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ne-to-one promotions are possible when consumers are individually addressable and

firms know something about each customer’s preferences. We explore the competitive
effects of one-to-one promotions in a model with two competing firms where the firms differ
in size and consumers have heterogeneous brand loyalty. We find that one-to-one promotions
always lead to an increase in price competition (average prices in the market decrease). How-
ever, we also find that one-to-one promotions affect market shares. This market-share effect
may outweigh the effect of lower prices, benefiting the firm whose market share increases.
Our results suggest that of two firms, the firm with the higher-quality product may gain from
one-to-one promotions. Our model also has implications for the phenomenon of customer
churn, where consumers switch to a less preferred brand due to targeted promotional incen-
tives. We show that churning can arise optimally from firms pursuing a profit-maximizing
strategy. Instead of trying to minimize it, the optimal way to manage customer churn is to
engage in both offensive and defensive promotions with the relative mix depending on the

marginal cost of targeting.

(Database Marketing; Game Theory; Strategy; Price Discrimination)

Somewhere, a network has more personal data about you
than you probably ever imagined.

—Business Week, April 5, 1999

1. Introduction

Advances in information technologies and the Inter-
net today allow firms to identify individual con-
sumers with greater accuracy and cost-effectiveness
than ever before, which, in turn, allows firms to tailor
their promotional prices to consumers on a one-to-
one basis. Many firms are already taking advantage
of this new-found ability to customize their prices.
AT&T, for instance, has successfully lured many MCI
customers to switch carriers by offering them person-
alized checks in the amounts of $25 to $100 depending
on each consumer’s long-distance calling history and
experience with AT&T (Turco 1993). Other examples
include mail-order companies, like LL Bean, which
often insert into their catalogs “special offers” that
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vary across households, and the online data provider
Lexis-Nexis, which “sells to virtually every user at a
different price” (Shapiro and Varian 1999).
One-to-one promotions are facilitated by many
information-intensive marketing approaches such as
database marketing, target marketing, micromarket-
ing, and one-to-one marketing.! One-to-one promo-
tions are often seen as beneficial to practicing firms
because they allow a firm to charge lower prices to
new consumers (for the purpose of inducing trial or

! Practitioners sometimes use these terms interchangeably. Database
marketing refers to any marketing activity that is aided by a con-
sumer database. Target marketing refers to the process by which a
firm offers promotional incentives tailored to individual consumers
or small group of consumers. Micromarketing goes one step fur-
ther in that a firm also customizes its service, products, or product
assortments to satisfy the needs of targeted consumers. One-to-one
marketing, a term coined by Peppers and Rogers (1993), focuses
on establishing long-term relationships with individual consumers
through customized production, individually addressable media,
and personalized marketing.
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brand switching) without giving discounts to those
who do not need any inducement to buy from the
firm (Hof 1998, McCollum 1998, Mills 1999).

The view that one-to-one promotions (and other
forms of customized pricing) ultimately benefit firms
by allowing them to generate incremental sales with-
out sacrificing on the profit margins they receive from
their loyal customers has been challenged in sev-
eral recent game-theoretic articles (Shaffer and Zhang
1995, Bester and Petrakis 1996, Chen 1997, Taylor
1999, Fudenberg and Tirole 2000). These articles find
that when promotions can be targeted, a prisoner’s
dilemma invariably results. Prices decrease as the
distinction between marginal and inframarginal con-
sumers becomes blurred, and the alleged gain in
incremental sales that the practicing firms are going
after never materialize, as the competing firms simply
neutralize each other’s promotional efforts.

However, these articles all bias their results in favor
of a prisoner’s dilemma because they start with the
assumption that firms are symmetric ex ante. Thus,
it is not surprising that the firms remain symmet-
ric after all pricing and promotional decisions have
been made. In essence, these articles have identified
a deleterious price-competition effect from one-to-one
promotions, but they have implicitly ruled out the
possibility of one of the firms gaining from a market-
share effect.

In this article, we consider a game-theoretic model
that allows for the possibility of both effects. When
competing firms differ in size, and consumers have
heterogeneous brand loyalty, we find that one-to-one
promotions can affect market shares, even when the
targeting technology is available to all firms at the
same cost. We also find that this market-share effect
may outweigh the adverse effect of lower prices,
benefiting the firm whose market share increases.
Thus, unlike in the previous literature, we find that
one-to-one promotions do not invariably lead to a
prisoner’s dilemma.

This has important managerial implications. We
incorporate the four main features of one-to-one pro-
motions: individual addressability, personalized incen-
tives, competition, and costs of targeting (Blattberg and
Deighton 1991, Schultz 1994). We ask (i) which firms
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are more likely to benefit from one-to-one promo-
tions, and hence have more incentive to acquire the
capability to target; (i) how might firms best posi-
tion themselves to take advantage of the new target-
ing technologies; and (iii) when competing firms are
also targeting, which consumers should a firm target,
what incentives should these consumers be offered,
and how does this depend on firm size and consumer
loyalty.

We find that one-to-one promotions tend to favor
firms that command stronger brand loyalties and
have larger market shares. The smaller market-share
firm always loses, but the larger firm may win or
lose depending on the magnitude of the market-share
effect vis a vis the price competition effect. This is
most easily seen when two firms sell vertically dif-
ferentiated products and compete in prices. In the
absence of one-to-one promotions, the higher-quality
firm charges a price in excess of its marginal cost,
allowing the lower-quality firm to capture some of
the market. With one-to-one promotions, the higher-
quality firm can outbid the lower-quality firm on each
consumer. Although many (but not all) consumers
end up paying lower prices, the higher-quality firm
can gain because of the resulting increase in its mar-
ket share. That the lower-quality firm always loses in
this case (its market share falls and prices are lower)
suggests that positioning one’s brand as the higher-
quality product may be even more important in the
information age than previously thought.

Our model also provides insights on how to man-
age customer churn, a phenomenon that arises when
consumers are induced to switch to a less preferred
product because of having received a targeted promo-
tion. We show that it is not advisable for a firm to
eliminate customer churn even if it were possible to
do so. Instead, it is optimal for firms to engage in both
offensive promotions (targeting consumers who pre-
fer the rival firm’s product) and defensive promotions
(targeting consumers who prefer one’s own product)
with the relative mix depending on the marginal cost
of targeting.

We differ from the above-cited literature on one-to-
one promotions in that we are the first to introduce
asymmetry in a model in which there are costs of tar-
geting. The asymmetry allows us to see how quali-
tatively different competitive implications may arise
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from one-to-one promotions when there are market-
share effects. The targeting costs give rise to the pos-
sibility that firms will randomize their promotions,
which allows us to discuss the phenomenon of cus-
tomer churn.

Shaffer and Zhang (1995) consider a model where
firms choose regular prices and coupon face val-
ues and then choose how to distribute the coupons.
Although they allow for targeting costs, the firms in
their model are symmetric and offer at most one pro-
motional price. In this article, we do not restrict the
firms’ promotional strategies to just one price (each
consumer can potentially be offered a different price)
and we allow the firms to be asymmetric. Lederer and
Hurter (1986) also allow for asymmetric firms, but
they do not incorporate targeting costs nor do they
explore the implications of their findings on firm prof-
its and market shares. Corts (1998) and Shaffer and
Zhang (2000) were the first to find that targeted pro-
motions need not lead to a prisoner’s dilemma. How-
ever, these articles allow for at most one promotional
price, and their conclusions arise because of a possi-
ble lessening of price competition and not, as in our
model, from a market-share effect.

The rest of the paper proceeds as follows. In §2,
we set up the model and discuss its properties. In §3,
we solve for the second-stage equilibrium of a game
in which firms simultaneously choose regular prices
in the first stage, and then simultaneously choose
which consumers to target and with what promo-
tional incentives in the second stage. In §4, we solve
for the mixed-strategy equilibrium and draw con-
clusions about the competitive effects of one-to-one
promotions. In §5, we look at the phenomenon of
customer churn and ask whether firms should pre-
dominantly focus on offensive or defensive targeting.
Section 6 concludes.

