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Product Line Design for a
Distribution Channel

J. Miguel Villas-Boas
Haas School of Business, University of California at Berkeley, Berkeley, California 94720-1900

Abstract

When designing a praduct line, a manufacturer is often
aware that it does not control the ultimate targeting of the
preducts in the line to the different consumer segments.
While the manufacturers can attermnpt to influence the target
customers through communications in appropriate media,
product design, and the choice of channels of distribution,
the ultimate targeting is mmade by a retailer, which might only
care about its own interests, and is fully in control of inter-
actions with customers, including how the product is sold
and displayed. This occurrence is widespread in numerous
markets, for example, frequently purchased consumer prad-
ucts, home appliances, personal computers, automohbiles, ete.
The audience for this paper includes practitioners and aca-
demics who want to better understand how a manufacturer
selling through an intermediary can better induce this inter-
mediary to have a targeting strategy consistent with the man-
ufacturer’s intentions and be willing to carry the full product
line.

The paper attempts to find what are the main issues a
manufacturer selling through a distribution channel has to
warry about when designing the product line. The problem
of the product line design for a distribution channel is mod-
eled with the manufacturer, the retailer or several competing
retailers, and the censumers. In this way all the three levels
of the distribution system are included.

The model can be summarized as follows. The manufac-
turer decides how many products to have in the line and the
physical characteristics of each product, quality. Each prod-
uct may or may not be targeted at a different market seg-
ment. The manufacturer decides as well how many market
segments ta try to target and the prices to charge the retailer
for each type of praduct. Given the praduct line being offered
by the manufacturer, the retailer (or competing retailers} de-
cides which products to carry, the market segments that are
going to be targeted, which product to target to each seg-
ment, and the prices being charged the consumers for each
product.

The consumer market is composed of different market seg-
ments that value quality differently: Some market segments
are willing to pay more for quality than other market seg-
ments. The paper presents the results for two market seg-
ments, but a greater number of market segments can also be
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accounted for. We characterize the equilibrium targeting
strategies of the manufacturer and retailer {or competing re-
tailers) in terms of number of products in the line, the physi-
cal characteristics of each product, the prices charged by the
manufacturer for each product, the consumer prices charged
by the retailer for each product, and the product beught by
each market segment. We compare the results with the co-
ordinated channel outcome, where the manufacturer and the
retailer work together to maximize the overall channel prof-
its. The results are related to the other coordination problems
previocusly studied in the literature {for example, the stan-
dard “double marginalization” effect of higher prices reduc-
ing demand) in the sense that the retailer makes decisions
caring only about its own profits and nat the overall chanrel
profits.

The paper shows that, if possible, the hest strategy for the
manufacturer is to increase the differences in the products
being supplied {in comparison to the direct selling/coardi-
nated channel case). If the manufacturer is not able to in-
crease these differences, it then elects to price the product
line such that seme of the consumer segments end up not
being served. The intuition for this result is that the manu-
facturer, by increasing the differences among the different
products, is still making major prefits on the high end seg-
ments, while getting some positive profits from the low end
segments and guaranteeing that the retailer actually targets
the different products to the consumer segments intended by
the manufacturer. Were the manufacturer not to increase the
differences among the different products being offered, the
retailer would only target the higher end censumer seg-
ments, because also targeting the lower end segments would
involve losing toe many rents on the higher end segments.
Another way of seeing the praoblem is that the channel pric-
ing distortions increase the cannibalization forces across the
product line. The manufacturer tries to compensate for this
by increasing the product differentiation across the line. If
increasing the differences among the different products be-
ing offered is not possible, the manufacturer then drops the
low end consumer segments and concentrates on the high
end of the market (which is more profitable). The unit mar-
gins of both the retailer and manufacturer are also shown te
be increasing with the quality level of the product.

(Product Line; Distribution Channels; Product Policy, Pricing;
Segmentation)
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Capyright @ 1998, Institute for Operations Research
and the Management Seiences



PRODUCT LINE DESIGN FOR A
DISTRIBUTION CHANNEL

1. Introduction
When designing a product line, a manufacturer is often
aware that it does not cantrol the ultimate targeting of
the products in the line to the different consumer seg-
ments. While the manufacturers can atternpt to influ-
ence the target customers through communications in
appropriate media, product design, and the choice of
channels of distribution,the ultimate targeting is made
by a retailer, which might only care about its own in-
terests, and is fully in control of interactions with cus-
tomers, including how the product is sold and dis-
played. This occurrence is widespread in numerous
markets, for example, frequently purchased consumer
products, home appliances, personal computers, au-
tomobiles, etc. The product line can be composed of
products of different qualities or just different package
sizes. Consider the perscnal computers case: When
IBM designs its product line it has to be aware that the
ultimate targeting of the products in the line is made
by the retailers; on the other hand, Dell, when design-
ing its line and selling direct, has a greater control on
the targeting process.

Similarly, as suggested above, the tensions of selling
a product line through a distributor are well docu-
mented in the automobile industry, by the bargaining
between dealers and manufacturers about the appro-
priate mix of praducts (which reflects the appropriate
targeting) that should be carried by the dealers: The
dealers want to carry the “fast-selling” automobiles
and drop the “hard-to-market” models. These classi-
fications obviously depend on the dealer’s intended
targeting strategies. For example, in Maxfield v. AMC
{1981) it is noted that AMC may have forced the dealer
(Maxfield) to carry the large “hard-to-market” cars
(Ambassadors and Matadors) in return for carrying
the small “fast-selling” models {(Gremlins and
Hornets).!

In general, the manufacturer has to design the prod-
uct line such that the retailer wants to carry the full
line and is willing to target each product in the line to

'Bob Maxfield, Inc. v, American Motars Carporation, 637 F. 2d 1033 (5th
Cir. 1981). Another interesting example of these tensions at work is
Sauthern Pines Chryster-Blymauth, Inc. v, Chrysler Carporatian, 826 F.
2d 1360 (4th Cir. 1987) where it is alsa noted that Chrysler Corpo-
ration may have forced the dealer (Southern Pines) to carry “hard-
to-market’” models.

