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Abstract

We build a model of competition between strategic data intermediaries col-
lecting consumer information that they sell to firms competing in a product
market. Each intermediary has access to exclusive information on a group
of consumers and competes with other intermediaries on a common group
of consumers. Information allows firms to distinguish different segments of
the consumer demand, and an equilibrium has the following properties. (i.)
The largest intermediary collects the highest number of segments and sells
information in the competitive market. (ii.) The incentives of the largest
intermediary to collect data increase with the competitive pressure exerted
by smaller intermediaries through an escape-competition effect. (iii.) Inter-
mediaries sell information on a larger group of consumers in the competitive
market than in the monopoly markets, increasing the intensity of competi-
tion among firms. (iv.) Competition reduces the incentives of intermediaries
to collect data, thus increasing consumer surplus. These results have impor-
tant implications for merger policy. Indeed, mergers increase the amount of
data collected by intermediaries, which reduces consumer surplus due to en-
hanced price discrimination. This effect takes place in the market where the
merging intermediaries operate, and also in other related markets through
a ripple effect.
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1 Introduction

1.1 Motivation

In recent years, Big Tech companies such as Alphabet (Google), Amazon, Meta

(Facebook), and Microsoft have acquired large digital companies including What-

sApp, LinkedIn, FitBit, Skype, or Nest (De Loecker et al., 2020).1 These ac-

quisitions have been controversial and contested by scholars and practitioners

(Kwoka Jr and Valletti, 2020; CMA, 2020).

Central to these debates is the growing importance of data as a competitive

asset. Besides providing consumers with online services such as social networking,

online retailing, or web searches, major Big Tech companies such as Alphabet,

Amazon, and Meta also act as data intermediaries in a new market for infor-

mation (Bergemann and Bonatti, 2019). They extensively collect information on

consumers, thus threatening privacy, while providing a competitive advantage to

firms by selling them targeted information. By controlling the provision of data,

data intermediaries impact the intensity of competition between firms. It is there-

fore crucial for scholars and policymakers to understand how mergers between

data intermediaries change their ability to change the intensity of competition in

product markets, and therefore consumer surplus.

Data intermediaries have recently been the topic of intense research (Berge-

mann and Bonatti, 2015; Bergemann et al., 2018; Montes et al., 2019; Elliott et al.,

2021; Bounie et al., 2021; Ali et al., 2022; Bergemann et al., 2022), but a criti-

cal question remains: how does competition between data intermediaries change

their incentives to collect personal data and their selling strategies? By answering

this question, we will also be able to analyze the effect of mergers in the mar-

ket for information on consumer surplus. Interestingly, the literature generally

ignores competition between data intermediaries, focusing instead on information

design and on consumer privacy in a monopoly setting. Moreover, information

1In the year 2017 alone, Alphabet, Amazon, Apple, Meta, and Microsoft spent a total of
$31.6bn on start-ups acquisitions. (American tech giants are making life tough for startups; The
Economist, June 2 2018.) The UK Competition and Market Authority reported, ”Over the last
10 years the five largest firms have made over 400 acquisitions globally. None has been blocked
and very few have had conditions attached to approval, in the UK or elsewhere, or even been
scrutinised by competition authorities (CMA, 2020).”
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is assumed to be exogenous, and data intermediaries are not strategic when they

acquire consumer data. Yet, data intermediaries such as Alphabet and Meta de-

termine how many data points they collect on consumers. The finer the data the

higher the cost, but this allows information buyers to better target consumers and

extract their surplus. Therefore, firms are ready to pay a high price for fine-grained

consumer information, and considering intermediaries that endogenously collect

data might change the equilibrium in the market for information, especially when

intermediaries compete.

In this article, we develop a new m− l framework of competition between data

intermediaries. Each intermediary i = 1, .., n has access to exclusive information

on a group of consumers of size mi, but faces competition from other intermediaries

on a common group of consumers in what we will refer to as the competitive

market of size l.2 Our approach builds on the models of competition developed by

Rosenthal (1980) and Varian (1980), where firms can reach potentially different

groups of consumers and have access to locked-in consumers who do not know the

existence of other firms. This framework solves a central challenge of the literature

on markets for information, namely that a perfectly competitive market does not

allow intermediaries to invest in costly data acquisition. This question dates back

to Diamond (1971) and Grossman and Stiglitz (1976, 1980) for financial markets.

Our m−l approach solves this issue by considering imperfect competition between

intermediaries that have access to different groups of consumers, in the spirit of

Armstrong and Vickers (2022).

In our model, intermediary i collects consumer information in markets mi and

l. Information partitions consumer demand into segments, and collecting more

information allows an intermediary to better identify consumers by reducing the

size of the segments. Firms can use information to price-discriminate consumers,

thereby extracting more surplus (we refer to this effect as rent extraction). Firms

are willing to pay a higher price for finer consumer segments. While previous liter-

ature considers an exogenous amount of data available to firms, we endogenize the

decision of intermediaries to collect more or less consumer data. When choosing

2When there is no confusion, mi will represent the monopoly market of intermediary i or the
size of market mi. Similarly, l will represent the competitive market or the size of this market.
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the number of segments to collect, each intermediary balances the increased will-

ingness to pay of firms and a cost to collect data. Additionally, we assume that an

intermediary cannot distinguish consumers who belong to market mi from those

belonging to market l before collecting data, therefore, intermediary i collects data

to maximize the sum of profits in markets mi and l.

Data intermediaries also sell information strategically by determining which

combination of consumer segments they sell to each firm. After having collected

information, intermediaries can distinguish markets mi and l, and sell informa-

tion differently in both markets.3 An intermediary i sells an optimal number of

segments that maximizes the price of information in its monopoly market mi and

in the competitive market l. In both markets, the price of information is given

by the profits of an informed firm minus its outside option if it does not purchase

information and either remains uninformed, or acquires information from another

intermediary. Hence, the price naturally depends on whether the intermediary

sells information in its monopoly market or in the competitive market, and the

selling strategies may differ in mi and in l. In a given market, selling more infor-

mation allows firms to target more consumers, but also increases the competitive

pressure between firms (Armstrong and Zhou, 2022), and this competitive effect

of information reduces their willingness to pay.

1.2 Results

Our key findings are the following. First, competition between data intermedi-

aries changes the outside option of information buyers since they can purchase

data from other intermediaries. It is therefore profitable for competing interme-

diaries to sell information to all firms, while a monopolist intermediary only sells

information to one firm. This has important implications for merger policies that

we discuss later. Secondly, when data intermediaries compete, they sell more

consumer segments than under monopoly, thus intensifying competition between

firms. Thirdly, when intermediaries compete, they collect fewer consumer seg-

ments, and firms extract less surplus from consumers. Finally, competition at the

3For instance, cookies used for analytics can provide information and allow an intermediary
to identify consumer visits to competitors’ websites.
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top increases the incentives of the leading intermediary to collect consumer data.

This escape-competition effect creates an externality that can increase the amount

of data collected by intermediaries in other markets where they operate, reducing,

in turn, the surplus of consumers in these markets.

Competition between intermediaries and the number of informed firms

Data intermediaries sell information to only one firm in their monopoly markets,

but to both firms in the competitive market. On the one hand, a monopolist inter-

mediary can increase the willingness to pay of a prospective buyer by threatening

it to sell information to its competitor in case it does not purchase information.

Therefore, in equilibrium, a monopolist intermediary sells information to only

one firm. On the other hand, this threat cannot be exerted when intermediaries

compete, as firms can purchase information from other intermediaries. In the

competitive market all firms acquire similar information, they compete on a level

playing field, and competition in the product market becomes fiercer.

Competition between intermediaries and the number of consumers iden-
tified

A monopolist intermediary sells to Firm 1 (w.l.o.g.) information on fewer con-

sumers than in the competitive market. As discussed previously, selling more

consumer segments increases the rent-extraction effect of information, but also in-

creases the competitive pressure in the product market. We have already shown in

Bounie et al. (2021) that a monopolist intermediary balances these two opposing

effects of information by selling only a subset of available consumer segments. We

generalize this result to a competitive setting and establish that all intermediaries

propose to firms a partition that identifies only some segments of consumers, leav-

ing others unidentified. At first glance, this new result is surprising; competition

could force intermediaries to sell all their available information in the spirit of

Bertrand competition. However, the competitive effect of information is so strong

that no intermediary makes positive profits from selling all the available informa-

tion. Therefore, all intermediaries restrict the total number of segments proposed

to firms.
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Overall, competition between intermediaries reduces the equilibrium amount of

information sold to individual firms. However, the aggregate number of segments

sold to both firms is higher than in the monopoly markets. Consumer surplus is

therefore higher in the competitive market than in monopoly markets.

Competition between intermediaries and the amount of data collected

Competition between intermediaries also impacts their incentives to collect data,

thus changing the ability of information buyers to personalize their prices and

to extract consumer surplus. The incentives of intermediaries to collect data are

determined by two effects. On the one hand, more identified consumers increase

the marginal value of an additional segment collected. This effect is stronger

when intermediaries compete as they sell information on more consumers than in

a monopoly market. On the other hand, a monopolist intermediary sells informa-

tion to only one firm, as it can threaten a prospective buyer to sell data to its

competitor. The value of this threat increases with the precision of information,

yielding additional incentives to collect data in a monopoly market through an

outside-option effect.

Taking these two effects into account, we show that an equilibrium exists under

general conditions, in which the intermediary with the largest monopoly market

collects more data than other intermediaries and sells information in the compet-

itive market as a constrained monopolist. Other intermediaries collect an amount

of data that increases with the size of their monopoly markets, and do not sell

information in market l. Other equilibria may exist in which another intermediary

collects the largest number of segments, but in which the equilibrium strategies

of other intermediaries do not change. We provide the necessary and sufficient

conditions for all equilibria to exist. Overall, intermediaries have higher incentives

to collect data in their monopoly markets than in the competitive market, which

is a novel result in the literature.

Escape-competition and ripple effects

Finally, the incentives of the largest intermediary to collect consumer information

increase with the intensity of the competitive pressure. This effect will be referred

6



to as an escape-competition effect (see Aghion et al. (2005)), which reduces con-

sumer surplus in the competitive market and in the local monopoly market of the

largest intermediary. We can generalize this escape-competition effect to a set-

ting with several competitive markets to show that mergers can generate effects

outside the relevant market through what we will refer to as ripple effects. The

escape-competition effect in a given market can change the incentives to collect

data of top-sellers intermediaries in other competitive markets.

To illustrate these two effects, we consider three intermediaries with monopoly

markets m1,m2,m3, and two competitive markets l1 and l2. We focus on the case

where intermediaries 1 and 2 compete in market l1 and intermediaries 2 and 3

compete in market l2, intermediary 1 sells information in market l1 and interme-

diary 2 sells information in market l2. After a merger between intermediaries 2

and 3, the merged intermediary collects more consumer segments and exerts a

stronger competitive pressure in market l1 than intermediary 2 before the merger.

This increases the incentives of intermediary 1 to collect data in markets l1 and m1

through the escape-competition effect. In general, this effect also takes place in

any competitive market where intermediary 1 has the second highest information

precision and so on.

1.3 Contributions

This article contributes to the academic literature on markets for information and

to the policy debates on Big Tech mergers on two points.

First, we develop a novel framework of competition between data intermedi-

aries who can reach different groups of consumers. The incentives to collect data

depend on the intensity of competition between data intermediaries. This result

contributes to the literature on the market for information that has focused on

monopolist intermediaries and on exogenous data acquisition, as well as to the

general literature on the effects of information on markets.

Secondly, our work also contributes to the literature on data-driven mergers

and acquisitions (De Corniere and Taylor, 2020; Chen et al., 2022; Dubus and

Legros, 2022; Prat and Valletti, 2022). By endogenizing the decision of intermedi-

aries to collect data, we show that consumer surplus decreases after a merger due
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to a stronger rent-extraction effect. This reduction of surplus is not accounted

for in models in which the amount of data available to firms is exogenous. This

new theoretical result is supported by recent empirical evidence on the impact of

mergers on the amount of data collected by digital companies (Kesler et al., 2020;

Affeldt and Kesler, 2021).

The remainder of this article is organized as follows. In Section 2 we describe

the model. We characterize the data strategies of intermediaries in the competitive

market in Section 3, and in their monopoly markets in Section 4. We analyze

consumer surplus in Section 5 and mergers between intermediaries in Section 6

in order to study how they impact competition and consumer surplus in product

markets. Section 7 concludes the paper.

2 Description of the Model

We build a model of competition between data intermediaries collecting customer

data that they sell to firms competing in a product market, where the data sold

allows firms to price discriminate consumers. We first characterize the nature of

competition between data intermediaries. We then define consumer utility, the

strategies of competing data intermediaries collecting and selling consumer data,

the decision of firms to purchase consumer data, and finally, the timing of the

game. We discuss in detail our main assumptions in Appendix A.1.

2.1 Nature of Competition Between Data Intermediaries

We consider n competing data intermediaries that collect and sell consumer in-

formation to firms (with n ≥ 2). Each data intermediary can collect information

on a mass mi ∈ R+ (with i = 1, .., n) of consumers who belong to its monopoly

market, and on a market of mass l ∈ R+ of consumers where all intermediaries

compete à la Bertrand for the sale of information.4 Consumers, therefore, either

belong to a monopoly market or a competitive market, so that the total mass of

consumers is µ = m1 + ...+mn+ l.5 By convention, intermediary DI1 has a larger

4We analyze in Section 4 a situation in which data intermediaries only collect and sell infor-
mation on their monopoly market.

5We assume that mi > 0 ∀i and l > 0 in the remainder of the article. This framework has
as special cases l = 0 and mi = 0, that are analyzed in Sections 3 and 4.
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monopoly market than data intermediary DI2 and so on: m1 ≥ m2... ≥ mn.6

This m−l approach is relevant to describe the market for information, where an

intermediary (DIi) has access to exclusive information on a group of consumers

(corresponding to monopoly markets mi), but faces competition from other in-

termediaries on another group of consumers (corresponding to market l). For

instance, Meta collects data on its users, which other data intermediaries can-

not sell in the product market. Meta also collects information on users who visit

other platforms or online services such as the ones offered by Alphabet; Meta and

Alphabet have therefore similar information on these consumers.

To the best of our knowledge, the literature has not yet analyzed the strategies

of intermediaries collecting and selling consumer data in a competitive frame-

work. Indeed, analyzing competition between data intermediaries raises a major

conceptual challenge. Consider intermediaries that can only collect data in the

competitive market l, where they compete head-to-head to sell information. If

collecting data is costly, and intermediaries make zero profits, it is not profitable

for them to collect data. This is a well-known issue in financial markets (Grossman

and Stiglitz, 1976, 1980), which has been recently formalized by Ichihashi (2021)

in the case of intermediaries collecting consumer data. By introducing markets on

which each intermediary has monopoly access to information, our m− l approach

addresses this conceptual issue and enables the existence of a competitive market

for information.

2.2 Consumers

Consumers are divided into n+1 mutually exclusive markets of different sizes such

that µ = m1 + ..+mn + l. Each market is characterized by a Hotelling line [0, 1]

of mass m1, ..,mn, l on which consumers are uniformly distributed. On each line,

a consumer can buy one product at a price p1 ∈ R+ from Firm 1 located at 0, or

p2 ∈ R+ from Firm 2 located at 1.7

6As a special case, we will also allow for symmetric data intermediaries in terms of size of
their monopoly markets: m1 = m2... = mn; we will show that they collect a different amount of
information in the only equilibrium of the game.

7We assume that all markets are covered. This assumption is common in the literature. See
for instance Thisse and Vives (1988), Liu and Serfes (2004), Stole (2007), Ulph and Vulkan
(2000), Montes et al. (2019), and Bounie et al. (2021).
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Consumers located at x ∈ [0, 1] derive a utility V from purchasing the product.

They incur a transportation cost t > 0 so that buying from Firm 1 (resp. from

Firm 2), has a total cost tx (resp. t(1− x)). Consumers purchase the product for

which they have the highest utility. Hence on each unit line, consumers located

at x have a utility function defined by:8

u(x) =


V − p1 − tx, if they buy from Firm 1,

V − p2 − t(1− x), if they buy from Firm 2.