2. Model

Suppose firms A and B sell competing brands of a
consumer good that is produced at constant marginal
cost, ¢ > 0. Each consumer buys at most one unit of
the good and all consumers are willing to pay at most
V > ¢ for their more preferred brand. Consumers dif-
fer in how much they are willing to pay for their less

MANAGEMENT ScIENCE/Vol. 48, No. 9, September 2002

Figure 1 Consumer Heterogeneity

Consumers Loyal to Brand B Consumers Loyal to Brand A
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preferred brand, which makes them heterogeneous in
brand loyalty.

We define a consumer’s brand loyalty as the mini-
mum price differential necessary to induce her to pur-
chase her less preferred brand. Thus, a consumer who
prefers brand A by a loyalty of | will buy brand B,
in the absence of any promotional incentives, if and
only if firm A’s regular price, P,, exceeds firm B’s
regular price, P;, by more than /. That is, the con-
sumer will buy brand B if and only if P, — Py > I
We assume [ € [-I;,1,] follows a uniform distribu-
tion, where 0 <1I; <V, for i € {A, B}.? Figure 1 illus-
trates the setup. Consumers with positive loyalty pre-
fer brand A all else equal. Consumers with negative
loyalty (toward brand A) prefer brand B all else equal.
The consumer located at 0 is just indifferent between
purchasing brands A and B at equal prices.

Without loss of generality, we assume [, > I5. If
I, = I, the setup is analogous to the standard model
of horizontal differentiation with the loyalty param-
eter playing the same role as the transportation cost
in other spatial models. If I; =0, the setup is analo-
gous to the standard model of vertical differentiation
in which all consumers agree that brand A is of higher
quality than brand B. If [, > I; > 0, the setup has ele-
ments of both horizontal and vertical differentiation.

We assume also that firms know the locations of
all consumers in the market and thus know their
exact brand loyalties. In practice, of course, we would
expect firms to be more or less certain about the loy-
alty of each consumer, depending on the quality and
quantity of their data on individuals’ past purchasing
behavior. Thus, our results should be interpreted as
the solution to an important limiting case—the case of
perfect information. Nevertheless, it is an important

2Q0ur assumption of a uniform distribution is made to obtain
explicit solutions. This assumption is not as restrictive as it may
seem at first because it turns out that firms’ promotional strate-
gies in equilibrium depend only on [—and not on the distribution of
consumers—for any given pair of regular prices in the market.
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case to consider because the effects we identify in this
limiting case will also be present in a more general
case.

The firms play a two-stage game of pricing and pro-
motions in which regular prices are chosen in the first
stage and promotional strategies are chosen in the
second stage. This two-stage structure reflects a com-
monly held view that a firm’s choice of regular price
is a higher-level managerial decision and is relatively
slower to adjust in practice than a firm’s choice of pro-
motions.® Later, in §6, we will discuss the implications
of one-to-one promotions with no regular prices.

In choosing its promotional strategy, each firm must
decide which consumers to target and with what dis-
counts. Targeted promotions are not free; we assume
the cost of targeting each consumer is given by z >0
(this cost is incurred whether or not the consumer
buys from the firm). Let t;(/) be an indicator vari-
able that equals one if firm i promotes to consumers
located at I and zero otherwise, and let d;(I) denote
firm i’s discount to these consumers. For example,
if promotions take the form of targeted coupons,
then t;(I) indicates whether consumers at [ are tar-
geted with a coupon and, if they are, d;(I) is the face
value of the coupon. More generally, d;(/) is the mon-
etary value of any individual-specific promotional
incentives, including coupons, premiums, prizes, or
alterations in the basic product that firm i offers to
consumers to gain their patronage.

Consumers maximize their surplus given each
firm’s regular price and promotional incentives. Thus,
a consumer located at I who receives d,(I) from firm
A and dp(I) from firm B will purchase from firm A if
and only if firm A’s net price does not exceed firm
B’s net price by more than [. If a consumer located
at [ only receives promotional incentives from firm A,
then she will purchase from firm A if and only if P, —
d,(l) — Py <. If a consumer located at / only receives
promotional incentives from firm B, then she will pur-
chase from firm A if and only if P, — (P —dg(l)) < 1.

3 See, for example, Rao (1991), Shaffer and Zhang (1995), and Banks
and Moorthy (1998).
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3. One-to-One Promotions

Given Regular Prices
We assume that the regular prices are observable to
both firms when they choose their promotional strate-
gies, and we use subgame perfection as our solution
concept. Thus, we solve for the equilibrium strategy
of each firm by solving first for the Nash equilibria of
the second stage.

Our analysis in this stage is complicated in three
important ways by the existence of a targeting
cost (z > 0). First, it means that the profitability of
one-to-one promotions depends on the relationship
between z and P; —c. This gives rise to four possi-
ble subgames. Second, it means that a firm may not
want to target all consumers in the market even if it
makes use of one-to-one promotions. This gives rise,
for each subgame, to a firm’s “targeting zone.” Third,
it means that pure-strategy equilibria may not exist.
As we shall see, in one subgame, we will need to solve
for a mixed-strategy equilibrium, jointly determining
each firm’s targeting zone and discount schedule.

Subgame 1: P, <c+z and Py <c+z.

In this case, the cost of targeting is sufficiently high
that neither firm can profitably promote. Thus, the
solution is similar to what one gets from a standard
spatial model of demand. Let I=p » — Py denote the
location of the marginal consumer. Then, firm A’s
demand is (I, —i)/(lA+lB), firm B’s demand is (i+
I3)/(I4+13), and the equilibrium payoffs for the two
firms are*

(Py—c)(l,—1)
ly+1

(Py—c)(I+15)

I, =
4 L, +1p

;o = (1)

Subgame 2: P, > c+z and Py <c+z.

In this case, although firm A can profitably pro-
mote, it will never want to target consumers located
at [ > [ because these consumers will buy from firm
A even in the absence of any promotions. As for
consumers located at | < [, note that the largest dis-
count firm A can offer any consumer and still earn

nonnegative profit is d, = P, —c —z. For all consumers

1t should be noted that each firm’s demand is bounded below
by zero. That is, the demand for firm A is equal to max{(/, — i/
(I,+13), 0}. However, for convenience, we suppress writing out the
inequalities in the text.
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Figure 2 The Targeting Zone: 7*
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located at I < iB, where fB = c+z — Py, however, this
discount is not large enough to induce them to switch
brands, as they are so loyal to firm B that they will
buy from firm B even if they receive d, from firm A.
Thus, it is not profitable for firm A to target them. The
rest of firm B’s customers, however, can profitably be
induced to switch. Thus, in equilibrium, firm A will
target consumers located between I; and I.

It remains to solve for firm A’s optimal discount
schedule inside the targeting area. Let I3 = {I | Iy <
I < I}. Then consumers located at | € 73 will purchase
from firm A if and only if P, —d,(I) — Py < I. It fol-
lows that firm A will offer these consumers the small-
est discount that satisfies this inequality, i.e., d,(I) =
P, — Py — 1, yielding a profit margin for firm A of
P,—d,(l)—c—z=Pz+1—c—z. Thus, the equilibrium
payoffs for the two firms are

1 .
IT, = P,— -
t= (@m0
+/l€g§(PB+l—c—z)dl>,
1 .
1 = (P 0+ o). @
A B

Firm A’s profit is the sum of the profit it earns from
sales to consumers who buy at the regular price and
the profit it earns from sales to consumers who other-
wise would have bought from firm B. Its profit mar-
gin is lower on the latter consumers due to the cost
of targeting and the promotional incentives it must
offer them. Nevertheless, firm A’s ability to target
consumers with individual-specific incentives allows
it to create incremental sales at the expense of its
nontargeting rival.

Subgame 3: P, <c+z and Py > c+z.