MARKETING SCIENCE/ Val. 17, Nao. 2, 1998

the segment intended by the manufacturer. Theretailer
considers the products supplied by the manufacturer
and its intermediate prices, decides which products to
carry, and which consumer segments to sell to. The
manufacturer, aware of the retailer behavior, may then
choose among different strategies to better influence
the retailer’s discretion.” One possibility is to limit the
retailer’s discretion by reducing the number of prod-
ucts available to the retailer. This alternative would tie
the retailer’s hands by not allowing it to play with tar-
geting different products to different consumer seg-
ments. On the other hand, the definite drawback of this
alternative is that the whole channel would then not
segment the market as well, with different consumer
segments ending up buying the same preduct or not
buying at all. Another alternative would be for the
manufacturer to increase the differences among the
products supplied to the retailer (or increase the length
of the product line) in order not to allow the retailer ta
play with the manufacturer’s intended targeting of the
different products to the different consumer segments.
This alternative would still allow the whole channel to
segment the market completely. The major drawback
is that it would result in a greater distorticn of the
products that end up being purchased by the different
segments.

This paper shows that, if possible, the best strategy
for the manufacturer is actually the latter alternative,
ie, to increase the differences in the products being
supplied (in comparison to the direct selling case). If
the manufacturer is not able to increase these differ-
ences, it then elects to price the product line such that
some of the consumer segments end up not being
served. The intuition for this result is that the manu-
facturer, by increasing the differences among the dif-
ferent products, is still making major profits on the
high end segments, while getting some positive profits
from the low end segments and guaranteeing that the
retailer actually targets the different products to the
consumer segments intended by the manufacturer.
Were the manufacturer not to increase the differences
among the different products being offered, the retailer
would only target the higher end consumer segments,
because also targeting the lower end segments would

*Strategies that involve restraints of trade are discussed in the §4.
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involve losing toc many rents on the higher end seg-
ments. Another way of seeing the problem is that the
channel pricing distortions increase the cannibaliza-
tion forces across the preduct line. The manufacturer
tries to campensate for this by increasing the product
differentiation across the line. If increasing the differ-
ences amang the different products being offered is not
possible, the manufacturer then drops the low end con-
sumer segments and cencentrates on the high end of
the market (which is more profitable). The unit mar-
gins of both the retailer and manufacturer are also
shown to be increasing with the quality level of the
product, The results are shown in §3.

There are two main literatures related te this paper:
the literature on coordination and conflict in a channel
and the literature on product line design. In relation to
the former, this paper can be seen as identifying a new
form of coordination problem in a channel, namely, the
lack of coordination on the product line being sup-
plied. This effect is to be added to the list of coordi-
nation problems currently identified in a monopoly
setting {or in a setting where both manufacturers and
retailers have market power). The relation of the re-
sults presented here to the coordination literature is
discussed in greater detail in §4. This new effect seems
to be particularly important given that most manufac-
turers sell a product line (several products) rather than
a single product. Furthermore, the real world is full of
stories of conflict between manufacturers and retailers
about the product line that the retailers are willing to
carry.

There is also a long literature on product line design
with a seller facing different consumer segments {e.g.,
Mussa and Rosen 1978; Moorthy 1984; Oren, Smith,
and Wilson 1984; Reibstein and Gatignon 1984; Shugan
1984: Dolan 1987; Gerstner and Hess 1987; Dobson and
Kalish 1988; Balachander and Srinivasan 1994; Zenor
1994). This paper is closer in spirit to Mussa and Rosen
(1978) and Moorthy (1984) in the sense that it looks at
a product line, where the preference ordering for the
products in the line is the same across different con-
sumer segments. The seller then designs the product
line and prices it such that the different consumer seg-
ments choose different products. Mussa and Rosen
and Moorthy consider the case of a seller selling di-
rectly a product line, while this paper looks at a man-
ufacturer selling a product line through a retailer. The
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manufacturer designs the product line and sets inter-
mediate prices for each product. The retailer then, us-
ing the product line specified by the manufacturer and
the intermediate prices for each product, decides
which products to carry, the pricing for each product
to the final consumers, and the target segment for each
preduct. Shugan and Desiraju (1995) also lock at the
retailer pricing of a line that was specified by the man-
ufacturer, without analyzing the product line design
problem and without starting from the relative pref-
erences of the different segments.

The rest of paper is organized as follows. In the next
section, the general framework for the analysis is pre-
sented. Section 3 presents the results. Section 4 dis-
cusses in detail the relation of the results presented
here to the channel coordination literature and several
marketing implications and extensions of the results
{in particular, extensions to richer institutional set-
tings}. Section 5 concludes.

2. The Model

To study the problem of product line design in a dis-
tribution channel, consider the following framework.
Different products are identified by different quality
levels, g. Consumer segments are identified by 6, a pa-
rameter that indicates the relative preference for qual-
ity. The relative size of the different segments is de-
fined by the cumulative distribution function on 8,
F(6). To concentrate on the product line design prob-
lem, the consumers with a relative preference for qual-
ity 8 have exactly the same preferences, either all buy
a product or do not buy it. Allowing for consumers
with the same preference for quality to have overall
different preferences can be done {(without changing
the main message of the results presented here} and
results in downward sloping demand functions for
each 8, with the well-known “reduced demand due to
higher prices” effects in a channel.?

