare. This is in contrast to the centralized channel

where the market expansion effect is absent.
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To further confirm the additional benefit of the market coverage effect of product line extensions

in a decentralized channel, we examine the case of t ≤ V
2 and t > V . When t ≤ V

2 , the market is

always fully covered even when the manufacturer has only one product in a decentralized channel,

and product line extension does not bring in the benefit of more market coverage. Therefore,

channel decentralization cannot restore a social planner’s decision on line extensions. For t > V ,

the market is not fully covered when the manufacturer has only one product even in a centralized

channel. In this case, product line extension by the manufacturer has the market coverage effect

in both centralized and decentralized channels. However, the market expansion effect is larger in a

decentralized channel than in a centralized channel, and channel decentralization can restore a social

planner’s decision on product line extension when V < t ≤ (4−2
√

2)V and V − t
8−

3V 2

4t ≤ F < V 2

4t .12

It is important to acknowledge that channel decentralization does not always restore a social

planner’s decision on product line extension. Under certain conditions, channel decentralization

can also generate a situation that is further away from the social planner’s decision. For instance,

when t ≤ V
2 and t

4 ≤ F < t
2 , the decision of the manufacturer in a centralized channel is but

the decision of the manufacturer in a decentralized channel is not consistent with the decision of

the social planner. In this case, channel decentralization can actually lead to a distortion of the

manufacturer’s decision on product line extension from the social planner’s decision.13

3. Conclusion

In this paper, we study the optimal product line extension decisions for a manufacturer when the

manufacturer sells through either a centralized channel or a decentralized channel. The results in

this paper have significant implications for marketing managers and social planners. First, we show

12See the analysis in the online Technical Appendix. When t > 8−
√

26
2

V , channel decentralization can still restore a
social planner’s decision on product line extension but through a different mechanism. In that case, the manufacturer
is less likely to extend the product line in a decentralized channel than in a centralized channel. This can be
consistent with a social planner’s decision due to the fact that the manufacturer will extend the product line while a
social planner will not in a centralized channel.

13Other conditions for this distortion include (1) V
2
< t < V√

2
and max{V − t

8
− 7V 2

16t
, t

4
} ≤ F < V − t

2
− V 2

4t
; or (2)

V√
2
< t ≤ V and V − t

2
− V 2

4t
≤ F < V − t

8
− 7V 2

16t
.
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that a manufacturer may want to provide a longer product line in a decentralized channel than in

a centralized channel. The longer product line can help the manufacturer mitigate the well-known

double marginalization problem in a decentralized channel. Second, we also show that a manu-

facturer’d decision on the length of its product line in a centralized channel or in a decentralized

channel may not be optimal from the perspective of a social planner who maximizes social welfare.

Interestingly, channel decentralization can restore a social planner’s product line decision in that

the manufacturer’s decision in a decentralized channel on line extension is consistent with the social

planner’s, but the manufacturer’s decision in a centralized channel is not consistent with the social

planner’s. This implies that a decentralized channel, which is well-known for its inefficiency in

maximizing the channel profit, can provide an efficient product line from the perspective of social

welfare.14

We would also like to point out the limitations of this paper and topics for future research.

First, we abstract away from the possibility that each consumer purchases more products after

a manufacturer extends the product line. Getting people to buy more products could be a very

important reason for manufacturers to extend their product lines, which is not modeled here.

The current setup applies to cases where the incremental utility of buying a second product for

consumers is sufficiently low. If consumers purchase more than one product when the product

line is longer, the manufacturer will enjoy an additional benefit from increased demands beyond

the strategic benefits studied in this paper. It is shown in the paper that a longer product line

can help a manufacturer mitigate the double marginalization problem in a decentralized channel

since an extended product line reduces consumers’ heterogeneity in mismatching. The possibility

for each consumer to purchase more products after a line extension can increase such a benefit

for the manufacturer, and the manufacturer may be more likely to extend the product line in a

decentralized channel than in a centralized channel.

14The results will not change qualitatively in a competitive context or if the retailer can strategically adopt products
to maximize its own profit (Dukes et al. 2009). The detailed analysis can be found in the online Technical Appendix.
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Second, this paper mainly focuses on the cases where the maximum number of products in

an extended product line is equal to two. Although the model extension in the online Technical

Appendix extends our results to an n product case, considering more than two products may

sometimes change the results qualitatively (Villas-Boas 1998). Future research can further examine

this issue in a context other than the one analyzed here. This is especially important when firms

can offer customization for their products.

Third, the base model of this paper studies a monopoly manufacturer’s product line extension

decisions when selling through a monopoly retailer. Although competition at the manufacturer level

is examined in the model extension, a full-fledge study of competition at both the manufacturer and

the retailer levels is needed to help us fully understand the effects of distribution channel structures

on product line extensions. In addition, competing retailers may carry different subsets of the same

product lines from the manufacturers. A word of caution on this is that a model with competition

at both levels may be too complicated to make the model tractable.

Fourth, in this paper, we have focused on the effects of distribution channel structure on a

manufacturer’s product line extension decisions. A relevant issue is the effects of product line

length on a manufacturer’s choice of distribution channel structure. A manufacturer with a long

product line may not have the infrastructure and capability to sell all the products by itself, and

thus may have to rely on intermediaries. All these issues are worthy of deliberate considerations

for marketing managers, and we leave the analysis of these issues for future research.

Appendix

Proof of Proposition 1: When consumers are horizontally heterogeneous, a manufacturer in

a centralized channel will extend the product line for a low F , F < t
4 . When the channel is

decentralized, the manufacturer will extend the product line when F < t
2 if t ≤ V

2 or when

F < V − t
2 −

V 2

4t if V
2 < t ≤ V . For t ≤ V

2 , the manufacturer in a centralized channel will

extend the product line if the value of F is below t
4 , which is smaller than the threshold value of

17



F , t
2 , for the manufacturer in a decentralized channel to extend the product line. Therefore, the

manufacturer in a decentralized channel will extend the product line while the manufacturer in a

centralized channel will not when t ≤ V
2 and t

4 < F ≤ t
2 . The proofs for other conditions of t follow

the same logic.

Proof of Proposition 2: The manufacturer in a centralized channel will extend its product line

when t ≤ V if F < t
4 . The social planner who maximizes social welfare will extend the product

line when t ≤ V if F < t
8 in the channel. Thus, the manufacturer will extend the product line for

t
8 ≤ F < t

4 while a social planner would not. Similarly, we can show that the manufacturer in a

decentralized channel will extend the product line when t ≤ V
2 if t

8 ≤ F < t
2 but a social planner

would not. Since the range of t within which the manufacturer will but a social planner will not

extend the product line in the decentralized channel contains the range in the centralized channel,

the decentralization will not help restore the social planner’s choice for t ≤ V
2 .

When V
2 < t ≤ V√

2
, the manufacturer in a centralized channel will extend its product line

although a social planner will not extend the product line if t
8 ≤ F < t

4 . The manufacturer

in a decentralized channel will extend the product line while a social planner will not, however,

only if V − t
8 −

7V 2

16t ≤ F < V − t
2 −

V 2

4t . That is, both the manufacturer and the social planner

in the decentralized channel will extend the product line for t
8 ≤ F < min{V − t

8 −
7V 2

16t ,
t
4},

but only the manufacturer in the centralized channel would like to extend the product line for

t
8 ≤ F < t

4 . Therefore, the decentralization of the channel will restore the social planner’s choice

when V
2 < t ≤ V√

2
if t

8 ≤ F < min{V − t
8 −

7V 2

16t ,
t
4}. When V√

2
< t ≤ V , the manufacturer in a

centralized channel will extend the product line while a social planner will not extend if t
8 ≤ F < t

4 .

Both the manufacturer and the social planner in a decentralized channel, however, will choose to

extend the product line for t
8 ≤ F < t

4 . That is, the decentralization of the channel will restore the

social planner’s choice when V√
2
< t ≤ V if t

8 ≤ F < t
4 . Since t

4 < V − t
8 −

7V 2

16t for V√
2
< t ≤ V , we

have the conclusion that the decentralization of the channel will restore the social planner’s choice

when V
2 < t ≤ V if t

8 ≤ F < min{V − t
8 −

7V 2

16t ,
t
4}.

18



REFERENCES

Aaker, D. A. (1991), “Managing Brand Equity: Capitalizing The Value of A Brand Name,
The Free Press, New York, NY.

— (1996), “Building Strong Brands, The Free Press, New York, NY.

Allain M, and P. Waelbroeck (2006), “Music Variety and Retail Concentration,” working
paper, Telecom Paris.

Barwise, P., and S. Meehan (2005), “The Myth of Differentiation,” ECR Journal, 5(1),
16-24.

Cui, T. H., J. S. Raju, and Z. J. Zhang (2007), “Fairness and Channel Coordination,” Man-
agement Sci., 53(8), 1303-1314.

—,—,— (2008), “A Price Discrimination Model of Trade Promotions,” Marketing Sci., 27(5),
779-795.

Desai, P. S. (2001), “Quality Segmentation In Spatial Markets: When Does Cannibalization
Affect Product Line Design?,” Marketing Sci., 20(3), 265-283.

—, O. Koenigsberg, D. Purohit (2008), “Forward Buying by Retailers,” J. Marketing Res,
Forthcoming.

Dukes, A. J., E. Gal-Or, K. Srinivasan (2006), “Channel Bargaining with Retailer Asym-
metry,” J. Marketing Res., 43(1), 84-97.

—, T. Geylani, — (2009), “Strategic Assortment Reduction by A Dominant Retailer,” Mar-
keting Science, 28(2), 309-319.

Eliashberg, J., and R. Steinberg (1993), “Marketing-Production Joint Decision-making, J.
Eliashberg, G. L. Lilien, eds., Handbooks in OR & MS marketing, Vol. 5, North-Holland,
Amsterdam, The Netherlands.