Since this subgame is analogous to Subgame 2, with
the role of each firm reversed, we simply list each
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firm’s equilibrium payoff. Let l,=P,—c—zand TP =
{I|l<1<1,}. Then

1 R
= ——((Py—c)(+1
b= (e o+t
P,—c—z-D0dl),
s (i >)
0= (Py—o)(la—1y) ()
A_ZA_"_ZBA A Al-

Subgame 4: P, > c+z and Py > c+z.

In this case, both firms can profitably promote and
the targeting zone, ¢, is simply the union of 73 and
I, as illustrated in Figure 2.5 The targeting zone is the
same for both firms because in the region where firm
A is trying to induce consumers to switch brands,
firm B is trying to defend its customer base, and vice
versa. In equilibrium, neither firm targets outside 7*,
since these consumers are sufficiently loyal that the
rival firm cannot profitably attract them.

As in the other subgames, the promotional deci-
sions that each firm makes can be divided conceptu-
ally into two components. A firm must decide with
what probability to target consumers at each location
and, to those it targets, what depth of discount to
offer. A major difference from the other subgames,
however, is that, in equilibrium, each firm will ran-
domize inside the targeting zone. The randomization
will occur not only over whether or not to target con-
sumers at a particular location but also over what
discount to offer them. To see this, consider the con-
sumers located in region I. Firm A will not want to
target consumers in this region if firm B does not,
since these consumers are already predisposed to pur-
chasing from firm A. If firm A does not target these

® Figure 2 illustrates the case where 0 < i <1,. There is also another
case (not shown) where —I, <[ < 0. As we will show in Appendix
A, however, the second-stage equilibrium does not depend on the
relation between [ and 0.
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Figure 3 Payoffs from Contested Consumers
firm A: 0 firm A: 0 firm A: [ firm A: Py —c
firm B: Pg —c¢ firm B: —I firm B: 0 firm B: 0
—lB s 0 ia la

consumers, however, then firm B will. But if firm B
targets these consumers firm A’s optimal strategy is to
do likewise, since it would rather outbid its rival and
retain its customers than lose them altogether. Finally,
if firm A targets these consumers, then firm B would
rather not, and so on. Furthermore, given that both
firms may target the same consumers, neither firm
will use a pure strategy for its discount d;(l). This is
because if the rival firm has provided sufficient incen-
tives to win the patronage of a consumer, then a firm
will either increase its own incentives to the consumer
to outbid its rival or give up completely on targeting
the consumer to save the targeting cost z.

Fortunately, the equilibrium payoffs of firms A and
B in each region are easy to derive (the details can be
found in Appendix A) and are illustrated in Figure 3.
Since consumers located at —[; <[ < iB do not receive
any promotions and are loyal to firm B, firm A earns
zero and firm B earns Py — ¢ from each consumer in
this region. Similarly, since the consumers located at
I, <1<1, do not receive any promotions and are loyal
to firm A, firm B earns zero and firm A earns P, —c¢
from each consumer in this region. The contested con-
sumers are the ones in the middle two regions. For
consumers located at [ to the left of 0, firm B has a
preference advantage of —I. For consumers located at
I to the right of 0, firm A has a preference advan-
tage of . Equilibrium payoffs in these regions then
follow immediately as a direct consequence of mixed-
strategy equilibria.

ProrosITION 1. With one-to-one promotions, a firm’'s
equilibrium payoff from each consumer in the targeting
zone depends only on the price premium the consumer is
willing to pay for its brand.

Proposition 1 implies that with one-to-one promo-
tions, a firm’s expected payoff from consumers in
the targeting zone derives solely from the loyalty
these consumers have for its brand. The reason is
that although a firm is always able to outbid its
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competitor for the consumers who prefer its own
brand, one-to-one promotions dissipate all potential
rents except for the premiums that contested con-
sumers are willing to pay for a brand. This result
highlights the vital importance of individual (rather
than average) consumer loyalty in the information
age and suggests that the increased interest in recent
years among marketing practitioners in relationship
marketing, customer satisfaction, customer life-time
value, and one-to-one marketing can be viewed as a
manifestation of firms’ efforts to position themselves
for the upcoming information-intensive marketing.

Summing up each firm’s expected payoff in all four
regions of Figure 3 yields:

m — (Py— C)(ZA - ZAA) léx
4 La+1g 2L, +1p)
(P — ) (I + I5) B
I = . 4
b Litly 20,4 ®

4. Equilibrium Pricing
and Promotions

In this section we address several questions of inter-
est. First, how do one-to-one promotions affect the
average prices paid by consumers? Second, which
firm has more incentive to initiate one-to-one promo-
tions? Third, who will gain or lose from one-to-one
promotions? Intuitively, one might expect that a firm’s
decision on whether or not to target will depend on
the magnitude of the targeting costs relative to [, and
I5. The next proposition summarizes this relationship.

PROPOSITION 2. For all z >0, there exists a unique sub-
game perfect equilibrium.

(@) If z = (214 +13)/3, then the equilibrium regular
prices are P, = (21, +15)/3+c and Py = (1,+2l5)/3+¢,
and neither firm offers one-to-one promotions.

b) If Iz <z < (2Qly+15)/3 (note 1, > Iz by
assumption), then the equilibrium regular prices are

MANAGEMENT SCIENCE/ Vol. 48, No. 9, September 2002
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Figure 4 One-to-One Promotions by Firm A Only
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Note. Dotted lines illustrate the equilibrium in Part (a) and solid lines illustrate the equilibrium in Part (b). Vertical shaded area is firm A’s profit assuming

¢ = 0 when it alone offers one-to-one promotions.

P,=Q2l4+13—2)/2+cand Py = (Iz+2z)/2+c, and only
firm A offers one-to-one promotions.

(c) If z < Iy, then the equilibrium regular prices are
P, =1,+4cand Py =I3+c, and both firms offer one-to-one
promotions.

Neither Firm Offers One-to-One Promotions
The first thing to notice from Proposition 2 is that
there exists a cutoff level of z such that if z is greater
than or equal to this cutoff level, then neither firm
offers one-to-one promotions. This has both an obvi-
ous and a less-than-obvious implication. The obvious
implication is that if the cost of targeting is suffi-
ciently high then no firm will promote. The less-
than-obvious implication is that, at a given point in
time, one-to-one promotions may be optimal in some
industries but not others, even if the underlying tar-
geting technology and its associated cost is the same
across all industries. To see this, note that the cutoff
level of z in this case is equal to firm A’s regular-price
markup, which depends on the degree of competition
in the market. It follows that firms in less profitable
industries (those that have low contribution margins)
will be less inclined to offer one-to-one promotions.
For example, in an industry where the products are
homogeneous (I, = Iz =0), we have that P, =P;=c
and so one-to-one promotions will not occur for any
z>0.

Let II, denote firm i’s payoff and S, its market share.
Then the firms’ payoffs and market shares (the share

MANAGEMENT ScIENCE/Vol. 48, No. 9, September 2002

of total sales accounted for by a firm) when neither
firm offers targeted promotions are

~ (2l +1p)? ~ (L +2Dp)?
AT 9+ 1) P9l +1p)
~ 21A+ZB ~ lA +2ZB

A3l P Aty ©)

If I, = I3, then each firm earns the same profit and has
the same market share. If I, > [;, then firm A earns
more profit and has a larger market share than firm B.
The dotted lines in Figure 4 illustrate an asymmetric
equilibrium; firm B sells to all consumers with loyal-
ties —Ip to (I, —I3)/3 at price (I, +2I3)/3+c, and firm
A sells to all consumers with loyalties (I, —13)/3 to I,
at price (21, +15)/3+c.