(1)

2.3 Data Intermediaries

At the beginning of the game, data intermediaries collect information that divides

each market into consumer segments.9 More data is costly to collect but allows

an intermediary to have a finer partition of a unit line. In the second stage of

the game, intermediaries sell partitions that allow firms to identify and price-

discriminate consumers.

2.3.1 Collecting Data

A data intermediary DIi collects data on mi + l consumers. We assume the in-

termediary cannot distinguish consumers who belong to market mi and market l

before collecting data, and the intermediary collects the same amount of informa-

tion on consumers in markets mi and l.10 A data intermediary collects data points

(such as gender, age, or zip code) that partition consumer demand into k ∈ N∗+
segments of size 1

k
.11 Several technologies allow firms to collect data on consumers

such as cookies and pixels (Bergemann and Bonatti, 2015; Choe et al., 2018).

8Prices p1 and p2 can be potentially different on different unit lines, and for distinct locations
of a given unit line.

9Other modeling choices are possible, such as the sale of a signal analyzed by Admati and
Pfleiderer (1988) and Bergemann et al. (2018) among others, in the case of a monopolist in-
formation seller. Our focus on information that partitions a Hotelling line is motivated by the
tractability of this competition model, yet it provides us with a rich set of strategy space for
data intermediaries.

10We discuss this specification in Appendix A.1.
11We drop index i when there is no confusion.
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We illustrate the partition collected by a data intermediary in Figure 1. In

a given market in {m1, ..,mn, l}, the k segments of size 1
k

form a partition Pk

that we refer to as the reference partition. These elementary segments generate

a sigma-field Pk containing the 2k−1 possible partitions of the unit line, among

which the intermediary can select the partition to sell.12

Firm 1 Firm 2

Segments: 1,2,.. k

Figure 1: Reference partition Pk

The number of consumer segments k corresponds to the precision of infor-

mation, and a firm that has information can third-degree price-discriminate con-

sumers by charging different prices on different segments. For instance, when

k = 2, the partition is coarse, and firms can only distinguish whether consumers

belong to [0, 1
2
] or to [1

2
, 1].

This approach allows us to analyze varying levels of information precision and

characterize the amount of data collected by intermediaries. We will show how

competition between data intermediaries impacts consumer surplus in product

markets by changing the amount of data collected, changing in turn the ability of

firms to price discriminate consumers.

The cost of collecting data is given by c(k) : N∗+ → R+ for a mass one of

consumers, and satisfies standard convexity conditions.13 As we assume that a

data intermediary collects the same amount of information in marketsmi and l, the

total cost to collect consumer data is (l+mi)c(k). This cost encompasses various

dimensions of the activity of data intermediaries, such as installing trackers or

storing and handling data. Collecting more information by increasing the number

of segments allows a firm to extract more surplus on consumers, increasing in turn

its willingness to pay for information and the price of information.

12The choice of the partition corresponds to the selling strategy of an intermediary, which we
analyze in detail in Sections 3 and 4.

13We assume that c(0) = c′(0) = 0 and c(.), c′′(.) > 0.
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2.3.2 Selling Information

Once they have collected data, intermediaries can distinguish markets mi and l,

and sell information differently in both markets. For instance, cookies used for

analytics can provide information on the websites visited by consumers, and allow

a firm to know whether consumers have visited the websites of its competitors.

In each market mi and l, data intermediary i can sell any combination of

segments of the consumer demand. We denote by Pm1 (DIi) ∈ Pk and Pm2 (DIi) ∈ Pk
the partitions offered to Firm 1 and Firm 2 respectively by intermediary DIi

on its monopoly market. These partitions can be potentially different for each

firm. Similarly, intermediary DIi proposes to firms partitions Pl1(DIi) ∈ Pk and

Pl2(DIi) ∈ Pk in the competitive market l.

We have shown in Bounie et al. (2021) that a monopolist data intermediary

can weaken or strengthen the intensity of competition in the product market by

determining the quantity of information available to firms, which has two opposing

effects on consumer surplus. On the one hand, an informed firm can price dis-

criminate consumers, thus increasing its profits through this rent extraction effect.

On the other hand, information also increases competition in the product market,

which reduces the profits of both firms. An optimal partition thus maximizes

consumer rent extraction while softening the competitive effect of information.

We will see how a merger between data intermediaries increases their ability to

soften the competitive effect of information, impacting in turn competition in the

product market and consumer surplus.

To illustrate how information impacts the intensity of competition in the prod-

uct market, consider a situation in which k = 4 segments are available (see Figure

2). By allowing Firm 1 to distinguish consumers located close to Firm 2 and

to charge them prices p13 and p14, the data intermediary also increases the com-

petitive pressure on Firm 2 that lowers price p2. Now suppose that the data

intermediary only sells the first segment to Firm 1, which charges price p′11 to

these consumers: the competitive pressure will be much lower, and Firm 2 will

increase its price p′2 > p2. By keeping a share of consumers unidentified, the data

intermediary will keep a low level of competition between firms, while still allowing

Firm 1 to extract more surplus from identified consumers close to its location.

12



Firm 1 Firm 2

Firm 1 Firm 2

p11 p12 p13 p14

p2

p′11
p′12

p′2

Figure 2: Example of partitions, k = 4

In the competitive market, data intermediaries compete à la Bertrand in the

sale of information. We assume that firms cannot combine information acquired

from different data intermediaries, and a firm only purchases information from one

data intermediary.14 Firms choose intermediary DI with the highest information

precision, so that competition in market l leads to a winner takes all situation.

Other data intermediaries collect data in market l, which is therefore contestable.

Hence, intermediary DI sells information under the competitive pressure exerted

by data intermediary DI with the second highest number of segments collected.

In monopoly market mi, data intermediary DIi sells information to one or

two firms. We assume that data intermediaries sell information through first-price

auctions.15 Intermediaries know the willingness to pay of firms for information,

and an auction is used in our case to maximize the price of information by increas-

ing surplus extraction from firms. This selling mechanism is frequently used by

major data intermediaries such as Alphabet16 and in data marketplaces (Sheehan

and Yalif, 2001; O’kelley and Pritchard, 2009), and is also commonly used in the

literature on markets for information (Montes et al., 2019; Bounie et al., 2021).

14We discuss this assumption in Appendix A.1.
15Note that intermediaries can sell information to both firms using a first-price auction by

setting the appropriate reserve price. See Appendix B.3 for a discussion.
16First-price Auction, Second-price, and the Header-Bidding, Smartyads, February 2018.
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2.4 Firms

In the third stage of the game, firms compete in prices using the information that

they have purchased from intermediaries. Firms can acquire information from the

monopolist data intermediaryDIi in each monopoly marketmi and from one of the

competing data intermediaries in the competitive market l. Without information,

firms only know that consumers are uniformly distributed on the unit line. A

firm that has purchased information knows to which segment of the partition a

consumer belongs.

In order to compute the profits of a firm that has acquired partition Pθ, we

need to compute demand and prices on each consumer segment of the partition.

There are two types of segments to analyze: segments on which both firms have a

strictly positive demand, and segments on which a firm sells to all consumers and

sets a price under the constraint exerted by its competitor. Firm θ sets prices in

two steps.17 First, it sets prices on all segments. In a second step, Firm θ updates

its prices in segments where it is a constrained monopolist. On a given Hotelling

line, each firm knows whether its competitor is informed, and the partition P−θ.
18

We will show that the partitions sold by intermediaries have the following features.

An intermediary sells information that allows firms to identify segments of close-

by consumers on which firms charge constrained-monopolist prices. Consumers in

the middle of the line are left unidentified, and firms charge a homogeneous price

to these consumers.

For any partition P1 composed of n segments, we denote by dθi the demand

of Firm θ = {1, 2} on the ith segment. Firm θ maximizes the following profit

function with respect to the vector of prices pθ := (pθ1, .., pθi, .., pθn):

πθ(pθ) =
n∑
i=1

dθipθi

17We discuss this sequential pricing assumption in Appendix A.1.
18This assumption is also standard in the literature (Thisse and Vives, 1988; Braulin and

Valletti, 2016; Montes et al., 2019; Elliott et al., 2021).
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2.5 Timing

A data intermediary DIi first collects data and sells potentially different partitions

to firms in market mi and in market l. Then, in each market m1, ..,mn, l, firms

set prices on the different segments. The timing of the game is the following:

• Stage 1: data intermediary DIi collects data on ki consumer segments in

markets mi and l.

• Stage 2: data intermediary DIi offers information partitions for sale in its

monopoly market and in the competitive market.

• Stage 3: firms set prices pθi on the different consumer segments.

• Stage 4: consumers observe prices and make their purchase decisions.

We analyze in the next sections the strategies of intermediaries collecting and

selling consumer data in the competitive and in monopoly markets.

3 Competitive Market

We first study the selling strategies of intermediaries in the competitive market,

as well as their incentives to collect consumer data. We show that (i.) the data

intermediary with the highest precision sells information to both firms, but does

not sell all consumer segments in order to reduce the competitive effect of infor-

mation; (ii.) other intermediaries do not sell information; (iii.) the amount of

data collected depends on the marginal value of data, which is determined by

two opposing forces: a rent-extraction effect, and on an outside-option effect. We

explain these mechanisms in Section 3.2.

3.1 Selling Information in the competitive market

We first characterize the selling strategies of data intermediaries. We solve the

game by backward induction, and in this stage the amount of data collected is

given. We first determine the profits of the firms, then the price of information,

and finally the optimal selling strategy and the information structures offered by
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intermediaries. To simplify the exposition, we consider a market of size 1, and we

will show that the selling strategy does not depend on the size of the market.

Profits of the firms in the competitive market

We denote by π1(Pl1(DIi),P
l
2(DIj)) and π2(Pl2(DIj),P

l
1(DIi)) the profits of Firm

1 and Firm 2 when they respectively acquire partitions Pl1(DIi) from data inter-

mediary DIi and Pl2(DIj) from DIj. Let DI be the intermediary with the highest

information precision k ∈ N+, and DI be the intermediary with the second highest

number of segments collected k ∈ N+.

Proposition 1

DI sells information to both firms; other intermediaries do not sell information.

Intermediaries compete à la Bertrand in prices and information structures in

the competitive market. Hence, each intermediary i maximizes the price of in-

formation, given for each firm by the difference between profits with information

purchased from i and with information purchased from j 6= i that maximizes their

profits. As the profits of a firm increase with the number of segments available

on a given group of consumers, only intermediary DI with the highest number

of segments k sells information in market l. Other data intermediaries make zero

profits in this market.

Prices of information in the competitive market

Data intermediary DI sells information to Firm 1 and Firm 2 at prices correspond-

ing to the willingness to pay of each firm for information. Consider the incentive of

Firm 1 to purchase information. Firm 1 can acquire P1(DI) ∈ Pk at price p1 from

DI, or P1(DI) ∈ Pk at price p
1

from DI and make profit π1(P1(DI),P2(DI)).19

The willingness to pay of Firm 1 for information is thus π1(P1(DI),P2(DI)) −
π1(P1(DI),P2(DI)). The price that Firm 2 is ready to pay for information is

defined in a similar way: π2(P2(DI),P1(DI)) − π2(P2(DI),P1(DI)). Lemma 1

summarizes this discussion.

19We drop subscripts l from the notations of the partitions Pl1(.) and Pl2(.) throughout this
section.
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Lemma 1

The prices of information charged by data intermediary DI to Firm 1 and

Firm 2 in the competitive market are:


p1(P1(DI),P2(DI)) = π1(P1(DI),P2(DI))− π1(P1(DI),P2(DI)),

and

p2(P2(DI),P1(DI)) = π2(P2(DI),P1(DI))− π2(P2(DI),P1(DI)).

Optimal information structure

Data intermediary DI chooses the partitions that maximize the profits of the

firms by combining segments of the reference partition Pk. For instance, the data

intermediary can combine segments 2, 3 and 4 of the partition on top of Figure 2

to form a new partition that consists of just two segments, given at the bottom of

Figure 2. Even though we allow for any partition of the unit line, some partitions

can be easily ruled out. Selling consumer segments far away from a firm will only

increase the competitive effect of information, while selling coarse segments close

to a firm’s location is not optimal since more precise information would increase its

willingness to pay for information. In Proposition 2, we characterize the optimal

partitions P∗1(DI) and P∗2(DI) represented in Figure 3.

Proposition 2

An optimal partition P∗1(DI) for Firm 1 (and P∗2(DI) for Firm 2) divides the

unit line into two intervals:

• The first interval consists of j1 (j2) segments of size 1
k

on [0, j1
k

] ([1− j2
k
, 1])

where consumers are identified.

• Consumers in the second interval of size 1− j1
k

(1− j2
k

) are unidentified.

• The optimal numbers of segments sold are:

j1
∗
(k) = j2

∗
(k) =

k

3
− k

9k
− 7

18
.
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Proof: see Appendix B.1.

The optimal partitions divide the unit line into two intervals. Firms can price

discriminate identified consumers, and charge a uniform price on the second inter-

val of unidentified consumers. Data intermediary DI does not sell all consumer

segments to reduce the competitive pressure of information. It is easy to under-

stand that selling all consumer segments is not optimal for a data intermediary:

selling more segments increases competition and reduces the willingness to pay

of firms for information. Partitions P∗1(DI) and P∗2(DI) balance the competition

and rent-extraction effects of information. Similarly, DI will offer to Firm 1 and

Firm 2 partitions composed of j1 and j2 segments closest to their locations. Using

these partitions, the optimization problem for data intermediary DI in the com-

petitive market boils down to choosing j1 and j2 under the constraint exerted by

intermediary DI.

1 2 j1
0 1

Firm 1 Firm 2

P1∗

12j2
0 1

Firm 1 Firm 2

P2∗

space

Figure 3: Selling partitions P∗1 to Firm 1 and P∗2 to Firm 2

Hence, DI internalizes the competitive effect of information by selling to

each firm information partitions on their high-valuation consumers, keeping low-

valuation consumers unidentified. This selling strategy softens the competitive

effect of information, and reduces consumer surplus.
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3.2 Collecting Consumer Data in the Competitive Market

We analyze in this section the incentives of intermediary DI to collect consumer

data in the competitive market.20 Remember that data intermediaries cannot

distinguish to which market consumers belong before collecting data, and the

number of consumer segments collected by each data intermediary DIi is identical

on mi and l.

In the competitive market l, DI sells information and makes profits equal to

the sum of the prices paid by each firm (net of the cost to collect consumer data),

times the size of the competitive market l:21

Πl(k) = l[p1(k) + p2(k)− c(k)].

The incentives to collect data depend on the marginal effect of collecting more

data on the prices p1(j1
∗
(k), j2

∗
(k)) and p2(j2

∗
(k), j1

∗
(k)). The price of information

is the difference between the profits of a firm with information purchased from DI

(equal to πθ(jθ
∗
(k), j

∗
−θ(k))) and with information purchased from intermediary

DI (equal to πθ(jθ
∗(k), j

∗
−θ(k))). We analyze these two terms separately.

The profits of Firm 1 with information (and similarly for Firm 2) can be

decomposed as the sum of two terms: a term corresponding to profits with perfect

information for a given share of identified consumers; and a term that represents

the surplus of identified consumers when information is imperfect, which decreases

with k.22

The effects of more data collected on the outside options of the firms must

account for the strategic response of intermediary DI with the second highest

number of segments to an increase in k, which limits the ability of DI to exert a

threat on a prospective buyer. Indeed, intermediary DI exerts a competitive pres-

sure on DI by proposing a best-response partition that accounts for the precision

of information of DI. In other words, the values of j1
∗ and j2

∗ decrease with k.

20Other intermediaries make zero profit in this market, and overall, they have incentives to
collect data only through the profits they make on their respective monopoly markets, and which
we analyze in Section 4.2.

21The convexity of the cost function ensures that the profit functions are strictly concave with
a unique maximum at k

∗
.

22The expression of profits is given in Appendix B.3.
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Overall, given this strategic response by DI, the marginal effect of collecting

more data for intermediary DI is a pure rent-extraction effect, which we can

identify by considering the FOC w.r.t. k:

p1(j1
∗
(k), j2

∗
(k)) + p2(j2

∗
(k), j1

∗
(k)) = π1(j1

∗
(k), j2

∗
(k))− π1(j1

∗(k), j2
∗
(k))

+ π2(j2
∗
(k), j1

∗
(k))− π2(j2

∗(k), j1
∗
(k))

=⇒ ∂p1(j1
∗
(k), j2

∗
(k)) + p2(j2

∗
(k), j1

∗
(k))

∂k
|k=k =

j1
∗
(k) + j2

∗
(k)

k

t

k
2︸ ︷︷ ︸

Rent-extraction
effect

.

