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Abstract

We analyze mergers between strategic data intermediaries collecting con-
sumer information that they sell to firms competing in a product market.
We show that a merger: (a) reduces the intensity of competition in the
product market through a change in the selling strategies of merging inter-
mediaries; (b) increases data collection, reducing consumer surplus through
a better rent extraction. We argue that the role of Big Tech companies
acting as strategic data intermediaries in the market for information should
be included in antitrust analysis.
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1 Introduction

In recent years, Big Tech companies such as Alphabet, Amazon, Facebook and
Microsoft have initiated an important wave of mergers and acquisitions includ-
ing WhatsApp, LinkedIn, FitBit, Skype or Nest (De Loecker et al., 2020). For
the year 2017 alone, Alphabet, Amazon, Apple, Facebook and Microsoft spent a
total of $31.6bn on acquisitions of start-ups.! The UK Competition and Market
Authority reports that "over the last 10 years the 5 largest firms have made over
400 acquisitions globally. None has been blocked and very few have had condi-
tions attached to approval, in the UK or elsewhere, or even been scrutinised by

competition authorities (CMA, 2020).”

Economists have recently questioned this lax approach to mergers in the digital
economy that can potentially reduce competition and innovation (Furman et al.,
2019; Scott Morton et al., 2019; Crémer et al., 2019; Parker et al., 2021). The
debate centers first on whether more Big Tech acquisitions should be reviewed by
antitrust authorities and, secondly, on whether additional or different theories of
harm should be developed (Motta and Peitz, 2021). The most common arguments
against Big Tech mergers are the elimination of potential competition (Tirole,
2020), or the acquisition of strategic assets such as talents and intellectual property

rights (Gans and Stern, 2003).

Surprisingly, however, their dominant position as strategic data intermediaries
has been overlooked by antitrust authorities. Major Big Tech companies such
as Google, Amazon, and Facebook act indeed as data intermediaries on a new
market for information (Bergemann and Bonatti, 2019). They extensively collect
information on consumers, which they provide to firms that compete in product
markets. In this article, we therefore analyze how a merger between strategic data

intermediaries may impact competition in related product markets.

We identify two indirect effects of data-driven mergers on competition and
consumers surplus in product markets, which we argue, should be included in

antitrust analysis of Big Tech mergers.

! American tech giants are making life tough for startups; The Economist, June 2 2018.
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The first indirect effect results from the incentives of data intermediaries to col-
lect information on consumers, which change after a merger. Intermediaries have
interest to collect information that allows firms to increase their profits through a
better extraction of consumer surplus. This rent extraction effect of information
increases the willingness to pay of firms, and a merger that increases data collec-
tion will lower consumer surplus through this first indirect effect of information in

product markets.

The second indirect effect is related to the ability of data intermediaries to sell
information to firms strategically. They can influence the intensity of competition
among firms active in the product market: more information sold to firms means
that they will fight more fiercely for consumers that they have identified as belong-
ing to their business segments. There is thus a competitive effect of information
that lowers the profits of the firms. A monopolist data intermediary can strate-
gically choose to withhold information from firms to minimize the competitive
effect of information (Bounie et al., 2021). Competing data intermediaries may
be forced to sell more information to firms, which intensifies competition in the
product market and increases consumer surplus. Therefore, a merger that reduces
competition in the market for information can also soften competition in product

markets through this second indirect effect of information.

We include these indirect effects in a model of competition between data inter-
mediaries collecting and selling information to firms seeking to price-discriminate
consumers in a product market. Data intermediaries collect information that
partitions consumer demand into segments of different sizes: collecting more in-
formation reduces the size of the segments and allows intermediaries to better
identify consumers. We introduce two types of markets that leave some market
power to each data intermediary, allowing them to collect consumer data. Each
intermediary has a local monopoly market and has exclusive access to consumer
data in this market. Intermediaries also collect data on a competitive market
where consumer information is available to other intermediaries. This framework
allows us to analyze how mergers that change the incentives of intermediaries to

collect and sell data in each market may reduce consumer surplus.



This article achieves four main results regarding how a merger in the mar-
ket for information impacts competition and consumer surplus in related product
markets. The first two results are related to the data collection strategies of in-
termediaries. First, mergers between data intermediaries increase the profitability
of information, which also heightens the incentives of the merged intermediary to
collect data. More data collected reduces consumers surplus in related product

markets.

Secondly, we show that the equilibrium in the competitive market has the
structure of a monopoly facing a competitive fringe. In this equilibrium, there
exists an escape-competition effect: the incentives of the dominant intermediary
to collect consumer information increase with the intensity of the competitive
pressure,? which will both reduce consumer surplus in the competitive market and

in its local monopoly market.

Overall, the first two results related to data collection show that intermedi-
aries collect more consumer data after a merger. Accounting for strategic data
collection in merger analysis is essential to fully assess the effects of a merger on
consumer surplus in related product markets. This result is new and goes beyond
existing academic literature that does not consider the data collection strategies

of competing intermediaries.

The last two results are related to the selling strategies of data intermediaries.
We establish that a merger between data intermediaries decreases the amount
of information sold in the product market when they have a better ability to

internalize the competitive effect of information after a merger.

First, we show that when data intermediaries compete, they sell more con-
sumer segments to firms than under monopoly. Hence, mergers in the market
for information can reduce competition in related product markets through this
second indirect effect: intermediaries sell information on fewer consumers after a
merger and firms compete less fiercely in the product market. Nevertheless, we

show that even under fierce competition, intermediaries do not sell all available

2Aghion et al. (2005) find a similar escape-competition effect when two firms compete neck-
to-neck, i.e. when they have the same technology. On the contrary, here the escape-competition
effect applies to the leading technological firm.



consumer segments, but keep low-valuation consumers unidentified to soften com-
petition between information buyers. This effect is robust to symmetric Bertrand
competition between information sellers, and highlights a fundamental inefficiency
of markets for information, as a large share of collected data is not used by inter-
mediaries and firms. This is a striking finding that challenges recent results in the
literature on markets for information, which assumes that intermediaries sell all
available information to prospective buyers in a frictionless environment (Berge-
mann and Bonatti, 2015; Bergemann et al., 2018; Montes et al., 2019; Bergemann
and Bonatti, 2019; Ichihashi, 2021).

Secondly, we find that data intermediaries may engage into exclusionary prac-
tices after a merger, as a monopolist data intermediary strategically limits the
number of firms that can purchase information. Conversely, competing data in-
termediaries sell information to all firms, which allows equal access to information
and a higher intensity of competition in the product market. Hence mergers also
harm competition in product markets by providing a data advantage to one of the
firms over its competitor, which reduces consumer surplus. This result contributes
to the burgeoning literature on markets for information that considers a monop-
olist data intermediary selling information to only one of the information buyers
(Montes et al., 2019; Bounie et al., 2021), and to models where it is assumed that
a data intermediary sells information to all active firms (Bergemann and Bonatti,
2015; Bergemann et al., 2018, 2019). We challenge these assumptions and results
by showing that competing data intermediaries optimally sell information to all

firms, while a monopolist data intermediary sells information to only one firm.?

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 merg-
ers between intermediaries in Section 5, and we show how they impact competition

and consumer surplus in product markets. Section 6 concludes.