Only Firm A Offers One-to-One Promotions

The second thing to notice from Proposition 2 is that
there exist intermediate values of z such that in equi-
librium firm A will want to promote but firm B will
not (it is never the case that only firm B will pro-
mote). The solid lines in Figure 4 illustrate the equi-
librium. In Figure 4, firm B chooses a regular price of
(Ig+2)/2+c and sells to all consumers with loyalties
—lIp to (z—1I5)/2. All consumers with loyalties to the
right of (z — I3)/2 buy from firm A. Of these consumers,
consumers with loyalties (z — I)/2 to [, —z receive pro-
motional incentives. These are the consumers in firm
A’s targeting zone. The consumers with loyalties [, —z
to [, are sufficiently loyal to firm A that they are not
given any discounts. These consumers buy from firm
A at firm A’s regular price of (21, +1;—z)/2+c.
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This case is interesting for three reasons. First,
it is the case implicitly assumed by the non-game-
theoretic literature, which views one-to-one promo-
tions as ultimately benefiting firms by allowing them
to generate incremental sales without sacrificing on
the profit margins they receive from their loyal cus-
tomers. However, as we shall see, the implications of
this case are much richer, and the conventional view
that the promoting firm will be better off does not
always hold. Second, this case is important because
it has been missed by the previous game-theoretic lit-
erature, which assumes that firms are ex ante sym-
metric. Note that at I; =[,, the region of z such that
only firm A promotes, Iz <z < (2], +13)/3, does not
exist, and so our model predicts that in a market with
two equally matched firms, we would not expect to
see only one firm offering targeted promotions. Third,
this case is the only relevant case when the firms’
products are vertically differentiated. To see this, note
that if firm B’s product is of lower quality than firm
A’s product (I; =0), then the lower bound of z is
never binding, which implies that firm B never pro-
motes.

Notice that each firm responds differently to a
decrease in the marginal cost of targeting; firm A
responds by raising its regular price, while firm B
responds by lowering its regular price. Both intuitions
can be seen from the profit expressions in (2). In this
case, we see that firm A’s profit-maximizing regu-
lar price balances the marginal profit from selling to
a consumer in the “regular-price market” with the
marginal profit from selling to a consumer in the
“one-to-one market.” When the marginal cost of tar-
geting decreases, the marginal profit of selling to a
consumer in the one-to-one market increases, and so
to equalize its marginal profits across markets, firm
A will want to raise its regular price.® In contrast, the
effect of a lower cost of targeting on firm B is much
different. As it becomes more profitable for firm A to

¢ One can think of the two markets as analogous to substitute prod-
ucts in a product line. When the contribution margin of the first
product exogenously increases, profit maximization requires that
the firm raise the price of the other product, because the consumers
who are induced to switch to the first product now bring in more
profit.

1150

promote, firm B will find it necessary to lower its reg-
ular price in an effort to offset firm A’s encroachment
into its regular-price market.

The equilibrium payoffs and market shares when
only firm A promotes are:

i (21, +15)* —z(41 4 +215—52) ~ (Iz+2)?
AT 8(I4+1p) ’ BT A, + 1)

~ 21, +1p—2z ~ lg+z
_ A B B (6)

AT 2+l BT 2040y

Differentiating market shares S, and S, with respect
to z, we see that firm A’s market share increases, and
firm B’s market share decreases, with a lower z. Thus,
it follows that when the marginal cost of targeting
decreases, firm B will not be completely successful
in stopping firm A’s encroachment on its regular-
price market. As illustrated in Figure 4, firm A’s sales
increase relative to the case of no promotions by the
number of additional consumers with loyalties (z —
Ig)/2 to (1, —15)/3.

All else equal, this market-share effect harms firm
B and benefits firm A. In fact, a smaller market share
coupled with a lower regular price implies that firm
B will necessarily be worse off when the cost of
targeting falls, as can easily be seen by differentiating
II, with respect to z. Surprisingly, however, it does
not follow that firm A will necessarily be better off.
Although firm A earns a higher contribution margin
from its regular-price market and has a larger market
share, the fraction of its consumers that buy on pro-
motion increases when the cost of targeting falls. In
fact, contrary to what the non-game-theoretic litera-
ture would predict, it is easy to construct examples in
which firm A is worse off when z falls. For example,
in Figure 4, firm A’s profit when it promotes is given
by the vertically shaded area (where we assume ¢ =0
for convenience). When z is sufficiently high that no
firm promotes, firm A’s profit is given by the rect-
angular region with base I, — (I, —I3)/3 and height
(214 +13)/3+c. The difference in this example is a net
loss for firm A.

More generally, although firm B’s profit always
decreases when the cost of targeting falls, firm A’s
profit may or may not decrease. Differentiating firm
A’s equilibrium profit in (6) with respect to z, and
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comparing its equilibrium profit in (5) and (6), yields
the following proposition.

PrRoOPOSITION 3. There exists z > 0 such that firm A’s
equilibrium profit when only firm A promotes is increasing
in the cost of targeting for z > z, and decreasing in the cost
of targeting for z < z. For z > Z, firm A is worse off relative
to the case of no promotions. For z < z, firm A may or
may not be better off relative to the case of no promotions.
When firm A’s product is of higher quality than firm B’s
product, there exists a sufficiently small z such that firm
A is always better off.

Figure 5 illustrates the results in Proposition 3 for
the case where firm A’s product is of higher qual-
ity than firm B’s product. At z=0, firm A’s profit is
1,/2 when it promotes, which exceeds 41, /9, its profit
when z is sufficiently high that neither firm promotes.
As z decreases below the cut-off level for targeting,
firm A’s profit initially decreases and then increases.
This is the result of two opposing effects. On the one
hand, firm A benefits from an increase in its market
share when z decreases. On the other hand, firm A
loses from an increase in price competition caused by
firm B’s lower regular price. For small enough z, the
beneficial market-share effect outweighs the adverse
price-competition effect and firm A’s profit increases
as the cost of targeting further decreases.

These results differ from previous literature on tar-
geted promotions. The non-game-theoretic literature
fails to identify the adverse effect on firm A’s profit

Figure 5 Firm A’s Profit When Its Product Is of Higher Quality

A ]_—IA
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caused by firm B’s lower regular price, and the pre-
vious game-theoretic literature, in assuming symme-
try, fails to identify the beneficial market-share effect.
Figure 5 shows that either of the two effects can dom-
inate for firm A.

Both Firms Offer One-to-One Promotions
When both firms offer targeted promotions, each
firm’s regular price is increasing only in the loyalty of
its own consumers (Part (c) in Proposition 2). Thus,
an exogenous change in the maximum loyalty of firm
B’s consumers has no effect on firm A’s regular price,
and vice versa. This result suggests that one-to-one
promotions lead to a much different form of com-
petition than the competition that occurs when each
firm is constrained to charge a single price. Intuitively,
when both firms offer one-to-one promotions, there is
a bandwidth of marginal consumers (where the width
is determined by the size of the targeting zone) which
buffer each firm’s regular price from the other. As we
shall see, this buffering, and what happens in the tar-
geting zone, affects the two firms similarly.

The equilibrium expected payoffs and market
shares when both firms promote are:

- 2 2 ~ 2, .2
i, = IE+z / fi, = E+z /
2(14 +1p) 2(1, +1p)
¥ Ly ¥ Iy
R R P+ @)

In the mixed-strategy equilibrium, firm A and B’s
expected market share is independent of the cost
of targeting and converges, not surprisingly, to each
firm’s base of loyal consumers. This is because with
one-to-one promotions each firm can always outbid
its rival for the consumers who prefer its product.
Thus, when both firms promote, changes in targeting
costs operate on each firm’s equilibrium profit only
through the price-competition effect, and so it is also
not surprising that each firm’s profit is increasing in
z (a higher z moderates the price competition effect).

However, it would be incorrect to assume that each
firm’s profit in this case is necessarily less than what
its profit would be in the case in which no firm offered
promotions. It follows by continuity from our results
in the previous subsection that there exist parameters
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Figure 6 Price-Competition Effect Under Symmetry
Pp —dp(l) Py —da(l)
lp+ec la+c
Cc - C
—lB lA

Note. Dotted lines illustrate the equilibrium in Part (a) and solid lines illustrate the equilibrium in Part (c).

such that firm A is better off with one-to-one promo-
tions, even when both firms promote. To see this, note
that for firm A to be better off (firm B is always worse
off) when both firms promote, we require

A —8l,ly —2I5+92* > 0. (8)

When the products are symmetrically differentiated
(I, = lp), the condition in (8) is never satisfied. But
when the products are vertically differentiated (I, >
0,1z =0), (8) is always satisfied. More generally, the
condition in (8) is satisfied when I, is sufficiently
large relative to Iz, which is more likely to be the case
when the relationship between the firms’ products
is closer to vertical differentiation than to symmet-
ric horizontal differentiation. This yields the following
proposition.