Proposition 3

The marginal gain from collecting data depends on a rent-extraction effect,

which is proportional to the transportation cost t, as well as to the number of

consumers identified by the firms: j1
∗
(k)+j2

∗
(k)

k
.

The proof follows a direct application of the envelope theorem to the optimal price

of information in the competitive market given in Appendix B.1. Collecting more

data intensifies the rent-extraction effect as Firm 1 can better price-discriminate

consumers on thinner segments of the demand. This effect is stronger when the in-

termediary sells information to firms on a larger share of consumers: the marginal

gain from having thinner segments is stronger when more consumers are identified.

Moreover, this effect increases proportionally with t: as t increases, the intensity

of competition between firms decreases and the potential for rent extraction in-

creases.

4 Monopoly Markets

We now characterize the selling strategies of data intermediaries in their monopoly

markets, as well as their incentives to collect consumer data (we drop subscript i,

mi and DIi from the notations in this section).
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4.1 Selling Information in Monopoly Markets

We determine the price of information, the optimal selling strategy and the in-

formation structure sold by an intermediary in a monopoly market when selling

information to Firm 1 only. We show that the profits of an intermediary in the

monopoly market are always higher when selling information to one firm than

when selling information to both firms.

Price of information in a monopoly market

We characterize the equilibrium when the intermediary sells information to Firm

1 only. We prove in Proposition 5 that in this case, the price of information is

always higher than when the intermediary sells information to both firms.

Let π1(Pk, ∅) and π2(Pk, ∅) be the respective profits of Firm 1 and Firm 2 when

they acquire the reference partition Pk and their competitor has no information.

Similarly, let π1(∅,Pk) and π2(∅,Pk) be their profits when they are uninformed

but face a competitor that has acquired partition Pk. The profits of an unin-

formed firm are minimized when its competitor has information Pk. Thus, this

partition represents the maximal level of threat for a firm that does not purchase

information. The resulting price of information is given by the difference between

the profits of Firm 1 with information and this maximal threat, and is given in

Equation 2.

Lemma 2

The monopoly price of information when selling partition P1 to Firm 1 is:

pm∗1 = maxP1{π1(P1, ∅)− π1(∅,Pk)}. (2)

Optimal information structure

The partition that maximizes the price of information given by Lemma 2 is sim-

ilar to the partitions sold in the competitive market: consumers located close to

Firm 1 are identified, and far-away consumers are kept unidentified to soften the

competitive effect of information. In Proposition 4, we characterize the features

of this optimal partition P∗1.
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Proposition 4

In a monopoly market, the optimal partition P∗1 divides the unit line into two

intervals:

• The first interval consists of j1 ∈ J0, kK segments of size 1
k

on [0, j1
k

] where

consumers are identified.

• Consumers in the second interval of size 1− j1
k

are unidentified.

• The optimal number of segments sold is:

j∗1(k) =
6k − 9

14
.

Proof: see Appendix B.2.

Partition P∗1 divides the unit line into two intervals. Firm 1 can price discriminate

identified consumers, and firms charge a uniform price on the second interval of

unidentified consumers. The data intermediary does not sell all consumer segments

to Firm 1 to reduce the competitive effect of information.23 Fewer consumers

are identified in the monopoly market than in the competitive market:
j∗1 (k)

k
<

j1
∗
(k)+j2

∗
(k)

k
.

Selling information to one or to both firms

The data intermediary compares its profits when selling information to one or to

both firms. Proposition 5 shows that the data intermediary will only sell informa-

tion to Firm 1 on its monopoly market (Firm 2 remains uninformed).

Proposition 5

In monopoly markets mi, intermediary DIi sells information to Firm 1 only.

Proof: see Appendix B.3.

Proposition 5 implies that Firm 2 does not acquire information and stays unin-

formed, which allows a monopolist data intermediary to maximize the profits of

Firm 1, equal to π1(j1, ∅). As the competitive effect of information is stronger

23The integer value of j∗1 that maximizes the profits of the data intermediary is chosen by
comparing π(|j∗1 |) and π(|j∗1 |+ 1): max(π(|j∗1 |), π(|j∗1 |+ 1)).
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when both firms are informed, their resulting profits are lower, which decreases

their willingness to pay for information. On the contrary, a monopolist intermedi-

ary can charge a high price when selling information to Firm 1 only, by threatening

to sell information to Firm 2 in case Firm 1 declines the offer. This threat increases

the willingness to pay of Firm 1 for information, and as there is no competing in-

termediary from which Firm 1 could acquire information, selling information to

Firm 1 only is optimal.

A monopolist data intermediary can fully internalize the competitive effect

of information by selling information to only one firm, keeping its competitor

uninformed, and by selling fewer segments than in the competitive market. This

selling strategy softens the competitive effect of information, and reduces consumer

surplus compared to a case where both firms have information.

4.2 Collecting Consumer Data in Monopoly Markets

We analyze in this section the incentives of intermediaries to collect data in

monopoly markets, which we compare to those in the competitive market. We find

that the incentives of data intermediaries to collect consumer data in monopoly

markets are driven by (i.) a rent extraction effect that is proportional to the

number of consumers that Firm 1 can identify, and by (ii.) an outside-option

effect that reduces the profits of Firm 1 if it remains uninformed and faces Firm

2 that has acquired information. We show that the incentives to collect data in

monopoly markets are higher than those in the competitive market.

Incentives to collect data in monopoly markets

The profits of a data intermediary on its monopoly market are given by the price of

information net of the cost to collect data, times the size of the monopoly market

m:

Πm(k) = m[pm(k)− c(k)].

Consider Firm 1 (w.l.o.g.). The marginal effects of increasing the amount of

data collected on the price of information can be decomposed into two effects: a

rent-extraction effect and an outside-option effect:
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pm(k) = π1(j∗1(k), ∅)− π1(∅,Pk)

=⇒ ∂pm(k)

∂k
=

j∗1(k)

k

t

k2︸ ︷︷ ︸
Rent-extraction

effect

− ∂π1(∅,Pk)
∂k︸ ︷︷ ︸

Outside-option
effect

We identify these two effects by applying the envelope theorem to the optimal

price of information pm(k). On top of the rent-extraction effect that we have

described in the analysis of the competitive market, the incentives to collect data in

monopoly markets are also determined by an outside-option effect. In a monopoly

market, more precise information lowers the profits of an uninformed firm facing

an informed competitor. A monopolist data intermediary threatens a prospective

buyer to sell the reference partition (that includes all available consumer segments)

to its competitor, and more segments collected increase the value of this threat.

Proposition 6

The incentives of an intermediary to collect data in its monopoly market depend on:

• A rent-extraction effect, which is proportional to the transportation cost t,

and to the equilibrium number of consumers identified by Firm 1:
j∗1 (k)

k
.

• An outside-option effect determined by the profits of Firm 1 when it remains

uninformed and Firm 2 acquires information: π1(∅,Pk)

Comparing the incentives to collect data in the competitive and in
monopoly markets

Competition has two impacts on the incentives of DI to collect data. First, we

have shown that DI sells consumer segments on a larger share of consumers in

the competitive market than in its monopoly market, and the marginal gains of

an increase in k are greater in market l according to this stronger rent-extraction

effect. Secondly, DI cannot exert a threat on firms in market l, because of the

competitive pressure exerted by DI. Hence, an increase in k will have no impact

on the outside option of a firm in market l, and this second effect lowers the

incentives of DI to collect data in the competitive market.
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Overall, we show in Proposition 7 that the outside-option effect dominates the

rent-extraction effect, and DI has higher incentives to collect data in its monopoly

market than in the competitive market.

Proposition 7

Data intermediaries have higher incentives to collect data in their monopoly

markets than in the competitive market.

Proof: See Appendix B.4.

Proposition 7 states that the marginal gains from collecting data are higher in

monopoly markets than in the competitive market. This is a central result of

this article that has important implications for merger policy, which we discuss in

Section 6.

While Proposition 7 may sound intuitive, we have shown that the incentives of

DI to collect data in its monopoly market and in the competitive market result

from two opposite effects: a rent-extraction effect and an outside-option effect.

Understanding how these effects may change with different market structures is

therefore crucial to better understand the incentives of intermediaries to collect

consumer data, and Proposition 7 opens the door to this new research direction.

Amount of data collected in equilibrium

We have established that intermediaries have greater incentives to collect data in

their monopoly markets than in the competitive market l. In this section, we use

this result to characterize the number of consumer segments ki collected by each

data intermediary, and we analyze which intermediary sells data in market l. We

show that, either an equilibrium exists in which a single intermediary i collects

more data than its competitors and sells data in market l, or that there is no

equilibrium. We provide conditions for an equilibrium to exist where DI1 collects

more data than its competitors.24

We introduce further notations. Let k∗i = argmaxki{mipmi
(ki)− (mi + l)c(ki)}

and k̃∗1 = argmaxk1{m1pm1(k1) + 2lpl(k1, k
∗
2) − (m1 + l)c(k1)}, so that k∗i and k̃∗1

24In Appendix B.5 we provide conditions for an equilibrium to exist where another interme-
diary i > 1 collects more data than other intermediaries.
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denote the optimal number of segments collected respectively by DIi when selling

information only in its monopoly market, and by DI1 selling information on both

its monopoly market and the competitive market l.

We provide in Appendix B.5 a set of conditions C over the cost function for

an equilibrium to exist where DI1 collects the largest number of segments k̃∗1 and

sells information in the competitive market. Conditions C require that the cost to

collect consumer data increases more than a threshold value after k̃∗1. This increase

ensures that intermediary DI2 has no interest to collect more data than k̃∗1. This

condition holds for general values of m1, ..,mn, and in particular, in the limit case

where all intermediaries have equal market sizes: m1 = .. = mn. Proposition 8

summarizes this discussion:

Proposition 8

• (a) Under condition C an equilibrium exists in which DI1 collects the highest

number of segments k̃∗1 and sells data in market l.

In this equilibrium other intermediaries collect a number of segments that

increases with the size of their monopoly markets:

k̃∗1 > k∗2 ≥ ... ≥ k∗n.

• (b) When data intermediaries have identical market sizes m1 = m2 = ... =

mn, an equilibrium has the following property. One data intermediary (1,

w.l.o.g.) collects strictly more information than the others who all collect the

same number of segments with:

k̃∗1 > k∗2 = ... = k∗n.

Proof: see Appendix B.5.

Proposition 8 (a) highlights a positive relation between market power, captured

by the size of the monopoly market, and the amount of data collected by inter-

mediaries. A data intermediary that is dominant in terms of size of its monopoly

market collects more consumer segments than other intermediaries, and DI1 is the
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only intermediary that sells information in the competitive market l. Other data

intermediaries only sell information in their monopoly markets and collect data

proportionally to the sizes of their monopoly markets
(
∂k∗i
∂mi

> 0
)

.

Proposition 8 (b) shows that the only possible equilibrium when intermediaries

have monopoly markets of identical sizes m1 = m2 = .. = mn is such that one

of the intermediaries collects more information than the others. The existence of

equilibria depends on the degree of convexity of c(.), and an equilibrium does not

necessarily exist. If an equilibrium exists, it must have the features described in

Proposition 8 (b).

In the remaining of the article, and for clarity of the analysis we focus on

the case characterized in Proposition 8, where DI1 – with the largest monopoly

market – collects more data than its competitors. Under conditions C, another

type of equilibrium may exist in which another intermediary i collects more data

than DI1, and sells on the competitive market l. For this equilibrium to exist,

there must be an interior solution for DIi when it sells in market mi + l. We refer

to this situation as a leapfrogging strategy that sustains the following equilibrium

strategies: DIi sells in market mi and l and collects k̃∗i ; DI1 collects k∗1. To prove

that these strategies constitute an equilibrium, we discuss the incentives of DIi

and DI1 to deviate from the proposed equilibrium. Consider first DI1. For cost

functions that increase more than a certain threshold after k̃∗i , DI1 will not deviate

from its strategy. Note that since other DIj (j ≥ 2 6= i) collect fewer data than

DI1, they will not deviate from their equilibrium strategy if DI1 does not deviate.

Consider now DIi, by definition, if there is an interior solution, it is deviation

proof. We have thus established that there can exist a leapfrogging equilibrium.25

5 Consumer Surplus

We compare in this section consumer surplus in monopoly markets mi and in the

competitive market l. Information has two effects on the prices paid by consumers.

On the one hand, consumer surplus depends on the number of segments sold to

firms, which is larger in the competitive market than in the monopoly markets.

25We characterize all equilibria and their existence conditions in Appendix B.5.
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Fewer segments sold reduce the intensity of competition in the product market

and harm consumers. On the other hand, DI1 collects more data than other

intermediaries, and consumer rent-extraction is greater in the competitive market

l than in markets mi (i ≥ 2). We then analyze how consumer surplus changes

first with the number of consumer segments sold to firms (holding k constant),

and second with the amount of data collected k.

Selling information and consumer surplus

As we have seen in Section 3, more consumer segments are sold in the competitive

market than in monopoly markets. Suppose that Firm 1 has information on j1

consumer segments, and Firm 2 has information on j2 consumer segments. If

Firm 1 obtains additional information on segment [ j1
k
, j1+1

k
], there are two effects

on consumer surplus:

1. A rent extraction effect: Firm 1 price discriminates consumers on [ j1
k
, j1+1

k
],

which reduces their surplus.

2. A competitive effect: Firm 1 lowers its price on [ j1+1
k
, 1], which increases the

competitive pressure on Firm 2. In turn, Firm 2 also lowers its price, which

has a positive effect on the surplus of consumers over the whole line.

Overall, the second effect always dominates the first, and consumer surplus

increases when more consumer segments are sold. Indeed, the rent extraction

effect only increases profits on one additional segment, while the competitive effect

operates on the whole Hotelling line. Lemma 3 shows that consumer surplus,

denoted CS(j1, j2, k), increases with the number of consumer segments j1 and j2

sold to Firm 1 and to Firm 2.

Lemma 3

For a given j2, consumer surplus always increases with the number of consumer

segments j1 sold to Firm 1:

∀ j2, k :
∂CS(j1, j2, k)

∂j1

> 0.

Proof: See Appendix B.6
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Amount of data collected and consumer surplus

We now discuss the effect of a change in the amount of data collected k on consumer

surplus. We perform comparative statics with respect to k holding j1
k

and j2
k

constant. Increasing k reduces the size of the segments and allows firms to better

extract consumer surplus. Lemma 4 shows that in equilibrium consumer surplus

decreases with k.

Lemma 4

Consumer surplus in equilibrium decreases with k:

∂CS(j1, j2, k)

∂k
< 0.

Proof: see Appendix B.7.

Surplus Comparison

We can now compare consumer surplus in the competitive market and in the

monopoly markets. Let CSl and CSi (i = 1, .., n) denote aggregate consumer

surplus in the competitive market l and in monopoly market i respectively.

Proposition 9

Aggregate consumer surplus is ranked as follows:

CSl > CSn > CSn−1 > .. > CS1.

In the competitive market, information is sold on more consumers than in monopoly

markets, and the resulting competitive effect of information yields a higher aggre-

gate consumer surplus.26 In monopoly markets, surplus decreases with the number

of consumer segments collected, leading to the ranking in Proposition 9.

26The proof is available upon request and simply compares surplus in equilibrium in the
competitive market and in monopoly markets.
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6 Implications for Merger Analysis

We now discuss the implications of our results for mergers analysis. We analyze

how mergers between data intermediaries change their data strategies as well as

the strategies of competing intermediaries, and the impact of these changes on

consumer surplus. We show the existence of a new ripple effect: a merger in a given

market can have repercussions on other markets where the merging intermediaries

do not operate.

In this last section, we study two types of mergers: a merger between a duopoly

of data intermediaries and the acquisition of a small intermediary by DI2. We ana-

lyze in Appendix A.2 other important market configurations. Namely, we consider

the acquisition of a small intermediary by DI1, the acquisition of a medium-size

intermediary by DI2, and a merger between DI1 and DI2 when the remaining in-

termediaries are small. Finally, we generalize in Appendix A.4 our m−l framework

to multiple competitive markets. We show that a merger between intermediaries

can also impact consumer surplus in competitive markets where none of the merg-

ing intermediaries sell information.

