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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.! 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

In 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.



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.



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



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 eztend 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.



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 PrRODUCT 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 = %) of the Hotelling line. A
consumer located at x incurs a mismatching disutility of ¢|x — %| 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.* > 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.

°In 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.



the two products are located at % and % optimally.® 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.” 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 pep1, the surplus for a consumer located at x is
given by V. — pep1 — t|z — %| and the demand of the product is D.y; = 2%.8 The optimal retail
price and profit for the manufacturer in the centralized channel are given by p.py = V — % and
1=V — % 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 pepo =V — %

andHCm:V—ﬁ—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 < ﬁ. As the consumer mismatch cost ¢ 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.

5The formal proofs for both centralized and decentralized channels are given in the online Technical Appendix.

"Strictly 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 {-}:;x to refer to the measure {-} inani (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 p.n1 refers to the retail price in a
centralized channel with horizontally distributed consumers and one product offered by the manufacturer.



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 CS¢cp1 = ﬁ. After
product line extension, there are two products in the market and total consumer surplus is given by
CSepo = %. We calculate social welfare by adding up the firm’s profit and consumer welfare. Social
welfare before product line extension is given by SWe,1 =V — %. After product line extension,
social welfare is given by SWepo =V — é — F. Therefore, product line extension is beneficial from

the society’s point of view when F' < é.

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 % <F< %. 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 (pep2 =V — ﬁ > per1 =V — %) Consumers are always worse
off after the manufacturer extends its product line (CScp = % < CS.q = ﬁ) 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
é <F< %, the benefit of product line extension can offset the fixed cost F' for the manufacturer
(Iepo — Hepy = i — F). However, the profit gain for the manufacturer is smaller than the loss of

consumer welfare (C'Sgpo — CSepy = é) 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



manufacturer decides whether to extend the product line, and decides on its wholesale price wgp1.
In the second stage, the retailer decides on the retail price given the wholesale price wqp1. 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:

Wap1 = B Pdhl = a (2.1)

v, itV <t<y, Y Y <t<v;
Wgp1 = Tdp1 = (2.2)
V—t, ift<¥ Looifr< Y.

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:

wana =V = 5, pana =V — 4, Mapa =V — 5 = F, 7an2 = £. (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' < % ift < % and

F<V-Li-YiV i<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.



PROPOSITION 1: When the market is fully covered (t < %), the manufacturer extends its product

line in a decentralized channel but not in a centralized channel ifﬁ <F< %

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.® When
t is sufficiently small (¢ < ¥), the manufacturer is forced to keep its wholesale price (wgn1 =V —t)
low enough to encourage the retailer to sell to all consumers including those located at the extreme
end of the Hotelling line (z = 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 pepo — Pen1 = % 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 pgno — pan1 = i. However, the manufacturer increases its wholesale
price by wgne — wgn1 = % > PDeha — Pehl = %. 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 < %) When the manufacturer sells only one product, for % <t <V, the

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

9This holds even when ¢ is sufficiently small (¢ < %) and the whole market is always fully covered.

10



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
t_ V2

decentralized channel does extend the product line when i SF<V—-7—%.

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).19 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.

11



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 CSgn1 = ﬁ if t < % and CSgp1 = Y—;t if % < t < V. After product line extension,

v

total consumer surplus for ¢ < V' is given by C'Sgpe = é. Consumer surplus decreases for ¢ < 73

and increases for % <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 % <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 SWyp1 =V — i if t < % and SWyp1 = % if % <t<V. After

product line extension, social welfare is given by SWype = V — é — F for t < V. Therefore, a

social planner will extend the product line if the fixed cost is sufficiently low, F' < % ift < % and

F<V -t -V o<y,

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 < %

¢

ff<F<forwheny<t<HifV-—f-T0<F<V-£f—Y When 5 <t<Vif

V — % — Z—: <F<V-— % — %, 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 é < F < min{V —
w2 ot

% — e ar % <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.'!

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 % < t <V and the manufacturer sells in a centralized channel, the market is fully

1 As 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.

13



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 (z = 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 ¢ < V but can increase in a decentralized channel
when % < 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 < 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 % <t < %, 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.

14



To further confirm the additional benefit of the market coverage effect of product line extensions

%, the market is

in a decentralized channel, we examine the case of ¢t < % and t > V. When t <
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\/§)V and V — % — 34%2 <F< \272'12

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 < % and ﬁ < F < %, 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.'3

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 ¢ > %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.

®Other conditions for this distortion include (1) % <t < % and max{V — £ — v LB<F<v-1Lf- V2. or (2)

V2 4’
v t_ V2 t _ 1v?

15



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' < %. When the channel is

decentralized, the manufacturer will extend the product line when F' < % ift < % or when

F<V-— % — ‘2—: if % <t <V. Fort < %, the manufacturer in a centralized channel will

extend the product line if the value of F' is below i, which is smaller than the threshold value of
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F, %, 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 ¢ < % and ﬁ < F< % The proofs for other conditions of ¢ follow

the same logic.