PROPOSITION 4. One-to-one promotions need not lead
to a prisoner’s dilemma situation in which all firms are
worse off. The firm with the more loyal following and larger
market share can be better off when both firms use one-
to-one promotions than when neither firm uses one-to-one
promotions.

Proposition 4 lends some support to the intuition
that one-to-one promotions can favor “large firms
with strong brand identities” (Blattberg and Deighton
1991). However, it should be emphasized that in sug-
gesting that one-to-one promotions need not lead to a
prisoner’s dilemma, we are comparing a case in which
both firms offer one-to-one promotions at a particu-
lar marginal cost of targeting to a case in which the
cost of targeting is sufficiently high that no firms offer
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promotions. This comparison is relevant, for example,
if the targeting technology and associated consumer
data is available for purchase and firms A and B are
deciding whether or not to purchase it. If the compar-
ison is instead between two levels of z conditional on
both firms offering promotions, then the profits in (7)
imply that both firms are worse off when the marginal
cost of targeting decreases.

To understand why earlier game-theoretic literature
concludes that targeted promotions lead to a prison-
er’s dilemma, and to understand why it need not, it is
useful to examine through some polar cases how the
two effects of one-to-one promotions manifest them-
selves in a competitive context.

Figure 6 illustrates equilibrium prices and expected
market shares under symmetry for the cases in Parts
(a) and (c) of Proposition 2 (we assume z =0 for con-
venience). From Proposition 2, we see that the equi-
librium regular prices remain unchanged with one-to-
one promotions. From the market-share expressions
in (5) and (7), we see that the equilibrium expected
market shares also remain unchanged with one-to-one
promotions.” Thus, when the loyalties for the two

7In fact, when z =0, it can be shown that all consumers with loy-
alties —I; to 0 buy from firm B and all consumers with loyalties
0 to I, buy from firm A in both cases. This should be clear in
the case where neither firm promotes. The reason it is also true
in the case where both firms promote is that, when z =0, there is
no cost of targeting and so each firm’s equilibrium strategy calls
for it to distribute defensive promotions with probability one. In
other words, the equilibrium mixed strategies in the case where
both firms promote become degenerate when z = 0.
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Figure 7 Market-Share Effect Under Asymmetry
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Note. Dotted lines illustrate the equilibrium in Part (a) and solid lines illustrate the equilibrium in Part (c).

firms are identical (I, = [3), the only effect of one-to-
one promotions is to intensify price competition.

Figure 7 illustrates the fact that if the firms are
asymmetric, there will also be a market-share effect. In
the absence of targeted promotions, it is not optimal
for the firm with a larger loyal following to sell to all
consumers who prefer its product. This is because to
capture more consumers with weaker preferences for
its product, it must lower its price to all consumers,
including those with strong preferences who do not
need any additional inducement to purchase from it.
Although all firms face this tradeoff between incre-
mental sales and inframarginal losses in their pricing
decisions, the fact that firm A has a larger loyal fol-
lowing than firm B tilts the balance of the tradeoff in
favor of firm B setting a lower price than firm A. As
a result, firm B sells to consumers with loyalties 0 to
(I4—15)/3 even though these consumers would have
bought from firm A at equal prices.

One-to-one promotions allow a firm to generate
incremental sales from consumers with weaker pref-
erences without sacrificing margins from consumers
with strong preferences. An obvious consequence of
this increase in pricing flexibility is more intense
price competition (each firm is now free of any infra-
marginal loss when lowering its price). A more subtle
consequence is that the increase in pricing flexibility
levels the playing field (the ability to offer one-to-
one promotions allows each firm to avoid the afore-
mentioned tradeoff). This accentuates any advantage
that a firm may have in customer loyalty. As a result,
firm A can take advantage of its pricing flexibility to
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increase its market share at the expense of firm B by
capturing those consumers that prefer its product.

It is this tradeoff between market share and price
competition that determines whether firm A will be
better or worse off with one-to-one promotions. As
we have seen, it can go either way.

5. Customer Churn and Optimal

Targeted Promotions
Customer churn arises when consumers who would
otherwise prefer a firm’s product switch to a rival
firm’s product because of the promotional incentives
they receive.® So, for example, in Figure 2, those con-
sumers in Region II who buy from firm A represent
positive customer churn for firm B, and those con-
sumers in Regions I and III who buy from firm B
represent positive customer churn for firm A. There
are two reasons why a firm might lose customers
to its rival even though the consumer prefers the
firm’s product given each firm’s regular price. One
reason is that the consumer does not receive any pro-
motional incentives from its more preferred firm but
does receive promotional incentives from the rival
firm, where the incentives are such that P, — (P_; —

8 Our definition of customer churn is necessarily a static one, given
the limitations of our static model. The practicing manager’s def-
inition of churn is a more dynamic concept that considers churn
to be a proportion of customers lost in a given period of time. To
relate the two definitions, one can think of the consumers who com-
prise customer churn in our model as having bought their preferred
brand sometime prior to the start of the game.
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Figure 8 Targeting Zone Under Symmetry
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d_;(l)) > I, with firm i being the consumer’s more
preferred firm. Another reason is that the consumer
receives promotional incentives from both firms, but
the rival firm’s inducement is such that P; —d;(l) —
(P_—d_(1) > L.

Customer churn has become a source of concern
in many industries. For example, it is a concern in
long-distance telephone service, wireless communica-
tions, and banking, where targeted promotions have
induced a large number of consumers to switch.” It is
thus important for any manager to address the follow-
ing two questions in an information-intensive market-
ing environment. First, does customer churn become
worse as targeted promotions become increasingly
feasible and accurate due to lower costs of targeting?
If so, how pervasive will it become? Second, what
should a firm do to manage customer churn in an
information-intensive marketing environment?

Our analysis can shed light on both questions. Fig-
ure 8 illustrates the targeting zone for the case of
symmetry when both firms promote and loyalties are
I, =1z =I;. In this case, we see that the targeting
zone expands when z decreases until at z =0, all con-
sumers in the market receive promotions. One might
think, therefore, that as the marginal cost of target-
ing decreases, the number of consumers that churn
will inevitably rise. Surprisingly, this turns out to be
incorrect.

ProrosITION 5. When both firms offer one-to-one pro-
motions, the number of consumers that churn first
increases and then decreases as the marginal cost of tar-
geting decreases. In the limit, when the marginal cost of
targeting is zero, the phenomenon of customer churn dis-
appears.

°In long-distance service, one in four residential subscribers
switched long-distance carriers in 1997 (Lawyer 1998). Even worse,
it has been alleged that some 30% of the 55 million wireless
customers in the U.S. churn (Cane 1999).
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Intuitively, there are two opposing effects at work
that give rise to the inverted-U relationship between
customer churn and the cost of targeting. On the one
hand, each firm has a greater incentive to offer tar-
geted promotions as the cost of targeting decreases.
All else equal, this tends to increase customer churn.
On the other hand, each firm also has a greater incen-
tive to retain consumers who are more loyal to its
own product as the cost of targeting decreases. All
else equal, this tends to reduce customer churn. In the
special case where z =0, all consumers receive a tar-
geted promotion on the product they most prefer and
customer churn is eliminated.™

To gain a more complete sense of each firm’s overall
strategic orientation, we define an offensive promo-
tion as a promotion that is given to consumers who
prefer the rival’s product, and a defensive promotion
as a promotion that is given to consumers who pre-
fer one’s own product. Then the number of offensive
and defensive promotions that are distributed by each
firm is given by:

-z dl ls—z+zlogi
o= [ b 5=

_ /ls,z il B-z
2 42’

where g;(I) is the equilibrium probability that con-
sumers with loyalty [ receive a promotion from firm i
(see Appendix C). By setting z = Blg where 0 < <1,
we can plot A, and N, on the vertical axis against
B on the horizontal axis in Figure 9. This yields the
following proposition.

