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This article studies the dynamic effects of behaviour-based price discrimination and customer recognition in
a duopolistic market where the distribution of consumers' preferences is discrete. Consumers are myopic and
firms are forward looking. In the static and first-period equilibrium firms choose prices with mixed
strategies. When price discrimination is allowed, forward-looking firms have an incentive to avoid customer
recognition, thus the probability that both will have positive first-period sales decreases as they become
more patient. Furthermore, an asymmetric equilibrium sometimes exists, yielding a 100–0 division of the
first-period sales. As a whole, price discrimination is bad for profits but good for consumer surplus and
welfare.
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1. Introduction

The increasing use of the Internet and the development of more
sophisticatedmethods for acquiring, storing and analysing consumer
information have dramatically improved the capability of sellers to
learn the consumers types or preferences through the observation of
their past behaviour, and to set prices accordingly in subsequent
periods. As customer recognition and behaviour-based price dis-
crimination (BBPD) are becoming increasingly prevalent, a good
economic understanding of the profit, consumer surplus and welfare
implications of this price discrimination practice needs to be founded
on a good economic understanding of the market in which it is
implemented.

The aim of this paper is to investigate the competitive and welfare
effects of BBPD inmarkets where the distribution of consumer types is
discrete and each firm follows in equilibrium a mixed pricing strategy
as an attempt to prevent the rivals from systematically predicting its
price.1 This pricing strategy seems to be in accordance with several
studies showing that random pricing is a feature of online markets2

and may be the result of retailers heterogeneity with respect to brand
loyalty, trust, and awareness (Brynjolfsson and Smith (2000a)). The
stylised model addressed in this paper brings new insights to the
literature in the field and helps establish the idea that some of the
competitive effects of BBPD and customer recognition do depend on
what is learned about consumer demand, which in turn depends on
the nature of preferences.

The paper considers a repeated interaction model with myopic
consumers and forward-looking firms. Firms A and B market their
goods directly to consumers who are either loyal (to a specific degree)
to one firm or the other. To motivate the distribution of consumer
preferences consider the following example. Suppose there are two
online firms: Amazon (A) and Barnes&Noble (B). Both firms know
that half of consumers have a relative preference for A while the
remaining have a relative preference for B. The disutility of not buying
n BBPD and customer recognition, in Section 3.1. (on BBPD under
-periods and short-term contracts), Fudenberg and Villas-Boas (2006)
the Fudenberg and Tirole (2000) and its extension by Chen and Zhang
ion 2004) and chapter 3 of Esteves (2004) (a previous version of the
rdistributions of consumer types,whereother insights emerge. In page
concavitydoesnot seemtobe impliedby theMHRcondition andwhen
sting to work with discrete types as in Esteves and Chen and Zhang.
Brynjolfsson and Smith (2000a) and Baye et al. (2006a).

mailto:rbranca@eeg.uminho.pt
http://dx.doi.org/10.1016/j.ijindorg.2010.03.008
http://www.sciencedirect.com/science/journal/01677187


6 Comprehensive surveys on competitive price discrimination are presented by
Armstrong (2006) and Stole (2007).

7 For a comprehensive review on BBPD see Fudenberg and Villas-Boas (2006) and
Esteves (2009c).
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the most preferred brand is exogenously given by γN0.3 So, a
consumer that prefers Amazon buys from Amazon if its price is not
undercut by more than γ by Barnes&Noble. This means that even
though firms may have some advantage over their competitors due to
brand loyalty, all consumers may, nevertheless, be induced to switch.4

There are two periods so, being permitted, price discrimination can
only occur in the second period when firms have learnt the consumer
types by observing their first period choices.

In order to measure the dynamic effects of BBPD two static
benchmarks are analysed (Section 3). In the first, price discrimi-
nation is not permitted, either because consumers are anonymous
or because price discrimination is illegal. In the second, consumers
are non-anonymous and price discrimination is permitted. The
results derived in both benchmarks show that firms are clearly
worse off when they have the required information for price
discrimination.

The two-period interaction gamewith price discrimination based
on customer recognition is presented in Section 4. In contrast to the
extant models with a continuous distribution of consumer types
(e.g. Chen (1997), Fudenberg and Tirole (2000) and Villas-Boas
(1999)), where the equilibrium is in pure strategies, themodel yields
a first-period equilibrium where each firm follows a mixed pricing
strategy.5

An important theme of the paper is to highlight the fact that
firms may eschew learning the consumer types as a way to avoid
subsequent price discrimination and a less favourable competitive
outcome. When initial market shares are asymmetric (100–0
division) nothing is learnt about consumers, and subsequent prices
and profits are higher. In contrast, with symmetric market shares,
consumer types are fully revealed and second-period prices and
profits fall. Consequently, it is shown that forward-looking firms
have an incentive to strategically reduce the probability of sharing
the market in period 1 (Corollary 3). This strategic effect gives rise to
new issues regarding the effect of BBPD on first-period prices. In
contrast to Fudenberg and Tirole (2000) firms price below the static
or no-discrimination levels in period 1 (Proposition 5).

Given that the model predicts the existence of a bias towards
asymmetric outcomes in period 1, Section 6 investigates the circum-
stances in which an asymmetric pure strategy equilibrium could exist
in the initial period, being the market served by the same firm. Here
it is found that there is sometimes an asymmetric equilibrium in
the first period, where one firm sets a low price and captures all
consumers while the rival finds not profitable to match the low price
firm because its profits will then be low in the second period
(Proposition 7). This finding suggests that in a many-period game the
uniform pricing could be sustained without any explicit collective
action.

Finally, the paper investigates the welfare results of BBPD in
markets where firms set random prices (Section 7). A common
prediction in the existing literature on BBPD is that price discrimina-
tion can be welfare reducing due to excessive switching (e.g. Chen
(1997), Fudenberg and Tirole (2000)). Another important theme of
the paper is to show that as random pricing tends to generate some
inefficient shopping, price discrimination can increase efficiency and
enhance consumer surplus and social welfare.
3 In a location model γ can be used as a transportation cost. As in Shilony (1977)
consumers can purchase costlessly from the neigbourhood firm but incur a transport
cost to go to the more distant firm.

4 In a recent study Brynjolfsson and Smith (2000b) have found that Amazon
customers are willing to pay up to 5–8% more before they consider switching to
another seller.

5 Mixed pricing is also obtained in Chen and Zhang (2009) and Esteves (2009a).
However, in these price discrimination models each firm has a captive group of
consumers and firms only compete for the price-sensitive consumers.
1.1. Related literature

This paper is mainly related to two strands of the literature. One is
the literature on competitive price discrimination,6 especially the
literature on behaviour-based price discrimination and customer
recognition.7 The other is the literature onmixed pricing in oligopoly.8

The model addressed in this paper is closely related to Shilony's
(1977) one-period oligopolistic model where the distribution of
consumer types is discrete. In the location interpretation of his model,
consumers can purchase costlessly fromneighbourhoodfirms, but incur
a transport cost γN0 when buying from more distant firms.9 In this
setting, he shows that the unique equilibrium is inmixed strategies. The
same happens in models where some consumers are captive or
uninformed while others are shoppers or fully informed (e.g. Varian
(1980), Narasimhan (1988)). However, while in Varian (1980) and
Narasimhan (1988) each firm has a captive group of customers and
firms only compete for price-sensitive customers, in Shilony's model no
firmhas a groupof captive customers and all consumersmaybe induced
to switch. As a result, while in Varian and Narasimhan firms may
sometimes set in equilibrium themonopolyprice, the same is not true in
Shilony. In this way, an interesting finding in Shilony is that firms can
attain higher profits in the mixed strategy equilibrium.