Proof of Proposition 2: The manufacturer in a centralized channel will extend its product line
when t < V if F' < %. The social planner who maximizes social welfare will extend the product
line when t < V if F < % in the channel. Thus, the manufacturer will extend the product line for
é <F < ﬁ while a social planner would not. Similarly, we can show that the manufacturer in a
decentralized channel will extend the product line when ¢ < % if é <F< % but a social planner
would not. Since the range of ¢ 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 < %

When ¥ < ¢ < 2 the manufacturer in a centralized channel will extend its product line

2 V2

although a social planner will not extend the product line if é < F < i. The manufacturer

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

only if V — é — % <F<V-— % — ‘i—:. That is, both the manufacturer and the social planner

in the decentralized channel will extend the product line for % < F < min{V — é — %;,% ,

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

<F< %. Therefore, the decentralization of the channel will restore the social planner’s choice

0|+

when % <t< % if % < F < min{V — % — 71—‘5, ﬁ} When % < t <V, the manufacturer in a

centralized channel will extend the product line while a social planner will not extend if % <F< %.
Both the manufacturer and the social planner in a decentralized channel, however, will choose to

extend the product line for é <F< ﬁ. That is, the decentralization of the channel will restore the

. . . . 2
social planner’s choice when % <t<Vif é <F< %. Since i <V - é — % for % <t<V, we

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

v ot . t TVt
when 5 <t <Vif g < F <min{V — g — P57, 7}.
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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 p.p1 = % and Il = ‘g—: When the consumer

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

T = % + % and x = % — % 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:

v if t > 2V; v _F if t > 2V;
Pch2 = Hch2 - (TAl)

V-1 ifv<t<2v; V-L-F ifV<t<2V.

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

follows:

F<V-1_-Y  ifv<t<av,
(TA2)

F<¥ if t > 2V.

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 C'S.p1 = Z—:. After product line



extension, total consumer surplus is given by:

Ve ift > 2V
CSepo = (TA3)

&V <t<av.

Social welfare before product line extension is given by SW_.,1 = %. After product line

extension, social welfare is given by:

V2R ift>2V;
SWena = (TA4)
V-L-F ifv<t<av.
Therefore, product line extension is beneficial from society’s point of view when
F<Vv -1 32 iy <t<av;
(TA5)

F <32 if t > 2V,

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 — % — % <F<V-— i - g—:, the
social planner does not but the manufacturer does extend the product line. When 2V < t < 2V
ifV—%—‘g—: <F< V—é—% or when t > 2V if‘g—: < F< %, 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

1% 3V & V2

Wap1 = = Pdh1 = —— ap1 = —, Tan1 =

2 4 4t 8t (TA)

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



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

v 3V & &
= — = Mpo=——F = . TA7T
Wdh2 2 » Pdh2 4’ dh2 2 > Tdh2 At ( )
Product line extension is profitable for the manufacturer if F' < —Z: 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 Z—: <F<V-— ﬁ — ‘g—: or when

‘V2 V2

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

(CSan1) is given by CSgp = %

;. After product line extension, total consumer surplus (CSan2)

v?

. . _y2
is given by CSgna = 5 16t -

T Social welfare before product line extension is given by SWy,1 =

7v?2

si- — I- Therefore, a social

After product line extension, total social welfare is given by SWype =
planner will extend the product line if F' < %. 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

V2 V2
o S F < g

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.

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

V<t<(@A—2V2)Vif VL3V <P < V2 when =YV <t <2V ifmax{ T2V —t -} <

2 . 2 2
F<V—§—%7 0rwhent>2VZf‘§T§F<%'



2. ProbpucT 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

anl)' 1

for each additional product, the optimal locations for all products are given by (%, %, ey T

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

proposition.

ProprosITION 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 < % if ﬁ < F < % and when

. 2 L )
% <t<Vif % < F < ﬁ (V — % — Z—t) Channel decentralization restores a social planner’s
decision on product line extension when % <t<Vift<F< min{ﬁ (V - &= 71—‘5) ey

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 pepn =V — ﬁ and Iz, =V — ﬁ — (n—1)F. The manufacturer will profitably
extend the product line if the fixed cost is sufficiently low F < % After product line extension,
total consumer surplus and social welfare are given by C'S.p, = ﬁ and SWep,, =V — ﬁ —(n—1)F.

Therefore, product line extension is beneficial from the society’s point of view when F' < ﬁ.

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 (%, %, e 23;1).
The optimal prices and total channel profit are given by wgp, = V — %, Pahn =V — ﬁ, g =

V-4t _(n—1)F, and mgp, = ﬁ The manufacturer will profitably extend the product line if the

n

'Here 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.



fixed cost is sufficiently low: when F' < % ift < % or when F' < ﬁ (V — % — Z—:) if % <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 < % if % < F < %, when % <t < Vif

After product line extension, total consumer surplus and social welfare are given by CSgp, = ﬁ
and SWyp, =V — ﬁ — (n—1)F. Therefore, product line extension is beneficial from the society’s

pointofviewwhenF<ﬁiftﬁ%orwhenF<ﬁ(V—ﬁ—%) if%<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 % <t<Vif

. V2
ﬁ§F<m1n{ﬁ (V—ﬁ—%),%}.
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.