6.1 Merger Between Duopolist Intermediaries

We consider a situation with two duopolist data intermediaries DI1 and DI2. A

merger betweenDI1 andDI2 eliminates competition in market l, where the merged

entity collects and sells information as a monopolist. This merger is detrimental

to consumers and market competition for two main reasons. On the one hand, we

have shown in Propositions 4 and 5 that fewer segments are sold in market l after

the merger, and to only one firm, which reduces the intensity of competition in the

product market. On the other hand, as stated in Proposition 7, more segments are

collected after the merger which increases rent extraction from consumers. Overall,

consumers are worse off after the merger of two duopolist data intermediaries in

the market for information.
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6.2 Mergers in an Oligopolistic Market for Information

We now consider a merger in an oligopolistic market for information, and we

analyze the acquisition of a small intermediary DIi (i > 2) by DI2.27 We assume

that the merged entity DI2i has a market share m2i < m1, and we leave the case

m2i > m1 to Appendix A.2. DI2i has the following additional incentives to collect

data. First, DI2i enjoys a natural cost efficiency. Indeed, DI2 and DIi both collect

data in market l, while DI2i only collects information once in market l. This cost

efficiency can be interpreted as an ability for the merged firm to avoid redundancy

when collecting data, increasing the amount of data that it collects. Secondly,

DI2i can leverage on a larger market size than DI2 and DIi respectively and has

higher incentives to collect data.

Data synergies are an important dimension of the market for information.

While policymakers have in general interpreted cost efficiencies in a positive way,

our results point to a negative effect of such mergers on consumer surplus through

a greater amount of data collected.

Contrary to a merger between duopolists, there are still n − 2 > 0 remaining

competitors in market l after the merger, so that the merged entity still sells

information to both firms. However, we will show in this section, that a merger has

an impact on consumer surplus through changes in the amount of data collected

by DI2i and DI1.

Indeed, an important determinant of the decision of DI1 to collect consumer

data is the amount of data collected by its direct competitor DI2 (k2). As k2

becomes closer to k1 – for instance after DI2 merges with a smaller intermediary

– the incentives of DI1 to differentiate by collecting more segments increase as

well. We refer to this incentive as the escape-competition effect.28 Proposition 10

summarizes this discussion.

Proposition 10 (Escape-competition effect)

27For instance, Kesler et al. (2020) highlight a high intensity of competition in the market
for data-driven mobile applications, to which our analysis applies. Such market would remain
therefore highly competitive, even after a merger between several of these applications.

28This effect is reminiscent of models of innovation in a competitive environment (Aghion
et al., 2005).
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The incentives of DI1 to collect consumer segments in the competitive market

increase with k2:
∂k∗1
∂k2

> 0.

Proof: See Appendix A.3.

Increasing k2 has a positive effect on the marginal value of information for DI1,

given that the equilibrium number of consumers that firms can identify in the com-

petitive market increases with k2 (see Section 3.2.) The resulting rent-extraction

effect is stronger for DI1, which collects more data when k2 increases.

Hence, after the merger, DI2i collects more segments than DI2 due to efficiency

gains, and DI1 collects more segments due to the stronger escape-competition

effect. According to Lemma 4, this reduces surplus in markets m1,m2,mi and l.

Hence, a merger reduces consumer surplus through changes in the amount of data

collected by intermediaries.

We can generalize this escape-competition effect to a setting with several com-

petitive markets. There are potentially 2n−n markets where the n intermediaries

may be competing, with variable sizes lj ≥ 0 (j = 1, .., 2n − n). We denote by Mi

the set of competitive markets where intermediary DIi operates. Its total profits

Πi can be written as the sum of profits on its monopoly market and on all markets

in Mi:
29

Πi(ki) = mi[pmi
(ki)− c(ki)] +

∑
lh∈Mi

lh[p1lh(ki) + p2lh(ki)− c(ki)]. (3)

In this setting, when an intermediary DIi collects more consumer segments

– for instance because competing intermediaries merge – the escape-competition

effect takes place in any competitive market where DIi is the second largest in-

termediary. Hence, even markets where none of the merging intermediaries and

none of their direct competitors operate can be impacted by the merger. We refer

to this mechanism as a ripple effect. In these markets, more data is collected after

the merger due to this ripple effect, and consumer surplus is reduced.

29See Appendix A.4 for an illustration of this ripple effect.

32



7 Conclusion

Data intermediaries can strategically collect and sell consumer data to maximize

the price of information by softening competition in product markets. Ensuring a

competitive market for information protects consumer surplus through two main

channels. On the one hand, competition between data intermediaries lowers the

amount of data collected on consumers, which reduces the ability of information

buyers to extract rent from consumers. On the other hand, a competitive market

for information is also essential to promote the competitiveness of product markets

by limiting the competition-softening strategies of data intermediaries. Hence,

with the growing importance of consumer data in most industries, we argue that

any merger should be analyzed more carefully in the market for information than in

regular markets because the data sold by intermediaries also impact competition in

other markets. Our flexible m−l competitive framework provides a new theoretical

background to study competition and mergers in the market for information.

Our results support policies that reduce the amount of data on which an

intermediary has monopoly access. Recent calls for open-data regulations and

data-sharing mandates could therefore limit the ability of intermediaries to soften

competition in product markets (Crémer et al., 2019). Similarly, the right to data

portability enacted in the General Data Protection Regulation30 and in the Digital

Market Act31 in Europe, which allows consumers to access and move their data

from one intermediary to the other, is likely to increase competition in the market

for information and increase consumer surplus.

Our findings also bear significant implications for personal data protection and

advocate closer collaboration between data protection agencies and competition

authorities to protect consumer privacy and consumer surplus. New regulations

limit the amount of personal data collected by intermediaries. For example, the

California Consumer Privacy Act provides a detailed list of safeguards to protect

personal data. Similarly, a data minimization principle has been enacted in the

Health Insurance Portability and Accountability Act in the US, and in the General

30General Data Protection Regulation, last accessed, March 15, 2023.
31The Digital Markets Act: ensuring fair and open digital markets, last accessed, March 15,

2023.
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Data Protection Regulation in Europe. Moreover, recent actions from the Federal

Trade Commission call for regulation of the data brokerage industry,32 and, in the

US, states such as Vermont and California have recently passed laws to gain control

over the practices of data intermediaries.33 We show that promoting competition

between intermediaries is an efficient way to reduce the amount of data that they

collect, and in turn to protect consumer privacy. It remains to be seen how recent

regulations, such as the General Data Protection Regulation in the European

Union, which has introduced new ways to protect consumers through opt-in, right

to be forgotten, data minimization, and privacy by design, will impact the data

strategies of large intermediaries and competition in the product market.
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A Appendix

A.1 Discussion of the Assumptions

Covered markets. We focus our analysis on covered markets, in which firms

compete for consumers. When a market is not covered, a firm can charge a

monopoly price to close-by consumers, and has no chance of reaching the con-

sumers of its competitor. The optimal selling strategy of an intermediary in this

case is simply to sell all available information. As information does not impact

competition between firms, there is only a rent extraction effect, which enables

the firm to extract more surplus from consumers. Our focus on covered markets

allows to enrich the analysis by considering the competitive impact of information,
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and how data intermediaries can strategically collect and sell consumer informa-

tion accounting for this impact. As we are interested in the impact of information

on competition between firms we focus our analysis on product markets that are

covered.

Collecting consumer data. We assume that an intermediary cannot dis-

tinguish to which market a consumer belongs before collecting its data. In other

words, an intermediary with no information about consumers can simply not dis-

criminate between them before collecting at least some information.

To understand the implications of this assumption, consider the following alter-

native scenario. Suppose that intermediaries could distinguish consumers in their

monopoly markets mi from those in market l. As the decision of intermediaries to

collect data is taken before the information selling stage, the unique equilibrium

of this game is characterized as follows: one intermediary collects data and sells

it as a monopolist in the competitive market; other intermediaries anticipate that

they would achieve zero profits in this market, and therefore, they do not collect

data on these consumers. In this case, there is no competitive pressure in market

l, where an intermediary sells information as a monopolist. This issue is empha-

sized by Ichihashi (2021). As we are interested in studying competition between

intermediaries, we rule out this scenario from our analysis. Moreover, besides the

potential theoretical interest of such equilibrium, finding that intermediaries never

compete contrasts with the actual structure of the data brokerage industry, where

for instance, Equifax competes with Transunion and Experian in the consumer

financial data sector (Pasquale, 2015).

Finally, we adopt for simplicity the specification that an intermediary i col-

lects the same amount of data on consumers in markets mi and l. However, our

results would hold without necessarily assuming that the same data is collected,

but by assuming that marginal costs to collect data are positively correlated in

both markets – hence the amount of data collected in these markets are strate-

gic complements. This specification captures potential data externalities across

consumers, in line with recent literature (Choi et al., 2019; Acemoglu et al., 2022;

Bergemann et al., 2022).

Sequential pricing decision. Firm θ sets prices in two steps. First, it
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sets prices on competitive segments where it shares consumer demand with its

competitors. Then, on segments where it is a monopolist, it sets a monopoly price.

On a given Hotelling line, each firm knows whether its competitor is informed, and

the partition P−θ.
34

Sequential pricing decision avoids the nonexistence of Nash equilibrium in pure

strategies. Consider indeed the case where Firm 1 sets prices p11 and p12 simul-

taneously on a monopoly segment and on a competitive segment. For simplicity

consider the case where Firm 2 charges a homogeneous price p2. The equilibrium

prices of Firm 1 are chosen as best responses p2. Yet in general, p11 is not optimal

as Firm 1 is a monopolist in this segment. Hence, it can increase p11 up to the

limit point where Firm 2 would reach a positive demand on the monopoly seg-

ment. This situation is not an equilibrium either as Firm 2 has now incentives to

increase p2 and reach a positive demand on both the monopoly and the competi-

tive segments. Setting prices sequentially on monopoly and competitive segments

allows firms to charge the highest possible price on their monopoly segments while

not having their competitor increase their competitive price as a result. Moreover,

sequential pricing allows us to focus our analysis on pure strategy Nash equilibria.

This specification is also common in the literature and is supported by man-

agerial practices. For instance, Acquisti and Varian (2005) use sequential pricing

to analyze intertemporal price-discrimination with incomplete information on con-

sumer demand. Choudhary et al. (2005), Jentzsch et al. (2013), Matsumura and

Matsushima (2015), Chen et al. (2020) and Belleflamme et al. (2020) also focus

on sequential pricing where a higher personalized price is charged to identified

consumers after a firm sets a uniform price. Sequential pricing is also common in

business practices (see also, Fudenberg and Villas-Boas (2006)). Recently, Ama-

zon has been accused to show higher prices for Amazon Prime subscribers, who

pay an annual fee for unlimited shipping services, than for non-subscribers (Law-

suit alleges Amazon charges Prime members for ”free” shipping, Consumer affairs,

August 29 2017). Thus Amazon first sets a uniform price and then increases prices

for high-consumers who are better identified when they join the Prime program.

Firms purchase information from only one intermediary. We have

34This assumption is also standard in Thisse and Vives (1988).
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assumed that a firm cannot combine information purchased from different inter-

mediaries There are two justifications for this assumption. First, compared with

data intermediaries, firms do not have the same technical tools to combine data

from different sources and in different formats in a cost-efficient way. Secondly,

most of the time data intermediaries do not sell individual data but rather give

information on whether a particular consumer belongs to a specific segment of

the demand such as age group, gender, profession, buying frequency, purchase

interests, or geographical location.

Overall, allowing the combination of data from different intermediaries would

soften the intensity of competition in the market for information, increasing the

incentives of intermediaries to collect consumer data and reducing consumer sur-

plus. It may also give intermediaries incentives to organize the market in data

pools to exploit the complementarity of different data sets, in the spirit of the

market for innovations (Lerner and Tirole, 2004).

Non-overlapping partitions. We assume that in the competitive market,

a data intermediary proposes non-overlapping partitions to Firm 1 and Firm 2.

Formally, let [s1n, 1] denote the segment located the furthest away from Firm 1 in

P1, and [0, s2n] the segment located furthest away from Firm 2 in P2: we assume

that s1n ≤ s2n.

With this assumption we do not need to compute profits with all possible par-

titions, and we can focus only on segments that allow firms to extract surplus from

high-valuation consumers. In particular, we can show that selling all available seg-

ments to firms yields lower profits than the optimal partition that we characterize

under this assumption. Moreover, focusing on non-overlapping partitions simpli-

fies the analysis. A general proof without this assumption is not tractable since

there is a high cardinality of the possible combinations of consumer segments, and

of the resulting prices and demands.

A.2 Merger Cases

We analyze how alternative merger configurations impact consumer surplus. There

are two important elements to consider: the respective sizes of the merged firms

before and after the merger, and whether the merger changes the competitive
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pressure between the two largest intermediaries. We will analyze two typical cases

in the following sections.

A.2.1 Start-up acquisition by DI1

When the largest intermediary acquires a smaller intermediary of market size mi,

two opposite effects change its incentives to collect consumer data. On the one

hand, the data intermediary has incentives to collect more data following the

cost efficiency described in the previous section. Data intermediary DI2 does not

change the amount of data it collects, and the competitive pressure in market l

remains the same before and after the acquisition. On the other hand, the escape-

competition effect is now weaker as the merged entity is larger than before the

acquisition: m1 +mi > m1.

Overall we can show that the first effect always dominates the second, and

DI1 collects more consumer segments after the acquisition than DI1 before the

acquisition.35 Hence such an acquisition reduces consumer surplus in markets

m1, mi, and l through an increased ability of firms to extract rent. Consumers

in market mi incur the highest increase in the amount of data collected and the

greatest loss of surplus from the merger.

A.2.2 Start up acquisition by DI2

When DI2 acquires a smaller intermediary so that m2 + mi > m1, the merger

changes the identity of the seller in market l: after the merger, DI2i sells infor-

mation in market l, under the competitive pressure exerted by DI1. Hence, the

incentives of DI1 to collect data decrease after the merger as it achieves zero profits

in market l. Consumers in market m1 are better identified before the acquisition,

and their surplus increases after the acquisition.

This change in the competitive balance in market l also impacts the incentives

of DI2i to collect consumer information. Indeed, DI2 collects more segments after

the acquisition than DI1 before the acquisition following two effects. On the one

hand, the relative size of the merged entity is greater than DI1: m2+mi > m1. On

the other hand, the competitive pressure after the acquisition is exerted by DI1,

35The proof by contradiction is available upon request.
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which collects more segments after the acquisition than DI2 collected before the

acquisition. There are thus winners and losers of such merger, as consumer surplus

decreases in markets m2, mi, and l where more segments are collected and sold

after the merger, but increases in market m1. Overall, we can show that aggregate

consumer surplus decreases after the acquisition. This result is intuitive, and the

proof is available upon request.

A.3 Proof of Proposition 10

We prove that the number of consumer segments k collected by DI increases with

the number of consumer segments k collected by DI. We first write the price of

information in the competitive market. We substitute the values of j1
∗
, j2

∗
and

j1
∗ in π1(j1, j2)−π1(j1, j2) in the profit functions of Firm 1 and Firm 2. The price

of information is identical for both firms and can be written as

pl(k, k) = [π1(j1, j2)− π1(j1, j2)]

=
((12k − 11)k

2
+ (4k − 12k2)k + 7k2)t

36k2k
2

(4)

Consider the second degree derivative of pl with respect to k and k:

∂2pl(k, k)

∂k∂k
=

1

9k
2
k2
≥ 0

Thus, the larger the value of k, the larger the value of the first degree derivative

of pl with respect to k, and the higher the marginal gain from collecting data.

A.4 Mergers with Several Competitive Markets

We generalize our m − l competitive framework in this section to multiple com-

petitive markets. We show that a merger between intermediaries can also impact

consumer surplus in competitive markets where none of the merging intermedi-

aries sell information, thus generating ripple effects beyond the market where the

merger takes place.