Recent work on Internet pricing has shown that random pricing is
a common practice for sellers operating in these markets (e.g. Baye
et al. (2004, 2006a)). As pointed out by Baye, et al. (2007, p.13), “one
way to keep rivals from responding is to introduce an element of
randomness into your pricing strategy. By being unpredictable, your
rivals cannot systematically undercut your price. ”They also highlight
that “such a strategy, which reduces the ability of competitors to both
anticipate and respond to a price cut, can generate top line growth and
raise profits as well.” (p.16)

Regarding the literature on competitive price discrimination, this
paper is related to those models where, in the terminology of Corts
(1998), the market exhibits best-response asymmetry.10 In these
models profit will typically decrease when price discrimination is
practiced. A useful model for understanding the profit effects of price
discrimination in markets with best-response asymmetry is by Thisse
and Vives (1988). There are two firms located at the extremes of the
segment [0, 1]. Consumers are uniformly distributed in the line
segment and firms can observe the location (or brand preference) of
each individual consumer and price accordingly. The strong (close)
market for one firm is the weak (distant) market for the other firm. In
this setting they show that price discrimination intensifies competi-
tion, all prices fall as well as profits. The finding that firms might be
worse off when they engage in price discrimination is one of the key
differences between monopoly and competitive price discrimination.
If we ignore commitment issues, a monopolist is better off when it
uses price discrimination. Although with competition price discrim-
ination is a dominant strategy for each firm, for given prices offered by
its rival, when all firms follow the same strategy they might find
themselves in the classic prisoner's dilemma.11
8 See Baye, et al. (2006b) for a comprehensive survey on Information, Search and
Price Dispersion.

9 A similar modelling approach is followed by Padilla (1995) and with asymmetric
loyalties by Raju, et al. (1990).
10 The market exhibits best-response asymmetry when one firm's “strong” market is
the other's “weak” market. In the literature of price discrimination, a market is
designated as “strong” if in comparison to uniform pricing a firm wishes to increase its
price there. The market is said to be “weak” if the reverse happens.
11 Esteves (2009b) extends the Thisse and Vives model to a two-dimensional
differentiation model and shows that price discrimination might not necessarily lead
to the prisoner's dilemma result. This happens when firms observe the location of
consumers in the less differentiation dimension and price discriminate accordingly
while they remain ignorant about their location in the more differentiated dimension.



14 The assumption of zero marginal costs can be relaxed without altering the basic
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The paper has important connections with the literature on BBPD
in which firms and consumers interact more than once and firms may
be able to learn the consumers' types by observing their past choices
and price differently towards them in subsequent periods. In the
switching costs approach, consumers initially view the two firms as
perfect substitutes; but in the second period they face a switching cost
if they change supplier. In this setting, purchase history discloses
information about exogenous switching costs (e.g. Chen (1997) and
Taylor (2003)). In the brand preferences approach (e.g. Villas-Boas
(1999), Fudenberg and Tirole (2000)), purchase history discloses
information about a consumer's exogenous brand preference for a
firm. Although the framework of competition differs in the two
approaches their predictions have some common features. First, as in
the present model, when price discrimination is permitted, firms offer
better deals to the competitor's consumers than to its previous
customers. Second, because both firms have symmetric information
for price discrimination purposes and there is best-response asym-
metry, firms are worse off if they use price discrimination.12,13 Third,
there is socially excessive switching between firms. Nonetheless,
important differences arise in both approaches when taking into
account the effects of poaching on initial prices. While in the brand
preferences approach when BBPD is permitted initial prices are high
and then decrease, in the switching costs approach the reverse
happens.

Another closely related papers are Chen and Zhang (2009) and
Esteves (2009a). The first, investigates the profitability issue of BBPD
in the brand preference approach using a discrete version of the
Fudenberg and Tirole (2000) model. As in Narasimhan (1988), each
firm has an exogenous captive segment of the market, and they
compete for the remaining consumers, who are price-sensitive. The
equilibrium is in mixed strategies and they show that when only one
firm can engage in BBPD both firms can attain higher profits with
discrimination. Esteves (2009a) investigates the effects of BBPD in a
market where firms need to invest in informative advertising to
generate demand. Consumers are initially uninformed about the
firms' existence and price. However, after advertising decisions have
been made, some consumers are endogenously locked-in with a
certain firm while others are shoppers because they become aware of
both firms' existence and price. The distribution of consumer types is
discrete and the equilibrium is also in mixed strategies. The paper
shows that only the high price firm in period 1 will have the required
information to engage in price discrimination. This acts to soften price
competition in both periods and profits rise if price discrimination is
used.

In contrast to Chen and Zhang (2009) and Esteves (2009a) where
some consumers are captive and others are shoppers, here although
consumers have a preference for one of the firms all of them may be
induced to switch. If price discrimination is permitted it will only
occur when both firms share the market in period 1. In this case, both
firms will practice price discrimination in period 2 and they will be
worse off. As a result of that new results emerge.

The rest of the paper is organised as follows. Section 2 presents the
model. Section 5 discusses the main implications of pricing
with customer recognition when consumers are either loyal to a
specific degree to one firm or the other. Conclusions are presented in
Section 8.
12 On the Pros and Cons of Price Discrimination, Chen (2005) argues also that firms
tend to be worse off being able to recognise consumers and price discriminate.
Targeted pricing is also bad for profits in Shaffer and Zhang (1995) and Bester and
Petrakis (1996).
13 There are however some models where firms can benefit from targeted pricing.
This conclusion might be obtained when firms are asymmetric (e.g. Shaffer and Zhang
(2000)), when firms targetabillity is imperfect and asymmetric (Chen et al. (2001))
and when only one of the two firms can recognise customers and price discriminate
(Chen and Zhang (2009) and Esteves (2009a)).
2. The model

Two firms, A and B, produce at zero marginal cost nondurable
goods A and B.14 There are two periods, 1 and 2. On the demand side,
there is a large number of consumers, with mass normalized to one,
each of whomwishes to buy a single unit of either good A or B in each
of the two periods. As in Shilony (1977) each consumer is either loyal
with degree γN0 to firm A or B.15 This means that consumers will buy
from the most preferred firm as long as its price is not undercut by
more than γ. As Raju, et al. (1990), γ can be used as a measure of the
degree of a consumer's brand loyalty, defined as the minimum
difference between the prices of the two competing brands necessary
to induce consumers to buy the wrong brand.16 Suppose also that half
of consumers are loyal to firm A, while the remaining are loyal to firm
B. It is also assumed that consumer preferences are fixed across
periods.17 Finally, consumers have a common reservation price v,
which is sufficiently high so that the duopoly equilibrium exhibits
competition. More precisely, v N 2 +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

pp� �
γ:

2.1. Consumers' behaviour

In order to isolate the strategic effects of price discrimination with
customer recognition it is assumed that consumers are myopic (or
naive). This means that in period 1, consumers do not anticipate that
the next period's prices may depend on their current behaviour. After
firms have set their prices, consumers shop for the better bargain.
The net utility of a loyal consumer to firm A purchasing good A at
price pA is v−pA,while the net utility of purchasing goodB at price pB is
v−γ−pB. Thus, a loyal consumer to firm A buys good A whenever
pAbpB+γ. Similarly, a loyal consumer to firmB buys goodAwhenever
pAbpB−γ. Reversing the previous inequalities one gets the conditions
under which consumers buy brand B.

