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1. Introduction 

When firms have information about consumers’ previous purchases, they may be 

able to use this information to offer different prices and/or products to consumers with 

different purchase histories.  This sort of “behavior-based price discrimination” (BBPD) 

and use of “customer recognition” occurs in several markets, such as long-distance 

telecommunications, mobile telephone service, magazine or newspaper subscriptions, 

banking services, credit cards, labor markets; it may become increasingly prevalent with 

improvements in information technologies and the spread of e-commerce and digital 

rights management.  

This article focuses on models of “pure” BBPD, in which past purchases matter 

only for their information value, and do not directly alter consumers’ preferences. We do 

make some comparisons with switching-cost models, where past purchases do have a 

direct effect, but we say almost nothing about traditional models of third-degree price 

discrimination, where firms can base their prices on observable and exogenous 

characteristics of the consumers. 

One recurrent theme throughout the article is the possibility that firms may face a 

commitment problem: although having more information helps the firm extract more 

surplus with its current prices, consumers may anticipate this possibility, and so alter 

their initial purchases. Thus, as in the related literatures on bargaining, durable-good 

monopoly, and dynamic mechanism design,1 the seller may be better off if it can commit 

to ignore information about the buyer’s past decisions. A second theme is that, as in 

traditional models of third-degree price discrimination,2 more information may lead to 

more intense competition between firms. Thus, even if each firm would gain by being the 

only one to practice BBPD, industry profits can fall when all of the firms practice it. 

Third, and related, firms would often gain from using long-term contracts when they are 

able to do so as, for example, in the market for cell-phone services. The last implication 

is somewhat unfortunate from the analyst’s perspective: The welfare implications of 

BBPD seem to be ambiguous, and to depend on many aspects of the market structure.   

                                                 
1See, for example, Stokey (1981), Bulow (1982), Fudenberg and Tirole (1983), Baron and Besanko (1984), 
Freixas et al. (1985), Sobel (1991).  
2 See, e.g., Thisse and Vives (1988). 
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Section 2 examines a monopoly supplier of a single, non-durable good. We start 

with a simple two-period model, and then consider the infinite-horizon models of Hart 

and Tirole (1988) and Schmidt (1993), where all consumers are infinite lived, and Villas-

Boas (2004), where there are overlapping generations of consumers who live only two 

periods. We compare this situation with that of a durable-goods monopolist. Then we 

consider the use of long-term contracts, and relate the resulting outcome again to that in 

models of durable-good monopoly. We also discuss the case where the consumer’s 

preferences vary over time, as in Kennan (2001) and Battaglini (2004). Finally, we 

consider the situation where the monopolist sells more than one good, which we use as a 

benchmark when studying BBPD with multiple firms; we also compare this with a 

monopolist seller of two goods in a model of switching costs.  

Section 3 studies BBPD with two firms, each still selling a single good. In these 

models, firms can try to “poach” their rivals’ customers by giving new customers special 

“introductory” prices. We begin with Fudenberg and Tirole (2000)’s analysis of a two-

period model of  competition in short-term contracts, and its extension by Chen and 

Zhang (2004) and Esteves (2004) to other distributions of consumer types, where other 

insights emerge. Next, we discuss Villas-Boas’ (1999)  model of poaching in an infinite-

horizon model with overlapping generations of consumers, each of whom lives only for 

two periods, where firms cannot distinguish between new consumers and old ones who 

bought from their rival. We then return to the two-period setting to present Fudenberg 

and Tirole’s analysis of competition in simple long-term contracts, meaning that firms 

offer both a “spot” or one-period price and also a long-term commitment to supply the 

good in both periods. Finally, we compare the predictions of these models to models of 

switching costs, where past decisions are directly payoff relevant, and may also provide 

information, as in Chen (1997) and  Taylor (2003). 

Section 4 discusses models where each firm can produce multiple versions of the 

same product. We begin with Fudenberg and Tirole (1998), and Ellison and Fudenberg 

(2000), who  study the provision of “upgrades” by a monopolist in a setting of vertical 

differentiation, where all customers agree that one good is better than the other. We then 

consider the work of Zhang (2005) on endogenous product lines in a Hotelling-style 

duopoly model of horizontal differentiation. Finally we discuss the papers of Levinthal 
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and Purohit (1989), Waldman (1996), and Nahm (2004) on the introduction of a new 

product in models with anonymous consumers and a frictionless second-hand market. 

Although these papers do not consider behavior-based pricing, the analysis of the 

anonymous case is an important benchmark for the effects of behavior-based pricing. 

Section 5 briefly discusses three related topics: privacy, credit markets, and 

customized pricing. We discuss the work of Taylor (2004a) and Calzolari and Pavan 

(2005) on consumer privacy. If consumers are not myopic, they will realize that 

information revelation can reduce their future surplus; in some cases, this can give firms 

an incentive to try to protect consumer privacy. In credit markets, lenders may learn 

about the ability of their borrowers, their customers, to repay loans; this information can 

then be used by the firms in future loans to those customers. In this case what a firm 

learns about its previous customers relates to the cost of providing the customer with a 

given cont ract, as opposed to the customer’s willingness to pay, which is the focus of 

most of the work we discuss. Our presentation here is based in large part on Dell’Ariccia 

et al. (1999), and Dell’Ariccia and Marquez (2004); we also discuss Pagano and Jappelli 

(1993), and Padilla and Pagano (1997, 2000). Finally, for completeness, we briefly 

present the case of competition when firms already have information about consumer 

tastes, starting from the initial work of Thisse and Vives (1988). Section 6 presents 

concluding remarks. 

 

2. Monopoly 
 

 We begin with the case of a monopolist who can base prices to its consumers on 

their past purchase history. For example, in newspaper or magazine subscriptions, firms 

with market power may offer different rates depending on the consumers’ past purchase 

behavior.3 We start by considering a two-period model to illustrate some of the effects 

that can be present, discussing the role of commitment, and of forward- looking 

consumers. Then, we consider the case of overlapping generations of consumers (Villas-

Boas 2004), and discuss the case when consumers are long lived (Hart and Tirole 1988, 

Schmidt 1993). We consider the effect of long-term contracts and the relationship to the 

                                                 
3 See, for example, “Publications Are Trying New Techniques to Win over Loyal Readers,” The New York 
Times, January 4, 1999, p. C20.  
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durable-goods and bargaining literature in that setting (Hart and Tirole). We also discuss 

the case where the consumer’s preferences vary over time, as in Kennan (2001) and 

Battaglini (2004), who study short-term and long-term contracts, respectively. Finally, we 

consider the situation where the monopolist sells more than one good, as in Section 5 of 

Fudenberg and Tirole (2000), which will be an important benchmark case for the next 

section on competition, and discuss the differences between purely informational 

behavior-based price discrimination and price discrimination when previous purchases 

have a direct impact on consumer preferences as in models of switching costs.   

 

2.1. Two-Period Model 

 

2.1.1. Base Model 

 

 Consider a monopolist that produces a non-durable good at zero marginal cost in 

each of two periods. A continuum of consumers with mass normalized to one is in the 

market in each of the two periods. In each period each consumer can use one unit or zero 

units of the good.; no consumer has any additional gain from using more that one unit in 

each period. The consumer preferences are fixed across the two periods. The consumers' 

valuation for the good is represented by a parameter θ  distributed in the line segment 

[0,1]  with cumulative distribution function ( )F θ  and density ( )f θ . We assume 

throughout that [ ]1 ( )p F p−  is strictly quasi-concave in p  (which is the condition 

necessary for the existence of a unique local maximum in the static monopoly case). The 

assumption on the support of the distribution is without loss of generality relative to any 

compact interval. Hart and Tirole (1988) and Villas-Boas (2004) consider the case of the 

two-point distribution. Schmidt (1993) considers the case of any discrete number of 

types.4 Here, we present the case of a continuum of consumer types, and note differences 

                                                 
4 We restrict attention to the case in which the consumers are the only parties with private information. It 
would also be interesting to investigate what happens when the monopolist has also some private 
information, and the consumers may learn what price offers they will get in the future from the offers made 
by the firm in the past. From the literature on “reputation effects” we expect that this could allow the firm 
to obtain higher profits. 



 6 

with the two-type case when they arise. In order to obtain some of the sharper results we 

will sometimes restrict attention to the uniform distribution, with ( ) 1,f θ θ= ∀ .  

Each consumer is endowed with the same θ  in both periods. This valuation θ  

represents the gross utility the consumer enjoys from using the good in one period. 

Therefore, the net utility per period of a consumer of type θ  purchasing the good at price 

p  in one period is pθ − . The lifetime utility of a consumer is the discounted sum of the 

net utilities of the two periods the consumer is in the market with discount factor Cδ  with 

0 1Cδ≤ < . In the first period the monopolist chooses one price a  to be charged to all 

consumers (the monopolist cannot distinguish among them, and all consumers prefer a 

lower price). In the second period the monopolist chooses two prices: a price pα  to be 

charged to the previous customers of the firm, and a price nα  to be charged to the 

consumers that did not buy in the first period, the new customers. 

The monopolist wants to maximize the expected discounted value of its profits, 

using a discount factor Fδ  with 0 1Fδ≤ < . Except where expressly noted we restrict 

attention to the case in which F Cδ δ= , and then, the discount factor is denoted by δ . 

Given that there is a continuum of consumers, each of them realizes that his 

decision does not affect the prices charged by the monopolist in the next period. Then a 

consumer of type θ  just entering the market decides to buy in the first period if 

max[ ,0] max[ ,0]C p C naθ δ θ α δ θ α− + − ≥ − . From this inequality one can then obtain 

directly that given 1Cδ < , if a type θ̂  chooses to buy in the first period then all the types 

ˆθ θ>  also choose to buy in the first period. That is, the consumers that buy for the first 

time in the second period value the product by less than any of the consumers that buy in 

the first period.  

In order to compute the type of the marginal consumer it is helpful to consider the 

pricing decision of the monopolist with respect to its previous customers. Define 

* argmax [1 ( )]pp p F p≡ − , the price that maximizes the profit in one period when the 

consumers do not have any reason to refrain from buying, that is, they buy if their 

valuation θ  is greater than the price charged. This is the monopoly price in the static 
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case, or if the monopolist is not able to recognize its previous customers or price 

differently to them. 

Denoting θ̂  as the type of the marginal consumer in the first period, if ˆ *pθ >  the 

monopolist sets ˆ
pα θ= . If, on the other hand ˆ *pθ < , the monopolist sets *p pα = . That 

is, ˆmax[ , *]p pα θ= , the marginal consumer in the first period does not get any surplus in 

second period. This is the “ratchet effect” of the consumers being hurt (i.e., being charged 

a higher price) by revealing, even if partially, their types (Freixas et al. 1985). 

The marginal consumer in the first period is then determined by 

 

(2.1) ˆ ˆmax[ ,0]C naθ δ θ α− = − , 

 

which results in 

 ˆ aθ =  if na α≤  

 ˆ
1

C n

C

a
a

δ α
θ

δ
−

= ≥
−

 if na α> . 

This expression for θ̂  shows an important aspect of the market dynamics: If prices are 

expected to increase, each consumer does not have any reason to behave strategically and 

buys if his valuation is above the current price. If, on the other hand, prices are expected 

to decrease, some consumers will behave strategically, not being identified in the first 

period, and being able to get a better deal in the second period. 

 

2.1.2. No Customer Recognition 

 

Consider first as a benchmark the case of no customer recognition, in which  the 

monopolist cannot price discriminate in the second period between the consumers that 

bought, and did not buy, in the first period. The optimal price charged in each period is 

then * argmax [1 ( )]p p F p≡ − , generating a profit in each period equal to *[1 ( *)]p F p− . 

Note that, obviously, there is no price variation through time. For the uniform distribution 

example we have * 1 /2p = , a profit per period of 1 / 4 , and a total profit of (1 ) / 4δ+ . 
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2.1.3. Customer Recognition and Behavior-Based Price Discrimination 

 

Consider now the case in which the monopolist is able to recognize the previous 

customers, as in Hart and Tirole (1988), Schmidt (1993), and Villas-Boas (2004).5 For 

example, an internet store may be able to recognize returning customers through cookies 

installed in their computer, and charge them different prices. In this setting the 

monopolist can identify in the second period two different groups of consumers: those 

who have bought in the first period, and those who have not bought in the first period. In 

the second period the monopolist can charge two different prices. The price paid by the 

monopolist's previous consumers, pα , and the price paid by consumers who have not 

bought previously, nα . 

Given that the marginal consumer buying the product in the first period is θ̂ , the 

optimal prices in the second period are * ˆ ˆ( ) max[ *, ]p pα θ θ=  and 

* ˆ ˆ( ) argmax [ ( ) ( )]
nn n nF Fαα θ α θ α= − . 

The marginal consumer in the first period, ˆ ˆ( )aθ θ= , is determined by 

* ˆ( ( ))ˆ( )
1
C n

C

a a
a

δ α θ
θ

δ
−

=
−

. In order to obtain the optimal first period price, *a , the 

monopolist then maximizes 

(2.2)
* *ˆ ˆ ˆ ˆ ˆmax [1 ( ( ))] {max [1 (max[ , ( )])] ( ( ))[ ( ( )) ( ( ( )))]},

pa F p p n na F a F a a F a F aαθ δ α α θ α θ θ α θ− + − + −  

where the first term represent the first-period profit, and the second term represents the 

second-period profit, both from the consumers who bought in the first period and from 

the consumers who did not buy in the first period. Under the assumption that ˆ *pθ > , 

which is satisfied in equilibrium, the first order condition that defines the optimal *a  is 

then 

                                                 
5 See also Acquisti and Varian (2005) for results focusing on the role of commitment (see below) and the 
effect of being able to offer enhanced services. The possibility of enhanced services is also covered in  
Section 4. 
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(2.3) *ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ1 ( ) * ( ) ' '[1 ( ) ( ) ( ) ( )] 0F nF a f F f fθ θ θ δ θ θ θ θ θ α θ− − + − − + = . 

Note that for C Fδ δ δ= =  the marginal consumer buying the product in the first period 

has a higher valuation than if there were no customer recognition. To see this note that 

the first derivative of the objective function above evaluated at ˆ( ) *a pθ =  is equal to 

ˆ( *) *[1 (1 ) ']f p p δ θ− −  after substituting for 1 ( *) * ( *) 0F p p f p− − =  and 

**(1 ) ( *)np a pδ δα− = − . Given that *ˆ ' 1/(1 ')nθ δ δα= − +  and * ' 0nα > , that derivative is 

positive, which means that the monopolist should increase a , which implies a higher 

valuation of the marginal consumer than *p . One can also obtain for C Fδ δ=  that the 

present value of profits is * *ˆ ˆ[1 ( )] [1 ( )]n nF Fθ θ δα α− + − , which is strictly below the present 

value of profits under no customer recognition, as *p  uniquely maximizes [1 ( )]p F p− . 

The intuition of this result is that the marginal consumers refrain from buying in their 

first period in the market because they know that they can get a lower price in the next 

period. This result of lower profits with customer recognition does not hold if the 

consumers are myopic while the monopolist is forward looking (or Fδ  large as compared 

to Cδ ). 

For the uniform distribution example one can obtain * ˆ ˆ( ) / 2nα θ θ= , 

ˆ( ) 2 /(2 )a aθ δ= − , and 2* (4 )/(8 2 )a δ δ= − + . One can also easily check that, as argued 

above, the present value of profits is lower than in the no customer recognition case for 

all δ . One can also get that 2/(4 )δ+  consumers buy in both periods, while 

(2 )/(8 2 )δ δ+ +  consumers only buy in the second period. As consumers become more 

strategic (greater δ ) the number of consumers buying in both periods decreases, as the 

consumers wait for future deals, and consequently, the number of consumers that only 

buy in the second period increases.  

The main ideas from these results can also be obtained with a two-type 

distribution as presented in the references listed above. 

 

2.1.4. The Role of Commitment 
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A crucial feature in the previous section is that the monopolist could not commit 

in the first period to its second-period price. This lead the consumers to refrain from 

buying in the first period, because the marginal consumers knew that if they bought in the 

first period they would get zero surplus in the second period. One could then wonder 

what would happen if the monopolist were able to commit in the first period to its 

second-period prices. For example, in the market for cellular phone services firms are 

sometimes able to commit to prices for some future periods. In this case one can then 

apply the revelation principle, giving incentives for consumer types to reveal themselves 

in the first period. That is, we suppose that consumers announce their valuations in the 

first period, and are then assigned a price and a consumption plan for the two periods, 

such that consumers announce their valuation truthfully. Without commitment, the firm 

could change the utility (or consumption) a consumer gets in the second period given 

what the firm learns in the first period. 

 In a durable-good context Stokey (1979) shows that when firms can commit to 

the time path of prices, and  C Fδ δ= , the monopolist commits to having the same price in 

all periods, which ends up being the static monopoly price. Hart and Tirole (1988) show 

that the same conclusion applies when the firm can engage in behavior-based price 

discrimination: the optimal policy is to forgo the ability to price discriminate and simply 

charge the static monopoly price in every period.6 Villas-Boas (2004) shows that the 

result also applies when there are overlapping generations of consumers. 

 To see this in the model presented here, note that if the monopolist is able to 

commit to the second-period prices for the consumers who bought in the first period, pα , 

and who did not buy in the first period, nα , the most that it can get is 

[1 ( )] [1 ( )]p p n nF Fα α δα α− + −  which is maximized when *p n pα α= = , with a first-

period price *a p= , no price discrimination. Note also that commitment allows the 

monopolist to be better off. 