Consider three intermediaries with monopoly markets m1 > m2 > m3, and

two competitive markets l1 and l2. We focus on the case where DI1 and DI2

compete in market l1 and DI2 and DI3 compete in market l2. Market sizes are
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chosen so that DI1 sells information at a positive price in market l1 and DI2 sells

information at a positive price in market l2. These different markets correspond for

instance to different geographical areas where different subsets of all intermediaries

are active. Alternatively, these markets could correspond to different sectors of

activities: health data, financial data, and credit ratings.

Using this set-up, we consider a merger between DI2 and DI3, and we show

how it impacts DI1 through the escape-competition effect in market l1. We assume

m1 > m2 +m3 + l2, so that DI1 collects more data than the merged intermediary

after the merger.

The profits of each intermediary can be written:


Π1(k1) = m1pm1(k1) + l1(p1(k1) + p2(k1))− (m1 + l1)c(k1),

Π2(k2) = m2pm2(k2) + l2(p1(k2) + p2(k2))− (m2 + l1 + l2)c(k2),

Π3(k3) = m3pm3(k3)− (m3 + l2)c(k3).

After a merger between DI2 and DI3, the merged intermediary collects k23

consumer segments, with a monopoly market of size m2 +m3 + l2, and competes

with DI1 in market l1. The efficiency gain allows the merged intermediary to

collect more segments than the separate entities, which reduces consumer surplus

in markets l2,m2 and m3. Moreover, even though the merger does not directly

impact competition in market l1 – the number of intermediaries in this market

remains the same before and after the merger –, the merged intermediary exerts a

stronger competitive pressure than DI2 before the merger. This increases in turn

the incentives of DI1 to collect data in markets l1 and m1 through the escape-

competition effect.

As DI1 collects more data after the merger, the escape-competition effect also

takes place in any competitive market where DI1 has the second highest informa-

tion precision and so on.
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B Online Appendix

B.1 Proof of Proposition 2

Optimal information structures in the competitive market

We characterize the partitions that maximize the profits of the firms in the com-

petitive market. We show that a data intermediary optimally sells a partition

that divides the unit line into two intervals. The first interval identifies the closest

consumers to a firm and is partitioned in j segments of size 1
k
. The second interval

is of size 1 − j
k

and leaves the other consumers unidentified. We characterize the

optimal information structure for one of the firms (say Firm 1), and the result

directly applies to its competitor.

Suppose that the intermediary sells information to Firm 1 (without loss of

generality). The data intermediary can choose any partitions in the sigma-field P
generated by the elementary segments of size 1

k
. There are three types of segments

to consider:

• Segments A, where Firm θ serves all consumers but Firm 2 exerts a compet-

itive pressure.

• Segments B, where Firms 1 and 2 compete; both have a positive demand.

• Segments C, where Firm θ has no demand and makes zero profits.

We proceed in three steps. In step 1 we analyze type A segments. We show

that it is optimal to sell a partition where type A segments are of size 1
k
. In step

2, we show that all segments of type A are located closest to a firm. In step 3 we

analyze segments of type B and we show that it is always more profitable to sell

a union of such segments. Therefore, there is only one segment of type B, located

furthest away from firms, and of size 1 − j
k

(with j an integer, j ≤ k). Finally,

we can discard segments of type C because information on consumers on these

segments does not increase profits.

Throughout the analysis we consider the sale of information to Firm 1, and

the result directly generalizes to Firm 2.
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Step 1: We analyze segments of type A where Firm 1 is in con-

strained monopoly, and show that reducing the size of segments to 1
k

is optimal.

Consider any segment I = [ i
k
, i+l
k

] of type A with l, i integers verifying i+ l ≤ k

and l ≥ 2, such that Firm 1 is in constrained monopoly on this segment. We show

that dividing this segment into two sub-segments increases the profits of Firm 1.

Figure 4 shows on the left panel a partition with segment I of type A, and on the

right, a finer partition including segments I1 and I2, also of type A. In Figure 4 and

in all similar figures, the blue curves represent the demand for Firm 1 (demand for

Firm 2 is not represented and corresponds to the complementary demand on the

segments). To illustrate, for segments of type A, the blue curve covers the whole

segment. For segments of type B, the blue curve only covers part of the segment.

We compare profits in both situations and show that the finer segmentation is

more profitable for Firm 1. We write πA1 (P) and πAA1 (P′) the profits of Firm 1 on

I with partitions P and on I1 and I2 with partition P′.

Figure 4: Step 1: segments of type A

To prove this claim, we establish that the profits of Firm 1 is lower with

a coarser sub-partition P with I = [ i
k
, i+l
k

], than with a finer sub-partition P′

obtained by replacing I with two segments: I1 = [ i
k
, i+1
k

] and I2 = [ i+1
k
, i+l
k

] (other

segments are unchanged).

First, profits with the coarser partition is: πA1 (P) = p1id1 = p1i
l
k
. The demand

is l
k

as Firm 1 serves all consumers; p1i is such that the indifferent consumer x is

located at i+l
k

:

V−tx−p1i = V−t(1−x)−p2 =⇒ x =
p2 − p1i + t

2t
=
i+ l

k
=⇒ p1i = p2+t−2t

i+ l

k
,

45



with p2 the price charged by (uninformed) Firm 2. This price is only affected by

strategic interactions on the segments where firms compete, and therefore does

not depend on the pricing strategy of Firm 1 on type A segments.

We write the profit function for any p2, replacing p1i and d1 by their equilibrium

values obtained in the previous equations:

πA1 (P) =
l

k
(t+ p2 −

2(l + i)t

k
).

Secondly, using a similar argument, we show that the profit on I1∪I2 with partition

P′ is:

πAA1 (P′) =
1

k
(t+ p2 −

2(1 + i)t

k
) +

l − 1

k
(t+ p2 −

2(l + i)t

k
).

Comparing P and P′ shows that the profit of Firm 1 using the finer partition

increases by 2t
k2

(l − 1), which establishes the claim.

By repeating the previous argument, it is easy to show that the data interme-

diary will sell a partition of size l
k

with l segments of equal size 1
k
.

Step 2: We show that all segments of type A are closest to Firm

1 (located at 0 on the unit line by convention).

We consider the prices set by Firm 1 with different partitions, on the segment

where Firm 2 sets a homogeneous price. Going from left to right on the Hotelling

line, we look for the first time a type B interval, J = [ i
k
; i+l
k

] of length l
k
, is followed

by an interval I1 = [ i+l
k
, i+l+1

k
] of type A, shown to be of size 1

k
in step 1 (right panel

of Figure 5). We now show that profits are higher when the data intermediary

switches segments I1 and J . The resulting sub-partition is now I ′1 = [ i
k
; i+1
k

]

followed by J ′ = [ i+1
k
, i+l+1

k
] (right panel of Figure 5).

Figure 5: Step 2: relative position of type A and type B segments

The two cases are shown in Figure 5 and correspond respectively to the parti-
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tions P̃ and P̃′. The curved line represents the demand of Firm 1, which does not

cover type B segments. In partition P̃, a segment of type B of size l
k
, J , is followed

by a segment of type A of size 1
k
, I1. We show that segments of type A are always

located closest to Firm 1 by proving that it is always optimal to change partition

starting with segments of type B with a partition starting with segments of type

A like in partition P̃′. To show this claim, we compare the profits of the informed

firm with J ∪ I1 under partition P̃ and with I ′1 ∪ J ′ under partition P̃′, and we

show that the latter is always higher than the former. The other segments of the

partition remain unchanged.

To compare the profits of the informed firm under both partitions, we first

characterize type B segments. On segments of type B, both firms must have a

positive demand. Eq. 5 gives the conditions for the demands addressed to Firm 1

and to Firm 2 to be positive on such segments.

∀ i, l ∈ N s.t. 0 ≤ i ≤ k − 1 and 1 ≤ l ≤ k − i− 1,

i

k
≤ p̃2 + t

2t
and

p̃2 + t

2t
− l

k
≤ i+ l

k
.

(5)

Condition i
k
≤ p̃2+t

2t
guarantees that Firm 1 serves consumers on segment J, and

p̃2+t
2t
− l

k
≤ i+l

k
guarantees that Firm 2 serves positive demand on segment J.

In particular, we use the relation that Eq. 5 characterizes between price p̃2

and segments endpoint i
k

and i+l
k

to compare the profits of Firm 1 with P̃′ and

with P̃.

To facilitate the computation of demands on segments of type A, we introduce

intermediary notations that characterize the location of these segments (ui). Seg-

ments of type A are of size 1
k

and are located at ui−1
k

, and segments of type B, are

located at si
k

and are of size li
k
.36 There are h ∈ N segments of type A, of size 1

k
,

where prices are noted p̃A1i. On each of these segments, the demand is 1
k
. On the

segment where Firm 2 sets a homogeneous price and Firm 1 has information, there

are n ∈ N segments of type B, where prices are noted p̃B1i. We find the demand

for Firm 1 on these segments using the location of the indifferent consumer:

d1i = x− si
k

=
p̃2 − p̃B1i + t

2t
− si
k
.

36With ui and si integers below k.
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Focusing on the side of the line where Firm 2 charges a homogeneous price, we can

rewrite profits of Firm 1 as the sum of two terms. The first term represents the

profits on segments of type A. The second term represents the profits on segments

of type B. Note that the overall profits of Firm 1 also account for the right side

of the line, where Firm 1 charges a homogeneous price and Firm 2 might charge

personalized prices according to the partition that it acquires. We will show that

the changes of partitions owned by Firm 1 will induce an upward shifting of prices

by Firm 2, increasing the total profits of Firm 1.

π1(P̃) =
h∑
i=1

p̃A1i
1

k
+

n∑
i=1

p̃B1i[
p̃2 − p̃B1i + t

2t
− si
k

].

The profits of Firm 2 on the left of the line where it charges a homogeneous price

are generated on segments of type B only, where the demand for Firm 2 is:

d2i =
si + li
k
− x =

p̃B1i − p̃2 − t
2t

+
si + li
k

.

The profits of Firm 2 on its left side segment can be written therefore as:

π2(P̃) =
n∑
i=1

p̃2[
p̃B1i − p̃2 − t

2t
+
si + li
k

]. (6)

Firm 1 sets p̃A1i and p̃B1i to maximize its profits on the left of the line π1(P̃). The

price set on the segment located furthest right is set to maximize profits also on

segments where Firm 2 personalizes its prices, and we will analyze the equilibrium

prices and demands on this price in the last stage of the proof. Firm 2 sets its

homogeneous price p̃2 to maximize profits on the left side of the line π2(P̃), both

profits are strictly concave.

Equilibrium prices (except the homogeneous price set by Firm 1 the segment

located furthest right) are:

p̃A1i = t+ p̃2 − 2
uit

k

p̃B1i =
p̃2 + t

2
− sit

k
=
t

3
+

2t

3n
[
n∑
i=1

[
si
2k

+
li
k

]]− sit

k

p̃2 = − t
3

+
4t

3n

n∑
i=1

[
si
2k

+
li
k

].

(7)
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We can now compare profits with P̃ and P̃′. When we move segments of type

B from the left of segments of type A to the right of segment of type A, it is

important to check that Firm 1 is still competing with Firm 2 on each segment

of type B, and that Firm 1 is still in constrained monopoly on segments of type

A. The second condition is met by the fact that price p̃2 is higher in P̃′ than in

P̃. The first condition is guaranteed by Eq. 5: p̃2+t
2t
− li

k
≤ si+li

k
for all segments

of type B located at [ si
k
, si+li

k
]. Let s̃i denote the m segments (m ∈ [0, n − 1]) of

type B with partition P̃ located at [ s̃i
k
, s̃i+l̃i

k
] that do not meet these conditions,

and therefore are type A segments with partition P̃′.

Noting p̃′2 and p̃B
′

1i the prices with P̃′, we have:

p̃′2 =
4t

3(n−m)
[−n

4
+

n∑
i=1

[
si
2k

+
li
k

] +
m

4
+

1

2k
−

m∑
i=1

s̃i
2k

]

= p̃2 +
4t

3(n−m)
[
3mp̃2

4t
+

1

2k
+
m

4
−

m∑
i=1

s̃i
2k

],

for segments of type B where inequalities in Eq. 5 hold:

p̃B
′

1i = p̃1i +
1

2

4t

3(n−m)
[
3mp̃2

4t
+

1

2k
+
m

4
−

m∑
i=1

s̃i
2k

],

for segments of type B where inequalities in Eq. 5 do not hold:

p̃B
′

1i = p̃1i +
1

2

4t

3(n−m)
[
3mp̃2

4t
+

1

2k
+
m

4
−

m∑
i=1

s̃i
2k

]− t

k
.

We now compare the profits of Firm 1 with sub-partition P̃ (J ∪ I1) and with

sub-partition P̃′ (I ′1∪J ′). We proceed in two steps. First we show that the profits

of Firm 1 on [ i
k
, i+l+1

k
] are higher with P̃′ than with P̃. Secondly we show that the

profits of Firm 1 on type B segments are higher with P̃′ than with P̃.

First we show that the profits of Firm 1 increase on [ i
k
, i+l+1

k
], that is, we show

that ∆π1 = π1(P̃′)− π1(P̃) ≥ 0 :

∆π1 =π1(P̃′)− π1(P̃)

=
1

k
[p̃′2 − 2

it

k
− p̃2 + 2

i+ l

k
t]

+ p̃B
′

1i [
p̃′2 − p̃B

′
1i + t

2t
− i+ 1

k
]− p̃B1i[

p̃2 − p̃B1i + t

2t
− i

k
].

By definition, s̃i verifies the inequalities in Eq. 5, thus s̃i
k
≤ p̃2+t

2t
, which allows us
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to establish that 4t
3(n−m)

[3mp̃2
4t

+ 1
2k

+ m
4
−
∑m

i=1
s̃i
2k

] ≥ 2t
3nk

. It is then immediate to

show that:

∆π1 ≥
t

k
[1− 1

3n
][

2

k

3nl + 1

3n− 1
− p̃2

2t
− 1

2
− 1

6nk
+
i

k
+

1

2k
].

Also, by assumption, firms compete on J = [ i
k
, i+l
k

] with P̃, which implies that

inequalities in Eq. 5 hold, and in particular, p̃2+t
4t
− i

2k
≤ l

k
. Thus:

∆π1 ≥
t

k
[1− 1

3n
][

2

k

3nl + 1

3n− 1
− 2l

k
− 1

6nk
+

1

2k
] ≥ 0.

Profits on segment [ i
k
, i+l+1

k
] are higher with P̃′ than with P̃.

Second we consider the profits of Firm 1 on the rest of the unit line. We write

the reaction function of Firm 1 to an increase in the equilibrium price of Firm 2

(p̃′2 ≥ p̃2).

For segments of type A:

∂

∂p̃2

πA1i =
∂

∂p̃2

(
1

k
[t+ p̃2 − 2

uit

k
]) =

1

k
,

which means that a higher p̃2 increases the profits.

For segments of type B:

∂

∂p̃2

πB1i =
∂

∂p̃2

(p1i[
p̃2 − p̃B1i + t

2t
− si
k

]) =
∂

∂p̃2

(
1

2t
[
p̃2 + t

2
− sit

k
]2) =

1

2t
[
p̃2 + t

2
− sit

k
],

which is greater than 0 as p̃2+t
2
− sit

k
is the expression of the demand on this

segment, which is positive under Eq. 5.

Thus for any segment, the profits of Firm 1 increase with P̃′ compared to P̃.

The resulting upward shifting in the homogeneous price set by Firm 2 increases

also the profits of Firm 1 on the right side of the line.

Intermediary result 1: By iteration, we conclude that type A segments are

always at the left of type B segments.

Step 3: We now analyze segments of type B where firms compete.

Starting from any partition with at least two segments of type B, we

show that it is always more profitable to sell a coarser partition.

As there are only two possible types of segments (A and B) and that we have

shown that segments of type A are the closest to the firms, segment B is therefore
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further away from the firm. We prove the claim of step 3 by showing that if

Firm 1 has a partition of two segments where it competes with Firm 2, a coarser

partition softens competition between firms and yields a higher profit for Firm 1.

We compute the profits of the firm on all the segments where firms compete, and

compare the two situations described below with partition P̂ and partition P̂′.