"When z =0, there is no cost of targeting and so each firm'’s equi-
librium strategy calls for it to distribute defensive promotions (a
promotion that is given to consumers who prefer one’s own prod-
uct) with probability one. In other words, the equilibrium mixed
strategies in the case where both firms promote become degenerate
when z =0.
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Figure 9 Defensive and Offensive Promotions*
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ProrosITION 6. When both firms offer one-to-one pro-
motions, the relative mix of offensive to defensive promo-
tions increases as the cost of targeting increases. A firm’s
targeting is predominantly offensive when the targeting
cost is high and predominantly defensive when the target-
ing cost is low.

As the cost of targeting decreases, the targeting
zone expands on both sides, encompassing consumers
with increasingly stronger loyalties. This implies two
things. First, it implies that the total number of offen-
sive and defensive promotions is decreasing in z. This
can be seen from the fact that both curves decrease
from left to right in Figure 9. Second, it implies that
offensive promotions must be given with increasingly
larger discounts to be effective, while defensive pro-
motions can be effective with increasingly smaller
discounts. As a result, the attractiveness of an addi-
tional consumer captured with offensive promotions
decreases with lower z, while the attractiveness of an
additional consumer retained with defensive promo-
tions increases with lower z. This can be seen from
the concavity of the offensive promotion curve, which
achieves a maximum of 0.25 at z =0, and the convex-
ity of the defensive promotion curve, which achieves
a maximum of 0.5 at z=0."

Propositions 5 and 6 imply that customer churn
results from firms optimally taking chances with their

'Tn the limit, when z =0, every consumer receives a defensive
promotion and a random half of all consumers receive an offensive
promotion. Offensive promotions in this special case fail to attract
any switchers.
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loyal customers in order to capture as much con-
sumer surplus from them as possible. Consequently,
customer churn will occur in equilibrium as long as
the marginal cost of targeting is positive. This sug-
gests that the optimal way to manage customer churn
is not to eliminate it, but to engage in more defen-
sive promotions (e.g., loyalty programs) as the cost of
targeting decreases.

6. Conclusion

The addressability of individual consumers, along
with personalized promotional incentives, fundamen-
tally changes a firm’s pricing decision. The parsimo-
nious model we have developed here allows us to
investigate this phenomenon. We show that one-to-
one promotions allow a firm the flexibility to generate
incremental sales without offering any unnecessary
discount. But it also tends to intensify competition
since all consumers, including loyal consumers, are
potentially contestable.

In assuming symmetry, previous studies conclude
that one-to-one promotions invariably lead to a pris-
oner’s dilemma in which all firms are worse off. How-
ever, when firms are asymmetric, there will also be a
market-share effect. We show that the firms that are
best positioned to gain from this additional effect are
those that have a larger loyal following. One-to-one
promotions gives these firms the flexibility they need
to capitalize on their customer loyalty. Thus, one-to-
one promotions may be a boon for large firms in
today’s market environment, as it allows large compa-
nies to compete with small firms for niche markets in
an ever more fragmented marketplace (Bessen 1993).

One striking message from our analysis is that
building customer brand loyalty is of paramount
importance. In an information-intensive marketing
environment, all consumers, not just “marginal con-
sumers,” are potentially exposed to competitive bid-
ding, and customer loyalty is the only line of defense
for a firm. This is reflected in the fact that a firm’s
payoffs from contested consumers can only be as
large as the premiums they are willing to pay for the
firm’s brand. It is also reflected in the fact that a firm
with a large loyal following can best take advantage
of one-to-one promotions, while a small firm with a
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weak brand will simply bear the brunt of intensified
competition.

Our analysis also sheds light on the subject of
customer churn, which is increasingly occupying the
attention of management in many industries. To our
knowledge, it is the first rigorous analysis of this
widely publicized phenomenon arising from targeted
promotions. We show that customer churn can result
from firms optimally taking chances with their loyal
customers. Therefore, it is not advisable to eliminate
or even to minimize customer churn. While increas-
ing customer loyalty in a cost-effective manner may
always be beneficial to a firm, it should not be the
focus of any churn reduction program. Indeed, it fol-
lows from our results that the optimality of a firm'’s
pricing strategy may be suspect if customer churn
reduces as customer loyalty increases, unless there is
already a high level of customer loyalty. We show
that the optimal way to manage customer churn is to
engage in relatively more and more defensive promo-
tions as the cost of targeting decreases.

Our conclusions are based on a two-stage game
where each firm commits to a regular price. The
reader may wonder whether our conclusions would
hold if firms do not have regular prices. Could it
be the case that the regular price serves no useful
function in the age of one-to-one marketing? We can
address this question by amending our game to allow
each firm to choose whether or not to set a regu-
lar price prior to its targeting decisions. Our analysis
shows that the regular price plays a strategic role in
the game of one-to-one promotions.’? This strategic
role arises from the fact that the regular price places
an upper bound on the transaction price that any con-
sumer would have to pay and hence discourages each
firm from pursuing its rival’s most loyal customers.
Without a regular price to shelter a firm'’s loyal con-
sumers from the rival’s targeting, the targeting zone
in Figure 3 would expand to cover the entire line and
each firm’s payoff would be reduced.

Because of its strategic role, we can show that
competing firms all have incentives to choose a reg-
ular price in the amended game. This means that

2We thank an anonymous referee for raising these questions and
for suggesting the analysis. The details of this analysis are available
from the authors upon request.
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the regular price is not passé but instead performs
an indispensable function of sheltering its loyal cus-
tomers from competitive poaching. This also means
that our two-stage setup is an innocuous simplifica-
tion, as it prunes off-equilibrium subgames without
affecting any substantive conclusions. In the unlikely
case where regular prices cannot arise for institutional
reasons (or if firms play a simultaneous game of one-
to-one pricing), each firm’s payoff will be the same
as its payoff in the two-stage game we consider here
when z = 0, and our main conclusions will not be
qualitatively altered.

One intriguing question that our analysis does not
answer directly is what role would nontargeted pro-
motions play in the context of targeted promotions?*
In our model, we implicitly assume that all con-
sumers avail themselves of any promotions offered
to them, and so nontargeted promotions if offered
would serve the same purpose as the regular price.
On the other hand, if not all consumers make use of
promotions offered to them, and if these consumers
have different aggregate elasticities of demand than
consumers who do use promotions, then we conjec-
ture that nontargeted promotions could serve a price-
discrimination role and be used by firms even if
targeted promotions are also used. In addition, we
conjecture that nontargeted promotions could benefit
a firm in an environment of one-to-one promotions
by discouraging a competing firm from targeting its
consumers aggressively. We leave it to future research
to confirm these intuitions. We hope that our analy-
sis sparks further interest from both academics and
practitioners in this pricing tactic.
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Appendix A
In this appendix, we derive the mixed-strategy equilibrium in each

of the regions of Subgame 4. To start, we partition consumers in
7* into three regions, as illustrated in Figure 2. For each region, we

13 We thank an anonymous reviewer for raising this question.
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show that a mixed-strategy equilibrium exists and we derive for
each firm a probability distribution defined over the set of feasible
(undominated) pure strategies Z;(l).

Region I. Since all consumers located in Region I will purchase
from firm A if they do not receive any promotional incentives from
firm B, and any sales that firm B generates through targeted pro-
motions are incremental, the maximum discount that firm B will
be willing to distribute to the consumers located at / in Region I
must satisfy Py —dy(l) —c—2z > 0 (this is the maximum discount
that firm B can offer and still earn nonnegative profit). This implies
that dy(I) < Py —c —z. Furthermore, firm B’s discount in this region
must be sufficiently large to overcome consumers’ loyalty to brand
A. Otherwise, firm B would incur the targeting cost without affect-
ing consumers’ purchasing decisions. This means that, for the con-
sumers located at [ in Region I, dy(I) is bounded from below such
that P, — Py +d;(l) > I. This implies that dg(/) > Py — P, + 1. Thus,
firm B’s feasible strategy set is given by Z,(I) = {dg(I) | dp(I) € [(Ps —
Py+1), (Py—c—2)]}.