3. PROOF OF OPTIMAL PRODUCT LOCATIONS IN BOTH CENTRALIZED AND DECENTRAL-

1ZED CHANNELS WHEN CONSUMERS ARE HORIZONTALLY HETEROGENEOUS

We first prove that the optimal product locations in a decentralized channel are given by % and %
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 % and % in a decentralized channel in two steps. First, when

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

- _ _ 2V —
product, the number of consumers covered by product 1 located at % is given by . — 1y = M
where 71, = 4“2# and 71, = W are the locations of marginal consumers. The optimal

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

wholesale price wy, and the price is given by p; = %(V+w1). Maximizing its profit, the manufacturer

\%4

will choose wj = 5. The markets of both products will be separate for any z;, = % <1

9 7:.6.,
t > V. Note that there will be multiple optimal location sets for any ¢ > V and (i, %) 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 [; and [y respectively. We first prove that given [1, the optimal location of product 2 is

given by % In order to prove such a result, we need to consider four cases: (I3 < %, lo >

1+2211 )7

(h <t < 20y (L <y <Ly >220) and (2 <l <120 <1p < B21).2 We will provide

2

N[ —

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 [ < i and lg > %, the optimal product location for product 2 is given by

2The four cases are overlapping at (I1,ls) = (i, %) 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.



5= 1+22l1 when the market is fully covered due to small t.

Proof: Given any [; < %, the monopoly zone of product 1 is given by Zj. — T1; = (V_tp1 +1)—

(lh — @) Since the market is fully covered, we must have Z1; = 0 and Iy, is thus given by

1420
2

ZT1, = 2l1. Therefore, for any lo > , the optimal location /3 is given by the middle point of the

uncovered market, i.e., I5 = 2l; + % = % The marginal consumers of product 2 are given

V—p2
t

and Zg, = V—tpz + Is.

by Zoy = lo —
Given [; < % and 5 = %, the retailer will choose retail prices p; and ps to maximize its

profit m = (p1 — w1 )(ZT1r — T1;) + (p2 — w2) (T2, — T9;) and the optimal retail prices are given by

b1 = V—Ewla D2 = V—;w2 . (TAS)

Expecting the optimal retail prices, the manufacturer will choose wholesale prices w; and ws to
maximize its profit Il = w (%1, — T1;) + wao(Tor — Toy) = —8t? + 4tl; + V — t. Since II is concave
in [y, the first-order condition leads to the optimal location {7 and it is easy to derive the optimal

[5 and wholesale prices:

=3 wi=wj=V-L (TA9)

The proofs for the other three cases of (I; < i,lz > 1+22l1), (% <h< %,2[1 <l < %), and

(

<l < %, Iy > 1+2211) follow the similar logic.

=

Q.E.D.



4. PRODUCT LINE EXTENSION WITH VERTICAL CONSUMER HETEROGENEITY

In this section, we study the case of vertical product line extension.® Consumers are vertically
and uniformly located on a Hotelling line, and consumers’ locations are captured by 6 € [0, 1].
The consumer surplus is given by U = 0q — p where ¢ is product quality and p is the retail price
of the product. The manufacturer’s cost of producing a product with quality ¢ is 7¢?. This is a
standard setup of vertical consumer heterogeneity, in line with extant marketing literature (Moorthy
1984,1988; Desai 2001).* 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.® 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 ﬁ < F < %. Channel

o : ; - 2 1
decentralization restores a social planner’s decision when goe < F' < 55—

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

extend the product line for F' < 67257. In the decentralized channel, the manufacturer will extend
the product line for F' < % < %. Since ﬁ < %, 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 < ﬁ as shown in the paper. The
manufacturer, however, would like to extend the product line only if F' < %. 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 > ﬁ as

shown in the paper. The manufacturer will not extend the product line if F' > ﬁ. 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 4 6q — 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 ¢* = 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 g, however, may generate additional insights and we leave this for future
research.



7

57007+ 1

both the manufacturer and the social planner will not extend the product line for F' >

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

1
22571

planner will extend for % <F< Therefore, the channel decentralization will help restore

. 9 o . 2 1
the social planner’s decision for == < F' < 55=—.
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 (¢ > 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 % < F < %, 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.



5. PRopucT 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 x 1. The consumer located at (z, ) incurs a disutility of ¢z — x| for purchasing a product
located |z — xg| away horizontally from the consumer, and the consumer’s evaluation of a product
with quality ¢ is equal to fq. That is, consumer (z,6)’s surplus from buying a product located at
xg is given by U(z,0,q,p) = 0q — t|x — x¢| — p. Note that this model reverts back to the vertical
model for ¢t = 0 and to the horizontal model for §g = V.5 The marginal cost for the manufacturer

to produce a product of quality ¢ is assumed to be equal to 7¢2. 7

5.1. A Centralized Channel With One Product

When the manufacturer has only one product, the optimal horizontal location of the product is
T = % since this location will generate the lowest mismatching costs for consumers on average. For

any quality level g.51, the demand is given by:

3 1=z - z—2 .
Dap = Ji2[1 - M]dag + f;l[l _ w]da} — 1 — 4pepitt (TA10)
2

qcbl 4cbl 4¢ch1

The manufacturer’s profit I is given by

eyt = (pebt — 74%1) Devt = (Pept — 7¢%1) (1 — %), (TA11)

SStrictly speaking, the horizontal model is not a special case of the general model since g is a decision variable in
the general model and consumers are heterogeneous on gq. However, the model can still revert back to the horizontal
model if consumers become homogeneous with product quality and product quality ¢ becomes exogenous (fq = V)
with 7 = 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.

"We focus on the cases where the high end consumers in the market are fully covered. That is, the consumers with
0 = 1 will get non-negative utility from consuming a product. This is satisfied for any 0 < t7 < %. 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.