2.2. Firms' behaviour

In each period firms act simultaneously and non-cooperatively. In
the first period, consumers are anonymous and firms quote the same
price for all consumers. In the second period, whether or not a
consumer bought from the firm in the initial period may reveal that
consumer's brand preference. When firms have the required
information, they will set different prices to their own customers
and to the rival's previous customers. When nothing is learned from
the initial period, price discrimination is not feasible and firms again
quote a single price to all consumers. Firms discount future profits
using a common discount factor δ.

3. Benchmarks

Before proceeding, two static benchmarks are examined. The first,
considers the case where consumers are non-anonymous and firms can
engage inpricediscrimination. Theother, considers the casewhereprice
discrimination, cannot occur either because firms have no information
to recognise customers or because price discrimination is illegal.
nature of the results derived throughout the model.
15 Even though the paper considers that the market is segmented according to brand
loyalty, the model also accommodates other interpretations such as search costs,
transportation costs and switching costs.
16 Raju, et al. (1990) present also the case with asymmetric loyalties towards the two
firms.
17 The assumption of fixed-preferences across periods is a requirement in models
where firms can price discriminate based on past behaviour. If preferences were not
fixed from period to period, the knowledge of a consumer's first period choice would
provide no information about his second period preferences, so firms could not engage
in price discrimination. For an analysis where preferences change over time, see for
instance, Caminal and Matutes (1990) and Fudenberg and Tirole (2000, section 6).
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3.1. Customer recognition and price discrimination

As in Thisse and Vives (1988), suppose that firms can observe
each consumer brand preference and price accordingly. (Here, the
main difference is that there are only two types of consumers.) Let pii
denote the price charged by firm i to consumers who prefer brand i
and pij the price charged by firm i to consumers who prefer brand j.
The lowest price say firm B can offer to a consumer which prefers
brand A is the marginal cost price, which in this case is equal to zero.
But then, in order to prevent the consumer from being tempted by
the rival's price, firm A needs to offer a price generating the same
level of utility. It is straightforward to show that in equilibrium the
price firm B quotes to consumers loyal to A is pBA=0 and so pAA must
satisfy v−pAA=v−γ, from which we obtain pAA=γ. In sum, when
firms are able to recognise customers and price discrimination is
allowed, Bertrand competition in each segment of customers leads
equilibrium prices to:

pii = γ and pij = 0; for i; j = A;B and i≠j: ð1Þ

Equilibrium profit per firm when it recognises customers and
prices accordingly, denoted πD, is given by:

πD =
1
2
γ: ð2Þ
3.2. No customer recognition and no price discrimination

As said, here it is assumed that price discrimination cannot occur.
This benchmark is the special caseof Shilony's (1977)modelwhen there
are only two firms in the market. Following Shilony a pure strategy
equilibrium in prices fails to exist.18 The intuition for the inexistence of a
pure strategy price equilibrium is that although each firm can always
guarantee itself a profit equal to 1

2
γ by selling at price γ exclusively to its

loyal segment, the presence of a positive fraction of disloyal customers
creates a tension between the firm's incentives to price low in order to
attract this latter set of customers and to price high as a way to extract
rents from its loyal customers. Therefore, each firm follows a mixed
pricing strategy as an attempt to prevent the rival from systematically
predicting its price, which in turn makes undercutting less likely.19

Suppose that firm i selects a price randomly from the cdf Fi(p). In a
symmetric mixed strategy equilibrium, both firms follow the same
pricing strategy, thus, for the sake of simplicitywrite Fi(p)=Fj(p)=F(p).
Suppose further that the support of the equilibrium prices is [pmin, pmax].
Whenfirm i chooses anyprice that belongs to the equilibriumsupport of
prices, andfirm juses the cdf F(p),firm i's expected profit is always equal
to a constant,which is denotedK. Since afirmcanalways guarantee itself
a profit equal to 1

2
γ, it immediately follows that K≥1

2
γ. When firm i

charges price p, two events are relevant. Firstly, p is the lowest price so all
consumers go to firm i. This event occurswith probability [1−F(p+γ)].
Secondly, p is such that both firms share the market. This event occurs
with probability [F(p+γ)−F(p−γ)]. The case where p is so high that it
precludes firm i from getting any demand is not relevant because in that
18 On the one hand, themarginal cost price cannot be an equilibrium of this game since
by charging price γ each firm can always guarantee itself a profit equal to 1

2
γ. On the

other hand, when both firms set price v, it is always profitable for a given firm to slightly
decrease its price to v−ε and capture the remaining customers. Any price lower than v
but greater than or equal to v−γ is dominated by v as it would give firm i the same
demand and lower profits. However, if firm i chooses to undercut its rival charging
a price (v−γ−ε), it would capture all consumers and its profits would be equal to
(v−γ−ε). This deviation is profitable for firm i as long as v is high enough, i.e.
vN2γ. In other words, (v,v) is a pure strategy equilibrium if γ N

v
2
. However, this

condition contradicts the assumption v N 2 +
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

pp� �
γ.

19 In a recent empirical paper, Baye et al. (2004) provide evidence that in internet
markets those firms that adopted predictable pricing strategies were driven out of the
market. For that reason, they claim that unpredictability in prices—i.e. setting prices at
random—is widely used in those markets and is an effective way of avoiding
aggressive price competition in online markets.
specific case firm i realises no profit. Hence, firm i's expected profit,
denoted Eπ(p), is

Eπ pð Þ = p 1−F p + γð Þ½ � + 1
2
p F p + γð Þ−F p−γð Þ½ �:

In equilibrium, expected profit satisfies:

p 1−1
2
F p + γð Þ−1

2
F p−γð Þ

� �
= K: ð3Þ

Since this benchmark case is an application of Shilony (1977) it is
straightforward to obtain the equilibrium strategies and payoffs.20

Proposition 1. Whenever firms cannot engage in price discrimination
the Nash equilibrium is as follows:

(i) Each firm chooses a price randomly from the nondegenerate
distribution function

F pð Þ =

0 if p≤ pmin

1− pmin + γ
p + γð Þ if pmin ≤ p≤ pmin + γ

2− pmin + γ
p−γð Þ if pmin + γ≤ p≤ pmax

1 if p≥ pmax

8>>>>>>>><>>>>>>>>:

9>>>>>>>>=>>>>>>>>;
; ð4Þ

The minimum and maximum equilibrium prices are respectively
equal to

pmin =
ffiffiffi
2

p
γ; ð5Þ

and

pmax = 2 +
ffiffiffi
2

p� �
γ: ð6Þ

Because prices are bounded, i.e. pmax≦v it follows that
2 +

ffiffiffi
2

p� �
γ≦v, which is true under the model assumptions.

(ii) Each firm expected profit is in equilibrium equal to

EπND = K =
1
2

1 +
ffiffiffi
2

p� �
γ: ð7Þ

As in Shilony because K N
1
2
γ firms can make higher profits when

they use mixed strategies and stay unpredictable.

Corollary 1. With no discrimination the variance in prices is equal to
VarND(p)=xNDγ2, where xND is a constant.

