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unreasonable to expect that retailers would charge a
lower retail price for the brand with the lower wholesale
price. However, our analysis shows how this heuristic
is dependent on the relative sizes of the various seg-
ments in a heterogeneous consumer population. Under
certain conditions the equilibrium retail pricing strate-
gies are such that the brand with the highest wholesale
price may have the lowest retail price.

Finally, our analysis allows us to investigate the re-
lationship between retail prices of competing brands at
a retail outlet. In particular, one might wonder whether
the retail prices of competing brands should move to-
gether or in opposite directions. We again show that this
relationship depends on the relative magnitudes of the
various consumer segments.

The rest of the paper is organized as follows. We pre-
sent the basic framework in the next section. Section 3
offers an analysis of restricted cases that helps illustrate
the impact of the different types of consumer segments,
and §4 presents the main intuition for the results and
some managerial insights. The more technical §5 pre-
sents the general case. We close with a summary of our
results and offer directions for future research.

2. The Model

We consider the simplest framework in which one
could have competing manufacturers and competing
retailers carrying several products. There are two man-
ufacturers, A and B, and two retailers, 1 and 2. The man-
ufacturers set the prices they sell at to the retailers, w,
and wg, and the retailers set the retail prices, P4; and
Py, (for retailer 1), and P4, and Pj, (for retailer 2).” The
manufacturers do not price discriminate between re-
tailers. This could be justified by the existing nonprice
discrimination antitrust laws. Figure 1 illustrates the
market situation.

In order to characterize the demand conditions we
consider the simplest and most interpretable possible
case, although stylized, in which we have the complete
spectrum of types of loyalty in this market: no loyalty,
loyalty to a manufacturer, loyalty to a retailer, or loyalty

7 We consider here only the case in which manufacturers sell to both
retailers. The case of exclusive dealing is treated in Lal and Villas-Boas
(1993).
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to a specific manufacturer brand at a specific retail out-
let. This yields the existence of nine segments of con-
sumers:

* One segment, of size S, consists of the price sensi-
tive consumers. They buy the product that has the low-
est retail price (Pa1, Pp1, Paa, Or Pgy).

* Two segments, each of size R, consist of the retailer-
loyal consumers (one segment per retailer). They go al-
ways to the same retailer, and once there, they buy the
product at the lowest price.

e Two segments, each of size M, consist of the
manufacturer-loyal consumers (one segment per man-
ufacturer). They always buy the brand of the same man-
ufacturer, but they go to the retailer that has it at the
lowest price.

 Four segments, each of size I, consist of the most
price-insensitive consumers, loyal to a specific manu-
facturer brand at a specific retail outlet (one segment
per manufacturer-retailer pair).

Empirically, using scanner data, numerous studies
have looked at the distribution of the relative preference
of consumers for several manufacturers (see, for ex-
ample, Chintagunta et al. 1991, Goniil and Srinivasan
1993), i.e., the relation between 41 + 2M and 2R + S.
Goniil and Srinivasan, for example, suggest that (41
+2M)/ (2R + S)is close to 1/ 2 for the product category
investigated by them. Other studies have also looked at
the distribution of the relative preference of consumers
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for retailers (see, for example, Bell 1995), i.e., the rela-
tion between 41 + 2R and 2M + S. However, we do not
know of any study that investigated the distribution of
the relative preference of consumer over both manufac-
turers and retailers.

This heterogeneity among consumers can be gener-
alized without changing the main message of the results
of the model to the case in which the distribution of
loyalty across consumers is smoother.? As noted above,
the only crucial aspect of the heterogeneity being as-
sumed is that there is a positive mass of consumers who
always buy the brand that has the lowest price. Note
also that the size of the manufacturer-loyal and the
price-insensitive segments can be seen as a measure of
the manufacturer power. Similarly, the size of the
retailer-loyal and the price-insensitive segments can be
seen as a measure of the retailer power.

Note also that while conceptually the manufacturer
and retailer loyalties are similar, the source of each type
of loyalty might be different. While the manufacturer
loyalty might result from preferences of consumers
across physical attributes of the products, the retailer
loyalty could depend on physical search costs of con-
sumers.

All consumers have reservation price r. For simplic-
ity, all retailers and manufacturers have zero costs of
production. We look for the subgame perfect equilib-
rium where, first, manufacturers set wholesale prices
simultaneously, and then the retailers also simulta-
neously set the retail prices. We restrict our attention to
symmetric equilibria. The strategy to compute the equi-
librium is similar to that in McGuire and Staelin (1983).
First we compute the equilibrium in the retail market
for all the pairs (w4, wg). Then, we find the equilibrium
in (w4, wg) given the retail market equilibrium that fol-
lows. Before getting started, let us state alemma (similar
to one in Varian 1980, but here for the multiproduct
seller) that will be useful in the subsequent analysis.

LEMMA 1. Given wy < v, and wg <r, 1 >0, M > 0,
R > 0,and S > 0, there is no symmetric retail market equi-
librium where a price is set with positive mass, i.e., all the

® Similarly, one could also allow consumers to buy more than one unit
of the product.
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prices being charged are drawn from a probability distribu-
tion with smooth density.

PROOF. See appendix.

We therefore know that in our model of the retail
market, the only symmetric equilibria are in mixed
strategies, with no price of any product being set with
positive probability.