The retailer charges potentially different prices for
different products: The retailer price of a product with
quality g is denoted by p(g). The ultimate targeting de-
cided by the retailer is then modeled here by the re-
tailer’s choice of the pricing schedule p{g). In general,

3Some analysis on this generalized problem is available upon request
from the authar.
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the ultimate targeting decided by the retailer may in-
volve also advertising, promotion, or service strate-
gies. One might interpret the model presented here as
summarizing all these dimensions of targeting into the
pricing dimension or as considering only the pricing
dimension of the retailer targeting strategy. The man-
ufacturer also charges the retailer potentially different
prices for different products: The manufacturer price
of a product with quality 4 is denoted by wi(q).

The overall utility of a consumer belonging to seg-
ment § and purchasing a product with quality g is L4,
g) = V8, ) — plg), where V(8, q) is the gross utility.
As is typical (see, for example, Moorthy 1984) V, == 0,
the utility is higher for a consumer with a higher rela-
tive preference for quality;* V, > 0, the gross utility is
higher with a praduct of higher quality; V{8, 0} = 0
V6, a product with zero quality yields no gross utility;
and Vy, > 0, the sorting condition, consumers with a
higher relative preference for quality enjoy more an
increase in the quality of a product. If a consumer {for
any segment) does not purchase any product (s)he gets
a utility of zero. We refer to the consumer segments
that value quality more as the high end segments and to
the consumer segments that value quality less as the
low end segments. As seen below, in equilibrium the
consumers from the high end segments purchase the
high end products (higher quality products), and the
consumers from the low end segments purchase the
low end products (lower quality products}).

The retailer’s only costs are the prices paid to the
manufacturer. The profit for the retailer of selling one
product with quality g is then p(q) — w{g}). The man-
ufacturer incurs a cost of C(g) for producing one unit
of a product of quality 4, where C'(4) = 0, it is more
costly to produce products of greater quality, and C"(g)
> 0, producing products of greater quality is more and
more costly. The profit for the manufacturer of selling
a product with quality g is then w(g) — C(g). The man-
ufacturer is not able to either charge a fixed fee or to
enforce a contract requiring that the retailer buys a
fixed proportion of the products in the product line for

‘Throughout the paper the partial derivative of a function F with
respect to its argument x will be dencted by F,. For functions of only
one variable, derivatives will be denoted by a prime, i.e., dF{x}/dx
= F'(x).
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reasons outside the model. This is consistent with the
approach taken in some of the existing channel coor-
dination literature {e.g., Gerstner and Hess 1995}. It
could be justified by the following type of argument,
as suggested by Rao and Srinivasan {1997} in the con-
text of franchising. The manufacturer and the retailer
are in an ongoing relationship where there is variation
through time of the demand and cost conditions. In
this environment and if there are significant costs for
the manufacturer and retailer to rewrite the contract
that governs their relationship every time the demand
and cost conditions change, then the optimal contract
may be the uniform pricing contract (without fixed fee
or fixed proportion of products in the product line}.
Alternatively, the argument could have to do with be-
ing impossible to specify ex ante the characteristics
{due to their infinite number) of the products that are
valued by the consumers and with the inability of the
retailer and manufacturer to commit not to renegotiate.

The sequence of actions is as follows. The manufac-
turer decides first the product line design (the number
of products in the line and the quality of each product)
and the prices for each of the products in the line to be
paid by the retailer. The retailer then considers the
product line supplied by the manufacturer and the
manufacturer price associated to each product, and de-
cides which products in the line it will carry and the
price for each of these products that a consumer buy-
ing that product would have to pay. Finally, each con-
sumer looks at the products carried by the retailer and
the prices being asked, and chooses to buy one of the
praducts or none.

3. The Results

Consider the simple case in which the market is com-
posed of only two segments.” The low end segment has
a relative preference for quality denoted by & and its
fraction of the market is denoted by y. The high end
segment has a relative preference for quality denoted
by # > 8, and its fraction of the marketis 1 — 3. The
analysis will proceed as follows. First, the product line
design for the case where there is no retailer is pre-
sented {the coordinated channel case). Second, to bet-
ter illustrate the forces at work, I consider the case in

“For the case of a continuum of segments, check Villas-Boas (1996}
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which the manufacturer maintains the product line of
the coordinated case and evaluate the retailer’s behav-
ior. Finally, the manufacturer is allowed to change the
product line to adjust for the subsequent retaller
actions.

31. The Coordinated Channel

The set up for the coordinated channel case can be di-
rectly obtained from the existing literature {for exam-
ple, Moorthy 1984). The channel wants to maximize its
profits while making sure that each consumer segment
buys the product that {s}he is supposed to buy (incen-
tive compatibility constraints), and that each consumer
segment that is supposed to buy a product actually
chooses to do so (individual rationality constraints).
Dencting p and g as the price and quality of the prod-
uct intended to the low end consumer segment (i.e., f)
and p and 4 as the price and quality of the product
intended to the high end consumer segment (i.e., &,
we know that the binding incentive compatible and
individual rational constraints yield the price of the
low quality product, p = V{g, g), and the price of the
high quality product, f = V(8, §) — V(6,90 + V4, g).
In terms of product qualities, it can also be obtained
directly from the existing literature that the coordi-
nated channel product line has two products with
qualities g° and §° satisfying

V8, &) = C'@, (1)

1~y

V8 g9 = Cg) + VB, 1) — V(8 29).

(2

Ar

f

Equation (1) is the standard result that the quality
level of the product targeted to the high end segment
is the efficient one {(as if the channel were able to iden-
tify the segment of each consumer). Equation (2} is also
the standard resuilt that the quality level of the product
targeted to the low end segment is lower than the ef-
ficient one. This is because V{8, ) — V(49 > 0
(given V,, > 0). The prices of the two products would
then be g = V{8, 9 — V(8,49 + V(G g and p° =
V(Q,- qc)_ﬁ - - -

fNate also that these would be the manufacturer prices and qualities
offered in a warld in which there was an intermediary who was able
to perfectly price discriminate between consumers.
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3.2. Optimal Retailer Behavior with a Naive
Manufacturer

Let us now introduce an optimizing {and independent)
retailer. Suppose first that the manufacturer behaves
as in the coordinated channel case. It is important to
consider the case of the naive manufacturer because it
illustrates the type of problems the manufacturer
might incur if it does not adjust its product line design
to the existence of an intermediary. In addition, lock-
ing at the naive manufacturer case gives some intuition
for the case in which the manufacturer and retailer act
strategically.

