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Abstract

This paper theoretically studies price discrimination based on search
costs. “Shoppers” have a zero and “nonshoppers” a positive search cost. A
consumer faces a nondiscriminatory “common” price with some probabil-
ity, or a discriminatory price. In equilibrium, firms mix over the common
and the shoppers’ discriminatory prices, but set a singleton nonshoppers’
discriminatory price. Less likely price discrimination mostly benefits con-
sumers. An individual firm’s profit can increase in the number of firms.
These results have important implications for regulations that limit the
tracking of consumers (e.g., EU’s GDPR, California’s CCPA) and for eval-
uating competition online based on the number of firms.
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1 Introduction

Increasingly more transactions are conducted online rather than offline. An impor-
tant distinction between online and offline markets is that firms operating online
can track consumers’ browsing behaviour more easily, for example, by using cook-
ies. Firms use this consumer data to personalise their offers to consumers, in terms

of content or prices.! Regulators both in the EU and U.S. seem to be concerned
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2021), and “provide personalized services” (Google, 2021).



about these developments. The EU’s GDPR (General Data Protection Regula-
tion) and California’s CCPA (California Consumer Privacy Act) make it easier for
consumers to prohibit firms from accessing their data, for example, by simplifying
the disabling of cookies.

This paper contributes to our understanding of online markets where firms
use consumer data to price discriminate. It allows us to theoretically evaluate
the effect of regulations that restrict firms’ possibilities to track consumers’ on-
line behaviour and price discriminate based on this information. In particular,
I study probabilistic price discrimination based on search costs in a sequential
search model. My model predicts that regulations increase consumer welfare if
they are strict enough. I also show that an increase in the number of firms may
increase an individual firm’s profit, which erodes consumer welfare. This suggests
that in online markets regulators should not interpret a large number of firms as
a sign of healthy competition.

I model online markets as search markets because search costs online are con-
siderable (De los Santos et al., 2012; Honka, 2014). Online firms can often infer
something about the search costs of (potential) consumers. A person’s search cost
can at least partly be inferred from his browsing behaviour: if he visits various
online stores, spends lots of time there, and looks through scores of items, a firm
that tracks him may reasonably infer that his search cost is low.? Inferring a
person’s valuation, conversely, requires a firm to observe at least something about
his past purchase history; information that can be obtained by fewer firms and
at a higher cost. Empirical research has documented personalised prices based on
consumers’ behaviour in several online markets, such as car and home insurance,
hotels, flights, and car rental (FCA, 2019; Hannak et al., 2014; Ipsos et al., 2018).

In the model all consumers have a unit demand and the same valuation for
a homogeneous good.® They search sequentially for a low price. A fraction of
the consumers (“shoppers”) have a zero search cost and the rest (“nonshoppers”)
a positive search cost, as in Stahl (1989).* Homogeneous firms compete over
the consumers by setting prices.” A firm can identify a consumer’s type (search

cost) and offer him a discriminatory price, a “shoppers’ price” to a shopper and a

2 Among other things, Amazon collects information on which products a user views or searches
for, how long he spends on pages, and page interaction info like scrolling, clicks and even mouse-
overs (Amazon, 2021); p. 44 shows a screenshot. Both Facebook and Google collect data on a
user’s interactions with its own and some third-party pages (Facebook, 2021; Google, 2021).

31 focus on the case of identical valuations to highlight the effects of price discrimination
based on search cost only. I discuss heterogeneous valuations in Section 7.2.3.

4Stahl (1989) is the simplest model with heterogeneous search costs that captures the essence
of sequential search in that some consumers’ outside option is determined endogenously.

5A price can more generally be thought of as a utility-transfer pair that a firm offers, where
a different utility means a different quality or product match that the firm steers a consumer to.



“nonshoppers’ price” to a nonshopper, with some probability. This discrimination
probability can depend on the consumer’s type. With the rest of the probability,
the firm cannot identify the consumer’s type and offers him a nondiscriminatory
“common price”. The discrimination probability can be seen as a proxy for the
proportion of consumers who enable cookies or for firms’ average ability to track
consumers, both of which decrease as privacy regulation becomes stricter.%

As the first main result, I derive and describe the model’s unique symmetric
equilibrium. In principle, the mixed-strategy distributions of the three prices could
be intricately linked, but turn out to be related quite simply. In equilibrium firms
mix over common prices and shoppers’ prices, but set a singleton nonshoppers’
price. The dispersed common prices serve a dual purpose: attracting the shoppers
on the one hand and extracting profits from the nonshoppers on the other. The
highest shoppers’ price is equal to the lowest common price: shoppers identified
as such always get a discount over the common prices and the size of the discount
varies across firms. The highest common price and the nonshoppers’ price are
equal to the nonshoppers’ cutoff price.

Second, I present novel comparative static results with respect to the price
discrimination probabilities and the number of firms. In general consumers’ wel-
fare is lower when price discrimination is more likely, but the details depend on
whether the nonshoppers’ cutoff price is interior, i.e., below the valuation, or
not. Consumer welfare and firms’ total profits are inversely related in the unique
equilibrium because all consumers buy and nonshoppers search once each. If the
nonshoppers’ cutoff price is interior, in general consumers suffer from more likely
discrimination because firms can better target their price offers. Firms can, thus,
raise all prices and extract more from consumers, especially nonshoppers. If, in-
stead, the nonshoppers’ cutoff price is equal to the valuation, firms cannot raise
the highest prices when price discrimination becomes more likely. The nonshop-
pers’ cutoff price is interior if the price discrimination probabilities are low enough.
According to my model’s results, therefore, regulations that limit consumer track-
ing, such as the EU’s GDPR or California’s CCPA, certainly increase consumer
welfare if they reduce the tracking of consumers enough or ease the disabling of
cookies enough. In Section 6.1 I describe more precisely the effects of varying the
price discrimination probability against one type of consumers at a time and argue
that discrimination against shoppers drives the above result.

The most interesting comparative static result with respect to the number of

6The identification probabilities can be endogenised in several ways. I have chosen not to
do so in the main model because different plausible extensions lead to different orderings of the
identification probabilities; I discuss several possibilities in Sections 7.1 and 7.2.1.



firms is that an individual firm’s profit may increase in the number of competitors.
An increase in the number of firms leads to stiffer competition for both shoppers
and nonshoppers. When the number of firms is large, however, an individual firm’s
chance of attracting many shoppers is small. So if the number of firms increases,
a firm gives up on competing for shoppers and, instead, focuses on extracting
rents from nonshoppers by raising some prices. These higher prices, in turn, relax
competition and increase the firm’s profit for some parameter values. This result
is in contrast to Stahl (1989) where an individual firm’s profit decreases in the
number of firms. In my model, an individual firm benefits from more competitors
if the extra competition works as a commitment device: induces the firm to refocus
its efforts from competing fiercely for the price-sensitive consumers, the shoppers,
to extracting more from the price-insensitive consumers, the nonshoppers. The
extra flexibility lent by discriminatory prices allows the firm to do so in a manner
that increases its profit. Since firms’ profits can increase in the number of firms,
my model suggests that regulators should not interpret a large number of sellers
as a credible sign of healthy competition in online markets.

Another comparative static result with respect to the number of firms is that
the dispersion of prices (as measured by the range of prices) increases in the num-
ber of firms. Many empirical papers document that price dispersion in online
markets increases in the number of firms, while some find that the average price
increases and others that it decreases in the number of firms (Haynes and Thomp-
son, 2008; Grewal et al., 2010; Wang et al., 2021). A necessary condition for a
firm’s profit to increase in the number of firms in my model’s equilibrium is that
the average paid price increases in the number of firms. Thus, my model provides
a possible explanation to the joint empirical findings that a higher number of firms
online increases both price dispersion and the average price.

The model’s results apply more generally, although I model the consumers
in a very specific manner. Two features are important for the results. First,
that consumers differ in price sensitivity. Second, that the prices that firms set
to different consumer groups are related in equilibrium. These features generate
the economic forces that underlie the comparative static results in my model. In
particular, a firm’s profit can increase in the number of competitors if the increase
effectively functions as a commitment to not compete fiercely for the price-sensitive
consumers. If all firms compete less for the price-sensitive consumers, the firms
can focus on extracting profit from price-insensitive consumers by raising their
prices. Since this slackens competition further, a firm can also raise the prices set
to price-sensitive consumers and its profit increases.

Finally, I discuss several extensions to the model in Section 7. The first set



of extensions endogenise the consumer identification probabilities. The second
set discusses more dimensions of consumer heterogeneity, including more general
search cost distributions and dispersed valuations. Finally, I discuss correlated
identification events. Some extensions may change the equilibrium characterisa-
tion somewhat: also nonshoppers’ prices can be dispersed or a gap between the
nonshoppers’ price and the highest common price may arise. In all extensions,
however, as long as some shoppers and nonshoppers are identified and others not,
the same economic forces that generate my model’s interesting results are at play.

Literature. My paper contributes to the literature on type-based price dis-
crimination in imperfectly competitive markets. The closest papers, on consumer
search, have focused on discrimination based on consumer valuations (Fabra and
Reguant, 2020; Preuss, 2021) or third-degree price discrimination (Atayev, 2020).
Bergemann et al. (2021) derive an upper bound on the prices at which trades
occur for various information structures when firms can discriminate based on
consumers’ price count. In Armstrong and Vickers (2019) consumers exogenously
know one price (captives) or multiple prices and firms discriminate against cap-
tives with probability zero or one. The only other paper with probabilistic price
discrimination in an oligopoly setting that I know of is a duopoly model of Belle-
flamme et al. (2020). I focus on probabilistic price discrimination based on search
costs and derive comparative statics that can be used to evaluate regulation.

My paper is also related to the literature on behaviour-based price discrimina-
tion, where a firm can set special prices to consumers who bought from it before.”
The more related papers are Chen (1997) and Taylor (2003), where a firm learns
the switching cost of a consumer. In the search model in Armstrong and Zhou
(2016), firms set different prices to new and returning consumers. Conceptually,
discriminating between consumers based on their short purchase histories is akin
to discriminating based on coarse signals about consumer types, and discriminat-
ing based on long histories akin to precise signals about consumer types. My
model belongs to the latter group because I aim to model the idea that storing
long histories has become technologically feasible and cheaper.

Finally, my paper is related to papers on online privacy.® The most related
is Braghieri (2019) where firms can discriminate between consumers based on
whether they search or not. Braghieri (2019) focuses on the consumers’ privacy

choices rather than assessing the effects of regulation.

"See, for example, Hart and Tirole (1988) for a monopoly model or Villas-Boas (1999) and
Fudenberg and Tirole (2000) for imperfect competition. In some papers in this literature, firms
discriminate also based on the consumer’s type.

8See, for example, Acquisti and Varian (2005), Conitzer et al. (2012), Montes et al. (2019),
Ichihashi (2020), Hidir and Vellodi (2021), Loertscher and Marx (2020), and Braghieri (2019).



Section 2 introduces the model, and Sections 3 and 4 the problems of consumers
and firms respectively. Section 5 describes the equilibrium and Section 6 the
comparative statics’ results. Section 7 discusses several extensions and Section 8

concludes. All proofs are in the Appendix.

2 Model

The model is a unit-demand version of Stahl (1989) with probabilistic price dis-
crimination.

Consumers. A measure one of consumers look for a homogeneous good at a
low price to maximise utility. Each consumer has a unit demand and values the
good at v.Y Consumers are one of two types: a fraction A\ > 0 of the consumers are
“shoppers” and a fraction 1 — A are “nonshoppers”. Shoppers have a zero search
cost and see the price that they would be charged at each firm before deciding
which firm to buy from. Nonshoppers do not know the prices ex ante and search
through the firms in a random order. When a nonshopper visits firm ¢, he finds
out what price firm ¢ offers him. He pays a small search cost of & > 0 to find
out each price offer (except for the first).!® Recall is free as usual. A consumer
can exit the market if his expected value from participating is negative. Total
consumer welfare is measured by the sum of the net utilities across the buyers
who buy minus the total search costs paid by nonshoppers.