Firm A’s maximum discount is determined by insuring that the
targeted consumers will buy from firm A and derive minimum sur-
plus even if they get the maximum discount from firm B. Since
consumers who receive discounts from both firms will buy from
firm A if and only if P, —d, — (P; —djp) <1, and since firm B’s max-
imum discount is dy(l) = Py —c —z, it follows that firm A’s maxi-
mum discount must satisfy P, —d, —c—z =1. Firm A’s minimum
discount is d, > 0. Thus, firm A’s feasible strategy set is given by
Da(1) = (da(1) | da(D) € [0, (Py—c —z—D)]).

Using the same arguments as in Varian (1985) and Narasimhan
(1988), we can show that, in any mixed-strategy equilibrium, there
can only be one mass point. This mass point occurs at dy(l) = Py —
P, +1, and we denote it by m;. We can also show that, conditional
on its targeting consumers located at ! € 73, each firm’s distribution
function is continuous. We now proceed to show by construction
that a unique mixed-strategy equilibrium exists for all / in Region I.

Let F,(d;I) be the probability that firm A targets consumers
located at | with a discount depth less than d, conditional on it
targeting those consumers, and let m, + (1 —m)F;(d; I) be the prob-
ability that firm B targets consumers located at [ with a discount
depth less than d, conditional on it targeting those consumers.
Then, if g;(I) € (0, 1] denotes the probability that firm 7 will target
a consumer located at /, the probability that firm A targets these
consumers with a discount less than d is given by q,(I)F,(d; I), and
the probability that firm B targets these consumers with a discount
less than d is given by qz(I)(mg+ (1 —my)Ey(d; 1)).

In any mixed-strategy equilibrium, a firm’s strategy must make
its rival indifferent among all of its feasible strategy choices. In
particular, firm B’s strategy must be such that

(A=gz(D)(Ps—0)+q5(N0=1, (A1)

where the left side of (A1) is firm A’s expected payoff from a con-
sumer located at [ if it does not target, and the right side of (A1)
is firm A’s expected payoff from the consumer if it targets with its
maximum discount depth of (P, —c —z—I), thereby always insuring
itself a payoff of /.
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Furthermore, firm B’s strategy must also make firm A indifferent
between targeting with any d,(I) € %,(I), and targeting with its
maximum discount depth of P, —c¢ —z— 1. We thus have:

[1—g(DI[P4—ds() —c—2]
+qp(D[mp + (1 —mp)Fg(Pg — Py +d (1) +D](Py —ds(I) —c—2)
+ag(D(1 =mp)[1 = Fy(Py— Py +d, () +D](—2) = I (A2)

The first term in (A2) is firm A’s expected gain from a consumer
located at I when firm B happens not to target the same consumer.
The second term is firm A’s expected gain when it wins the com-
petitive bid for the consumer and the third term is its expected gain
when it loses the bid. Using (A1), (A2), and the regularity condi-
tions 0 < F3(d) <1, we can solve for my, q;(I) and F;(d; [). By setting
Py—P,+d,(l)+1=d, we have:

c—1 - z

~ PA_
gg() = ﬁ’ mp = m, (A3)

(I4+2z)(Py—Pg—1+4d)
(Py—I—c—2)(Py+1—d—c)’

Ey(d; )= (A4)
where tildes denote equilibrium values and 0 < E@<1is right
continuous and monotonically increasing as are required of a dis-
tribution function. Thus, the probability that a consumer located at
I will receive a promotional incentive from firm B with a discount
value less than d is given by

0 ifd<Py—P,+1
To(d) = Y Gy (Dliitg + (A=t Ey(@)] i dey() . (AH)
Gs(1) ifd>Py—c—z

Similarly, firm A’s strategy must make firm B indifferent among
all of its feasible strategy choices. In particular, firm A’s strategy
must be such that

1=q.(DIPy—I=c—2)+q,(D(=2) =0, (A6)

where the left side of (A6) is firm B’s expected payoff from a con-
sumer located at [ if it targets with its minimum discount depth
of P, — P, +1, and the right side of (A6) is firm B’s expected pay-
off from the consumer if does not target, thereby insuring itself a
payoff of 0. In addition, firm B must also be indifferent between
targeting with any dg(I) € Zz(I) and not targeting at all, i.e.,

(1-49,(D](Py —dp(l) —c—2)
+4a(DEA(Py — Py +dp(l) = ) (Py — dy() —c —2)
+da(D[1 = Fo(Py = Py +dy(1) = D](—2) =0. (A7)
Solving (A6) and (A7), and setting P, — Py +dy(l) -1 =d, we
have:

P,—c—l-z

da() = P 1’ (A8)
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dz

B = e, e by

(A9)

Thus, the probability that a consumer located at ! will receive a
promotional incentive from firm A with a discount value less than
d is given by
0 ifd<0
Tad) =1 aDF (@) i d e, ()
Ga( ifd>P,—c—z—1

(A10)

It follows from these derivations that the expected pay-
off from any consumer located at ! in Region I is given by
74(Ga, Gs, Ey, B) =1 for firm A and my(d,, Gy, E,, F5) =0 for firm B.
It also follows that neither firm can do better by deviating unilat-
erally to some other possible strategy.™*

Region II. The equilibrium in Region II is symmetric to that
in Region I and can be derived by substituting A for B, B for A,
and [ for —I in Equations (A5) and (A10). Thus, in Region II, firm
A’s expected payoff is zero and firm B’s expected payoff from a
consumer located at [ is I.

Region III. In Region III, a consumer will purchase from firm
B absent any promotion and the consumer is loyal to firm A. We
can show, following the same process as we did for Region I, that
in equilibrium, we must have d,(l) e [Py —P;—1, P, —c—z—1] and
dg(I) € (0, Py — ¢ — z]. Furthermore, firm A always promotes with a
mass point, m,, at the minimum value, and firm B promotes with
probability g; < 1. In equilibrium, the following three conditions
must be satisfied:

(I—agp)(Ps+1—c—2)+q5(-2) =1, (A11)
(1—qg)(Py—dy—c—2)+qF(Ps— Py +dy+1)(Py—d, —c—2)
+q5(1—Fg(Pg— Py +d,+D))(—2) =1,

Pgtdg—1)(Pg —dy —c—2)

(A12)
my(Py—dpg—c—2z)+ (1 —my)F4(Py —

+ (1 —my)(1—Fy(Py—Py+dz—1))(—2) =0. (A13)

Equation (All) insures that firm A is indifferent between d, =
P,—Py—1and d, =P, —c—z—1 given firm B’s strategy. Equa-
tion (A12) insures that firm A is indifferent between any d, € (P, —
P;—1,P,—c—z—1) and d, = P, —c—z—1 given firm B’s strat-
egy. Equation (A13) insures that firm B is indifferent between any
dg(I) € (0, Py — c —z) and the maximum value Py —c —z. Solving Al,
A2, and A3, along with the regularity conditions, we have:

g+ (1 —m)E(d) ifde[Py—Py—1,Py—c—z—1I]

F\(d) =
) ifd>P,—c—z—1

(Al14)

#If firm A unilaterally deviates to any other strategy (q,, F4(d)),
firm A can only do worse if d € %,(]). If d € %,(]), then firm A’s
expected payoff is | given any strategy of firm B. The same logic
also applies to firm B. Thus, the singular distributions in (A5) and
(A10) are the Nash equilibrium strategies for both firms.
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0 ifd<0
Fy(d) = G (DFp(d)  if d e (0, Py—c—2] (A15)
(D) ifd>Py—c—z,
where
.z ~ _ (d+14+Py—Py)z
M=o BO=G o Timamg A9
R ~ d(l+2)
=3~ BT —am o=y WY

In this region, only firm A has positive profit. Firm A’s payoff from
a consumer is simply equal to the premium the consumer is willing
to pay for firm A’s brand.