Gannon, K. (1994), “OTC Line Extensions Near Overload Stage at Retail,” Drug Topics, 138,
1, 40.

Gerstner, E., and J. D. Hess (1995), “Pull Promotions and Channel Coordination,” Mar-
keting Sci., 14(1), 43-60.

Hotelling, H. (1929), “Stability In Competition,” The Economic Journal, 39(153), 41-57.

Inderst, R., and G. Shaffer (2007), “Retail Mergers, Buyer Power, and Product Variety,”
Economic Journal, 117, 45-67.

Ingene, C. A., and M. E. Parry (1995), “Channel Coordination When Retailers Compete,”
Marketing Sci., 14(4), 360-377.

Iyer, G. (1998), “Coordinating Channels under Price and Nonprice Competition,” Marketing
Sci., 17(4), 338-355.

19



—, J. M. Villas-Boas. (2003), “A Bargaining Theory of Distribution Channels,” J. Marketing
Res., 40(1), 80-100.

Jeuland, A. P., and S. M. Shugan (1983), “Managing Channel Profits,” Marketing Science,
2(3), 239-272.

Klemperer, P. (1992), “Equilibrium Product Line: Competing Head-to-head May Be Less
Competitive,” American Economic Review, 82(4), 740-755.

Kotler, P. (2002), Marketing Management, Prentice Hall, 11th edition, Englewood Cliffs, NJ.

Lal, R. (1990), “Improving Channel Coordination through Franchising,” Marketing Science,
9(4), 299-318.

Lancaster, K. (1979), Variety, Equity, and Efficiency, Columbia University Press, New York,
NY.

Moorthy, K. S. (1984), “Market Segmentation, Self-selection, and Product Line Design,” Mar-
keting Sci., 3(4), 288.

— (1987), “Managing Channel Profits: Comment,” Marketing Science, 6(4), 375-379.

— (1988), “Product and price competition in a duopoly,” Marketing Science, 7(2), 141-168.

Neff, J. (2005), “Small Ball: Marketers Rely on Line Extensions,” Advertising Age (Midwest
Region Edition), 76,15, 10-11.

Netessine, S., and T. A. Taylor (2007), “Product Line Design and Production Technology,”
Marketing Sci., 26(1), 101-117.

Quelch, J. A., and D. Kenny (1994), “Extend Profits, Not Product Lines,” Harvard Busi-
ness Review, 72(5), 153-162.

Raju, J., and Z. J. Zhang (2005), “Channel Coordination In the Presence of A Dominant
Retailer,” Marketing Sci., 24, 2, 254-262.

Randall, T., K. Ulrich, and D. Reibstein (1998), “Brand Equity and Vertical Product
Line Extent,” Marketing Sci., 17(4), 356-379.

Root, H. P. (1972), “Should Product Differentiation Be Restricted?,” Journal of Marketing,
36(3), 3-9.

Schmalensee, R. (1978), “Entry Deterrence In the Ready-to-eat Breakfast Cereal Industry,”
Bell Journal of Economics, 9, 305-327.

Tirole, J. (1998), “The Theory of Industrial Organization, The MIT Press, Cambridge, MA.

Villas-Boas, J. Miguel (1998), “Product Line Design for A Distribution Channel,” Marketing
Sci., 17(2), 156-169.

— (2004), “Communication Strategies and Product Line Design,” Marketing Sci., 23(3), 304-
316.

20



The Length of Product Line in Distribution Channels

Online Technical Appendix

1. Horizontal Product Line Extension When t > V

1.1. Product Line Extension in A Centralized Channel

When the manufacturer has only one product, the optimal retail price and the profit for the

manufacturer in the centralized channel are given by pch1 = V
2 and Πch1 = V 2

2t . When the consumer

mismatch cost is high (t > V ), the market is not fully covered and consumers located beyond

x = 1
2 + V

2t and x = 1
2 −

V
2t are left out of the market. When the manufacturer extends the product

line by introducing the second product with a fixed cost of F , the optimal retail price and the

channel profit are as follows:

pch2 =


V
2 , if t > 2V ;

V − t
4 , if v < t ≤ 2V ;

Πch2 =


V 2

t − F, if t > 2V ;

V − t
4 − F, if V < t ≤ 2V .

(TA1)

The manufacturer will profitably extend the product line if the fixed cost is sufficiently low as

follows: 
F < V − t

4 −
V 2

2t , if V < t ≤ 2V ;

F < V 2

2t , if t > 2V .
(TA2)

Next, we calculate consumer welfare by adding up individual consumer surplus. When there is

only one product in the market, total consumer surplus is given by CSch1 = V 2

4t . After product line

1



extension, total consumer surplus is given by:

CSch2 =


V 2

2t , if t > 2V ;

t
8 , if V < t ≤ 2V .

(TA3)

Social welfare before product line extension is given by SWch1 = 3V 2

4t . After product line

extension, social welfare is given by:

SWch2 =


3V 2

2t − F, if t > 2V ;

V − t
8 − F, if V < t ≤ 2V .

(TA4)

Therefore, product line extension is beneficial from society’s point of view when


F < V − t

8 −
3V 2

4t , if V < t ≤ 2V ;

F < 3V 2

4t , if t > 2V .
(TA5)

We compare the optimal product line extension decisions from the manufacturer’s perspective

and from a social planner’s perspective. When V < t ≤
√

2V if V − t
8 −

3V 2

4t ≤ F < V − t
4 −

V 2

2t , the

social planner does not but the manufacturer does extend the product line. When
√

2V < t ≤ 2V

if V − t
4 −

V 2

2t ≤ F < V − t
8 −

3V 2

4t or when t > 2V if V 2

2t ≤ F < 3V 2

4t , the social planner does but

the manufacturer does not extend the product line.

1.2. Product Line Extension in A Decentralized Channel

When there is only one product for sale, the equilibrium prices and profits for the manufacturer

and the retailer are

wdh1 =
V

2
, pdh1 =

3V
4
,Πdh1 =

V 2

4t
, πdh1 =

V 2

8t
. (TA6)

When the manufacturer extends the product line by adding another product with a fixed cost

2



of F , the equilibrium prices and profits for the manufacturer and the retailer are

wdh2 =
V

2
, pdh2 =

3V
4
,Πdh2 =

V 2

2t
− F, πdh2 =

V 2

4t
. (TA7)

Product line extension is profitable for the manufacturer if F < V 2

4t . Next, we compare the

optimal product line extension decisions in a centralized channel and in a decentralized channel, and

find that the manufacturer extends the product line while a social planner will not in a centralized

channel but not in a decentralized channel when V < t ≤ 2V if V 2

4t ≤ F < V − t
4 −

V 2

2t or when

t > 2V if V 2

4t ≤ F < V 2

2t .

Next, we study the effect of product line extension on consumer surplus and social welfare in

a decentralized channel. When there is only one product in the market, total consumer surplus

(CSdh1) is given by CSdh1 = V 2

16t . After product line extension, total consumer surplus (CSdh2)

is given by CSdh2 = V 2

8t . Social welfare before product line extension is given by SWdh1 = 7V 2

16t .

After product line extension, total social welfare is given by SWdh2 = 7V 2

8t − F . Therefore, a social

planner will extend the product line if F < 7V 2

16t . We compare the product line extension decision

for a manufacturer with the decision for a social planner in a decentralized channel, and find that

the manufacturer does not but the social planner does extend the product line when t > V if

V 2

4t ≤ F < 7V 2

16t .

We now compare the conditions of beneficial product line extension to a manufacturer and to a

social planner in both a centralized channel and a decentralized channel, and summarize the main

results in the following proposition.

Proposition TA 1: Channel decentralization can help restore a social planner’s decision when

V < t ≤ (4−2
√

2)V if V − t
8 −

3V 2

4t ≤ F < V 2

4t , when 8−
√

26
2 V < t ≤ 2V if max{7V 2

16t , V −
t
4 −

V 2

2t } ≤

F < V − t
8 −

3V 2

4t , or when t > 2V if V 2

2t ≤ F < 3V 2

4t .
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2. Product Line Extensions with n Products (n ≥ 3)

In the base model, the maximum length of the product line is two. In this section, we extend the

base model and allow the manufacturer to introduce n products in the product line. When the

manufacturer extends the product line from one product to n ≥ 3 products with a fixed cost of F

for each additional product, the optimal locations for all products are given by ( 1
2n ,

3
2n , ...,

2n−1
2n ). 1

The derivation details are given in the Appendix, and we report the main results in the following

proposition.

Proposition TA 2: The manufacturer does not extend the product line in a centralized channel

but does extend the product line in a decentralized channel when t ≤ V
2 if t

2n ≤ F < t
n and when

V
2 < t ≤ V if t

2n ≤ F < 1
n−1

(
V − t

n −
V 2

4t

)
. Channel decentralization restores a social planner’s

decision on product line extension when V
2 < t ≤ V if t

4n ≤ F < min{ 1
n−1

(
V − t

4n −
7V 2

16t

)
, t

2n}.

Proof: The centralized case with only one product is already solved. When the manufacturer

extends the product line from one product to n ≥ 3, the optimal retail price and total channel

profit are given by pchn = V − t
2n and Πchn = V − t

2n − (n− 1)F . The manufacturer will profitably

extend the product line if the fixed cost is sufficiently low F < t
2n . After product line extension,

total consumer surplus and social welfare are given by CSchn = t
4n and SWchn = V − t

4n−(n−1)F .

Therefore, product line extension is beneficial from the society’s point of view when F < t
4n .

The decentralized case with only one product is also solved in the context. When the manu-

facturer extends the product line from one product to n ≥ 3 products with a fixed cost of F for

each additional product, the optimal locations for both products are given by ( 1
2n ,

3
2n , ...,

2n−1
2n ).