Firms. Each of the N > 2 firms produces the homogeneous good at zero
marginal cost. Firms set prices and maximise expected profits. A price can more
generally be thought of as a utility-transfer pair that a firm offers, where the utility
that a firm steers a consumer to (derived from, e.g., quality or product match)
is produced at a linear marginal cost. Firms can price discriminate with some
probability in [0,1). In particular, if a shopper (nonshopper) visits firm ¢, then 4
identifies the consumer’s type with probability ps (u,); ps and p, may differ. If
firm 7 identifies the consumer’s type, it can offer the consumer a discriminatory
price: its “shoppers’ price” p’ to a shopper and its “nonshoppers’ price” p! to a
nonshopper. If the firm cannot identify the consumer’s type, it must offer him its
“common price” p.. The firm’s price offers to all consumers are independent: one
shopper may be offered p’ at firm i, whereas another shopper or a nonshopper

may be offered p’ at i.!'* The price offers are also independent across firms: a

91 discuss heterogeneous valuations in Section 7.

0First search is free in Stahl (1989) and in most papers that build on it.

" The assumption that different shoppers (nonshoppers) get independent price offers at a firm
is without loss of generality. The equilibrium that I derive is the unique symmetric equilibrium
also if all consumers with the same search cost are offered the same price at a firm.



shopper may be offered p’. at firm i and p/ at firm j.'? A firm does not see which
prices are offered by other firms (but knows their equilibrium strategies as usual).
If ps = p, = 0, my model collapses to the unit-demand version of Stahl (1989).

The setup can be interpreted as follows. With probability us a shopper enables
firm 4’s cookies that track his behaviour online (and is offered a personalised
price p') and with the rest of the probability he disables firm i’s cookies (and is
offered a nonpersonalised price p’). A nonshopper enables cookies of a firm with a
potentially different probability u, than a shopper.!® In reality, a firm can access
information about a person’s interactions with its own website (immediately or at
the person’s later visit) using first-party cookies and with other firms’ websites by
using third-party cookies.

Timing. First, a firm sets its prices p., p, and p,. Second, each shopper
gets price offers at all firms and decides which firm to buy from. Third, each
nonshopper randomly chooses a firm to visit first and learns his price offer at the
firm. He decides whether to accept the price offer and buy or to continue costly
search. If he continues, he draws the next firm to visit at random from amongst
the previously unvisited firms. Fourth, utilities are realised.

Strategies. A firm’s pure strategy is a triple of real numbers (p., ps, pn): a
common price p., a shoppers’ price p,, and a nonshoppers’ price p,. A firm’s
mixed strategy, F', is a joint probability distribution over its pure strategies. A
nonshoppers’ strategy specifies at which prices to buy and at which to continue
searching. A shopper’s strategy specifies at which firm to buy. I assume that a
consumer accepts a current price offer when just indifferent.

Equilibrium. 1 focus on symmetric equilibria. In equilibrium, an agent plays
an optimal strategy, taking as given all other agents’ behaviour. Anticipating
that a firm optimally chooses independent p., ps, and p,, I denote the marginal
mixed-strategy distribution of p; by Fj(p;), expectations with respect to F; by E;,
and the lowest and highest prices in the support of Fj by P, and p; respectively
for 7 = ¢, s,n. In a symmetric equilibrium, all firms use the same mixed-strategy
distributions F,, F, and F,,. In a symmetric equilibrium all shoppers and non-
shoppers use the same optimal policies. As is standard in sequential search models,
I assume that nonshoppers hold passive beliefs: if they observe a deviation by one

firm, they believe that no other firm has deviated.

12T discuss correlated identification events in Section 7.3.

13T discuss privacy choices in Section 7.1.1.

1For example, when a person visits Amazon’s website, Amazon uses first-party cookies, but
also allows other firms to place (third-party) cookies on the person’s browser (Amazon, 2021);
p- 44 shows a screenshot.



3 Consumers’ problems

I briefly describe the consumers’ problems. A nonshopper’s problem is almost
standard. Suppose that the nonshopper is visiting the kth firm, £ < N, and that
the lowest price that he has seen so far is p. He does not per se care about whether
p is a firm’s common or nonshoppers’ price. Should the nonshopper accept the
price p or continue to search? A sufficient condition for continuing to search to
be optimal is that the cost of searching one more firm, «, is less than its benefit,
B(p), because the nonshopper can always exit after searching the next firm.

If nonshoppers expect that each firm chooses prices according to distribution

F, the expected benefit of searching one more firm is

B(p) = pnErp — pulpn < pl + (1 — 1) Ep[p — pelpe < pl.

With probability u,, the next firm identifies the nonshopper and offers him its
nonshoppers’ price p,, so his benefit is p — p,, if p, < p. With probability 1 — u,,
the next firm does not identify the nonshopper so his benefit is p —p. if p. < p. A
sufficient condition for continuing to search to be optimal is, thus, that B(p) > a.

Two observations complete the description of a nonshopper’s optimal policy.
First, the benefit of continuing to search B(p) increases in p and B(min{p ,p_}) =
0 so the equation B(p) = a has a unique solution. Second, a consumer can search
more than one additional firm only if he searches the next one. Thus, a necessary
condition for searching one or more additional firms to be optimal is that the cost
of searching one more firm is less than its benefit.

Altogether, the nonshoppers’ optimal search rule is a cutoff policy: to accept
the first price offer that falls below the optimal cutoff price, ¢,, and to continue

searching otherwise. The optimal cutoff ¢,, solves

B(é,) = a, (1)

if the solution is below the valuation v. If the solution to equation (1) exceeds v,
the optimal cutoff is ¢,, = v. If the nonshopper gets price offers that exceed his
cutoff price at all firms, then after visiting the last firm he accepts the lowest price
he saw if it is below v. In a symmetric equilibrium, all nonshoppers use the same
cutoff price. I derive the cutoff price ¢,, explicitly in the proof of Proposition 1.
A shopper’s problem is standard. A shopper observes all firms’ price offers
before deciding which firm to buy from so he buys at the firm that offers him the

lowest price as long as this is below v. If all offers exceed v, he exits the market.



4 A firm’s problem

I set up a firm’s problem and show that it optimally sets independent prices.
Suppose that firm 7 has decided to set prices (p’, p%, p’,) as its common, shoppers’
and nonshoppers’ prices respectively. Firm ¢ maximises its expected profit. Instead
of considering the firm’s ex ante expected profit, let us first think about the firm’s
interim profit: the expected profit when the firm knows that the visiting consumer
is a nonshopper, a shopper, or an unidentified consumer.

Suppose first that firm ¢ identifies a visiting consumer as a nonshopper, thus,
offers him its nonshoppers’ price p’,. Firm ¢’s interim profit from the nonshopper
is

mip) =1 e @)

pl, P(n returns to i|pt,)  if pl, € (én,v].

The first line of equation (2) says that the identified nonshopper buys immediately

from firm 7 if p!, is weakly below his cutoff price. The second line says that the

nonshopper buys at a price that exceeds his cutoff price only if he returns to

firm ¢ after visiting all firms and encountering prices there that exceed ¢,,, with

probability P(n returns to 4|p}). This probability depends on p!, and the prices

that the nonshopper is offered at firms other than 2, but does not depend on

firm i’s common and shoppers’ prices p. and p’ because the identified nonshopper
cannot get a different price offer at 7 than p? .

Suppose now that firm 7 identifies a visiting consumer as a shopper, thus, offers

him its shoppers’ price p’. Firm 4’s interim profit from the shopper is
T (py) = Dy (pL)pss (3)

where D(p%), which I address shortly, is the probability that a shopper who is
offered price p’ at firm ¢ buys at .

Finally, suppose that firm i cannot identify the type of the visiting consumer,
thus, offers him its common price p’. Firm i’s interim profit from such a consumer

is

1 = w(sfunid) ]} + v(shumid) Di (ot if pf < 6.
[1 — v(s|unid)]p.P(n returns to i|p%) 4+ v(s|unid)Di(pL)pl  if p’ > ¢,

(4)
where v(s|unid), that I derive below, denotes firm ’s interim belief that the uniden-
tified consumer is a shopper given that the consumer visits ¢ for the first time and

that ¢ cannot identify his type. The first terms on both lines of equation (4) are the



expected profits from a nonshopper: if the unidentified consumer is a nonshopper,
he buys immediately from firm i if p’ does not exceed his cutoff price ¢,, and buys
from firm 4 at price p’ > ¢, only after visiting all firms and encountering prices
there that exceed ¢, with probability P(n returns to i|p’). The second terms in
equation (4) are the expected profits from a shopper: if the unidentified consumer
is a shopper, he buys from firm i at price p’ with probability D’(p.). As above,
P(n returns to i|p’) depends on p. and the prices that the nonshopper is offered
at firms other than 7, but does not depend on firm 4’s other prices p!, and p’.

A shopper who is offered price p’ at firm 7 buys at ¢ with probability D%(p’) in
equations (3) and (4). The probability depends on firm 4’s price distribution via p’
and on the other firms’ price distributions because firm ¢ sells to a visiting shopper
at p' only if p’ is lower than the shopper’s offers at all other firms. However, the
other prices of firm 4, p! and p! if p* = p’ or p! and p if p* = p’, do not affect
Di(p") because a shopper only gets one price offer from each firm. Firm i does not
know exactly if any firm j # ¢ offers the given shopper its shoppers’ or common
price, but i knows that j offers p’ if j can identify the shopper’s type (with
probability u,) and p/ otherwise. Also, ¢ knows that the price offers at any two
firms are independent. Thus, knowing the price distributions of other firms, firm
i can calculate the expected probability of selling to a shopper at price p’, Di(p").
The probabilities P(n returns to i|p’) and D(p’) do not have nice closed-form
solutions at this level of generality. I derive the probabilities explicitly for the
unique symmetric equilibrium in the proof of Proposition 1.

Firm 4’s interim belief about the type of a visiting unidentified consumer can
be derived using Bayes’ rule. In terms of the odds ratio, we get

v(slunid)  P(s) P(visits i|s) P(unid|s, visits 1)

1 —v(s|lunid)  P(n) P(visits i|n) P(unid|n, visits )’

where s (n) stands for the event that a consumer is a shopper (nonshopper) and
“unid” for the event that the consumer is unidentified. The prior probability that
a visiting consumer is a shopper is A and the probability that he is not identified is
1 — ps. The prior probability that a visiting consumer is a nonshopper is 1 — A and
the probability that he is not identified is 1 — p,,. We, thus, only need to figure out
the probabilities that a consumer of a given type visits firm ¢ for the first time (i.e.,
excluding returns by nonshoppers after searching through all firms), P(visits i|s)
and P(visits i|n).

Shoppers visit all firms before deciding where to buy so P(visits i|s) = 1.
Nonshoppers search randomly so the probability that a nonshopper visits firm ¢

first is % If firms j # ¢ offer only prices weakly below the nonshoppers’ cutoff

10



price ¢,, no nonshopper that visited firm j # 7 first visits also firm 7 so the total
1

probability that a nonshopper visits firm ¢ for the first time is P(visits i|n) = .
If, instead, some firms offer with positive probability prices that exceed ¢,,, firm
1 can also be visited for the first time by a nonshopper as the kth firm in the
nonshopper’s sequence of visits for £k = 2,..., N. However, note that the total
probability

N

P(visits i|n) = Z P(visits ¢ as k’'th firm|n),

k=1
does not depend on prices at firm ¢ (but does depend on other firms’ prices)
because nonshoppers’ search is random. Thus, firm ¢’s posterior belief about the

type of a visiting unidentified consumer is

v(slunid) A 1 1 — g
1 —v(sjunid) 1 — X P(visits i|n) 1 — p,’

which is independent of (p’, p%, pt).

In the interim profits of firm 4, equations (2), (3) and (4), its prices p’,, p.,
and p’ appear in turn, but never simultaneously. The only additional terms that
appear in firm ¢’s ex ante expected profit are the expected number of consumers
of each type that visit ¢ for the first time. These are independent of firm i’s
prices because i’s prices affect neither the total number of consumers of a type,
the probability with which ¢ identifies a consumer nor, as I argued above, the
probabilities that a consumer of a given type visits firm ¢ for the first time. Thus,
considering firm ¢’s interim profits shows that the firm’s optimal prices are set

independently of each other: in any equilibrium F,., F, and F,, are independent.