Figure 6: Step 3: demands of Firm 1 on segments of type B

Figure 6 depicts partition P̂ on the left panel, and partition P̂′ on the right

panel. Partition P̂ divides the interval in two segments [ i
k
, i+l
k

] and [ i+l
k
, i+l+j

k
],

whereas P̂′ only includes segment [ i
k
, i+l+j

k
]. We compare the profits of the firm on

the segments where firms compete and we show that P̂′ induces higher profits for

Firm 1. There are three types of segments to consider:

1. segments of type A that with partition P̂ that remain of type A with partition

P̂′.

2. segments of type B with partition P̂ that are of type A with partition P̂′.

3. segments of type B with partition P̂ that remain of type B with partition

P̂′.

1. Profits always increase on segments that are of type A with partitions P̂ and

P̂′. Indeed, we show that p̂′2 with partition P̂′ is higher than p̂2 with partition P̂,

and thus the profits of Firm 1 on type A segments increase.

2. There are 0 ≤ m ≤ n segments of type B in partition P̂ that are no longer

of type B in partition P̂ (and are therefore of type A).

3. There are n+1−m segments of type B with partition P̂ that remain of type

B with partition P̂′. We compute prices and profits on these n+ 1 +m segments.
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We proved in step 2 that the homogeneous price set by Firm 2 on the left side

of the line and the personalized prices set by Firm 1 (except the homogeneous

price on the right side of the line) can be written as:

p̂2 = − t
3

+
4t

3(n+ 1)

n+1∑
i=1

[
si
2k

+
li
k

],

p̂B1i =
p̂2 + t

2
− sit

k

=
t

3
+

2t

3(n+ 1)

n+1∑
i=1

[
si
2k

+
li
k

]− sit

k
.

We consider a change of partition under which the two type B segments located

furthest on the left are merged. Let p̂B1s and p̂B1s+l be the prices on these two

segments when the partition is P̂.

p̂B1s =
p̂2 + t

2
− st

k
, p̂B1s+l =

p̂2 + t

2
− s+ l

k
t.

p̂′2 is the price set by Firm 2 with partition P̂′, and p̂B
′

1s is the price set by Firm 1

on the last segment of partition P̂′.

Inequalities in Eq. 5 might not hold as price p̂2 varies depending on the parti-

tion acquired by Firm 1. As p̂2 is greater with coarser partitions, some segments

that are of type B with partition P̂ are then of type A with partition P̂′. We note

s̃i the m segments for which it is the case. We then have:

p̂′2 =
4t

3(n−m)
[−n−m

4
+

n∑
i=1

[
si
2k

+
li
k

]−
m∑
i=1

s̃i
2k

]

=
4t

3(n−m)
[−n+ 1

4
+

n+1∑
i=1

[
si
2k

+
li
k

] +
m+ 1

4
−

m∑
i=1

s̃i
2k
− s+ l

2k
]

= p̂2 +
4t

3(n−m)
[
3(m+ 1)p̂2

4t
+
m+ 1

4
−

m∑
i=1

s̃i
2k
− s+ l

2k
]

≥ p̂2 +
4t

3(n−m)
[

3

4t
p̂2 +

mp̂2

2t
+

1

4
− s+ l

2k
],

p̂B
′

1s =
p̂2 + t

2
− st

k
,

The profits of Firm 1 on all segments located on the left except the homogeneous

52



price located on the right are written as follows, with partitions P̂ and P̂′.

π1(P̂) =
n∑

i=1,si 6=s̃i

p1i[
p̂2 + t

4t
− si

2k
] +

m∑
i=1

p̂B1i[
p̂2 + t

4t
− s̃i

2k
] + p̂B1s+l[

p̂2 + t

4t
− s+ l

2k
]

π1(P̂′) =
n∑

i=1,si 6=s̃i

p̂B
′

1i [
p̂′2 + t

4t
− si

2k
] +

m∑
i=1

l̃i
k

[p̂′2 + t− 2t
s̃i + l̃i
k

].

We compare the profits of Firm 1 in both cases in order to show that P̂′ induces

higher profits:

∆π1 = π1(P̂′)− π1(P̂)

=
n∑

i=1,si 6=s̃i

p̂B
′

1i [
p̂′2 + t

4t
− si

2k
]−

n∑
i=1,si 6=s̃i

p̂B1i[
p̂2 + t

4t
− si

2k
]

+
m∑
i=1

l̃i
k

[p̂′2 + t− 2t
s̃i + l̃i
k

]−
m∑
i=1

p̂B1i[
p̂2 + t

4t
− s̃i

2k
]− p̂B1s+l[

p̂2 + t

4t
− s+ l

2k
]

=
t

2

n∑
i=1,si 6=s̃i

[
p̂′2 + t

2t
− si
k

]2 − t

2

n∑
i=1,si 6=s̃i

[
p̂2 + t

2t
− si
k

]2

+
t

2

m∑
i=1

l̃i
k

[2
p̂′2 + t

t
− 4

s̃i + l̃i
k

]− t

2

m∑
i=1

[
p̂2 + t

2t
− s̃i

2k
]2 − t

2
[
p̂2 + t

2t
− s+ l

k
]2.

We consider the terms separately. First,

t

2

n∑
i=1,si 6=s̃i

[
p̂′2 + t

2t
− si
k

]2 − t

2

n∑
i=1,si 6=s̃i

[
p̂2 + t

2t
− si
k

]2

=
t

2

n∑
i=1,si 6=s̃i

[[
2

3(n−m)
[

3

4t
p̂2 +

mp̂2

2t
+

1

4
− s+ l

2k
]]2

+ [
p̂2 + t

2t
− si
k

][
4

3(n−m)
[

3

4t
p̂2 +

mp̂2

2t
+

1

4
− s+ l

2k
]]]

≥ t
2

[
p̂2 + t

2t
− s+ l

k
]
4

3
[

3

4t
p̂2 +

mp̂2

2t
+

1

4
− s+ l

2k
].

(8)

Second, on segments of type B with partition P̂ that are of type A with partition

P̂′:
t

2

m∑
i=1

l̃i
k

[2
p̂′2 + t

t
− 4

s̃i + l̃i
k

]− t

2

m∑
i=1

[
p̂2 + t

2t
− s̃i

2k
]2.

On these m segments, inequalities in Eq. 5 hold for price p̂′2 and do not hold for

price p̂2. We can rank prices according to s̃i and l̃i:
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s̃i + l̃i
k
≥ p̂2 + t

2t
− l̃i
k

and
p̂′2 + t

2t
− l̃i
k
≥ s̃i + l̃i

k
.

thus:

2
l̃i
k
≥ p̂2 + t

2t
− s̃i
k

and
p̂′2 + t

2t
− 2

l̃i
k
≥ s̃i
k
.

We replace s̃i by its upper bound value and then l̃i by its lower bound value.

We can rewrite Eq. 8 for all permissible values of p̂′2:

t

2

m∑
i=1

l̃i
k

[2
p̂′2 + t

t
− 4

s̃i + l̃i
k

]− t

2

m∑
i=1

[
p̂2 + t

2t
− s̃i

2k
]2 ≥ 0.

Getting back to the difference in profits, we obtain:

∆π1 ≥
t

2
[
p̂2 + t

2t
− s+ l

k
]
4

3
[

3

4t
p̂2 +

mp̂2

2t
+

1

4
− s+ l

2k
]− t

2
[
p̂2 + t

2t
− s+ l

k
]2

≥ t

2
[
p̂2 + t

2t
− s+ l

k
][
p̂2

2t
+
s+ l

3k
− 1

6
].

(9)

The first bracket of Equation 9 is positive given Eq. 5. The second bracket is

positive if p̂2
2t

+ s+l
3k
≥ 1

6
. A sufficient condition for this result to hold is p̂2 ≥ t

3
.

We prove that this inequality is always satisfied by showing that the reference

partition minimizes the price and profit of Firm 2, and that in this case, p̂2 ≥ t
2
.37

And as this price is greater than t
3
, the second bracket of Equation 9 is positive.

This proves that ∆π1 ≥ 0.

The upward shifting of the homogeneous price set by Firm 2 implies that the

total profits of Firm 1 increase.

Conclusion

Applying these three steps to Firm 1 and Firm 2 increases their profits, and

yields a situation in which:

• Each firm charges prices as a constrained monopolist on segments located

closest to their locations.

• Firm 1 has at most two segments s1 and s2 on the rest of the line where it

sets competitive prices.

37As shown in Liu and Serfes (2004).
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• Firm 2 has at most two segments s3 and s4 on the rest of the line where it

sets competitive prices.

Considering this situation, it is easy to compare profits under different values of

s1, s2, s3, s4 to show that the optimal partition for Firm 1 (and similarly for Firm

2) includes only two intervals. The first interval is composed of j segments of size

1
k

located at [0, j
k
], and the second interval is composed of unidentified consumers,

and is located at [ j
k
, 1]. �

Equilibrium numbers of segments sold

We characterize the equilibrium prices and numbers of segments sold in the com-

petitive market. We compute the number of segments proposed by data interme-

diaries DI and DI to Firm 1 and Firm 2 in equilibrium.

We compute prices and profits in equilibrium when both firms are informed

with the optimal partitions found above. Firm 1 is a monopolist on the j1 segments

of size 1
k

in [0, j1
k

] and Firm 2 has information on [1− j2
k
, 1]. On [ j1

k
, 1] Firm 1 sets

a unique price p1 and gets demand d1. Similarly, on [0, 1− j2
k

] Firm 2 sets a unique

price p2 and gets demand d2.

We write in step 1 prices and demands, in step 2 we give the profits, and solve

for prices and profits in equilibrium in step 3.

Step 1: prices and demands.

Firm θ = 1, 2 sets a price pθi for each segment of size 1
k
, and a unique price pθ

on the rest of the unit line. The demand for Firm θ on type A segments is dθi = 1
k
.

The corresponding prices are computed using the indifferent consumer located on

the right extremity of the segment, i
k
. For Firm 1:

V − t i
k
− p1i = V − t(1− i

k
)− p2

=⇒ i

k
=
p2 − p1i + t

2t

=⇒ p1i = p2 + t− 2t
i

k
.

p2 is the price set by Firm 2 on interval [0, j2
k

] where it cannot identify consumers.
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Prices set by Firm 2 on segments in interval [ j2
k
, 1] are:

p2i = p1 + t− 2t
i

k
.

Let denote d1 the demand for Firm 1 (resp. d2 the demand for Firm 2) where

firms compete: d1 = p2−p1+t
2t

− j1
k

(resp. d2 = 1− j2
k
− p2−p1+t

2t
).

Step 2: profits of the firms.

The profits of the firms are:

π1 =

j1∑
i=1

d1ip1i + d1p1 =

j1∑
i=1

1

k
(p2 + t− 2t

i

k
) + (

p2 − p1 + t

2t
− j1

k
)p1,

π2 =

j2∑
i=1

d2ip2i + d2p2 =

j1∑
i=1

1

k
(p1 + t− 2t

i

k
) + (

p1 − p2 + t

2t
− j2

k
)p2.

Step 3: prices, demands and profits in equilibrium.

We now compute the optimal prices and demands, using first order conditions

on πθ with respect to pθ. Prices in equilibrium are:

p1 = t[1− 2

3

j2

k
− 4

3

j1

k
], p2 = t[1− 2

3

j1

k
− 4

3

j2

k
].

These best responses yield the following demands, prices, and profits:

p1i = 2t− 4

3

j2t

k
− 2

3

j1t

k
− 2

it

k
, p2i = 2t− 4

3

j1t

k
− 2

3

j2t

k
− 2

it

k
.

d1 =
1

2
− 2

3

j1

k
− 1

3

j2

k
, d2 =

4

3

j2

k
− 1

2
− 1

3

j1

k
.

π∗1 =

j1∑
i=1

2t

k
[1− i

k
− 1

3

j1

k
− 2

3

j2

k
] + (

1

2
− 2

3

j1

k
− 1

3

j2

k
)t[1− 2

3

j2

k
− 4

3

j1

k
]

=
t

2
− 7

9

j1
2
t

k
2 +

2

9

j2
2
t

k
2 −

4

9

j1j2t

k
2 +

2

3

j1t

k
− 2

3

j2t

k
− j1t

k
2 .

(10)

π∗2 =

j2∑
i=1

2t

k
[1− i

k
− 1

3

j2

k
− 2

3

j1

k
] + (

1

2
− 2

3

j2

k
− 1

3

j1

k
)t[1− 2

3

j1

k
− 4

3

j2

k
]

=
t

2
− 7

9

j2
2
t

k
2 +

2

9

j1
2
t

k
2 −

4

9

j1j2t

k
2 +

2

3

j2t

k
− 2

3

j1t

k
− j2t

k
2 .

(11)

Data intermediary DI with the second highest number of segments collected com-
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petes à la Bertrand with DI. It exerts the maximal competitive pressure by

proposing respectively to Firm 1 and Firm 2 information partitions j1 and j2 that

maximize their profits π1(j1, j2) and π2(j2, j1).

By replacing variables j1 and j2 into π1 (and respectively for π2), we obtain

the following expressions:

π1(j1, j2) =
t

2
− 7

9

(j1)2t

k2 +
2

9

(j2)2t

k
2 − 4

9

j1j2t

kk
+

2

3

j1t

k
− 2

3

j2t

k
−
j1t

k2

π2(j2, j1) =
t

2
− 7

9

(j1)2t

k2 +
2

9

(j1)2t

k
2 − 4

9

j2j1t

kk
+

2

3

j2t

k
− 2

3

j1t

k
−
j2t

k2

Data intermediary DI maximizes simultaneously these two profit functions with

respect to j1 and j2. Simultaneously, data intermediary DI with the highest

information precision k maximizes its profits by maximizing with respect to j1

and j2 the sum:

pl(j1, j2) + pl(j2, j1) = π1(j1, j2)− π1(j1, j2) + π2(j2, j1)− π2(j2, j1)

=
(7kk(j2)2 + (4kj1 − 6k + 9)kj2 + 7kk(j1)2 + (4kj2 − 6k + 9)kj1)t

9kk

+
((−7k(j2)2 + (6k − 8kj1)j2 − 7k(j1)2 + 6kj1)k − 9kj2 − 9kj1)t

9kk
(12)

Thus equilibrium variables j1, j2, j1, j2 are chosen as simultaneous best responses.

FOCs on j1, j2, j1 and j2 give respectively in equilibrium:

j1
∗

= j2
∗

=
k

3
− k

9k
− 7

18

j1
∗ = j2

∗ =
k

3
− 11

18
+

k

9k

In order to find the optimal integer value of j1 and j2, we can consider the best

outcome among the two integers closest to the optimum values of j1, j2, j1 and j2.
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B.2 Proof of Proposition 4: Optimal information structure
in a monopoly market when the data intermediary
sells information to one firm

We begin with describing the mechanism used by an intermediary to sell informa-

tion in its monopoly market.

Selling mechanism

In order to maximize the price of information, the data intermediary designs two

simultaneous auctions, and only the partition with the highest bid will be sold.

We focus on pure strategy Nash equilibria. Consider a given partition P1. We

first characterize the price of information and then obtain the optimal partition.

Firm 1 with the highest willingness to pay knows the bid of Firm 2 and has

interest to underbid from its true valuation. Thus, a firm can bid just above the

willingness to pay of its competitor and win the auction, which reduces the price of

information. To avoid underbidding by Firm 1, in auction 1 P1 is auctioned with

a reserve price pm1 .38 The reference partition Pk that includes all k information

segments is auctioned in auction 2, in order to exert a maximal threat on Firm

1 and to maximize its willingness to pay for P1. Participation of both firms is

guaranteed as the data intermediary sets no reserve price in auction 2.

Consider the optimal strategies of Firm 1 and Firm 2. Firm 2 will bid π2(Pk, ∅)−
π2(∅,Pk) in auction 2 that corresponds to its willingness to pay for partition Pk,

as its worst outside option is to face Firm 1 informed with k. However, Firm 2 will

never bid above the reserve price for P1. Consider now the optimal strategy of Firm

1. Firm 1 can bid for partition Pk, pay a price π1(Pk, ∅)−π1(∅,Pk), and make prof-

its π1(∅,Pk). On the other hand, Firm 1 can also participate to the auction with

P1, win the auction by bidding the reserve price pm1 , and make profits π1(P1, ∅)−pm1 .