                                                 
6Acquisti and Varian (2005) derive the same result. The result can also be seen as the same as in Baron and 
Besanko (1984) who show that in a dynamic single-principal single -agent relationship with constant types 
over time the optimal long-term contract under full-commitment consists in a sequence of static optimal 
contracts. 
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 Note that when the monopolist is more forward- looking than the consumers, 

F Cδ δ> , the firm may then choose to price discriminate, cutting prices through time.  

 

2.2. Overlapping Generations of Consumers 

 

 The two-period model above is able to highlight some of the effects under 

customer recognition and behavior-based price discrimination, but since it focuses  on the 

effects of the beginning of the market (in the first period) and the end of the market (in 

the second period), it potentially may not get at some of the effects in an on-going 

market.   

Consider then a market where there is an infinitely lived monopolist facing 

overlapping generations of consumers as in the previous section (Villas-Boas 2004). Each 

generation lives for two periods, and in each period there are two generations of 

consumers in the market (each of mass one for a total mass in the market of two in each 

period), one in its first period in the market, the other in its second and final period in the 

market. Assume further that 1 ( ) 2 ( ) 0F p pf p− − =  has only one solution in the set of real 

numbers. This last assumption is not necessary but simplifies the presentation of the 

results.7 

 Note first that if the monopolist is not only able to recognize whether a consumer 

bought in the past, but also his “age,” all the results that we obtained in the previous 

section (including the equilibrium prices) apply directly, the monopolist charging three 

prices in each period: One price for the customers that are just arriving into the market; 

one price for the consumers who are in their second period in the market and bought the 

product in the previous period; and finally one price for the consumers who are in their 

second period in the market and did not buy the product in the previous period. 

 However, in many situations, a firm may not be able to recognize a consumer’s 

“age,” and therefore have to charge the same price to both consumers that are just 

entering the market and consumers that have been in the market in the previous period, 

but did not buy the product. Note also that this has the realistic feature of the monopolist 

                                                 
7This assumption is implied by the condition 3 ( ) 2 '( ) 0f p pf p+ >  which is satisfied for distributions 

close to the uniform or the truncated normal with sufficiently large variance.  
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knowing more about the consumers that bought the product in the previous period than 

about the new customers. In terms of the notation of the previous section, not recognizing 

the customers age means that na α= .  

 In order to concentrate on the dynamic effects of customer recognition we focus 

the analysis on the Markov perfect equilibria (MPE; Fudenberg and Tirole (1991), p. 

513) of this game, i.e., equilibria in which the actions in each period depend only on the 

payoff-relevant state variables in that period. In this particular game the payoff-relevant 

state variable in each period is the stock of previous customers of the monopolist in each 

period.  

 From the analysis in the previous section, we know that in each period the 

consumers just arriving in the market who buy the product in that period are the ones 

with the highest valuation. That is, in a period t , the payoff- relevant state variables can 

be summarized by the type of the margina l consumer entering the market in period 1t −  

who chooses to buy in period 1t − , denoted by t̂θ . The computation of t̂θ  is exactly as in 

the previous section. In what follows, let ta  be the price charged to new customers in 

period t , and tα be the price charged to previous customers in period t . 

Denoting as 1
ˆ ˆ( )t taθ θ+ =  the marginal consumer purchasing in period t  given 

price ta , and ˆ( )tV θ  the net present value of the monopolist's profits from period t  

onwards if the marginal consumer purchasing in period 1t −  had valuation t̂θ  we can 

write the monopolist's problem as 

 

(2.4) 
ˆ( )

ˆ ˆ ˆ ˆ ˆ( ) max [1 (max[ , ])] max ( ) 1 ( ( ( )))

ˆ ˆ ˆ ˆmax[ ( ) ( ( )),0]] ( ( ( ))).

[
t t

t t t t t ta

t t t

V F a F a

F F a V a

α θ
θ α α θ θ θ θ

θ θ δ θ θ

= − + −

+ − +
 

  

The function ˆ( )ta θ  is the price to charge the new customers in period t  if the 

marginal consumer purchasing in period 1t −  has valuation t̂θ . The right hand side of  

(2.4) is composed of three terms. The first term is the profit from repeat buyers. The 

second term is the profit from first-time buyers which are either new in the market, 
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ˆ ˆ1 ( ( ( )))tF aθ θ− , or in their second period in the market, ˆ ˆmax[0, ( ) ( ( ))]t tF F aθ θ− . The set 

of new buyers which are in their second period in the market has only positive measure if  

ˆ ˆ( )t ta θ θ< . The third term represents the net present value of profits from the next period 

on. 

The MPE is then characterized by the functions ˆ( )tV θ , ˆ( )ta θ  satisfying (2.4) and 

ˆ( )taθ  satisfying 
ˆ( ( ))ˆ( ) max[ , ]

1
t t

t t
a a a

a a
δ θ

θ
δ

−
=

−
. Note also that if ˆ ˆ( )t ta θ θ≥  then ˆ( )ta θ  is 

a constant (the case of t̂θ  small) because the maximization in  (2.4) is independent of t̂θ . 

This also means that if for a certain t̂θ  the optimal ˆ ˆ( )t ta θ θ≥  then ˆ ˆ( ) ,t ta x xθ θ≥ ∀ ≤ . If, 

on the other hand ˆ ˆ( )t ta θ θ<  then ˆ( )ta θ  is increasing in t̂θ  because the objective function 

is supermodular in t̂θ  and ˆ( )ta θ . 

 

2.2.1. No Constant Prices in Equilibrium 

 

We now show that in general prices are not constant through time.  Suppose that 

we are in the steady-state, with the monopolist charging the price a  to the new customers 

in every period. Then, because prices are not going to decrease and the marginal 

consumer gets always zero surplus in the second period, all consumers with valuation 

above a  buy in the current period, that is, ˆ( )a aθ = . Then, we also know that 

( ) ,a x a x a= ∀ ≤ . Let â  be defined by ˆ ˆ ˆ1 ( ) 2 ( ) 0F a af a− − = , and note that ˆ *a p< . 

If ˆa a> , a small price cut da  from a  attracts all consumers with valuation 

a daθ ≥ − , and the effect on the present value of profits is 

{1 ( ) 2 ( ) min[1 ( ) ( ),0]}F a af a F a af a daδ− − − + − − , which is always positive. Then, 

ˆa a>  cannot be an equilibrium. The intuition is that if the candidate constant price is not 

low enough the monopolist gains from cutting prices in the next period to attract the 

consumers of the older generation that have a lower valuation for the good.  

Consider now ˆa a≤ , and a deviation where the monopolist chooses in the current 

period t , (1 ) *ta a pδ δ= + − , followed by 1ta a+ = . That is, in period t  the monopolist 
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charges a price above a  and in period 1t +  returns to the equilibrium price a . Once a  is 

charged, the consumers believe that no lower price is charged in the future, and all the 

consumers with the valuation above a  buy the product. In period t , under the deviation, 

the marginal consumer buying the product can be computed to be 1
ˆ *t pθ + = . The present 

value of profits from this deviation is then  

 
2*[1 ( *)](1 ) [ (1 ) *][1 ( *)] [1 ( ) ( *) ( )] ( )p F p a p F p a F a F p F a V aδ δ δ δ δ− + + + − − + − + − +  

 

while the equilibrium present value of profits can be represented by 
2*[1 ( *)](1 ) [1 ( )](1 ) ( )p F p a F a V aδ δ δ− + + − + + . The difference between the former 

and the latter can then be obtained to be (1 ){ *[1 ( *)] [1 ( )]}p F p a F aδ− − − −  which is 

greater than zero because *p  maximizes [1 ( )]p F p− . Then, this deviation is profitable 

and the monopolist charging always ˆa a<  cannot also be an equilibrium. That is, if the 

monopolist charges a sufficiently low price that it does not have the incentive to cut 

prices in the next period (to attract the consumers of the older generation that have a 

lower valuation for the good) then it would gain from deviating and charging a high price 

for one period in order to identify the consumers that value more the good in the 

incoming generation. This shows that there are going to be price fluctuations in any 

MPE.8 

Let us briefly note that if the analysis is not restricted to MPE one can obtain 

subgame perfect equilibria in which prices are constant through time (as in Ausubel and 

Deneckere 1992) at the level obtained when future price commitments are possible, 

which is also the case with no customer recognition. In such a case, a deviation by the 

monopolist is “punished” with the equilibrium path in the MPE.   

 

2.2.2. Price Cycles in Equilibrium 

 

                                                 
8 Villas-Boas (2004) shows that this same argument also goes through in a two-type distribution for some 
parameter values. However, because in a two-type distribution, continuous deviations may not be possible, 
under some parameter values, there are equilibria with constant prices through time. 
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Let us now present an equilibrium with price cycles, for the particular case where 

( ) 1f θ = , the uniform case. We restrict attention to smooth equilibria - equilibria where 

in steady-state the prices being chosen by the monopolist result from the maximization of 

a smooth concave function. As noted below, there are equilibria of this type if δ  is 

sufficiently small. 9 In the steady state, the monopolist alternates between high and low 

prices for the new customers, denoted by ha  and al , respectively. 

If in period t  the marginal consumer from the previous generation, t̂θ , is high, the 

monopolist charges a low price in order to attract not only the new generation consumers 

but also the old generation consumers who did not buy in the previous period. If, on the 

other hand, in period t  the marginal consumer from the previous generation, t̂θ , is low, 

the monopolist charges a high price targeted only at the new generation of consumers. In 

this case we can see that ( )V a V=l l  is independent of al .  

One can then obtain that for δ  small there is a MPE where the behavior of the 

games settles in steady state into a price cycle alternating between 
28 1

( , )
16 2 2t ta

δ
α

δ
−

= =
+

 

and 
6 4

( , )
16 2 8t ta

δ δ
α

δ δ
+ +

= =
+ +

. The prices for the new customers are always lower than 

the prices to the previous customers. However, both prices fluctuate in opposite 

directions: The price for the new customers is high when the price for the previous 

customers is low, and vice versa. The monopolist charges a high price to the new 

customers when it had in the previous period a high demand of new customers. Then, it 

has relatively small demand from new customers  of 4/(8 )δ+  (all from the new 

generation), and a large demand from the previous customers, 1 / 2 . In the next period the 

monopolist charges a low price to the new customers attracting all the customers from the 

new generation that have a valuation higher than the price being charged (with mass 

(10 )/(16 2 )δ δ+ + ), plus the consumers from the previous generation that waited for the 

low price in this period, with mass (2 )/(16 2 )δ δ+ + , for a total demand of new 

customers of (6 )/(8 )δ δ+ + . The demand from the previous customers is equal to all the 

                                                 
9 When 0δ →  all the equilibria converge to the equilibrium presented here. 
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new customers of the previous generation, 4/(8 )δ+ . Profits in each of the alternating 

periods can also be immediately obtained.10 

It is also interesting to check the effect of the discount factor on prices, demands, 

and profits. In the periods in which the monopolist charges a high price to the new 

customers, an increase in the discount factor decreases that price, the demand from new 

customers, and therefore profits from new customers. In the periods in which the 

monopolist charges a low price to the new customers, an increase in the discount factor 

increases that price, the price to the previous customers, the demand from new customers, 

and profits from new customers, and decreases the demand from the previous customers. 

The average per period profit decreases with an increase in the discount factor. 

An increase in the discount factor makes the customers more willing to wait for 

price cuts. This means that in periods in which the monopolist charges a high price to 

new customers, the monopolist has less overall demand, which makes it lower its price, 

and results in lower profits. Given that the marginal customer buying the product has now 

a greater valuation, in the next period the profits are greater, and the monopolist chooses 

to charge a greater price to the new customers. However, if one computes the effect of a 

higher discount factor on the normalized discounted profit (the constant profit that would 

yield the same net present value of profits), one finds that profits decrease in the discount 

factor. This is because with a higher discount factor, consumers are “more strategic”, i.e., 

in the periods in which the monopolist charges a high price more consumers refrain from 

buying. 

It is also interesting to compare the equilibrium profits with the case in which the 

monopolist is not able to recognize its customers from the current period on. One can 

                                                 
10The condition on δ  being small is important because if δ  were high, more consumers would wait for 
the lower prices in the future, which means that there is less advantage for the monopolist to charge a high 
price. That is, if δ  were high, after charging supposedly the lowest price (in steady-state), 
(6 )/(16 2 )δ δ+ + , the monopolist would gain from cutting the price even further (and “surprising” some of 
its previous customers). One can check that if 1 / 2δ <  there is no such profitable deviation. One can also 
check that when δ  is high there is an equilibrium with prices alternating between high and low prices for 
the new customers, with similar properties to the ones of the equilibrium presented here, and where the low 
price is such that the monopolist does not want to cut the price even further (for 1δ →  the low price 
converges to 1 / 3). 
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then obtain, as in the previous section, that the average per period profit without customer 

recognition is higher than if the monopolist were able to recognize its customers. 

Comparing the equilibrium profits with the case in which the monopolist is able 

to recognize both the previous customers and the consumers' age one obtains that the 

monopolist is hurt by being able to recognize the consumers' age in addition to 

recognizing its previous customers. The result is interesting because it reinforces the idea 

that the monopolist having more information (in this case the consumers' age) ends up 

hurting the monopolist. The intuition is that when the monopolist recognizes the 

consumers' age in the market, it offers an even lower price to the consumers that do not 

buy the product in their first period in the market, which makes consumers refrain even 

more from buying in the first period.  

 

2.3. Long Lived Consumers 

 

 The longer consumers are in the market, the more information they potentially 

can give about their preferences through their decisions to buy or not to buy at different 

prices. This means that the firm’s policy with respect to its previous customers is 

exponentially more complicated with the number of periods that a consumer has been in 

the market. Hart and Tirole (1988) consider the perfect Bayesian equilibrium of this case 

of long lived consumers with a two-type distribution, 1 2{ , }θ θ  with 1 2θ θ< , and only one 

generation of consumers. They find that in equilibrium, if 1 / 2δ > , there is no price 

discrimination when the horizon tends to infinity, with the monopolist always charging 

the low price (the valuation of the low type). The intuition for this result is that if a high-

valuation consumer 2θ  were to buy the product at a higher price, he would reveal that he 

has high valuation and will have zero surplus from that period onwards. If there were a 

price strictly above the lowest valuation 1θ  for which the high valuation consumer would 

buy the product with positive probability (such that after that price, if there were no 

purchase, the monopolist would charge a price 1θ  forever), a high valuation consumer 

buying the product would be better off deviating, not buying the product, and getting a 

low valuation price from then on. By buying the product the high valuation consumer 
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would get a surplus of at most 2 1θ θ− , while if the high valuation consumer waited for 

one period (and not be identified as a high valuation consumer) he would get a surplus 

approaching 2 1[ /(1 )]( )δ δ θ θ− − , which is greater than 2 1θ θ−  for 1 / 2δ > . 

 Schmidt (1993) considers the case with any discrete number of consumer types,11 

1 2{ , ,..., }nθ θ θ  with 1 2 ... nθ θ θ< < < , while restricting attention to the MPE. 12 He finds, as 

in Hart and Tirole, that, for 1 / 2δ > , there is no price discrimination when the horizon 

tends to infinity, with the monopolist always charging the low price 1θ  (the valuation of 

the low type).  

 The method of proof used in Schmidt allows us to better understand the relation 

of this result with the general results on reputation (e.g., Kreps et al. 1982, Fudenberg and 

Levine 1989). The proof is similar to the one in Fudenberg and Levine (1989) on the 

reputation of a long-term player facing a sequence of short-term players. Schmidt first 

shows that if there is a price strictly above 1θ  on the equilibrium path, then there is a 

strictly positive minimum probability of that price being accepted and revealing a 

consumer type with valuation strictly above 1θ . He then shows that because types 1θ θ>  

can build a reputation for being of type 1θ , they will do so. That is, the no-discrimination 

equilibrium can be seen as a response of the monopolist to the consumers’ threat to build 

a reputation that they have the lowest valuation for the product if the price is above 1θ . In 

Fudenberg and Levine’s model, the type that a consumer would like to be seen as is type 

1θ . Given the greater structure of the game considered here (in comparison to the general 

class of games considered in Fudenberg and Levine) Schmidt is able to extend the results 

of Fudenberg and Levine to the case of two long-run players, and characterize the 

equilibrium actions (while Fudenberg and Levine only characterize payoffs). Schmidt 

looks at a long finite horizon game using backward induction, which is what allows him 

to show  that 1θ   acts like a Fudenberg-Levine “commitment type” and rejects all prices 

above 1θ .      

                                                 
11He considers that it is the monopolist that is the party that has private information (on her costs). We 
present here the result in terms of private information of the consumers. 
12The Markov assumption is necessary for the case of any n  to guarantee that the continuation payoffs are 

the same for a price equal or below 1θ  (with 2n =  this can be shown without the Markov assumption). 
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 Kennan (2001) considers the case in which the consumer types can change 

randomly through time but with positive serial correlation. He then finds that we can then 

have stochastic price cycles because (no) purchases indicate a high (low) consumer 

valuation and are followed by a high (low) price. 

 It is interesting to discuss in this context of long- lived consumers what happens if 

the firm is allowed to offer long-term contracts, and the relationship of behavior-based 

price discrimination with the results from the durable-goods and bargaining literatures. 

 

2.3.1. Long-Term Contracts 

 

 Suppose that the firm would be able to offer a contract to a customer committing 

itself to a sequence of prices for the future to be charged to that consumer. Note that the 

effect of this possibility is that a consumer would know now that he would not be taken 

advantage of in the future for revealing his high valuation. Hart and Tirole (1988) 

consider this situation with the possibility of renegotiation, such that the firm might be 

able to offer different contracts in the future.13 For example, in the market for cellular 

phone service firms can offer long-term contracts, and can change which long-term 

contracts to offer in the future. Hart and Tirole show that in such a setting with two 

consumer types, the firm might now be able to sell to the high valuation consumers at a 

price above the lowest price. The intuition is that with a long-term contract the 

monopolist has greater ability to price discriminate. It can get the high valuation 

consumer to buy the product at an average price per period above the lowest price (low 

type valuation), because it commits to this average price with a long-term contract.  