5 Equilibrium

In this Section, I describe the equilibrium price distributions and their novel fea-

tures. The equilibrium is summarised in
Proposition 1. In the unique symmetric equilibrium,

e a firm’s strateqy comprises
1

(i) the distribution of common prices F.(p.) = 1— <’ﬁ) MU with support

_ _ . N 1 e -1
[p,. be] where p, = mm{m [1 — [ @+ yNyNhH dy] ,v}, p, =

Dc . A(l_us)N
o nd Y= TN

11



fs(p). e(p)

1
\
\
\
\
\
\

Ps=p, Pc=Pn

Figure 1: The equilibrium distribution of shoppers’ prices fs (red dashed) and of

common prices f. (black solid) in my model for us = u, = =, and the equilibrium

4’
distribution of prices in Stahl (1989) (grey dotted); N =5, A=1 a =5, v=1.
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(ii) the distribution of shoppers’ prices Fy(ps) = -- [1 (1 — ps) (ps> } ,
with support []_98,]33] where ps = p_and p_ = (1 — ps)N1p,, and

(#ii) the nonshoppers’ price p, = ¢,.
e a nonshoppers’ strategy is to accept all prices as p, = P = Op.
e a shoppers’ strategy is to buy at the firm that offers him the lowest price.

In the proof of Proposition 1 I first derive some necessary conditions on the
equilibrium price distributions, then show that the behaviour described in the
Proposition is an equilibrium, and last show that it is the unique symmetric equi-
librium. In the proof, I have to take into account, first, that shoppers see some
common and some shoppers’ prices. Second, that the supports of the common
and shoppers’ prices could overlap partly, fully, or not at all. I show that the two
distributions’ supports just touch.

Figure 1 plots an example of the equilibrium pdfs of shoppers’ prices f; (red
dashed) and of common prices f. (black solid) for pus = p, = }l, N =5 )= %,

a = %, and v = 1. For these parameter values, the nonshoppers’ cutoff price is

20°
interior: ¢, = 0.37. For comparison, Figure 1 also plots the standard single-unit
Stahl (1989) solution, i.e., f, for pus = pu, = 0 (grey dotted).

I now describe several aspects of the equilibrium. The two extreme cases
of no price discrimination (us = g, = 0) and full price discrimination (us =

i, = 1) are well-known benchmarks. Without price discrimination, we have Stahl
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(1989) and only common prices are dispersed (because shoppers’ prices are never
offered). With full price discrimination, common prices collapse to the valuation
(because close to s = 1, common prices are used primarily to extract profits from
nonshoppers), while the shoppers’ prices concentrate at the Bertrand outcome,
price zero. Both the common and shoppers’ prices are dispersed for all interior
price discrimination probabilities (in fact, us € (0,1) suffices).

Common prices in my model serve a dual purpose: attracting shoppers on the
one hand and extracting surplus on the other. The expression for the common
price distribution F, is similar to the price distribution in the unit-demand version
of Stahl (1989), except that v replaces ﬁ In my model 7 captures the relative
importance of shoppers and nonshoppers among the consumers for whom a firm’s
common price is relevant: the nonshoppers who are unidentified by the firm (i.e., a
fraction 1 — p,) and the shoppers who are unidentified by all firms (i.e., a fraction
(1 —ps)N). As an aside, note that p, and pu, enter  differently: the probabilities
of price discrimination against shoppers and nonshoppers affect the equilibrium
distributions differently, as I describe in detail in Section 6.

The shoppers’ price distribution, the most interesting new part of the equi-
librium, has the following features. Unlike the pdf of common prices, the pdf of
shoppers’ prices decreases. If a firm sets a low rather than a high shoppers’ price,
it attracts some more shoppers, but gets less revenue on all served shoppers. The
firm is indifferent between a low and high shoppers’ price if it sets the low price
more frequently. Firms optimally separate the common and shoppers’ prices so
that all shoppers’ prices are below the common prices: p, = p, 1% The intuition is
as follows. First, it is never optimal for a firm to set its common price lower than
its shoppers’ price. A low common price is wasteful if offered to a nonshopper and
rarely attracts a shopper so the firm is better off by setting its shoppers’ price
below its common price instead. Second, there is no gap between the supports
of the shoppers’ and common price distributions. If there was a gap, a firm that
is supposed to offer the highest shoppers’ price would rather offer a shoppers’
price between p, and p,: its demand would not be affected, but the revenue from
identified shoppers would increase.

Since the shopper’s price is below the common price at any firm, a consumer
who is identified as very price-sensitive from cookies gets a discount over a con-
sumer who disables cookies. An identified nonshopper, instead, gets a price offer
above the common price at a firm. In other words, consumers who are identified
as price-insensitive from cookies are always asked higher prices than consumers

who disable cookies. Both a low shoppers’ price and a high nonshoppers’ price can

15See Lemma 6, p. 33, for the formal proof.
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Table 1: New comparative static results. The joint price discrimination probability
1 satisfies pg = p, = p. An increase for all relevant parameter values is denoted
by T and for a nonempty open subset of parameter values by (7).

be implemented in a hidden manner, e.g., by a pop-up-window offering a discount

to a shopper and by a higher delivery fee charged to a nonshopper.

6 Comparative statics

I present the comparative statics with respect to the price discrimination proba-
bilities, which are all new, and highlight a new one with respect to the number of
firms.1® The comparative statics with respect to the search cost and the fraction
of shoppers are as in Stahl (1989).

The comparative statics depend on whether the nonshoppers’ cutoff price ¢,
is below or equal to their valuation. The solution to ¢, is interior if the price
discrimination probabilities and the number of firms are low enough: if ugs < fig,
s < fin (or p < ji),and N < N.'7 Each of these critical parameter values depends
on the values of the other parameters, but I suppress this relation in the notation
for brevity. A selection of the comparative statics are summarised in Table 1,
where the most interesting results, with respect to a firm’s profit, are in boldface.

The results are formalised and explained in turn in the next subsections.

6.1 Likelier price discrimination

Here I analyse the effect of varying the price discrimination probabilities. A de-
crease in these probabilities can be seen as the introduction or strengthening of
consumer privacy protection regulations, such as the EU’s GDPR and California’s

CCPA, because the regulations make it harder for firms to track consumers.

6More comparative static results with respect to the number of firms are in Proposition 4.
1"The solution is interior if the parameters are low enough because an interior ¢,, increases in
T = s, Hn, 1, IV; see Propositions 3 and 4. I define Z as the smallest x such that ¢,, = v.
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I first analyse the effect of varying the discrimination probabilities against
shoppers and nonshoppers simultaneously. To do so, I set the discrimination
probabilities against all consumers to be the same y := ps = u, and call p the
joint price discrimination probability. The comparative static result with respect
to p is the relevant one if we want to study the effect of introducing or tightening
a consumer privacy regulation and do not have a compelling reason to think that
shoppers and nonshoppers are discriminated against with different frequencies. 1
discuss why the frequencies could differ on p. 19 and Sections 7.1 and 7.2.1.

The comparative statics with respect to the joint price discrimination proba-

bility are formalised in

Proposition 2. Let the probabilities of price discrimination against shoppers and
nonshoppers be the same . = s = . If the joint probability of price discrimina-

tion, , increases,

(i) and p < [ (i.e., ¢, has an interior solution), then the lowest and highest
common prices, p. and p., the lowest shoppers’ price, P, and the expected

profit, w, increase.

(i) and > [ (i.e., ¢n has a boundary solution), then the lowest common
price, p_, increases; the lowest shoppers’ price, P, decreases; and the expected

profit, m, increases for u < ji and decreases for p > ji.*®

In sum, Proposition 2 states that more likely price discrimination mostly raises
prices, benefits firms, and hurts consumers. Consumers are hurt if firms’ total
profits increase: in equilibrium all consumers buy and the nonshoppers search
exactly once so total consumer welfare is measured by the negative of the firms’
total profits. Figure 2 illustrates how the joint probability of price discrimination
affects the bounds of the price distributions.

More specifically, Proposition 2 states that if the nonshoppers’ cutoff price is
interior (¢, < v) and price discrimination becomes likelier, the lowest and highest
prices increase. This, not surprisingly, increases a firm’s profit and lowers the
consumer welfare. Intuitively, if p increases, then firms quote the discriminatory
prices more often to both types of consumers. At the same time, firms can use their
common prices to target one type of consumers more, and they raise the common
prices to use them more for extracting profits from the price-insensitive consumers,
the nonshoppers. This relaxes competition, all prices rise, profit increases, and

consumer welfare falls.

18The critical values fi and ji are not related; i depends on v and a while fi does not.
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Figure 2: The bounds of the equilibrium distributions, p. (purple solid), ps = P,

(blue dashed) and p, (green dotted), in the joint probability of price discrimination

1

97 v=1.

f= = i N =3, A= 1, a= 3,

If, instead, the nonshoppers’ cutoff price has a boundary solution (¢, = v) and
price discrimination becomes likelier, the lowest shoppers’ prices decrease. Now
firms cannot raise the highest common price (because p. = ¢,, = v), but they still
raise the lowest common price to extract more from nonshoppers. But because
they also compete more often for shoppers via the shoppers’ prices, they lower the
lowest shoppers’ prices. In total, the higher lowest common prices do not always
make up for the lost profit from the lower shoppers’ prices and a firm’s profit can
decrease as price discrimination becomes likelier.

Note that a firm’s profit when price discrimination is impossible is lower than
when price discrimination is perfect: 7(u = 0) < 7(u = 1). Together with
part (i) of Proposition 2, this implies that there exists a price discrimination
probability i € (0, i) such that for all 1 < fi, we have w(u) < 7(f1), and vice versa
for all ¢ > fi. In other words, consumer welfare is higher at all discrimination
probabilities below f than at all discrimination probabilities above f.

Do regulations that give consumers more rights over their data, such as the
EU’s GDPR or California’s CCPA, raise consumer welfare? According to my
model, the answer depends partly on how often firms price discriminated prior to
the regulation’s enforcement. To be sure that a regulation raises consumer welfare,
it must reduce the tracking of consumers enough or ease the disabling of cookies
enough (i.e., push the discrimination probability to /i or lower).

The underlying forces behind these results become clearer if we allow the price

19The expected equilibrium profit of a firm is 7 = %ﬁc + pAp..
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discrimination probabilities against shoppers and nonshoppers to differ. The com-

parative statics with respect to these probabilities are formalised in

Proposition 3. If the probability of price discrimination against shoppers, s,

INCTreases

(i) and ps < fis (i.e., ¢n has an interior solution), then the lowest and highest
common prices, p. and p., the lowest shoppers’ price, P, and the expected

profit, w, increase.

(i) and ps > jis (i.e., ¢, has a boundary solution), then the lowest common
price, p , increases; the lowest shoppers’ price, p,, increases for ps < fig
and decreases for ps > fis1; and the expected profit, 7, increases for ps < fise

and decreases for iy > fisy With [l < fls2.
If the probability of price discrimination against nonshoppers, [i,, increases

(i) and p, < fin (i.e., ¢, has an interior solution), then the highest common
price, p., increases, but the lowest common price, P, and the lowest shop-
pers’ price, P, decrease. A sufficient condition for the expected profit, 7, to

increase is that p, < fin.

(ii) and p, > [, (i.e., ¢, has a boundary solution), then the lowest common

price, p_, the lowest shoppers’ price, P, and the expected profit, w, decrease.

In sum, Proposition 3 shows that the probabilities of price discrimination
against shoppers and nonshoppers have different effects on the market outcomes.
Roughly speaking, more likely price discrimination only against shoppers mostly
raises prices and benefits firms, whereas more likely discrimination only against
nonshoppers lowers some prices and benefits firms less frequently. Figures 3a
and 3b illustrate how the probability of price discrimination against shoppers and
nonshoppers respectively affects the bounds of the price distributions. Comparing
them to Figure 2 suggests that the effects of the joint price discrimination prob-
ability are driven by discrimination against shoppers rather than nonshoppers.
Discrimination against shoppers has a larger effect because firms compete fiercely
for shoppers, but have temporary monopoly power over nonshoppers.