Proof. See the Appendix A.
In the appendix it is given the exact expression for xND. It is also

possible to verify that the variance of prices is approximately equal to
0.275γ2. This result predicts that price dispersion, measured by the
variance of prices, tends to be greater in product-markets where
customers are more loyal, and lends support to recent empirical
research showing that observed price dispersion is mainly due to
perceived differences among retailers related to branding, trust and
awareness (e.g. Brynjolfsson and Smith (2000a)).21

From the two benchmark cases analysed it is possible to establish
the following proposition.
20 The interested reader can find a formal proof in Shilony (1977) or from the author
upon request.
21 Although γ has been used as a brand loyalty parameter, it may equally be
interpreted as a switching cost or as a cost of acquiring information. In other words, if
customers were perfectly informed about their most preferred firm but would have to
bear a cost to obtain information from other firms (due to the existence of search
costs) our model would predict that the level of price dispersion would be greater in
markets where it is more difficult to acquire such information.
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Proposition 2.

(i) Firms are better off when they cannot engage in price discrimi-
nation; either because customers are anonymous or because price
discrimination is illegal.

(ii) Consumers pay strictly lower prices under discrimination than
under no-discrimination.

4. Pricing with customer recognition

Throughout this section it is assumed that, where feasible, price
discrimination is permitted. Price discrimination can only occur in the
second period if firms learn the consumers' preferences from the initial
period. We will see that when both firms set (approximately) the same
price in period1, theywill share equally themarket, andconsumer tastes
are fully revealed. On the other hand, if firms set significantly different
prices in period 1, one firm attracts all consumers and nothing is learned
by period 2.

In period 1 each consumer type is a “mystery”, so each firm sets a
single first period price, denoted pi

1. In period 2, if price discrimination is
feasible, eachfirmquotes a different price to loyal and disloyal customers
(those that bought previously from the rival). Let piL2 and piD

2 denote firm
i's second-period prices to loyal and disloyal customers, respectively. If
nothing is learned fromperiod 1, both firms charge again a single price in
period 2, denoted pi

2. In eachperiodfirms set prices simultaneously. Next,
to derive the subgame perfect equilibrium, the game is solved working
backwards from the second period.

4.1. Second-period pricing

Dependingonfirst periodprices (andcorrespondentmarket shares),
two scenarios are possible in period 2. In one scenario, firms share the
market in period 1, i.e. Di;Dj

� �
= 1

2
;
1
2

� �
, i, j=A, B, and both learn the

consumer tastes in the subsequent period. In the other, the first period
market is entirely served by the same firm, i.e. (Di,Dj)=(0, 1), i, j=A, B,
and nothing is learned about consumer tastes in the second period.

4.1.1. Subgame 1: Both firms have information to price discriminate
When p1 is such that firms share the market equally in period 1,

consumer tastes are fully revealed in the subsequent period. Let Gi(p1)
denotefirm i's cdf offirst periodprices in the overall game. In a symmetric
equilibrium Gi(p1)=Gj(p1)=G(p1). For a given price p1 chosen by firm i
in period 1, assuming that firm j sets its price according to G, both firms
share thefirst periodmarketwithprobability [G(p1+γ)−G(p1−γ)] and
inperiod2bothfirmshave the required information topricediscriminate.
This subgame is identical to the benchmark case with non-anonymous
consumers and price discrimination. Hence, under symmetry, each firm's
equilibrium price to loyal and disloyal customers is respectively given by

p2L = γ and p2D = 0; ð8Þ

and the second-period profit with discrimination, denoted πD2, is

π2
D =

1
2
γ: ð9Þ

Note that when first-period prices fully reveal consumer preferences,
price discrimination intensifies competition in each segment, leading all
prices to fall. According to Corts (1998), this all-out competition result is
common in models where the market exhibits best-response asymme-
try.22 A special feature of thismodel is that even though firms offer lower
22 It is important to stress that this all-out competition result requires that both firms
can engage in price discrimination. When one firm has information to use price
discrimination while the other does not it may happen that some prices rise (see
Esteves (2009a)).
second-period prices to their rival's customers (indeed, they quote the
marginal cost price) in order to entice them to switch, there is no
switching in equilibrium and all consumers buy efficiently.23,24

4.1.2. Subgame 2: Firms learn nothing and price discrimination
is unfeasible

In this case all consumers buy from the same firm in period 1.With
no loss of generality, take the behaviour of firm A in the first period. If
firm A's price p1 is much lower than the rival's price, all consumers go
to firm A. This happens with probability [1−G(p1+γ)]. Otherwise,
with probability G(p1+γ) firm A's first period price is much higher
than firm B's price and no consumer goes to firm A. In either case, both
firms learn nothing in the second period. Price discrimination cannot
occur and the second-period pricing is a replication of the benchmark
with no-discrimination. Let E(πNR2 ) denote the second period expected
equilibrium profit with non recognition of customers. From Eq. (7) it
follows that:

E π2
NR

� �
=

1
2

1 +
ffiffiffi
2

p� �
γ: ð10Þ

Summing up, the second period expected profit per firm is

Eπ2 = G p1 + γ
� �

−G p1−γ
� �h i

π2
D + 1− G p1 + γ

� �
−G p1−γ

� �h in o
E π2

NR

� �
:

ð11Þ

4.2. First-period pricing

Consider next the choice of first-period prices. Because firms are
forward looking they take today's price decisions rationally anticipating
how they will affect their subsequent profit. Note that firms take into
account that their choice of first period prices will determine their
knowledge of consumer tastes in the second period and thus the
feasibility of price discrimination.

As in the benchmark case with anonymous consumers, it is straight-
forward to show that in the first-period of the repeated game there
is no equilibrium in pure strategies. There exists rather a mixed strat-
egy equilibrium. I prove the existence of such an equilibrium by con-
struction. As previously discussed, when firm i charges p1 2 [pmin

1 , pmax
1 ],

it captures the entire market if pj
1Np1+γ. This happens with proba-

bility [1−G(p1+γ)], and yields a profit equal to p1. It sells nothingwhen
pj
1bp1−γ. This occurs with probability G(p1−γ) and yields a zero

economic profit. Finally, it sells exclusively to its loyal segment if
p1−γbpj1bp1+γ,which in turnhappenswithprobability [G(p1+γ)−
G(p1−γ)] and yields a profit equal to 1

2
p1. Thus, each firm's first period

expected profit is

Eπ1 = p1 1−G p1 + γ
� �h i

+
1
2
p1 G p1 + γ

� �
−G p1−γ

� �h i
: ð12Þ

Overall expected profit is:

Eπ = Eπ1 + δ G p1 + γ
� �

−G p1−γ
� �h i

π2
D−E π2

NR

� �h i
+ δE π2

NR

� �
ð13Þ

For the sake of simplicity, suppose that the overall expected profit
is equal to a constant C. In a mixed strategy equilibrium, any price
23 This no poaching result is a consequence of the two-point distribution of demand,
and would not extend to a discrete model with more than two types.
24 The same result arises in Thisse and Vives (1988).
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chosen from a firm's price support should generate the same expected
profit, thus using Eqs. (9), (10) and (12) it follows that:

C = p1 1−G p1 + γ
� �h i

+ δ
1
2
γ 1 +

ffiffiffi
2

p� �
+

1
2

G p1 + γ
� �

−G p1−γ
� �h i

p1−δ
ffiffiffiffiffiffi
2γ

p� �
:

ð14Þ

The next proposition provides a complete characterisation of the
subgame perfect nash equilibrium of this game.