The optimal prices and total channel profit are given by wdhn = V − t
n , pdhn = V − t

2n , Πdhn =

V − t
n − (n− 1)F , and πdhn = t

2n . The manufacturer will profitably extend the product line if the

1Here we assume the manufacturer makes the extension decision once, i.e., to extend the product line from one
product to n products directly. An alternative way is to assume that the manufacture extends the product line by
adding one product each time. That is, there are n − 1 times of extension decisions. The results will not change
qualitatively. We analyze the current setting since it makes the analysis more tractable.
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fixed cost is sufficiently low: when F < t
n if t ≤ V

2 or when F < 1
n−1

(
V − t

n −
V 2

4t

)
if V

2 < t ≤ V .

We compare the optimal product line extension decisions in the centralized channel and in the

decentralized channel, and find that the manufacturer will extend the product line in a decentralized

channel but not in a centralized channel when t ≤ V
2 if t

2n ≤ F < t
n , when V

2 < t ≤ V if

t
2n ≤ F < 1

n−1

(
V − t

n −
V 2

4t

)
.

After product line extension, total consumer surplus and social welfare are given by CSdhn = t
4n

and SWdhn = V − t
4n − (n− 1)F . Therefore, product line extension is beneficial from the society’s

point of view when F < t
4n if t ≤ V

2 or when F < 1
n−1

(
V − t

4n −
7V 2

16t

)
if V

2 < t ≤ V .

By comparing the conditions of beneficial product line extension to a manufacturer and to

a social planner in both a centralized channel and a decentralized channel, we can show that

decentralization could restore a social planner’s product line extension decision when V
2 < t ≤ V if

t
4n ≤ F < min{ 1

n−1

(
V − t

4n −
7V 2

16t

)
, t

2n}.

Q.E.D.

Proposition TA 2 shows that the results in the base model also hold for a general case where

n products can be introduced in the product line. Note that the parameter space depends on the

length n of the product line. This is because the manufacturer can better segment the markets with

more products when the product line is longer (i.e., n increases). At the same time, the overall

fixed cost of product line extension nF increases as well.
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3. Proof of Optimal Product Locations in Both Centralized and Decentral-

ized Channels When Consumers are Horizontally Heterogeneous

We first prove that the optimal product locations in a decentralized channel are given by 1
4 and 3

4

when consumers are horizontally heterogeneous. Since the proof for a centralized channel is very

similar to and simpler than the proof for a decentralized channel, it is omitted here for the sake of

brevity.

We prove the optimal locations of 1
4 and 3

4 in a decentralized channel in two steps. First, when

the unit mismatch cost t is large enough such that both products will each act as a local monopoly

product, the number of consumers covered by product 1 located at 1
4 is given by x̄lr− x̄1l = 2(V−p1)

t

where x̄1l = 4p1+t−4V
4t and x̄1r = 4V−4p1+t

4t are the locations of marginal consumers. The optimal

retail price p1 for the retailer is solved from maximizing the retailer’s profit from product 1 given the

wholesale price w1, and the price is given by p1 = 1
2(V+w1). Maximizing its profit, the manufacturer

will choose w∗1 = V
2 . The markets of both products will be separate for any x̄1r = V

2t <
1
2 , i.e.,

t > V . Note that there will be multiple optimal location sets for any t > V and (1
4 ,

3
4) is only one

of the many optimal location sets.

Now lets consider the optimal locations when the unit mismatch cost t is small enough such

that the whole market is fully covered in equilibrium. Assume the locations of both products are

given by l1 and l2 respectively. We first prove that given l1, the optimal location of product 2 is

given by 1+2l1
2 . In order to prove such a result, we need to consider four cases: (l1 ≤ 1

4 , l2 ≥
1+2l1

2 ),

(l1 ≤ 1
4 , l2 ≤

1+2l1
2 ), (1

4 ≤ l1 ≤ 1
2 , l2 ≥

1+2l1
2 ), and (1

4 ≤ l1 ≤ 1
2 , 2l1 ≤ l2 ≤ 1+2l1

2 ).2 We will provide

the proof for the first case and the proofs of the other three cases are easy to derive by following

the similar logic. We first prove the following lemma in order to solve the optimal locations.

Lemma TA 1: Given l1 ≤ 1
4 and l2 ≥ 1+2l1

2 , the optimal product location for product 2 is given by

2The four cases are overlapping at (l1, l2) = ( 1
4
, 1+2l1

2
) since this is the optimal solution as shown below and we

would like to make sure this candidate location set is considered in each of the four cases.
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l∗2 = 1+2l1
2 when the market is fully covered due to small t.

Proof: Given any l1 ≤ 1
4 , the monopoly zone of product 1 is given by x̄lr − x̄1l = (V−p1t + l1) −

(l1 − V−p1
t ). Since the market is fully covered, we must have x̄1l = 0 and x̄1r is thus given by

x̄1r = 2l1. Therefore, for any l2 ≥ 1+2l1
2 , the optimal location l∗2 is given by the middle point of the

uncovered market, i.e., l∗2 = 2l1 + 1−2l1
2 = 1+2l1

2 . The marginal consumers of product 2 are given

by x̄2l = l2 − V−p2
t and x̄2r = V−p2

t + l2.

Given l1 ≤ 1
4 and l∗2 = 1+2l1

2 , the retailer will choose retail prices p1 and p2 to maximize its

profit π = (p1 − w1)(x̄1r − x̄1l) + (p2 − w2)(x̄2r − x̄2l) and the optimal retail prices are given by

p1 = V+w1
2 , p2 = V+w2

2 . (TA8)

Expecting the optimal retail prices, the manufacturer will choose wholesale prices w1 and w2 to

maximize its profit Π = w1(x̄1r − x̄1l) + w2(x̄2r − x̄2l) = −8tl21 + 4tl1 + V − t. Since Π is concave

in l1, the first-order condition leads to the optimal location l∗1 and it is easy to derive the optimal

l∗2 and wholesale prices:

l∗1 = 1
4 , l∗2 = 3

4 , w∗1 = w∗2 = V − t
2 .

(TA9)

The proofs for the other three cases of (l1 ≤ 1
4 , l2 ≥

1+2l1
2 ), (1

4 ≤ l1 <
1
2 , 2l1 < l2 ≤ 1+2l1

2 ), and

(1
4 ≤ l1 <

1
2 , l2 ≥

1+2l1
2 ) follow the similar logic.

Q.E.D.
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4. Product Line Extension with Vertical Consumer Heterogeneity

In this section, we study the case of vertical product line extension.3 Consumers are vertically

and uniformly located on a Hotelling line, and consumers’ locations are captured by θ ∈ [0, 1].

The consumer surplus is given by U = θq − p where q is product quality and p is the retail price

of the product. The manufacturer’s cost of producing a product with quality q is τq2. This is a

standard setup of vertical consumer heterogeneity, in line with extant marketing literature (Moorthy

1984,1988; Desai 2001).4 We again start with analyzing the effects of product line extension with

a fixed cost of F in a centralized channel, followed by the analysis in a decentralized channel.5 For

the sake of conciseness, we omit the details and report the main results in the following proposition.

Proposition TA 3: When consumers are vertically heterogeneous, a manufacturer does (not) ex-

tend its product line in a centralized (decentralized) channel when 1
675τ < F < 2

675τ . Channel

decentralization restores a social planner’s decision when 2
675τ < F < 1

225τ .

Proof: In the centralized channel with vertically heterogeneous consumers, the manufacturer will

extend the product line for F < 2
675τ . In the decentralized channel, the manufacturer will extend

the product line for F < 1
675τ <

2
675τ . Since 1

675τ <
2

675τ , the manufacturer is less likely to extend

the product line in a decentralized channel than in a centralized channel. In a centralized channel,

the social planner would like to extend the product line if F < 1
225τ as shown in the paper. The

manufacturer, however, would like to extend the product line only if F < 2
675τ . It is then very easy

to get the results as shown.

In a decentralized channel, the social planner will not extend the product line if F ≥ 7
2700τ as

shown in the paper. The manufacturer will not extend the product line if F ≥ 1
675τ . Therefore,

3The analysis of the case where consumers are both horizontally and vertically differentiated is provided in the
next section.

4An alternative setup of consumer surplus is U = V +θq−p where V is the base value for the product with quality
equal to zero. This setup may lead to the uninteresting result of p∗ = V and q∗ = 0 when V is sufficiently large.

5To be consistent with the case of horizontal consumer heterogeneity, the cost of product line extension F is
assumed to be fixed so as to capture the repositioning cost and other fixed costs such as R&D. The analysis of the
case where F is a function of product quality q, however, may generate additional insights and we leave this for future
research.
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both the manufacturer and the social planner will not extend the product line for F ≥ 7
2700τ . In

a centralized channel, however, the manufacturer will not extend the product line while a social

planner will extend for 2
675τ < F < 1

225τ . Therefore, the channel decentralization will help restore

the social planner’s decision for 2
675τ < F < 1

225τ .

Q.E.D.

Proposition TA 3 shows that the manufacturer will be less likely to extend the product line in

a centralized channel but will not extend in a decentralized channel when consumers are vertically

heterogeneous. The intuition here is similar to the case where consumers are horizontally distributed

and the market is not fully covered (t > V ). When consumers are vertically heterogeneous, the

market is never fully covered since some consumers do not have much value for the product due

to the characteristics of the vertical market. Thus, the benefit of improving the manufacturer’s

monopoly power over the retailer is weak once the manufacturer extends the product line since

the manufacturer’s wholesale price is also bound by considerations of market coverage. Due to

the double marginalization problem in the decentralized channel, the manufacturer will find it less

profitable to extend the product line.

Consistent with the case when consumers are horizontally heterogeneous, channel decentral-

ization by a manufacturer can also restore the product line extension by a social planner who

maximizes social welfare. The intuition is again similar to the case of horizontal consumer hetero-

geneity with the market not fully covered. In the region 2
675τ < F < 1

225τ , when the channel is

centralized, the social planner will extend the product line, but the manufacturer will not. When

the channel is decentralized, both the manufacturer and the social planner will not extend the

product line.