10



The manufacturer chooses price p1 and quality ge; to maximize its profit, and the optimal

quality and price are given by

_ 14+/1%3Er _ 4-8tr44V/TF8Er pp - (1=3try/I436r)? (TA12)
dcbl = 67 s Pebl = 367 y Llebl — 547(1++/1+3tr)

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.®2 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 lpp2;,
price pepp2i, and quality geppe;. We calculate the optimal quality levels and optimal locations, and

have the following results.” 19

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 {-}ipx 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
I(1 € {h : horizontally;v : vertically}) differentiated. For instance, the variable gcon2 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.

10Ty 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 tr > %—g, the market is partially covered by both products, and there are multiple optimal

locations, including locations (%, %) We have:
lcbh21 == i7 leh22 = %7 QCbh21 = qcbh22 — 5%’
(TA13)

_ _ 6 _ 32
Pcbh21 = Pebh22 = 357 Uebh2 = 313552 — F*

Fortr < %, the market is fully covered by both products, and the unique optimal locations are

given by &, %) We have:

1 3 24416t
lebhat = 7, lebh22 = 5, Qebh21 = Qebh22 = 5
(TA14)
_ _ 8=3tr+4V/4+6t1 _ (2=-3tr+VA46t1)%
Pcbh21 = Pcbh22 = Tor s Mepn2 = 1087 (2++/4+6t7) F.

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 (Iepnr21, lebh22)

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

Dophot = folcbhm(l —Op1)dz + fl21cbh21(1 — Op1)dx = (gebh21—Pebh21)?

cbh21 tqcbh21
(TA15)

2

Dephag = [o#h22 (1 — @po)da + flibm(l — Opo)dy = (dcbhzz—Pebhaa)”

lebha2—1 tqcbn22
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where 0p; 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 lgpg = Zeh2loPebhl ) — pc"“ﬁt(ld’h”*x),

qcbh21
Op1 = pcbh21‘;:b(:2_1lcbh21)7 Lephos = Pcbh22_gcbh22+t, 00 = pcbhzz-g:lfizz;hzz—z), and Opy = pcbh22‘g:lf:2_2lcbh22).
The manufacturer’s profit is given by
2 2
Hepne = (Pebh21 — Tqopna1) Devh21 + (Pebn22 — Tqopno0) Devnoz — F (TA16)
Solving for the manufacturer’s optimization problem gives the following results:
4 4 2
lebh21 = 3575 lebh22 = 1 — 525 Qebh21 = qebh22 = ==,
(TA17)

6 32
Pebh21 = Pebh22 = 3575 Llebh2 = 3125672 F.

The constraint that the market is not fully covered by both products is satisfied for any t7 > %.
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 (% <lgppo1 <1-— 3%, 3% <

4 . . 1 .
lephae < 1 — 52=), including (lpn21 = %, lephoe = 2), 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 (21, lebroz) respectively, and the quality

of the second product is no lower than the first product, i.e., gewp22 = qen21- The locations of
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marginal consumers who get zero utility from consuming a product are given by

_ Pebh21tt(lebhar —T)
qcbh21

_ Iacbhzl+1‘/(€L"*lcbh21)7 10 = Pebh22tt(lebhaz—1)

Op1 = _ Pevha2tt(z—lebn22)
! dcbh21 dcbh22 ’

Or1 » Or2 = dcbh22

(TA18)

The locations of marginal consumers between the two products are given by function 6y(x),

bo(z) = Pebh22—Pebh21 Tt (lebn21 Hlebnoo) =2t (TA19)
0 Qcbh22—qcbh21 :

The marginal consumer who gets zero utility from consuming either product I3 and the marginal

consumer who has a § = 1 are respectively given by

debh21Pebh —9ebh22Pebh21 T (debh21lebh22+qebh22lcbn21)

I3 =
t(qcbh21+qcoh22) (TA20)
Iy = pcbh22*pcbh21+t(lcbh2l;Flcbh22)7(QCbh22*(chh21)
t
The demand for both products are respectively given by,
Deppor = fg (1= Opy)dz + [[* (1= 0p1)dz + [{* (60 — Op1)da
(TA21)

Doy = fllf(l — Bo)dx + fll;bhﬂ(l — O0)dx + 'fibh22(1 — Opo)dx

Note that gepn22 > qepro1 ensures that 6p(z) is a non-increasing function of z, i.e., Iy < I3. The

manufacturer’s profit is given by

Wepnz = (Pebn21 — T@%po1) Devha1 + (Pebhaz — Tq%p20) Devnza — F. (TA22)
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Assuming the manufacturer chooses same prices and qualities for both products, we have the

following results:

1 3 2+ /AT 6T
lebn21r = 15 lebh22 = 5 Qebh21 = Qebh22 = =

(TA23)

_ _ 8—3tr+4+/4+6t1 _ (2-3tT+/4+6t7)?
Pebh21l = Pebh22 =~ g7 Hewna = e7a ey —

In order to fully cover the market, the following condition must be satisfied: t7 < %.

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.!! 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—3tT4+/4+6t7)2 (173t7+\/1+3t7)2' (TA24)
1087 (2++/4+6t7) 547 (1++/1+3t7)

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

in the following proposition:

PRrROPOSITION 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+V617+3t7 > 4 Véf” for any ¢ > 0 and 7 > 0.