3. The Restricted Cases

In order to get the intuition for the impact of the differ-
ent consumer segments on the market equilibrium, we
consider some of the restricted cases of the model pre-
sented above. These cases give the general intuition for
the main results and will also help us understand when
we should expect a positive or negative correlation in
the price promotions in a certain retailer. They are par-
ticular cases of the generalized model presented in the
more technical §5.

Note first that when there is no retailer loyalty (i.e., R
= I = 0), the retailers do not have any market power
(they price at cost, i.e., P4 = w, and Py = w;), and the
manufacturers price exactly as in the case of the two-
sellers model considered in Varian (1980) or Narasim-
han (1988) (where the sellers are the manufacturers).

The results of the two-sellers model are as follows
(this term is also used below). There are two sellers in
the market, each selling one product (and setting the
price for that product). The marginal cost is c. The con-
sumers reservation price is r. Each seller is guaranteed
a demand of X. Additionally, if its price is the lowest
one, its demand increases by Y. Then the equilibrium is
in mixed strategies with cumulative distribution

X(r - P)
FP)=1-—+2,
®) Y(P - ¢)
with support between
Xr + Xe and 7
X+Y '

If the sellers are the retailers, P is P,y or Piz (i = 1, 2), ¢
iswaorwg, XisIand R, and Y is S and M. If the sellers
are the manufacturers, P is w4 or wg, c is 0, X is I and
M, and Y is S and R.

In the same way as above, when there is no manu-
facturer loyalty (ie., M = I = 0) the manufacturers do
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not have any market power (they price at cost, i.e., w,4
= wg = 0), and the retailers price exactly as in the case
of the two-sellers model where the sellers are the retail-
ers (and we look only at the lowest price of each re-
tailer). On the other hand, if there is no type of manu-
facturer switchers (i.e., R = § = 0), all prices are equal
to the reservation price r; and if there is no type of re-
tailer switchers (M = S = 0), the retailers price at the
reservation price, and the manufacturers price as in the
two-sellers model.

Consider now more complicated cases in order to bet-
ter understand the forces at work in the general case.

3.1. No Consumers who are Loyal to a
Manufacturer but not to a Retailer (M = 0)
Consider first the case when there are no manufacturer-
loyal consumers, i.e., there are no consumers that are
willing to shop around for the best deal available
(across retailers) on a certain brand. Let us consider the

incentives for the pricing decision of a retailer.

For the brand that has the lowest retail price (the low-
est priced brand) the incentives are as follows: it is guar-
anteed a demand of R + I; if the price is sufficiently low
this demand can be increased by as much as M + S
= S (because M = 0).

For the brand that has the highest retail price (the
highest priced brand) the incentives are as follows: it is
guaranteed a demand of I; if the price is sufficiently low
this demand can be increased by as much as M = 0.

Then, there is no incentive of lowering the price of the
highest priced brand, i.e., this will always be equal to 7.
The equilibrium has then the following characteristics:
the brand that receives the smallest trade deal is priced
at 7 (no promotions); the brand that receives the greatest
trade deal is priced as in the two-sellers model; the equi-
librium in the wholesale market is also exactly the same
as in the two-sellers model.

3.2. No Consumers Loyal to the Manufacturer-
Retailer Combinations (I = 0)

Consider now the case when there are no consumers
that are loyal to the pairs manufacturer-retailer, i.e.,
there are no consumers that are willing to buy a certain
brand in a certain retailer, whatever the prices of other
brands in that retailer or in the other retailer.

Let us consider the incentives for the pricing decision
of a certain retailer for its highest priced brand. The in-
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centives are as follows: it is guaranteed a demand of I
= 0; if the price is sufficiently low this demand can be
increased by as much as M. Then, there is no incentive
to increase the price of the highest priced brand, i.e., this
will always be equal to the price of the lowest priced
brand.

The equilibrium has then the following characteris-
tics: both brands are always equally promoted;’ the
brand that received the greatest trade deal gets the
retailer-loyal consumers and the ““switchers” in the case
that retailer has the lowest price in the market.'’ There
is then a positive correlation across brands of the pro-
moted prices of a certain retailer.

Given this retail market equilibrium, the manufac-
turer market behaves in exactly the same way as the one
in the two sellers model (the manufacturer with lowest
price gets a demand of R + M + 2I, and the manufac-
turer with the highest price gets a demand of M + 2I),
and the equilibrium has the same form.

3.3. No Consumers Who Are Loyal to a Retailer but
not to a Manufacturer (R = 0)

Consider now the case when there are no retailer-loyal
consumers, i.e., there are no consumers that are loyal to
a certain store and once there look for the best in-store
deal. Examples of product categories where R might be
smaller, as compared to I, M, and S, are electric appli-
ances categories or, as discussed below, categories used
as “loss-leaders.”

Consider the retail market equilibrium. Note first that
the brand with the greatest trade deal is not always the
most promoted one. Suppose that the brand A is the one
with the greatest trade deal, i.e., ws < wg, but the trade
deals are not very different." Then consider that the
equilibrium is such that for each retailer we have always
P, = Py, i.e, the brand most promoted is always the
one that received the greatest trade deal. Then, the low-
est P, charged, P,, has to satisfy (P4 — wa4)(I + M + S)

° Except when the retailer is supposed to promote the most promoted
brand, A, at a price below the price paid for the other brand by the
retailer to the manufacturer (P4 < ws). In this case we have Py = wp.

19 The probability distribution of the equilibrium mixed strategies of
the retailers is characterized in §5 for the general case.