9



5. Product Line Extension with Both Horizontal and Vertical Consumer

Heterogeneity

In this section, we study the optimal product line extensions when consumers are both horizontally

and vertically heterogeneous (Desai 2001). Consumers are located on the surface of a square with a

size of 1×1. The consumer located at (x, θ) incurs a disutility of t|x−x0| for purchasing a product

located |x− x0| away horizontally from the consumer, and the consumer’s evaluation of a product

with quality q is equal to θq. That is, consumer (x, θ)’s surplus from buying a product located at

x0 is given by U(x, θ, q, p) = θq − t|x − x0| − p. Note that this model reverts back to the vertical

model for t = 0 and to the horizontal model for θq = V .6 The marginal cost for the manufacturer

to produce a product of quality q is assumed to be equal to τq2. 7

5.1. A Centralized Channel With One Product

When the manufacturer has only one product, the optimal horizontal location of the product is

x = 1
2 since this location will generate the lowest mismatching costs for consumers on average. For

any quality level qcb1, the demand is given by:

Dcb1 =
∫ 1

2
0 [1− t( 1

2
−x)+pcb1

qcb1
]dx+

∫ 1
1
2
[1− t(x− 1

2
)+pcb1

qcb1
]dx = 1− 4pcb1+t

4qcb1
. (TA10)

The manufacturer’s profit Πcb1 is given by

Πcb1 = (pcb1 − τq2
cb1)Dcb1 = (pcb1 − τq2

cb1)(1− 4pcb1+t
4qcb1

). (TA11)

6Strictly speaking, the horizontal model is not a special case of the general model since q is a decision variable in
the general model and consumers are heterogeneous on q. However, the model can still revert back to the horizontal
model if consumers become homogeneous with product quality and product quality q becomes exogenous (θq = V )
with τ = 0. Since the current model is the closest to the models in literature and generates cleaner results, we assume
such a consumer utility function as used in the paper.

7We focus on the cases where the high end consumers in the market are fully covered. That is, the consumers with
θ = 1 will get non-negative utility from consuming a product. This is satisfied for any 0 < tτ ≤ 3

8
. For simplicity,

we define the market as fully covered if high end consumers are fully covered and as partially covered (or not fully
covered) otherwise.
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The manufacturer chooses price pcb1 and quality qcb1 to maximize its profit, and the optimal

quality and price are given by

qcb1 = 1+
√

1+3tτ
6τ , pcb1 = 4−3tτ+4

√
1+3tτ

36τ ,Πcb1 = (1−3tτ+
√

1+3tτ)2

54τ(1+
√

1+3tτ)
. (TA12)

5.2. A Centralized Channel With Two Products

Now, we study the case where the manufacturer offers two differentiated products in a centralized

channel. It is assumed that the manufacturer decides on optimal locations followed by decisions

on price and quality. We first solve the case where both products can be both horizontally and

vertically differentiated, and show that in such a case it is always optimal for the manufacturer to

horizontally differentiate products only. We call such a case “Horizontally Differentiated Product”

below. Next, we solve the case where both products are restricted to be vertically differentiated

only.8 We compare the manufacturer’s profits in both cases to derive the optimal strategy for the

manufacturer.

Horizontally Differentiated Products

The manufacturer makes decisions on the following variables of product i (i = 1, 2): location lcbb2i,

price pcbb2i, and quality qcbb2i. We calculate the optimal quality levels and optimal locations, and

have the following results.9 10

Lemma TA 2: In a centralized channel where both products can be both horizontally and vertically

differentiated, the optimal prices, qualities, and locations of both products are given below.

8We need to solve the vertical differentiation case separately since the decisions on locations are made before
decisions on price and quality.

9We use subscripts {·}iblk to refer to the measure {·} in an i (i ∈ {c : centralized; d : decentralized}) channel
with both vertically and horizontally distributed consumers for k (k ∈ {1, 2}) products when products (if k = 2) are
l(l ∈ {h : horizontally; v : vertically}) differentiated. For instance, the variable qcbh2 refers to the quality of the
product in a centralized channel with both horizontally and vertically distributed consumers and with horizontally
differentiated products offered by the manufacturer.

10In Lemma TA 2 below, we list the results for both partially covered market and fully covered market. In the
analysis afterwards, we focus on the case where the market is fully covered by both products.
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For tτ > 16
25 , the market is partially covered by both products, and there are multiple optimal

locations, including locations (1
4 ,

3
4). We have:

lcbh21 = 1
4 , lcbh22 = 3

4 , qcbh21 = qcbh22 = 2
5τ ,

pcbh21 = pcbh22 = 6
25τ , Πcbh2 = 32

3125tτ2 − F.

(TA13)

For tτ ≤ 16
25 , the market is fully covered by both products, and the unique optimal locations are

given by (1
4 ,

3
4). We have:

lcbh21 = 1
4 , lcbh22 = 3

4 , qcbh21 = qcbh22 = 2+
√

4+6tτ
12τ ,

pcbh21 = pcbh22 = 8−3tτ+4
√

4+6tτ
72τ , Πcbh2 = (2−3tτ+

√
4+6tτ)2

108τ(2+
√

4+6tτ)
− F.

(TA14)

Proof: We prove the lemma in two steps. First, we solve for the case where the market is not fully

covered by both products. Second, we solve the case where the market is fully covered by both

products.

First, when the market is not fully covered by both products, we assume the consumers located

at (0, 1) and (1, 1) are covered by some product and get zero utility. That is, these two consumers

are marginal consumers. It is assumed in a way to simplify the analysis while we will get same

solutions by assuming different marginal consumers. Given both products’ locations (lcbh21, lcbh22)

and marginal consumers (0, 1) and (1, 1), the demand for both products are respectively given by,


Dcbh21 =

∫ lcbh21
0 (1− θL1)dx+

∫ 2lcbh21
lcbh21

(1− θR1)dx = (qcbh21−pcbh21)2

tqcbh21

Dcbh22 =
∫ lcbh22
2lcbh22−1(1− θL2)dx+

∫ 1
lcbh22

(1− θR2)dx = (qcbh22−pcbh22)2

tqcbh22

(TA15)
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where θki represents the function of locations of the marginal consumers who are located on the

k side of product i (k = L,R and i = 1, 2), and lcbh21 = qcbh21−pcbh21
t , θL1 = pcbh21+t(lcbh21−x)

qcbh21
,

θR1 = pcbh21+t(x−lcbh21)
qcbh21

, lcbh22 = pcbh22−qcbh22+t
t , θL2 = pcbh22+t(lcbh22−x)

qcbh22
, and θR2 = pcbh22+t(x−lcbh22)

qcbh22
.

The manufacturer’s profit is given by

Πcbh2 = (pcbh21 − τq2
cbh21)Dcbh21 + (pcbh22 − τq2

cbh22)Dcbh22 − F (TA16)

Solving for the manufacturer’s optimization problem gives the following results:

lcbh21 = 4
25tτ , lcbh22 = 1− 4

25tτ , qcbh21 = qcbh22 = 2
5τ ,

pcbh21 = pcbh22 = 6
25τ , Πcbh2 = 32

3125tτ2 − F.

(TA17)

The constraint that the market is not fully covered by both products is satisfied for any tτ > 16
25 .

In the analysis above, we assume consumers (0, 1) and (1, 1) are marginal consumers to make it

easy to solve the model. It is easy to show that any locations of ( 4
25tτ ≤ lcbh21 ≤ 1− 3 4

25tτ , 3
4

25tτ ≤

lcbh22 ≤ 1− 4
25tτ ), including (lcbh21 = 1

4 , lcbh22 = 3
4), are optimal.

Next, we consider the case where the market is fully covered by both products. The analysis is

considerably more complicated than the first case and we will proceed in two steps. In the first step,

we solve the model where the manufacturer chooses same prices and qualities for both products. In

the second step, we show that the solutions from the first model are also optimal for the case where

the manufacturer can choose different prices and qualities for both products. We now proceed to

the first step where the prices and qualities are assumed to be same for both products.

Assume the locations of both products are given by (lcbh21, lcbh22) respectively, and the quality

of the second product is no lower than the first product, i.e., qcbh22 ≥ qcbh21. The locations of
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marginal consumers who get zero utility from consuming a product are given by

θL1 = pcbh21+t(lcbh21−x)
qcbh21

, θR1 = pcbh21+t(x−lcbh21)
qcbh21

, θL2 = pcbh22+t(lcbh22−x)
qcbh22

, θR2 = pcbh22+t(x−lcbh22)
qcbh22

.

(TA18)

The locations of marginal consumers between the two products are given by function θ0(x),

θ0(x) = pcbh22−pcbh21+t(lcbh21+lcbh22)−2tx
qcbh22−qcbh21

. (TA19)

The marginal consumer who gets zero utility from consuming either product l3 and the marginal

consumer who has a θ = 1 are respectively given by


l3 = qcbh21pcbh−qcbh22pcbh21+t(qcbh21lcbh22+qcbh22lcbh21)

t(qcbh21+qcbh22)

l4 = pcbh22−pcbh21+t(lcbh21+lcbh22)−(qcbh22−qcbh21)
2t

. (TA20)

The demand for both products are respectively given by,


Dcbh21 =

∫ lcbh21
0 (1− θL1)dx+

∫ l4
lcbh21

(1− θR1)dx+
∫ l3
l4

(θ0 − θR1)dx

Dcbh22 =
∫ l3
l4

(1− θ0)dx+
∫ lcbh22
l3

(1− θL2)dx+
∫ 1
lcbh22

(1− θR2)dx

. (TA21)

Note that qcbh22 ≥ qcbh21 ensures that θ0(x) is a non-increasing function of x, i.e., l4 ≤ l3. The

manufacturer’s profit is given by

Πcbh2 = (pcbh21 − τq2
cbh21)Dcbh21 + (pcbh22 − τq2

cbh22)Dcbh22 − F. (TA22)
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Assuming the manufacturer chooses same prices and qualities for both products, we have the

following results:

lcbh21 = 1
4 , lcbh22 = 3

4 , qcbh21 = qcbh22 = 2+
√

4+6tτ
12τ ,

pcbh21 = pcbh22 = 8−3tτ+4
√

4+6tτ
72τ , Πcbh2 = (2−3tτ+

√
4+6tτ)2

108τ(2+
√

4+6tτ)
− F.