3See Bergemann and Bonatti (2019) for a recent review. See also Chen et al. (2020) for an
analysis of data-driven mergers in the context of platforms.



2 Description of the Model

We build a model of competition and mergers between data intermediaries that
collect and sell customer data for price-discrimination purposes. Our analysis
applies to mergers involving companies such as Facebook and Google that industry
observers and academic scholars consider as data intermediaries (Venkatadri et al.,

2018).4

For the purpose of their online advertising activities, it is indeed well known
that Big Tech companies collect data to improve the value of their services. How-
ever, they also directly or indirectly sell consumer data to firms or third-parties
through position auctions and real-time bidding. This has led Google users to sue

the company in the U.S..°

In this section, we first characterize the nature of competition between data
intermediaries. We then describe consumer utility from purchasing a product,
the data collection and selling strategies of competing data intermediaries, the

incentives of firms to purchase consumer data, and finally, the timing of the game.

2.1 Nature of Competition Between Data Intermediaries

Analyzing competition between data intermediaries raises a major challenge. Col-
lecting data is costly, but reproducing information is almost costless (Shapiro et al.,
1998; Varian, 2018). With high fixed costs and a low marginal cost of producing
information, a perfectly competitive market for information with a price close to
0 is not sustainable, as firms would not be able to recover their fixed costs of
collecting data. This is the well-known Diamond information paradox (Diamond,

1971).

To solve this issue, we assume that data intermediaries sell information on
two types of markets: on the first type of markets, a data intermediary owns
proprietary and rival information that other intermediaries cannot access, which

grants it a local monopoly power. For instance, Facebook collects data on its

4See also Facebook and Google Are the New Data Brokers; Digital Life Initiative, January 6
2021.

5Google faces $5 billion lawsuit in U.S. for tracking ’private’ internet use; Reuters, June 3
2020.
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users, which other data intermediaries cannot sell in the product market. We
denote each monopoly market by m;. There is also a competitive market, where
data intermediaries sell information that all intermediaries possess, and that are
therefore non-rival (Jones and Tonetti, 2020). Indeed, Facebook also collects in-
formation on users who visit other platforms or online services such as the ones
offered by Google; Facebook and Google have therefore similar information on
these consumers.® We will refer to this market as competitive market [ in which
all intermediaries compete. Our m — [ approach addresses the Diamond paradox

and explicitly draws the frontier between rival and non-rival data.

We consider n competing data intermediaries that collect and sell consumer
information to firms (with n > 2). Each data intermediary can collect information
on a mass m; of consumers who belong to its monopoly market (with i = 1,..,n),
and on a market of mass | where all intermediaries compete.” As a consequence,
each intermediary ¢ has monopoly (rival) information on consumers in m;, and
common (non-rival) information on consumers in {. Consumers, therefore, either
belong to a monopoly market or a competitive market, so that the total mass of
consumers is (= mq + ... +m, + .5 By convention, data intermediary 1 has a

larger monopoly market than data intermediary 2 and so on: m; > ms... > m,,.”

Our m — [ approach is an important methodological contribution to the lit-
erature. This flexible framework allows us to characterize different degrees of
competition depending on the respective sizes of the monopoly markets and the
competitive market. To the best of our knowledge, the literature has not yet ana-
lyzed the data collection and selling strategies of intermediaries in a competitive

framework, precisely because of the conceptual challenge raised by the Diamond

6Ichihashi (2021) considers a different framework in which consumers sell their (non-rival)
personal information to intermediaries. In our framework, firms collect consumer data without
compensating consumers, as for the vast majority of business models based on the collection of
consumer information, and the non-rivalry of data implies that firms will compete a la Bertrand
for the sale of information.

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

8We assume that m; > 0 Vi and [ > 0 in the remainder of the article. This framework has
as special cases [ = 0 and m; = 0, that are analyzed in Sections 3 and 4.

9As a special case, we will also allow for symmetric data intermediaries in terms of size of
their monopoly markets: m; = ms... = m,,; we will show that they collect different amounts of
information in the only equilibrium of the game.



information paradox. We will show that the properties of the equilibrium in the
competitive market differ radically from those of the monopoly markets, which
impacts significantly consumer surplus in product markets where intermediaries

compete.

2.2 Consumers

Consumers are divided into n+ 1 mutually exclusive markets of different sizes such
that p = my + .. +m, + (. Each market is characterized by a Hotelling line [0, 1]
on which consumers are uniformly distributed. On each line, a consumer can buy
one product at a price p; from Firm 1 located at 0, or p, from Firm 2 located at
1.10

A consumer located at = € [0, 1] derives a utility V' from purchasing the prod-
uct. They incur a transportation cost ¢ > 0 so that buying from Firm 1 (resp.
from Firm 2), has a total cost tx (resp. t(1—xz)). Consumers purchase the product
for which they have the highest utility. Hence on each unit line, consumers located

at o have a utility function defined by:*!

V — p; — tx, if they buy from Firm 1,

V —po — t(1 — x), if they buy from Firm 2.

2.3 Data Intermediaries

Data intermediaries collect information that divides each market into consumer

12

segments.”© More data is costly to collect but allows an intermediary to have a

finer partition of a unit line. Partitions sold by data intermediaries enable firms

10We 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).

Where p; and py can be potentially different on different unit lines, and for distinct locations
of a given unit line.

120ther modeling choices are possible, such as the sale of a signal analyzed by Admati and
Pfleiderer (1988); Bergemann et al. (2018) among others, in the case of a monopolist information
seller. Our focus on information that partitions a Hotelling line is motivated by the tractability
of the model, yet which provides us with a rich set of strategy space for data intermediaries.



to identify consumers and price discriminate them. We describe in this section

the data collection and selling strategies of intermediaries on different markets.

2.3.1 Collecting Data

A data intermediary i uses an appropriate technology to collect data on m; + [

consumers.'® The technology allows the intermediary to distinguish consumers

who are exclusively using its services, and therefore belong to market m;, and

consumers who are also using other services and belong to market [. A data

intermediary collects data points such as gender, age, or zip-code, which allows it
114

to partition consumer demand into & segments of size .

We illustrate the partition collected by a data intermediary in Figure 1. The &

segments of size % form a partition P* that we refer to as the reference partition.

Firm 1 Firm 2

Segment: 1 2 .. i k

Figure 1: Reference partition P*

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, 3] or to [3,1].

This approach allows us to analyze varying levels of information precision and
characterize the data collection strategies of data intermediaries. We will show
how competition between data intermediaries has indirect effects on consumer

surplus in product markets by changing the amount of data collected, changing in

turn the ability of firms to price discriminate consumers.

13Several technologies allow firms to collect data on consumers such as cookies and pixels
(Bergemann and Bonatti, 2015; Choe et al., 2018). 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.

1We drop index 7 when there is no confusion.



The cost of collecting data is equal to c¢(k) for a mass one of consumers, and
satisfies standard convexity conditions.!”” We assume that a data intermediary
cannot distinguish consumers who belong to m; and to [ before collecting infor-
mation. Therefore, it will collect the same amount of information on markets m;
and [. Thus the total data collection cost is (I + m;)c(k). This cost encompasses
various dimensions of the activity of data intermediaries, such as installing track-
ers 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.