" This is with loss of generality. As it is made clear below, the man-
ufacturer equilibrium results in the manufacturers charging different
wholesale prices with probability one.
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= (r — wy)I, the lowest Py charged, Pg, has to satisfy
(Ps — wg)(I + M) = (r — wg)], the expected payoff for
each retailer is (r — wy)I + (r — wg)l, and

r—Pol
(Pa — wa)(M + S)

F(P,r)=1-

Consider now a deviating strategy where Py < Py,
which is (Pg = Pp, P4 = 7). Then, this retailer gets for
brand A a demand of only segment I, and for brand B
a demand of segments I and M with probability one,
and the segment S with the probability 1 — F(Pg, 7). Its
expected payoff is

(r —wa)l + (Pp —wg)(I + M) + (Ps — wp)[1 — F(Ps, 1)]

=(r—wa)l+ (r —wg)l + (V_BB)MITS_

> (r —wyu)l + (r — wp)l.

Then, this deviating strategy gets a payoff greater than
the equilibrium payoff, i.e., the equilibrium can not
have the retailers charging only prices such that P,
= Pg.

The reason for this result has to do with the incentives
to lower prices for the most- and the least-promoted
brand. For the most-promoted brand, it is guaranteed a
demand of I and can increase its demand by as much
as S + M if it has a sufficiently low price. For the least-
promoted brand, it is guaranteed, in the same way, a
demand of I, but it can increase its demand by only M.
Then the least-promoted brand has a smaller incentive
to lower prices. Then, if P, = P; for all the prices being
charged, this implies relatively high prices for the B
brand, which creates an opportunity for a retailer to
charge a very low Pg such that Py < P,.

Furthermore, when (wp — w,) converges to zero, the
probability with which each retailer sets Py < P4 con-
verges to 50 percent.” It can also be shown that there is

2 F(x, y) is the probability of charging P4 = x, and Py = y. These
results are derived in an appendix, which is available upon request
from the authors.

3 To see this, consider a retailer setting (P4 = x, P = r). Its expected
payoff is I(x — w,) + M(x — wa)[1 — F(x, r)] + S(x — wa)[1 — F(x, 1)
— F(r, x) + F(x, x)] + I(r — wg) = (r — wa)l + (r — wp)Il. Consider
now a retailer setting (P4 = r, Pg = x). Its expected payoff is I(x — wg)
+ M(x — wg)[1 — F(r, x)] + S(x — wg)[1 — F(x, r) — F(r, x) + F(x, x)]
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an x; (to use the same notation as in Table 4) for which
each retailer either sets P4 = x, = Pgor Py = x, = P4
(see Table 4 when R = 0), i.e,, retailers promote heavily
one or the other product. This can result in a negative
correlation across brands of the price promotions of a
retailer, given the wholesale prices.

Another important aspect of this case is that the man-
ufacturers equilibrium is not of the same type of the one
in the two sellers model, in contrast with the previous
cases. Even when a manufacturer offers the smallest
trade deal, it can get the ““switchers” segment (segment
S) with positive probability. The equilibrium expected
payoff for each manufacturer is still equal to the payoff
resulting only from the segments that are loyal in some
form to the manufacturer (i.e., equal to r(2I + M)).*

4. The Main Intuition

At an intuitive level and as suggested in the previous
section, the main results have to do with the relative
incentives a retailer has to lower the price of the highest
or the lowest priced brand.

Consider the case in which a retailer has greater in-
centives to lower the price of the highest priced brand.
This is the case if the ratio of switchers to loyal consum-
ers for the highest priced brand is greater than the ratio
of switchers to loyal consumers for the lowest priced
brand. Note that the “switchers for the highest priced
brand” include only the manufacturer-loyal consumers
(i.e, M), while “the switchers for the lowest priced
brand” include both the manufacturer-loyal consumers
and the price sensitive consumers (i.e., S). Similarly, the
“/loyal consumers for the highest priced brand” include
only the price insensitive consumers (i.e., I) while the
“loyal consumers for the lowest priced brand” include
both the price insensitive consumers and the retailer-
loyal consumers (i.e., R). Then the retailer having
greater incentives to lower the price of the highest
priced brand can be represented by

+ I(r — wa) = (r — wa)l + (r — wp)]. Then, when (wp — w4) goes to
0, we have [F(r, x) — F(x, r)] also going to 0. As this is true for all x,
and there is no mass point or mass on a line, we have that the prob-
ability of each retailer setting Py < P, goes to 1/2 when (wp — w,).
1 The characterization of this equilibrium is presented in §5 for the
general case.
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is the incentive to lower the price of the highest priced
brand, and (M + S)/(I + R) is the incentive to lower
the price of the lowest priced brand.

Then, in this case we find intuitively that the price
promotions across brands for each retailer are close and
move together: either deep price promotions for all the
brands in the category, or light price promotions for all
the brands in the category (this is presented in Propo-
sition 1, and one extreme case is discussed in §3.2).
Given this positive correlation on price promotions, the
retailer always promotes more or equally the product
for which it receives a greater trade deal: this is because
the retailer might as well have a greater demand for the
product that is yielding a greater margin, where the
greater demand consists of the retailer-loyal segment for
sure and the price-sensitive segment with positive prob-
ability. Also intuitively, the expected value of the trade
deals offered by the manufacturers increases with in-
creases in the size of their “switcher” segments, i.e., the
retailer-loyal and price sensitive segments, and de-
creases with the size of their ““loyal” segments, i.e., the
manufacturer-loyal and the price insensitive segments.