In the naive manufacturer case we then have that
the quality levels and wholesale prices of the products
sold by the manufacturer are the same as the coordi-
nated channel case quality levels and prices, i.e, g =
¢, G =G, w=p,and @ = jF, denoting w and @ as
the manufacturer prices for the products targeted, re-
spectively, to the low and high end segments.

Consider now uncovering the retailer best strategy:
which products to carry and what prices to set. The
retailer has three basic options: carry both products,
carry only the low quality product, or carry only the
high quality product. If it decides to carry both prod-
ucts, it has zero profits because the price of the low
quality product, p, has to be lower or equal to the gross
utility obtained by the low end segment consumers,
V{6, 4, and the price of the high quality product, 7,
has to be lower or equal to V{8, 5 — V8, ¢°) + p for
the high end consumers to prefer to buy the high qual-
ity product. The best pair of prices that satisfies these
two constraints is p = w and p = @, i.e., they yield
zero profits. -

If the retailer decides to carry just the low quality
product it gets a profit of

(1 — PIViE, g9 — V@, g9 >0

because it can charge a price equaltop = V¢, 4°) and
target only the high end segment. - -

1f the retailer decides to carry just the high quality
product it gets at most a profit of

(1 — PVEE, 5 — V@, ¢ — V@, ¢ + V& 91

= (1 - PV, g9 — V@, 99

because the retailer will set § = V{8, 5.
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That is, the retailer will only sell one product and is
indifferent between selling the low or the high quality
ane. In both cases, the retailer sells anly to the high end
segment.” The indifference of the retailer between sell-
ing the high and the low quality product comes from
the optimal design of the product line in the coordi-
nated channel: the high end segment is made indiffer-
ent between buying the high and the low end product.
These results are summarized in the following
proposition.

ProrosiTion 1. [n the case of a naive manufacturer,
the retailer chooses ta sell only to the high end segment. [f
there are anly two markel segments, the retailer is indifferent
between selling the high ar the low quality product.

The manufacturer would prefer that the retailer
would sell the high quality product because then the
manufacturer profit would be

(1 — V@, 3 — V@, 1) + Vg g9 — C@l,
which is greater than its profit if the retailer chose to

sell the low quality product, which is (1 — »IV(g, 9°)
- Cg.

3.3. Product Line Design in a Channel
Consider now the case in which the manufacturer de-
signs the product line taking into account the retajler
behavior. Consider first the retailer optimal pricing
and targeting strategies. Intuitively, if either of the
products has too high a manufacturer price, the retailer
will not carry that product. If the manufacturer prices
of the two products are very different, the retailer car-
ries only the low quality product (the one with the
lower price). Similarly, if the manufacturer prices of
the two products are very cloge, the retailer carries
only the high quality product.

To check analytically these conditions note that if the
retailer carries both products its profit is (using the re-
sults above)

V@, q) — wl + (1 - 3}

V@, §y — V(@ @ + V@ g0 — @]

Ths seen in Villas-Boas (1996}, the result of the retailer indifference
between carrying the high and the low quality product is not robust
to a specification with mare consumer segments. [n the general case,
the retailer decides not to carry same of the lower quality products.

MARKETING ScIENCE/ Vol 17, Na. 2, 1995

If the retailer carries only the low quality product and
sells it to both segments, it gets a profit equal to V{g,
q) — w. The condition that the retailer prefers to carry
both products to carrying just the low quality brand
(targeted ta both segments) can then be written as

w - w= V(@ q - Vi g, (3)

ie, the two manufacturer prices cannat be too
different.

Similarly, if the retailer decides to carry only the
high quality product and targets it only to the high end
segment it can get a profit equal to (1 — yV(8, §) —
). The condition that the retailer prefers to carry both
brands to carrying just the high quality brand (targeted
to the high end segment) can then be written as

Ve - (- MV, q)
)J r

ie., the manufachurer prices cannot be too high.
Noticing that if the manufacturer wants a product
line with just one product, it will then set 4 = 0, cne
still has to consider two other conditions to make sure
that the retailer carries both products: the retailer pre-
fers to carry both products to carrying only the low
quality product targeted only at the high end seg-
ment,® and the retailer prefers to carry both products
ta carrying only the high quality product targeted at
both segments.” It turns out that, in equilibrium, these
conditions are not binding, and the only binding con-
ditions are represented by equations (3} and (4).

w {4)

PropasiTioN 2. [n the two market segments case and
a strategic manufacturer, the retailer decides to target bath
segiments with different products if the difference tn manu-
facturer prices is not foo large and if the manufacturer prices
are not too high. The hinding incentive compatibility con-
straints for the retailer are (i) that it prefers targeting both
segments with different products to targeting both segments
with the low quality product, and (ii) that it prefers targeting

*This candition is ; [V, g} — wl| + (1 — V@, 4 — 2V(0, g) + VLo,
g) — 1@ + wl = 0, which is implied by conditions (3} and (4],

*This condition is @& — w = WV, §) — Vi, g). Note that it can be
jointty satisfied with condition (3. Note alsa that in equilibrium this
candition will not be binding because then the manufacturer can
increase its prafits by raising the manufacturer price of the high qual-
ity product.
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both segments with different praducts ta targeting only the
high end segment with the high quality product.