What drives the different effects? Consider an increase in the probability of
price discrimination against shoppers, ;. A firm now offers, on the one hand, its
common price more often to nonshoppers and, on the other, to a shopper more
often its shoppers’ price. These two effects are quite different. The first effect

means that the firm wants to quote a high common price more frequently in order
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Figure 3: The bounds of the equilibrium distributions, p. (purple solid), ps = p,
(blue dashed) and p_ (green dotted), in the probabilities of price discrimination;

N:5,)\:%,a:%,v:1.

to extract more from nonshoppers; this pushes towards higher common prices and
the weakening of competition. The second effect means that the firm competes
for the shoppers more often via its low shoppers’ price; this pushes towards lower
shoppers’ prices and the stiffening of competition. If firms are not restricted in
raising the highest common price, the first effect always dominates: all prices and
a firm’s profit increase in u,. But if the nonshoppers’ cutoff price, thus, the highest
common price, is equal to the valuation, the second effect can dominate: both the
lowest shoppers’ price and profit can decrease in ;.

Now consider an increase in the probability of price discrimination against
nonshoppers, j,,. Again, this has two effects: a firm now offers, on the one hand,
its common price more often to shoppers and, on the other, to a nonshopper
more often its nonshoppers’ price. The first effect means that the firm competes
for the shoppers more often via the lowest common prices; this pushes towards
lower shoppers’ prices and the stiffening of competition. But the second effect
means that the firm wants to raise its nonshoppers’ price, or, equivalently, the
highest common price, to extract more from nonshoppers; this pushes towards
higher highest common prices and the weakening of competition. If the firm is not
restricted in raising the highest common price, the second effect is mostly strong
enough so that competition softens and a firm’s profit increases in u,. But if the
nonshoppers’ cutoff price has a boundary solution, the first effect dominates: both
the lowest prices and profit decrease in pi,,.

All in all, if a regulation lowers the price discrimination probabilities simul-
taneously, then its effect depends partly on how often firms discriminated prior
to the regulation’s enforcement and partly on which price discrimination proba-

bility is larger. If us > p,, the nonshoppers’ cutoff price is more likely to have
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a boundary solution where firms can benefit if price discrimination becomes less
likely. A shopper is more likely to be identified than a nonshopper, for example, if
a shopper leaves his virtual footprints in more online places than a nonshopper by
visiting many websites (Section 7.1.2 discusses this more). If, conversely, ps < fin,
the nonshoppers’ cutoff price is more likely to have an interior solution where firms
suffer and consumers benefit if price discrimination becomes less likely. A shopper
is less likely to be identified than a nonshopper, for example, if shoppers are more
tech-savvy or computer-literate than nonshoppers: shoppers are better both at

online shopping and at disabling cookies (Section 7.2.1 discusses this more).

6.2 More firms

The comparative statics with respect to the number of firms are formalised in
Proposition 4. If the number of firms, N, increases,

(i) and N < N (i.e., ¢, has an interior solution), then the highest common
price, Pe, increases. A sufficient condition for the lowest common price, P,
to increase is that N > Ny. The lowest shoppers’ price, p,, increases and
decreases for nonempty open sets of parameter values. Sufficient conditions
for the expected profit, m, to increase are N > 4, us > fis3, and p, €

(fing, fin3). The dispersion of prices, p, — p,, increases.

(ii) and N > N (i.e., ¢, has a boundary solution), then the lowest common
price, p_, increases for all N > Ny and decreases for all N < Nj; the lowest
shoppers’ price, P, and the expected profit, w, decrease; the dispersion of

prices, Pe — P, INCTeases.

The bounds of the price distributions change in the number of firms similarly to
those in Stahl (1989). If the nonshoppers’ cutoff price is interior and the number
of firms increases, the highest common price increases, but for some parameter
values the lowest shoppers’ price decreases. If the number of firms increases, then
competition becomes fiercer. In response, a firm sometimes offers lower lowest
prices to the shoppers. But a firm would have to lower the shoppers’ prices a
lot in order to attract many shoppers. It is, instead, more profitable to focus
on extracting profit from nonshoppers and increase the higher common prices.
The increase in the highest common price is so large that the dispersion of prices
increases in the number of firms.

In Stahl (1989) a firm’s profit always decreases in the number of firms be-

cause the positive effect of an increase in prices is outweighed by the increase in
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competition.?’ In my model, in contrast, an individual firm’s profit increases in
the number of firms for a nonempty open set of parameter values. The reason is
the following. If there are relatively many firms, then they compete for shoppers
almost solely via the shoppers’ prices, and not via the common prices, because
all shoppers’ prices are below all common prices. Thus, when competition stiff-
ens, firms start using the common prices even more for extracting profits from
nonshoppers and, accordingly, raise the common prices. Higher common prices in
turn slacken the competition for shoppers and firms raise their shoppers’ prices. In
combination, an increase in /N can lead to an increase in all prices and an individ-
ual firm’s profit. Figure 4 contrasts the results in my model for p, = pu, = i and
the unit-demand version of Stahl (1989), i.e., us = p, = 0. For these parameter
values, in my model a firm’s profit increases by about 2% if the market moves
from four to five firms and by 15% if it moves to seven firms.

The proof derives strong sufficient conditions for a firm’s profit to increase in
the number of firms. One necessary condition is that the discrimination proba-
bility against shoppers, i, is high enough.?* A high i, means that firms can use
common prices mostly for extracting profits from nonshoppers. This ensures that
the highest common price increases a lot if the number of firms increases, lead-
ing to a higher average price paid by a consumer. Firms extract this additional
revenue and an individual firm’s profit increases.

The crucial assumption for this result to hold is neither that the consumers

20Neither Stahl (1989) nor I can prove his result analytically, but he verified it numerically.
21The inspection of equation (21) reveals that s high enough is a necessary condition.
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differ in their search costs nor that the firms can only discriminate between two
groups of consumers. What matters is that, first, consumers differ in price-
sensitivity and, second, that the prices set to at least some consumer groups are
positively related in equilibrium. Then the mechanism that drives this paper’s
results applies: the more price-sensitive consumers are on average offered lower
prices than the less price-sensitive consumers. If the number of firms increases,
firms have to lower the prices offered to price-sensitive consumers a lot to attract
them. It can be profitable, instead, to focus on extracting profits from the price-
insensitive consumers. This slackens competition, the price-sensitive consumers
can also be offered higher prices and firms’ individual profits can increase.

This result implies that if firms can price discriminate based on search costs,
an environment that looks more competitive, i.e., with many firms, may be much
worse for consumers. A consumer protection policy that aims to increase compe-
tition by raising the number of sellers can, thus, instead backfire: hurt consumers
and benefit firms. At the very least, many sellers is an unreliable measure of
healthy competition online.

Empirical papers consistently find that price dispersion online increases in the
number of firms (Nelson et al., 2007; Haynes and Thompson, 2008; Grewal et al.,
2010; Boheim et al., 2021; Wang et al., 2021). However, the results on average
prices are mixed: some papers find that the average price online increases in the
number of firms (Haynes and Thompson, 2008; Grewal et al., 2010) while others
find the opposite (Grewal et al., 2010; Wang et al., 2021). My model provides a
joint explanation to the empirical observations that price dispersion and average

price can increase in the number of firms online.

7 Extensions and discussion

I discuss various ways in which the model could be extended and argue that the

model’s main results are unchanged.

7.1 Endogenous identification probabilities

The probabilities with which a shopper and a nonshopper are identified, ps and
ln, can be endogenised in a variety of ways. Sections 7.1.1 and 7.1.2 discuss
identification probabilities determined by consumers’ privacy choices and based on
consumer behaviour. Effectively, each possibility (and other conceivable ones, e.g.,
based on consumer characteristics such as privacy-concern or computer-literacy

types) simply pins down the identification probabilities at some concrete values.
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7.1.1 Endogenous privacy choices

Suppose that a consumer can choose, at a privacy cost, to hide his type (search
cost) from the firms rather than reveal his type. I argue that under reasonable
assumptions on privacy costs, my main model’s results hold.

In my model shoppers want to reveal and nonshoppers to hide their type
because identified shoppers pay, on average, lower and nonshoppers higher prices
than the others. How many consumers reveal their type in equilibrium depends
on how privacy costs are modelled.

A natural assumption from the modelling viewpoint is that all consumers have
an identical, potentially negative, privacy cost. Privacy cost is negative if verifi-
ably revealing the type is costly and if privacy foregone in one market hurts the
consumer in other markets. With identical privacy cost, the equilibrium depends
on the size of the cost. If the privacy cost is positive, shoppers reveal their type
and nonshoppers do not. Thus, a consumer’s type can be inferred from his privacy
choice. In equilibrium a nonshopper pays his cutoff price, whereas a shopper pays
a price of zero. If the privacy cost is negative enough, no consumer reveals his
type and in equilibrium firms offer only common prices.

Modelling consumers as having an identical privacy cost, however, ignores an
important feature of online privacy: once individual data is revealed, a consumer
cannot revoked the data easily, but a firm can easily share the data with agents
on this or other markets. At least some consumers are aware of this so reasonable
assumptions on privacy costs are that the costs differ across consumers and that
some consumers have a negative privacy cost. In this case, in equilibrium a con-
sumer’s privacy choice depends on the comparison between his benefit and cost
of retaining privacy. The benefits of retaining privacy are paying a lower price for
a nonshopper and “paying” a negative privacy cost for both some shoppers and
nonshoppers. The costs of retaining privacy are paying a higher price for a shop-
per and paying a positive privacy cost for both some shoppers and nonshoppers.
As long as both some shoppers and some nonshoppers choose to retain and others
to forego privacy, the same analysis applies as in my main model and its results

continue to hold.

7.1.2 Behaviour-based identification probabilities

The main interpretation of the model that I suggest is that of web cookies. In
line with this interpretation, suppose that the probability with which a consumer
is identified increases in the number of firms that he visits.

In any equilibrium where shoppers’ prices are on average lower than common
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prices and common prices lower than nonshoppers’ prices, a shopper has an in-
centive to be identified and a nonshopper does not. In other words, a shopper
wants to visit as many firms as possible before buying (as a shopper is assumed
to do if g is exogenous). Conversely, a nonshopper wants to visit as few firms
as possible before buying (as a nonshopper optimally does if p, is exogenous).
Because nonshoppers are in general more profitable to serve than shoppers, firms
collectively would want to offer with positive probability nonshoppers’ or common
prices that exceed ¢, in order to make nonshoppers visit more than a single firm
and, thus, be able to identify them better. But any single firm would want to
deviate from setting such prices because these prices are not accepted. Thus, the
equilibrium characterisation would be the same as in the main model, except that

the identification probabilities would be ordered s > fiy,.

7.2 More consumer heterogeneity

In my main model, consumers differ only in their search cost, which can take
two values. I discuss here how the model’s results would be affected if consumers
differed in computer literacy, if their search costs took on more than two values,
or if their valuations were dispersed. The first extension is another way of pinning
down the consumer identification probabilities. The two latter extensions lead to
dispersed nonshoppers’ prices and to a potential gap between the highest common

and the highest nonshopper’s price.

7.2.1 Computer literacy

Suppose that, in addition to search costs, consumers differ in their computer
literacy. I show that my model can be extended to allow this second dimension of
consumer heterogeneity without affecting its main results.

Assume that each consumer has a computer-literacy type: either he is computer-
literate who can deal with the latest developments in computers and related tech-
nology (including smartphones) or computer-illiterate. The fraction of shoppers
(nonshoppers) who are computer-literate is denoted by Ay (An) and who are
computer-illiterate by Ay (M) with Ag 4+ Ay = 1 and Ay + A,y = 1. T assume that
the computer-literate consumers are better at searching online than computer-
illiterate so Ay > \,;. Also, the computer-literate consumers understand the
privacy risks associated with enabling cookies so they are more likely to switch off
cookies: py < p;, p, i € (0,1). A firm identifies the search cost of a consumer
that enables cookies.

Then the total probability that a firm identifies a visiting, say, shopper is
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Asipir + (1 — Agy) 14, which is similar to the total probability of identifying a shopper
in my main model, us. The expression can easily modified to allow for more
computer-literacy types. The assumptions I made on the parameter values mean
that the total probability of identifying a shopper is lower than that of identifying
a nonshopper: s < fy,.