Consider now the case in which a retailer has greater
incentives to lower the price of the lowest priced brand,
and this can be seen as the case of a ““loss-leader”” prod-
uct category. This is the case if the ratio of switchers to
loyal consumers for the lowest priced brand is greater
than the ratio of switchers to loyal consumers for the
highest priced brand, i.e.,

M+S
I+R

M
T

We then find that the retailer might promote more
heavily a product that did not receive the greatest trade
deal. In this case, we should observe the price promo-
tions across brands in a product category, and for each
retailer, to move in different directions: one of the
brands is always heavily promoted while the other
brands are lightly promoted. The brand that is most
heavily promoted varies from period to period. This
negative correlation results in the equilibrium retail
pricing strategies being such that the brand with the
highest wholesale price may have the lowest retail price
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(this is presented in Proposition 3, and one extreme case
is discussed in §3.3).

The results above can also be used to derive important
managerial implications. Suppose that the incentive to
lower the price of lowest priced brand is higher (this can
also be seen as the case of a “loss-leader’” product cate-
gory) than the one to lower the price of highest priced
brand. Then, in this case a retailer should promote only
one brand very heavily, and keep the other brands in the
category relatively unpromoted. Manufacturers also sell-
ing products in ““loss-leader” type categories should also
offer more medium sized trade deals rather than heavy
trade deals, given that even if a manufacturer’s trade deal
offer is not the largest one, the retailers might still pro-
mote its product more heavily. Manufacturers should
also offer heavier trade deals the greater the sizes of the
price sensitive and retailer-loyal consumer segments. At
the same time, retailers should price promote more
heavily the greater the sizes of the price sensitive and
manufacturer-loyal segments.

5. The General Case

We now consider in this more technical section the gen-
eral case where all the segments have positive mass. All
the intuition for the results is presented above and this
section is presented for completeness. It has a combi-
nation of the results presented in §3.

In order to generate the general results we have to
consider the expected payoffs for each retailer of each
pair of prices being set. Without loss of generality let us
consider the case in which w, < wg. In order to compute
the manufacturer equilibrium we have to first learn
what happens in the retail market equilibrium for any
pair of wholesale prices (w4, wg). As seen below, the
manufacturer equilibrium results, in fact, in the two
manufacturers charging different wholesale prices with
probability one.

Being F(P,, Pg) the cumulative distribution function
of the mixed strategy of each player (F(r, r) = 1), the
expected payoff if Py = Pp = ris

(I+ R)(P4 — wa) + I(Pp — wp) + S(Pa — wa)
X [1=F(r,Pa) = FE(Pa, 1) + F(Pa, Pa)]
+ M(P4 — wa)[1 — F(P4, 1)]
+ M(Pp — ws)[1 — F(r, Pp)]. M
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The first and second components are the retailer profits
from the market segments that are loyal to that retailer
for, respectively, brands A and B. Brand A gets an ad-
ditional demand of R because P, = Pg. The third com-
ponent has to do with the possibility of the brand the
retailer is promoting more intensely, brand A, having
the lowest price in the market, and attracting the
“switchers” segment (S). This happens with probability
1 — F(r, P4) — F(Pa, t) + F(Pa, P,). Finally, each brand
may attract the manufacturer-loyal segments (M con-
sumers that are loyal to a certain brand and shop
around for the retailer that has that brand at the lowest
price). This is represented by the fourth and fifth com-
ponents for, respectively, brands A and B. The proba-
bility of attracting the manufacturer-loyal segment for
brand A is 1 — F(P,4, r); the probability of attracting the
manufacturer-loyal segment for brand Bis 1 — F(r, Pg).
If Pg < P4 = r the expected payoff is now

(I+R)(Pg —wg) + I(Pa — wa) + S(Pp — wp)
X [1 — F(r, Pg) — F(Ps, r) + F(Pg, P5)]
+M(Pa—wa)[l —F(Pa,1)]
+ M(Ps — wp)[1 — F(r, Pg)]. (2)

Given that in order to play mixed strategies, players
have to be indifferent among the strategies being
played, and given that each retailer can get at least (I
+ R)(r — wa) + I(r — wp), we have that

(1)=(I + R)(r — wy) + I(r — wg) VP4, = Pgand P,
and Pg can be played in equilibrium, (3)
and
2) =(I + R)(r — wy) + I(r — wg) VPg < P, and Py4
and Pg can be played in equilibrium. 4)

Manipulating Equations (1)-(4) one can then obtain
the retailer equilibrium given (w,, wg). For the case in
which the incentives for a retailer to lower the price of
the lowest priced brand are smaller than the incentives
to lower the price of the highest priced brand (i.e., (M
+ S)/(I + R) < M/I), the market equilibrium is char-
acterized in the following proposition.'®

15 The proof of this proposition, as well as the proofs of Propositions
2 through 4, is available upon request from the authors.
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PROPOSITION 1. If the incentives for a retailer to lower
the price of the lowest priced brand are smaller than the in-
centives to lower the price of the highest priced brand (i.e.,
(M + S)/(I + R) < M/]I), the retail market equilibrium is
in mixed strategies with each retailer never promoting less
the brand which receives the greatest trade deal: (1) if the
trade deals are sufficiently different, the retailers promote
mote heavily the brand with the greatest trade deal; (2) if the
trade deals are close enough, the retailers promote both brands
equally; and (3) if the difference between trade deals is in an
intermediate range, the retailers, when promoting heavily,
promote more heavily the brand with the greatest trade deal,
and, when promoting lightly, promote both brands equally.
For ws = wg, the expected payoff for each retailer given (w,,
wg)is (I + R)(r — wy) + I(r — wg).*®

A few comments and remarks are warranted here.
First of all, as stated above, in this case of greater incen-
tives for a retailer to lower the price of the highest priced
brand than to lower the price of the lowest priced brand,
there is a positive correlation in the price promotions
across brands in each retailer, given the wholesale
prices.

