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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
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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
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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
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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
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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

References

Agrawal, D. “Effect of Brand Loyalty on Advertising and Trade Pro-
motions: A Game Theoretic Analysis with Empirical Evidence,”
Marketing Sci., 15, 1 (1996), 86-108.

Bell, D. “Consumer Response to Retailer Pricing Strategies,” Doctoral
Dissertation, Stanford University, Stanford, CA, 1995.

Chintagunta, P., D. Jain, and N. Vilcassim, “Investigating Heteroge-
neity in Brand Preferences in Logit Models for Panel Data,” J.
Marketing Res., 28, 4 (1991), 417-428.

Conlisk, J., E. Gerstner, and J. Sobel, “Cyclic Pricing by a Durable
Goods Monopolist,” Quarterly ]. Economics, 99 (1984), 489-505.

Coughlan, A. and B. Wernerfelt, “On Credible Delegation by Oligo-
polists: A Discussion of Distribution Channel Management,”
Management Sci., 35, 2 (1989), 226-239.

Farris, P. and K. Ailawadi, “Retailer Power—Monster or Mouse,” J.
Retailing, 68 (1993), 351-369.

Goniil, F. and K. Srinivasan, “Modeling Multiple Sources of Hetero-
geneity in Multinomial Logit Models: Methodological and Man-
agerial Issues,” Marketing Sci., 12, 3 (1993), 213-229.

Green, E. and R. Porter, “Non-cooperative Collusion Under Imperfect
Price Information,” Econometrica, 52 (1984), 87-100.

Harsanyi, J. “Games with Randomly Distributed Payoffs: a New Ra-
tionale for Mixed-Strategy Equilibrium Points,” International J.
Game Theory, 2 (1973), 1-21.

Hart, O. and J. Tirole, ““Vertical Integration and Market Foreclosure,”
Brookings Papers on Economic Activity, Microeconomics, Brookings
Inst., Washington, DC, 1990, 205-276.

Lal, R. and J. Villas-Boas, “’Competitive Price Promotions with Multi-
Product Retailers,” Mimeo, University of California, Berkeley,
CA, 1993.

Lal, R, J. Little, and J. Villas-Boas, A Theory of Forward Buying,
Merchandising, and Trade Deals,” Marketing Sci., 15,1 (1996), 21—
37.

Messinger, P. and C. Narasimhan, “Has Power Shifted in the Grocery
Channel?,” Marketing Sci., 14, 2 (1995), 189-223.

McGuire, T. and R. Staelin, “An Industry Equilibrium Analysis of
Downstream Vertical Integration,” Marketing Sci., 2, 2 (1983),
161-191.

Moorthy, K. S., “Strategic Decentralization in Channels,”” Marketing
Sci., 7, 4 (1988), 335-355.

Narasimhan, C., “Competitive Promotional Strategies,”” |. Business, 61,
4 (1988), 427-449.

Progressive Grocer, 72, 3, 1993.

Raju, J., V. Srinivasan, and R. Lal, “The Effects of Brand Loyalty on
Competitive Price Promotional Strategies,”” Management Sci., 36
(1990), 276-304.

Rao, R., “Pricing and Promotions in Asymmetric Duopolies,” Market-
ing Sci., 10, 2 (1991), 131-144.

Rosenthal, R., A Model in Which an Increase in the Number of Sellers
Leads to a Higher Price,” Econometrica, 48, 6 (1980) 1575-1579.

Rotemberg, J. and G. Saloner, "’ A Supergame-Theoretic Model of Busi-
ness Cycles and Price Wars during Booms,”” American Econ. Rev.,
76 (1986), 390—407.

Simester, D., “Note. Optimal Promotion Strategies: A Demand-Sided
Characterization,”” Management Sci., 43, 2 (1997), 251-256.

Sobel, A., “The Timing of Sales,”” Rev. Econ. Studies, July (1984), 353—
368.

Varian, H., “A Model of Sales,”” American Econ. Rev., September (1980),
651-659.

Villas-Boas, J., “Models of Competitive Price Promotions: Some Em-
pirical Evidence from the Coffee and Saltine Crackers Markets,”
J. Economics and Management Strategy, 4, 1 (1995), 85-107.

Accepted by Dipak Jain; received August 28, 1995. This paper was with the authors 19 months for 3 revisions.

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

949