Proposition 3. There is a symmetric mixed strategy subgame perfect
Nash equilibrium in which:

(i) each firm's first-period price is randomly chosen from the cdf

G p1
� �

=

0 if p1 ≤ p1min

1−
p1min + 1−δ

ffiffiffi
2

p� �
γ

p1 + 1−δ
ffiffiffi
2

p� �
γ

if p1min ≤ p1 ≤ p1min + γ

2−
p1min + 1 + δ

ffiffiffi
2

p� �
γ

p1− 1−δ
ffiffiffi
2

p� �
γ

if p1min + γ≤ p1≤p1max

1 if p1 ≥ p1max

8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

9>>>>>>>>>>>>>>=>>>>>>>>>>>>>>;
ð15Þ

where the minimum and maximum equilibrium prices are respec-
tively given by

p1min =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

pq� �
γ ð16Þ

and

p1max = 2 +
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

pq� �
γ: ð17Þ

Because prices are bounded, pmax
1 ≦ v , implies that

2 +
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

pp� �
γ≦v (which satisfies the model

assumptions).
(ii) Each firm earns an expected overall equilibrium profit equal to

Eπ = C =
1
2

1 + δð Þ +
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

p� �r� �
γ: ð18Þ

Proof. See the Appendix A.

Corollary 2. When price discrimination is introduced and δ=1, the
variance of prices is VarD(p)=xDγ2, where xD is a constant.

Proof. See the Appendix A.
The constant xD is obtained in the appendix. It is possible to see

that xD is approximately equal to 0.3641. Corollary 2 shows that when
firms are allowed to price discriminate, first period prices remain
dispersed. In fact, price dispersion only disappears when consumers
are indifferent between both firms (i.e. when γ=0). Comparing
corollary 1 and 2, one can see that xDNxND thus the level of first period
price dispersion with discrimination is greater than if discrimination
were banned. This suggests that although firms' heterogeneities (e.g.
brand loyalty) are in fact an important force behind observed price
dispersion, some other factors may also account for some fraction of
price dispersion.25
25 Baye et al. (2006a,b), note that despite observed price dispersion is mainly due to
retailers heterogeneities (i.e. branding, reputation and trust), 28% of the observed
dispersion is not explained by these heterogeneities.
5. Competitive effects of price discrimination

This section investigates the competitive effects of price discrim-
ination. Do firms have an incentive to distort their first-period
behaviour? Will they set higher or lower initial prices in comparison
to the non-discrimination case? What is the impact of price
discrimination on each firm's first-period demand? Do firms have
an incentive to avoid learning and price discrimination?

5.1. First-period demand

Consider first the impact of price discrimination on first-period
demand. Here I investigate whether a firmmight have an incentive to
forgo a positive demand in the initial period as an effective way to
eschew learning and subsequent price discrimination.

Proposition 4. The probability of first period demand sharing, given by
q 2 [0, 1] is equal to

q = 1−2
ðpmin+γÞ2−2 δγð Þ2
� �

−1 + 2δ
ffiffiffi
2

p� �2
γ2

ln
ðpmin + γÞ2−2 δγð Þ2

pmin+2γ−δ
ffiffiffi
2

p
γ

� �
pmin+δ

ffiffiffi
2

p
γ

� �
0@ 1A

−2
δ
ffiffiffi
2

p
γ 2pmin + γð Þ + pmin pmin + γð Þ + 2δ2γ2

−1 + 2δ
ffiffiffi
2

p� �
pmin + δ

ffiffiffi
2

p
γ

� �
pmin + γ + δ

ffiffiffi
2

p
γ

� � :

Proof. See the Appendix A.

Corollary 3. When price discrimination is permitted forward-looking
firms reduce the probability of sharing the first period market.

Proof. See the Appendix A.
In the appendix provided we can see that when δ=0 firms share

the first period market with probability approximately equal to 0.81,
while when δ=1 this probability is equal to approximately 0.71. Fig. 1
plots the probability of first period demand sharing as a function of δ.
We can see that the probability of both firms have positive first-period
sales decreases as they become more patient.

An important result of this paper is that firms may strategically
forgo any previous positive market share as an effective “weapon” to
eschew the negative effects of price discrimination in subsequent
periods. When firms foresee that they do better in period 2 when
neither of them is able to learn the consumers' preferences, they may
have an incentive to avoid learning, which in turn can be achieved by
not sharing the initial market. Thus, forward-looking firms share the
initial market less frequently than if price discrimination were not
permitted.

In their surveys on BBPD, Fudenberg and Villas-Boas (2006) and
Armstrong (2006) point also out that in the Fudenberg and Tirole's
model, firms would do better in the second period with less
symmetric market shares in period 1.26,27

5.2. First-period prices

Consider next the impact on first-period prices.

Proposition 5. When firms are forward looking, first-period prices are
below the static or no-discrimination levels.
26 In footnote 72 Armstrong notes that this is especially clear in chapter 3 of Esteves
(2004) which is a previous version of the present paper.
27 It is important to stress that in FT model with uniformly distributed preferences, if
consumers are myopic, firms do not distort their first-period choices.



Fig. 2. Cumulative distribution functions for prices.

Fig. 1. Probability of demand sharing as a function of δ.
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Comparing Eqs. (5) and (6) respectively with (16) and (17) it is
easy to see that for δ 2 [0, 1] the support of equilibrium prices falls.28

In particular, if δ=1, the support of current prices falls fromffiffiffi
2

p
γ; 2 +

ffiffiffi
2

p� �
γ

h i
in the no-discrimination benchmark case toffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

4−2
ffiffiffi
2

pp� �
γ; 2 +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4−2

ffiffiffi
2

pp� �
γ

h i
when there is pricediscrimination.

Likewise, comparing the equilibrium distribution functions with and
without discrimination, respectively given by G(⋅) and F(⋅), one finds
that, F first-order stochastically dominates G. From the first-order
stochastic dominance of F over G it follows that the average first-period
price under discrimination is below its static counterpart. In fact, while
under non-discrimination the average price is approximately equal to
2.542γ (see the proof of corollary 1 in the Appendix A), under
discrimination the average first period price is approximately equal to
1.87γ (see the proof of corollary 2 in the Appendix A).

Fig. 2 is plotted for δ=1 and γ=1. It shows also that when price
discrimination is permitted, firms charge low first period prices more
frequently than high prices. This result is in contrast with Fudenberg
and Tirole's conclusion that the permission of price discrimination
leads firms to raise (or at least to not reduce) their first period prices.
Specifically, if consumers are forward looking they anticipate lower
future prices due to poaching and become less price sensitive in the
initial period. As a result, firms can choose higher first period prices
than if poaching were not permitted. Surprisingly, Fudenberg and
Tirole show that if consumers are myopic and their tastes are
uniformly distributed, firms do not distort their first-period prices. In
contrast to FT model, Proposition 5 shows first that forward-looking
firms do in fact distort their first period pricing behaviour even when
consumers are myopic. Second, it shows that first-period prices when
price discrimination can occur tend to be below the static levels as in
the switching cost approach. Nevertheless, the intuition behind
Proposition 5 is quite different from that in the switching cost
approach. In Chen (1997), the presence of switching costs allows
firms to lock-in their old customers and to offer new customers a
lower price, in order to entice them to switch from the rival. Thus,
firms have an incentive to increase first-period market share as a
way to increase their base of locked-in customers. This explains
why in Chen's model firms price below static levels in the first period
and then raise their prices once consumers are locked-in. Here firms
price below the static levels because they try to avoid learning and
subsequent price discrimination which will be achieved by not
28 This conclusion is valid for δ≤
ffiffiffi
2

p
:

sharing the market in period 1. To attain that goal a firm needs to
set its price far apart from the rival. However, because each firm
prefers to be the leader, it may have an incentive to price more
aggressively. This gives rise to lower first-period prices.