Second, the likelihood with which each retailer pro-
motes strictly more the brand for which it receives a
greater trade deal is greater (1) the greater the difference
in trade deals, (2) the greater the incentives to lower the
price of the lowest priced brand (incentives to get the
price sensitive segment), (3) the smaller the incentives
to lower the price of the highest priced brand (incen-
tives to get the manufacturer-loyal segments), and (4)
the smaller the level of trade deals being offered. Point
(2) is a very important one: if the retailer gains a lot from
getting the price sensitive segment, it will compete more
for it, offering a greater depth in promotion' for the

16 The strategies played by each retailer and each manufacturer (and
obviously the conditions for cases (1), (2), and (3) in the proposition)
are completely characterized in Table 1. The equilibrium strategies for
the next three propositions are also completely characterized in Tables
2 through 5.

17 In terms of this paper, and except where noted, we will use the terms
““depth of promotion” and “‘greater promotional intensity” inter-
changeably to mean first order stochastic dominance. This is, brand A
is promoted more intensely than product B if F4(P) = Fz(P) VP, where
Fi(*) represents the cumulative distribution function of the prices of
brand i.
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brand for which it received a greater trade deal. Results
(1)-(4) can be obtained directly from differentiation of
the likelihood with which each retailer promotes strictly
more the brand for which it receives a greater trade deal
(defined in Table 1) with respect to the variables of in-
terest.

Third, if both brands are equally promoted by the re-
tailer, then, as expected, the depth of retail promotions
is greater (greater passthrough), the greater the price-
sensitive and the manufacturer-loyal segments, and the
smaller the price-insensitive and retailer-loyal seg-
ments. If the brands are not supported by the same
depth of retail promotions, then the depth of retail pro-

motions of the brand that is promoted most increases
(greater passthrough) with increasing size of the price-
sensitive and the manufacturer-loyal segments, and de-
creasing size of the price-insensitive and retailer-loyal
segments. However, the depth of retail promotions
(passthrough) of the brand that is promoted least in-
creases only with the size of the manufacturer-loyal seg-
ment and decreases with the size of the price-insensitive
segment. These results can be obtained directly from
differentiation of F(x, y) (defined in Table 1) with re-
spect to S, M, I, and R.

Now that we have characterized the retail market
equilibrium for the case in which the incentives for a

Table 1 Retail Market Equilibrium if M// > (M + S)/(/ + R) (Proposition 1) (w, = wj)
Condition Equilibrium
IS+ M(r— wy) = M(I + R)(r— wg) Pr=Pg
Ax n =1 (I+ R)(r—x) _(+Rr+ M+ Sw,
T T M+ S —w) ! I+R+M+S
_, =% _Ir+ Mwg
A = = i —wy B~ T m

[Case (i)]

S+ M)(r— wg) < M(I + R)(r— wg) < S+ My(r— wy) +
X M(S + M)(ws — wy)

[Case (iii)]

41+ 2R+ 2M+ S
2+ R

Define X as —I(M + S)*(X — wa)? + MR(M + S)(X
— wa)(X — wg) + M¥(I + R)(X — wg)? — (2/ + R(M
+ S)M(r — R)(ws — w,) = 0.

If PA, P5> )?, then PA = PB, and
L @1+ R(r— %)
R0 =1 = e =) + Mk =)

If Py, Py = X, then P, = Py, and
(I+R(r—x—-K
xN=1-—-"-—""—
e =1 =G - wa)
o, _lr=-x+K
Fx %) =1 W=y’
where K satisfies A(X, ) = F(X, X)

R+ 2M -

M(I + RY(r — wg) = (S + M(r — w,,)+it%%z—t—sn//(3+ M)(ws — wy) Fa P‘*_1 1+ A2
A0 =1 = S = ) + M= wg)

[Case (ii)] 21+ Rr+ Mwg + (S + Mw,

pP=

2|+ R+2M+ S

Note: P, and P are the minimum prices charged for brands A and B in Case (i). P is the minimum price being charged in Case (ii). P, and P; are the

minimum prices charged for brands A and B in Case (iii).
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retailer to lower the price of the highest priced brand
are greater than the incentives to lower the price of the
lowest priced brand, we can compute the manufactur-
ers equilibrium. Note that if both manufacturers set the
same price, each of them gets expected demand of 2I
+ M + R + S/2 (assuming that both retailers would
treat both retailers equally). If one manufacturer sets a
price lower than the other, the lowest price manufac-
turer gets demand of 2] + M + 2R + S, and the highest
price manufacturer gets demand of 2I + M. Then, fol-
lowing Varian (1980), we know that both manufactur-
ers play a mixed strategies equilibrium. Proposition 2
gives the result.

PROPOSITION 2. If the incentives for a retailer to lower
the price of the lowest priced brand are smaller than the in-
centives to lower the price of the highest priced brand (i.e.,
(M + S)/(I + R) < M/1), the manufacturers equilibrium
is in mixed strategies and as in the two sellers model. The
expected payoff for each manufacturer is r(M + 2I).