(TA23)

In order to fully cover the market, the following condition must be satisfied: tτ ≤ 16
25 .

Last, it is easy to show that the solutions above will satisfy both the first-order conditions and

second-order conditions of the optimization problem when the manufacturer can choose different

prices and qualities for both products.11 Thus, the optimal solutions for the case where the market

is fully covered by both products in the centralized channel are given by equation (TA23).

Q.E.D.

The manufacturer will be willing to extend the product line if the fixed cost is sufficiently low:

F < (2−3tτ+
√

4+6tτ)2

108τ(2+
√

4+6tτ)
− (1−3tτ+

√
1+3tτ)2

54τ(1+
√

1+3tτ)
. (TA24)

Interestingly, the product quality is lower after the product line extension. This is summarized

in the following proposition:

Proposition TA 4: Product quality will be lower after the manufacturer extends the product line

horizontally in a centralized channel where consumers are both horizontally and vertically differen-

tiated.

Proof: The result is easy to show given 1+
√

1+3tτ
6τ > 2+

√
4+6tτ

12τ for any t > 0 and τ > 0.

11Due to the complexity of the optimization problem, we cannot get the solutions directly by solving for the full
model. Here we show that the solutions given above satisfy both the first-order conditions and second-order conditions
of the optimization problem.

15



Q.E.D.

The intuition behind Proposition TA 4 is as follows. Before the product line is extended,

consumers on average incur a high mismatch cost, and the manufacturer has to increase the product

quality to make the product attractive to consumers. After product line extension, the products

will fit consumers’ tastes better, and the manufacturer is therefore less concerned with lower market

coverage by a product. The manufacturer thus has less an incentive to maintain a high quality.

Vertically Differentiated Products

Now we study the case where the manufacturer offers two vertically differentiated products that

are both located at lcbv2. The manufacturer will choose the qualities, prices, and locations of both

products to maximize its total profit. We calculate the optimal quality levels and have the following

results.

lcbv21 = 1
2 , qcbv21 = 1+

√
1+15tτ
10τ , qcbv22 = 11+

√
1+15tτ

30τ , pcbv21 = 3+3
√

1+15tτ
50τ − t

20 ,

pcbv22 = 113+13
√

1+15tτ
450τ − 7t

60 , Πcbv2 = 27−190tτ+675t2τ2+(27−80tτ−75t2τ2)
√

1+15tτ

675τ(1−5tτ+
√

1+15tτ)
− F.

(TA25)

The reason for the manufacturer to locate both products at lcbv2 = 1
2 is as follows. Suppose both

products are instead located at l̃ < 1
2 . There are three cases to consider: 1). the market is not fully

covered by both products and consumer (0, 1) is not served; 2). the market is not fully covered by

both products and consumer (0, 1) is served; and 3). the market is fully covered by both products.

In case 1), lcbv2 = 1
2 is one of multiple optimal solutions, since the manufacturer can locate its

products at x = 1
2 without hurting its demand because of the partial coverage of the market. In

case 2), given the prices and qualities of both products, the manufacturer can always increase its

demand by moving the location of the products towards x = 1
2 until consumer (1, 1) is served by

some product, which leads to our case 3). In case 3), since l̃ < 1
2 , the number of marginal consumers
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to the right side of the products, i.e., x > l̃, is larger than the number of marginal consumers to the

left side of the products, i.e., x < l̃. By moving product location to right by ε, the manufacturer

will be able to increase its demand, which leads to a higher profit. The manufacturer can continue

to do so until the number of marginal consumers to the right side of the products is equal to the

number to the left, i.e., until when lcbv2 = 1
2 . Thus, lcbv2 = 1

2 is always an optimal location for both

products.

Given the optimal solutions as shown in equation (TA25), the manufacturer will be willing to

extend the product line if the fixed cost is sufficiently low:

F < 27−190tτ+675t2τ2+(27−80tτ−75t2τ2)
√

1+15tτ

675τ(1−5tτ+
√

1+15tτ)
− (1−3tτ+

√
1+3tτ)2

54τ(1+
√

1+3tτ)
. (TA26)

Horizontal vs. Vertical Product Line Extensions

When deciding to extend the product line horizontally or vertically, the manufacturer compares

the profits between the two scenarios. The results are given below:


Πcbv2 ≥ Πcbh2, if tτ ≤ 0.0559;

Πcbh2 > Πcbv2, if tτ > 0.0559.
(TA27)

That is, the manufacturer will horizontally extend the product line for a large tτ and vertically

extend the product line otherwise if the fixed cost is low enough in a centralized channel when

consumers are both horizontally and vertically heterogeneous. This is because when tτ is large,

either the consumer mismatching disuility is large or the cost of providing higher product quality

is large. In either case, the manufacturer will optimally choose horizontal product line extension to

help reduce consumer mismatching cost or avoid the high cost of providing high quality products.

When tτ is small, either consumer mismatching disutility is low or the cost of increasing the

product quality is lower. In either case, the manufacturer will find vertical product line extension

more profitable.
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Social Planner: Horizontal and Vertical Product Line Extensions in a Centralized Channel

Now we study the effects of product line extension on consumer welfare and social welfare. When

there is only one product in the market, total consumer surplus is given by CScb1 = 4−45tτ+(4+21tτ)
√

1+3tτ
432τ .

If there are two horizontally differentiated products in the market after product line extension, total

consumer surplus is given by CScbh2 = 32−24tτ+63t2τ2+(16−24tτ)
√

4+6tτ

864τ(2+
√

4+6tτ)
. If there are two vertically

differentiated products in the market after product line extension, total consumer surplus is given

by CScbv2 = 208−795tτ+(8+195tτ)
√

1+15tτ
10800τ .

Social welfare can be calculated by adding the firm’s profit and total consumer surplus. When

there is only one product in the market, social welfare is given by SWcb1 = 8−12tτ+45t2τ2+(8−24tτ)
√

1+3tτ

144τ(1+
√

1+3tτ)
.

When there are two horizontally differentiated products in the market, we have social welfare given

by SWcbh2 = 32−24tτ+45t2τ2+(16−24tτ)
√

4+6tτ

288τ(2+
√

4+6tτ)
−F . When there are two vertically differentiated prod-

ucts in the market, the social welfare is SWcbv2 =
216−1520tτ+5900t2τ2+(216−640tτ−725t2τ2)

√
1+15tτ

3600τ(1−5tτ+
√

1+15tτ) −F .

When deciding to extend the product line horizontally or vertically, the social planner will com-

pare the social welfare of horizontally extended product line with that of vertically extended product

line. We have SWcbh2 > SWcbv2. The social planner will extend the product line horizontally when

the fixed cost is sufficiently low:

F < 32−24tτ+45t2τ2+(16−24tτ)
√

4+6tτ

288τ(2+
√

4+6tτ)
− 8−12tτ+45t2τ2+(8−24tτ)

√
1+3tτ

144τ(1+
√

1+3tτ)
. (TA28)

The comparison between the line extension decisions by the social planner and by the manufacturer

shows that the firm and the social planner may have conflicting incentives on extending the product

line. If the extension cost F is small enough such that the firm would like to extend the product

line, it will vertically extend the line when tτ is small (tτ ≤ 0.0559), but the social planner would

like to horizontally extend the product line.

We compare the threshold values of F for the social planner to extend the product line with

the threshold values of F for the manufacturer to be willing to extend the product line. We find
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an interesting result: a manufacturer is more likely to extend the product line for tτ ≤ 0.0404

compared to a social planner. For a larger tτ , the social planner is more willing to extend the

product line than the firm.

Proposition TA 5: When consumers are both horizontally and vertically heterogeneous and prod-

ucts are horizontally differentiated, the manufacturer is more (less) willing to extend the product

line than a social planner for a small (large) tτ in a centralized channel.

Proof: Equation (TA24) shows the threshold value of F under which the manufacturer in a

centralized channel with both horizontally and vertically heterogeneous consumers and horizontally

differentiated products will be willing to extend the product line. Equation (TA28) shows the

threshold value of F under which the social planner in the same channel will be willing to extend

the product line. It is easy to derive the results of Proposition TA 5 through the comparison of the

two threshold values.

Q.E.D.

5.3. A Decentralized Channel With One Product

When the manufacturer has only one product, the optimal horizontal location of the product is

x = 1
2 since such a location will minimize the mismatch disutility for consumers. For any quality

level qdb1, the demand is given by:

Ddb1 =
∫ 1

2
0 [1− t( 1

2
−x)+pdb1

qdb1
]dx+

∫ 1
1
2
[1− t(x− 1

2
)+pdb1

qdb1
]dx = 1− 4pdb1+t

4qdb1
. (TA29)

The optimal retail price pdb1 to maximize the retailer’s profit πdb1 = (pdb1 − wdb1)Ddb1 is given by

pdb1 = 4w+4q−t
8 . The manufacturer’s profit is given by Πdb1 = (wdb1 − τq2

db1)Ddb1 and the optimal

quality and wholesale price are as follows:

qdb1 = 1+
√

1+3tτ
6τ , wdb1 = 4−3tτ+4

√
1+3tτ

36τ , pdb1 = 5−6tτ+5
√

1+3tτ
36τ . (TA30)
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Firms’ profits are given by

Πdb1 = (1−3tτ+
√

1+3tτ)2

108τ(1+
√

1+3tτ)
, πdb1 = (1−3tτ+

√
1+3tτ)2

216τ(1+
√

1+3tτ)
. (TA31)

5.4. A Decentralized Channel With Two Products

Next, we study the case where the manufacturer offers two differentiated products in a decentralized

channel. It is assumed that the manufacturer decides on product locations followed by its decisions

on wholesale price and product quality. Given the locations, wholesale prices, and qualities of both

products, the retailer set retail prices. We first solve the case where both products can be both

horizontally and vertically differentiated, and show that in such a case it is always optimal for

the manufacturer to horizontally differentiate products only. Following the practice before, we call

such a case “Horizontally Differentiated Product”. Next, we solve the case where both products

are restricted to be vertically differentiated only. We compare the manufacturer’s profits in both

cases to derive the optimal strategy for the manufacturer.