The manufacturer problem is then to design the
product line to maximize its profits subject to con-
straints (3) and (4), the conditions that guarantee that
the retailer wants to carry both praducts, and to the
nonnegativity constraints on the quality levels.
Analytically,

max yw — Cigl + (1 — e — &A@, 5

b g. g
st — w = V@ § — V@, g, (6
g=VeD -0 - NV, 2 )
}J
g=04=0 (8)

Given that conditions (6) and (7} are binding and
substituting for ¢ and @ {the manufacturer prices for
the lowest and highest quality being offered) in the
objective function, forgetting about the nonnegativity
constraints an the quality levels, differentiating the ab-
jective function with respect ta the quality levels g and
4 and equalizing to zero, one obtains the equilibrium
product line desigr, g*, and §*, the lowest and highest
qualities offered by the manufacturer, as satisfying

V8, 4 = C'@n, (9)
1 — _

3 r V8, g9 — VA8 g9].

(10)

v, @ g = C@hH +

5

]

Nate that §* = §°, i.e., the high end segment is still
getting the efficient quality level. However, 4* < g (be-
cause {1 — ¥2)/¥ > (1 — y)/v), i.e., the manufacturer
decides now to have a more distorted product line than
in the coordinated channel case. This is because the
manufacturer takes into account the retailer profit
maximizing behavior and realizes that to target the dif-
ferent segments, the product line has now to be ex-
tended (a greater difference between the products in
the line). The manufacturer, by increasing the differ-
ences amang the different praducts, is still making ma-
jor profits on the high end segments while getting
some pasitive profits from the low end segments and
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guaranteeing that the retailer actually targets the dif-
ferent products to the consumer segments intended by
the manufacturer. Were the manufacturer not to in-
crease the differences among the different products be-
ing offered, the retailer would only target the higher
end consumer segments, because also targeting the
lower end segments would involve losing too many
rents on the higher end segments. In other words, the
manufacturer has to distort its quality levels down-
ward to better take into account the retailer’s behavior
(and the adjustment of the product line is not just
through prices). Note also that, because the lowest
quality being offered is smaller than in the coordinated
channel, g% < g°, the nonnegativity constraint on the
quality level of the product targeted to the low end
consumer segment might now be binding, whereas it
might nat have been under channel coordination. If
this is the case, the existence of the retailer makes now
the manufacturer shorten its product line (the product
line has anly one product), and only target a product
to the high end segment.’

ProrositioN 3. In the two market segments case and
a strategic manufacturer, the product line chosen by the
manufacturer is more distorted than in the coordinated
channel case. The high end segment is targeted a product
with the efficient quality level. The optimal distorted level of
the low quality product might involve the manufacturer
shortening the product line and not targeting the low end
segrent,

The manufacturer prices in equilibrium are equal to

V * — _
wt = @ q) 1 yv(g’q*)
b r
and
B A %y 1% *
o = v, - VeD - Ve

}J

"This can also be seen as the “reduced demand due to higher prices”
effect at work in the sense that the existence of the intermediary
reduces the quantity being sold. As shown in Villas-Boas (1996), this
result is not rabust to a specification with a continuum of consumer
segments: The manufacturer may still target fewer consumer seg-
ments, but it will never reduce the product line.
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The retailer equilibrium prices are g* = V{8, 4%) and p*
= V@, ) — V@, ¢*) + V(@ ¢*). Note that the unit
retailer margins for each product end up being the
same, e, ff — @ =pt—w=1-y/y (v, g% —
V(Q, q#)].ll - -
Note also that while the consumers of the low end
segment have the same net surplus as in the coordi-
nated channel case (i.e., zero), the consumers of the
high end segment are now worse off because the prod-
uct they buy has the same quality level as in the co-
ardinated channel case (i.e., the efficient one} and the
price the pay is now higher (because the lawest quality
offered is smaller that in the coordinated channel, g* <

9.

ProprosiTiON 4. [n the two market segments case and
a strategic manufacturer, the vetatl margins are the same for
both products in the product line. The high end conswmers
are worse off than in the coordinated channel. The low end
cansumers have zero surplus in both cases.

4. Marketing Implications and

Extensions

This paper shows that without a coordinated channel,
a manufacturer should increase the length of its prod-
uct line in order to take into account the targeting strat-
egy of the retailer. The different consumer segments
will now be targeted with products with less quality
than if the channel were perfectly coordinated, and
they end up worse off. Failure for a manufacturer to
account for the optimal retailer targeting strategies re-
sults in the retailer just targeting the higher end con-
sumer segments. In addition to this general marketing
implication, one can consider how this general rec-
ommendation would be affected with several exten-
sions of the model or of the enlargement of the set of
marketing strategies available to the firm. The relation
to the results in the existing literature on channel co-
ordination is also presented.

"As seen in Villas-Boas (1996}, this result is not robust to a greater
number of consumer segments, With a greater number of segments
the retail margins are smaller for the products in the line that have
lower quality (after the product with the second highest quality
level).
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Relation to Channel Coordination Literature

The results presented in this paper show another form
of lack of coordination in a monopoly setting. The ex-
isting literature, as noted in Tirole (1988, pp. 174-181),
identifies three main coordination problems: “reduced
demand due to higher prices” (eg., Spengler 1950,
Jeuland and Shugan 1983, Moorthy 1987, Gerstner and
Hess 1995), “service externalities” (e.g., Lal 1990}, and
“input substitution” (e.g., Vernon and Graham 1971).
These three effects have been widely studied in the
existing literature.

Following the definitions in Tirole (1988}, the “re-
duced demand due to higher prices” effect says that
because of retail margins over manufacturer marginsg
the retail price ends up being too high, resulting in the
quantity sold aon a single product being smaller. In
Spengler (1950), Tirole (1988), and others, this effect is
also labeled “double marginalization.” The “service
externalities” effect says that the retailer and/or the
manufacturer end up providing less service than is op-
timal for the channel because they are not the full re-
sidual claimants of the channel margin (the retailer
gets p — w, the manufacturer gets w — ¢, while the
channel margin is p — ¢). The “input substitution” ef-
fect says that a monopolist retailer buying several in-
puts will substitute away from the inputs that are sup-
plied through a manapolist.