"Due 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.
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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 l.,2. 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.
_1 _ 14141567 _ 11414 15tr _ 3431415t ¢
lebv21 = 55 Qcbv21l = \/10.,.73 qebv22 = 307 y Pebv21 = — 50, — 30>
(TA25)
— 1B+13VIFI5ir Tt | __ 27—190tT+675¢2724(27—80tT—75¢%72)/ I+ 15t F
Pebv22 = 4507 60> “iebv2 = 6757 (1—5tr+/I+1567) '

The reason for the manufacturer to locate both products at I = % is as follows. Suppose both
products are instead located at [ < % 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), o = % is one of multiple optimal solutions, since the manufacturer can locate its
products at z = % 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
1

demand by moving the location of the products towards x = 5 until consumer (1, 1) is served by

some product, which leads to our case 3). In case 3), since [ < %, the number of marginal consumers
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to the right side of the products, i.e., x > L , is larger than the number of marginal consumers to the
left side of the products, i.e., z < L. By moving product location to right by €, 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 I = % Thus, lopyo = % 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—190t7+675t2724(27—80t7 —75t%72)/I+16tr  (1—3tr++/1+3i7)> (TA26)
6757 (1—5tT++/1+15¢T) 547 (1++/1+43t1) *

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:

Mepp > Hepna, if t7 < 0.0559;
(TA27)

Mono > Mopee,  if t7 > 0.0559.

That is, the manufacturer will horizontally extend the product line for a large t7 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 t7 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 t7 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

4—45t74+(44-21¢7)+/ 1437

there is only one product in the market, total consumer surplus is given by C'S¢ = T35,

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

32—24¢7+63t2 72+ (16—24¢1)\/4+6tT
8647 (2++/4+6tT)

consumer surplus is given by CSeppo = . If there are two vertically

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

208—795¢7+(8+195¢7) v/ T+ 1567
by CSepz = §08007 ) :

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

_ 2,2 (8_94tr)/TT3EF
there is only one product in the market, social welfare is given by SWyy; = & 12”?;;6:52 f;tt:)) LEstr

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

_ 2.2 (16— Vrw
by SWepno = 32 24”?;;&:5}& 62tit)7) 6T _ P When there are two vertically differentiated prod-

216—1520¢7+59002 72 +(216—640tT—725t>72 )/ I+15t7

36007 (1—5tr++/1+1567 ) — I

ucts in the market, the social welfare is SWp,o =

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 SWoppa > SWeppe. The social planner will extend the product line horizontally when

the fixed cost is sufficiently low:

F < 32—24t7445t%72 4+ (16—24¢7)/A+6tT  8—12t7+45t272+(8—24¢7)/1+3LT (TA28)
2887 (2-++/4+6t7) 1447 (14-+/1+3t7) )

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 ¢7 is small (¢7 < 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 t7 < 0.0404
compared to a social planner. For a larger t7, the social planner is more willing to extend the

product line than the firm.

ProrosiTION 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) tT 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
T = % since such a location will minimize the mismatch disutility for consumers. For any quality

level ggp1, the demand is given by:

Dy = foé[l _ MW + - w]dlﬂ — 1 _ dpantt (TA29)
2

qdb1 qdb1 4qap1 *

The optimal retail price pg; to maximize the retailer’s profit mgp1 = (pap1 — Wap1)Dap1 is given by

Ddb1 = %. The manufacturer’s profit is given by g1 = (wgpr — qubl)Ddbl and the optimal

quality and wholesale price are as follows:

_ 4-8tr44y/TF3ir _ 5-6tr+5y/IE3ir (TA30)

, Wdbl 36T , Ddbl 36T

14++/143t1
qdvl = — g7
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Firms’ profits are given by

— (1=8tr+V1+3tr)? — (1-8tr+V1+3tr)2 TA31
Hap1 = 1087 (1+v/1+8t7) * 401 = 2167 (14118t ° ( )

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 lgpp2;,
wholesale price wgpp2;, and quality ggpe;. 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.

_1 _3 _ _ 24/A%6ir _ _ 8—3tr+4/AF6ir
lavh21 = 7, labh22 = 7, Qdbh21 = Qabh22 = 57— Wdbh21l = Wibh22 = ~—— 5t ——

_ _ 10—6t7+5/4+6t1 _ (2-3tr+V/A+6t7)? _ (2-3tT++/4+6t7)?
Pavha1 = Pavh22 = — 37— Wabhe = 557072t — 1 Mabhe = ST e

(TA32)

Proof: We assume the manufacturer chooses same wholesale prices wgppe and qualities ggppo for
both products and the retailer chooses same retail prices pgn2.'2 Denote the locations of both
products as (Igpn21, laph22) respectively. The locations of marginal consumers who get zero utility

from consuming a product are given by

0, = P21 +t(lapnz1—)

_ Ppabh21+t(x—laph21) 010 = Pabh22+t(ldbhao =)
9dbh21 ’

ddbh21 qddbh22

_ Pabh2z+t(x—laph2a)
ddbh22 )

3 0R2

3 eRl

(TA33)
Given equal wholesale prices, retail prices, and the quality levels of both products, the marginal

consumers [3 between both products are given by
_ 1 +lavn
lq = labnzz . dbh21 (TA34)

The demand for both products are respectively given by,

Ddbh21 = fédbhm(l — QLl)d.CU + flfbhm (1 - QRl)d.%'

l , : (TA35)
Ddbh22 = j‘lsdthQ(]_ - GLQ)dx + fldthQ(l - 0R2)d$
The manufacturer’s and retailer’s profits are given by
Maphe = (Wabh2 — Tq2n) (Davhar + Davnoz) — F
(TA36)

Taph2 = (Pavh2 — Wabh2) (Daph21 + Dapn22)

12The model without such constraints does not have any closed form solution.
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The manufacturer chooses (Igpn21,ldbh22), Wabh2, and ggpre to maximize Ilgype, and the retailer
sequentially chooses pgpro to maximize its profit mgppe. 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: t7 < %.