Horizontally Differentiated Products

The manufacturer makes decisions on the following variables of product i (i = 1, 2): location ldbb2i,

wholesale price wdbb2i, and quality qdbb2i. We calculate the optimal quality levels and optimal

locations, and have the following results.

Lemma TA 3: In a decentralized channel where both products can be both horizontally and vertically

differentiated and the market is fully covered, the optimal prices, qualities, and locations of both
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products are given below.

ldbh21 = 1
4 , ldbh22 = 3

4 , qdbh21 = qdbh22 = 2+
√

4+6tτ
12τ , wdbh21 = wdbh22 = 8−3tτ+4

√
4+6tτ

72τ ,

pdbh21 = pdbh22 = 10−6tτ+5
√

4+6tτ
72τ , Πdbh2 = (2−3tτ+

√
4+6tτ)2

216τ(2+
√

4+6tτ)
− F, πdbh2 = (2−3tτ+

√
4+6tτ)2

432τ(2+
√

4+6tτ)
.

(TA32)

Proof: We assume the manufacturer chooses same wholesale prices wdbh2 and qualities qdbh2 for

both products and the retailer chooses same retail prices pdbh2.12 Denote the locations of both

products as (ldbh21, ldbh22) respectively. The locations of marginal consumers who get zero utility

from consuming a product are given by

θL1 = pdbh21+t(ldbh21−x)
qdbh21

, θR1 = pdbh21+t(x−ldbh21)
qdbh21

, θL2 = pdbh22+t(ldbh22−x)
qdbh22

, θR2 = pdbh22+t(x−ldbh22)
qdbh22

.

(TA33)

Given equal wholesale prices, retail prices, and the quality levels of both products, the marginal

consumers l3 between both products are given by

l3 = ldbh22+ldbh21
2 . (TA34)

The demand for both products are respectively given by,


Ddbh21 =

∫ ldbh21
0 (1− θL1)dx+

∫ l3
ldbh21

(1− θR1)dx

Ddbh22 =
∫ ldbh22
l3

(1− θL2)dx+
∫ 1
ldbh22

(1− θR2)dx
. (TA35)

The manufacturer’s and retailer’s profits are given by

Πdbh2 = (wdbh2 − τq2
dbh2)(Ddbh21 +Ddbh22)− F

πdbh2 = (pdbh2 − wdbh2)(Ddbh21 +Ddbh22)
(TA36)

12The model without such constraints does not have any closed form solution.
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The manufacturer chooses (ldbh21, ldbh22), wdbh2, and qdbh2 to maximize Πdbh2, and the retailer

sequentially chooses pdbh2 to maximize its profit πdbh2. Solving the sequential game above will lead

to the results given in equation (TA32). In order to fully cover the market, the following condition

must be satisfied: tτ ≤ 3
8 .

Q.E.D.

Vertically Differentiated Products

When the two products are vertically differentiated in a decentralized channel, we have

qdbv21 = 1+
√

1+15tτ
10τ , qdbv22 = 11+

√
1+15tτ

30τ , wdbv21 = 6−5tτ+6
√

1+15tτ
100τ ,

wdbv22 = 226−105tτ+26
√

1+15tτ
900τ , pdbv21 = 8−15tτ+8

√
1+15tτ

100τ , pdbv22 = 278−165tτ+28
√

1+15tτ
900τ .

(TA37)

Firms’ profits are given by

Πdbv2 = 27−190tτ+675t2τ2+(27−80tτ−75t2τ2)
√

1+15tτ

1350τ(1−5tτ+
√

1+15tτ)
− F,

πdbv2 = 27−190tτ+675t2τ2+(27−80tτ−75t2τ2)
√

1+15tτ

2700τ(1−5tτ+
√

1+15tτ)
.

(TA38)

Horizontal vs. Vertical Product Line Extensions

When making decisions on product line extension, the manufacturer compares the profits between

the two scenarios above. The results are listed below:


Πdbv2 > Πdbh2, if tτ ≤ 0.0559;

Πdbh2 ≥ Πdbv2, if tτ > 0.0559.
(TA39)

Again, the manufacturer will horizontally extend the product line for a large tτ and vertically

extend the product line otherwise. Interestingly, the manufacturer’s decisions of extending the
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product line are the same for both decentralized and centralized channels, i.e., it will vertically

extend the product line for any tτ ≤ 0.0559.

Social Planner: Horizontal and Vertical Product Line Extensions in a Decentralized Channel

Next, we study the effect of product line extension on consumer welfare and social welfare. When

there is only one product in the market, total consumer surplus is given by CSdb1 = 1−18tτ+(1+12tτ)
√

1+3tτ
432τ .

If there are two horizontally differentiated products in the market after product line extension, to-

tal consumer surplus is given by CSdbh2 = 4−3tτ+18t2τ2+(2−3tτ)
√

4+6tτ

432τ(2+
√

4+6tτ)
. If there are two vertically

differentiated products in the market after product line extension, total consumer surplus is given

by CScbv2 = 52−255tτ+(2+105tτ)
√

1+15tτ
10800τ .

Social welfare can be calculated by adding the firm’s profit and total consumer surplus. When

there is only one product in the market, social welfare is given by SWdb1 = 14−21tτ+90t2τ2+(14−42tτ)
√

1+3tτ

432τ(1+
√

1+3tτ)
.

When there are two horizontally differentiated products in the market, social welfare is given by

SWdbh2 = 28−21tτ+45t2τ2+(14−21tτ)
√

4+6tτ

432τ(2+
√

4+6tτ)
−F . When there are two vertically differentiated products

in the market, social welfare is SWdbv2 =
378−2660tτ+10950t2τ2+(378−1120tτ−1425t2τ2)

√
1+15tτ

10800τ(1−5tτ+
√

1+15tτ) − F .

In order to decide to extend the product line or not, the social planner will need to compare the

social welfare of horizontally extended product line with that of vertically extended product line.

The results are given below:


SWdbv2 ≥ SWdbh2, if tτ ≤ 0.0590;

SWdbh2 > SWdbv2, if tτ > 0.0590.
(TA40)

With a sufficiently low fixed cost, the social planner will extend the product line vertically when

tτ is small and will extend the product line horizontally when tτ is large. The threshold values of
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F for the social planner to extend the product line are given below.


F <

378−2660tτ+10950t2τ2+(378−1120tτ−1425t2τ2)
√

1+15tτ

10800τ(1−5tτ+
√

1+15tτ) − 14−21tτ+90t2τ2+(14−42tτ)
√

1+3tτ

432τ(1+
√

1+3tτ)
, if tτ ≤ 0.0590;

F < 28−21tτ+45t2τ2+(14−21tτ)
√

4+6tτ

432τ(2+
√

4+6tτ)
− 14−21tτ+90t2τ2+(14−42tτ)

√
1+3tτ

432τ(1+
√

1+3tτ)
, if tτ > 0.0590.

(TA41)

Interestingly, the decentralization of a channel may mitigate the confliction between the social

planner and the manufacturer on line extension decisions. If the extension cost F is small enough

such that the manufacturer in a decentralized channel would like to extend the product line, it will

vertically extend the line when tτ is small, which is consistent with the social planner’s decision but

inconsistent with the manufacturer’s decision in a centralized channel. This is summarized below.

Proposition TA 6: When consumers are both horizontally and vertically heterogeneous, the man-

ufacturer will vertically extend the product line for small tτ (tτ ≤ 0.0559) in both centralized and

decentralized channels, and the decentralization of the channel will restore a social planner’s deci-

sions on product line extension for tτ ≤ 0.0559, compared with a centralized channel.

Proof: Equation (TA27) shows that the manufacturer in a centralized channel will be willing to

vertically extend the product line for a small tτ (tτ ≤ 0.0559) but the social planner would like to

horizontally extend the product line always, when consumers are both vertically and horizontally

heterogeneous and F is small enough. Equations (TA39) and (TA40) show, however, that both the

manufacturer and social planner in a decentralized channel will be willing to vertically extend the

product line for a small tτ (tτ ≤ min{0.0559, 0.0590} = 0.0559). That is, the decentralization of

the channel will restore a social planner’s decisions on product line extension for a small tτ when

consumers are both horizontally and vertically heterogeneous.

Q.E.D.
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6. Product Line Extension with Duopoly Competition

In this section, we consider the case where the manufacturer is competing against another firm. It

is assumed that a firm Q is located at the right end of the Hotelling line and is competing with

the manufacturer for horizontally heterogeneous consumers. We further assume that firm Q is

competing with the manufacturer in one segment of size 8
11 < α ≤ 1 (labeled as segment 1) and the

manufacturer has a loyal segment of size 1−α (labeled as segment 2).13 Each consumer in segment

1 has a value of V for a product from either firm. Each consumer in segment 2 has a value of V for

the manufacturer’s product and has a value of zero for firm Q’s product. Thus the manufacturer

is a monopoly in segment 2 and competes with firm Q in segment 1. Firm Q sets its retail price q

and has a zero marginal cost. Other settings are similar to those in the base model. We first solve

the case of a centralized channel in which the manufacturer competes with firm Q on retail price

directly.