The effect presented in this paper says that because
the retailer has different targeting objectives than the
manufacturer, the manufacturer should widen its
product line. This new effect is closely related to the
effects that had been previously identified in the lit-
erature and, in particular, to the traditional double
marginalization effect. These four coardination effects
are due to the fact that the retailer when making de-
cisions does not take into account the total channel
profit but only its own profit. Said differently, the re-
tailer is not the full residual claimant of the organiza-
tion, i.e., in a setting where there is retailer and man-
ufacturer market power, the retailer margin is set over
the manufacturer margin. If there is perfect competi-
tion among manufacturers, these four distortions go
away because the retailer becomes the residual claim-
ant of the organization. If there is perfect competition
among retailers, and even though each retailer is not
the residual claimant of the aorganization, the market
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discipline makes the retailers take the coordinated
channel decisions in both the “reduced demand due to
higher prices” and the “product line distortion”
effects.'?

Note also that the result presented here is somewhat
analogous to the “reduced demand due to higher
prices” effect in the sense that here we obtain a de-
crease in the quality level of the low quality product,
while in the “reduced demand due to higher prices”
effect one obtains a decrease in the quantity de-
manded. The mechanisms that make these effects wark
can, however, be seen as quite different: In the “re-
duced demand due to higher prices” effect, the mar-
gins over margins cause the retail price to be too high,
resulting in lower demand. In the effect identified in
this paper, the possibility of the retailer not willing to
carry all the product line and only targeting the high
end segments at a very high price makes the manufac-
turer decrease the quality of the low quality product.

The results in this paper are also related to Gerstner
and Hess (1995}, who consider the case of targeted pull
strategies. Gerstner and Hess show that targeted pull
improves the channel profits. The relation of the
Gerstner and Hess maodel to this paper is that targeted
pull can also be interpreted as a product line being sold
through a channel: Some segments are targeted the
product with coupon (lower price, but cost of handling
the coupon} and other segments are targeted the prod-
uct without coupen thigher price, but not costs of han-
dling the coupon). However, the context of that madel
does not fully allow for an analysis of the optimal de-
sign of the product line (with and without an
intermediary).

Perfect Competition Between Retailers

One important issue to consider is that in most markets
there may exist some degree of competition at the retail
level. This competition may undoubtedly introduce
important new effects.

At the extreme of retailer perfect competition in all
the product line, the retailer prices are, obviously,
equal to the prices charged by the manufacturers
(given the assumption of zero retail costs), ie, p = @

"t is also well known that perfect competition among retatlers will
nat solve both the “service externalities” and “input substifution”
effects.
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and p = w. Then, the manufacturer is able to get the
coordinated channel outcome as presented in §3.

More interestingly, note that even if the manufac-
turer choases to distribute one product type per re-
tailer, it is still able to achieve the coordinated channel
autcame. Suppose one retailer carries only the high
quality product, another retailer carries only the low
quality product, and these two retailers are in perfect
competition. Suppose also that the prices and quality
levels set by the manufacturer are as in the coordinated
channel, ie, w = p, @ = @, g = 4%, and § = §°. Sup-
pose now that the retailer that carries the low quality
praduct charges a price g = w. Then, a best response
for the retailer carrying the high quality product is
charging a price g = 0 because any price above @
would yield nc demand. In the same way, suppose
now that the retailer that carries the high quality prod-
uct charges a price § = @. Then, a best response for
the retailer carrying the low quality product is charg-
ing a price p = w because any price above @ would
yield no demand from either the low or high end seg-
ment. Then, the retail price equilibriumis(p = w, g =
) and the manufacturer is able to get the coordinated
channel outcome.

This shows that even if a manufacturer cannot have
its product line fully carried by competing retailers, it
may be able to alleviate the product line distortion by
having competing retailers targeting different con-
sumer segments, if this distribution strategy is possi-
ble. However, this paradigm of perfect competition be-
tween retailers does not seem to fit reality well when
competing retailers can provide service to the custom-
ers and are always able to find a variable to differen-
tiate themselves.

Imperfect Competition Between Retailers

Let us consider now the general case in which the re-
tailers have some market power. We will confirm that
there is a continuum between perfect competition, no
distortion, and monaopaly, the distortion obtained in
the previous section.

Consider two competing retailers. Normalize the
market size to one unit and suppose a consumers are
completely loyal to ane retailer, & consumers are com-
pletely loyal to anather retailer, and 1 — 2a consumers
are completely indifferent between the two retailers,
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with 0 = a =3.% A consumer of type 4 loyal to a certain
retailer will buy only from that retailer and if and only
if the price of the product of quality g being bought is
lower than V{8, g). A consumer of type # indifferent
between the two retailers will buy from the retailer that
has the lowest price for a product of quality g being
considered, and if and only if that price is lower than
Vig, q).

The parameter « is then an index of market power:
Competition is mare intense when a decreases. When
a = 0 we have the extreme case of perfect competition
discussed above; when @ = 1 we have the extreme case
of local monopoly as presented in §3.

To compute the market outcome in this case, we
have to first characterize the retail market equilibrium
when the manufacturer offers a pair of products with
qualities {g, 4} at the manufacturer prices (w, @}, re-
spectively. After computing the retail market equilib-
rium we can then solve for the optimal product qual-
ities and manufacturer prices set by the manufacturer.

Consider the retail market equilibrium for given
product qualities {4, 4} and manufacturer prices {w, @}
Note first that for any retailer to be willing to carry the
higher quality product targeted at the high end seg-
ment, it must be that its profit from selling the high
quality product to a high end consumer, § — @, is
greater than the profit of selling the low quality prod-
uct to a high end consumer and keeping the consumer
surplus constant, g — [V(@, ) — V6, )] — w. This
reduces to @ — w = V@, §) — V{4, g), which is con-
dition (3), a condition that will always be satisfied in
equilibrium because the manufacturer wants to sell the
higher quality product.