The results derived in the context of this simple model show that
conclusions about the first-period effects of behaviour-based price
discrimination and customer recognition might change when firms
follow unpredictable pricing strategies (which tends to be the case in
internetmarkets). Obviously, conclusions do depend onwhat is learned
about consumers, and so on the distribution of consumer types.

5.3. Profits

Look next at the profitability of behaviour-based price discrimi-
nation and customer recognition in the present framework.

Proposition 6. Price discrimination enabled by customer recognition
hurts not only second period profit but also first period profit. Thus,
overall expected profit decreases when firms learn the consumers types
and become able to employ behaviour-based price discrimination.

It was already shown that price discrimination is bad for second-
period profits. To prove the second part of Proposition 6, note that if
discrimination were not permitted, second-period expected profit
would be a replication of first period profit under anonymous
consumers/no discrimination. In this case, overall expected profit
with no discrimination would be equal to 1

2
1 + δð Þ 1 +

ffiffiffi
2

p� �
γ. In

contrast, when discrimination is allowed, overall expected profit is

equal to 1
2

1 + δð Þ +
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

p� �r� �
γ. It is, then, straightfor-

ward to prove that, apart from the special case where δ=0, expected
overall profit when discrimination is permitted is always below its
non-discrimination counterpart.

Expected first period profit, Eπ1, can be derived from Eπ given by
Eq. (13). Let q represent the probability of first period demand
sharing, where q 2 [0, 1]. Then,

Eπ1 = Eπ−δE π2
NR

� �
−δ G p1 + γ

� �
−G p1−γ

� �h i
π2
D−E π2

NR

� �h i
from which it follows that

Eπ1−EπND =
1
2
γ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 + 2δ2−2δ

ffiffiffi
2

p� �r
− 1 + δ 1−qð Þð Þ

ffiffiffi
2

p� �	 

:

It is easy to see that for 0bδ≦1, the above difference is always
negative and so first-period profit is clearly below its non-discrim-
ination counterpart. This is due to (i) a smaller probability of positive
market share in period 1 and (ii) lower first period prices.



29 Zhang (2008) notes also that with customer recognition and product design, under
some parameter values, we may have asymmetric first-period equilibria where one
firms serves the entire market in period 1. She shows that the nature of the
equilibrium depends on the degree of firm and consumer patience. When firms are
patient and consumers myopic, one firm sells to all consumers in period 1, thus
effectively avoiding customization in period 2.
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6. Asymmetric equilibrium

As seen before, firms may have an incentive to avoid learning and
price discrimination based on customer recognition by not sharing the
initial market. So far the model predicts that there is a bias towards
asymmetric outcomes in period 1. A natural question is whether firms
can easily sustain the no learning result and the consequent high
future prices and profits in a many-period model. The aim of this
section is to investigate the circumstances under which an asymmet-
ric pure strategy equilibrium may exist by which price discrimination
is completely driven out of the market in subsequent periods. For a
first approach to this question, and to simplify, consider that δN1 can
be interpreted as a proxy for many future periods.

Proposition 7.

(i) If δb3
ffiffiffi
2

p

4
there is no asymmetric pure strategy equilibrium.

(ii) If δ≧3
ffiffiffi
2

p

4
an asymmetric pure strategy equilibrium exists in the

first period with prices (pi1,pj1) such that firm i sets a low price and
captures all the consumers whilst firm j gets nothing. For a given
pi
1, it must be the case that pj

1Npi
1+γ. The equilibrium is defined

as follows:

(a) For 3
ffiffiffi
2

p

4
≦ δb

ffiffiffi
2

p
and pj

1Npi
1+γ,

p1i =
ffiffiffi
2

p
δ−1

� �
γ ð19Þ

and overall profits per firm are given by

πi =
1
2
δ 3

ffiffiffi
2

p
+ 1

� �
−1

	 

γ; ð20Þ

πj =
1
2
δ 1 +

ffiffiffi
2

p� �
γ; ð21Þ

(b) For δ ≧
ffiffiffi
2

p
and pj

1Npi
1+γ,

p1i = γ;

and overall profits per firm are now given by

πi = 1 +
1
2
δ 1 +

ffiffiffi
2

p� �� �
γ; ð22Þ

πj =
1
2
δ 1 +

ffiffiffi
2

p� �� �
γ: ð23Þ

Proof. See the Appendix A.
Proposition 7 shows that even though firms are symmetric ex-ante,

we may have an asymmetric first-period equilibrium in pure strategies
where one firm quotes a low price and captures all consumers in the
initial period and where the rival firm has no incentive to match this
low-price firm because its profits will then be low in the second period.
However, we expect that the asymmetric equilibrium can only be
sustained in a many-period model. Otherwise, firms would not have an
incentive to sacrificecurrentprofits; and thereby, the equilibriumwould
be the one defined in proposition 3.

The intuition is that when firms value future profits more than
current profits, they might be increasingly willing to sacrifice current
profits as an effective way to fight against the negative effects of price
discrimination. When firms foresee that by learning today, the
discrimination game will be played for many repeated periods, they
may have an incentive to completely avoid the negative effects of
discrimination, and in doing so, one of the firmsmight even be willing
to forgo a positive market share and profit in period 1. Although there
is no explicit agreement between firms to restrict discrimination
practices in subsequent periods, this simple example suggests that,
under certain conditions, when one firm quotes a low enough price it
will not be undercutted by its rival because the latter would not find it
profitable to do so. This suggests that under certain circumstances not
sharing the first period market is an effective “weapon” for avoiding
the all-out competition result that would otherwise emerge in
subsequent periods.29

It is well known that when profits are lower with discrimination,
firms would become better off by colluding and committing not to
discriminate. However, in the absence of any collective commitment,
it is generally the case that even when one firm unilaterally commits
to uniform pricing, the other firm finds it profitable to discriminate. In
this regard, Thisse and Vives (1988) show that when one firm
commits to uniform pricing, price discrimination is a dominant
strategy for the other firm. The reason is that once one firm is
committed to uniform pricing, the other firm is better off uncon-
strained in its pricing strategy. Thus, in this case, a unilateral
commitment would not solve the prisoner's dilemma. One important
implication of proposition 7 is that uniform pricing may arise without
any collective action; it may arise on the basis of unilateral actions.
Specifically, the choice of a low enough price by a firm could be
interpreted as a credible kind of commitment to uniform pricing in the
next stages of the game. For a high enough δ, the choice of a low price
by a given firm would solve the prisoner's dilemma because at such a
price, it would not be worth the other firm undercutting that price;
and thus this latter firm would also be committed to uniform pricing
in the subsequent period.

7. Welfare analysis

This section investigates the welfare effects of price discrimination
through customer recognition in a market where consumers are loyal
to a specific degree to one of the firms and where the firms follow in
equilibrium a mixed pricing strategy. Given that price discrimination
only occurs with some positive probability in the symmetric
equilibrium analysed, the welfare analysis focuses only on this type
of equilibrium. To simplify, throughout this section it is assumed that
δ=1. Total welfare can be written as v-“expected disutility cost”. In
the social optimal solution each consumer buys from the preferred
firm, which happens exclusively when firms share the market.
Otherwise, one group of consumers buy from the wrong firm thereby
supporting a kind of disutility cost, i.e. γ.