The analysis does not change much is that firms do not care about the con-
sumers’ computer literacy per se. Instead, firms care about how many other firms
offer a shopper a discriminatory price and how many offer a common price. The
set of price offers that a shopper receives is affected by his literacy type so the cal-
culation of a firm’s probability of selling to a shopper (see equation (5)) becomes
more complex. In general, the selling probability has such a complex form that
the equilibrium price distributions cannot be solved for. But the economic forces
are the same in the extended and the main model. Unless consumers’ computer-
literacy and search types are perfectly correlated, all consumers are with positive
probability offered both discriminatory and common prices. As a result, the in-

centives of firms to set the different prices are unchanged.

7.2.2 More dispersed search costs

Suppose that consumers’ search costs are distributed according to a ~ G(«) with
support [0, @]. Let the probability with which type-a consumers are identified be
e € (0,1) and assume that G(0) > 0.2

Intuitively, symmetric equilibria in this version of the model, if they exist, must
satisfy the following. All consumers with o > 0 behave like nonshoppers in my
main model: accept prices below their search-cost-dependent cutoff price ¢, and
continue searching otherwise. Thus, an identified consumer with a > 0 is offered
a price p, just equal to his cutoff price ¢,: the discriminatory price for every
consumer with a > 0 is a singleton.

Second, the discriminatory prices offered to consumers with a = 0, the shop-
pers, are dispersed for the same reasons as in the main model. Any singleton price
Pa—=0 > 0 would be undercut by a competitor and p,—o = 0 is not optimal because
it yields zero profits while a price p,—o € (0,]_90) generates positive profits from
consumers with o = 0 that are offered a common price at all other firms.

Finally, common prices are dispersed in general, but it is difficult to say some-
thing more concrete about the distribution. The common prices are dispersed

because a low common price is accepted by more consumers, but generates less

22Gtahl (1996) shows in a sequential search model without price discrimination that multiple
pure-strategy symmetric equilibria exist at some price p* < v if G(aw = 0) = 0. This result
carries over to my model: if G(a = 0), po, = p. = p* in a symmetric equilibrium.
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revenue per consumer than a high common price. However, the highest common
price may now be lower than the highest discriminatory price ¢, .. To see this,
note that if y,,,,, is almost one, a firm (almost) never competes for a,,,,-consumers
with its common price. But as ¢,,,,, > ¢, for all @ # 4., @ common price equal
t0 @a,,,, Would be accepted by (almost) no consumer that it is offered to so a firm
could increase its profit by lowering its common price. In sum, the equilibrium
characterisation would be similar to the main model’s expect that nonshoppers’
prices would be dispersed and the highest nonshoppers’ price could exceed the

highest common price.

7.2.3 Dispersed valuations

In the main model, I focus on identical consumer valuations, first, to distil the
effects of price discrimination based on search cost and, second, to keep the model
tractable. Suppose instead, that consumers differ in their valuations for the good.
Different valuations generate more complicated search behaviour by nonshoppers
and more dispersion in some prices, but should not overturn the model’s results
because the economic forces would remain the same.

In particular, in equilibrium shoppers as price-sensitive consumers are offered
low discriminatory prices and a nonshoppers’ discriminatory price still equals his
cutoff price. But because nonshoppers have different valuations, their cutoff prices
now differ so also the nonshoppers’ prices are dispersed. Depending on the distri-
bution of valuations, the highest nonshoppers’ cutoff price can exceed the highest

common price.

7.3 Correlated consumer identification

In the main model, the events that a consumer’s type is identified by multiple
firms are independent. Suppose, instead, that a consumer who is identified by
one firm is more likely to be identified by another. An interpretation of positive
correlation among the identification events is that consumers disable or enable
third-party (rather than first-party) cookies. The analysis becomes much more
complicated, but I argue that the underlying forces in the model do not change
dramatically unless the correlation between the identification events is one.
Assume that the identification events of a single consumer are correlated: if a
consumer is identified at the first firm he visits, he is more likely to be identified,
rather than unidentified, at any subsequent firm he visits. A consumer knows
whether he is identified at any firm. I discuss perfectly and imperfectly correlated

identification of consumers in turn.
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7.3.1 Perfectly correlated identification events

The simplest way of modelling positive correlation is that the identification events
are perfectly correlated: with probability us a shopper is identified by all firms
and with probability 1 — us by no firm, and analogously for nonshoppers. An in-
terpretation of this structure is that some consumers’ data is in the database of an
information intermediary and all firms have access to the data of the intermediary.

The head-on price competition for the identified shoppers drives their price to
zero so ps = 0. An identified nonshopper is offered p,, for sure at all firms he visits
which drives their price to the valuation so p, = v. The identified nonshoppers’
option value of searching is effectively removed.

Firms use the common prices to compete over the unidentified consumers a la
Stahl (1989) where the measure of shoppers who are offered a common price is

A(1— ps) and the measure of nonshoppers is (1 —\)(1 — p,,). The highest common

ACorT

price pg
shoppers’ cutoff price: the price that leaves him just indifferent between stopping

is the minimum of the consumers’ valuation v and the unidentified non-

and continuing to search at other firms that cannot identify him. The highest com-
mon price becomes explicitly p°" = min ¢ « [1 — fol (1 + VCOT’”NyN_l)_l dy} - ,v} .

Since a firm must be indifferent between charging any common price with
probability one, the expected profit that a firm earns in a symmetric equilibrium

here is

corr v ﬁgorr
R = (1= A+ (1= (1= ) o

because a firm that sets the highest common price sells to no shoppers. If pi®" is

corr

interior, the expected profit 7 increases in v. If pS°" has a boundary solution

(i.e., if v is low), the profit becomes 7™ = (1 — \) .

In the main model a firm’s expected equilibrium profit is

Pc

1 Pe
= (1- )\)N + Mg (1 — )N

1+yN~

"corr

For low enough consumers’ valuation v, both the highest common prices p¢
and p. have a boundary solution: pi”" = p. = v. In this case, firms earn higher
profits when the identification events are independent rather than perfectly corre-
lated. In other words, firms prefer to track consumers independently rather than
buy data from a data intermediary.

If the consumer’s valuation v is high enough, the highest common prices p. and
P’ are interior, independent of v, and satisfy v > p. > p¢””. For high enough
v, thus, firms earn lower profits when the identification events are independent

rather than perfectly correlated.
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In sum, firms prefer independent identification events if the consumers’ val-
uation is low and perfectly correlated identification events otherwise. In other
words, firms profit from having access to the data of a single information inter-
mediary only if consumers value the product highly. Firms benefit from removing
the option value of searching from identified nonshoppers only if the consumers’

valuation of the good is high.

7.3.2 Imperfectly correlated identification events

If the positive correlation is imperfect, the analysis becomes more cumbersome,
but the economic forces remain the same as in the main model. First, consider the
nonshoppers. Since the identification events of a nonshopper are correlated, both
his continuation value and cutoff price depend on whether he is or is not identified
by the firm he visits now.?* His cutoff price after being identified is (weakly) higher
than after being unidentified because the firms’ optimal nonshoppers’ price is
always the highest acceptable price. For a firm, this is the only consideration that
matters about the correlation between nonshoppers’ identification events because a
firm still has a temporary monopoly power over a visiting nonshopper. The wedge
between the cutoff prices after being identified versus unidentified creates a wedge
between the nonshoppers’ price and the highest common price: in equilibrium the
nonshoppers’ price is above the highest common price.

Now consider the shoppers and the expression for the probability that an iden-
tified shopper buys at a firm, equation (5) for p* = p’. As compared to inde-
pendence, a positive correlation among firms’ identification events means that it
becomes more likely that very many or very few firms identify a particular shopper
(and less likely that an intermediate number of firms identify the shopper). In the
first line of equation (5) for p' = p’, the probability with which exactly k firms
identify a shopper would depend on k in a more complex manner than k appearing
just in the exponent. In general, the probabilities associated with large and small
k would increase, and associated with intermediate £ would decrease. For even
the simplest way of modelling imperfect correlation, the expression can no longer
be solved for the equilibrium price distributions.

But the same forces are at play in this extended model as in my main model. In
particular, a firm that can identify a shopper is interested in how many other firms
do so, too: this determines how fiercely the firm competes for shoppers with its

shoppers’ price. With positively correlated identification events of shoppers, firms

23Whether only the last or the entire sequence of past identification events matters depends
on the correlation structure. The argument here holds if only the identification event at the
current firm matters for the likelihood of being identified at the next firm.

27



compete more fiercely for shoppers using their shoppers’ prices so I expect that the
shoppers’ prices decrease. The effect on common prices depends on whether only
shoppers’ or both shoppers’ and nonshoppers’ identification events are correlated
and on features of the correlation structure. As long as common prices serve both
shoppers and nonshoppers, the common prices should on average exceed shoppers’
prices. In sum, I expect the equilibrium to still feature low and dispersed shoppers’

prices, higher dispersed common prices, and a singleton nonshoppers’ price.

8 Conclusion

Advances in ICT have made tracking people’s behaviour online, and both storing
and analysing the resulting data, considerably cheaper. As a result, price dis-
crimination based on people’s online behaviour has become feasible. This paper
analyses a model where firms can infer people’s search cost (from their online be-
haviour) and probabilistically price discriminate based on this information. Price
discrimination can be seen as probabilistic if some consumers disable cookies or if
firms cannot track consumers perfectly. Regulations lower the probability of price
discrimination online if they facilitate the disabling of cookies or restrict tracking.

According to my model, in general consumers lose and firms benefit from more
likely price discrimination. In the presence of price discrimination, not only does
the industry profit increase in the number of firms, but so does an individual
firm’s profit for certain parameter values. In other words, a firm can have strict
incentives to attract competitors to the market and also benefits from splitting and
selling as multiple independent entities. This type of spurious competition hurts
consumers and the potential for this harm is especially large in online markets
where inferring consumers’ search costs is feasible. The crucial assumption for
this result to hold is neither that the consumers differ in their search costs nor
that the firms can only discriminate between two groups of consumers.

The potential to personalise prices seems to be ever increasing, while detecting
personalised prices remains hard. On the one hand, developments in Al and in
firms’ capacity to analyse big data facilitate price discrimination.?* AI techniques
can be used to solve complex optimisation problems and adjust prices automati-
cally and dynamically. Big data can be used to target prices very precisely. On the
other, detecting personalised prices online remains hard. Empirical studies, such
as Ipsos et al. (2018) and Ennis and Lam (2021), that document behaviour-based

price discrimination online have overcome the difficulty of detecting personalised

24 Bourreau and de Streel (2018), Ipsos et al. (2018), Ennis and Lam (2021)
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prices in clever ways, but each involves problems. Simulated consumer profiles
generally cannot possess long and varied histories of online behaviour. Using the
profiles of real people may cause ethical problems because the studies may affect
the prices the people face later. Detecting personalised prices is harder now than
even a decade ago because more people use mobile phones, where the browsers’ de-
fault is to allow tracking, to browse the internet.?> As a result, price discrimination

online promises to be an important research topic for the foreseeable future.

A Appendix

Here are the proofs omitted from the paper.

A.1 Equilibrium

Proof of Proposition 1. 1 derive the equilibrium in steps. Steps 1-4 derive some
necessary conditions on the equilibrium price distributions. For Steps 1-4, I assume
that p. < p and p; < p. (which T verify in Step 6). Step 5 argues that the
Proposition describes an equilibrium. Step 6 shows that the equilibrium is the
unique symmetric equilibrium. The derivation is for all pusg, 1, € (0,1)

Throughout, consumers’ passive beliefs imply that a nonshopper accepts any
deviating price offer that is below ¢,, and continues to search after any deviating
price offer that exceeds ¢,. A shopper accepts any deviating price offer if it is the
lowest among the price offers he receives.

Recall first that I showed in Section 4 that each firm ¢ optimally sets its prices
pt, p’ and p! independently of each other. Thus, I can separately derive equilib-

rium price distributions F,,, F, and F,.

Step 1: The equilibrium distribution of nonshoppers’ prices F,(p,) and
the highest common price p.. If p. > ps (verified in Step 6), the optimal
nonshoppers’ price in all symmetric equilibria is a singleton p, = ¢, and the
highest common price satisfies p. < ¢,,.