Q.E.D.
Vertically Differentiated Products
When the two products are vertically differentiated in a decentralized channel, we have
_ 1+V1F1507 _ 114+/I+15¢r _ 6-=5tT+6/I+15tr
ddbv21 = 107 y ddbv22 = 307 y Wdbv21 = 1007 ’
(TA3T7)
__ 226—105t7426+y/1+15t7 _ 8—15t7+8y/1+15tr _ 278—165t7+428v/ 1+ 1567
Wdbw22 = 900+ y Pdbv21 = 1007 y Pdbv22 = 9007 .
Firms’ profits are given by
I — 27— 190tr+675¢2 724 (27-80tr—75¢272) VI+15tr _ p
dbv2 — 13507 (1—btr++/I+15t7) ’
(TA38)

- _ 27—190t7+675t272+(27—80tT—75t272)/1+15¢t7
dbv2 = 27007 (1—5t7++/1+15t7) :

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:

gpo > Hagppe, if t7 < 0.0559;
(TA39)

agpne > Hgpyo, if t7 > 0.0559.

Again, the manufacturer will horizontally extend the product line for a large 7 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 t7 < 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

1—18t7+(1412¢7)\/1+3t7

there is only one product in the market, total consumer surplus is given by CSg,1 = T3,

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

4—3t7+18t272+(2—3t71)\/4+6tT
4327 (2++/4+6t7)

tal consumer surplus is given by CSgne = . If there are two vertically

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

52—255tr+(2+105tr)/TF 1567
by CSepz = (108007' ) :

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

14—21¢74+90t2 72 +(14—42t7)\/1+3t7

there is only one product in the market, social welfare is given by SWy,, = 132 (T30

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

28— 21t74+45t% 72+ (14—21t7)/44-6tT
SWapha = ( )

132 (20 /AT60) — F. When there are two vertically differentiated products
378—2660t7+10950¢272+ (378 —1120t7— 1425272 )/ T+ 157

108007 (1—5t7++/1+15¢7) - I

in the market, social welfare is SWapyo =

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:

SWarwo = SWapne, if t7 < 0.0590;
(TA40)

SWapha > SWappo, if t7 > 0.0590.

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

tT is small and will extend the product line horizontally when ¢7 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—2660tT+ 1095Ot272+(37871120t7'71425t27'2)\/ T+1567  14—21¢74+90t272 4+ (14— 42¢7)v/ 14301

it t7 < 0.0590;

108007 (1—5t7++/T+15¢7) 4327 (1++/143t7) ’
28—21t7+45t2724(14—21¢7)/A+6tr  14—21¢7+90t2724(14—42t7) /143t .
F < 4327 (24+/446t7) 4327 (14+/143t7) ) if t7 > 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 ¢7 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.

ProrosiTION TA 6: When consumers are both horizontally and vertically heterogeneous, the man-
ufacturer will vertically extend the product line for small t7 (t7 < 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 tT < 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 ¢t7 (¢7 < 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 ¢7 (t7 < 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 t7 when

consumers are both horizontally and vertically heterogeneous.

Q.E.D.
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6. PrRoDUCT LINE EXTENSION WITH DuoroLy COMPETITION

In this section, we consider the case where the manufacturer is competing against another firm. It
is assumed that a firm @ 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 @ is
competing with the manufacturer in one segment of size 18—1 < a <1 (labeled as segment 1) and the
manufacturer has a loyal segment of size 1 —a (labeled as segment 2).!3 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 @ sets its retail price ¢
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 () 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

qchl 7p§h1 +t

o where g.;1 is the price set by firm @ and pgﬂ is the retail

in segment 1 is located at T =

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

Y =a-pGy -2+ (1 —a) pG, -1

, (TA42)
Mg = a-gem - (1—7)
Solving the optimization problems for both firms leads to the following optimal prices
pC _ (-t
o B (TA43)
qch1 = (2§§)t

8

13We focus on the cases where 171 <a < 1and V is not extraordinarily large such that the solutions are interior.
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Firms’ profits and social welfare are given by

HMC _ (4=a)?t

chl — 18«
C 2+a)?t
ngq = & . (TA44)

c _ (4+10a—5a2)t
SWchl =V- 36a

For any ¢t < %V, the market is fully covered. In addition, for o > %, both firms will sell in

segment 1, i.e., 0 <z < 1.1

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 Pgm and pgm, respectively. Given L > 0, the

c c
Penoo=Pepor HEL -

marginal consumer between the manufacturer’s two products is located at z = o in

both segments, and the marginal consumer between the manufacturer and firm ) in segment 1 is

tL+qch2 7pCCh22 +t

T . 15 The manufacturer’s and firm Q’s profit functions are given by

located at §j =

NS = alpGor - T + 0G0 - (7 = 2)] 4+ (1= @) [pG01 - T+ DGy0 - (1 = 7)) = F
ch2 ch21 ch22 ch21 ch22 (TA45)

C _
195 = afgenz - (1 — )]

“The 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 @ 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