 For example, if the monopolist offers a long-term contract at an average per-

period price 1p θ> , the surplus for the high-valuation consumer if he accepts the contract 

is 2( )/(1 )pθ δ− − . If this consumer decides not to buy in this period, the most the 

consumer is able to get is 2 1( )/(1 )δ θ θ δ− − , if the monopolist offers in the next period a 

contract with an average per-period price of 1θ  (the monopolist will never offer a lower 

                                                 
13 Laffont and Tirole (1990) consider a two-period version of such contracts with continuous consumption 
per period in the context of procurement. 
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average per-period price). Then, if 1 2(1 )p δθ δ θ= + −  the high valuation consumers 

accepts the contract, and the monopolist is able to sell to such consumer at a price strictly 

above 1θ . As shown in Hart and Tirole, the equilibrium long-term contract is for the 

monopolist to offer a contract in a number of initial periods with average per-period price 

strictly above 1 2(1 )δθ δ θ+ − , such that type 2θ  randomizes between accepting and not 

accepting the contract, and then, after a certain number of periods, the monopolist offers 

a contract with average per-period price 1θ , and both types accept the contract.  

However, this possibility of selling to the high valuation consumers with an 

average per-period price strictly above 1θ  is not possible without a long-term contract. 

Without a long-term contract a high-valuation consumer gets zero surplus after revealing 

his type, and therefore, must be offered a price below the low-type valuation to accept 

buying. 14 But then the low valuation consumer would also buy the product, and, 

therefore, no information would actually be revealed about the type of the customer 

buying the product. Hart and Tirole then show that, because of this greater ability to price 

discriminate a firm is better off when it has the ability to offer a long-term contract. 

 It turns out that this effect of long-term contracts does not occur if the consumer 

lives only for two periods, with the second period being the last period. In the two-period 

model presented above it turns out that the introduction of long-term contracts does not 

have any effect, and the equilibrium with long-term contract is exactly the same as the 

equilibrium without long-term contracts. This is because the zero surplus obtained by the 

marginal consumer after revealing his type only lasts for one period. 

 Battaglini (2004) considers the case of infinitely lived consumers where the 

preferences change through time following a Markov process, as in Kennan (2001), but 

allowing for continuous consumption. A consumer’s per-period utility in period t is 

tq pθ − , for q  units bought at price p . The monopolist’s cost of selling q  units is 21
2

q . 

For future reference note that the efficient quantity to be sold in period t  is ( )e
t tq θ θ= . 

The marginal benefit tθ  in period t  is private information of the consumer, can only take 

                                                 
14One can see this as a high valuation consumer maintaining the reputation that he may have a low 
valuation. See the discussion above. 
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one of two values, { , }θ θ , with θ θ> , and evolves through according to a Markov 

process. The transition probabilities between states are in (0,1) , and are denoted by 

1Pr( | )t tθ θ+ . Types are assumed to be positively correlated over time, 

Pr( | ) Pr( | )θ θ θ θ≥  and Pr( | ) Pr( | )θ θ θ θ≥ . At date 0  the monopolist has a prior µ  

that the consumer’s type is θ  and a prior 1 µ−  that the consumer’s type is θ .  

Battaglini computes the optimal long-term contract. First, he shows that under 

commitment the optimal contract always involves the efficient quantity being supplied if 

in the history of the relationship (including the current period) there has been a period in 

which the marginal benefit has been equal to θ . That is, with varying types we have the 

result that a long-term contract supply is at the efficient level in finite time (which is not 

the case for fixed types). The intuition for this result has to do with the role of the 

quantity distortions in the contract. Distortions are introduced only to extract more 

surplus from higher types, and therefore, there is no reason not to offer the highest type 

the efficient quantity. After any history the rent that must be paid to a high type to reveal 

himself is independent of the future quantities. That is, the monopolist is the residual 

claimant on the surplus generated on histories after a high type report, and therefore the 

quantities that follow such report are the efficient ones. In addition, Battaglini finds that if 

the history has never had a period where the buyer had type θ , the quantity distortion 

vanishes through time as the initial state has less and less information about the current 

buyer’s type.  

  Battaglini then considers the case in which the contract can be renegotiated, and 

shows that under general conditions the contract with commitment is renegotiation-proof, 

and when these conditions fail, the contract is renegotiation-proof after a finite amount of 

time.  

 Battaglini’s analys is relies heavily on the assumption that there are only two 

types.  As noted in the paper, with n  types, then the conditional distribution for each type 

is represented by a 1n −  vector, each type has 1n −  characteristics, and we would need to 

solve a multidimens ional screening problem. It would be interesting to investigate further 

this n -type case, even if putting some structure on the conditional distribution for each 

type. 
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2.3.2. Relationship to Durable Goods and Bargaining 

 

The strategic behavior of consumers when firms practice behavior-based price 

discrimination is related to settings where a monopolist sells a durable-good, or to 

settings where two parties bargain, and in which one of the parties has private 

information. Here, we first briefly discuss some  of the forces present in a market where a 

monopolist sells a durable good, or in a bargaining situation between two parties, in 

which one party has private information. Then, we relate the durable-goods setting with 

the behavior-based price discrimination model. For some discussion of the durable-good 

monopoly literature see, for example, Chapter 1.5 in Tirole (1988). For a survey of the 

bargaining literature see, for example, Chapter 10 in Fudenberg and Tirole (1991).15 

 

Durable Goods and Bargaining 

 Consider the two-period model above, but suppose now that the monopolist sells 

a product in the first period that lasts for the two periods. Let A  be the price of the 

durable in the first period. Denoting θ̂  as the type of the marginal consumer in the first 

period, the surplus of this consumer is ˆ(1 )C Aδ θ+ −  when buying in the first period, and 

is ˆ( )C nδ θ α−  if waiting for the second period. 

The marginal consumer in the first period is then determined by 

(2.5) ˆ
C nAθ δ α= −  

Given that the marginal consumer buying the product in the first period is θ̂ , the 

optimal price in the second period is * ˆ ˆ( ) argmax [ ( ) ( )]
nn n nF Fαα θ α θ α= − . Using this we 

then have that (2.5) defines θ̂  as a function of A , ˆ( )Aθ . 

In order to obtain the optimal first period price, A , the monopolist then 

maximizes 

(2.6)   * *ˆ ˆ ˆ ˆmax [1 ( ( ))] ( ( ))[ ( ( )) ( ( ( )))],A F n nA F A A F A F Aθ δ α θ θ α θ− + −  

                                                 
15 For early work on the durable-goods monopolist problem see, for example, Stokey (1981) and Bulow 
(1982). 
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where the first term represent the first-period profit, and the second term represents the 

second-period profit. The first order condition that defines the optimal *A  is then 

(2.7) *ˆ ˆ ˆ ˆ ˆ ˆ1 ( ) * ( ) ' ' ( ) ( ) 0F nF A f fθ θ θ δ θ θ α θ− − + = . 

Note that for C Fδ δ=  the marginal consumer buying the product in the first 

period has a higher valuation than if the firm were selling a non-durable good. To see this 

note that the first derivative of the objective function above evaluated at ˆ( ) *A pθ =  is 

equal to ˆ( *) *[1 ']f p p θ−  after substituting for 1 ( *) * ( *) 0F p p f p− − =  and 

** ( *)np A pδα= − . Given that *ˆ ' 1/(1 ')nθ δα= +  and * ' 0nα > , that derivative is positive, 

which means that the monopolist should increase A , which implies a higher valuation of 

the marginal consumer than *p . One can also obtain for C Fδ δ=  that the present value 

of profits is * *ˆ ˆ[1 ( )] [1 ( )]n nF Fθ θ δα α− + − , which is strictly below the present value of 

profits under no customer recognition, as *p  uniquely maximizes [1 ( )]p F p− . The 

intuition of this result is that the marginal consumers refrain from buying in their first 

period in the market because they know that they can get a lower price in the next period.   

For the uniform distribution example one can obtain * ˆ ˆ( ) / 2nα θ θ= , 

ˆ( ) 2 /(2 )A Aθ δ= + , and 2* (2 ) /(8 2 )A δ δ= + + . One can also get that 2/(4 )δ+  

consumers buy in the first period, while (2 )/(8 2 )δ δ+ +  consumers buy in the second 

period.  

 The model above can also represent a bargaining situation where now there is a 

single buyer, and if the buyer does not take the first offer *A  then he is offered *
nα  in the 

second period. In such a setting one can then obtain that the private information of the 

buyers leads to an inefficient outcome for some consumer types (if rejection occurs in the 

first period).  

 In a durable-goods setting, if new generations of consumers come into the market 

in every period, there are incentives for the monopolist to raise its price in order to try to 

extract more surplus from the consumers who have a high valuation and who have 

entered the market most recently. This can then generate price cycles in which prices 

come down to clear the demand from low valuation consumers, and then go up to better 
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extract the surplus from the consumers with high valuation who just entered the market. 

This setting is analyzed in Conlisk et al. (1984), and Sobel (1984, 1991). Although 

having the flavor of the results in subsection 2.2 for overlapping generations of 

consumers and behavior-based price discrimination, and as also discussed below, the 

results are different, as we can have price cycles in the behavior-based price 

discrimination model, but constant prices in the corresponding durable goods model. 

 In some situations the monopolist may also have some private information 

regarding its costs, so that the price offers can potentially reveal some information about 

the monopolist’s costs. Fudenberg and Tirole (1983), with a bargaining set-up, 

characterize the set of equilibria in two-period games when the monopolist and the buyer 

each have two potential types (two-sided incomplete information). They show that this 

additional private information may lead to a continuum of perfect Bayesian equilibria. 

Ausubel and Deneckere (1992) consider the infinite horizon version of this two-sided 

incomplete information model, and show that we may have (stationary) equilibria in 

which prices stay high, and the seller tries to maintain a reputation of having a high cost. 

 

Relationship of Durable Goods to Behavior-Based Price Discrimination 

 

 When a monopolist is selling a durable good through time, consumers refrain 

from buying in the initial periods because they foresee that the monopolist may cut its 

price in future periods. In such a setting consumers may prefer to forsake the benefits of 

the product if buying earlier, with the lower price if buying later. On the other hand, 

with customer recognition and behavior-based price discrimination for a non-durable,  

consumers refrain from buying in the initial periods because they foresee that the 

monopolist may cut its price in future periods, and therefore they will be identified as 

lower valuation consumers and get lower prices for the future. This difference between 

durable-goods and behavior-based price discrimination for non-durables leads to different 

consumer surplus effects from purchasing the product, and therefore different market 

implications. 

 When buying a durable-good the consumer pays a price and gets a benefit of 

using the product for the duration of the product’s life. Consumers for whom the present 
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value of future benefits is greater than that price may be willing to purchase the product. 

However, under customer recognition and behavior-based price discrimination for a non-

durable good, the marginal consumer buying the product pays the price and gets a benefit 

in the current period, but then gets zero surplus in all future periods. Therefore, in order 

for a consumer to be willing to buy, the initial price must be so low, that even consumers 

with very low valuation may be willing to buy the product. For an infinite horizon with 

two types, Hart and Tirole (1988) show then that the durable-good case is better for the 

monopolist than the case of a non-durable with the ability to recognize customers and 

price discriminate according to past behavior (Hart and Tirole consider this possibility in 

terms of rental of the durable good). 

 In the long lived consumers with two consumer types model that they consider, 

Hart and Tirole also find that the durable-good case is exactly the same as when the 

monopolist can offer long-term contracts (and different from short-term contracts), as the 

separation between types can be done ex-ante. In the two-period model considered above 

the durable-good case results in exactly the same outcome as the long-term contract case, 

and generates exactly the same outcome as the customer recognition case for a short-term 

sales of a non-durable, or equivalently with short-term rentals of a durable. This is 

because, in a two-period model, the consumer surplus effects of purchasing a durable-

good are the same as purchasing a non-durable with customer recognition, as the zero 

surplus of the marginal consumers under customer recognition lasts only for one period. 

  In the case of overlapping generations of consumers, with consumers living for 

two periods (and without the ability to recognize the customer’s age) selling a durable 

good may not generate price cycles, as selling the durable good for a consumer that only 

uses the product for one period requires a much lower price than selling the durable good 

for a consumer who uses the product for two periods (Villas-Boas 2004). That is, with 

overlapping generations of consumers, selling a durable good does not yield the same 

outcome as selling a non-durable with customer recognition (with or without long-term 

contracts). 

 Thus, in general, the sale of a durable good is not the same as a sequence of short-

term rentals. Although the price falls over time, the price a consumer faces is not based 
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directly on its own past behavior. Loosely speaking, the commitment involved in selling 

a durable good lets the monopolist commit to not use behavior-based pricing.  

 

2.4. Two-Good Monopoly 

 

 In order to serve as an introduction to the next section on competition, and to 

serve as a benchmark, consider now the case of a monopoly selling two goods, A  and B. 

The presentation here follows closely part of Section 5 of Fudenberg and Tirole (2000). 

To focus on the interaction between the two goods we set up preferences such that 

consumers buy a unit of one of the goods in every period. Indexing the relative 

preferences for B over A as θ , let the valuation per period of a consumer of type θ  be 

/ 2v θ−  if the consumer buys good A, and / 2v θ+  if the consumer buys good B, with  v  

“large” and θ  distributed in [ , ]θ θ , where 0θ θ= − < , with cumulative distribution 

function ( )F θ ,  strictly positive density ( )f θ , and ( )F θ  is symmetric about zero and 

satisfies the monotone hazard rate (MHR) condition that  ( )/[1 ( )]f Fθ θ−  is strictly 

increasing in θ . The parameter v  is assumed large, such that the monopolist chooses 

prices such that all consumers buy one unit of one of the goods in every period. For this 

reason, the monopolist’s production will be constant across the pricing regimes we 

consider, so that the costs of production are a constant that can be ignored.  

Let a  and b  be the prices charged in the first period for products A and B, 

respectively, α  and β  be the prices charged in the second period for products A and B, 

respectively, for consumers that bought the same product in the previous period, and α̂  

and β̂   be the prices charged in the second period for products A and B, respectively, for 

consumers that bought a different product in the previous period. 

 Consider first the case in which long-term contracts are not available. Then the 

firm will charge a b vα β= = = = , for a present value of profits of (1 )vδ+ . Note that 

consumers do not switch products. 

 Consider now the case in which long-term contracts are available (with 

commitment not to renegotiate). Then, in the first period the monopolist can offer four 

product consumption experiences: product A in both the periods, product A followed by 
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product B, product B followed by product A, and product B in both periods. By symmetry 

it is enough to analyze the interval [ ,0]θ . As argued in Fudenberg and Tirole, incentive 

compatibility requires that consumers in an interval ˆ[ , ]θ θ  choose product A  in both 

periods (which we call AA), and consumers in the interval ˆ[ ,0]θ  choose product A  

followed by product B (which we call AB). In order for the type 0  to be indifferent 

between buying and not buying, and between the “switching” bundles AB and BA, it must 

be that the price for each of these bundles is (1 )vδ+ . Indifference for type θ̂  between 

bundles AA and AB requires that the price of AA be above the price of AB by ˆδθ− . Thus, 

it is as if the monopolist first sold all consumers a “switching” bundle at price (1 )vδ+ , 

and then offered an “upgrade” to AA or BB for a premium of ˆδθ− . The present value of 

profits is then ˆ ˆ(1 ) 2 ( )v Fδ δθ θ+ − , where the optimal θ̂  satisfies ˆ ˆ ˆ( ) ( ) 0F fθ θ θ+ = . Note 

that the optimum has some consumers switching products across periods. Since consumer 

preferences are the same in both periods, this switching is inefficient; it is used to extract 

rents for the privilege of not switching. For the uniform distribution one can obtain 

ˆ / 2θ θ= , so that one half of the consumers switch products from the first to the second 

period. 

 Fudenberg and Tirole also show that the monopolist can do better than the above 

deterministic menu, with a randomized menu where consumers in ˆ ˆ[ , ]θ θ−  get a 

(1/2,1/2)  randomization between products A and B. This allows the monopolist to 

extract a greater surplus from the consumers that get no “switching”. Again, as in the 

deterministic menu, we have some inefficient (stochastic) switching by some consumers. 

 When we reach the second period, as stated above, “switching” consumers are 

consuming a product that is not the best for them. This means that there are gains to be 

made from the monopolist renegotiating the product that is offered to those consumers. 

This renegotiation may then affect the choices of consumers in the first period (and the 

monopolist’s offers). It would be interesting to investigate whether we would still have 

inefficient switching in equilibrium if the monopolist can offer long-term contracts 

subject to renegotiation.  
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 In order also to compare with the next section consider now the case of switching 

costs, where a monopolist sells two products in each of two successive periods, 

consumers have the same valuation v  for each product per period and incur in a cost s  if 

they change products from the first to the second period. It is clear that in this situation 

the best the monopolist can do is extract v  per period per consumer (with a price equal to 

v ), and there is no switching products from the first to the second period. This can be 

accomplished either with short or long-term contracts. 