Suppose, instead, that the highest equilibrium nonshoppers’ or common price
exceeds ¢,,: max{p,, p.} > ¢n. Assume first also that p,, > p.. Then firm ¢ would
never want to set p!, = p,: all nonshoppers who visit firm 4 and 4 identifies would
also visit another firm, get a price offer below p,, there, and thus never return to

i. Firm ¢ would be better off deviating and setting p!, = ¢,,. Assume now that

25Tn EU27, 16% of people used a mobile phone to access the internet in 2011 and 71% in
2019 Eurostat (2021). The default browser neither on Android phones nor iPhones has private
browsing as the default choice in 2022.
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DPe = Pn and that the highest shoppers’ price is weakly below the highest common
price (p. > Ps). Then firm ¢ would never want to set p’. = p,: all nonshoppers who
visit firm ¢ would also visit another firm, none would return to 7, and all shoppers
would buy at another firm. Firm ¢ would be better off deviating and setting a
lower p.. Thus, p, < ¢, and p. < ¢, in all symmetric equilibria.

So for firm ¢’s equilibrium nonshoppers’ price, in the interim profit from an
identified nonshopper, equation (2), only the first line is relevant. Since this
increases in p’, in all symmetric equilibria the optimal nonshoppers’ price is p,, =
¢, and F,(p,) is degenerate. The firms simply exercise their temporary monopoly

power over the visiting identified nonshoppers.

Step 2: Explicit forms for the probability that a shopper buys at ¢ at
price p’ and the ex ante expected profits. Since firms j # i offer only prices
weakly below the nonshoppers’ cutoff price in symmetric equilibria, no nonshopper
that visited firm j # ¢ first visits also firm 7: no nonshopper returns to firm 7 so
P(n returns to i|p’) = 0 for p* = p’,, p. and the total probability that a nonshopper
visits firm ¢ is P(visits i|n) = . In symmetric equilibria, thus, firm i’s posterior

belief about the type of a visiting unidentified consumer is

v(slunid) A 11— p,
1—v(slunid)  1—-XE1—p,

and the interim profit from an unidentified consumer, equation (4), simplifies
considerably.

To complete the derivation of interim profits, let us turn to the probability
that a shopper who is offered price p’ at firm ¢ buys at i, D(p'). Because all firms
j # i use the same independent price distributions Fy and F, for their shoppers’
and common prices respectively in a symmetric equilibrium, D% (p*) can be written

explicitly as

N—-1

D) = 32 (M )= B = = R

= [1s(1 = Fy(p")) + (1 = ps) (1 = Fe(p")))V ()

if p’ is in the support of both F, and F.. Firm i behaves as if it competes for
shoppers against a mixture distribution where a competing price comes from Fj
with probability us and from F, with probability 1 — us.

The expected demand changes a bit if firm 4 offers a shopper a price p’ that
is in the support of, say, F, but not in that of F.. Intuitively, the equilibrium
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shoppers’ prices should be weakly lower than the common prices, i.e., p,<p, and
Ds < p.. This is because a firm’s common price competes for both nonshoppers
and shoppers, but its shoppers’ price competes only for shoppers and shoppers are
more price-sensitive than nonshoppers. If p, <D, and ps < p, then the probability
that a shopper who gets price offer p’ at firm i buys at 7, D%(p’), has at most three

parts in equilibrium:

(s (1 = Fi(p") +1 — ps]V for p" € [p_,p ),
D;(pl) = [:us(l - Fs(pZ» + (1 - :us)(l - Fc(pi))]Nil for pi € []207]38)7 (6)
(1= ps) (X = Fe(p)))N for p* € [Ps, Pe)-

In total, firm 4’s ex ante profits when setting prices (p, p, pi,) are

T U o 1-2) o
T = ——— Ty (D) + M, (P)) + | —— (1 — pn) + AL — ) | e(pp)- (7)

N N
The amount of nonshoppers that visit firm ¢ is 1;,—’\ Each is offered the nonshop-
pers’ price with probability u, and the common price with probability 1 — pu,,
yielding interim profits 7 (p!,) and 7%(p’). The amount of shoppers that visit firm
1 is A. Each is offered the shoppers’ price with probability us and the common
price with probability 1 — y,, yielding interim profits 7%(p%) and 7(p.).

Step 3: Necessary conditions on an equilibrium distribution of shoppers’
prices F,(ps). For this step, I also assume that p, >0 (verified in Step 4).

Lemmas 1-3, that are quite standard, derive some necessary conditions on Ffj.

Lemma 1. The shoppers’ discriminatory prices ps are drawn from a distribution

Fi(ps) that has no mass points on any ps > 0 ifp, > 0.

Proof of Lemma 1. Suppose first that p, > 0 and that all firms use Fy that has a
mass point of size f at some ps; = p. Then firm ¢ can profitably deviate by moving
the mass point in its distribution F! to p. = p —e. The deviation is profitable
because firm i’s probability of serving a shopper jumps up by a discrete amount,
whereas its revenue drops only by a bit: now firm ¢ gets a shopper also if all other
firms offer the shopper the shoppers’ price p, with probability V=1 fN-1.

Now suppose that firms use F; that has a mass point on p;, = 0 so that in
equilibrium 7(p’) = 0. But then firm i can profitably deviate by setting the
shoppers’ price p’ € (0, EC). Firm ¢ serves all shoppers who only it identifies and

earns positive expected profit of A\pi(1 — us)V ! from these shoppers. O

Lemma 2. The support of Fs(ps) is an interval [2_95,]55]-
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Proof of Lemma 2. Suppose instead that all firms use F; that puts no weight
on some interval [p1, ps]. Then firm ¢ can profitably move mass from the interval
(p1—&,p1) to pa: @ does not lose demand from shoppers, but increases the expected

price from them by a discrete amount. O]

If a firm mixes over shoppers’ prices in equilibrium, it must be indifferent
between setting each shoppers’ price p, € [gs, Ds|] with probability one. If firm i

sets p’ = ps, its expected equilibrium profit from shoppers who ¢ identifies is

ko= AT (ps) = ML — )V N1 — Fu(ps))N s (8)

In equilibrium & is a positive constant if p > 0 and Am{(p}) = k must hold for
all shoppers’ prices in the support of F;. Using the equal-profit condition and

equation (6), we get that an equilibrium F; must satisfy

w1 Epy = | () for ps € [p,p,),

e (9)
(£)" = (=)A= Fp)  forp, € [p,.pi)

Lemma 3. p, < p. andp_ >0 if]_)c > 0.

Proof of Lemma 3. First, I show that p; < p. if p. > 0. At p, = ps, a firm’s
expected profit from identified shoppers is given by equation (8). If p; = P, then
F.(ps) = 1 and the equilibrium expected profit from shoppers is zero. But then
firm ¢ has a profitable deviation to p, = p,—e>0 (see the proof of Lemma 1).
Second, I show that p, > 0. Since I have not shown that there is no mass
point on p, let Fy(p ) = f € [0,1) and use equation (9) to rewrite p,asp, =
RA s (1 = f) + (1 — ps)]"N=D. This is positive because k > 0 if p,>0. O

So far we know that in equilibrium, shoppers’ prices are drawn from the mixed-

strategy distribution Fi(ps) with support []28, Ds] where 0 < p, <DPs <pcifp >0.

Step 4: Necessary conditions on an equilibrium distribution of common
prices F.(p.). I argued in Step 1 that in symmetric equilibria the highest com-
mon price is equal to the nonshoppers’ cutoff price ¢,. Using equations (6), (7),

and (9), I can rewrite firm 7’s expected profit when setting a common price p’ as

A = p)pl + pan] + k- for pl € [p ,ps),
ﬂ-i(pi) = %[(1 - Mn)pi + Mn¢n] + (1 - ,us))‘[(l - ,us)(l - Fc(pf:))]N_lpf: + :usk
for p; € [ps, Pel,
(10)
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because, when considering which common price to set, both ¢,, and k are constants
from firm 4’s viewpoint. But then the first part of equation (10) increases in p’,
which cannot describe the expected profit from mixing over p’ & [gc,ps): that
needs to be constant in p.. As a result, a nondegenerate common price distribution

F, has support [Bc’ De, with p, = Ds and a possible mass point at p, if p, = Ds.
Lemma 4. p.>0.

Proof of Lemma 4. Suppose the contrary: p, = 0. Then the equilibrium profits
of a firm that sets p. = p, are zero from unidentified (and identified) shoppers
and from unidentified nonshoppers. But then firm i can profitably deviate to
p’ € (0,a): it does not gain any custom from shoppers, but gets a positive profit

of 122(1 — p,)p!. from unidentified nonshoppers that visit 4 first. O

Lemma 5. The common prices p. are drawn from a distribution F.(p.) that has

no mass points on any pe.

Proof of Lemma 5. The proof is analogous to that of Lemma 1, expect that a
deviating firm increases its profit if all other firms offer the shopper the common

price p, which happens with probability (1 — p,)V f N-1 O

Lemma 6. p; = p.-

Proof of Lemma 6. A firm’s interim profit per identified shopper when setting

Ds = Ds 18 7Ts(ﬁs) = ps(l - MS)Nﬁ
can increase its profit by setting p, = ps + ¢ < p, instead of ps: its probability of

Lasp, < p. Suppose that ps < .- Then the firm

serving a shopper is the same as when setting p,, but its revenue increases. O]

This completes the derivation of a potential equilibrium shoppers’ price distri-

bution F that I summarise in

Corollary 1. An equilibrium distribution of shoppers’ prices Fi(ps) must satisfy

Fi(ps) = 1} [1 ~-n () ] ,

for ps € [p_, ps] where p_ = (1 — ps)¥~'ps and ps = p.

Proof. The distribution is derived from equation (9), using the fact that p, = p,
and the definition of k: k = A\(1 — )N "1p,. Using Fy(p,) =0, we get p_. O

Let us return to the distribution of common prices. Gaps in the support of
F, can be ruled out in an analogous manner as for Fy (see Lemma 2). Since

firm ¢ must be indifferent across setting any common price in the support of F,

33



with probability one, I get a necessary condition on an equilibrium distribution
F. from solving 7'(p.) = 7'(p.) (see the relevant, second, part of equation (10)).

A potential equilibrium distribution of common prices F, is summarised in

Corollary 2. An equilibrium distribution of common prices F.(p.) must satisfy

1

R =1- (B2)" (1)

¢

—1
for pe € [p.,p] where p. = m{ (1= [+ ANy ) dy } p, =

o AQ=ps)
and 7 1= Gy

Proof. The lowest common price p can be solved from FC(QC) = 0 which gives

p, =pe(1+9N)"" (12)

I showed in Step 1 that p. < ¢,. Suppose that p. < ¢,. Then a firm that
sets p. = P. could increase its revenue from unidentified nonshoppers (and would
not lose demand from unidentified shoppers, which is zero at p. = p.) by setting
Pe € (Pe, ¢n). Thus, in equilibrium p. = ¢,,.

From Section 3 we know that ¢,, satisfies equation (2) if the solution to (2) is
below v. If the nonshopper’s best offer so far is p = ¢,,, the benefit of searching

another firm is

bn
B(6a) = (1— o) / (v — o) dE.(p0).

p

because in equilibrium ¢, = p,. Since p. = ¢, integration gives B(¢,) = (1 —
tn)[On — Ee(pe)]. If the solution to B(¢,) = « is below the valuation v, then ¢,

solves
o

1— pin

I use the methods in Janssen et al. (2005) to solve for interior ¢,, explicitly:

gbn - Ec[pc] +

-1

a {1 —/01(1+7NyN1)1 dy| . (13)

Pn

If the solution to the RHS of (13) is below v, it gives both the cutoff price ¢, and

the highest common price p.. If the solution exceeds v, then ¢, = p. = v. O

Step 5. Proposition 1 describes an equilibrium. By construction, I have
shown that if other firms mix over p. and p, using F. and F§ as described in

Proposition 1, then a single firm ¢ is indifferent between setting with probability
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one all p. € [Bc’ Pe| and all ps € [Bs’ Ds). I show that setting a common price outside
[1_78 , De) or a shoppers’ price outside [}_95, Ds) yields a lower profit to firm i.