Cc  _ (8—2a+5alL)t
Pcho1 = 6o
c _ (4—atal)t
Peroo = 734
2ta—al
Qe = ZHe oL . (TA46)

mMC — [(402+90a) L% —8(a?—40) L+4(a?—8a+16)]t F
ch2 — T2 -

HQC’ _ (24+a—al)?t
ch2 — 18

MC
Since B%CL“ > 0 for any 0 < L < 1, the manufacturer chooses an as large L as possible such that
firm @ 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 ¢ to steal all consumers of the

4(l—a+al)t

new product in segment 1 is given by § = pg’;ﬂ —t(1-1L) = %

, and firm @Q’s profit from
deviation is given by ﬁCth =L(4—L)(1—a+alL). The highest L to prevent firm @ from deviating
from gepo = W is thus given by L* = --[16cc— 1 —3v/9a? + 12 — 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

P = 10 (17 + 2200 — 5V907 + 120 — 3)
PGo0 = (94 3a — V902 + 120 — 3)

Gen2 = == (5 — 3+ V902 + 12a — 3) . (TA4T)
3G, = L (~1+ 16a — 3v0a2 + 120 — 3)

75 = 10 (=5 + 17a — V9a% + 120 — 3)
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Firms’ profits and the social welfare are given by

IS = 22— [72a° + 60102 + 388a — 26 — (24a” + 168 — 6)v90a? + 120 — 3] — F
195 = ot (3a — 5 —V9a2 1 12a — 3)°

SWGs =V — =t—[-36003 + 300502 + 1220c — 338 + (120a* — 1000cx + 78)v/9a? + 1200 — 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 FA¢ =TIM — IMC and FSC = SWS, — SWG,

FYC = 45203 4 6977a” + 3560 — 234 — (216a” + 15120 — 54)v/90a? + 120 — 3]

F5¢ = —5:t-3[22600° — 2508502 — 101960 + 3042 — (108002 + 9000cr — 702)v/9a? + 12a — 3]
(TA49)

7a(5—3a—v9a2+12a—3)

5(28—120) V, the market is fully covered. In addition, for o > %, we have

For any t <

0<25,<L*<y5, <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 @ for end consumers. The marginal consumer in

qdh1 7pdch1 +1
2t

segment 1 is thus given by = = where ggp1 is the price set by firm ) and pghl is the

retail price set by the retailer. The retailer’s and firm @)’s profit functions are given by

059 = a(pG —w§hy) -2+ (L—a) - (pG — w) -1 7 (TA50)

%5 = algan - (1 — 7))
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Solving the optimization problems for both the retailer and firm @ leads to the following optimal

prices
pC« _ (4—a)t+2aw§,
dhl — 3a
TA51
- (2+a)t+ocw§h1 ( )
qdn1 = — 34 =

Given retail prices in equation (TA51), the manufacturer sets its wholesale price w%l to maximize
its profit H%? = awghl T4+ (1—a) -wg;ﬂ -1. The optimal wholesale and retail prices and marginal

consumer in segment 1 are thus given by

Cc _ (d—=a)t
Wit = “ g :
pC 2(4—a)t
dh1
s (TA52)
8
ddh1 = ( éj )t
=C 1la—8
Tan1 120
Firms’ profits and social welfare are given by
RC _ (4—a)?t
Hchl - ( 72ao3
HMC — (4—a)?t
hl
c 24 (TA53)
QC _ (8+a)2t
Hchl - T«
c _ (64—8a—11a2)t
SWchl =V - 144«

3aV

For any ¢ < g20, the market is fully covered. In addition, for o > %, we have 0 < jdcm < 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

C _»C
between the manufacturer’s two products in both segments is given by & = W, and the

tL+th2—pgh22+t

marginal consumer between the retailer and firm () in segment 1 is given by y§ = o
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The retailer’s and firm Q)’s profit functions are given by

59 = a[(pGhor — wGhot) - & + (PGhan — WGhao) - (7 — Z))]

+(1 = ) [(0Gh21 — WGha1) - T + (DGhos — WGhae) - (1 — )] - (TA54)

c -
Hth2 = a[qan2 - (1 — )]

Solving the optimization problems for both the retailer and firm @ leads to the following optimal

prices
pg]ﬂl _ (8—2a+5aL)t+a(3ws, ., +wT, ,,)
6
C _ (4—0¢+04L)t+2awgh22 TA
Pan22 = 3o ' (TA55)

_ (2+a—al)t+aw§, ,,
ddh2 = 3a

Given retail prices in equation (TA55), the manufacturer sets its wholesale prices wghm and wghm
to maximize its profit IY$ = a[wG o, T+ wG 00 - (T — )] + (1 — @) [0y - T+ WG9y - (1 — )] — F.

The optimal wholesale and retail prices and the manufacturer’s profit are thus given by

Cc  _ (4—a+2al)t
Wah21 = 2a

c _ (4—atal)t
Wan22 =~ 2a
WO = (32—8a+17aL)t

dh21 — 12

“ (TA56)

Cc  _ 24—atal)t

Panoa = 3a
8+a—al)t

ddh2 = %

qMc — (B+2a)aL?+4a(4—a) L+32—16a+2a%)t P
dh2 — 48«

MC
Since % > 0 for any 0 < L < 1, the manufacturer chooses an as large L as possible such that

firm @ 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 ¢ to steal all consumers of the
(8—ba+5baL)t

new product in segment 1 is given by ¢ = pgh22 —t(1 - L) = =g, and firm Qs profit from

deviation is given by ﬁg}g = £(8 = L)(8 = 5a + 5aL). The highest L to prevent firm Q from

deviating from ggny = EF2L i thus given by L* = 51 (137a — 8 — 3v/122502 + 1008« — 448).