 Consider now in the model above (with heterogeneous consumers) the role of the 

introduction of switching costs s  (suppose s  small). The price of the switching bundles 

can then be at most (1 )v sδ δ+ −  and indifference for type θ̂  between bundles AA and AB 

requires that the price of AA be above the price of AB by ˆ( )sδ θ− . Thus, comparing with 

the no switching costs case, the price of the switching bundle is now lower, but the 

premium to upgrade to the non-switching bundle became now greater. The present value 

of profits is now ˆ ˆ ˆ(1 ) 2 ( ) [1 2 ( )]v F s Fδ δθ θ δ θ+ − − − , where the optimal θ̂  satisfies 

ˆ ˆ ˆ( ) ( ) ( ) 0F s fθ θ θ+ − = . Note that the optimum has some consumers switching products 

across periods, but the number of switching consumers is decreasing in the switching cost 

s . Note also that switching is inefficient, and that the monopolist profit and welfare are 

decreasing in the switching cost s . For the uniform distribution one can obtain 

ˆ ( ) / 2sθ θ= + , so that less than one half of the consumers switch products from the first 

to the second period. 

 

 

3. Competition 

 

 Several new issues arise in models of behavior-based price discrimination with 

multiple firms. Starting with the most obvious, firms can try to “poach” their rivals’ 

customers by giving them special “introductory” prices.16 This raises the questions of 

how much switching we should expect to occur, and of its efficiency consequences. At a 

                                                 
16In 1994, about 20% of all U.S. households changed their provider of long-distance telephone services 
(Schwartz 1997).  
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more theoretical level, we have already seen that in equilibrium a monopolist without 

commitment power can be made worse off by the ability to condition the price it charges 

a customer on that customer’s past decisions, because consumers will foresee this 

condition and adjust their earlier behavior. The same sort of foresight can operate in 

models with multiple firms, but now its impact on profit is a priori ambiguous, because 

of the interactions between the customers’ behavior (basically the elasticity of demand) 

and the equilibrium in the pricing decisions of the firms. Furthermore, while a monopolist 

with commitment power can always do at least as well when behavior based 

discrimination is possible (by committing itself to ignore past behavior in setting prices), 

a group of oligopolists with commitment power can all be worse off if all of them 

become able to discriminate based on past customer behavior, as the better information 

may lead to more intense price competition (see subsection 5.3 below).17 For this reason, 

while each firm has a dynamic incentive to adjust its prices so that it learns more about 

the consumers and can better segment the market, the firm also has an incentive to reduce 

the information that is obtained by its rivals. 

 The way that these various effects combine to determine equilibrium prices and 

allocations depends on the nature of preferences and on the form of market competition. 

The first part of this section  considers Fudenberg and Tirole (2000)’s analysis of a two-

period model of  competition in short-term contracts, and some variations on the 

distributions of consumer types studied by Chen and Zhang (2004) and Esteves (2004). 

The second part discusses Villas-Boas’ (1999) extension of the two-period model to an 

infinite horizon with overlapping generations of consumers, each of whom lives only for 

two periods. We then return to the two-period setting to present Fudenberg and Tirole’s 

analysis of competition in simple  long-term contracts, meaning that firms offer both a 

“spot” or one-period price and also a long-term commitment to supply the good in both 

periods. Finally, we compare the predictions of these models of “pure price 

discrimination,” where the past matters only for the information it provides about 

preferences, to models of switching costs, where past decisions are directly payoff 

relevant, and may also provide information, as in Chen (1997) and Taylor (2003). 

                                                 
17Of course, a single oligopolist with commitment power who is given the ability to condition prices on 
customer history cannot be made worse off, provided that none of the other firms are allowed to have this 
ability.  
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3.1. Two Periods, Short-Term Contracts 

  

 Following FT, suppose that there are two firms, A and B,  who produce non-

durable goods A  and B, respectively, at constant marginal cost c .  There are two periods, 

1 and 2; each period a consumer can either consume a unit of good A or a unit of good B  

or neither, but not both.  There is a continuum of consumers, whose preferences are 

quasi- linear in money and are indexed by [ , ]θ θ θ∈ , where 0θ θ= − < . The 

consumption utility from goods A  and B  is /2v θ−  and /2v θ+ , respectively, so that 

θ  measures the consumer’s preference for good B  over good A. There is a known 

distribution F on θ , which is assumed to be symmetric about 0. Fudenberg and Tirole 

assume that F is smooth, with density f,  and that F  is symmetric and that it satisfies the 

monotone hazard rate (MHR) property that ( )/[1 ( )]f Fθ θ−  is strictly increasing in θ ;  their 

sharpest results are for the special case of the uniform distribution.  Esteves (2004) 

considers the case where F  has a two-point support;18 Chen and Zhang (2004) assume 

that F  is concentrated on the three points ,0,θ θ . Fudenberg and Tirole assume that all 

agents use a common discount factor δ ; the other papers suppose that firms use discount  

factor Fδ  while consumers use the possibly different discount factor Cδ . 

 With simple short-term contracts, and no commitment power, each firm will offer 

a single first-period price, which we denote a and b, respectively. In the second period, 

each firm can offer two prices, one to its own past customers and another price to all 

others. (We will assume that the reservation value is high enough that all consumers 

purchase in the first period, so that agents who didn’t purchase from firm A must have 

purchased from firm B. 19) Note that if firms do not observe the identities of their 

customers, there is no link between the periods, and the equilibrium reduces to two 

repetitions of the static equilibrium. Our question is how the prices and efficiency of the 

                                                 
18Esteves supposes that the two mass points are in the interval [0,1], symmetric about the point ½;  to map 
her notation to ours suppose that the mass points are at  (2 1)A Ay t x= −  and B Ay y= − , and  that 

' (1 )Av v t x= − − , where 'v  is the reservation value in her notation. 
19Chen and Zhang consider an extension of their model to the case where agents with 0θ =  have lower 
reservation values; in this case not all agents purchase in the first period.  
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equilibrium with short-term contracts and customer poaching compare to that of the static 

benchmark. 

Under FT’s assumptions, the static one-period problem is well behaved: each 

firm’s objective function, ( )( )i j i iF p p p cπ = − − ,  is strictly quasi-concave, so that 

firms are never willing to randomize, and the game has a  unique equilibrium, namely 

 

(0)
(0)

A B Fp p cf= = + . 

 In the case of a uniform distribution, this simplifies to  2p c cθ θ θ−= + = + , so that 

each firm’s profit is  2
θ

.  Moreover, in the uniform case the dynamic equilibrium is also 

in pure strategies, and can be characterized with first-order conditions. With the discrete 

supports specified in the other two papers, the static equilibrium is in mixed strategies, 

which makes the calculations more complex and the intuition more subtle. For this reason 

we use the FT case for exposition, and try to explain informally the effects of the other 

distributional assumptions.  

 

3.1.1. Analysis of the Two-period Model under the MHR Assumption 

 

A standard argument shows that at any pair of first-period prices such that all 

consumers purchase and both firms have positive sales, there is a cut-off *θ  such that all 

consumers with types *θ θ<  purchase from firm A in the first period.20  Given this cut-

off, the second period game is as depicted in Figure 1: consumers to the left of *θ  lie in 

“firm A’s turf” and the consumers on the right lie in firm B’s.   On firm A’s turf, firm A 

offers price α , while firm B offers price β̂ ; on B’s turf B charges β  and A charges α̂ .  

Thus a consumer on firm A’s turf will stick with good A if ˆθ α β− < − , and otherwise 

                                                 
20To deal with out-of-equilibrium beliefs, we suppose that  if first period prices are such that no consumer 
is expected to buy from firm A, a consumer who unexpectedly does purchase from A  is assumed to have 

type θ , and similarly a consumer who unexpectedly purchases from B  is assumed to have type θ . 
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will switch to good B. If *θ  is very near the endpoint θ , then A’s turf is very small, and 

consists only of agents with a strong preference for A, and firm A can charge the 

monopoly price in this market and not lose any sales to firm B.  The paper shows that this 

occurs when * ~θ θ< , where ~θ  is the “isoelastic point” where ~ ~ ~( ) ( ) 0F fθ θ θ+ =  so 

that marginal revenue equals  0. In this case firm A sets * /2vα θ= −  and sells to 

everyone on its turf, while firm B sets ˆ cβ = . Otherwise, both firms will have positive 

sales in each market, which implies that the “poacher’s” price in a market must be lower 

than the incumbent’s.  

 The intuition for this result comes from the fact that on the interior of firm A’s 

turf, its second-period reaction function reflects a trade-off between losing marginal 

customers at Aθ  and inframarginal rents on types below Aθ , and so the reaction function 

does not depend on the first-period cut off *θ , while decreasing *θ   decreases  B’s sales 

on A’s turf, and so makes firm B price more aggressively, as shown in Figure 2, where 

the curves R are the reaction curves on firm A’s turf when it had the entire first period 

market (which is why they intersect on the 45 degree line) and R̂  is firm A’s reaction 

curve on its turf as a function of the first-period cut-off *θ . 

 The next step is to work backwards and determine the equilibrium first period 

prices. Before presenting the analysis, we can identify some general considerations to 

keep in mind: 

 

1) If consumers are forward looking (as assumed by FT) they realize that they will 

be offered a “poaching” offer in the second period. FT show that this can lead to a 

less elastic first-period demand and hence higher first period prices.      

2) Firms may distort first period price to increase second period profit.  Specifically, 

each firm would rather that its opponent have less information about consumer 

preferences, and is willing to distort first period prices for that purpose.  

Moreover, this preference is large enough that firms do better when neither of 

them has any information about consumer’s identities. The impact of this 

consideration depends on the way that changes in price change what is learned 

about consumer demand, which in turn depends on the distribution of types. 
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3) If customers buy from their preferred firm in the first period (as they do in FT) 

then second-period switching lowers welfare.  

 

To explore this second point in more detail, we present a more detailed analysis of 

second-period competition in the uniform case than is given in FT. Solving for the 

intersection of the second period reaction curves (corresponding to equation (6) and (7) in 

FT) shows that 
*

3
A θ θθ += , µ

*

3
B θ θθ β α += − = .   In its home turf, firm A sells to 

types below Aθ ; this is mass 
* *2 2

3( ) 6
θ θ θ θ

θ θ θ
− +=− .  On B’s turf A sells to types between 

*θ  and bθ ; this has mass 
* *2 2

3( ) 6
θ θ θ θ

θ θ θ
− −=− . 

  So the second period profit of firm A is   

* 2 * 2 *2 2( 2 ) ( 2 ) 5 5
18 18 18

θ θ θ θ θ θ
θ θ θ

− − ++ = , 

provided that  * ~ /2θ θ θ> = , so that there is poaching in both markets. By symmetry 

this is also the second period profit of firm B. 

 Note that the symmetric outcome * 0θ =  is the global minimum of firm A’s 

second period profits; it does better not only with a larger first period market share, but 

also with a smaller one! Specifically, when * 0θ =  the second period profit is 

25 5
18 18
θ θ
θ = . As *θ  increases to /2θ  profit increases to 

2 2( /2 2 ) 25 / 4 25
18 18 72

θ θ θ θ
θ θ

+ = = . From this point on, there is no competition in firm B’s 

second period market. Firm A’s profit is 
* 2( 2 )
18

θ θ
θ

−
, which converges to the static 

equilibrium value  of 2
θ

 as *θ  goes to θ . 
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 This shows that both firms do best when neither has first-period information. 

When *θ  is near the endpoints, firms have less precise information in the larger market, 

and hence competition there is less intense. 

 Perhaps surprisingly, in the uniform case this second-period consideration has no  

impact on first period pricing.  This is because the first-period equilibrium will have 

equal market shares, i.e., * 0θ = , and because * 0θ =  leads to the lowest level of 

second-period profit, there is no first-order effect when it changes.  For this reason, the 

only reason that first-period prices differ from the static equilibrium is that consumer 

demand differs. In the static case, the cut-off *θ  shifts one-for-one with prices, while in 

the dynamic setting 
* *

* ˆˆ( ( ) ( ))
1

C
C

b a δ α θ β θθ δ
− + −= − , because type *θ  must be 

indifferent between the different plans to switch and get the “poaching price” next period, 

and so must be indifferent between buying good A now at price a  and then buying B 

tomorrow at price β̂ , or buying B now at price b and then buying A tomorrow at price 

α̂ . In the uniform case this leads to a less elastic first period demand  ( * / 1aθ∂ ∂ <  ) 

and hence higher prices; with zero production costs and consumer types distributed on 

the unit interval, the first-period price is 1 /3δ+  and the second period prices (on the 

equilibrium path) are 2/3 to the firm’s old customers and 1/3 to the customers it is trying 

to “poach.” 

 This finding for the uniform case leaves open the possibility that for other 

distributions the second-period-profit effect could have an impact on first-period pricing.  

However, it seems plausible that * 0θ =  is the global minimum of second period profits 

for general symmetric distributions, so that the effect of second period profit on first 

period decisions vanishes, provided that the first-order approach is valid. However, the 

fact that firms would do better in the second period with a less symmetric first-period 

outcome suggests a possible non-concavity in the problem.  The MHR assumption makes 

the static optimization problem concave, which implies that the firms’ first-period 

objective functions are concave for discount factors close to 0 and any distribution that 

satisfy MHR; FT show that they are also concave under the uniform distribution for all 
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(common) discount factors (that is, f cδ δ δ= = ). However, concavity does not seem to 

be implied by the MHR condition, and when it fails there can be mixed-strategy 

equilibria.  To investigate this possibility it may be interesting to abandon the first-order 

approach altogether, and work with discrete types, as in Esteves and Chen and Zhang. 

 

3.1.2. Discrete Distributions 

 

 In Esteves’ model, whenever the difference in price is less than B Ay y−   each 

firm buys from their preferred firm, while if the difference is larger than this all 

consumers buy from the same firm and no information is revealed, which corresponds to 

the case *θ θ= ±  in FT. Again as in FT, the second-period profits are symmetric in the 

information: firms do better when the first period prices are very different, but as far as 

second period prices go they are indifferent between having a large turf or a small one.  

To simplify the analysis, Esteves assumes that consumers are completely myopic. The 

first-period equilibrium is in mixed strategies, and she shows that the probability that 

both firms have positive first-period sales decreases as they become more patient.  

Moreover, she shows that first period prices tend to fall as the discount factor increases. 

 Chen and Zhang suppose that there are three types. A mass γ  is loyal to A (they 

get 0 utility from B, so they buy A whenever the price is below their reservation value v), 

a mass γ  is loyal to B, and a mass of 1 2γ−  who are exactly indifferent. Neither firm 

can hope to sell to the loyalists of the other, so what each firm wants to do is distinguish 

its loyalists from the neutrals. Starting from equal first period prices, a small increase in 

firm A’s price shifts all of the neutrals to firm B, and results in an asymmetric knowledge 

about the consumers: firm A knows who its loyalists are, but firm B does not. Thus, in 

contrast to the previous two papers, the firm with the smaller first-period sales has strictly 

higher second period profits. They show that this leads to prices that are, on average, 

higher than in the static equilibrium, even when consumers are myopic. 

 We should point out some unusual features of the assumed demand distribution.  

Specifically, second period profits when consumer types are known are exactly the same 

as in the static model, while in general we may expect that known types could lead to 
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fiercer competition and lower profit. This suggests that competition in the static model is 

particularly fierce, which observation may help explain why equilibrium profits here are 

higher than when firms lack information on purchase history. 

 

3.1.3. Welfare 

  

 Finally we compare the welfare effects of price discrimination in the three 

models. In FT, the first-period outcome is efficient, so all second-period switching lowers 

welfare. In Esteves, both the static equilibrium and the first-period equilibrium of the two 

period price discrimination game are not fully efficient, due to the randomized nature of 

the equilibrium. Moreover, when the first period prices reveal the customers’ types, the 

second period outcome is efficient, and there is no switching, even though firms offer 

lower second-period prices to their opponents’ customers. This stems from the two-point 

distribution of demand, and would not extend to a discrete model with more types.  

Combining these two observations, we see that price discrimination can increase 

efficiency provided that it doesn’t lower first-period efficiency too much, and she shows 

that this is indeed the case. In the Chen and Zhang model, efficiency considerations are 

moot, as the only consumers whose purchases change when price discrimination is 

allowed are those who are completely neutral. There can however be efficiency 

implications of price discrimination when the reservation value of the neutrals is less than 

the other players, as price discrimination allows the firms to offer the neutrals a second-

period price that is below their reservation value without losing sales to the loyalists. 

 

3.2. Infinite Lived Firms, Overlapping Generations of Consumers, and Short-Term 

Contracts 

 

Villas-Boas (1999) extends the FT model to the case of two infinite- lived firms 

facing overlapping generations of consumers. Each consumer lives for two periods, and 

each generation has unit mass. Each firm knows the identity of its own past customers, 

but not those of its opponent, and it does not observe the consumer’s “age,” so it cannot 

distinguish young consumers from old ones who bought from the opponent last period. 
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The basic setup of the model, and the notation, are the same as in FT, with θ  uniform on 

[ 1/2,1/2]−  and zero production costs. The timing of the game is a bit different, as in 

each period the firms first simultaneously set the price for new customers, and then set 

the prices to existing customers after observing the price the competitor charges to new 

ones.  

In order to focus on the dynamics of price discrimination, and abstract from 

(possibly important) repeated game aspects, the paper restricts attention to the state-space 

or Markov perfect equilibria (MPE) of the game. Given the linear-quadratic nature of the 

model, there are MPE in which the strategies are piecewise affine in the state variable, 

and these are the ones considered in the paper.21  As a benchmark case, note that the MPE 

here would be exactly the outcome in FT if, as in FT, firms can recognize both their own 

and the opponent’s customers, and all prices are set simultaneously. If firms can 

recognize both types of old customers, but prices are set sequentially as specified above, 

timing, the prices will be 1 /4C Fδ δ+ −  to new customers, and the prices will be ¾ and 

½ to the firm’ and the competitor’s old customers, as opposed to 2/3 and 1/3 with 

simultaneous price setting. (Prices are higher with sequential moves because the reaction 

curves slope up, this is a form of the “puppy dog effect” (Fudenberg and Tirole 1984).)  