Look first at the second-period welfare. Two situations are
relevant. First, the case where price discrimination is permitted, and
second, the case where there is no price discrimination. In the
discrimination case, the second-period outcome is efficient because
all consumers buy from the right firm. Second-period welfare is equal
to

w2
D = v: ð24Þ

Conversely, in the no-discrimination case, due to the randomized
nature of the equilibrium, the outcome may not be fully efficient as
some consumers may buy from the least preferred firm. Let qN
represent the probability of demand sharing when discrimination
cannot occur. This means that under non-discrimination in period 2,
all consumers buy efficiently with probability equal to qN. With



30 It is important to stress that with more than two types price discrimination could
also be welfare reducing due to inefficient switching.
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probability 1−qN, half of consumers buy inefficiently and the
remaining buy efficiently. Second-period welfare is now equal to
wND

2 =v−EDCND, where EDCND is the expected disutility cost
supported by all consumers under no discrimination.

EDCND =
1
2
γ 1−qNDð Þ:

Thus, it ensues that

w2
ND = v−1

2
γ 1−qNDð Þ ð25Þ

Look next at first-period welfare. Let qD represent the probability
of first-period demand sharing when discrimination can occur. Due to
the randomized nature of the first-period equilibrium, some con-
sumers may buy from the wrong firm, thus first-period welfare with
discrimination is

w1
D = v−1

2
γ 1−qDð Þ: ð26Þ

When discrimination cannot occur firms have no incentives to
distort their first period behaviour, and so they do not reduce the
probability of sharing the market in period 1, which in this case is
equal to qND. Thus, first-period welfare with no discrimination is

w1
ND = v−1

2
γ 1−qNDð Þ: ð27Þ

We can now obtain the overall expected welfare when price
discrimination is allowed, denoted WD, where

WD = w1
D + qDw

2
D + 1−qDð Þw2

ND:

Using Eqs. (24), (25) and (26) it follows that

WD = 2v−1
2
γ 1−qDð Þ 2−qNDð Þ ð28Þ

Overall welfare when discrimination is not permitted, i.e. WND, is
now equal to wND

1 +wND
2 . Using Eqs. (25) and (27) it follows that,

WND = 2v−γ 1−qNDð Þ: ð29Þ

It is now possible to establish the following proposition.

Proposition 8. Price discrimination based on customer recognition is
bad for profits, but good for consumer surplus and welfare.

Proof. See the Appendix A.
Although a formal proof is presented in the appendix provided

note that qND is approximately equal to 0.81 and, for the case where
δ=1, qD is approximately equal to 0.71. It ensues that WD−
WND≃0.01745γ, ΠD−ΠND≃−1.746γ and CSD−CSND≃1.7635γ.

7.1. The value of recognition

Consider the following simple exercise. Compare the total price
consumers are expected to paywhen they buy anonymouslywith that
they are expected to pay when firms can recognise them and price
discriminate. The expected difference between these expected prices
can be interpreted as the value of recognition, say VR, where

VR = 2E pð ÞND− E p1
� �

D
+ q pDð Þ + 1−qð ÞE pð ÞND

h i
≃2 2:54γð Þ− 1:87γ + q 0:5γð Þ + 1−qð Þ 2:54γð Þ½ �
≃ 0:67 + 2:04qð Þγ:
As VRN0 consumers are expected to pay less when firms do
recognise them and price discriminate accordingly. If say, δ=1, by
behaving non-anonymously consumers are expected to save approx-
imately 2.12γ.

Compare next the welfare results derived in this paper with those
in the existing literature. Here, both the static and the first-period
equilibrium of the repeated game with discrimination are in mixed
strategies. This implies that some consumers may buy inefficiently. In
contrast, when firms learn the consumers' tastes and employ
behaviour-based price discrimination, consumers buy from their
preferred firm in period 2, which is efficient. (As previously said, even
though firms try to poach their rival's previous customers, there is no
switch in equilibrium.)30 Note also that when discrimination is
introduced, it is more likely that in period 1 some consumers buy
inefficiently, due to the reduction on the probability of demand
sharing. However, as WD−WNDN0 under discrimination the increase
in efficiency in period 2 is greater than the decrease in efficiency in
period 1. Particularly, price discrimination is welfare enhancing when
it leads to more efficient shopping (i.e. if expected disutility cost falls
with discrimination). In fact, welfare increases with discrimination
because EDCD−EDCNDb0 (i.e., EDCD−EDCND is approximately equal
to −0.01745γ).

This paper highlights the importance of taking into account
different forms of market competition when policy makers try to
evaluate the welfare effects of price discrimination with customer
recognition. In broad terms, when the equilibrium is in pure strategies
as in Chen (1997) and Fudenberg and Tirole (2000) price discrimi-
nation is welfare reducing, due to excessive inefficient switching. In
the Fudenberg–Tirole model, for instance, in period 1 all consumers
buy from the closer firm, which is efficient. When firms recognise
their own customers and their rival's customers, price discrimination
leads some consumers to buy from the more distant firm in period 2,
which is inefficient. As in these models without discrimination
consumers always buy from the right firm, a ban on price discrimi-
nation would be socially desirable. Here, in contrast, because random
pricing tends to generate some inefficient shopping, price discrimi-
nation can increase efficiency.

Although in Esteves (2009a) the first-period equilibrium is also in
mixed strategies there is no inefficient shopping because firms offer an
homogenous product and there are no switching costs. Thus, the unique
source of social inefficiency, is the advertising intensity selected by
firms, which endogenously determines the number of consumers that
will enter the market. In this context it is shown that, at least when
advertising costs are not too high, BBPD is generally good for profits
(because only oneof thefirmsdiscriminates), but bad for overallwelfare
and consumer surplus. In Chen and Zhang (2009) firms have a captive
group of consumers and they only compete for the switchers. Efficiency
considerations do not arise when all consumers have the same reser-
vation price. They show however that price discrimination improves
welfare when the reservation value of the switchers is less than the
captives and BBPD allows the firms to separate captive from switchers
and offer the switchers a lower price. When this gives rise to a market
expansion effect, BBPD enhances social welfare.

The welfare results derived in this paper suggest that when the
equilibriummarket tends to generate random pricing, as is usually the
case in internet markets, any attempt by firms to price discriminate
based on customer recognition may be welfare enhancing provided
that it leads to more efficient shopping. In this setting, public policy
restricting the collection and use of consumers' private information
would solve the industry prisoner's dilemma creating a mechanism in
favour of uniform pricing rules and high industry profits. This would
be a friendly competition world for firms looking for ways to boost
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their profits at the expense of consumer welfare. Thus, conclusions
regarding the welfare implications of behaviour-based price discrim-
ination and customer recognition do depend on the available informa-
tion, which in turn depends on the form of consumer heterogeneity.
Public policy in favour or against this form of price discrimination
should be drawn up from a good economic understanding of each
particular market.

8. Conclusions

This paper has studied the competitive effects of price discrimi-
nation based on customer recognition in a duopolistic market where
the distribution of consumer types is discrete. The use of a discrete
distribution for consumer tastes has raised issues not addressed in the
literature so far. This is one of the first papers to analyse the implica-
tions of behaviour-based price discrimination in markets where firms
choose random prices.

The present analysis has confirmed that more information leads
to more intense competition and to a less favourable competitive
outcome. As a result, it was shown that when firms foresee the
negative effects of price discrimination they might have an incentive
to distort their static behaviour. First, it was shown that firms may be
willing to forgo a positive market share in period 1 as an effective way
to eschew learning and price discrimination in the subsequent period.
Specifically, it was proved that the probability of both firms having
positive first period sales falls as they become more patient. When
δN1 is used as a proxy for many future periods, it was shown that
firms can completely avoid the drawbacks of price discrimination.
More precisely, it was proved that in this case there is an asymmetric
pure strategy equilibrium in period 1, in which one firm sets a low
price and captures all consumers, but it is not worth the competitor
matching this low-price firm as its profits would then be low in the
second period. Second, it was shown that first period prices are below
their static or non-discrimination counterparts. This latter result is
quite the reverse of that achieved in the extant models where
purchase history discloses information about brand preferences (e.g.
Villas-Boas (1999) and Fudenberg and Tirole (2000)). Further, the
intuition behind lower first period prices is quite different from that
behind lower first period prices in the switching cost approach.