2.3.2 Selling Information

Data intermediaries can sell any combination of segments of the consumer demand.
We denote by Py(DI;) and Po(DI;) the partitions offered to Firm 1 and Firm
2 respectively by intermediary ¢ on a given market. These partitions can be
potentially different for each firm, and can also differ between monopoly market m;
and the competitive market . Selling strategic information will allow us to capture
the second indirect effect of competition between intermediaries on competition

and consumer surplus in the product market.

Bounie et al. (2021) have shown that a monopolist data intermediary can
weaken or strengthen the intensity of competition in the product market by de-
termining the quantity of information available to firms, which has two effects
on consumer surplus. On the one hand, an informed firm can price discriminate
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
surplus 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 strategic information changes the intensity of competition in

15We assume that ¢(0) = 0 and ¢(z),c”’(z) > 0.

10



the product market, we consider in Figure 2 a situation in which k£ = 4 segments
are available. By allowing Firm 1 to distinguish consumers located close to Firm
2 and to charge them prices pi3 and py4, the data intermediary also increases the
competitive pressure on Firm 2 that lowers price p,. Now suppose that the data
intermediary only sells the first segment to Firm 1 that charges consumers price
P}, the competitive pressure will be much lower, and Firm 2 will increase its price
ph > po. 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.

P>

Firm 1 Firm 2

pii pi,? pij’ pizi

P>

Firm 1 Firm 2

H '
pii p12

Figure 2: Example of partitions, k = 4

In the competitive market, data intermediaries compete a la Bertrand in the
sale of information. Since firms only purchase information from one data inter-
mediary,'® they choose intermediary DI with the highest information precision,
so that competition in market [ leads to a winner takes all situation. Other data
intermediaries collect data in market [, but the second-best data intermediary DI

exerts a competitive pressure on the equilibrium prices set by DI.

In monopoly market m;, data intermediary ¢ sells information to one or two

16We assume that firms cannot combine information purchased from different data intermedi-
aries.

11



firms. We assume that data intermediaries sell information through first-price
auctions. This selling mechanism is commonly used in the literature (Montes
et al., 2019; Bounie et al., 2021), and allows an intermediary to reach the first-

best outcome by maximizing surplus extraction from firms.'”

2.4 Firms

Without information, firms only know that consumers are uniformly distributed
on the unit line. Firms can acquire information from the monopolist data in-
termediary ¢ on the monopoly markets m; and from one of the competing data
intermediaries in the competitive market [. When a firm acquires an information
partition, it knows to which interval of this partition a consumer belongs. Firms
simultaneously set prices on each segment of the unit line where they have infor-
mation. Firm 6 sets prices in two stages.'® First, it sets prices on competitive
segments where it shares consumer demand with its competitors. Then, on seg-
ments 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_y."?

We denote by dy; the demand of Firm # on the ith segment. An informed Firm

f maximizes the following profit function with respect to pg1, .., Pon:

T =Y doips. (2)
i1

17 Auctions are frequently used by major data intermediaries such as Google (First-price Auc-
tion, Second-price, and the Header-Bidding, Smartyads, February 2018), and in data market-
places (Shechan and Yalif (2001); O’kelley and Pritchard (2009)).

18Sequential pricing decision avoids the nonexistence of Nash equilibrium in pure strategies
and is common in the literature supported by managerial practices. For instance, Acquisti
and Varian (2005) use sequential pricing to analyze intertemporal price-discrimination with
incomplete information on consumer demand. Jentzsch et al. (2013) 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, Amazon has been accused to
show higher prices for Amazon Prime subscribers, who pay an annual fee for unlimited shipping
services, than for non-subscribers (Lawsuit 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.

19This assumption is also standard in Braulin and Valletti (2016) and Montes et al. (2019).

12
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2.5 Timing

A data intermediary ¢ first collects data and sells potentially different partitions
to firms in market m; and in market [. Then, firms set prices on segments where
they compete. Finally, firms set prices on the monopolistic segments. The timing

of the game is the following:

e Stage 1: data intermediary i collects data on k; consumer segments in mar-

kets m; and (.

e Stage 2: data intermediary ¢ offers information partitions for sale in its

monopoly market and in the competitive market.

e Stage 3: firms set prices p; and ps in the competitive segments of each

market.

e Stage 4: firms set prices pg; on consumer segments on which they have

information.

We analyze in the next sections the data collection and selling strategies of
intermediaries in the competitive market, and then in their respective monopoly
markets. Analyzing first competition and then monopoly allows us to understand
the different impacts of a merger on the data strategies of intermediaries, which

we analyze in Section 5.

3 Competitive Market

We characterize the selling strategies of intermediaries in the competitive market,

as well as their incentives to collect consumer data.?’

Intermediaries compete a la Bertrand in prices and information structures in
the competitive market, and firms purchase information from only one buyer. We
denote by DI the intermediary with the highest information precision k, and by
DI the second-best intermediary with information precision k. We characterize

the equilibrium in Proposition 1, which we derive in the remaining of the section.

20To simplify the exposition, when analyzing the selling strategies of intermediaries we consider
a market of size 1. We will see that the selling strategy does not depend on the size of the market.

13



Proposition 1

An equilibrium in competitive market [ has the following properties:

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

information.

e The optimal partitions sold to Firm 1 and Firm 2 diwvide the unit line into

two intervals:

— For Firm 1, the first interval consists of 71 segments of size % on |0, %]
where consumers are identified; consumers in the second interval of size
J1

— 2 are unidentified.

— For Firm 2, the second interval consists of jo segments of size % on [1—
%, 1] where consumers are identified; consumers in the second interval

of size 1 — £ are unidentified.

e The optimal numbers of segments sold to each firms are:
INGEAEEE TR

e The incentives of DI to collect information increase with the intensity of the

competitive pressure exerted by DI.

Proposition 1 shows that data intermediary DI internalizes the competitive ef-
fect of information by selling to each firm information partitions on their high-
valuation consumers, keeping low-valuation consumers unidentified. Such selling
strategy softens the competitive effect of information, and reduces consumer sur-

plus compared to a case where firms have information on all consumers.

3.1 Selling Consumer Information

We determine the profits of the firms, the price of information, the optimal selling
strategy and the information structure offered by intermediaries in the competitive

market.

14



Profits of the firms in the competitive market.

We denote by 7 (P1(D1;), P2(DI1;)) and mo(Po(DI1;), P1(DI;)) the profits of Firm
1 and Firm 2 when they respectively acquire partitions P;(DI;) from data in-
termediary ¢ and Py(DI;) from data intermediary j. Both firms can purchase
information from the same intermediary (i = 7).

Intermediaries compete a la Bertrand in prices and information structures in
the competitive market, and firms purchase information from only one buyer.
Hence, each intermediary will charge the highest price for its information, deter-
mined by the difference of profits of each firm with their partitions and with the
partition that maximizes their profits among those proposed by the remaining
intermediaries.

As firms compete a la Bertrand, only intermediary DI with the highest infor-
mation precision & will sell information in market . Other data intermediaries
make zero profit in this market. Nevertheless, data intermediary DI exerts a

competitive pressure and limits the ability of DI to extract rent from firms.