30



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

WGho1 = 55=(56 + 121 — 3v/1225a2 + 1008c — 448)

W92 = w (40 + 350 — /122502 + 1008a — 448)

PGho1 = Toma (296 + 691 — 17V/122502 + 1008c — 448)

PGhos = 1 (40 + 350 — /122507 + 1008a — 448) : (TA57)

Gdn2 = 51= (88 + 35a — /122502 + 1008a — 448)

*

7G = & = 5L (137a — 8 — 3v/122502 + 1008a — 448)

USho = o5 (—88 + 163 — V122502 + 1008 — 448)

Firms’ profits and the social welfare are given by

5 = 1eati>[49000% + 2251302 + 5744 — 1984 — (14002 + 571 — 24)v/122502 + 1008a — 448)]

Y5 = g5z (735003 + 2632107 + 68960 — 1984 — (2100 + 651 — 24)v/1225a2 + 1008cr — 448] —

QC
I35 = gris= (35 — 88 — /122502 + 1008ar — 448)?
SWo =V — 55-b—3[-539000 + 7668890 + 223984c — 113088

+(15400% — 22179a + 1368)/122502 + 1008a — 448] — F
(TA58)

The threshold values of fixed cost F' under which the manufacturer or the social planner in a

F]\i/L[C HMC

decentralized channel is willing to extend the product line are therefore solved from aho

M and F5¢ = SWG, — SWS .

FMC 24576 sree— [2102603 + 8715502 + 4304a — 5952 — (63002 + 1953 — 72)v/9a2 + 12a — 3]

F3¢ = 7294912 546257203 — 691838502 — 1884784a + 1017792

— (1386002 — 199611 + 12312)v/9a2 + 12a — 3]
(TA59)
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32aV
(88—35a+1/12250:24+1008—448) ’

the market is fully covered. In addition, for a > &, we

For any t < 11

have 0 < 25, < L* < 3,5 < 1.

Figure 1 shows how the manufacturer’s and social planner’s product line extension strategies
change as « changes in both the centralized and decentralized channels. In the figure, label M; (.5;)
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.
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Figure 1: Manufacturer’s and Social Planner’s Product Line Extension Strategies within Different
Channel Structures

ProprosiTiION 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 Co of Figure 1, and the manufacturer will not but a social planner will
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extend the product line in region C5. 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 Ds, while the manufacturer will not but a social planner
will extend the product line in region Ds. Channel decentralization will restore the social planner’s

decision in regions Co and Cs.

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 « 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 a), 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 &), the manufacturer tends to offer only one product while a social planner will extend the
product line. The reason that parameter « 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 p.n1 = V — %, g =V — %, and
SWep1 =V — %. When there are two products in a centralized channel, the optimal retail prices,
manufacturer’s profit, and social welfare are given by pcro1 = Penze = V — ﬁ, Iepo =V — i —F,

and SWyo =V — é — F. The comparison suggests that the manufacturer will extend the product

line if F' < ﬁ and that the social planner will extend the line if F' < é.

When there is only one product in a decentralized channel, the optimal prices are given by:

X, if v <t<V; . if ¥ <t <V;
Wap1 = Pdh1 = (TA60)

V-t ift< ¥ V—Lioift< ¥y

The manufacturer’s profit (IIg,1) and social welfare (SWyp1) are:

V2 T ) v?2 eV .
TR 15<tSV, 16t lf§<t§V,

IIgp1 = SWan1 = (TA61)
V-t ift<¥y VL ift< ¥

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 i

and % when ¢ < V. The optimal prices are given by:

t t

Wap21 = Wap22 = V — 3 Pdh21 = Pdn22 =V — 1 (TA62)
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Firms’ profit (ITgne, 7an2) and social welfare (SWype) are given by:

t t t
Hapo =V =5 = F; Tdh2 = 75 Sde:V—g—F- (TA63)
Now lets consider the retailer’s product adoption strategy. Given wholesale prices wgpo1 =
Wapoo =V — %, suppose the retailer decides to adopt only one product. Assume the retailer adopts

the product located at %. Adopting the product at % 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) as

marginal consumers who get a surplus of zero. Thus, the retailer will not increase its retail price

from pgpo1 =V — % 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 pgpo1 < pagnor = V — % For any
DPdro1 < Pdno1, 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 % The location of the new

marginal consumer is solved from equation V —pgpo1 —t(Z — %), which leads to T = %(V — Pan21 + ﬁ)

The retailer’s new profit is given by:

- - _ 5 t 1 - t
Tan2 = (Pan21 — Wan21) - T = [Pan21 — (V — g)] ' ;(V — Pdh21 + 1) (TA64)
The partial derivatives of gno with respect to pgpo1 are given by:
Oftane 1 _ t 02T ana 2
— = —(2V — 2Dgno1 — = ); - =——<0. TAG65
OPdn2 ( 4) Op2po t ( )
Since B;f;m < 0 always and g’?"”ﬂ > 0 for pgpo1 <V — ﬁ, the optimal retail price for the retailer is
Pan2 Pdh2

given by pgpo1 =V — %. That is, the retailer will have no incentive to deviate from pgpo1 =V — %

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 % with a retail price of pgpoo =V — ﬁ, 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.

36