Second, note that a retailer can guarantee itself both

alyfiVd, ¢y — wl + (1 — )

(Vg, ) — Vb, g) + V@, ¢ — @l
by offering both products to all the loyal consumers,
and af1 — PIV(A, § — @] by targeting only the high
end loyal consumers. From, §3 we already know that
the farmer is greater than the latter if and only if
b VD - 4 - VO, 2
¥

condition (4).

“See, for example, Narasimhan (1988) for a similar set-up.
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One can then obtain the retail market equilibrium as
a function of the product qualities and the manufac-
turer prices {the praofs of the following two proposi-
tions are available upon request from the author).

ProPOSITION 5. Suppose condition (3) ts satisfied. If

w = vig, gy — (1 — pV(, Q)’

¥
the retail market equilibrium involves each retailer carrying
always both products, and mixing on prices according fo the
curulative distribution functions presented fn (1)-(iii) in
the appendix. If

w > Vg, q) — (1 — pV(8, g),
¥

the retail market equilibrium involves each retailer carrying
only the high quality product with positive probability and
mixtng on prices according to the cumulative distribution
functions presented in (iv)—{(vi) in the appendix.

This proposition shows interestingly that if condi-
tion (4) in the manopoly case is violated, the retail mar-
ket equilibrium is one in which thereisa positive prob-
ability of the manufacturer not selling the low quality
product (see the appendix).

The following characterizes the manufacturer deci-
sions in terms of prices and qualities being offered.

PrarositioN 6. The manufacturer sets @ = w +
V8, @) — V{8, q). For low levels of competition (high a),
the manufacturer sets

Vi, ¢ — a4 - pvié, g

w = +
¥

{the monopoly case solution), and both consumer segments
are always served with different products. For high levels of
competition (low a), the manufacturer sets

v > Vg, gy — (1 — pvis, g)’
¥

and while the high end consumers are always served, the low
end consumers may not be served with positive probability
(given the retail market equitibrium). The threshold market
power ¢ is defined by (vii) in the appendix. The quality of
the product targeted at the high end consumers is as in the
coordinated channel case. The quality of the product targeted
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at the low end consumers is lower than in the coordinated
channel and is defined in conditions (viil)~(x). When the
intensity of competition approaches perfect competition (o
— 0), the market outcome approaches the one of the coor-
dinated channel case.

This proposition shows that under competition be-
tween retailers that have some market power, we still
obtain the main features of the retailer monopoly case,
that the manufacturer when selling through the chan-
nel increases the length of the product line. Interest-
ingly, one also finds that under competition, the mar-
ket may result in the low quality product not being
carried by either retailer with positive probability. Fur-
thermore, when the market structure tends to perfect
caompetition we recover the perfect competition equi-
librium presented above.

Retailer with Discretion on Quality Levels

One interesting aspect that was not considered is the
fact that retailers have often some discretion in chang-
ing the quality of the products they sell or the pur-
chasing experience, for example, with cleanliness of
the products, small waiting queues, availability, credit,
etc. This additional retailer discretion would allow the
retailers to better target the different products. Inter-
estingly, note that Wernerfelt (1994) shows that sales
assistance (which can be seen as a way for a retailer to
better target the product line) is more likely to prevail
when product lines are wider. It would also be ex-
pected that if the retailer has this discretion then the
manufacturer may want to even widen more its prod-
uct line. Chu, Gerstner, and Hess (1995}, in a single
product setting and competition, also model the cus-
tomers’ purchasing experience in addition to the prod-
uct itself. Iyer (1996) considers the case where the qual-
ity decision is made only by the retailer.

Horizental Differentiation

To focus the attention on vertical product lines, the
results abave also restricted their attention to vertical
preferences, i.e., consumers being segmented accord-
ing to their relative preference for quality. In fact, in
every market consumers can also be segmented in
terms of horizontal preferences—one consumer likes
more “red,” another consumer likes more “blue,” or
some consumers like more a particular manufacturer
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than other consumers. The existence of horizontal pref-
erences raises two main issues.

First, with horizontal preferences and the firms re-
stricted to a particular positioning on the harizontal
preferences, there would be a downward sloping de-
mand of consumers with a certain intensity of prefer-
ence for quality. (Some analysis of this problem is
available upon request from the author.} The main re-
sult is that now, in addition to the wider product line
effect, we have a “reduced demand due ta higher
prices” effect. The existence of an intermediary causes
prices to be higher (because of margins over margins)
and total demand to be lower than in the no interme-
diary case. In terms of the product line design and in
order far the prices of the high quality product not to
end up too high, the manufacturer may want to widen
even more the product line. Second, with horizontal
preferences,the manufacturer could, in principle, be in-
terested in selling products horizontally differentiated,
targeted at the different (horizontal) consumer seg-
ments. Without the existence of fixed costs of intro-
ducing products, this strategy of introducing a product
targeted to each horizontal consumer segment would
be optimal. The only constraints to this strategy would
be the vertical targeting problems considered in this
paper (if the consumers located at each horizontal pref-
erence have different willingness to pay for their most
preferred product).

Nonlinear Pricing and Fixed Fee

It is also important to note that several well-known
vertical contracts (restraints of trade) between the re-
tailer and the manufacturer, if doable or legal, could
solve the problems stated above. Far example, if the
manufacturer could charge the retailer a fixed fee (or
any other form of nonlinear pricing), it could then re-
cover the profit through the fixed fee and charge the
retailer the marginal cost of each product per unit sold.
In this way, the retailer would have the incentives to
behave as in the coordinated channel. As discussed
above, it may be that the manufacturer is not able to
charge a fixed fee because of too much uncertainty in
the market and existing significant costs of writing
contracts. Empirically, fixed fees are not very frequent
and when present do not seem to have the role dis-
cussed above (see, for example, Kaufman and
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Lafontaine 1994 for some evidence in the context of
franchising).