Note that the depth of trade deals offered by the man-
ufacturers is greater the greater the retailer-loyal and
the price-sensitive segments, and the smaller the
manufacturer-loyal and the price-insensitive segments
(this results directly from the differentiation of the equi-
librium mixed strategy with respect to I, M, R, and S).

One example for the price and trade promotions equi-
librium strategies for the case of Propositions 1 and 2
(numerical example 1) is presented in Figures 2 through
4. The example has R = 20, M = 20,1 = 10, S = 10, r
= 8.

Now, let us consider the case in which each retailer
has greater incentives to lower the price of the lowest
priced brand than to lower the price of the highest
priced brand. As in the previous case, we start by ana-
lyzing the retail market equilibrium. The following
proposition states the result.

PROPOSITION 3.  If the incentives for a retailer to lower
the price of the lowest priced brand are greater than the in-
centives to lower the price of the highest priced brand (i.e.,
(M + S)/(I + R) > M/I), the retail market equilibrium is
in mixed strategies: (i) if the trade deals are close enough, the
retailers promote the brand that received the smallest trade
deal with positive probability; (ii) if the trade deals are suf-
ficiently different the retailers promote always more the brand
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Table 2 Manufacturers’ Market Equilibrium if M// > (M + S)/(/ + R)
(Proposition 2)
21+ Mr
Minimum Wholesale Price 2+ M+2R+ S
Maximum Wholesale Price r
H(W)=1_(21+M)(r— w)

Cumulative Probability Distribution (2R + Syw

Figure 2 F(x, ) ( I, x) and F(x, x) for Numerical Example 1 with w,

=5 w
1
08 +
081 F(xr)
04+
(xx)=F(r,X)
024
0 . 4 .
6 65 7 75 8

Figure 3 F(x, r), F(r, x), and F(x, x) for Numerical Example 1 with w,

=5,W5=6
1

08}
06 }
04+ Foxr)
02+ F(x,x)=F(r,x)

0 ¢ t t
6 6.5 7 75 8

that received the greatest trade deal. For w, = wp, the ex-
pected payoff for each retailer given (w,, wg) is (I + R)(r
—wy) + I(r — wg).®

181t is possible to show (not shown here) that in case (i) there is no
equilibrium where Minp,.p, Pg < Maxp,<p, Ps, Pg = P4Pg < Py, ie.,
there are no holes in any of the marginal distributions (which is a
familiar result from Varian and Narasimhan).
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Figure 4 H(w) for Numerical Example 1

1

08 ¢+
06 1
H(w)
04 1

02t

0 + +
2 4 6 8

Note first that, in contrast with Proposition 1, the re-
tailers can promote more the brand for which they re-
ceived the smallest trade deal (greatest wholesale
price). When the incentives to lower the price of the
lowest priced brand are greater than the incentives to
lower the price of the highest priced brand (ie, (M
+ S)/(I + R) > M/I), we get that if the brand that
receives the greatest trade deal, A, was always the most
promoted (P4 = Pj), this would result in the brand that
receives the smallest trade deal, B, being promoted with
very little intensity. There could then be a profitable op-
portunity (if the trade deals are not too different) for a
retailer to promote more the brand that received the
smallest trade deal, i.e., Ps < P4, and get a demand for
this brand of I + M for sure and S with some probability.
This results in the retail market equilibrium having each
retailer promoting more the brand for which they re-
ceived the smallest trade deal with positive probability
(one extreme case is discussed in §3.3). The probability
with which a retailer promotes more the brand for
which it received the smallest trade is, however, always
smaller than 50 percent. This can also lead, as discussed
above, to a negative correlation between the price pro-
motions across brands for each retailer, given the
wholesale prices.”

19 Note the relation of this with Proposition 1. In Proposition 1 we have
(M + S)/(I + R) < M/I, and the bigger (M + S)/(I + R) the more
likely we have Py to be strictly smaller than P,. However, when (M
+ S)/(I + R) becomes greater than M/I, there is the possibility of Py
being promoted with “very little” intensity (when we restrict Py
= P,). Then, there is an opportunity to charge Pz < P, and gain the
segments I + M of this brand for sure and the segment S with some
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Second, the likelihood with which the retailers can
promote more the brand with the smallest trade deal
(case (i) above) is greater (1) the greater the incentives
the retailer has to lower the price of the lowest priced
brand in comparison with lowering the price of the
highest priced brand, (2) the smaller the difference w;
— w, (as expected), and (3) the greater the level of trade
deals offered by the manufacturers. (1) is discussed
above, and (2) and (3) can be obtained from a direct
evaluation of the condition for case (i); see Table 3. That
condition is satisfied only if wjp is close to w,, and it is
more likely to be satisfied if w, and wjg are small (if w,
and wg are high, then the relative importance of wp
— w, to the level of trade deals is bigger).”

It is interesting to try to understand the implications
of Propositions 1 and 3 for empirical correlations be-
tween pairs of competing brands in a retailer. Let us
interpret the conditions of Proposition 3 (the most im-
portant retailer incentives are the ones to lower the price
of the lowest priced brand) as conditions identifying
potential ““loss-leaders” (product categories for which a
large proportion of consumers switch retailers for a suf-
ficiently good deal in any major brand in that category).
We can then see that Proposition 3 suggests that for
products that are ““loss-leaders,” we may obtain a neg-
ative correlation between pairs of retail prices.”!