We now turn to the MPE of the game where firms only recognize their own 

customers. If the reservation value is high enough that all consumers purchase every 

period, Villas-Boas shows that the equilibrium is again characterized by cut-offs *
tθ  such 

that each new consumer arriving in period t purchases from firm A iff their type *
tθ θ< . 

Thus the payoff-relevant state in each period is simply the previous period’s cutoff. 

The easiest part of the model to solve is the prices firms charge to their old 

customers. Since these consumers will leave the market at the end of the period, neither 

they nor the firm need to consider future periods in making their decision, and since 

prices are set after observing the rival’s poaching price, the firm faces a simple static 

maximization. In contrast, the price set to unrecognized consumers must take into 

                                                 
21The reason to consider piecewise affine strategies instead of affine ones is that there are  “kinks” in the 
value functions corresponding to the states where a firm completely retains all of its clientele; these kinks 
are roughly analogous to the points ~θ±  in FT.  
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account that some of these are new agents who will purchase again in the next period, 

and the demand of new customers must also take the future into account.  

Neither of these complications is present in the case of complete myopia, 

0F Cδ δ= = . Here the cutoff converges to the steady state with equal market shares.  

Except possibly in the first period, the convergence is monotone, and customers sort 

themselves as in FT: those with strong preference for one firm buy from that firm in each 

period, while those with more intermediate preferences switch. As in FT, prices to the 

recognized consumers are lower than in the static case. Prices to the unidentified 

consumers are also lower than the static prices, while in FT the first period price equals 

the static price when firms are myopic; this is because the pool of unidentified consumers 

here contains both new consumers (as in the first period of FT) and old consumers who 

prefer the other firm. 

 Villas-Boas then considers the case of myopic firms but patient consumers.; this 

differs from the previous analysis in that consumers take into account the prices they will 

be charged next period; it differs from FT because a consumer who buys A in the first  

period is offered a second-period price for B that is tailored to a mixture of  “A-

preferrers” (i.e. *
tθ θ< ) and new agents, as opposed to a “poaching price” for A-

preferrers alone. This mixed price will in general be less responsive to changes in *θ  than 

is the poaching price, which makes the marginal new customers more responsive to 

changes in price. For this reason, the price to new consumers is lower than in FT, and in 

fact it goes to 0 as 1Cδ → . 

Finally Villas-Boas considers the case where Fδ  and Cδ  are both non-zero. As in 

Esteves and Chen and Zhang, patient firms have an incentive to shift their prices in a way 

that softens future competition, which here leads to higher prices. In the case 

1C Fδ δ δ= = → , the price charged to new consumers converges to 0 with δ , while the 

price charged to old ones converges to ½. Thus firms are worse off than when they could 

credibly share their information. We discuss the issue of information sharing in Section 

5.2 on credit markets. 

 

3.3. Long-Term Contracts 
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 As we remarked in Section 2, long term contracts are used in a variety of 

consumer markets. This section considers the impact of competition in simple long term 

contracts in the setting of the two-period FT model. Specifically, we suppose that in the 

first period firms A and B offer to sell their good this period at spot prices  a  and b,  and 

that they also offer long-term contracts to supply the good in both periods for A  and B.  

In the second period, firms know the first-period prices announced by their rival, and they 

also know from whom each consumer purchased, but do not observe the contracts chosen 

by their rivals’ customers.  

If a firm chooses to only sell long-term contracts, it would prevent poaching by its 

rival; but the fact that a monopolist with commitment power induces switching suggests 

that the complete lock-in will not be optimal here either. And indeed, Fudenberg and 

Tirole show that the equilibrium has the form depicted in Figure 3: consumers who most 

prefer A buy a long-term contract from A; this is the interval [ , ]Aθ θ . The next interval 

[ , ]AAθ θ purchases A in each period on the spot  market, interval  *[ , ]Aθ θ buys from A in 

the first period and B in the second, and so on. 22 Thus, as in the case of short-term 

contracts, there is inefficient switching.  

A key fact in determining the equilibrium outcome is that when firm A locks in 

more of its customers with long-term contracts (increases Aθ ), it becomes more 

aggressive on its turf in the second period, as cuts in its second-period price α  do not 

reduce revenue from locked- in consumers.23 Since changes in Aθ  do not change firm B’s 

                                                 
22Because this is a deterministic model, equilibrium prices must satisfy the no-arbitrage condition 
A a δα= + , so that all consumes who plan to purchase from A in  both periods are indifferent between 
purchasing the long term contract or a sequence of short-term ones. The results reported here rely on the 
tie-breaking assumption that when the no-arbitrage condition holds, it is the customers who most prefer A 
who choose the long-term contract. Intuitively, there is an option value to the sequence of short-term 
contracts, and this value is increasing in the probability that the customer decides to purchase B instead of 
A in the first period. It seems plausible that this option value is higher for consumers with higher values of 
θ , and indeed this tie-breaking rule corresponds to taking the limit of models where the second-period 
valuation is imperfectly correlated with first period value, and the distributions are ranked by first-order 
stochastic dominance in the first-period valuation. Some sort of tie-breaking rule is needed in any 
deterministic model where there are multiple ways of purchasing the same consumption stream. 
23Note that firm A does not directly set Aθ , instead, this switchpoint is determined by the condition that 

equilibrium prices satisfy the no-arbitrage conditions A a δα= +  and B b δβ= + . 
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prices on firm A’s turf, increases in Aθ  lead both firms to set lower prices.  Moreover, 

the monotone hazard rate condition implies that the slopes of the second-period reaction 

curves are less than 1, so increases in Aθ  move the switchpoint Aθ  to the right, which 

means fewer agents switch. Hence, if the firms use any long term contracts at all, there 

will be less switching than with short term contacts.   

Fudenberg and Tirole show that on the path of a symmetric equilibrium, firms do 

use some long-term contracts, so there is less switching (and more efficiency) than with 

short term contracts. The intuition for this is as follows: by locking in some of its 

customers, a firm can commit itself to more aggressive second-period pricing on its own 

turf, which induces a lower second-period poaching price from firm B. The marginal 

first-period A purchaser plans to switch in the second period, so lowering B’s poaching 

price lets firm A charge a higher first-period price, which raises its profit.    

Conversely, a firm always uses some short term contracts. Indeed, using only 

short-term cont racts dominates using only long-term ones whenever first period sales 

exceed the isoelastic point ~θ . To see why, suppose that all customers in the interval 

*[ , ]θ θ  buy a long-term contract from firm A, and that * ~θ θ> .  Now suppose that firm A 

deviates and offers only a short-term contract in the first period, where the price a  is set 

so that * *(̂ )a A δβ θ δθ= − + , where *(̂ )β θ  is firm B’s poaching price when none of firm 

A’s customers have a short-term contract. This price has been chosen so that a consumer 

of  type *θ  gets exactly the same utility from purchasing A in the first period at price a  

and then buying B at the poaching price as it received from purchasing the long-term 

contract from A, and since the change does not affect competition on firm B’s turf it 

leads to the same first-period cutoff.24 Moreover, firm A would receive exactly the same 

payoff as with the long-term contract by offering a second-period price on its turf of 

* *ˆ" ( )α β θ θ= − , as this price will induce all of  its first period customers to purchase 

from it again. However, when * ~θ θ> , this pricing is more aggressive than is optimal, 

and firm A does strictly better by raising its second-period price, even though this leads 

some customers to switch. 

                                                 
24It is easy to see that there is an equilibrium with the same cutoff. Fudenberg and Tirole prove that (under 
their tie -breaking rule) any profile of first period contracts leads to a unique first period cutoff. 
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Fudenberg and Tirole go on to show that the equilibrium they construct remains 

an equilibrium when more general contracts are allowed, but they do not discuss 

uniqueness, and it is an open question whether more general contacts can lead to 

qualitatively  different outcomes.  Moreover, as with the analysis of short term contracts, 

the MHR condition does involve a loss of generality; the effect of long-term contracts 

with the sorts of distributions studied by Esteves (2004) and Chen and Zhang (2004) is 

open as well.  

 

3.4. Switching Costs 

 

To conclude this section we return to the case of short-term contracts to compare 

the impact of purely information-based duopoly poaching with price discrimination in the 

presence of switching costs. These costs are real social costs in, e.g., complementary 

equipment or in learning how to use the product; as such they differ from “pecuniary” 

switching costs such as cancellation fees.   

Before addressing price discrimination, we briefly discuss the forces present in 

models of switching cost without price discrimination. (For extended surveys of the 

switching costs literature see Klemperer 1995, and Farrell and Klemperer 2004.25) In 

two-period models such as Beggs (1989) and Klemperer (1987a), all consumers are 

locked-in in the second period, while none are in the first. Second-period lock- in leads 

second-period prices to be higher than without switching costs, while first-period prices 

are lower, as firms compete for the rents from locked- in customers. Finally, consumers in 

the first period foresee being locked- in in the second period, and become less price 

sensitive, which is a force towards higher prices in the first period.  

  To illustrate these forces, we will use a simple two-period model. Each firm sells 

a fixed and given product in each of the two periods.  Each consumer buys at most one 

unit in each period. Consumers are uniformly distributed along a Hotelling segment, 

whereas firms are located at the extremes of the segment (as in the previous subsection). 

                                                 
25 For early papers on switching costs see als o, for example, von Weizsacker (1984), Klemperer (1987b), 
Farrell and Shapiro (1988, 1989). For a recent survey on information technology and switching costs see 
Chen and Hitt (2005). 
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Transportation costs are t  per unit and production costs are zero. A fraction s  of the 

consumers who buy from firm i  in the first period incur a high switching cost if buying 

from firm j i≠  in the second period (so that they never switch firms in the second 

period). The parameter s  can then be seen as an index of switching costs. The remaining 

consumers, in fraction 1 s− , have zero switching costs.  

Given these assumptions, we can start by determining second-period demand for 

each firm. Let 1
iq  be the distance to Firm i  of a consumer with switching costs that is 

indifferent in the first period between the two firms (note 1 11i jq q= − ). Then Firm i  is 

guaranteed a demand of 1
isq  in the second period from the consumers that have switching 

costs. The total demand in the second period for Firm i  is then 2 2
1 (1 )

2

j i
i t p p

sq s
t

+ −
+ − ; 

the unique second period equilibrium prices are 2 1 1( ) [1 (2 1)/3]/(1 )i i ip q t s q s= + − − , and the 

second period equilibrium profit for Firm i  as a function of 1
iq  is 

21
2 1

2 1
( ) (1 )

2(1 ) 3

i
i i qt

q s
s

π
−

= +
−

. This illustrates a first effect of switching costs. 

Consumers that bought initially from one firm would continue to prefer that firm, and in 

addition have now a more intense preference due to the switching costs. This would then 

decrease the demand own-price sensitivity in the second period, which would lead to 

greater prices and profits in the second period.  

Working backwards to the first period, consumers without switching costs behave 

exactly as in the static case, because their decisions do not affect what happens in the 

second period. Consider now the decisions of the consumers that have switching costs.  

For the marginal consumer buying product i , denoted by 1
iq , the total cost of buying 

product i  is 1 1 2 1 1( ( ) )i i i i ip tq p q tqδ+ + + , while the total cost of buying product j  is 

1 1 2 1 1(1 ) ( ( ) (1 ))j i j i ip t q p q t qδ+ − + + − . Indifference between buying product i  and j  leads 

then to 1 1
1

3(1 )( )1
2 2 [3(1 ) ]

j i
i s p p

q
t s sδ δ

− −
= +

+ − −
 and a total demand in the first period of  

(3.1) 1 1 1 1
1

3(1 )( )1
(1 )

2 2 [3(1 ) ] 2

j i j i
i s p p p p

q s s
t s s tδ δ

− − −
= + + −

+ − −
. 
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If consumers are myopic, or there are no switching costs, this reduces to the static 

Hotelling demands. Equation (3.1) illustrates a second effect of competition with 

switching costs: Switching costs and forward-looking consumers make the first-period 

demands less price sensitive because the marginal consumers realize that by buying one 

product they will be locked- in and pay a higher price in the next period. This is a force 

towards higher equilibrium prices in the first period. 

The firms set first period prices to maximize the total value of profits, 

1 1 2 1( )i i i ip q qδπ+ . This maximization illustrates a third effect of switching costs. In order to 

get higher profits in the second period, firms charge lower prices in the first period to 

increase 1
iq .  

This is a force towards lower prices and lower profits. In this particular problem 

this maximization by each firm yields unique first period equilibrium prices 

1 1 (1 )/[1 (1 /3)]i jp p t sδ δ= = + + − .  

 In general, which effects dominate (for lower or higher profits) will depend on the 

particular characteristics in the market. In the particular example above, equilibrium 

profits are higher with switching costs. An example where it goes the other way can be 

obtained if consumers have small switching costs, change preferences from period to 

period, and are no t too patient. Beggs and Klemperer (1992) look at the impact of large 

switching costs on the MPE of an infinite horizon duopoly model with uniform pricing. 

Each period, a fraction υ  of new consumers enter the market with horizontally 

differentiated preferences that are fixed over time. Once a consumer purchases from a 

firm it is unable to purchase from its rival in the future.26 In this model, firms use a single 

price both to exploit locked- in consumers and to attract new ones, so the effects of 

switching costs on prices are less obvious; Beggs and Klemperer show that switching 

costs increase prices in symmetric equilibria of the affine MPE that they consider.  

In some markets switching costs can be created endogenously by the competing 

firms by putting incompatibility features in its products. This possibility may end up 

making all firms worse off in equilibrium (e.g., Cabral and Villas-Boas 2005). Nilssen 

                                                 
26As in Taylor (2003), discussed below, the model abstracts from the determination of initial market shares, 
and takes these as exogenous. 
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(1992) distinguishes between switching costs that are incurred each time a consumer 

changes supplier, and “learning” costs that are incurred each time a consumer uses a 

supplier for the first time. Nilssen argues that a greater relative size of switching to 

“learning” costs leads to higher prices for the loyal consumers, and lower introductory 

prices. 

Turning to our main interest of behavior-based pricing, we focus on the model of 

Chen (1997), which is  a two-period, two-firm model that is very similar to that of 

Section 3.1, except that all consumers are identical in the first period, and that after 

making their first-period purchases, each consumers privately observes a switching cost 

s.  As we will see, the main difference with the work discussed above is that second 

period prices on the two “turfs” are independent of the relative sizes of these two  

markets. We will then discuss Taylor (2003) who extends Chen to oligopoly, multiple 

periods, and switching costs that are correlated over time, and conclude with a brief 

mention of some other related work. 

  Following Chen, assume that all consumers have common value v for each of the 

two goods, and that their switching costs are distributed uniformly on an interval [0, ]s . 

In  the second period, a consumer will switch from firm A to firm  B if the difference in 

prices ˆα β−  is greater than his switching cost, so sales on firm A’s turf will be 

ˆ(1 ( ))x G α β− −  and ˆ( )xG α β−   for firms A and B, respectively, where x  is the size of 

firm A’s turf and G is the cumulative distribution function for the switching costs.  Since  

the size  of firm A’s turf simply has a multiplicative effect on second period profits, it 

clearly has no impact on second period pricing or sales, at least at interior equilibria 

where both firms have sales on A’s turf. 27   Intuitively, the fact that a customer  bought 

from firm A last period tells us nothing at all about his preferences, except that the 

customer must now pay the switching cost to use B, so the size of firm A’s turf has no 

bearing on second-period competition.  This is in contrast to the models of horizontal 

differentiation we considered earlier, where if firm A has a larger first-period market 

share it knows that the consumers in B’s turf have a stronger preference for B, and so 

firm A is more aggressive on firm B’s turf as firm B’s first-period sales decrease.  For 

                                                 
27Chen shows that the equilibrium is interior; Taylor extends this finding to distributions G such that both G 
and 1-G satisfy the MHR condition.  
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this reason, we suspect that adding a small amount of horizontal differentiation to the 

switching cost model would make the second-period prices respond to market shares.  

With the uniform distribution, each firm charges second-period prices  2 /3c s+  

and /3c s+  on its own and the rival’s turf  respectively, where v  is assumed larger than 

c s+ ; firms sell to 2/3 of their old consumers and 1/3 of their rivals, so second period 

profits are 
4 1 1(1 ) ( )9 9 3 3
s sx s x x+ − = +  and  

1(1 )3 3
s x− + , for firms A and B, 

respectively. Because the first period product is completely homogenous, and second-

period profit is increasing in market share, the first-period prices will be below cost: at 

the profile where both firms charged marginal cost, and so have second-period profit of 

5 /18s , either firm would gain by undercutting slightly, capturing the whole market, and 

having second-period profit 4 /9s .  In fact, Chen shows that the unique subgame perfect 

equilibrium has first period prices of /3c sδ− ; at this point cutting price would incur a 

large enough first period loss to offset the second period  gain.  Thus the conclusion that 

prices rise over time extends from switching-cost models without targeted pricing to 

switching-cost models with behavior-based pricing.  This prediction is in contrast to that 

of the FT model of short-term contracts, where prices rise over time.28 

If firms can not observe the consumers’ past purchases, then firms with larger first 

period sales will price less aggressively in the second period. Chen shows that this would 

lead to less aggressive first period pricing, so that, as in FT, firms are made worse off 

when they can both engage in targeted pricing.29 Moreover, consumers need to forecast 

first period sales to know second period prices, and the assumption of homogenous 

consumers means that the model may have multiple equilibria.  