Tie-in Agreements

Anather solution to the wider product line distortion
is for the manufacturer and the retailer to contract on
a tie-in agreement that would commit the retailer to
buy the “correct” fixed proportion of the products in
the line (full line forcing). This paper can then be seen
as justifying the importance of tie-in agreements when
selling a product line through a channel. However,
these types of contracts may not be enforceable be-
cause of renegotiation, the impossibility of specifying
ex ante the product characteristics that are ultimately
valued by the the market, or monitoring costs. More-
over, the tie-in agreements (full line forcing in this
case) may be considered illegal by §3 of the Clayton
Act (see also Sullivan 1977, pp. 456-459).

Coupons and Other Screening by the Manufacturer
Other screening activities by the manufacturer such as
coupons (Gerstner and Hess 1995), if possible, can im-
prove the profits of the manufacturer and reduce the
distortion of a longer product line. However, if these
screening activities are possible with the intermediary
they are also possible in the coordinated channel, and
therefore, they will also reduce the distortion of the
longer product line for the coordinated channel case.
This means that, in comparison to the coordinated
channel case, a manufacturer should still stretch its
product line when an intermediary is introduced. In
fact, at a conceptual level, other screening activities by
the manufacturer such as coupons are nothing but
changes in the design of the product line and, in that
sense, are already accounted for in a formulation of the
problem such as in §2 {(except for the multidimension-
ality of characteristics).

5. Concluding Remarks

The results presented here give also some interesting
managerial insights. First, from the point of view of
the retailer, margins in the product line should be in-
creasing in the product quality level. The retailer
should also target different products to different con-
sumer segments and, in particular, target products
with less quality than the efficient one to the consumer
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segments that value quality less. This allows the re-
tailer to get the consumer segments that appreciate
quality more to pay more for the high quality products.
The manufacturer, on the other hand, should account
far the retailer targeting strategy by, in comparison
with the case where coordination in the channel is pas-
sible, increasing the length of the product line, target-
ing even lower quality products to the segments that
appreciate quality less. Better coordination in the chan-
nel can be achieved through the use of tie-in agree-
ments, which will ultimately result in reducing the
length of the product line.

These results have also important implications for
manufacturers that plan on starting or stopping selling
their product line through an intermediary (consider-
ations often impartant, for example, in the personal
computer industry). For example, if a manufacturer
that formerly sold direct is now planning on selling
through an intermediary, it should consider seriously
increasing the quality differences in the products in its
line. The risks have to do with the intermediary tar-
geting strategies being in strong disagreement with the
manufacturer plans. The unit margins of both the re-
tailer and manufacturer are also shown to be increas-
ing with the quality level of the product. Failure for a
manufacturer to account for the optimal retailer tar-
geting strategies results in the retailer just targeting the
higher end consumer segments.'*

Appendix
1. Probability Distributions of Equilibrinm Mixed Strategies in
Proposition 5

(a)

LVl g - = v, g
?

it}

Dencte F() and F() as, respectively, the equilibrium curnulative dis-
tribution functions for p and f. Then,

a W9 ¢ )
1 -2 p-uw

Fp) =1 -

] Vil &) — ViR Vid, g) — §
R R e

g @

Furthermore, each realization of the pair (g, p) satisfies

"“The author is grateful ta Ganesh Iyer and Debu Purohit for helpful
cornments on an earlier version of this paper.
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V@, § - Vi, g + Vil

f=2gp =@

Vi, 40 - w
Vg, g —
a Y@ - p (iid)
Vig g0 —
(b
LY (1“ it}
I
V@I - VL g+ VG ] + Bl £ Vi g - Vi g
prp= K- — 1
with
e o AV BV, g) — Vel g) + Vil g) — &1 + Vi ) —
17 v

AVE @ - wl + (U = NV G~ VG @) + Vil g) — @)

the retailer only sells the high quality product and the cumulative
distribution function of f is
— ﬁ‘

ki

—

{iv)

a Vi@, g
1 - 22 p -

if V((}, gy — ved, qy + V() q) = § = p, the cumulative distribution
function af f is a constant, i.e, there is no positive density on these
f being charged.

if V(@, qr - V(t'}, gt + Vil ) > f, the curnulative distribution
functions for pr and ﬁ_are, respec_tively,

a K-p {v)

E =1 - 3
Ew 1-2ep-n

« K, - p

Fpy =1 - (i}

1 - 22p - @
where K, is defined by

Ki = 1w + —V{@, @) - K.

Finally, each realization of the pair (p, f) for fi in this region satisfies

WK, — p) + Kifp — w)
Ky —w '

B =gl =

2. Threshold Market Power and Optimal q in Proposition 6{a)
Threshold market power. The threshold market power & is defined
by
vid g9 - (0 — v ¢
2?3&2[ (. g9 (1“ VWG, 99 C(g*)]

,

1 - =0 i
a4~ 28 = JVE, 1 — V@ R

where ¢* satisfies condition (10).
(b} Optimal 9. The optimal g for & > & s
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q9 = 4% il
defined by condition (10). The optimal (g, w) for & = & satisfy

-+ 1 -5+ (1 - 28)P + ay
3 {1~ 2P + alf

Vid g = O +

(V40 g - v gl {ix)
and

1~ PML + P — JaP) — 20w ~ TPl + P — 2aP)

Vi gy —
[1f}lza+P+l_3’=° )
where
= - Pl + P - 2aP)
and
p o (1 — avid, g - Vid @ +

T Za ViR g - wl + O — AV, g - VG g+ Ve g - @
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