6.1. A Centralized Channel With One Product

When the manufacturer has only one product, the product is located at the left end of the Hotelling

line as is commonly assumed in the literature (d’Aspremont, et al. 1979). The marginal consumer

in segment 1 is located at x̄ = qch1−pC
ch1+t

2t where qch1 is the price set by firm Q and pCch1 is the retail

price set by the manufacturer. The manufacturer’s and firm Q’s profit functions are given by


ΠMC
ch1 = α · pCch1 · x̄+ (1− α) · pCch1 · 1

ΠQC
ch1 = α · qch1 · (1− x̄)

, (TA42)

Solving the optimization problems for both firms leads to the following optimal prices


pCch1 = (4−α)t

3α

qch1 = (2+α)t
3α

. (TA43)

13We focus on the cases where 8
11
< α ≤ 1 and V is not extraordinarily large such that the solutions are interior.
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Firms’ profits and social welfare are given by



ΠMC
ch1 = (4−α)2t

18α

ΠQC
ch1 = (2+α)2t

18α

SWC
ch1 = V − (4+10α−5α2)t

36α

. (TA44)

For any t ≤ 3αV
2(2+α)V , the market is fully covered. In addition, for α > 2

5 , both firms will sell in

segment 1, i.e., 0 < x̄ < 1.14

6.2. A Centralized Channel With Two Products

When the manufacturer extends the product line to two products, the original product is assumed

to remain at the left end of the Hotelling line and the optimal location of the new product is given

by 0 < L < 1. Both products’ prices are given by pCch21 and pCch22, respectively. Given L > 0, the

marginal consumer between the manufacturer’s two products is located at x̄ = pC
ch22−p

C
ch21+tL

2t in

both segments, and the marginal consumer between the manufacturer and firm Q in segment 1 is

located at ȳ = tL+qch2−pC
ch22+t

2t . 15 The manufacturer’s and firm Q’s profit functions are given by


ΠMC
ch2 = α[pCch21 · x̄+ pCch22 · (ȳ − x̄)] + (1− α)[pCch21 · x̄+ pCch22 · (1− x̄)]− F

ΠQC
ch2 = α[qch2 · (1− ȳ)]

. (TA45)

14The case where firm Q is a monopoly in segment 1 while the manufacturer is a monopoly in segment 2 is less
interesting in the current model, since we are interested in how competition between firms affects the manufacturer’s
and a social planner’s product line extension strategies.

15Since it is easier for the manufacturer to change prices than the position of a product, we assume that the
manufacturer makes decisions in two stages: in the first stage, the manufacturer decides on L; in the second stage,
given L both the manufacturer and firm Q simultaneously decide on retail prices to compete for end consumers. We
solve the model using backward induction.
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Both firms simultaneously maximize their respective profits by choosing optimal prices, and the

prices and profits are given by



pCch21 = (8−2α+5αL)t
6α

pCch22 = (4−α+αL)t
3α

qch2 = (2+α−αL)t
3α

ΠMC
ch2 = [(4α2+9α)L2−8(α2−4α)L+4(α2−8α+16)]t

72α − F

ΠQC
ch2 = (2+α−αL)2t

18α

. (TA46)

Since ∂ΠMC
ch2
∂L > 0 for any 0 ≤ L ≤ 1, the manufacturer chooses an as large L as possible such that

firm Q finds it non-profitable to deviate from the current price to a deeper price in order to steal

all consumers of the new product in segment 1. The highest price q̃ to steal all consumers of the

new product in segment 1 is given by q̃ = pCch2 − t(1 − L) = 4(1−α+αL)t
3α , and firm Q’s profit from

deviation is given by Π̃QC
ch2 = t

3(4−L)(1−α+αL). The highest L to prevent firm Q from deviating

from qch2 = (2+α−αL)t
3α is thus given by L∗ = 1

7α [16α−1−3
√

9α2 + 12α− 3]. It is easy to show that

the manufacturer has no incentive to deviate from such an L∗. The optimal prices and marginal

consumers are thus given by



pCch21 = t
14α(17 + 22α− 5

√
9α2 + 12α− 3)

pCch22 = t
7α(9 + 3α−

√
9α2 + 12α− 3)

qch2 = t
7α(5− 3α+

√
9α2 + 12α− 3)

x̄Cch2 = 1
28α(−1 + 16α− 3

√
9α2 + 12α− 3)

ȳCch2 = 1
14α(−5 + 17α−

√
9α2 + 12α− 3)

. (TA47)
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Firms’ profits and the social welfare are given by



ΠMC
ch2 = t

392α2 [72α3 + 601α2 + 388α− 26− (24α2 + 168α− 6)
√

9α2 + 12α− 3]− F

ΠQC
ch2 = t

98α(3α− 5−
√

9α2 + 12α− 3)2

SWC
ch2 = V − t

784α2 [−360α3 + 3005α2 + 1220α− 338 + (120α2 − 1000α+ 78)
√

9α2 + 12α− 3]− F
(TA48)

Given both the manufacturer’s profit and social welfare in equation (TA44) with one product and

in equation (TA48) with two products, we can solve for the threshold values of fixed cost F under

which the manufacturer or the social planner is willing to extend the product line. The threshold

values of fixed cost F are therefore solved from FMC
ch = ΠMC

ch2 −ΠMC
ch1 and FSCch = SWC

ch2 − SWC
ch1


FMC
ch = t

3528α2 [452α3 + 6977α2 + 356α− 234− (216α2 + 1512α− 54)
√

9α2 + 12α− 3]

FSCch = t
7056α2 [2260α3 − 25085α2 − 10196α+ 3042− (1080α2 + 9000α− 702)

√
9α2 + 12α− 3]

.

(TA49)

For any t ≤ 7α(5−3α−
√

9α2+12α−3)V
2(28−42α) , the market is fully covered. In addition, for α > 1

2 , we have

0 < x̄Cch2 < L∗ < ȳCch2 < 1.

6.3. A Decentralized Channel With One Product

In a decentralized channel with a single product by each firm, the manufacturer sells its product

through a retailer, which is competing with firm Q for end consumers. The marginal consumer in

segment 1 is thus given by x̄ = qdh1−pC
dh1+t

2t where qdh1 is the price set by firm Q and pCdh1 is the

retail price set by the retailer. The retailer’s and firm Q’s profit functions are given by


ΠRC
dh1 = α(pCdh1 − wCdh1) · x̄+ (1− α) · (pCdh1 − wCdh1) · 1

ΠQC
dh1 = α[qdh1 · (1− x̄)]

, (TA50)
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Solving the optimization problems for both the retailer and firm Q leads to the following optimal

prices 
pCdh1 = (4−α)t+2αwC

dh1
3α

qdh1 = (2+α)t+αwC
dh1

3α

. (TA51)

Given retail prices in equation (TA51), the manufacturer sets its wholesale price wCdh1 to maximize

its profit ΠMC
dh1 = αwCdh1 · x̄+ (1−α) ·wCdh1 ·1. The optimal wholesale and retail prices and marginal

consumer in segment 1 are thus given by



wCdh1 = (4−α)t
2α

pCdh1 = 2(4−α)t
3α

qdh1 = (8+α)t
6α

x̄Cdh1 = 11α−8
12α

. (TA52)

Firms’ profits and social welfare are given by



ΠRC
ch1 = (4−α)2t

72α

ΠMC
ch1 = (4−α)2t

24α

ΠQC
ch1 = (8+α)2t

72α

SWC
ch1 = V − (64−8α−11α2)t

144α

. (TA53)

For any t ≤ 3αV
8+α , the market is fully covered. In addition, for α > 8

11 , we have 0 < x̄Cdh1 < 1.

6.4. A Decentralized Channel With Two Products

When the manufacturer extends the product line to two products that are sold to end consumers

through a retailer, the original product is assumed to remain at the left end of the Hotelling line and

the optimal location of the new product is given by 0 < L < 1. Given L > 0, the marginal consumer

between the manufacturer’s two products in both segments is given by x̄ = pC
dh22−p

C
dh21+tL

2t , and the

marginal consumer between the retailer and firm Q in segment 1 is given by ȳ = tL+qdh2−pC
dh22+t

2t .
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The retailer’s and firm Q’s profit functions are given by



ΠRC
dh2 = α[(pCdh21 − wCdh21) · x̄+ (pCdh22 − wCdh22) · (ȳ − x̄)]

+(1− α)[(pCdh21 − wCdh21) · x̄+ (pCdh22 − wCdh22) · (1− x̄)]

ΠQC
dh2 = α[qdh2 · (1− ȳ)]

. (TA54)

Solving the optimization problems for both the retailer and firm Q leads to the following optimal

prices 

pCdh21 = (8−2α+5αL)t+α(3wC
dh21+wC

dh22)

6α

pCdh22 = (4−α+αL)t+2αwC
dh22

3α

qdh2 = (2+α−αL)t+αwC
dh22

3α

. (TA55)

Given retail prices in equation (TA55), the manufacturer sets its wholesale prices wCdh21 and wCdh22

to maximize its profit ΠMC
dh2 = α[wCdh21 · x̄+wCdh22 · (ȳ− x̄)] + (1−α)[wCdh21 · x̄+wCdh22 · (1− x̄)]−F .