Firm ¢’s optimally sets its shoppers’ and common prices independently. This
also holds when firm ¢ considers deviating so we can consider separately deviations
from the proposed equilibrium common and shoppers’ prices. Suppose that all
other firms play according to the Proposition and consider the following deviations
by firm 7. A deviation profit is marked with a tilde.

First, deviating to a common price p, € []_95, QC) is dominated by setting the low-
est equilibrium common price. The deviation price reduces revenue and generates
no larger demand. In particular, the deviation yields firm i expected profit

1—A

~ig o i i i Sy, 1=A i i
™ (pc) = T(1_:un)pc_'_(l_/JJS)Apc[l_:U’S—i_:uS(1_F5(pc>>]N 1+T:u’n7rn+)\:usﬂ-s

]_ - A i — — 1 - )\ 7 )
= T(l — n)pe + (1 = ) Aps (1 — NS)N '+ T/Lnﬂ'n + AT,
where the second line follows from plugging in F from the Proposition. Since

1—-A

i o L=A i i
A1) < 7 (L= pa)p, + (1= p)Ap (1= )V 4 ==y, + A, = 7' (p,),

this deviation is unprofitable. By an analogous argument, a deviation to p’ < P,
is unprofitable.

Second, deviating to a common price p’ > p. is dominated by setting the
highest equilibrium common price because the deviation only reduces demand
from unidentified nonshoppers. Altogether, firm ¢ finds it unprofitable to set a
common price outside []_oc , De) if other firms mix over p. and p, using respectively
F. and F§ as described in Proposition 1.

Third, deviating to a shoppers’ price p! < p, is dominated by setting the
shoppers’ price p, because the deviation only reduces revenue from shoppers.

Finally, deviating to a shoppers’ price p’ € (ps, D] is dominated by setting
the shoppers’ price ps because the deviation only reduces expected demand from
shoppers. Thus, this deviation is also unprofitable. Altogether, firm i finds it
unprofitable to set a shoppers’ price outside []38, ps| if other firms mix over p, and
ps using respectively F,. and Fj as described in Proposition 1. Thus, the strategies

in the Proposition constitute an equilibrium.
Step 6. The equilibrium is the unique symmetric equilibrium. In Steps

1-4, T assumed that p, <p, and ps, < p.. To prove uniqueness, I rule out other

configurations.
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First suppose that p, > p, in equilibrium. I show that then a firm has an
incentive to deviate. First note that if p, > D, then p, > 0asp >0 must hold
in equilibrium (the argument in Lemma 4 applies). As a result, Lemma 3 applies
and ps < p.. Then the probability that an unidentified shopper buys from firm ¢,

equation (6), has an additional part if firm 7 sets a common price p, € [Bc’ ]_95]:

Di(ph) = [ps + (1= pe) (1 = Fe(p))¥™" forplefp,p].

As a result, firm ¢’s expected profit from setting p’, = p also has an additional

part: instead of equation (10), it reads

IL,(p) + pshk + (1 — ps)A[ps + (1 — ps) (1 — Fo(p)]N'p forpelp.p

' (p) = < Ma(p) + k for p € [p,, ps),
Hn(p) + :usk + (1 - /‘LS))\[(]' - :us)(l - Fc<p>)]N71p for pE [ﬁsaﬁc]»
(14)

where I have denoted IL,(p) := 52 [(1 — py)p + pnn) for brevity. Equation (14) is
increasing in p in the interval p € [Es’ Ps) so the only possibility for an equilibrium
F, is that it puts no mass on p. € [Qs, Ds), and possibly a mass point on p, = ps.

If F, assigns no mass on p. € [p_, Ps), then the probability that an identified
shopper buys from firm 7’s if i sets p € [p,, Ds] is

D,(p,) = [us(1 = Fy(p)) + (1 = ps) (1 = Felp ))]" ™" for pf, € [p_,ps)-

But then F,. cannot put a mass point on p. = ps: otherwise, the probability that
an identified shopper buys from firm ¢ would have a jump when setting p’ = p,
instead of p’ = p, — €, which cannot be in equilibrium (by a similar argument as
in Lemma 1).

I argue that F, assigns no mass on p. € [}_98, Ds), then firm ¢ has an incentive
to deviate even without a mass point on p. = ps. In particular, instead of setting
p. e []_)S —€, ]_)S) with positive probability, firm ¢ can increase its profit by assigning
that probability to p!, = ps. The firm’s demand would not drop, but its expected
profit would increase by a discrete amount. Altogether, in equilibrium p,<p,.

Now suppose that ps > p.. I show that then a firm has an incentive to deviate.
If ps > p. and firm ¢ sets p’ > p., an identified shopper buys from 4 only if he also

draws a shoppers’ price from all the other firms:
Dy(p,) = [s(1 = Fo(p))I™™" for pj, € [pe, Bs].
Firm #’s interim profit from the identified shopper is 7, (pl) = py[us(1—Fs(p%))]V L.
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By an analogous argument as in Lemma 1, p, are dispersed in equilibrium so

Ams(p) = k must hold for all p in the support of F; and some constant k. Thus,

1
an equilibrium F; must satisfy ps(1 — Fy(ps)) = (%>m for p; > p.. Then
setting a common price p. € [Ec, Pe] would yield a profit m(p.) as described in the
first line of equation (10). Since that increases in p,., the only possible equilibrium
F, is degenerate at p. = p.. But mass points on any p. > 0 are ruled out by
a similar argument as in Lemma 5 and p. > 0 must hold in equilibrium (by an
analogous argument as in Lemma 4). Thus, in equilibrium p, < p,.

In sum, Proposition 1 describes the unique symmetric equilibrium. O

A.2 Comparative statics

Proof of Proposition 2. Let us set the probabilities of price discrimination to be
the same: p,, = ps =: p. Then the boundary prices are p, = Hf’ﬁ, De = bp =
min {ﬁ (1- K)—l ,v} yand p = (1_M)N71£C where K -— f01(1+7NyN*1)*1 dy

A=)t
-

comparative statics with respect to p are the following.

an = . e expected equilibrium profit 1s m = =+p. + . e
d~y Th pected equilibri profit i lN’\p ,u)\gs Th

(i) I first cover the case when ¢,, has an interior solution. I show in (a) that this
holds for small p: iff u < fi.

(a) p, and p. increase in p. If p. is interior, by directly taking derivatives we get

= (1 — ) 4 pe(1 — K) P S—=21,
on P (1= p)™" + e ) 0y o
1 _ _ _ —
where 55 = — (1 +yNyV) 2Ny dy < 0 and G = —=0 < 0.
Thus, if p. is interior, then —%’Zf > (. The interior solution to p. tends to +oo

as i — 1 so we know that ¢, is interior iff © < i for some iz < 1.

Also p, increases in u because p, increases in p. and decreases in 7.

(b) p, increases in p. The derivative with respect to p_is

op, (V- 1)(1 s A= ope (1= Oy
ou 14+~N Pe 1+~yN Ou (1+7N)2pC o’
Plugging in the derivatives g—z and %—’Zﬁ from above, dividing the resulting

(=N 29N

SN and collecting terms gives

equation with

a 1, N-1 N21_ N-1 NN—12 N 1
éoc/y N —y )+ Ny 2+ )+]dy>0‘
0

o (1+yNyN-1)2
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(c) 7 increases in p. We have " > because apc > (0 and ** > 0.

(ii) I now cover the case when ¢, has a boundary solution, i.e., u > . If ¢, = v,
then pe = v, p, = v(1+yN)"", p =01 =) (1+yN) ™ and 7 = 2o+ pAp .

. . op, oy
(a) p, increases in p. We have 72 > 0 because 5! < 0.

(b) p_decreases in p. The derivative is %y — _wN-DA—pyV

Py B B (1+yN)2 <0.

(¢) 7 increases in u for all u < i and decreases for p > fi. The derivative is

g_u = m [1+ (1 —p)yN — uN]. The RHS decreases in p so ES is

positive for p < i and negative for g > i where f solves (1 — \)(1 — ,uN) +
A1 — @)NN =0, ji € (0,1). O

Proof of Proposition 3. The comparative statics with respect to ps.
(i) I first cover the case when ¢,, has an interior solution. I show in (a) that this

holds for small pg: iff pg < fis.

(a) p. and p, increase in us. If ¢, has an interior solution, p. satisfies equation

(13). Differentiating equation (13) with respect to us yields 8”2 = pe(1 —
K)_I%ly({?;j’ where %—f = fo (1 4+ yNyN"H2NyN =1 dy < 0 and % =
—=L - < 0 so 8’”5 > 0. As lim,, ;1 p. = +00, ¢, is interior iff py < fis.

Also p, increases in fi5. Inspecting equation (12) reveals that p, increases in

5 - op. Ope oy
P and decreases in y so o 0 because o 0 and o < 0.

(b) p, increases in y1;. The lowest shoppers’ priceis p = (1—ps) " 'p(1+yN) ™!

Taking the derivative, using

a (a), collecting terms, and dividing the
(1 Us) PcW

resulting equation with T NEO-R) gives

0 1 N-1 N21— N-1 1 NY(1 NN—l
éoc/y N1 —y" )+ (1 +yN)(A +9Ny )]dy>0'
0

Ops (1+yNyN-1)2

(c) 7 increases in pg. Since the profit is m = %]50 + HsAD, g—:s > 0.

(ii) I now cover the case when ¢,, has a boundary solution, i.e., s > fs. If ¢, = v,

Pe=0v,p, =v(l+yN)"" p =0l —p)N M1+ yN) and 7= 20+ Agp-

. . Op
(a) p, increases in y1,. We have 72 > 0 because 8‘9—; < 0.

(b) p, increases in p for all ,us < fis1 and decreases for all pgs > figy. The

_ v(—ps)N

. . Op
derivative = W

(1 + N — N), is positive for all ps < jis; where

fis1 = 1— (Nfl)(lg,i‘)(l fin ] . We have jis; < 1, but not necessarily jis; > 0.
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(c) 7 increases in pg for ps < fiso and decreases for pgs > figso. The derivative is
on Ap

= m(l + N — pusN), which is positive for all ps < fiso where

[Ls2 Solves [l — % = N1 with i, € (0,1) and jis; < fiso-

The comparative statics with respect to p,.
(i) T first cover the case when ¢, has an interior solution. I show in (a) that this

holds for small p,,: iff p,, < fi,.

a) p. increases and p decreases in pu,,. Differentiating equation (13) yields
P, 1 g y

Op. 0o Pe LANgN 2
= o = Tmim ), () @0 09

As lim,, _,; p. = +00, ¢,, has an interior solution iff 11, < fiy,.

Forp , 1 take the derivative of (12), plug in % and collect terms, to get
Op 5,72 N2 1 N=1(] _ ,N-1
Be _ _ Pey /y ( v ) 4y <0, (16)
Otin (T+N)2(1 = pn)(1 = K) Jo (1 +yNyN-1)2
(b) p, decreases in f1,. Asp = (1— us)N_lgc and 252 <0, also gffz < 0.

(c) A sufficient condition for 7 to increase in p, is that p, < fi,;. The expected

equilibrium profit is 7 = Ap. + ptsAp . Using equations (15) and (16)
_ﬁC(lfA)’YzN

- KaNye 1 get

collecting terms, and dividing by T

or /1 YNV = ps) (L N2V — g (1 = p)yN (1 =y )] dy
O Jo (1+~yNyN-1)2 '

Denote the integrand by ®. I want to show that fol ® dy > 0. Note that

0P 2yPWTUN(1—yN )y
= 1— 1) (1 +N) + ps(1 — pn)YN] > 0,
i (1+7NyN‘1)3(1—un)[< ps)(1+YN) + 115 (1 = i)y N] >

so that % fol ® dy > 0. Instead of showing that fol ® dy > 0, I derive a
sufficient condition for fol ®|,,,=0 dy > 0. I approximate down
(L= p) (L NP2 ey Ny psy Ny

B o= _ _
o (14 yNyN-1)2 " (L+ANyN-1)2 (14 yNyN-1)2

In ®|,,—o, I substitute y™ ' by one in the denominators of the two first
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fractions, and V! by ¥V ~2 in the numerator of the last fraction. This gives

Wom (1= gy 4 pyNy* =2 ey Ny 2

(I1+yN)2 (14 NyN-1)2

I derive a sufficient condition for fol W dy > 0. Direct evaluation gives

! _ 1 — Hs M87N2[1+7(2N_ 1)]
/0 W = N 1 T MPEN — (N = 1)

The RHS decreases in vy, RHS|,—o > 0 and lim,_,. RHS = N1 —ps) =N —L)pis

(N—1)(2N—1)
If p1s is small, fol W dy > 0 holds for all v and if p is large, for v < §; where

41 solves 8% fol W dy = 0. I rewrite v < 91 as u,, < fi,1 for large ps and let
fin1 = 1 for small p,.