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 P;(DI) at price p, from DI, or
P1(DI) at price p, from DI and make profit m (P1(D1), Py(DI)). The willingness
to pay of Firm 1 for information is thus w1 (P1(D1), Po(DI)) —m (P1(DI), Po(DI)).
The price that Firm 2 is ready to pay for information is defined in a similar way:

7o(Po(DI), P1(DI)) — 7o (Po(DI), P1(DI)). Lemma 1 summarizes this discussion.

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), Po(DI)) = mi(P1(DI), P2(DI)) — mi(P1(DI), Po(DI)),
and

Dy(P2(DI), P1(DI)) = mo(Po(DI), P1(DI)) — mao(Po(DI), P1(DI)).

15



Optimal information structure

Data intermediary DI chooses the partitions that maximize the profits of the firms
by combining segments of the reference partition P¥. For instance, in Figure 2 the
data intermediary can combine segments 2, 3 and 4 to sell to Firm 1 the partition
at the bottom. Even though we allow for any partition of the unit line, some
partitions can be easily ruled out. For instance, 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 Lemma 2, we
characterize the features of the optimal partitions P¥(DI) and P5(DI), represented

in Figure 3.

Lemma 2

An optimal partition P(DI) for Firm 1 (and P5(DI) for Firm 2) divides the

unit line into two intervals:

o The first interval consists of j1 (j2) segments of size % on |0, %] (1 — %, 1])
where consumers are identified.
e Consumers in the second interval of size 1 — % (1— %) are unidentified.

Proof: see Appendix A.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%(DI) and P;(DI) balance the competition and
surplus extraction effects of information. Similarly, DI will offer to Firm 1 and

Firm 2 partitions composed of j; and j, segments closest to their locations.
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Firm 1 12 .. i Firm 2

Firm 1 A .21 Firm2
\
!

Figure 3: Selling partition P} to Firm 1

Hence, the optimization problem for data intermediary DI in the competitive
market boils down to choosing j; and j, under the constraint exerted by interme-

diary DI.

Optimal selling strategy in the competitive market

We can now characterize in Proposition 2 the selling strategy of DI in the com-

petitive market.

Proposition 2
The objective function of DI when selling information to Firm 1 and Firm 2
18:
max{p; (j1, j2) + Da(J2, J1)}- (3)
J1,J2

The optimal partitions are:

Proof: see Appendix A.2.

Proposition 2 shows that selling the reference partition is not optimal. Instead,

data intermediary DI has incentives to only sell a subset of all available segments
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to soften the competitive effect of information and to maximize the willingness of
firms to pay for information. Close-by consumers with a high willingness to pay

are identified and the remaining consumers remain unidentified.

A direct comparison with Bertrand competition could lead to the conclusion
that in the competitive market, intermediary DI would sell all its available in-
formation and each firm would have information P*. However, this reasoning is
incorrect, as data intermediaries have incentives to deviate from such equilibrium.
Selling fewer segments than PF unambiguously increases the profits of a data in-
termediary. By showing that data intermediaries do not sell all their available
data under competition, Proposition 2 makes therefore an important contribution

to the literature.

3.2 Collecting Consumer Data

We analyze in this section the incentives of intermediary DI to collect consumer
data in the competitive market. Clearly other 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.

Remember that data intermediaries cannot distinguish to which market con-
sumers belong before collecting their data, and the number of consumer segments
collected by each data intermediary ¢ is identical on m; and [. For this reason,
we analyze in this section the incentives of intermediaries to collect data in the

competitive market.

In the competitive market [, DI sells information and makes profits equal to
the sum of the prices paid by each firm (net of the data collection cost), times the

size of the competitive market {:*!

Iy (k) = U[py (k) + Da(k) — c(k)].

21The concavity of the cost function ensure that the profit functions are strictly concave with
a unique maximum at k .
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Other data intermediaries collect information at cost lc(k), but do not sell

information and make zero profits in market [.

Collecting more segments increases the prices of information charged by DI,
as finer segments allow firms to better price-discriminate consumers on whom they
have information. Moreover, the prices of information also depend on the com-
petitive pressure exerted by DI, which depends itself on k. An important deter-
minant of the data collection strategy of the leading intermediary DI is therefore
the amount of data collected by its direct competitor DI in the competitive mar-
ket. There is an escape-competition effect in data collection: as the competitive
pressure exerted by DI on DI increases — in the sense that k becomes closer to
k — the incentives of DI to differentiate by collecting more segments increase as

1‘22

well.” Proposition 3 summarizes this discussion.

Proposition 3
Escape-competition effect in data collection: the incentives of DI to collect

consumer segments in the competitive market increase with k.

Proof: See Appendix A.3.

Thus, a merger that increases the competitive pressure exerted on data interme-
diary DI in market [, will also increase its incentives to collect consumer data.
We apply this result in Section 5, to assess the impacts of mergers between inter-
mediaries on consumers in the product market, and we show that accounting for

this effect can overturn standard merger analysis.

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.

Proposition 4 characterizes the equilibrium, which we prove and discuss in the
remaining of this section (we drop subscripts i, m; and DI; from the notations in

this section):

22This effect is also reminiscent of models of innovation in a competitive environment (Aghion
et al., 2005).
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Proposition 4
In monopoly market m;, the selling strategies of data intermediary i are char-

acterized by the following properties:

o Intermediary i sells information to Firm 1 only and Firm 2 remains unin-

formed.

o The optimal partition P} sold to Firm 1 divides the unit line into two inter-

vals:
— The first interval consists of j1 segments of size % on |0, %] where con-
sumers are identified.
— Consumers in the second interval of size 1 — % are unidentified.
e Intermediary i sells j;(k) = %2 segments to Firm 1.

e Firms identify fewer consumers than in the competitive market.

e The incentives to collect data are higher than in the competitive market.

Proposition 4 shows that 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.

4.1 Selling Consumer Information

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. This allows us to fully characterize the equilibrium
in monopoly markets as we then 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.
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Price of information in a monopoly market.

The data intermediary sells information to only one firm, say Firm 1.2 Let
71 (P*,0) and 7o (P*,0) be the respective profits of Firm 1 and Firm 2 when they
acquire the reference partition P* and their competitor has no information. Simi-
larly, let 1 (0, P*) and (0, P*) be their profits when they are uninformed but face
a competitor that has acquired partition P*. The profits of an uninformed firm
are minimized when its competitor has information P*. Thus, this partition rep-
resents 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 4.

Lemma 3
The monopoly price of information when selling partition Py to Firm 1 and

auctioning partition P* is:

P = maze {1 (P, 0) — 7 (0, PF)}. (4)

Optimal information structure.

The partition that maximizes the price of information given by Lemma 3 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 Lemma 4, we characterize the features of this

optimal partition P}, represented in Figure 4.

Lemma 4
In a monopoly market, the optimal partition P} divides the unit line into two

intervals:

o The first interval consists of j1 segments of size + on [0, 2] where consumers

k
are identified.

23We characterize the equilibrium when selling information to both firms in the Appendix and
we show that it yields lower profits than when selling to Firm 1 only.
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o Consumers in the second interval of size 1 — 2 are unidentified.

Proof: see Appendix A .4.

Partition P} 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.

Firm 1 12 .. I Firm 2

Figure 4: Selling partition P} to Firm 1

Optimal selling strategy in monopoly markets.