As noted above, Taylor extends Chen’s analysis in several ways.  To simplify the 

analysis, he also assumes that consumers are already “assigned” to one of the firms at the 

start of the first period.  For this reason, first-period demand is very different than in 

Chen’s model, and maintaining the rest of Chen’s set-up, first period prices are now 

                                                 
28 Of course the dynamics of prices are different in stationary infinite-horizon models such as  Villas-Boas 
(1999). 
29 Chen analyzes one of the equilibria for the uniform-price model, we do not know whether there are 
others. 
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above marginal cost, and second-period market shares depend on the initial conditions; 

prices in  the second period, being independent of market share, are the same as in Chen. 

 Taylor extends this analysis to multiple periods, finding that prices in the two 

markets are constant over time until the last period. This is intuitive: only the most recent 

purchase matters for the evolution of switching costs, so all periods before the last are 

strategically similar (given the assumption that consumers enter the game already 

assigned to a firm). More surprisingly, moving from two firms to three makes a 

substantial qualitative difference: when there are at least three firms, at least three of 

them offer marginal cost pricing to other firm’s customers. The reason that three is the 

key number here is that with three firms, there are two firms competing to get customers 

from each other firm, so that there is Bertrand competition for the switchers.  This insight 

suggests that it would be interesting to study information-based price discrimination in 

models with three or more firms; this will be complicated by the need to consider a richer 

specification of preferences, with a two-dimensional taste parameter θ .  As usual with 

differentiated products, we would not expect prices to be driven to marginal cost, but new 

and interesting features could emerge.   

Finally, Taylor considers a two-period model with two types of consumers, those 

whose switching costs tend to be low and those whose costs tend to be high.  Here a 

customer who “switches” in the first period is thought on average to have lower 

switching costs, so that agents who switch will be offered a lower price by their first-

period supplier than agents who buy from that supplier without switching.  It would be 

interesting to extend this analysis to more than two periods. In that case, consumers will 

be all the more concerned about their “reputations,” and the impact of being known as a 

low-cost switcher may be ambiguous, as firms may wish to avoid “recruiting” consumers 

who are likely to soon move on to another brand.  

In addition to these papers, we should mention the paper by Schaffer and Zhang 

(2000) which looks at a static game corresponding to the last period of the sort of two-

period model studied above, with the additional feature that switching may be more 

costly in one direction than in the other.  With symmetric switching costs, firms always 

charge a lower price to their rival’s consumers, but this need not be true when switching 

costs are sufficiently asymmetric. More recently, Dobos (2004) analyzes a model that 
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combines horizontal differentiation in the first period, switching costs in the second, and 

network externalities in both; he finds that profits are decreasing in the size of the 

network effect, as this effect leads to more aggressive first period pricing.30 

 

 

4. Behavior-Based Pricing with Multiple Products, and Product Design 

 

 So far we have been assuming, for the most part, that each firm produces a single 

good.  We now consider cases where each firm may produce multiple versions of the 

same product. Even in the case where the set of goods is fixed, this leads to interesting 

forms of behavior-based pricing, such as price discounts for consumers who are 

upgrading as opposed to new purchasers. In addition, there are the questions of how 

many different goods a firm will choose to sell, and (assuming it has this choice) what 

their characteristics will be.31 

           The literature on behavior-based pricing and multiple goods has studied two rather 

different sorts of goods and demand structures. Fudenberg and Tirole (1998), and Ellison 

and Fudenberg (2000) study “upgrades” in models of vertical differentiation, where all 

customers agree that one good is better than the other; these models study only the 

monopoly case. Thus these papers are most closely related to the literature we discussed 

in Section 2. In contrast, Zhang (2005) studies endogenous product lines in a Hotelling 

style duopoly model of horizontal differentiation that is similar to the model of 

Fudenberg and Tirole (2000) except for the assumption of quadratic “transportation 

costs.” We focus on these two sorts of models, and do not discuss the related literature on 

the monopolist’s profit-maximizing menu of goods and prices in a static model. 32 We do 

however discuss the papers of Levinthal and Purohit (1989), Waldman (1996), and Nahm 

(2004), which study the introduction of a new product in models with anonymous 

consumers and a frictionless second-hand market. Although behavior-based pricing is not 

                                                 
30His model is an extension of Doganoglu and Grzybowski (2004) who consider the same preferences but 
without price discrimination. 
31This latter question can also be asked when each firm is only allowed to produce a single good, but that 
question does not seem to have been explored in the literature on behavior-based pricing.  
32See Mussa and Rosen (1978) and Deneckere and McAfee (1996) for discussions of the way the 
monopolist’s desire to extract surplus leads to distortions in the product line. 
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considered in these papers, the analysis of the anonymous case is an important 

benchmark for the effects of behavior-based pricing. 

 

4.1 Upgrades and Buybacks with an Anonymous Second Hand Market 

 

 In this subsection and the next we discuss the two-period model of Fudenberg and 

Tirole (1998).  We begin with the case of anonymous consumers and a frictionless 

second-hand market, which corresponds to the market for textbooks, and is also a useful 

benchmark for evaluating the impact of behavior-based pricing. As noted above, 

behavior-based pricing is impossible when consumers are anonymous, just as it is in the 

durable-good models of Section 2. Indeed those models can be viewed as a special case 

of this one, because whether or no t there is a second-hand market makes no difference 

given that there is a single perfectly durable good and all consumers enter the market at 

the beginning and remain until the end.   

In period 1, the monopolist produces a low-quality version of a durable good; this 

good is denoted L. In period 2, the monopolist can produce both L and an improved 

version H. These goods are produced under constant returns to scale, with cost Lc  for L  

and H Lc c c∆= +  for good H,  where 0c∆ ≥ .33 There is a continuum of consumers, 

indexed by [0,1]θ ∈ ; a type-θ  consumer has utility V Iθ + , where I is her net income, 

and LV V=  or H LV V V∆= + , 0V∆ >  depending on whether she consumes L or H.   

This is a fairly standard demand structure, and it is easy to work with, but involves some 

loss of generality, as can be seen from the fact that  in a static model the monopolist will 

not offer both goods if their costs are the same.34  

Following the paper, we assume that L LV c>  and V c∆ ∆> . To simplify, we also 

assume that the distribution of types is uniform; the paper assumes that the distribution 

has a continuous density that satisfies the monotone hazard rate condition.  The firm and 

the consumers use the common discount factor δ . 

 Because the monopolist lacks commitment power, we solve the problem by 

working backwards from the second period. The solution here depends on the stock 1x  of 
                                                 
33 The production cost of upgrading an L  unit to H  is the same as that of making H  fro m scratch. 
34 This can be seen by considering equation (4.1) when 1 0x = . 
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L that is already in the hands of the consumers, but the assumptions of anonymity and a 

frictionless second-hand market mean that we do not need to worry about which 

consumers bought the product, and indeed we can suppose that all old units are sold in 

the second-hand market, with some of them possibly repurchased by their original 

owners.  The form of the utility function implies that there will be three (not necessarily 

non-empty) segments of consumers in the second period: types in the interval [0, ]Lθ  do 

not consume; types in [ , ]L Hθ θ  consume good L, and types in [ ,1]Hθ  consume  good H.    

The market price of good L is then the value L L Lp Vθ=  that makes Lθ  indifferent 

between purchasing L and not purchasing, while the price of H  makes Hθ  indifferent 

between purchasing H or purchasing L,  so H L Hp p Vθ ∆= + .  

If the mass of consumers consuming good L  is greater than the existing stock, 

i.e., if 1H L xθ θ− > , the monopolist is a net seller of L  in period 2; when the reverse 

inequality holds, the monopolist is engaged in “buybacks,” and when 1H L xθ θ− = , the 

monopolist is inactive on the L  market. Each of these regimes can arise for some values 

of the first-period stock; moreover, each of these regimes can arise for an open set of 

parameters in the full equilibrium, where 1x  is determined by the monopolist’s first-

period sales.   

 When 1H L xθ θ− > , so there are net sales, the monopolist has second-period 

profit  

 

(4.1) 
θ θ θ θ θ θ

θ θ θ θ

net sales
2 1

1

( )( ) (1 )( )
(1 )( ) (1 )( ).

H L L L L H L L H H

L L L L H H

x V c V V c
x V c V c

∆

∆ ∆

Π = − − − + − + −
= − − − + − −

 

 

Thus, it is as if the monopolist faces two separate, unlinked markets in period 2. All 

consumers above Lθ  purchase L, with 1x  of this coming from the pre-existing supply. 

Separately, the monopolist supplies the ‘upgrade’ to types above Hθ ; this (fictitious) 

good has incremental cost c∆  and sells at price HVθ ∆ . Thus when the net-sales regime 

prevails, the monopolist sells exactly the same amount of good L as it would if good H 

did not exist, and sales of the old good follow the standard Coasian path discussed in 
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Section 2. Similarly, price and sales in the upgrade market are not influenced by 1x . 

Thus, the first-order conditions for maximizing (4.1) are given by the standard formulas: 

 

11L L L L

L L L

V c x
V

θ θ
θ θ

− − −=  

and 

1H H

H H

V c
V

θ θ
θ θ

∆ ∆

∆

− −= . 

When 1H L xθ θ− < , so there are buy-backs, we suppose that the monopolist has no 

use for repurchased units. Thus the payoff function in this region is the same as net sales
2Π  

except that Lc  is replaced by 0. That is,  

θ θ θ θbuybacks
2 1(1 )( ) (1 )( ).L L L H H Hx V V c∆Π = − − + − −  

Note that once again the “upgrade market” decouples from the market for L.  

However, the price for L  (given 1x  and the buy-back regime) is lower than it would have 

been if H  had not been introduced, for now the “effective cost”  of L is zero. Thus, while 

the monopolist’s second-period payoff is continuous at the boundary between net sales 

and buybacks, it has a kink there, as the effective marginal cost changes from 0 to Lc . For 

this reason, the “inactive” regime is the equilibrium for a range of values of 1x . In this 

regime the constraint 1H L xθ θ− =  is binding, and the markets do not decouple. 

Fudenberg and Tirole show (in Proposition 2) that there are numbers 

1 10 1x x≤ < <  such that when 1x x<  the solution has net sales, and is exactly the 

solution to maximizing net sales
2Π  while ignoring the net-sale constraint. For 1 1 1x x x< <  

the solution that maximizes net sales
2Π  has negative sales of L, while the solution that 

maximizes buybacks
2Π  has net sales; here the second-period equilibrium is at the kink. 

Finally, for 1 1x x<  the solution has buybacks.  Moreover, Lp  is a continuous and weakly 

decreasing function of 1x , and  1L xθ +   is continuous and weakly increasing. 

 What we are really interested in is the full equilibrium of the two-period game.  

Fudenberg and Tirole show that setting a first-period price of 1p   leads to sales to all 

types above the cutoff value 1( )pθ , so that the stock on hand at the start of the second 
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period is 1 11x θ= − . The monopolist’s problem is thus to maximize  the discounted sum 

of first and second period profits, taking into account the way that first period sales 

determine the second period regime.   The following examples show that each regime can 

arise for some parameter values, and give a flavor of when they might be expected, but 

stop far short of a characterization of when each regime prevails. 

First, if 0L Hc c= = , then there are always buybacks.  To see this, note that in  

this case buybacks
2Π  simplifies to 1(1 )( ) (1 )( )L L L H Hx V Vθ θ θ θ ∆− − + − , so that the 

optimum in the H-market is 1/2Hθ = , which is the same as the optimum in the L 

market when 1 0x = .35  Thus, there are buybacks when 1x  is close to zero, and as 1x  

increases, Hθ  is unchanged while  1L xθ +  increases, so buybacks (which are 

1 L Hx θ θ+ − ) increase as well.   

Next, net sales occurs whenever 0Lc =  and c∆  is almost as large as V∆ , so that 

the new good is sold to only the highest-value consumers.  This is true for any value of 

the discount factor, but it is easiest to see for the case 0δ = , as here first-period output 

is the amount sold by a static, zero cost monopolist, which is ½ for the uniform case 

considered here, while the first-order condition for Lθ  in the net sales regime simplifies 

to 1
1

1( ) 2L
xxθ

−= , so  that (1/2) 1/4 1/2Lθ = <  and the second-period solution 

following 1 1/2x =  indeed has net sales.  

Finally, the equilibrium will have neither sales nor buybacks if 0c∆ =  and 

L Hc c=  is very close to LV .  Intuitively, when 0c∆ =  there will be no production of the 

old good in period 2, and because costs are close to LV , there will be very little 

production of  L in the first period, so 1x  is small, which makes buybacks less likely.36  

At this point we should mention the related work of Levinthal and Purohit (1989) 

and Lee and Lee (1994) on monopolists with an anonymous second-hand market.  

Levinthal and Purohit consider a model with costless production, where the second-

period market is described by a pair of linear demand curves, and the rental prices of each 

                                                 
35This equality does not depend on the uniform distribution but rather on the assumptions that costs are zero 
and quality enters the demand function multiplicatively.  
36The formal argument uses continuity and monotonicity properties. 



 52 

generation are equally affected by an increase in the output of the new generation. 37 In 

their model, buybacks are only optimal when the firm is sufficiently patient, and 

otherwise there are net sales.38  Lee and Lee suppose that the monopolist is unable to sell 

or buy units of the old product in period two. 

 

 

4.2 Upgrades and Buybacks with Non-Anonymous Consumers 

 

Fudenberg and Tirole go on to consider two other sorts of information structures: 

“identified consumers,” where the firms know which consumers purchased at date 1, and 

“semi-anonymous consumers,” where consumers can prove that they purchased if they 

wish to do so, but can also pretend not to have purchased, which constrains the price to 

new customers to be no lower than the “upgrade price” offered to old ones. Following the 

paper, we now assume that L HV Vδ> , which implies that any first-period price induces a 

cut-off 1 1( )pθ  such that the consumer of type θ  purchases when 1 1( )pθ θ> . This 

assumption is stronger than one would like, but we are not aware of a weaker condition 

that guarantees a first-period cutoff, nor of related analyses that allow for disjoint sets of 

consumers to purchase in the first period.  We also assume that 0Lc = , and that 0Hc =  

as well; the paper does not make this last assumption. 

We begin with the case of identified consumers.  Here the monopolist faces two 

distinct second-period markets, patrons and non-patrons. On the patron’s market the 

monopolist maximizes (1 )u uVθ θ ∆−  subject to 1uθ θ≥ , so 1max[1/2, ]uθ θ= , and 

u up Vθ ∆= .  On the non-patron’s market, the monopolist will sell good H to consumers 

with values between Hθ  and 1θ , where Hθ  is chosen to maximize 1( )H H HVθ θ θ− ; the 

solution to this is 1 /2Hθ θ= , with price 1 /2H Hp V θ= .   Comparing the objective 

functions in the two markets lets us identify two competing effects. First, non-patrons of 

any given type have more to gain from purchasing because they have a lower payoff 
                                                 
37Note that in the Fudenberg and Tirole model, the price of L  is  L LVθ  and so depends only on the supply 
of good L.  
38Their results imply that the inactive region never occurs without pre-commitment. They show that in 
some cases the monopolist can gain from a first-period commitment not to produce L  in the second  period, 
just as it could  if good H  did not exist. 
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without a purchase; this “reservation utility effect” pushes the upgrade price to be lower 

than the price to new consumers. On the other hand, former customers have higher types; 

this “ratchet effect” means that non-patrons should get lower prices. These effects will 

help us understand when the identified and semi-anonymous cases coincide. 

  Fudenberg and Tirole show that in equilibrium the monopolist chooses 

1 1/2θ > , so that all old patrons upgrade, and there is no “leapfrogging” of lower-value 

consumers past higher-value ones.39 Moreover in this case the second-period upgrade 

price is 1Vθ ∆ . 

In the semi-anonymous case, the payoff functions in the two markets are the same 

as with identified consumers, but the markets are linked by  the customers’ incentive 

compatibility constraint, which requires  that  u Hp p≤ ,  The calculations above show 

that this constraint is slack, and the two solutions coincide, if and only if 2HV V∆ ≤ / , or 

equivalently, if  LV V∆ ≤ , i.e., if the size of the innovation is not too large.  The intuition 

for this is that for large innovations, upgrading is very attractive to high-value types, so 

the “ratchet effect” dominates the reservation utility effect; this is true for general 

distributions and not just the uniform. 

Finally, Fudenberg and Tirole show that with costless production the 

monopolist’s profits are higher under anonymity than with identified consumers. With 

costless production, when 1 1/2θ ≥  (which is the relevant range) the anonymous-market 

solution is for customers between 1 /2θ  and 1 / 2  to consume L, and customers from 1/2  

up to consume H; with identified consumers, the monopolist sells H in the second period 

to all types above 1 /2θ .  The commitment solution is to sell H to consumers above ½, 

and nothing at all to the others; the anonymous solution is closer to this outcome, and so 

yields higher payoffs.  The point is that the presence of the second-hand market leads the 

monopolist to sell less of H in period 2, which helps alleviate the commitment problem in 

period 1. (Note that this finding does not immediately extend to the semi-anonymous 

case, except for parameters where it coincides with the solution with identified 

consumers: The no-arbitrage constraint cannot help the monopolist in the second period, 

                                                 
39Leapfrogging can occur when  0Hc > , as here the monopolist will not induce all old patrons to upgrade 
but it will sell H  to non-patrons so long as Hc   is not too high. 
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for any given first period outcome, but the constraint could have an impact on first-period 

play.) 

 

4.3. Endogenous Innovation 

 

Waldman (1996) and Nahm (2004) analyze endogenous innovation in the 

anonymous case. Waldman suppose that there are only two types, Lθ  and Hθ , with 

L L LV cθ < . This means that the firm would not sell to the low types in a one-period 

model, and moreover in the absence of the new good the firm would not produce in 

period 2. That is, the assumed demand structure means that the firm would not face the 

usual Coasian commitment problem. However, the sale price of the low good in period 1 

is decreasing in the probability that the firm will introduce an improved good H in the 

second period, and Waldman shows that the firm does face a commitment problem with 

respect to introducing the improved good.  