The data intermediary will set a reserve price pm∗1 = π1(P1, ∅)−π1(∅,Pk)−ε, where

ε is an arbitrary small positive number. Thus, π1(P1, ∅) − pm∗1 > π1(∅,Pk), and

since only one partition is sold, it will be P1. In equilibrium, Firm 1 bids pm∗1 for

P1, and Firm 2 bids π2(Pk, ∅)− π2(∅,Pk). The partitions are therefore (P1,P
k).

The proof of the optimal partition is identical to the proof of Proposition 2, in

38For instance, Coey et al. (2021) analyze the role of reserve prices in repeated online auctions.
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the case where one of the firms is not informed. Hence we only need to prove that

the profits of an uninformed firm are minimized when its competitor acquires Pk.

The profits of an uninformed firm are minimized when its competitor
acquires Pk

To prove this claim we consider Firm 1 informed and Firm 2 uninformed. We

consider prices and demand on a segment of length l
k
, [ s

k
, s+l
k

], and we show that

partitioning this segment into two subsegments [ s
k
, s+1

k
] and [ s+1

k
, s+l
k

] reduces the

price set by Firm 2 as well as it demand on [ s
k
, s+l
k

], which overall lowers its

profits. By iterating this argument, we can conclude that the reference partition

Pk minimizes the profit of the uninformed firm.

We can write the equilibrium price set by Firm 2 with partition P:

p2 = − t
3

+
4t

3n

n∑
i=1

[
si
2k

+
li
k

]

This term is proportional to the average of si
2k

+ li
k
’s. We show that this value is

smaller with finer partitions.

We rule out the case where Firm 1 is a monopolist on [ s
k
, s+l
k

], as prices and

profit of Firm 2 do not change with finer subsegments in this case.

Consider the case where Firm 1 and Firm 2 compete on [ s
k
, s+l
k

]. There are two

cases to consider when partitioning this segment into [ s
k
, s+1

k
] and [ s+1

k
, s+l
k

].

First, Firm 1 is a monopolist on [ s
k
, s+1

k
], and firms compete on [ s+1

k
, s+l
k

]. The

price set by Firm 2 with this second partition decreases as on segment [ s+1
k
, s+l
k

]

we have s
2k

+ l
k
> s+1

2k
+ l−1

k
. It is clear that demand for Firm 2 also decreases as

Firm 1 sets a price on [ s+1
k
, s+l
k

] instead of [ s
k
, s+l
k

]. In reaction the aggregate profit

of Firm 2 over the unit line decreases.

Secondly, Firm 1 and Firm 2 compete on [ s
k
, s+1

k
] and on [ s+1

k
, s+l
k

].

To show that the price set by Firm 2 decreases with this new partition, we

compare the right side of the expression of price p2: 4t
3n

∑n
i=1[ si

2k
+ li

k
]. This term

is the average of si
2k

+ li
k
. To prove that the price set by Firm 2 decreases, we show

that this average is lower with the second than with the first partition.

Consider a typical element s
2k

+ l
k

of [ s
k
, s+l
k

]. Similarly, consider a typical

element 1
2
[ s
2k

+ s+1
2k

+ l−1
k

+ 1
k
] of the finer partition [ s

k
, s+1

k
] ∪ [ s+1

k
, s+l
k

].
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The first term is larger than the second as

s

2k
+
l

k
>

1

2
[
s

2k
+
s+ 1

2k
+
l − 1

k
+

1

k
].

It is clear that demand for Firm 2 also decreases as Firm 1 can better target

consumers and compete more fiercely with finer segments. In reaction the aggre-

gate profits of Firm 2 over the unit line are smaller with the finer partition than

with the coarser one. This establishes the result.

Equilibrium number of segments in the monopoly markets

We compute prices and profits in equilibrium when information is sold to one

firm. Without loss of generality we consider the case where Firm 1 is informed

only. Firm 1 has the partition on [0, j1
k

] that includes j1 segments of size 1
k
, and has

no information on consumers on [ j1
k
, 1]. We write in step 1 prices and demands,

in step 2 we give the profits, and solve prices and profits in equilibrium in step 3.

Step 1: prices and demands.

On each segment of size 1
k
, Firm 1 sets a price p1i, i = 1, .., j1, and consumer

demand is: d1i = 1
k
. Let’s p2 denote the unique price set by Firm 2. Prices on

each segment are determined by the indifferent consumer of each segment located

at its right extremity, i
k
: V − t i

k
− p1i = V − t(1 − i

k
) − p2 =⇒ i

k
= p2−p1i+t

2t

=⇒ p1i = p2 + t − 2t i
k
. On the rest of the unit line, Firm 1 sets a price p1 and

competes with Firm 2. Firm 2 sets a unique price p2 for all consumers on the

segment [0, 1]. We note d1 the demand for Firm 1 on this segment, determined by

the indifferent consumer: V − tx− p1 = V − t(1− x)− p2 =⇒ x = p2−p1+t
2t

and

d1 = x− j1
k

= p2−p1+t
2t

− j1
k

. Firm 2 sets p2 and the demand, d2, is found similarly

to d1, and d2 = 1− p2−p1+t
2t

= p1−p2+t
2t

.

Step 2: profits.

The profits of both firms can be written as follows:

π1 =

j1∑
i=1

d1ip1i + d1p1 =

j1∑
i=1

1

k
(p2 + t− 2t

i

k
) + (

p2 − p1 + t

2t
− j1

k
)p1,

π2 = d2p2 =
p1 − p2 + t

2t
p2.

Step 3: prices, demands and profits in equilibrium.
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We solve prices and profits in equilibrium. First order conditions on πθ with

respect to pθ give us p1 = t[1− 4
3
j1
k

] and p2 = t[1− 2
3
j1
k

]. By replacing these values

in profits and demands we find that: p1i = 2t[1 − i
k
− 1

3
j1
k

], d1 = 1
2
− 2

3
j1
k

and

d2 = 1
2
− 1

3
j1
k

. Profits are:39

π∗1 =

j1∑
i=1

2t

k
[1− i

k
− 1

3

j1

k
] +

t

2
(1− 4

3

j1

k
)2

=
t

2
+

2j1t

3k
− 7t

9

j2
1

k2
− tj1

k2

π∗2 =
t

2
+

2t

9

j2
1

k2
− 2

3

j1t

k
.

(13)

We can now determine the optimal size j∗1 when the data intermediary only sells

information to Firm 1, by maximizing profits with respect to j1. The profits of

the data intermediary when it sells to one firm are:40

Π1(j1) = π1(j1, ∅)− π1(∅,Pk)

=
3t

8
+

2j1t

3k
− t

4k
− 7j2

1t

9k2
− j1t

k2
− t

8k2
.

FOC with respect to j1 leads to the following maximizing value: j∗1 = 6k−9
14

We show that more consumers are identified in the competitive market than in

monopoly markets by comparing j1(k)+j2(k)
k

= 2[1
3
− 1

9k
− 7

18k
] with

jm1 (k′)

k′
= 6k′−9

14k′
:

2[
1

3
− 1

9k
− 7

18k
]− 6k′ − 9

14k′
=

((30k − 28)k′ + 81k)k − 98kk′

126kk′k

which is clearly positive for k′, k, k ≥ 2. �

B.3 Proof of Proposition 5

Suppose now that the data intermediary sells information to both firms. We first

describe the selling mechanism. Then we characterize the optimal information

structure in a lemma that we prove below, and that we will use to derive the

profits of the intermediary in equilibrium, and to show that it is more profitable

to sell information to only one firm.

By abuse of notation, let P1 and P2 denote now the optimal partitions sold

39For p1i ≥ 0 =⇒ j1
k ≤

3
4 . Profits are equal whatever j1

k ≥
3
4 .

40The expression of π(∅,Pk) is provided in Liu and Serfes (2004).
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to Firm 1 and Firm 2 respectively. π1(P1,P2) and π2(P2,P1) are the respective

profits of Firm 1 and Firm 2 with partitions P1 and P2. Partitions are potentially

different from those when the data intermediary sells information to Firm 1 only.

Simultaneous auctions, selling to both firms in a monopoly market:

The data intermediary simultaneously auctions partitions P1 and P2 in two sepa-

rate auctions: Firm 1 (Firm 2) can bid in the two auctions but is only interested

in partition P1 (P2). Since both firms are guaranteed to obtain their preferred

partitions, they will underbid in both auctions from their true valuation. To avoid

underbidding, a data intermediary respectively sets reserve prices pm21 and pm22 that

correspond to the willingness to pay of Firm 1 for P1 and of Firm 2 for P2. Since

partition P2 is optimal for Firm 2, and since Firm 1 has a lower valuation for this

partition, Firm 1 will not bid above pm22 in the auction for P2, and similarly Firm

2 will not bid above pm21 in the auction for P1. In equilibrium, the data interme-

diary maximizes the sum of the willingness to pay of each firm for information:

pm21 + pm22 = π1(j21, j22) − π1(∅, j22) + π2(j22, j21) − π2(∅, j21). We now derive the

optimal information structure.

Optimal information structure: selling information to both firms in a
monopoly market

We show that the optimal partitions include all available consumer segments:

j∗21(k) = j∗22(k) = k.

There are two classes of partitions to consider in order to find the optimal par-

titions sold to firms. A first class C is composed of segments closest to a firm’s

location. The other class is composed of the remaining partitions. There are two

local maximum, one in each class, which we will characterize and then compare

profits in both cases.

We first characterize the optimal information structure in class C.

Part a: optimal information structure when the data intermediary sells infor-

mation to both firms in class C

For each firm, the partition divides the unit line into two intervals. The first
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interval is partitioned in j segments of size 1
k

identifying the closest consumers to

a firm. The second interval of size 1− j
k

leaves unidentified the other consumers.

Three types of segments are defined as before:

• Segments A, where Firm θ is in constrained monopoly;

• Segments B, where Firms 1 and 2 compete;

• Segments C, where Firm θ gets no demand.

We assume that the unit line is composed of one interval where firms compete,

located at the middle of the line. Information structures that are ruled out by

this assumption are those that allow firms to poach consumers located far away

from their locations. Selling consumer segments far away from the location of a

firm has two conflicting effects on the profits of the data intermediary. On the one

hand, partitions ruled out by this assumption lower the valuation of the firms for

information because they intensify competition in the market. On the other hand,

these partitions also worsen the outside options of firms by lowering their profits

if they remain uninformed, which increases their valuation for information. Hence

the two effects go in opposite directions. Showing that the first effect dominates

the second is not tractable without this assumption, given the high cardinality of

the possible combinations of consumer segments. Additionally, there is no evidence

of firm strategies targeting consumers who do not belong to their core market. On

the contrary, the marketing literature has emphasized the benefits of targeting ads

to consumer segments with the strongest preferences (Iyer et al., 2005). As we

will show, the optimal partition under this assumption is similar to the optimal

partition when the data intermediary sells information to one firm.

Inequalities in Eq. 5 characterize segments [ si
k
, si+1

k
] where both firms have

positive demand: si
k
≤ p2+t

2t
and p2+t

2t
≤ 2si+1−si

k
.

The first part of Eq. 5 guarantees that there is positive demand for Firm 1,

whereas the second part guarantees positive demand for Firm 2. Inequalities in

Eq. 5 are expressed as a function of p2 without loss of generality. We use Eq. 5 to

characterize type A and type B segments, in order to compute the profits of the

firms.
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The profits of the intermediary when it sells information to both firms is the

difference between the profits of the firms when they are informed and their outside

option, when they do not have information, but their competitor is informed:

Π2 = (π1(P1,P2)− π1(∅,P2)) + (π2(P1,P2)− π2(∅,P1)).

Firm θ buys a partition composed of segments of type A and one segment

of type B. To show that a partition in which type A segments are of size 1
k

is

optimal, we prove that 1) such a partition maximizes the profits of a firm when

both of them are informed and 2) such a partition does not change the profits of

an uninformed firm facing an informed competitor.

1) A partition that maximizes the profits of a firm when both of them are

informed is necessarily composed of type A segments of size 1
k
.

The proof of this claim is similar to step 1 of the proof in Appendix B.1 the

price of the competing firm −θ does not change when Firm θ gets more precise

information on type A segments, and the profits of Firm θ increase as it can target

more precisely consumers with this information.

2) Changing from a partition with type A segments of arbitrary size to a par-

tition where type A segments are of size 1
k

does not change the profits of an unin-

formed firm facing an informed competitor.

It is immediate to show that the profit of the uninformed firm does not depend

on the fineness of type A segments. As a result, Π2 is maximized when segments

of type A are of size 1
k
.

We conclude that the optimal partition is composed of two intervals, sold to

each firm. For Firm 1, the first interval is partitioned in j1 segments of size 1
k
,

and is located at [0, j1
k

]. Consumers are unidentified on the second interval of size

1− j1
k

located at [ j1
k
, 1]. For Firm 2, the first interval is partitioned in j2 segments

of size 1
k
, and is located at [1 − j2

k
, 1]. Consumers are unidentified on the second

interval of size 1− j2
k

located at [0, 1− j2
k

].

In the following section we will compute interior solutions with j1, j2 ∈ [0, k
2
],

and we will compare profits with the interior solution with profits with the corner

solution where all information is sold to both firms. �

Part b: the intermediary sells symmetric information to both firms in class C
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We show now that selling symmetric information is optimal for the data inter-

mediary, that is, in equilibrium j1 = j2.

Prices and profits in equilibrium are provided in Appendix B.1:

π∗1 =

j1∑
i=1

2t

k
[1− i

k
− 1

3

j1
k
− 2

3

j2

k
] + (

1

2
− 2

3

j1

k
− 1

3

j2

k
)t[1− 2

3

j2

k
− 4

3

j1

k
]

=
t

2
− 7

9

j2
1t

k2
+

2

9

j2
2t

k2
− 4

9

j1j2t

k2
+

2

3

j1t

k
− 2

3

j2t

k
− j1t

k2
.

π∗2 =

j2∑
i=1

2t

k
[1− i

k
− 1

3

j2
k
− 2

3

j1

k
] + (

1

2
− 2

3

j2

k
− 1

3

j1

k
)t[1− 2

3

j1

k
− 4

3

j2

k
]

=
t

2
− 7

9

j2
2t

k2
+

2

9

j2
1t

k2
− 4

9

j1j2t

k2
+

2

3

j2t

k
− 2

3

j1t

k
− j2t

k2
.

The data intermediary maximizes the following profit function:

Π2(j1, j2) = (π1(j1, j2)− π1(∅, j2)) + (π2(j1, j2)− π2(∅, j1))

= −7

9

j2
2t

k2
− 4

9

j1j2t

k2
+

2

3

j2t

k
− j2t

k2
− 7

9

j2
1t

k2
− 4

9

j1j2t

k2
+

2

3

j1t

k
− j1t

k2
.

At this stage, straightforward FOCs with respect to j1 and j2 confirm that, in

equilibrium, j1 = j2. The fact that the solution is a maximum is directly found

using the determinant of the Hessian matrix.

The profit of the data intermediary when both firms are informed with parti-

tions j1 = j2 = j ∈ [0, k
2
] is: Π2(j) = 2w2 = 2[2jt

3k
− 11j2t

9k2
− jt

k2
].

FOC with respect to j leads to j∗2 = 6k−9
22

and: Π∗2 = 2t
11
− 6t

11k
+ 9t

22k2
.

The remaining partitions out of class C necessarily include all segments closest

to a firm’s location and nothing after 1
2
. We show that the price of information is

maximized in this class when all information is sold to both firms.

Different partitions in this class include different numbers of segments closest

to a firm’s competitor. Because selling only part of the segments does not yield

the highest feasible threat, and that the profits of the firms when both of them

are informed are identical for all partitions in this class, we can conclude that the

profits are maximized when all information is sold to both firms.

We can write the profit of the data intermediary when all information is sold

by replacing j1, j2 by k
2

to obtain firms’ profits when both firms are informed

(πθ(k, k) = t
4
− t

2k
), and by considering the profits of an uninformed firm facing a
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competitor informed with all segments, given in Liu and Serfes (2004) (πθ(∅,Pk) =

t
8

+ t
4k

+ t
8k2

): Πall
2 = t

4
− 3t

2k
− t

4k2
.

Profits are higher in corner solution where all information is sold than with

partitions belonging to C, and the intermediary sells all information to both firms.