(ii) I now cover the case when ¢,, has a boundary solution, i.e., p,, > fi,. If ¢, = v,

then p. = v, p = v(1+yN)" p = (1= p)"'p_and 7 = 20 + Auep .

(a)-(c) p , p, and 7 decrease in fi,. All follow directly from 8871 =1 >0. O

Proof of Proposition 4. The comparative statics with respect to N.
(i) T first cover the case when ¢, has an interior solution. I show in (a) that this
holds for small N: iff N < N.

(a) pe increases in N and a sufficient condition for p_ to increase is N > Ni.

Directly taking the derivative of equation (13) and collecting terms gives

OPe De /1 Yy N In(1 — ps) + 1+ N lny] 4
= — — y
ON 1= [J(1+ NyyN=1)~t dy Jo (1 4+~ NyN=1)2
(17)
I use a result from Stahl (1989) to show that % > 0. Let the highest
price in the unit-demand version of Stahl (1989) be Dsiani. An interior pgan
-1
can be written as pstam = « [1 - fol(l + ANy "H"t dy| , where § = 25
(Janssen et al., 2005). Stahl (1989) shows that
IPsta Psta PAyN 1+ N
Pstahl — . Dst Ahl / 7Y (A +N_1n2y) dy > 0. (18)
ON 1— [y (L4 NyyN-1)-tdy Jo  (T+FNyNH)

Since % > 0, the last integral in (18) is negative. Both 4 and v can take
any value in [0, 1] so to show that the integral in equation (17) is negative,
it suffices to show that the integrand in (17) is below that in (18) for all
y € [0,1]. This holds because N In(1 — ug) < 0 for all pu, € [0,1].
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Recall that p_= p.(1+~yN )~L. The derivative

VPe
(1+~N)?

dp,  Op.

1
N 6N(1+7N) +

[—Nh’l(l - Ns) - 1]a

is positive for sure if the last term is positive: if N > (—In(1— )" =: Ny.

(b) p, decreases and increases in N for nonempty open sets of parameter values.

Recall that p_= (1 — )V~ lf;N, so that

% _ (1= ps) !
ON — (1+N)2

{pma - -1+ armel. a9

Let X := (N = 2,7 = T s = = f1) where i solves In(1 — i) = —

N[ —=

Evaluating (19) at X and collecting terms gives

op Yy(1+y) +2yIny 2
— — dy=—(1+mn2—-—| <0.
R e e L AR Gl
I now show that parameter values exist for which 2%; > 0. Let X := (N =

2,7 =1, pus = pn, = 1) where fi solves In(1 — i) = —2. Evaluating (19) at X

and collecting terms gives

Yy(—1+5y) + 4yl 2
oc—/ ul +y)+2ynydy:—(8—7ln2—1)>o.
X 0 (1+y) 3

8ps

ON

Neither inequality is tight and everything is continuous around X and X , SO

both comparative statics hold for nonempty open sets of parameter values.

Sufficient conditions for 7 to increase in N are N > 4, us > [is3, and
tn € (fin2, fing). 1 proceed in three steps (c.i)-(c.ii). I first rewrite the
inequality mnyy1 > 7. I then show that sufficient conditions for the new
inequality’s LHS to exceed % are g > fig3 and p, < fi,3, and for the RHS
to be below Z are N >4 and p, > fine.

Tns+1 > Ty can be rewritten as inequality (20). Using the profit equations

gives that mn1 > mn is equivalent to

{[1 + vt (N + D1 — ) + peynv (N +1)(1 — m} < 7]
(N + D)[1+yn1 (N +1)] e
(1 +wN)(1 = ps) + NN — ) ]
Z[ N(L+ M) ]X““
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(c.ii)

(c.ii)

where p.|y+1 is the highest common price when the number of firms is N + 1

_ N+1 . _ N+1
and yni1 = ﬁ% Since Yn41 = ﬁ% = (1 — ps)yn, the

1—pn
inequality can be rewritten as

Pe|n+1 (1 4+ynN) (1 — ) + psynN(L — pia,)
Pl - N(L + v N) ] (20)
(N+ D[+ (1 = po)yn(N +1)] B
* { (1 — ps)[1+ (1 — p)Yv(N 4+ 1) + pyn (N + 1)(1 — p)] } = feH S

A sufficient condition for ﬁ%t—?’;l > %, or 4pc|n+1 > BPe|n, 1S ps > fisg and

tn < fins. 1 use equation (13) to rewrite the inequality 4p.|n+1 > 5pe|n as

! 1 N—1
5 / 5+ yvNy
dy > —— dy. 21
/o L+ 8 (N 4+ 1)(1 — pg)yN y o 1+yNyN-1 Yy (21)

A sufficient condition for (21) to hold is that the integrand on the LHS
exceeds that on the RHS, which holds if 4N > (5 +ynvN)(N + 1)(1 — ps)y
for all y € [0,1]. The latter is the hardest to satisfy for y = 1 and holds for
y=1if

A=)V
1= 1—py,

AN > [5 + N] (N +1)(1 = p), (22)

which gives a joint condition on g, and p,.%% Since the RHS in (22) decreases

in pg and increases in p,, the inequality holds if pgs > fis3 and p, < fi,3.

Sufficient conditions for 2 to weakly exceed the RHS of equation (20) are

N >4 and p, > fine. The inequality g > RHS(3) can be rewritten as
(N =4)(1 = ps)[1+ AN + 7 N(N + 1)(1 = pinps)]

The first term of this inequality is weakly positive for all N > 4 so we need
to consider the last two terms. If pu; < %, the terms’ sum is positive because
N >4, (1 = pinpis) > (1= pg) and 1 —5p > (N + 1)pg — 1. If pg > £, the
terms’ sum can be negative. Sufficient conditions for the entire inequality to

still hold for all us are N > 4 and p,, > fine. For large N, fi,o is zero.

(d) pe— p, increases in N. Since p. —p_= P [1— (1= p )" A +yN), we

26Tf the inequality does not hold for all y € [0, 1], inequality (21) can still hold and, everything
else constant, is easier to satisfy for large ps.
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have o(p )
Pe=PJ) 10 0 \N-1 1
—an - =P (=) T (AN

+]56(1 - ,UJS)N_1<1 + VN)_Q [_(1 + ’}/N) 111(1 - MS) + ’V(N ln(l - //Js) + 1)] :
Using p.. from (a) above gives

d(Pe—p,) YyN=UNIn(1 — ps) + 1+ Nlny]

dy

s — I N) — (1 — N—-1
e x = [aw) — =¥ | s
N-1 N1 1 Ny
(1= )V () = Inf = )] [ e dy > 0

because, we know from (a) above, the first integral is negative.

(ii) I now cover the case when ¢, has a boundary solution, i.e., N > N. If ¢,, = v,
then pe = v, p, = v(1+yN)7! p = (1 — )" 'p,, and 7 = 20 + Muep .
(a) p increasesin N forall N > N; and decreases for all N < Nj. The derivative

o = k[~ NIn(1 - ;) — 1] is positive iff N > (~In(1 — 1,)) ™ = N,

(b) p, decreasesin N. The derivative is g% = HB;N(1—u5)N*1[ln(1—,us)—7] < 0.
(¢) m decreases in N. We have 2= < 0 because z%; < 0.

_ . . _ Op_
(d) pe— p, increases in N. Follows from p. = v and 7z < 0. O

A.3 Example screenshots

Figures 5 and 6 are screenshots of small parts of Amazon’s privacy policy. Figure 5
highlights some aspects of a person’s behaviour that the firm records and that may
be indicative of how much a consumer looks around before buying. In particular,
the information includes not only how long the person spends on different pages
and what he searches for, but also page interaction data such as scrolling, clicks and
even mouse-overs. The collected information includes which website the person
arrives from before (and goes to after) visiting Amazon’s site.

Figure 6 shows that other firms can access information about a person’s in-
teractions with Amazon’s website using third-party cookies. It also shows that a
person’s behaviour can be followed for a year or longer because cookies are stored

on a person’s device for 13 months (after a single approval of cookies).
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I RPN RSSO R AN €] Amazon.co.uk Help: Privacy No X [E) Amazon.co.uk Help: Privacy No X =+

© @& https//www.amazon.co.uk/gp/help/customer/display.html?ie=UTF8&nodeld=2019090108&ref =foot [E]  170% oe | | Q Search
ars @ Email 3 Mitt CgtEmail (@A Moodle @ saM [@Restud [lEtca @ AER (3 TE JET e @ e @ A Mico EIRAND T word count @ Scholar @) uaccess [ ucloud B NBER calls

Automatic Information

Examples of the information we collect and analyse include:

the Internet protocol (IP) address used to connect your computer to the Internet;

login; e-mail address; password;

the location of your device or computer;

content interaction information, such as content downloads, streams, and playback details
including duration and number of simultaneous streams and downloads, and network details for
streaming and download quality, including information about your internet service provider;
device metrics such as when a device is in use, application usage, connectivity data, and any
errors or event failures;

Amazon Service metrics (e.g., the occurrences of technical errors, your interactions with service
features and content, your settings preferences and backup information, location of your device
running an application, information about uploaded images and files (e.g., file name, dates,
times and location of your images));

purchase and content use history, which we sometimes aggregate with similar information from
other customers to create features such as Best Sellers;

the full Uniform Resource Locators (URL) clickstream to, through and from our website (including
date and time); cookie number; producis and/ or content you viewed or searched for; page
response times, download errors, tengih of visits to certain pages, page interaction information
(such as scrolling, clicks, and mouse-overs),

phone numbers used to call our customer service number.

We may also use device identifiers, cookies, and other technologies on devices, applications and our
web pages to collect browsing, usage or other technical information for fraud prevention purposes.

Figure 5: An extract from Amazon’s Privacy Policy (screenshot from 28.09.20).

O 8 https://www.amazon.de/-/en/gp/help/customer/display.htm|?nodeld=GVASXV5UZ64R4Y25 B 133% v Q search
iinars %, Mitt & Email (gt Email @) S5aM  [§] Restud Etca @ AER Y3 TE JET [ QE @ PE @ AE) Micro RAND TS word count @ Scholar [ NBER calls 5
IIIIPIUVCIIICI IS, rul CI\'&:IIIIPIC, WE USE CUURICES W LUllUULL TESEdIull diliu Uldyllubllbb w IIIIPIUVC
Amazon's content, products, and services, and to measure and understand the performance of
our services.

Advertising Cookies: We also use cookies to serve certain types of ads, including for products
im and services not available on Amazon and for certain ads relevant to your interests.

Approved third parties may also set cookies when you interact with Amazon services. Third
pariies Inciude scaich engines, providers of measurement and analytics services, social media

\ange networks, and advertising companies. Third parties use cookies in the process of delivering ad
content, including ads relevant to your interests, to measure the effectiveness of their ads, and to
perform services on behalf of Amazon.

To learn more about how Amazon provides interest-based ads, please visit the Interest-Based

ne Ads noticelnterest-Based Ads notice (https://www.amazon.de/gp/help/customer

’ /display.html?nodeld=G64JFZVFDY66XG9K). To adjust your interest-based ad preferences,
please go to the Advertising Preferences page. You can see which approved third parties use

t;mgnst cookies and manage how they use cookies by visiting our Cookie Preferences page.
Additional Information

lings

or Operational cookies will remain on your browser for 13 months from your last visit to our

services, except for cookies used to remember your privacy settings (such as Advertising
Preferences), which may remain on your browser for up to 5 years. Other cookies remain on
your browser for 13 months after you provide us with your consent to use these cookies.

You can manage cookies by visiting our Cookie Preferences page. We will apply your cookie

Figure 6: An extract from Amazon’s Privacy Policy (screenshot from 16.02.22).
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