Nahm points out that this conclusion relies on the assumed demand structure. In a 

two-type model with  L L LV cθ > , the price of good L  will fall over to  L LVθ  in the second 

period whether or not the new good is introduced, and the firm does not face a 

commitment problem with respect to introducing the new good. Nahm goes on to 

investigate the incentives for introducing the new product in a model of section 4.1, 

where in between period 1 and period 2 the firm spends resources on R&D, which in turn 

determines the probability that the high quality good is available in period 2.   

As we saw above, in the net-sales case, the second-period price of good L  is the 

same whether or not H  is introduced, and investment in R&D  only influences payoff in 

the “upgrade” market.  Hence the monopolist does not face a time- inconsistency problem 

with respect to R&D, and it chooses the same level  of investment that it would chose if it 

could  commit to the choice in period 1. However, in the inactive and buy-back regimes, 

the second period price of L is lower if H is introduced than if it is not. Hence to 

maximize first-period sales and overall profit, the monopolist would benefit from a 

commitment that limited its R&D. 

Ellison and Fudenberg (2000) analyze the semi-anonymous, costless-production  

case in a model intended to correspond to markets for software. It is very similar to that 
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discussed above, with one good in period 1 and the possibility of producing an improved 

version in period 2; the main difference is that their model includes (positive) network 

externalities. In their model, consumers incur set-up or training costs each time they 

adopt or upgrade their software, and differing versions of software are backwards but not 

forwards compatible, so that users of the newest version of the software enjoy the largest 

network benefits. In their dynamic model, 40 consumers are ex-ante identical, but not all of 

them are present in the first period. They show that the monopolist suffers from a 

commitment problem that can lead it to introduce upgrades that are not only welfare-

decreasing but also lower its own overall present value. The idea of this result is simple:  

in the second period the monopolist may prefer to sell upgraded, higher-value software to 

new consumers, but this forces the old consumers to either incur the costs of learning to 

use the new version or settle for smaller network benefits due to incompatibility with new 

consumers. This can lead to a loss of first-period profits that outweighs the second-period 

gain. 

 As it is common in models of network externalities, consumers’ purchasing 

decisions have the flavor of a coordination game, and can have multiple equilibria. 

Ellison and Fudenberg assume that in the second period, new consumers coordinate on 

the equilibrium that is best for them, and consider two different equilibrium-selection 

rules for the old consumes who are deciding whether to upgrade; in either case there is a 

region of the parameter space where the monopolist introduces the upgrade when the 

social optimum would be to sell only the old good in both periods.  

  

4.4. Endogenous Location Choice in Duopoly 

 

 Waldman, Nahm, and Ellison and Fudenberg consider a monopolist whose 

innovation decision is whether to introduce or research an improved version whose 

characteristics are fixed. Zhang (2005) considers endogenous location choice in a two-

period poaching model. The idea is that the rise of flexible manufacturing makes it 

cheaper for firms to customize products to various clienteles, and since purchase 

                                                 
40The paper also considers a static model with a continuum of types, and shows that even with commitment 
the monopolist may introduce socially inefficient upgrades to help it price discriminate.  That model is less 
closely related to the themes of this survey. 
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decisions convey information, firms might want to design one product for its established 

customers and another for those they are trying to poach from a competitor. 

The information structure and institutional assumptions are the same as in the 

short-term contracts section of Fudenberg and Tirole (2000), but the payoff functions are 

different: Consumers are uniformly distributed on the interval [0,1], while firm locations 

are endogenous, and  transportation cost is quadratic in distance: the utility of for type θ  

of consuming a good at location a  is 2( )v t aθ− − , where the reservation utility is 

assumed high enough that in equilibrium all consumers purchase. At the start of the first 

period, the two firms simultaneously choose locations a and b respectively, and in the 

second period, each firm can produce products at  two (or more) locations, and offer 

different prices and goods to consumers whose first-period actions were different.   

In the base model, designing new products is costless.41 If the firms and 

consumers have the same discount factor, or more generally, if the consumers are 

sufficiently patient compared to the firms, the equilibrium is for the firms to split the 

market in the first period, and for each firm to offer two new and distinct models in the 

second period, with firm A choosing ,o na a  and firm B choosing  ,o nb b , where “o” and 

“n” are for  old and new consumers respectively.  However, as in the poaching models 

discussed in section 3, firms do better when they have less first-period information, and if 

firms are sufficiently patient compared to consumers then the first-period pure-strategy 

equilibria are asymmetric, with one firm capturing all of the market, so that first-period 

purchases reveal no information. 

To understand these results, we explain the outcome in the second-period markets 

for types who have been revealed to lie in an interval [ , ]Z Z L+ , which is the same as in 

a static model with these types as the single market. It is interesting to note that although 

introducing varieties is costless, and firms are allowed to introduce as many as they wish, 

in equilibrium each firm only sells a single product. This fact is closely related to the fact 

that if each firm can only introduce a single product, they will choose locations outside 

the support [ , ]Z Z L+  of the distribution of consumer types if such locations are allowed, 

and at the boundaries of the distribution if it is not. Intuitively, firms face a trade-off 

                                                 
41 The paper speculates briefly about the case where innovation costs are such that firms introduce a single 
new product in period 2. 
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between locating near the center of the distribution, which increases profits holding the 

opponent’s price fixed, and locating towards the edges, which lessens price competition 

and raises the opponent’s equilibrium price. With quadratic transportation costs and the 

uniform distribution, the strategic effect dominates until the locations are well outside the 

support of the distribution of types.42 The fact that the optimal locations for a single 

product are outside of the support provides an intuition for why introducing a second 

variety would not be helpful: If the new variety is to provide an increase in efficiency, it 

must be closer to the opponent’s location, but this would provoke the price competition 

that the first location was chosen to avoid.   

Now consider firms simultaneously choosing locations and prices in two different 

second-period markets, corresponding to the first-period purchase of the consumers. The 

previous paragraph explains why each firm will chose a single product for each market; 

in general, these products will be different, and  a better match for the tastes of the market 

they are designed for.   

Now we turn to the consumer’s decision in the first period. As in Fudenberg and 

Tirole (2000), the first-period decisions of consumers will generate a cut-off rule, so that 

first-period sales identify two intervals of consumers, corresponding to each firm’s turf.  

Also as in that model, the consumers who are near the cutoff in the first period switch 

suppliers in the second, and increased consumer patience makes first-period demand less 

elastic. Consumers benefit most when they are identified as being in a small interval, as 

this leads to intense price competition; the firms second-period profit is highest when all 

consumers purchase from the same firm in the first period, so that the purchases reveal no 

information.  

Working backwards to the firm’s first-period decisions, Zhang shows that when 

consumers and firms are equally patient, and more generally if the consumers are 

sufficiently patient compared to the firms, the first period outcome is symmetric, with 

firms A and B located equal distance from the market center, and each taking half the 

                                                 
42Economides (1986) studies the Hotelling location-price game where duopolists each offer one product,  
with a uniform distribution on types, and transportation costs proportional to t α . He shows that for 

[1.26,1.67]α ∈  the firms locate within the distribution of types, while for [1.67,2]α ∈  they locate at the 

endpoints. (He constrains them not to locate outside of it.) For [1,1.26]α ∈  there is no pure strategy 
equilibrium; see d’Aspremont et al. (1979) for the linear and quadratic cases. 
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market. In the second period, each firm introduces two new products, one for each 

segment of the first period market. On the other hand, if firms are patient and consumers 

are myopic, the firms are able to avoid segmenting the first period market, and their 

combined profits increase. 

Zhang’s results on product design seem to reinforce the idea that customer 

recognition leads to more intense competition, and lower profits. It would be interesting 

to understand what happens if we have a longer time horizon (possibly with changing 

consumer tastes), and what would happen under product choice and monopoly, with 

customized product advertising (and where this customized advertising could also depend 

on past behavior).  

 

 

5. Related Topics: Privacy, Credit Markets, and Customized Pricing 

 

 This section briefly discusses the issues of consumer privacy protection, pricing in 

credit markets, and standard third-degree price discrimination that is based on exogenous 

characteristics. We focus on the work of Calzolari and Pavan (2005), Taylor (2004a), 

Dell’Ariccia et al. (1999), Dell’Ariccia and Marquez (2004), and Thisse and Vives 

(1988), and also discuss Pagano and Jappelli (1993), Padilla and Pagano (1997, 2000), 

and Taylor (2004b).  

 

5.1. Privacy 

 

As we have seen, the efficiency consequences of BBPD are ambiguous, so there 

is some reason to consider the impact of various regulations and firm-based initiatives 

that protect consumer privacy. 43 One interpretation of consumer privacy is that firms 

                                                 
43This ambiguity should not be a surprise in view of previous results on related issues. Hirshleifer (1971) 
noted that the efficiency impact of information acquisition is ambiguous when markets are incomplete.  
This holds in particular for firms acquiring more information about the characteristics of each consumer. 
For example, Hermalin and Katz (2005) show that third degree price discrimination may be better or worse 
from a social point of view than second-degree price discrimination. Wathieu (2004) argues that 
information about consumers may lead to inefficiently many products being produced, each at too low a 
scale. For a recent survey on the economics of privacy see Hui and Png (2005). 
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cannot track consumers’ past behavior.44 Consumers that buy early may be recognized as 

consumers that value the product highly, and then be charged a higher price in 

subsequent periods. In this sense consumers are hurt by loosing their privacy, they are 

charged higher prices. As discussed above, consumers, if aware of this loss of privacy, 

may be strategic in the earlier periods, and refrain from purchasing the product, not to 

reveal their high valuation. This may give firms an incentive to commit to privacy 

protection. 

 Taylor (2004a) uses a variation of the two-period model of Section 2 to focus on 

the privacy issue. Consumers interact sequentially with each of two firms, and each 

consumer’s valuations for the products of the two firms are positively correlated, so that, 

if the second firm is able to observe that a consumer bought from the first firm, then the 

second firm’s beliefs about the valuation of that consumer for its product is higher than if 

the consumer declined to purchase. Taylor assumes that the second firm is unable to 

commit to its prices until after consumers interact with the first one. Privacy is the case in 

which the second firm is not able to observe whether a consumer bought or did not buy in 

the first period. Without privacy, the first firm can sell the list of its customers, and allow 

the second firm to price discriminate between the consumers that bought and did not buy 

from the first firm.  

 If there is no privacy, the first firm sells the customer data to the second, and 

consumers do not foresee that sale (in the context of Section 2 this is the case when the 

consumers are myopic), then the first firm has a greater incentive to charge higher prices 

in order to make the customer data more valuable. If consumers foresee that the first firm 

is going to sell the customer data to the second firm, then they strategically refrain from 

buying, which makes the customer data being sold less valuable, and gives incentives for 

the first firm to lower prices. Firms prefer the no-privacy case when consumers are 

myopic, but prefer consumer privacy if consumers are able to foresee that under no 

privacy their purchase information is going to be sold. Taylor shows that welfare can be 

higher or lower under consumer privacy depending on the demand elasticity.  

                                                 
44Upon realizing that Amazon was charging different prices for the same item, possibly based on different 
purchase histories, some consumers showed concern about shopping there (“Customers Balk at Variable 
DVD Pricing,” Computerworld, September 11, 2000, p. 4). 
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 Calzolari and Pavan (2005) consider the case where two principals sequentially 

contract with a common agent, and where the upstream principal can sell its information 

to the downstream principal. They assume that the agent’s valuations with the two sellers 

are perfectly correlated, which is more restrictive than Taylor’s assumption of imperfect 

correlation, but otherwise their model is more general. 45 As in Taylor, the second 

principal posts its contract after the consumer has already decided whether to accept the 

contract of the first firm. By selling information to the downstream principal, the 

upstream principal may get some payment from the downstream principal (possibly due 

to greater efficiency, or less information rents provided to the agent, in the downstream 

relationship), or appropriate any rents of the agent in the downstream relationship that are 

generated by this sale of information. Calzolari and Pavan identify three conditions under 

which, if the upstream principal can commit not to disclose any information 

(commitment to privacy) she will choose to do so. The first condition is that the upstream 

principal is not personally interested in the decisions taken by the downstream principal. 

In the context of Taylor (2004a) this is just that the profit of the first firm is independent 

of the decisions taken by the second firm. The second condition is that the agent’s 

exogenous private information is such that the sign of the single crossing condition is the 

same for both the upstream and downstream decisions. In the context of Section 2 this 

condition is just that the valuation of a consumer type is the same across products. In 

Taylor (2004a) this is that the valuation for the product of the first firm is positively 

correlated with the valuation for the product of the second firm. Finally, the third 

condition is that the preferences in the downstream relationship are additively separable 

in the two contractual decisions. In the context of Section 2, or Taylor (2004a), this is 

immediately obtained because the second-period profit or utility is independent of 

whether there was a purchase in the first period. 

 It is interesting to try to informally relate the first condition with the two-period 

model in Section 2. Denote the first-period profit under disclosure of information as a 

function of the first-period action 1a  as 1 1( )d aπ , the first-period profit under privacy as a 

function of the first-period action as 1 1( )p aπ ,  the second-period profit under disclosure of 

                                                 
45 Ben-Shoham (2005) extends the Calzolari and Pavan analysis to allow for imperfect correlation, and also 
for imperfect (i.e., noisy or partial) revelation of information from the first principal to the second. 
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information as a function of the first-period action as 2 1( )d aπ , and the second-period 

profit under privacy as pπ . Note that in the model of Section 2 the second-period profit 

under privacy is independent of the first-period action. 46 In the context of Section 2 the 

firm chooses its first-period action under disclosure of information to maximize 

1 1 2 1( ) ( )d da aπ π+  (where the discount factor was set to one). In Calzolari and Pavan the 

upstream principal is able to receive a payment for the disclosure of information from the 

downstream principal in the amount of 2 1 2( )d paπ π− . The upstream principal chooses then 

her action under disclosure of information to maximize 1 1 2 1 2( ) [ ( ) ]d d pa aπ π π+ − , which 

results in the same optimal action as in the model of Section 2.  Finally, note that in the 

model of Section 2 the firm chooses privacy if and only if 

1 11 1 2 1 1 2 1max ( ) max ( ) ( )p p d d
a aa a aπ π π π+ ≥ + , while in the context of Calzolari and Pavan 

the upstream principal chooses privacy if and only if 

1 11 1 1 1 2 1 2max ( ) max ( ) [ ( ) ]p d d p
a aa a aπ π π π≥ + − . It is immediate to see that these are exactly 

the same conditions, that privacy is chosen in both models in exactly the same conditions 

(no customer recognition in the model of Section 2). So, even though in Calzolari and 

Pavan there are two principals, in the case where the upstream principal expropriates the 

informational rent from the downstream principal, the model corresponds to single-

principal models discussed in Section 2.  

 Calzolari and Pavan (2005) also show that under the second condition, if the 

upstream principal discloses information to the downstream principal, the increase in the 

rent that has to be given to the agent always offsets any potential benefit from the sale of 

information, or from a greater rent of the agent in the downstream relationship. This is 

because, if information is disclosed, the agent becomes more protective of his type and 

the upstream principal does not have the possibility of using any distortion of the 

downstream relationship contractual variable to help the agent reveal his type. This then 

implies that when the upstream principal is not personally interested in downstream 

decisions (the first condition), then there is no advantage in disclosing information and 

                                                 
46Calzolari and Pavan allow for the second-period profit to be additively separable in the two contractual 
decisions, and therefore to be also a function of the first-period actions even under privacy. This possibility 
does not affect the argument above. 
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the optimal policy is committing to full privacy. The paper then argues that each of these 

conditions is necessary for the full privacy result, and that if one of the conditions does 

not hold it may be optimal for the upstream principal to disclose information to the 

downstream principal. In such cases, there are also situations in which disclosure of 

information benefits all three players. 

 Taylor (2004b) considers a market situation in which firms first post prices, and 

then decide on how much to screen the customers that demand their product. The profit 

that a firm derives from a customer depends not only from the price charged, but also 

from the cost of servicing that customer which varies in the population (and that is also 

not known by the customer). The amount of screening chosen by a firm allows that firm 

to receive a noisy signal about the cost of servicing a customer. More screening reduces 

the noise of the signal. In relation to the papers above, this paper can be seen as looking 

at quantity discrimination, while the papers above looked at price discrimination. Given 

that the cost of servicing a certain customer depends on the a priori unknown 

characteristics of the customer, this model matches well the market features of credit 

markets, discussed below.   

 Consider the case in which the screening device searches for “bad news”, that is, 

good news are always identified appropriately as good news, but bad news are only 

identified as bad news with some probability less than one. Then, one can obtain that 

competitive firms screen customers too much. A firm’s incentive to screen customers is 

given by the difference between the cost of servicing the costly customers and the price it 

is getting as revenue from those customers, while the social incentive is the difference 

between the cost of servicing the costly customers and the consumers’ valuation. As in a 

competitive market the price is below the consumers’ valuation, a firm’s incentive to 

screen customers is greater than the social incentive. If the screening device is not very 

good, or the social cost of servicing the costly customers is small, then it may be better 

not to allow firms to screen (customers have privacy) and for firms to service all 

customers. If rejected customers stay in the market and apply for the other firms, the 

situation may become worse, with even more equilibrium screening, so that no screening 

(privacy) is even better from a welfare point of view. Consumers can improve their 

situation (of too much screening) by reducing the quantity that they purchase. 
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 Another possibility is for firms to offer consumers the option of disclosing their 

valuation or keeping it private. McAdams (2005) considers this case, in which consumers 

who do not disclose their valuation pay a “sticker price,” while consumers who allow the 

firm to learn their valuation pay a fee to get a “customized price,” and where learning a 

consumer’s valuation is costly to the firms. McAdams shows that there are parameter 

values such that welfare can increase if the firms are required to offer the same prices to 

all consumers (and consumers are forbidden to reveal their valuation/give up their 

privacy). 