Since the optimal partition has a structure similar to partition Pj, the optimization

problem for the data intermediary on its monopoly market boils down to choosing

Ji-

Lemma 5

The data intermediary mazimizes the price of information paid by Firm 1:

max{p (i, £)} = ma{m (72,0) = m (0,4)}.
Fewer consumers are identified than in the competitive market:
6k — 9
(k) = ——.
ji (k) 14

Proof: see Appendix A.5.
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Lemma 5 shows that the objective functions of the data intermediary and Firm
1 are aligned: they both want j; to maximize m(j;,?).?* Firm 2 cannot acquire
information from other data intermediaries, since we focus on monopoly markets

where only one data intermediary has information.

Selling information to one or to both firms.

The data intermediary compares its profits when selling information to one or to
both firms. Lemma 6 shows that the data intermediary will only sell information

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

Lemma 6

On monopoly markets m; data intermediary @ sells information to Firm 1 only.

Proof: see Appendix A.6.

Lemma 6 states that data intermediaries optimally sell information only to Firm
1 in their monopoly markets. Accordingly, Firm 2 does not acquire information
and stays uninformed, which allows a monopolist data intermediary to maximize
the profit of Firm 1, equal to m(j1,0). As there is no competing intermediary
from which Firm 1 could acquire information, a monopolist data intermediary can
charge a high price of information by threatening Firm 1 to remain uninformed

with profits 7 (0, P¥).

4.2 Consumer Data Collection: Monopoly Markets vs Com-
petitive Market

We analyze in this section the data collection strategies of intermediaries in their
monopoly markets, and we compare their incentives to collect data with those
in the competitive market. We then rank the number of consumer segments k;

collected by each data intermediary ¢ in equilibrium.

A data intermediary makes the following profit on its monopoly market given
by the price of information net of the data collection cost, times the size of the

monopoly market m:

24The integer value of j; that maximizes the profits of the data intermediary is chosen by
comparing 7(|j{[) and 7 (|j7[ 4+ 1): max(w(|57]), 7 (57| + 1))
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Hm(k) = m[plm(k) - C(k)]

As only intermediary DI makes positive profits in the competitive market,
all other intermediaries have higher incentives to collect data on their monopoly
markets. Hence we only need to show that the incentives of intermediary DI to
collect consumer data are higher in its monopoly market than in the competitive

market.

Data collection has two effects on the price of information and on the profits
of a data intermediary in its monopoly market, which change the incentives of
DI to collect data compared with the competitive market. First, similarly to the
competitive market, more data increases rent extraction as firms can better price-
discriminate consumers on thinner segments of the demand. This effect is stronger
when intermediaries sell information to firms on a larger share of the consumer
demand: the marginal gains from having finer segments are higher when more
consumers are identified. Secondly, more precise information lowers the profits of
an uninformed firm facing an informed competitor. Since in a monopoly market,
a data intermediary threatens a prospective buyer to sell the reference partition
(that includes all available consumer segments) to its competitor, more segments

collected increase the value of this threat.

Competition has three impacts on the incentives of DI to collect data in market
[ compared to its monopoly market. First, we have shown in Proposition 4 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 [ according to this first effect. Secondly, DI has an additional incentive
to collect data in the competitive market, due to the escape-competition effect
in data collection described in Proposition 3. Thirdly, DI cannot exert a threat
on firms in market [, 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 [,
and this third effect lowers the incentives of DI to collect data in the competitive
market. Overall, we show in Proposition 5 that the last effect dominates the first

two effects and DI has higher incentives to collect data in its monopoly market
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than in the competitive market.

Proposition 5
Data intermediaries have higher incentives to collect data in their monopoly

markets than in the competitive market.

Proof: See Appendix A.7.

Proposition 5 shows that the marginal gains from data collection are higher in
monopoly markets than in the competitive market. This is a central result of this
article that has important implications for competition policy, which we analyze
in Section 5. While Proposition 5 is intuitive, we have shown that the incentives
of DI to collect data in its monopoly market and in the competitive market result
from several opposite effects of different natures. Other intermediaries do not sell
information in the competitive market [, and they incur a loss from collecting

information on these consumers.

We can now characterize the number of consumer segments k; collected by each
data intermediary ¢ according to m;. Proposition 6 shows that data intermediaries
with the highest and the second highest precisions, respectively DI and DI, are
data intermediary 1 (with market size m;) and data intermediary 2 (with market

size mg):
Proposition 6

e (a) When data intermediaries have different market sizes, the larger the size
of the monopoly market, the higher the total number of consumer segments

collected by a data intermediary:

my > myg > ... 2 Mm, — k1>k’22...2k3n.

e (b) When data intermediaries have identical market sizes m; = mg = ... =
My, 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:
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Proof: see Appendix A.8.

Proposition 6 (a) highlights a positive relation between market power, captured by
the size of the monopoly market, and the data collection strategies of data inter-
mediaries. A data intermediary that is dominant in terms of size of its monopoly
market collects more consumer segments than other intermediaries and is the only

intermediary that sells information in the competitive market (.

Proposition 6 (b) shows that the only possible equilibrium when two interme-
diaries have monopoly markets of identical sizes m; = my is such that one of the
intermediaries collects more information than the other. It is easy to show that
when mq = mao, k1 > ko is an equilibrium. Indeed, it is not profitable for interme-
diary 2 to deviate and collect more data than intermediary 1, as collecting more
data than intermediary 1 is costly. Conversely, collecting k; segments is optimal
for intermediary 1 given that the other intermediary collects ky. Depending on
the primitives of the models, an equilibrium does not necessarily exist, however if

it exists, it must have the features described in Proposition 6 (b).

5 Merger Analysis with Strategic Data Interme-
diaries

We analyze how a merger between data intermediaries changes their data strate-
gies, and impacts in turn competition and consumer surplus in product markets.?’
There are two cases to consider depending on the number of competing inter-
mediaries. First, consider a competitive market with only 2 data intermediaries.
When they merge, the merged entity becomes a monopolist as there are no other
intermediaries in the competitive market, and the competitive pressure on this
market disappears after the merger. We analyze this first case in Section 5.1. Sec-

ondly, when some of the intermediaries do not participate to the merger, they still

25 Alternatively, De Corniere and Taylor (2020) consider a merger between a monopolistic firm
on a market and a firm operating in a competitive related market.
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compete with the merged intermediary in market [. We analyze this second case
in Section 5.2 by considering the merger of two intermediaries in an oligopolistic
setting. Finally, we generalize our competitive framework in Section 5.3 and we

show how mergers can have ripple effects on consumers surplus in related markets.

While mergers may yield benefits for consumers and society, stemming for
instance from a greater ability of the merged firm to invest in innovation, in
product quality, or from increased network externalities. We show that changes
in the data collection and selling strategies of intermediaries resulting from a
merger usually reduce consumer surplus. Hence, accounting for changes in the
data strategies of intermediaries requires mergers and acquisitions to yield higher

welfare improvements compared with current practices.

5.1 Merger Between Duopolist Intermediaries

In this section, we consider a merger in the competitive market when only two
intermediaries compete, and we compare consumer surplus before and after the
merger. A merger will eliminate competition in market [, where the merged entity

will collect and sell information as a monopolist.