Now that we have analyzed the retail market equilib-
rium for the case in which each retailer has greater in-
centives to lower the price of the lowest price brand
(than the price of the highest priced brand), we can
characterize the equilibrium in the manufacturer mar-
ket. Note that w, = wy cannot be an equilibrium because
a small cut in price of one of the manufacturers yields
a discontinuous gain in demand, though smaller than

probability. This opportunity is larger the bigger is (M + S)/(I + R).
Note also that, given ws < wg, (M + S)/(I + R) represents the incen-
tives to lower the price of the lowest priced brand, be it brand A or
brand B.

% Notice that when wp — w4 tends to zero, the probability with which
the brand with the greater trade deal is promoted more tends to SI/
(2581 = MR) = 1/2. (To see this one just has to see the value of 1
— B(x;, r) in Table 5 when wjz — w4 tends to zero.) This probability is
strictly greater than 1/2 if MR # 0.

# Preliminary evidence obtained by the authors seems to support this
hypothesis.
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Table 3 Retail Market Equilibrium if M// < (M + S)/(/ + R) (Proposition 3) (w, < wp)
Condition Equilibrium
Wy = Wp _ _ _/(I'—X) * oy =
F(x,r)=F(r,x)=1 M(x = W)Vx =X=r
B _S+M _ (I+R(r-x .
A =HN) = s ™ s+ M= w A= X=X
_ 4 _2[r=x A(r—x N .
F(x, x) =1 Mix—w) " Sx= W)Vx = x = r, with
«_ (25— RM)r + SMw
T 2IS+ SM - RM
[Case (i.1)]
_ (I + R)(r— Pg) _
Wa < Wpand Max (Ps WE)[” SET B, = w,,)] =R soe Table 4
[Case (i.2)]
Pa= Py
_,_ _U+R(r—x
FX N =1 = = wa
Wy < wgand Max (Pp— WB)[R+ s-—“—tﬂ(—’—_ﬂ’;)-] <Rr-wy)  Fxx=1-—=X

(S + M)(Ps— wa)
[Case (ii)]

Pge([Pg,r]

M(x ~ ws)

in the case of Proposition 2. At the same time, by having
a slightly higher wholesale price than the competitor, a
manufacturer can still get the retailer-loyal and price-
sensitive segments with positive probability. Because of
this, the manufacturer equilibrium is more complicated
than the standard two-sellers model considered in Prop-
osition 2, but it can be shown that the manufacturers,
in equilibrium, get an expected payoff equal to (2I
+ M)r. Proposition 4 states the result.

PROPOSITION 4. If the incentives for a retailer to lower
the price of the lowest priced brand are greater than the in-
centives to lower the price of the highest priced brand (i.e.,
(M + S)/(I + R) > M/I), the manufacturers equilibrium
is in mixed strategies, but different than the two sellers model
type of equilibrium. The expected payoff for each manufac-
turer is equal to r(2I + M).

The most interesting result in this proposition is that
the manufacturers equilibrium is now different from the
one in the standard two-sellers model. This is because
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the manufacturer with the lowest wholesale price is not
assured anymore of getting the retailer-loyal and price-
sensitive segments. Similarly, the manufacturer with the
highest wholesale price may get the retailer-loyal and
price sensitive segments with positive probability. The
expected payoff for each manufacturer is still equal to
(21 + M)r (which was the expected payoff in Proposi-
tion 2), because if a manufacturer charges a wholesale
price equal to 7, the other manufacturer charging a
lower wholesale price gets the retailer-loyal and price-
sensitive segments with probability one.

One example for the price and trade promotions equi-
librium strategies for the case of Propositions 3 and 4
(numerical example 2) is presented in Figures 5 through
7. The example has R = 10, M = 10,1 = 20, S = 20, r
= 8.

As in Varian (1980), the results above can be in-
terpreted through time with draws from the mixed
strategies being obtained in every period. This is, in

MANAGEMENT SCIENCE/ Vol. 44, No. 7, July 1998
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Table 4 Retail Market Equilibrium for Case (i) in Proposition 3
U(x, y) = Prob(Ps= xor Pg= y, and Py < Pg)
B(x, y) = Prob(Py= xor Py =y, and P, < Pg)
Fix.y)=1-UXxy) - B(x y)
Uix, u(r, x) B(x, r) B(r, x)
X=X R(r — x) I(r — x) I(r — x) 0
S(x — wa) M(x — ws) M(x — wa)
_ R(r-x
S(x — wa)
Xp=X=X (I+ R)(r—x) I(r— x) B(xi, n 0
GSrMux—w) X NsTm M(x — wg)
X=X=X 1 r—x 1—-B(x,n B(x,n 1 r—x
(28+M)M{(S+M)(/+R)X—WA (23+M)M{(S+M)/x—w
r—x r— Wy r—x r— Wy
_Slx—wg_SRx—wB —S(I+R)X_WA+(S+M)RX_WB
+S(R+ M) — (25 + M)MB(x1,r)} = (S MR+ M)
+ (25 + MYMB(x, r)}
Pi=x (I + R)(r— x) 1-B(x,r Bx,rn B(xy, 1)
=X WM+ Sx—wy 21

X, X, and X, are determined by U(r, ;) =1 — B(xi, 1), B(r, %) = 0, and B(r, x;) = B(x, 1).

fact, the markov equilibrium of this dynamic game.
Considerations of dynamic effects, such as retailer for-
ward buying or consumer stockpiling, introduce a sub-
stantial complication in the analysis and should not
change the main messages of these results. For the case
of retailer forward buying with only one retailer see Lal
et al. (1996). The results in this paper suggest that with
competing retailers, forward buying may cause less
competition at the manufacturer level.