Thus, we can conclude that a firm’s payoff from a contested
consumer is equal to the premium the consumer is willing to pay
for the firm’s brand. Q.E.D.

Appendix B

ProOOF OF PrOPOSITION 2. The steps we take to prove Parts (a),
(b), and (c) are the same. In each case, we derive the necessary
conditions for an equilibrium. We then show that in the proposed
equilibrium, neither firm has an incentive to deviate unilaterally.
We will first take up Part (a).

Neither Firm Offers One-to-One Promotions. Note that in any
equilibrium where P, < c¢+z and Py < c+z hold, both firms must
have positive market shares. Otherwise, a monopolist firm should
set its price at V > c+z. This means that in any such equilibrium
we must have [, —[ >0 and I,+1 > 0. The equilibrium regular prices
(ﬁA, ﬁB) then necessarily satisfy the following conditions for all P,
and Py

Py = arg max ;= (P =)Ly =)
st. P,<c+z

~ 1 .

Py = arg n})gx m(PB —o)(lz+1)

s.t. Py<c+z.

In other words, in equilibrium, (ﬁA, ﬁB) must solve the following
system of first-order conditions

T (a—1=Pi+c)—p,=0

Io+IB
s+ I+ Ps—0)—py =0
pa(Py—c—2)=0, p,>0, Py=<c+z
Mg(Py—c—2)=0, pz>0, Py=<c+z,

where u, and u; are Lagrange multipliers.

If w, =pg =0, ie., none of the constraints bind, a unique solu-
tion to the above first-order conditions exists if z > (21, +1;)/3, and
we have the following candidate equilibrium

20,4 < 142
P, = A3 LI P4 - B

QLY (2
i 9, +1p) T+ 1)
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We now show that the strategies in this candidate equilibrium
indeed constitute a Nash equilibrium since none of the firms can
do better by deviating unilaterally from its strategy above.

Given 133, the first-order conditions already insure that firm A
never wants to deviate from ﬁA by choosing some P, < c+z. How-
ever, firm A may want to deviate by choosing some P, > c+z so
that targeted promotions then become profitable. This gives a devi-
ation profit of

1

Hd
AT Lt

[Py = cymax1, —1, 0}+/ Py —c—z+Ddl}.

We now show that any deviation P, > c+z by firm A can only
make firm A worse off. First, firm A can deviate by choosing some
P, > 1,+ Py. In that case, firm A’s profit is nonzero only if I, —c —
z+ Py > 0 holds, or equivalently the following condition holds

20, 41, > %z. (B1)

Given Condition (B1), we have

1 Iq
l +lB c+z—. P

d
A=

(Py—c—z+1)dl.

However, in that case, we have
—2(21, +15)* +3z(81, + 415 — 3z)
18(1, +1p)
o T2y +1)* + (2L, + 1) (814 +41; —32)
- 18(1,+15)
2L, +1p)[221, +15) — 3z]
18(1, +1p)

m,-1 =

The first inequality follows from the fact that we have z > (21, +
I3)/3, and the second inequality follows from Condition (B1). Thus,
firm A never deviates by setting some P, > [, +ﬁ3.
Firm A may, however, deviate by choosing some P, € (c+2z, 1, +
ﬁB]. In that case, we have
I =

(P, — o), —l)+/ —c—z—i—l)dl] (B2)

l+l[

c+z—-D)

By differentiating Equation (B2), we have

oIt 1 ~
= l,—P,— P
ap, ZA+IB(A A —2Z+Py)
2 2,41,
< —z
Iy+1g 3
<0.

The first inequality follows from P, > c+z, and the second follows
from z > (21, +13)/3. The above derivation implies that firm A’s
optimal deviation is to set P, arbitrarily close to ¢+ 2z, and not to
use targeted promotions. Thus, the optimal deviation will make the
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second part of Equation (B2) drop out. Obviously, M} > IT% in this
case since ﬁA maximizes the first part of Equation (B2).

Thus, we have shown that firm A will not unilaterally deviate
from ﬁA. Using the same steps, we can also show that firm B will
not unilaterally deviate from 133 so that (ﬁA, ﬁB) is an equilibrium
given z > (21, +1;)/3. Furthermore, we can show, by going through
the same steps, that no other equilibrium exists where P, < c+z
and Py <c+z. Q.ED.

Only Firm A Offers One-to-One Promotions. To prove Part (b)
of Proposition 2, we first show that it is impossible for an equilib-
rium to exist where P, ', <c+zand ﬁB > c+z such that firm B targets
while firm A does not. In this were not true, we must have in this
equilibrium either ﬁA =c+zor I;A < ¢+ z. In the former case, the
payoffs for each firm are given by

~ zl,

i, = -4

AT L+

~ 1 ~ ~ Cc+z— P
.= m[(PB—c)(c+z—PB+lB)+/0 zdz}

As P, must maximize firm B’s payoff, we necessarily have by =
Iz +c in this equilibrium.

We now consider firm A’s deviation by setting P4 =1, +c>c+z
so that we are in the subgame of competitive targeting. In that case,
firm A’s payoff becomes I14 = (12 +22)/(2(1, + 1)) > I1,. Therefore,
if an equilibrium exists where ﬁA <c+zand ﬁs > c+2z, we must
have P, < c+z. In this case, both firms’ payoffs are given by

1T,

I +l (PA—C)(I —PA+C+Z)

i, = +l [(PB—c)(PA—PB+l)+/ (P —c—z=Ddi].
By examining the first order necessary conditions for an equilib-
rium with these payoff functions, we must have PA =(,+2)/24+c
and PB =(I4+2l5—z2)/2+c. However, PA <c+zand PB > c+z must
imply I, < z < (I, +2I)/3, which is not possible given I, > I,.

We can then go through the same steps to show that the equilib-
rium exists where firm A targets unilaterally under the conditions
specified in Proposition 2. Q.E.D.

Both Firms Offer One-to-One Promotions. We now prove
Part (c) of Proposition 2. In any equilibrium where P,>c+zand
133 > ¢+ 2z such that competitive targeting ensues, the firms’ payoff
functions are given by

ST S Ry (R Y
2+ Li+ly
~ 1 (Py—c)(Iy +1p)
I, = B E ,
P 2L+ " Ly+1

where, as we recall, | 4= PA —c—zand lB =c+z— PB Through first-
order conditions, we necessarily have Py=1l,+cand Py=1,+c.
Then, to insure PA >c+z and PB > c+2z, we need to have z < I.
We now check if any firm has any incentive to deviate from this
candidate equilibrium.
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Given Py =Iy+c¢>c+z, firm A may deviate by setting P4 <c+z
and thus giving up on targeting. In that case, firm A’s payoff is
given by

1
I = m(PZ_C)(lA —Pl4c+2z).

The best firm A can do through this deviation is to set P4 = c+z
and obtain the payoff I14 =zl,/(l, +1;). However, we have

~ (z—1,)?

I, -1 = —2— > 0.

AT ) T

Thus, firm A has no incentive to deviate.

Similarly, the optimal deviation for firm B is to set P§ =c+z,
which yields 1§ = zl;/(1, + ;). However, we have

~ z—1,)?
i, e =)

=——>0.
2(1, +15) -

Therefore, firm B has no incentive to deviate. Q.E.D.

Appendix C

ProoF OF ProrosiTION 5. Note that from Proposition 2 and
Equations (A5) through (A10), the expected number of consumers
who, all else being equal, prefer firm A’s product but purchase
from firm B due to targeted promotions is

1 ls==( . -
e=g [ {a0a-qo [ | sid-naza ),
(1)

where € is concave in z and approaches 0 as z approaches [ or 0.
A similar expression holds for the expected number of consumers
who are, all else being equal, loyal to firm B but purchase from
firm A due to targeted promotions. Proposition 5 then follows after
substituting the equilibrium values into (C1) and conducting com-
parative statics with respect to z. Q.E.D.
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