In our model that focuses on the competitive effects of information, we show
that such mergers always reduce consumer surplus in product markets for two
reasons. On the one hand, consumer surplus depends on the number of segments
sold to firms, which is smaller after the merger. Fewer segments sold reduces the
intensity of competition in the product market and harms consumers. On the
other hand, intermediaries have higher incentives to collect data after the merger,

which intensifies consumer rent extraction.

Selling information and consumer surplus

To analyze how a merger between duopolist intermediaries impacts consumer sur-
plus in product markets, we first consider how consumer surplus changes with
the number of consumer segments sold to firms, holding k constant. As we have
seen in Proposition 2, more consumer segments are sold in the competitive market

than in monopoly markets. Suppose that Firm 1 has information on j; consumer
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segments, and Firm 2 has information on j, consumer segments. If Firm 1 obtains

additional information on segment [&, LLE1] there are two effects on consumer
surplus:
1. A rent extraction effect: Firm 1 price discriminates consumers on [£, ZH],

which reduces their surplus.

Ji+1

1=, 1], which increases the

2. A competitive effect: Firm 1 lowers its price on |

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 7 shows that consumer surplus,
denoted C'S(j1, jo, k), increases with the number of consumer segments j; and jo

sold to Firm 1 and to Firm 2. The same result holds for j5 given j;.

Lemma 7
For a given jo, consumer surplus always increases with the number of consumer

segments j1 sold to Firm 1:

605(j17j27 k) >0

V' o,k
J2, 97

Proof: See Appendix A.9

We have seen in Proposition 4 that fewer segments are sold in monopoly markets
than in the competitive market. Hence, a merger between duopolist intermediaries
will have a negative impact on consumer surplus in market [ through a change of
their information selling strategy. Fewer segments are sold in [ after the merger,
and to only one firm, which reduces the intensity of competition and decreases

consumer surplus.
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Data collection and consumer surplus

We now discuss the effect of a change in the amount of data collected k on consumer
surplus. Increasing the value of k reduces the size of the segments and allows firms

to better extract consumer surplus. To simplify notations, we denote by x; = %
and zg = % the locations of the last consumers identified by Firm 1 and Firm 2.

Lemma 8 shows that consumer surplus decreases with k for given x; and z».

Lemma 8

Consumer surplus always decreases with k:

805(1’1, T, ]{7)

0.
ok <

Vo xq, xo:
Proof: see Appendix A.10.

A merger between duopolist intermediaries will reduce consumer surplus through
a change in the data collection strategies of the intermediaries. More segments

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

The impact of a merger on consumer surplus.

We can now consider a merger between intermediaries 1 and 2 with monopoly
markets mq,my, and competing in market [. Proposition 7 compares consumer

surplus before and after the merger.

Proposition 7
A merger between duopolist intermediaries always reduces the intensity of com-

petition in the competitive market [ and lowers consumer surplus in markets my, mo

and .

5.2 Mergers in an Oligopolistic Market for Information

We now consider a merger between two intermediaries in market [ where there

are n > 2 active data intermediaries.”® For instance, Kesler et al. (2020) describe

26 A1l proofs of this section are available upon request.
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competition between data-driven mobile applications, and highlight a high inten-
sity of competition in this market. In such market, even after a merger between
several of these applications, the market would remain highly competitive. Con-
trary to a merger between duopolists, there are still n — 2 competitors after the
merger, and market [ remains competitive. Hence, a merger changes only at the
margin the selling strategy of the merged firm. However, a merger still has an
impact on consumer surplus in the product markets through changes in the data
collection strategy of the merged entity, and potentially also of other firms through

the escape-competition effect in data collection.

Mergers have three distinct effects on the number of consumer segments col-
lected by intermediaries. First, the merged entity benefits from cost efficiencies.
Two separate data intermediaries collect data in market [, while the merged entity
only collects information once in market [. This cost efficiency leads the merged
entity to collect more consumer data. Secondly, the merged entity can leverage
on a larger market size and have more incentives to collect data. Thirdly, larger
market sizes may change the equilibrium on market [ depending on whether the

merged entity has the highest information precision or the second highest.

A crucial element will be the respective sizes of the merged firms before and
after the merger, and whether the merger changes the competitive pressure be-
tween the two largest intermediaries. We will analyze three relevant cases in the

following sections.

5.2.1 Start-up Merger

We consider a merger between two small intermediaries m;, m;, such that the
intensity of competition in the competitive market remains unchanged: m; +m; <
my. This first case allows us to identify how the cost efficiency resulting from a
merger can increase the incentives of the merged intermediary to collect data,
thus reducing consumer surplus in product markets through better consumer rent

extraction.

We denote by II,; the profits of the merged intermediary, and by k;; the number

of segments that it collects. The profits of the intermediaries before and after the
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merger are as follows:

IL; (ki) = mipim, (ki) — (mi + De(k),
1L (k;) = mjpim, (k;) — (m; + D)e(k),

The size of the monopoly market of the merged intermediary is relatively greater

m;+m;

than the respective sizes of intermediaries ¢ and j before the merger: —=--= >
Qg J
T mﬁil, and the incentives of the intermediaries to collect data increase after
Q J

the merger due to this cost efficiency. Hence, the merged entity collects more data
than the separate intermediaries: k;; > k;, k;. A merger between start-ups thus
always reduces consumer surplus as the merged intermediary has higher incentives
to collect data after the merger, which intensifies consumer rent extraction in

monopoly markets m; and m;.

5.2.2 Start-up Acquisition

A large data intermediary can purchase a smaller one and change the competitive
balance on market [. We consider two cases that occur depending on whether
intermediary 1 or 2 makes the acquisition, and on the resulting size of the merged

intermediary.

Overall, start-up acquisitions can change the competitive pressure in market
[, and thus the intensity of the escape-competition effect in data collection. This
will impact in turn the data collection strategies of intermediaries that are not

involved in the merger.
Start-up acquisition by intermediary 1.

When the largest intermediary acquires a smaller one of market size m;, two
opposite effects may drive up or down its incentives to collect consumer data.
On the one hand, its incentives to collect information increase following the cost
efficiency described in the previous section. Data intermediary 2 does not change

its data collection strategy, and the competitive pressure in market [ remains
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the same as before the acquisition. On the other hand, the escape-competition
effect is now weaker as the merged entity is larger than before the acquisition:

mi + m; > Mmy.

Overall the first effect always dominates the second, and data intermediary 1
collects more consumer segments after the acquisition than intermediary 1 before
the acquisition. Hence such an acquisition reduces consumer surplus in markets
my, m;, and [ through an increased ability of firms to extract rent. Consumers
in market m; incur the highest increase in data collection and the greatest loss of

surplus from the merger.

Start-up acquisition by intermediary 2.

When intermediary 2 acquires a smaller intermediary of market size m;, there
are two cases to consider. First, if mo + m; < mg, intermediary 2 collects more
segments due to the efficiency gains, and intermediary 1 collects more segments
due to the increased escape-competition effect. This reduces surplus in markets

my, Mo, m; and [.