6. Conclusions

In this paper we present a general model of price pro-
motions and trade deals, where there are competing re-
tailers carrying several brands, manufacturers behave
optimally, and there is an extensive specification of con-
sumer heterogeneity. Consumer heterogeneity is speci-
fied in terms of nine different segments, including those
who are completely price sensitive, those who may be
loyal to either of the two manufacturer brands or the
two competing retailers, and those who are extremely

MANAGEMENT SCIENCE/ Vol. 44, No. 7, July 1998

loyal in the sense that they buy only the preferred brand
at the preferred retail outlet. We show that modeling
retail competition and multibrand (i.e., category) man-
agement offers valuable insights.

We find that the promotions across brands are not
independent and that the structure of the market is cru-
cial for the characterization of the equilibrium. More
specifically, this structure can be expressed in terms of
the relative magnitude of the incentives for the retailer
to lower the price of the lowest priced brand and to
lower the price of the highest priced brand.

Another important possibility to be considered is al-
lowing the retailers and manufacturers to be in an
asymmetric position in the market. As in Narasimhan
(1988) and given our preliminary analysis, we expect
the equilibrium then to have the seller which has a
larger number of loyal consumers to price its product
(or products) with positive mass at the reservation
price. For example, if the retailer-loyal segment is
greater for Retailer 1, this retailer will then charge both
its products with a positive mass at the reservation
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Table 5 Manufacturers’ Market Equilibrium if M// = (M + S)/(/ + R) (Proposition 4)

Cumulative distribution function H(w) satisfies
(21 + Myw + 2Rw Prob(R|w) + SwProb(S|w) = (2/ + M)r,

where
w b (W)
Prob(R|w) = f h(w)[1 — z(x, w)]dx + f h(x)z(w, x)dx + {1 — H[d(w)]}
&~ (w) w
w Xo(X, W)
Prob(S|w) = {1 — Hl¢(w)]} + f h(x)[[1 -z, WP -2 6—%’—‘@ Uy, r)dy]
= (w) Xa(X W) y

dx + f:(m h(w) [z(w, X + 2(z(w, N1 = 2w, x)] + J:(:j) %;y) uy, r)dy)]dx

(I'+ R)(r— Pg)

Max (7o~ (00)] R + S (L8,

] = R(r— x)

Z(Wa, wg) = 1 — B(xy, r), with B(xy, r) being defined in Table 4,
Xo(Wa, Wa), Xs(Wa, Wg), B(x, y), and U(x, y) are defined in Table 4,

dH(x)
ax

h(x) =

Notes: z(wa, wg) is the probability with which a retailer promotes more the brand for which it
received the greatest trade deal. Prob(R|w) is the probability with which a manufacturer charging
w gains the retailer-loyal segment at a certain retailer. Prob(S| w) is the probability with which a

manufacturer charging w gains the price-sensitive segment.

Figure 5 F(x, r), F(r, x), and F(x, x) for Numerical Example 2 with w,

=55and wz =6

06 +

04}

021 (rx)=F(k,x)

price. Similarly also to Narasimhan (1988), we also
expect that when the difference in the number of loyal
consumers across sellers goes to zero, the equilibrium
converges to the symmetric equilibrium described
above.

An important extension that requires study in the
spirit of this model is to consider complementary prod-
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Figure 6 F(x, r), F(r, x), and F(x, x) for Numerical Example 2 with w,
=58 ws=16
1 . e .
08+ . . .
. ¢« F(xn
0.6 T : : .
: . : F X
04 1 . . A (ex)
: F(rx :
02+ . \ .
0 t . 4 $ .
6.5 7 x4 >7QS x4 8

ucts (consumers buying baskets of products). Another
extension that is being carried out is the comparison of
the level of price promotions with and without exclu-
sive dealing (see Lal and Villas-Boas 1993).%

2 This work was supported by a grant from the Regents of the Uni-
versity of California to J. Miguel Villas-Boas. We gratefully appreciate
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Figure 7 H(w) for Numerical Example 2
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comments on an earlier version of this paper by Marshall Freimer,
Sridhar Moorthy, Duncan Simester, Birger Wernerfelt, and seminar
participants at the University of Chicago, Purdue University, Penn
State University, and the University of Rochester.

Appendix

In this appendix we prove the lemma.

PROOF. Suppose there is an equilibrium where Retailer 1 sets one of
its prices (say P4;) with positive probability a at a certain level p. Then,
with probability a? Pa; = Pa, = p, and both retailers share the M or
the S + M consumers (depending on the relation between w4 and wg,
p and Pg,, and p and Pg,), i.e., each retailer gets } of the manufacturer-
loyal consumers of manufacturer A, or 3 of the manufacturer-loyal
consumers of manufacturer A plus 3 of the price-sensitive customers.
But then Retailer 2 would be better off by changing its strategy in the
following way: the same strategy as the proposed equilibrium but
every time that strategy prescribed playing P4, = p, Retailer 2 sets P4,
= p — ¢, where ¢ is a positive real number close to zero. Then, the
payoff of retailer 2 is exactly like before (because ¢ is very close to
zero) except that with probability a? it now gets M/2 or (M + S)/2
more consumers than before (because, now, at price p, all consumers
go to retailer 2). Then, in a Nash symmetric equilibrium of the retail
market no price is set with positive probability. O
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