Although this model is at best a crude approximation of real
markets, the stylised model addressed and the results derived herein
suggest that conclusions regarding the economic and welfare effects
of behaviour-based price discrimination and customer recognition do
depend on what is learned about consumer demand, which in turn
depends on the distribution of preferences. The welfare results
obtained in this paper suggest that when the equilibrium market
tends to generate random pricing, as is usually the case for instance in
Internet markets, any attempt by firms to price discriminate based on
customer recognitionmay bewelfare enhancing provided that it leads
to more efficient shopping. Thus, in those markets that could be
reasonably well represented by the features of the current model it
seems that it is the consumers and not the firms that will benefit the
most from price discrimination enabled by customer recognition.
Appendix A

Proof of Corollary 1. The average price consumers expect to pay in
the static or no-discrimination game is given by
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Being the variance of prices given by Var(p)=E(p2)− [E(p)]2,
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:

It is straightforward to see that xND is approximately equal 0.275.
Q.E.D.

Proof of Proposition 3. In a mixed strategy equilibrium for any p 2
[pmin, pmax], overall expected profit is equal to:
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Suppose that

p1 is such that p1−γ = pmin
p2 is such that p2 + γ = pmax

Then,
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Using Eq. (30) it follows that

p1 1−G p1 + γð Þ½ � + δ
1
2
γ 1 +

ffiffiffi
2

p� �
+

1
2
G p1 + γð Þ p1−δ

ffiffiffi
2

p
γ

� �
= C

ð31Þ
and

δ
1
2
γ 1 +

ffiffiffi
2

p� �
+

1
2

1−G p2−γð Þ½ � p2−δ
ffiffiffi
2

p
γ

� �
= C ð32Þ

Thus,
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Similarly,
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I now show that p1=p2. Suppose first that p2bp1. Then, ∀p2 [p2,p1]
it follows G(p−γ)=0 and G(p+γ)=1 thus
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Assume now that p2Np1 and take p2 [p1,p2] such that Eq. (30)
holds.
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must hold ∀p 2 [p1, p2] and they cannot all be equal it must be the case
that p1=p2. Since p1=pmin+γ and p2=pmax−γ it follows that pmin+
γ=pmax−γ or equivalently pmax−pmin=2γ.

Let p1 be the first period price then given that pmax
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1 =2γ, it
follows that G(p1) is continuouswith no flat range and increasing in p1
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Next it is shown that the cdf G is increasing in p1 whenever
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From G(pmin
1 )=0 and G(pmax

1 )=1 it follows that

p1min = 2C− 1 + δð Þγ ð35Þ

and

p1max = 2C + 1−δð Þγ where p1max ≦ v: ð36Þ
From the continuity of G(p1) at p1=pmax
1 −γ it follows that
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Using the fact that p1max−γ=2C−δγ it follows that
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Q.E.D.

Proof of Corollary 2. Under price discrimination, the expected first
period price, when δ=1 is given by:
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which is approximately equal to 1.8716γ.
The variance of prices is given by Var(p)=E(p2)− [E(p)]2. It

follows that
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It is straightforward to see that xD is approximately equal to
0.3641γ2. Q.E.D.

Proof of Proposition 4. Because the model is symmetric both firms
have the same support of prices. Then if we let q represent the
probability of first-period demand sharing we have that

q = 1−2∫pmax
pmin +γ ∫pA−γ

pmin
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f pAð ÞdpA ð38Þ
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from which it follows that:

q = 1−2
pmin + γð Þ2−2 δγð Þ2

� �
−1 + 2δ

ffiffiffi
2

p� �2
γ2

ln
pmin + γð Þ2−2 δγð Þ2

pmin + 2γ−δ
ffiffiffi
2

p
γ

� �
pmin + δ

ffiffiffi
2

p
γ

� �
0@ 1A

−2
δ
ffiffiffi
2

p
γ 2pmin + γð Þ + pmin pmin + γð Þ + 2δ2γ2

−1 + 2δ
ffiffiffi
2

p� �
pmin + δ

ffiffiffi
2

p
γ

� �
pmin + γ + δ

ffiffiffi
2

p
γ

� �
Q.E.D.

Proof of Corollary 3. When price discrimination is not permitted or
when firms are myopic δ=0 and pmin =

ffiffiffi
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these values in the general expression for q we obtain:
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which is approximately equal to 0.81.
Similarly, when firms are forward looking and δ=1, it follows that
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which is approximately equal to 0.71. Q.E.D.

Proof of Proposition 7. Suppose there is an asymmetric pure
strategy equilibrium with prices (pi1, pj1) such that firm i serves the
entire market in period 1 while firm j has no demand. For a given pi

1, it
must be the case that pj1Npi1+γ. Because the market is entirely served
by the same firm in the initial period, both firms learn nothing by the
second period. In this situation, both firms set their prices randomly as
in the static case with anonymous consumers. Thus, overall
equilibrium profits per firm are given by,

πi = p1i + δ
1
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1 +
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γ

and

πj = δ
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This can only be an equilibrium if firm j has no incentive to deviate.
When firm j deviates two possible situations may occur. First, when
firm j sets a price such that pj

1=pi
1+γ it shares the first-period

market equally with firm i and its profit from deviation, say πjd, is

πd
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:

Second, when firm j sets a price such that pj
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1−γ−ε it
captures the entire market. In this case its profit from deviation is
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Summing up, firm j has no incentive to deviate as long as
πj = δ1
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Or, equivalently if,
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and

p1i ≤γ + ε4γ for ε are sufficiently small: ð40Þ

Since the equilibriumpricemust beequal or above themarginal cost,
pi
1≥0, this implies that if the asymmetric equilibrium exists it must be

the case that δ≥
ffiffiffi
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. From Eqs. (39) and (40) it follows that
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Finally, to finish the proof one needs to verify that firm i has also no
incentive to increase its price and share the market with firm j. Given
that pi1 is such that allows firm i to serve the entiremarket, firm i could
increase its price by 2γ and share the market with firm j. Its profit
from deviation would be equal to:
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Otherwise, when pi
1=γ, the above condition is satisfied if and only

if
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which for δ N
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p
is always true. Q.E.D.

Proof of Proposition 8. Look at the variation in industry profits, total
welfare and consumer surplus when moving from no discrimination
to discrimination. It follows that

WD−WND =
γ
2

qD 2−qNDð Þ−qNDð Þ:

Note that WD−WNDN0 as long as qD(2−qND)−qNDN0. Since
qNDNqD it follows that qD(2−qND)NqNDNqD and so qD(2−qND)NqD
implies that 2−qNDN0 which is always true. Thus WD−WNDN0.

When δ=1 industry expected profit with no discrim-
ination is equal to ΠND = 2 1 +

ffiffiffi
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γ. In contrast, when discrim-

ination is allowed, industry expected profit is equal to ΠD =
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SinceΠD−ΠNDb0 andWD−WNDN0 it must be the case that CSD−
CSNDN0. Q.E.D.
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