The optimal wholesale and retail prices and the manufacturer’s profit are thus given by



wCdh21 = (4−α+2αL)t
2α

wCdh22 = (4−α+αL)t
2α

pCdh21 = (32−8α+17αL)t
12α

pCdh22 = 2(4−α+αL)t
3α

qdh2 = (8+α−αL)t
6α

ΠMC
dh2 = ((3+2α)αL2+4α(4−α)L+32−16α+2α2)t

48α − F

. (TA56)

Since ∂ΠMC
dh2
∂L > 0 for any 0 ≤ L ≤ 1, the manufacturer chooses an as large L as possible such that

firm Q finds it non-profitable to deviate from the current price to a deeper price in order to steal

all consumers of the new product in segment 1. The highest price q̃ to steal all consumers of the

new product in segment 1 is given by q̃ = pCdh22 − t(1− L) = (8−5α+5αL)t
8α , and firm Q’s profit from

deviation is given by Π̃QC
dh2 = t

24(8 − L)(8 − 5α + 5αL). The highest L to prevent firm Q from

deviating from qdh2 = (8+α−αL)t
6α is thus given by L∗ = 1

32α(137α − 8− 3
√

1225α2 + 1008α− 448).
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It is easy to show that the manufacturer has no incentive to deviate from such an L∗. The optimal

prices and marginal consumers are thus given by



wCdh21 = t
32α(56 + 121α− 3

√
1225α2 + 1008α− 448)

wCdh22 = 3t
64α(40 + 35α−

√
1225α2 + 1008α− 448)

pCdh21 = t
128α(296 + 691α− 17

√
1225α2 + 1008α− 448)

pCdh22 = t
16α(40 + 35α−

√
1225α2 + 1008α− 448)

qdh2 = t
64α(88 + 35α−

√
1225α2 + 1008α− 448)

x̄Cdh2 = L∗

8 = 1
256α(137α− 8− 3

√
1225α2 + 1008α− 448)

ȳCdh2 = 1
128α(−88 + 163α−

√
1225α2 + 1008α− 448)

. (TA57)

Firms’ profits and the social welfare are given by



ΠRC
dh2 = t

16384α2 [4900α3 + 22513α2 + 5744α− 1984− (140α2 + 571α− 24)
√

1225α2 + 1008α− 448]

ΠMC
dh2 = t

8192α2 [7350α3 + 26321α2 + 6896α− 1984− (210α2 + 651α− 24)
√

1225α2 + 1008α− 448]− F

ΠQC
dh2 = t

8192α(35α− 88−
√

1225α2 + 1008α− 448)2

SWC
dh2 = V − t

32768α2 [−53900α3 + 766889α2 + 223984α− 113088

+(1540α2 − 22179α+ 1368)
√

1225α2 + 1008α− 448]− F
(TA58)

The threshold values of fixed cost F under which the manufacturer or the social planner in a

decentralized channel is willing to extend the product line are therefore solved from FMC
dh = ΠMC

dh2 −

ΠMC
dh1 and FSCdh = SWC

dh2 − SWC
dh1.



FMC
dh = t

24576α2 [21026α3 + 87155α2 + 4304α− 5952− (630α2 + 1953α− 72)
√

9α2 + 12α− 3]

FSCdh = t
294912α2 [462572α3 − 6918385α2 − 1884784α+ 1017792

−(13860α2 − 199611α+ 12312)
√

9α2 + 12α− 3]

.

(TA59)
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For any t ≤ 32αV
(88−35α+

√
1225α2+1008α−448)

, the market is fully covered. In addition, for α > 8
11 , we

have 0 < x̄Cdh2 < L∗ < ȳCdh2 < 1.

Figure 1 shows how the manufacturer’s and social planner’s product line extension strategies

change as α changes in both the centralized and decentralized channels. In the figure, label Mi (Si)

refers to the number of products, i, the manufacturer (a social planner) would like to have. The

figure suggests that channel decentralization can restore the social planner’s extension decision in

a competitive context.

α

F/t Centralized 

Decentralized 

Region C1: (M1, S1)
Region C2: (M2, S1)

Region C4: (M2, S2)

Region D1: (M1, S1)

Region D3: (M1, S2)

Region D4: (M2, S2)

F/t

α

Region D2: 
(M2, S1)

Region C3: 
(M1, S2)

Figure 1: Manufacturer’s and Social Planner’s Product Line Extension Strategies within Different
Channel Structures

Proposition TA 7: When the manufacturer in a centralized channel competes with a firm for

horizontally heterogeneous consumers, the manufacturer will extend the product line while a social

planner will not in region C2 of Figure 1, and the manufacturer will not but a social planner will
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extend the product line in region C3. When the manufacturer in a decentralized channel competes

with a firm for horizontally heterogeneous consumers, the manufacturer will extend the product line

while a social planner will not in region D2, while the manufacturer will not but a social planner

will extend the product line in region D3. Channel decentralization will restore the social planner’s

decision in regions C2 and C3.

Proof: The threshold values of fixed cost F for the manufacturer or social planner to extend the

product line in both centralized and decentralized channels are given by equations (TA49) and

(TA59). The results in the proposition can easily be derived from both equations.

Q.E.D.

Proposition TA 7 suggests that the main results still hold when multiple firms are competing in

the market. In addition, the study of duopoly competition with different market size α also suggests

that the size of the loyal segment for the manufacturer does matter. When the manufacturer has a

relatively small loyal segment (i.e., a large α), the manufacturer tends to extend the product line

while a social planer will not. When the manufacturer has a relatively large loyal segment (i.e., a

small α), the manufacturer tends to offer only one product while a social planner will extend the

product line. The reason that parameter α influences the manufacturer’s extension strategies is as

follows. When the manufacturer has a small loyal segment, both firms compete intensively in the

common market. The manufacturer thus has a stronger incentive to extend the product line to

encroach upon its competitor’s market than when it has a large loyal segment.
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7. Effects of Retailer’s Product Adoption Strategy

In this section, we consider the case where the retailer can strategically adopt products to maximize

its own profit when the manufacturer extends its product line (Villas-Boas 1998). We assume the

retailer makes product adoption decisions after the manufacturer sets wholesale price(s). Since the

manufacturer’s decisions and firms’ profits are same as in the base model both in the centralized

cases and in the decentralized case where the manufacturer offers one product, we list firms’ profits

and social welfare here. When there is only one product in a centralized channel, the optimal retail

price, manufacturer’s profit, and social welfare are given by pch1 = V − t
2 , Πch1 = V − t

2 , and

SWch1 = V − t
4 . When there are two products in a centralized channel, the optimal retail prices,

manufacturer’s profit, and social welfare are given by pch21 = pch22 = V − t
4 , Πch2 = V − t

4 − F ,

and SWch2 = V − t
8 − F . The comparison suggests that the manufacturer will extend the product

line if F ≤ t
4 and that the social planner will extend the line if F ≤ t

8 .

When there is only one product in a decentralized channel, the optimal prices are given by:

wdh1 =


V
2 , if V

2 < t ≤ V ;

V − t, if t ≤ V
2 ;

pdh1 =


3V
4 , if V

2 < t ≤ V ;

V − t
2 , if t ≤ V

2 ;
(TA60)

The manufacturer’s profit (Πdh1) and social welfare (SWdh1) are:

Πdh1 =


V 2

4t , if V
2 < t ≤ V ;

V − t, if t ≤ V
2 ;

SWdh1 =


7V 2

16t , if V
2 < t ≤ V ;

V − t
4 , if t ≤ V

2 .
(TA61)

Now lets consider the case where there are two products in a decentralized channel. Section 3

of the Technical Appendix has shown that the optimal locations of both products are given by 1
4

and 3
4 when t ≤ V . The optimal prices are given by:

wdh21 = wdh22 = V − t

2
; pdh21 = pdh22 = V − t

4
. (TA62)
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Firms’ profit (Πdh2, πdh2) and social welfare (SWdh2) are given by:

Πdh2 = V − t

2
− F ; πdh2 =

t

4
; SWdh2 = V − t

8
− F. (TA63)

Now lets consider the retailer’s product adoption strategy. Given wholesale prices wdh21 =

wdh22 = V − t
2 , suppose the retailer decides to adopt only one product. Assume the retailer adopts

the product located at 1
4 . Adopting the product at 3

4 leads to same results and the analysis is

omitted here.

For t ≤ V , the manufacturer sets the wholesale prices for both products in such a way that

the profit maximizing retailer sets the retail prices to make the consumers located at (0, 1
2 , 1) as

marginal consumers who get a surplus of zero. Thus, the retailer will not increase its retail price

from pdh21 = V − t
2 since doing so will lead to a lower profit from the product. Now lets consider

if the retailer has any incentive to reduce its retailer price to p̃dh21 < pdh21 = V − t
2 . For any

p̃dh21 < pdh21, the consumer located at 0 will get a positive surplus while the location of the

marginal consumer on the right side of product 1 will be larger than 1
2 . The location of the new

marginal consumer is solved from equation V − p̃dh21−t(x̄− 1
4), which leads to x̄ = 1

t (V − p̃dh21 + t
4).

The retailer’s new profit is given by:

π̃dh2 = (p̃dh21 − wdh21) · x̄ = [p̃dh21 − (V − t

8
)] · 1

t
(V − p̃dh21 +

t

4
) (TA64)

The partial derivatives of π̃dh2 with respect to p̃dh21 are given by:

∂π̃dh2

∂p̃dh2
=

1
t
(2V − 2p̃dh21 −

t

4
);

∂2π̃dh2

∂p̃2
dh2

= −2
t
< 0. (TA65)

Since ∂2π̃dh2

∂p̃2
dh2

< 0 always and ∂π̃dh2
∂p̃dh2

> 0 for p̃dh21 ≤ V − t
4 , the optimal retail price for the retailer is

given by p̃dh21 = V − t
4 . That is, the retailer will have no incentive to deviate from pdh21 = V − t

4

if the retailer adopts only one product. Since the retailer can double its profit by adopting the
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second product located at 3
4 with a retail price of pdh22 = V − t

4 , the optimal wholesale prices for

both products by the manufacturer will be given by Equation (TA62).

This suggests that if the retailer strategically adopts products after the manufacturer decides

the wholesale price, the main results from the paper will not change. That is, Propositions 1 and

2 in the paper still hold when the retailer becomes strategic on product adoption.
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