 

5.2. Credit Markets 

 

 In credit markets, lenders may learn about the ability of their borrowers, their 

customers, to repay loans; this information can then be used by the firms in the future 

loans to those customers. In this case what a firm learns about its previous customers 

relates to the cost of providing the customer with a given contact, as opposed to the 

customer’s willingness to pay, which has been the focus of the work we have discussed 

so far. This feature is also present in other markets,  such as labor markets (information 

about employees), rental markets (information about tenants), insurance markets 

(information about policy holders), and some forms of service contracts (fussy customers 

take more time to service). Our presentation here is cast in terms of credit markets 

because the existing literature has used this type of markets as main motivation. 

 We start by discussing what happens in credit markets when lenders have private 

information about their own previous borrowers, and then consider the possibility and 

effects of lenders sharing their information. The presentation is based in large part on 

Pagano and Jappelli (1993), Padilla and Pagano (1997, 2000), Dell’Ariccia et al. (1999), 

and Dell’Ariccia and Marquez (2004). Some of the discussion is also related to some of 

the material presented in the privacy section above, in particular, Taylor (2004b). 

 Following Dell’Ariccia et al (1999), consider a market with two competing 

lenders, 1 and 2 . Borrowers have to borrow $1 to invest in a project that pays R  with 

probability θ , and zero with probability 1 θ− . Borrowers are heterogeneous on the 

success probability θ , with cumulative distribution function ( )G θ  (density ( )g θ ) on 
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[0,1] . Furthermore, the borrowers are, independent of θ , in one of three groups: Either 

they are “new” borrowers, and so no lender knows about the borrower’s θ ; or they are 

“old” borrowers from Lender 1, so that Lender 1 knows θ , but this is not known by 

Lender 2 ; or they are “old” borrowers from Lender 2 , so that Lender 2  knows θ , but 

this is not known by Lender 1. Let λ  be the proportion of “new” borrowers (1 λ−  of 

“old” borrowers), and let iα  be the proportion of “old” borrowers from Lender i . 

Dell’Ariccia et al. (1999) assume that a lender is not able to distinguish between “new” 

borrowers and “old” borrowers from the other lender, and that, lenders first  

simultaneously set interest rates ir  for the borrowers for whom they do not know θ , and 

then they set, also simultaneously, the interest rates irθ  for the borrowers for whom they 

know θ .47 The paper focuses on the analysis of this market interaction, which can be 

seen as the second period of a two-period model. 48 

 Consider first the behavior of a Lender i  with respect to its previous “old” 

borrowers. These borrowers have access to an offer from the other lender at an interest 

rate jr . In order for Lender i  to attract them, it has to offer them at least an interest rate 

jr . The expected profitability of a borrower of type θ  is then 1jrθ − . Lender i  then only 

wants to extend credit to the borrowers that will generate positive expected profit, that is 

for the borrowers with 1/ jrθ ≥ . Lender i  expected profits from its previous “old” 

borrowers is then 

 
1

1/
(1 ) ( 1) ( )

j
i jr

r g dα λ θ θ θ− −∫ . 

Note that these expected profits from the lender’s previous borrowers are independent of 

the lender’s interest rate to the “new” borrowers. 

 Consider now the profit of a Lender i  from the borrowers that borrow from that 

lender for the first time, given interest rates ( ,i jr r ). Lender i  gets an expected profit from 

                                                 
47 These two assumptions are as in Villas-Boas (1999), discussed in Section 3. Sharpe (1990), in the context 
of credit markets, and with borrowers choosing investment levels, makes the assumption that lenders make 
first the offers to the borrowers that they know, and then, after observing the offer policies (but not the 
actual offers), make offers to the borrowers that they do not know. 
48The appendix of the paper presents some analysis on the two-period model (without discussing if 
forward-looking borrowers would play a role), and argues, as in Sharpe (1990), that the first period 
competition is more intense because of the informational advantages the lenders enjoy in the second period. 
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the “new” borrowers of ( ( ) 1)ir Eλ θ −  if i jr r< , of 
1

( ( ) 1)
2 ir Eλ θ −  if i jr r= , and of zero if 

i jr r> . The expected profits for Lender i  of the “old” borrowers of the other lender, due 

to the poor quality borrowers that are denied credit by the other lender, are 

1 1
(1 ) ( )[ ( / ) 1]j i

i i

G r E
r r

α λ θ θ− ≤ − .  

  Because of the discontinuity of the expected profits from the “new” borrowers at 

i jr r= , by standard arguments (for example, related to Varian 1980), one can show that 

the market equilibrium involves mixed strategies in the interest rates ir  and jr . One can 

also show that the lender with a smaller share of the “old” borrowers, makes zero 

expected profits from its new customers, while the lender with a greater share makes 

positive expected profits from this type of customers. This is because the lender with a 

greater market share of “old” borrowers suffers less asymmetric information, and lends to 

less poor quality “old” borrowers than the lender with a smaller market share of the “old” 

borrowers. Dell’Ariccia et al. (1999) go on to show that this equilibrium with two lenders 

is exactly the same as the equilibrium with a third lender potentially entering the market, 

as this new lender would prefer to stay out. This is because this potential entrant cannot 

protect itself from the lower quality “old” borrowers from both firms. As the incumbent 

smaller market share lender makes zero expected profits, the new entrant would make 

negative profits if entering the market (have a positive market share), and prefers to stay 

out. We have then that the ability to recognize previous customers in credit markets leads 

to blockaded entry. 49 

 Dell’Ariccia and Marquez (2004) considers a variation of the model above where 

only one lender has previous “old” borrowers, this informed lender has higher costs of 

funds than the competitor, and θ  is uniformly distributed on the segment [ ]0,1 . The 

paper fully characterizes the mixed-strategy equilibrium, and analyzes how the existence 

of this informed lender affects the loan portfolio allocation. Greater information 

asymmetry leads to higher interest rates as the informed lender takes advantage of its 

                                                 
49 Baye et al. (1992) show the existence of a continuity of asymmetric equilibria in the symmetric Varian 
(1980) model. It would be interesting to investigate the implications of those results for the model above 
when there are more than two incumbents.  
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information advantage. Furthermore, as the competitor has lower costs of funds, the 

informed lender concentrates more on its previous borrowers, as competing for the “new” 

borrowers requires now lower interest rates. 

 This problem of a new firm trying to poach some of the “old” customers of an 

incumbent firm, and having to be aware of the lemons problem associated with it, is also 

related to auction problems when one of the bidders is better informed (as in e.g., 

Engelbrecht-Wiggans et al. 1983), and to competition for auditing business, when the 

incumbent auditor is better informed about the business risk of a client compared to a 

rival entrant (e.g., Morgan and Stocken 1998). 

 One issue that is particularly important in credit markets is what happens if the 

lenders exchange information about the borrowers. Pagano and Jappelli (1993) 

investigate this issue with two types of borrower quality, where each lender is in a 

different “town,” and learns about the credit quality of the borrowers in that town in the 

previous period. Some of the borrowers change towns from period to period, and there is 

heterogeneity on the return from the borrowers’ projects if successful. Lenders can price 

discriminate across three types of borrowers: the safe “old” borrowers, the risky “old” 

borrowers, and the “new” borrowers. If the interest rate to the “new” borrowers is too 

high, only the risky “new” borrowers apply for credit. Consider first the case in which 

lenders are local monopolies in their own towns. In this case profits are decreasing in the 

proportion of “new” borrowers, as the lenders have less ability to price discriminate 

between the types of borrowers. If there is information sharing across towns, then lenders 

can distinguish the types of all borrowers, and profits increase. However, the lending 

volume increases with information sharing if the safe  “new” borrowers were not served 

in the case without information sharing, and decreases otherwise. 

 Consider now the case of competition where lenders can offer credit to borrowers 

in neighboring towns, although at a cost disadvantage. “New” borrowers are assumed to 

come from far away towns. In order to simplify the analysis (to get away from mixed 

strategy equilibria), Pagano and Jappelli (1993) assume that outside lenders make offers 

after the offers made by the local lenders. The paper finds that, as above, lenders are able 

to deter entry given their informational advantages, and that information sharing leads to 

lower profits, given the greater threat of the potential entrants. The incentives for lenders 
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to share information depend then on the monopoly effects above for information sharing, 

and on the competition effects against information sharing. Which effect dominates 

depends on their relative strength. 

 Another potential important issue in credit markets is the possibility of borrowers 

exerting effort to increase the probability of success of their project. This issue is 

addressed in Padilla and Pagano (1997). In this case, borrowers may be concerned about 

exerting effort and then being taken advantage of by high interest rates from the informed 

lenders (hold-up problem). Padilla and Pagano suggest that lenders may be able to correct 

this incentive problem by committing to share their information about the borrowers with 

other lenders, such that the borrowers can benefit from interest rate competition. In 

another paper, Padilla and Pagano (2000) consider the case in which lenders cannot take 

advantage of their information about the borrowers because they compete away ex-ante 

any gains from future private information. In this case the paper argues that the lenders 

may still want to commit to share the borrowers default rate with other lenders as an 

incentive device for the borrowers to exert more effort to increase the probability of the 

project success. However, if the lenders share the information about  the type of the 

borrower, the incentives to exert effort are lower than if only defaults are shared, and the 

borrowers exert the same level of effort as if no information were shared. 

   

   

5.3. Customized Pricing 

 

 In some markets competing firms may have information about the consumer 

preferences and price discriminate based on consumer preferences. Competition in such a 

setting may end up being more intense, if this leads to less differentiation in the 

competition for each consumer.  

Thisse and Vives (1988) consider this effect in the Hotelling line with two firms 

located at the extremes of the segment [0,1] . Suppose that consumers are uniformly 

distributed on this segment, and that a consumer located at x  pays “transportation costs” 

tx , if buying from the firm located at 0 , Firm 0 , and “transportation costs” (1 )t x− , if 

buying from the firm located at 1, Firm 1.  
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If firms do not know the location of the consumers they have to charge a uniform 

price for all consumers. Let the price charged by Firm 0  be 0p , and the price charged by 

Firm 1 be 1p . Then, it is well known that the demand for Firm 0  is 

1 0
0 0 1( , )

2
t p p

D p p
t

+ −
= , and that the demand for Firm 1 is 1 0 1 0 0 1( , ) 1 ( , )D p p D p p= − . 

The equilibrium prices are then 0 1p p c t= = +  (assume constant marginal costs c ), and 

the equilibrium profit for each firm is / 2t . 

Consider now that the firms know the location of each consumer. Then, each firm 

can charge a price per location x , ( )ip x . The price competition in each location x  is like 

competition with a homogeneous good, where the consumer has different valuations for 

the product. For 1 / 2x ≤  (the case of 1 / 2x >  is symmetric) we have in equilibrium 

0 1( ) (1 2 ), ( )p x c t x p x c= + − = ,  and the consumers choose Firm 0’s product. The average 

price received as revenue by a firm is then / 2c t+ , and each firm has a profit of / 4t , 

one half of the profit when customized prices were not possible. This result points to a 

general effect that competition with customized prices is more intense than competition 

without customized prices, if customization leads to less differentiation in the 

competition for each consumer. That is, competition with customized prices becomes like 

competition with no differentiation, in which at the equilibrium prices, an infinitesimal 

small price cut attracts all the demand. Variations of this result can be seen in Borenstein 

(1985), Holmes (1989), Corts (1998).50 For the case of competition with second degree 

price discrimination see, for example, Stole (1995), Villas-Boas and Schmidt-Mohr 

(1999), Armstrong and Vickers (2001), Desai (2001). For a recent survey of competition 

with price discrimination see Stole (2004).51 

However, as noted by Armstrong (2005), more information about the consumer 

preferences may not necessarily lead to less differentiation and lower profits. Armstrong 

notes that if the additional information is about the “transportation costs” parameter in the 

traditional Hotelling model, additional  information leads to significantly higher prices 

                                                 
50 See also Katz (1984) for the case of price discrimination in monopolistic competition. 
51 See also Armstrong (2005) for a recent survey on economic models of price discrimination. 
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for the consumers with the higher transport costs; this  may lead to higher equilibrium 

profits. 

One interesting extension of the variation of the Thisse and Vives model above is 

the case in which we allow firms to only know the locations of some of the consumers in 

the line (the firm’s database), and therefore, can only offer customized prices to those 

consumers. This case is considered in Chen and Iyer (2002). We then have that at each 

location some consumers are in the database of both firms, some consumers are in the 

database of only one of he firms, and some consumers are not in any data base. The 

databases can be available from the firms’ internal sources or from external sources such 

as syndicated vendors of information. 52 

Chen and Iyer show that firms may choose to have not all consumers in their 

database as this alleviates price competition. However, it turns out that allowing firms to 

offer some degree of customized prices leads to higher profits than no customization at 

all. That is, there is an intermediate level of price customization that leads to higher 

profits. The intuition for why having limited databases may alleviate price competition is 

related to Grossman and Shapiro’s (1984), who show, in the context of uniform prices, 

that decreased advertising costs may reduce profits because it leads firms to increase their 

advertising. This increased advertising leads to more consumers that can compare prices, 

which leads to a greater benefit for a firm of cutting prices, and thus to lower equilibrium 

prices and profits. In Chen and Iyer, larger  databases allow firms to do more customized 

pricing, which we know from Thisse and Vives, may lead to greater price competition.   

Ulph and Vulkan (2000) consider the incentives for firms to invest in customization 

capabilities under different transportation cost functions. Ulph and Vulkan (2001) discuss 

what happens when customization may allow a firm to offer customized products. Iyer et 

al. (2005) consider the effects of customized advertising (in a model similar to Grossman 

and Shapiro 1984 for uniform advertising), and show that customized advertising 

decreases price competition. 53 

A related but different form of competition with price discrimination is when 

firms with capacity constraints advance-sell their products, possibly at a discount. Dana 

                                                 
52This can then be seen as a later period of some dynamic interaction where firms learn the complete 
preferences of some consumers (the consumers in the firm’s database). 
53 See also Stegeman (1991), and Roy (2000). 
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(1998) considers this case, and finds that in equilibrium we may have advance-selling 

discounts that are bought by consumers with lower valuation for the product, but that 

have a more certain demand. 

 

 

6. Conclusion 
 
 This paper presents a summary of existing research on the effects of firms being 

able to recognize their previous customers, and behave differently towards them. The 

importance of understanding the effects of this market practice has increased in the recent 

past given the development of information technologies and the Internet (for example, 

web–browser cookies) that allow firms to keep, gather, and process more information 

about their past customers.54 This increase in information has led to the proliferation of 

customer relationship management practices in most industries. As of now, it seems that 

many firms collect more information about their customers’ behavior than they are able 

to process. As firms get better at processing this large amount of information, the effects 

of customer recognition are going to become more and more important. In fact, the 

Internet allows also firms to interact more directly with their customers, and better 

respond to this increase in information.  

 Most of the work until now has been on the firms’ pricing decisions, (with the 

exception of the limited work discussed in Section 4). Firms use consumer behavior to 

target many other sorts of decisions, including their product offerings and communication 

policies. As of now we have still very little understanding of how these activities can 

interact with the ability of firms to recognize customers. This means that research on this 

problem has so far just uncovered the “tip of the iceberg,” and that there is much work to 

                                                 
54 See Rossi et al. (1996) for a discussion of available databases of purchase histories and their possible use 
in direct marketing. Pancras and Sudhir (2005) present an empirical application of personalization activities 
(for example, offering of coupons) in grocery retailing. Lewis (2005) presents an application to subscriber 
data of a large metropolitan newspaper of the dynamic issues in pricing using the past consumer purchase 
behavior. 
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be done on behavior-based targeting in the future.  It would also be interesting to see 

more empirical work testing for the results presented in this literature.55  

Research to date has identified several pricing effects in both monopoly and 

competition. As discussed in Section 2, in monopoly, we have to account for both 

behavior of the firm anticipating the future gain of having more information, and the 

strategic behavior of consumers anticipating what firms will do in the future with their 

information. As discussed there, we may end up having a “ratchet effect,” as consumers 

realize that they would be hurt by revealing their information, so that they incur costs 

(forgo utility) to conceal their preferences. Important factors in how these forces play out 

include the relative discount factors of the firm and the consumers, the feasibility of the 

firm  offering long-term contracts, the effect of new generations of consumers coming 

into the market, and the effect of consumer preferences changing (with positive 

correlation) through time. 

 In markets with multiple firms there is the additional effect of firms poaching 

each other’s customers with special deals. This generates interesting strategic effects, 

possibly inefficient switching, and effects on the intensity of competition. In addition to 

the possibility of firms offering long-term contracts, and the entry of new customers (or 

customers changing preferences), another effect that can be important in several markets 

is the presence of switching costs or network externalities. 

 Allowing firms to recognize customers raises the question of what can firms do 

with such information, and whether consumers should have the right to privacy in their 

market interactions. Furthermore, in some markets, the characteristics of consumers may 

affect profits directly and this may have additional effects on the functioning of the 

market as discussed in Section 5 in the context of credit markets. 

 Finally, the possibility of firms recognizing their past customers interact with 

several market aspects that have been substantially studied in the past such as customized 

pricing, switching costs, durable-goods markets, and bargaining.  

     

                                                 
55There is already some related empirical work. See, for example, Goldberg (1996) and Guha and Wittink 
(1996) who show that empirical dealer discounts for new cars are a function of whether it is a first-time 
purchase and whether there is a trade-in. 
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