Secondly, if ms + m; > my, intermediary 1 collects more segments after the
acquisition (12‘1) than intermediary 2 collected before the acquisition: ki > ko.
Moreover, intermediary 2 also collects more segments after the acquisition than
intermediary 1 before the acquisition following two effects. On the one hand,
the relative size of the merged entity is greater than intermediary 1: mq + m; >
my. On the other hand, the competitive pressure after the acquisition is exerted
by intermediary 1 with k > ko. Overall, aggregate consumer surplus decreases
after the acquisition. There are however winners and losers of such acquisition.
Consumer surplus decreases in markets ms, m;, and [ where more segments are
collected and sold after the acquisition. However, as k; > /%1, consumers on market
my are better identified before the acquisition, and their surplus increases after

the acquisition.
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5.2.3 Big Tech Merger

Finally the two largest intermediaries may choose to merge. The competitive
pressure on the leading intermediary is lower after the merger, which lowers the
escape-competition effect and decreases the incentives of the merged intermediary
to collect data. Indeed, before the merger, intermediary 2 exerts a competitive
pressure on intermediary 1; after the merger, the competitive pressure is exerted
by intermediary 3 with mg < ms, and the escape-competition effect is weaker than

before the merger.

A merger between the two largest intermediaries will thus have opposite effects
on the incentives of the merged entity to collect consumer data. The respective
sizes of the monopoly markets and the competitive market determine whether
the cost efficiency dominates the reduced escape-competition effect. When the
competitive market is sufficiently large compared with markets m; and msy, and
if the intensity of competition drops in market [ after the merger, the merged
intermediary has lower incentives to collect data than intermediary 1, which ben-
efits consumers in markets mi, my and [. Otherwise, the merger increases data

collection and reduces consumer surplus in these markets.

5.3 Mergers with Several Competitive Markets

We have shown in previous sections that a merger can impact the data strate-
gies of the competitors of the merged intermediary, impacting in turn consumer
surplus in the monopoly markets of intermediaries that do not participate to the
merger. As we focus on Bertrand competition for the sale of information, this
effect impacts the data strategies of the two largest intermediaries, and changes
consumer surplus in their monopoly markets. We generalize our m — [ competi-
tive framework in this section to show that a merger between intermediaries can
also impact consumer surplus in competitive markets where none of the merging
intermediaries sell information, thus generating ripple effects beyond the relevant
market. This result supports a broad definition of relevant markets by competition
authorities when assessing the impacts for consumers of a merger between data

intermediaries.
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We formalize this statement in proposition 8, and we prove it in the remaining

of the section using an illustrative example.

Proposition 8
Mergers in the market for information can lower consumer surplus in com-
petitive markets where none of the intermediaries involved in the merger or their

competitors operate.

General competitive framework.

Our m—1 competitive framework can be generalized to account for several markets
where different intermediaries compete. For instance, data on consumer interests
or online purchasing habits can be provided by certain intermediaries, while health
data or credit scoring data are provided by other intermediaries that are not

necessarily active in other markets.

There are potentially 2" — n markets where the n intermediaries may be com-
peting, with variable sizes [; > 0 (j = 1,..,2" —n). We denote by M, the set
of competitive markets where intermediary ¢ operates. Its total profits II; can be

written as the sum of profits on its monopoly market and on all markets in M;:

(ki) = milpim, (ki) — c(k)l + Y lnlpin(k:) + pan(ki) — c(k:)]- (5)

lhEMi

Prices pyj, and poy, on the different competitive markets can be null or positive,
and vary depending on the value of k; on each market compared with the precision

of information proposed by other competing intermediaries.

We use this general formulation to show that a merger between two intermedi-
aries can have indirect effects on competitive markets where other intermediaries
operate.

Example of indirect effects in related competitive markets.

Consider three intermediaries with monopoly markets m; > ms > mgs, and two

competitive markets [; and l5. We focus on the case where intermediaries 1 and
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2 compete in market /; and intermediaries 2 and 3 compete in market [,. Market
sizes are chosen so that intermediary 1 sells information at a positive price in

market [; and intermediary 2 sells information at a positive price in market [5.

Using this set-up, we consider a merger between intermediaries 2 and 3, and
we show how it impacts intermediary 1 through the escape-competition effect in
data collection in market [;. We assume m; > msq + mg + I3, so that intermediary

1 collects more data than the merged intermediary after the merger.

The profits of each intermediary can be written:

I (k1) = mapim, (k1) + li(p1 (k1) + p2(k1)) — (ma + L) e(k),
Hy(k2) = mopim, (k2) + la(p1(ka) + p2(k2)) — (Mo + 1 + l2)c(ks),
IT3(k3) = mapim, (ks) — (ma + l2)c(ks).

After a merger between intermediaries 2 and 3, the merged intermediary col-
lects ko3 consumer segments, with a monopoly market of size my + m3 + 5, and
competes with intermediary 1 in market [;. The efficiency gain allows the merged
intermediary to collect more segments than the separate entities, which reduces
consumer surplus on markets ls, ms and ms3. Moreover, even though the merger
does not directly impact competition in market [; — the number of firms in this
market remains the same before and after the merger —, the merged intermedi-
ary exerts a stronger competitive pressure than intermediary 2 before the merger.
This increases in turn the incentives of intermediary 1 to collect data in markets

[y and m; through the escape-competition effect.

As intermediary 1 collects more data after the merger, the escape-competition
effect also takes place in any competitive market where intermediary 1 has the
second highest information precision and so on. Hence, even markets where none
of the merging intermediaries and none of their direct competitors operate can
be impacted by the merger. In these markets, more data is collected after the
merger following the escape-competition effect, and consumer surplus always de-
creases after the merger. This simple example highlights the need for competition
authorities to use a broad definition of the different product markets that can be

impacted by a merger between data intermediaries.
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6 Conclusion

Our model of competition between strategic data intermediaries emphasizes how
mergers in the market for information have indirect effects in related product
markets that are relevant for antitrust and consumer surplus analysis. Our analysis

allows us to reach two main recommendations for policymakers.

First, we characterize negative effects of mergers on consumer surplus in re-
lated product markets, resulting from changes in the data collection and selling
strategies of the newly merged entity. Competition authorities should thus ac-
count for how a merger changes the data strategies of intermediaries, as this will
change the intensity of competition in products markets. Moreover, a merger can
have ripple effects on markets in which none of the merging entities sell informa-
tion. Hence, competition authorities should take into account all markets where
intermediaries operate in their merger impact assessments, as mergers are likely

to reduce consumer surplus through these indirect effects of information.

Secondly, our model highlights the need to maintain a competitive market for
information. In particular, consumer surplus is the lowest when a monopolist
data intermediary sells to firms rival information — that no other intermediary
can sell. Any policy that reduces the amount of rival data will increase com-
petition between data intermediaries, and increase in turn consumer surplus in
product markets. This result is in line with Crémer et al. (2019) who call for
open data regulations and the creation of data-pools, under which data could be
accessed by any company. In the same line, the right to data portability enacted
in the European General Data Protection Regulation, which allows consumers to
access and move their data from one intermediary to the other is likely to in-
crease competition in the market for information and increase consumer surplus.
Moreover, competition between data intermediaries also determines which firm
can access information: a monopolist intermediary sells information to one firm
while both firms purchase information when data intermediaries compete. Hav-
ing access to more consumer data increases competition between firms, which in
turn benefits consumers. Competition between data intermediaries guarantees fair

and equal access to information to firms, which can also be reached for instance

36



by implementing fair, reasonable, and non-discriminatory clauses in markets for

information (Crémer et al., 2019).