�

Profit comparison

We compare profits when the data intermediary sells information to both firms and

to Firm 1 only in the monopoly market, and we prove that the data intermediary

sells information to Firm 1 only in equilibrium.

1) Optimal partition when the data intermediary sells information

to one firm.

The profits of the data intermediary when it sells to one firm are:41

Π1(j) = w1(j) = π(j, ∅)− π(∅,Pk)

=
3t

8
+

2jt

3k
− t

4k
− 7j2t

9k2
− jt

k2
− t

8k2
.

FOC with respect to j leads to the following maximizing value: j∗ = 6k−9
14

and:

Π∗1 =
29t

56
− 19t

28k
+

11t

56k2
.

2) Profits when the intermediary sells information to both firms.

The profits of the data intermediary when both firms are informed are:

Πall
2 =

t

4
− 3t

2k
− t

4k2
.

3) DI’s selling strategy in equilibrium.

We compare the profits of the intermediary when it sells information to one firm

or to both firms. The difference between the profits is: Π∗1 − Π∗2 ≥ 15t
56k2

> 0. �

B.4 Proof of Proposition 7

We show that the incentives for an intermediary to collect segments are greater in

its monopoly market than in the competitive market. This result is straightfor-

41The expression of πθ(∅,Pk) is provided in Liu and Serfes (2004).
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ward for intermediaries that do not sell information and make zero profits in the

competitive market, and we focus our proof on intermediary DI.

We first write the price of information in the competitive market. We substitute

the values of j1
∗
, j2
∗

and j1
∗ in π1(j1, j2)−π1(j1, j2) in the profit functions of Firm

1 and Firm 2. The price of information increases in k:

pl(k, k) = [π1(j1, j2)− π1(j1, j2)]

=
((12k − 11)k

2
+ (4k − 12k2)k + 7k2)t

36k2k
2

(14)

When selling information to Firm 1 on the monopoly market, a monopolist data

intermediary DIi has revenue: pm(ki) = t
7
− 3t

7ki
+ 9t

28k2i
.

with marginal revenue equal to: ∂pm(ki)
∂ki

= 3t
7k2i
− 9t

14k3i
.

We prove that the optimal number of segments collected is larger for pm(ki) =

t
7
− 3t

7ki
+ 9t

28k2i
than in the competitive market where the revenue of DI is 2pl(k).

For k > k, we have

pl(k) =
((12k − 11)k

2
+ (4k − 12k2)k + 7k2)t

36k
2
k2

2
∂pl(k)

∂k
=

((6k − 2)k − 7k)t

9k
3
k

pm(ki) =
t

7
− 3t

7ki
+

9t

28k2
i

.

∂pm(k)

∂k
=

3t

7k
2 −

9t

14k
3 ≥

∂pl(k)

∂k
=

((6k − 2)k − 7k)t

9k
3
k

Consider k
∗

such that 2∂pl(k)

∂k
|k=k

∗ = ((6k
∗−2)k−7k

∗
)t

9k
∗3
k

= ∂c(k)

∂k
|k=k

∗ . Since ∂2pm(k)

∂k
2 =

27t

14k
4 − 6t

7k
3 ≤ 0 ∀ k ∈ [2,∞[, revenues are concave, and necessarily we have for k:

∂pm(k)
∂k

= ∂c(k)
∂k
⇐⇒ k ≤ k

∗
. The incentives to collect consumer data are higher in

monopoly markets than in the competitive market l. �

B.5 Proof of Proposition 8

We first state that the number of consumer segments k∗i collected by the n − 1

intermediaries which do not sell information in market l increases with mi. k
∗
i =

argmax{mipmi
(ki)− (mi + l)c(ki)} =⇒ p′mi

(k∗i ) = (1 + l
mi

)c′(k∗i ). An increase in
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mi reduces the value of the right-hand-side term and, under the concavity of pmi

and the convexity of c(.), increases the equilibrium value of k∗i .

B.5.1 Condition C: degree of convexity of prices

∃ c′1, c1 ∈ R+ s.t. :

C1 : c′(k̃∗1) > c′1 or c′(k̃∗1) < c′1 & c(k̃∗1)− c(k∗1) > c1.

C2 : c′(k̃∗1) < c′1 & c(k̃∗1)− c(k∗1) < c1

& m2 < m2 for a given 0 ≤ m2 < m1.

(15)

B.5.2 Existence of equilibria

Suppose that intermediary i sells in the competitive market l, and collects k̃∗i =

argmax{mipmi
(ki)+2lpl(ki, k

∗
j)−(mi+l)c(ki)} segments. Following the discussion

at the beginning of this section, if i = 1, the second highest number of segments

collected (k∗j in the above equation) is equal to k∗2, and if i > 1 it is equal to k∗1.

There are two types of equilibria in this game.

• DI1 sells in market l. Collecting k̃∗1 > k∗j , j = 2, .., n is an equilibrium for

DI1 if deviation is not profitable for DI2, that is if

m2pm(k∗2)− (m2 + l)c(k∗2) > m2pm(k̃∗2) + 2lpl(k̃
∗
2, k̃
∗
1)− (m2 + l)c(k̃∗2).

• DIi i > 1 sells in market l. Collecting k̃∗i > k∗1 is an equilibrium for inter-

mediary DIi if deviation is not profitable for DI1:

m1pm(k∗1)− (m1 + l)c(k∗1) > m1pm(k̃∗1) + 2lpl(k̃
∗
1, k̃
∗
i )− (m1 + l)c(k̃∗1).

The intermediary with the second highest number of segments collected has the

highest incentives to deviate, hence if the above conditions hold for respectively

DI2 and DI1, they hold for the other intermediaries.

The existence of an equilibrium depends on two structural factors that impact

the decisions of intermediaries to deviate: the size of the monopoly markets of the

two intermediaries collecting the highest numbers of segments m1 and m2, and the

degree of convexity of the cost to collect data in the neighborhood of the highest
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number of segments collected k̃∗i . The conditions for an equilibrium to exist are

stated below:

• Consider k̃∗1 > k∗j , j = 1, .., n, there exists c′1, c1 ∈ R+ such that:

– c′(k̃∗1) > c′1 or c′(k̃∗1) < c′1 & c(k̃∗1)−c(k∗1) > c1 =⇒ ∀m2, k̃
∗
1 is an equilibrium.

– c′(k̃∗1) < c′1 & c(k̃∗1) − c(k∗1) < c1 =⇒ ∃! m1 > m2 ≥ 0 s.t. m2 >

m2 ⇐⇒ k̃∗1 is an equilibrium.

In the equilibrium where DI1 collects the highest number of segments, the

amount of data collected by other intermediaries is positively related to the

size of their monopoly markets: k̃∗1 > k∗2 ≥ ... ≥ k∗n.

• Consider k̃∗i > k∗j , i > 1, j = 1, .., n, j 6= i, there exists c′i, ci ∈ R+ such

that:

– c′(k̃∗i ) > c′i =⇒ ∀ m1, k̃
∗
i is an equilibrium.

– c′(k̃∗i ) < c′i & ∃ 0 ≤ k ≤ k̃∗i s.t. c(k̃
∗
i ) − c(k) > ci =⇒ ∃! mi >

mi s.t. mi > m1 ⇐⇒ k̃∗i is an equilibrium.

In the equilibrium where intermediary DIi collects the highest number of

segments, the amount of data collected by the other intermediaries is posi-

tively related to the size of their monopoly markets: k̃∗i > k∗1 > ... > k∗n.

• When data intermediaries have identical market sizes m1 = m2 = ... =

mn, an equilibrium has the following property. One data intermediary (1,

w.l.o.g.) collects strictly more information than the others who all collect

the same number of segments with: k̃∗1 > k∗2 = ... = k∗n.

We prove these three points in the following sections.

B.5.3 DI1 collects the highest number of segments in equilibrium

The incentives to deviate of DI2 are the strongest when m2 = m1. Consider the

limit case where m2 = m1. We want to show that there exists an equilibrium

where k∗2 < k̃∗1. We know that DI2 has interest to collect more data than DI1 if
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and only if: m2pm(k∗2)− (m2 + l)c(k∗2) < m2pm(k̃∗2)− (m2 + l)c(k̃∗2) + 2lpl(k̃
∗
2, k̃
∗
1).

Consider the first degree derivative of the profits of DI2 at k2 = k̃∗1:

∂
(
m2pm(k2)− (m2 + l)c(k2) + 2lpl(k2, k̃

∗
1)
)

∂k2

|k2=k̃∗1
.

On the one hand, ∂(m2pm(k2)−(m2+l)c(k2))
∂k2

|k2=k̃∗1
is necessarily negative as k∗2 < k̃∗1, and

its value depends on the degree of convexity of c(.). In particular, by continuity

there exists c(.) such that ∂(m2pm(k2)−(m2+l)c(k2))
∂k2

|k2=k̃∗1
tends to zero. On the other

hand,
∂(2lpl(k2,k̃

∗
1))

∂k2
|k2=k̃∗1

is strictly positive.

Hence, there exists a threshold value c′1 such that the profits of DI2 always

decrease at k̃∗1 if c′(k̃∗1) > c′1. In this case deviation is not profitable and the

strategies proposed in this section constitute an equilibrium.

Suppose now that the profits of DI2 increase at k̃∗1. Deviation by DI2 is

profitable only if m2pm(k∗2)−(m2+l)c(k∗2) < m2pm(k̃∗2)−(m2+l)c(k̃∗2)+2lpl(k̃
∗
2, k̃
∗
1).

If c(k̃∗1)− c(k∗1) is greater than a threshold c1, this inequality never holds and

the strategies described in this section constitute an equilibrium.

If c(k̃∗1)− c(k∗1) < c1, the above inequality holds and deviation is profitable for

m2 = m1. We now show that an equilibrium can exist if m2 is small compared

to m1. We know that the incentives of DI2 to deviate decrease as m2 decreases.

Hence, there are two cases to consider.

First, if when m2 = 0, 2lpl(k̃
∗
2, k̃
∗
1) − lc(k̃∗2) > 0, then deviation is always

profitable and no equilibrium exists to the game.

Secondly, if DI2 has no incentive to deviate when m2 = 0, then by continuity

of the profit function of DI2 w.r.t. m2, there exists a cut-off point m2 such that

deviation is profitable for m2 > m2 and is not profitable otherwise. Therefore, for

values of m2 such that 0 < m2 < m2, these strategies constitute an equilibrium.

This establishes the proof of existence of an equilibrium focusing on interme-

diaries 1 and 2. As DI2 is the one with the greatest incentives to deviate (the loss

from deviating in the monopoly market is the lowest), these results imply that

smaller intermediaries do not have interest to deviate either.
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B.5.4 DIi i > 1 collects the highest number of segments in equilibrium

We use the same reasoning as in the previous section to show that there can exist

an equilibrium in which a smaller intermediary collects more data than DI1.

We analyze the incentives to DI1 to deviate from this strategy. There are

two cases to consider. On the one hand, if the first degree derivative of the cost

function at c(k̃∗2) is greater than a threshold c′i, deviation is never profitable.

On the other hand, if the first degree derivative of the cost function at k̃∗2 is

lower than c′i, the profits of DI1 increase at k̃∗2 and a deviation is profitable under

the condition that there exists k for which the loss of profits in the monopoly

market resulting from the deviation is more than covered by the positive gains

achieved in the competitive market: c(k̃∗2)− c(k) < ci. If there exists a value of ci

such that this equality holds, then k̃∗2, k
∗
1 is an equilibrium.

B.5.5 Equilibrium with symmetric intermediaries

Consider data intermediaries that are symmetric in terms of market size m1 =

m2 (the reasoning generalizes easily to any number of intermediaries). In this

case there is no symmetric pure strategy Nash equilibrium in the amount of data

collected by intermediaries. Indeed, consider a symmetric equilibrium under which

both intermediaries collect the same amount of consumer data k∗. Necessarily we

have mp′m(k∗) − (m + l)c′(k∗) = 0. However, a data intermediary has interest to

deviate from this situation by increasing the amount of consumer data collected

and make mpm(k̃∗)+2lpl(k̃
∗, k∗)−(m+l)c(k̃∗), given that the derivative is positive

at k∗ + ε for an arbitrary small ε.

However, there can exist asymmetric equilibria in pure strategies. In such

equilibrium, one intermediary collects k̃∗ that maximizes mpm(k̃∗) + 2lpl(k̃
∗, k∗)−

(m + l)c(k̃∗) and the other collects k∗ that maximizes profits on their monopoly

markets mpm(k∗)− (m+ l)c(k∗), with k̃∗ > k∗.

To prove that these strategies can sustain an equilibrium, we analyze the in-

centives of two intermediaries to deviate.

Consider first the intermediary with the highest precision. This intermediary

has no interest to deviate since its profits are maximized at k̃∗. The other inter-

mediary has interest to deviate and to collect k̂∗ > k̃∗, that is, to collect more
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data than the intermediary with the highest precision, if the profits of doing so

are greater than the monopoly profits: mpm(k̂∗) + 2lpl(k̂
∗, k̃∗) − (m + l)c(k̂∗) ≥

mpm(k∗)− (m+ l)c(k∗).

If this equation is satisfied, deviation to k̂∗ is profitable for intermediary j,

and intermediary DIi has interest to collect k∗ data. In this case, k̂∗ is not an

equilibrium, and no equilibrium exists.

There exists an asymmetric equilibrium if this equation is not satisfied. In

this case, there exists an equilibrium to the game in which one data intermediary

collects k∗, and the other collects k̃∗.

B.6 Proof of Lemma 3

We show that consumer surplus always increases with the number of consumer

segments sold. Consumer surplus when Firm 1 has j1 consumer segments and
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Firm 2 has j2 consumer segments is defined as follows:

CS(j1, j2, k) =

j1∑
i=1

[

∫ 1
k

0

V − 2t[1− 1

3

j1

k
− 2

3

j2

k
− i

k
]− txdx]

+

∫ 1
2

+
j1
3k
− j2

3k

j1
k

V − t[1− 4

3

j1

k
− 2

3

j2

k
]− txdx+

∫ 1− j2
k

1
2

+
j1
3k
− j2

3k

V − t[1− 2

3

j1

k
− 4

3

j2

k
]− txdx

+

j2∑
i=1

[

∫ 1
k

0

V − 2t[1− 1

3

j2

k
− 2

3

j1

k
− i

k
]− txdx]

=

j1∑
i=1

1

k
(V − 2t[1− 1

3

j1

k
− 2

3

j2

k
− i

k
])− j1t

2k2

+

j2∑
i=1

1

k
(V − 2t[1− 1

3

j2
k
− 2

3

j1

k
− i

k
])− j2t

2k2

+ V [1− j2

k
− j1

k
]− [

1

2
− 2j1

3k
− j2

3k
]t[1− 4

3

j1

k
− 2

3

j2

k
]

− [
1

2
− 2j2

3k
− j1

3k
]t[1− 4

3

j2

k
− 2

3

j1

k
]− t[1

4
− 1

9

j1j2

k2
− 7

18

j2
2

k2
− 7

18

j2
1

k2
]

=
j1

k
[V − 2t[1− 1

3

j1

k
− 2

3

j2

k
] +

j1(j1 + 1)t

k2
− j1t

2k2

+
j2

k
[V − 2t[1− 1

3

j2

k
− 2

3

j1

k
] +

j2(j2 + 1)t

k2
− j2t

2k2

+ V [1− j2

k
− j1

k
] + t[−5

4
+

1

3

j1

k
+

1

3

j2

k
+

5

6

j2
1

k2
+

5

6

j2
2

k2
− 2

j1j2

k2
]

= V + t[−5

4
+

17

18

j2
1

k2
+

17

18

j2
2

k2
+
j1j2

k2
] +

1

2

j1t

k2
+

1

2

j2t

k2

(16)

The first degree derivative with respect to j1 is ∂CS
∂j1

= 17j1
9k

+ j2
k

+ 1
2k

, which is

larger than zero for j1
k
≥ −18j2+9

34k
(i.e. always above zero). �

B.7 Proof of Lemma 4

The first degree derivative of CS with respect to k, for given j1
k
, j2

k
is equal to

∂CS
∂k

= − j1t
k3
− j2t

k3
, which is clearly always negative, and consumer surplus always

decreases with information precision. �
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