Finally, further research could analyze the impact of personal data protection
on competition between data intermediaries and on related product markets, and
how data protection agencies could work closer with competition authorities to
protect consumer privacy and consumer surplus. Recent actions from the FTC
call for regulation of the data brokerage industry,?” and in the US, states such as
Vermont or California have recently passed laws to gain control over the practices
of data intermediaries.?® It remains to be shown how recent regulations, such as
General Data Protection Regulation in the European Union — which creates new
ways to protect consumers through opt-in, right to be forgotten, data minimiza-
tion, and privacy by design — will change the amount of data collected by large

data intermediaries.
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A Appendix

A.1 Proof of Lemma 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 % The second interval
is of size 1 — % 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 % There are three types of segments

to consider:

e Segments A, where Firm 6 serves all consumers but Firm 2 exerts a compet-

itive pressure.
e Segments B, where Firms 1 and 2 compete; both have a positive demand.

e Segments C, where Firm 6 has no demand and makes zero profit.

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 % 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
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furthest away from firms, and of size 1 — % (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. Moreover, we solve the different steps when
Firm 2 charges a homogeneous price on the subsegments of the line considered.?
This simplification allows us to focus on segments that allow firms to extract
surplus from high-valuation consumers while softening the competitive effect of
information. It also avoids us to compute profits with all possible partitions, since
there is a high cardinality of the possible combinations of consumers segments,

leaving a general resolution of the problem intractable without this assumption.

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 ;

is optimal.

i it

Consider any segment I = [, 5

] of type A with [, integers verifying i +1 < k
and [ > 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 5 shows on the left panel a partition with segment I of type A, and on the
right, a finer partition including segments I and I, also of type A. In Figure 5 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 7(P) and m*4(P’) the profits of Firm 1 on
I with partitions P and on I; and I, with partition P’.

2Bounie et al. (2021) make a similar assumption for the tractability of the model.
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Figure 5: Step 1: segments of type A

To prove this claim, we establish that the profit of Firm 1 is lower with a coarser
sub-partition P with [ = [%, %], than with a finer sub-partition P’ obtained by
il it

replacing I with two segments: I = [£, "] and I, = [=1, 2] (other segments

are unchanged).

First, profits with the coarser partition is: 7{(P) = pyd; = pué. The demand

is % as Firm 1 serves all consumers; py; is such that the indifferent consumer z is

located at %l

po—pu+t i+l 1+
= — ;= +t—2t—,
o L P b2 2

V—tr—py; =V—-t(l—x)—p, = x=

with py 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 p., replacing py; and d; by their equilibrium

values obtained in the previous equations:

2(1 + i)t
P

Secondly, using a similar argument, we show that the profit on I; U I, with

[
T (P) = E(t +p2 —

partition P’ is:

1 o1 +i)t. 1—1 21+ i)t
wAP) = L - 2 Ty, 20N

Comparing P and P shows that the profit of Firm 1 using the finer partition

increases by 5 (I — 1), which establishes the claim.
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By repeating the previous argument, it is easy to show that the data interme-

1

diary will sell a partition of size % with [ segments of equal size &

Step 2: We show that all segments of type A are closest to Firm

1 (located at 0 on the unit line by convention).

Going from left to right on the Hotelling line, we look for the first time a type

B interval, J = [4; %] of length %, is followed by an interval [; = [%, ’HT“] of
type A, shown to be of size % in step 1 (right panel of Figure 6). We now show
that profits are higher when the data intermediary switches segments I; and J.
The resulting sub-partition is now I{ = [£; &1] followed by J' = [H1, ZHEL (right

panel of Figure 6).

J.B I A L,a J'B
,,,,, i e T e el L
[ [ \ \ [ [
i i+l i1 i i+1 i+l+1
Partition 'j’ Partition ‘j"

Figure 6: Step 2: relative position of type A and type B segments

The two cases are shown in Figure 6 and correspond respectively to the parti-
tions P and P’. The curved line represents the demand of Firm 1, which does not
cover type B segments. In partition j’, a segment of type B of size é, J, is followed
by a segment of type A of size %, I;. 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 . To show this claim, we compare the profits of the informed
firm with J U I, under partition P and with I 1 U J" under partition P, 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
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positive demand. Eq. 6 gives the conditions for the demands addressed to Firm 1

and to Firm 2 to be positive on such segments.

VileN st. 0<i1<k—1and 1<I<k—1-1,

i e+t Do+t 1 i+l (6)
- < and — =< :
k— 2t 2t k— k
Condition % g
and pé:“t § guarantees that Firm 2 serves positive demand on segment J.

In particular, we use the relation that Eq. 6 characterizes between price po
and segments endpoint % and Z—Jkrl to compare the profits of Firm 1 with P and
with P.

To facilitate the computation of demands on segments of type A, we introduce

intermediary notations that characterize the location of these segments (u;). Seg-

uifl

ments of type A are of size + and are located at , and segments of type B, are

k

located at % and are of size lk 30 There are h € N segments of type A, of size k,

where prices are noted pii. On each of these segments, the demand is % There
are n € N segments of type B, where prices are noted p2. We find the demand
for Firm 1 on these segments using the location of the indifferent consumer:

Si D2 —Ppy+t S

hi=o =3 ="y b

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.

- a1 p ;1 Si
=Yt SRy
Profits of Firm 2 are generated on segments of type B only, where the demand
for Firm 2 is:
Si—i‘li ﬁﬁ—ﬁg—t_{_si—i‘li'

dy; = =
2 r " 2 2

30With u; and s; integers below k.
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Profits of Firm 2 can be written therefore as:

n

~B ~
¥ _ P —P—t st
m(P) =Y g =) (7)
=1

Firm 1 maximizes profits Wl(j)) with respect to p and p¥, and Firm 2 maxi-

mizes mo(P) with respect to ps, both profits are strictly concave.

Equilibrium prices are:

~ ~ Ult

Pﬁ:t+P2—2?

p_ Pptt sttt 2t ~si Ly osit

b=y k3 3n[z[2k+k]] i (8)

i=1

Pr= gty Llop il

We can now compare profits with P and P'. 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 p is higher in % than in

patt
2t

of type B located at [%, #34]. Let 3; denote the m segments (m € [0,n — 1]) of

P. The first condition is guaranteed by Eq. 6:

L si+l;
¢ < 2= for all segments

L
k> k
S Sitlh

type B with partition P located at [%, #

] that do not meet these conditions,
and therefore are type A segments with partition P

Noting ), and pP the prices with P’ we have:
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4t n "o
5o 7 [ o _ _
p2_3(n—m)[ Zl—i_izl[Qk—i_k:]jL + Z

e 4t 3mpo 1 g,
BTl tort o sz]

for segments of type B where inequalities in Eq. 6 hold:

w1 4t 3mp, 1 =5
Py =P+ 5 [ +—+ Z—],

i=1

23(n—m)" 4t 2k — 2k
for segments of type B where inequalities in Eq. 6 do not hold:
w1 4t 3Bmpy, 1 om =5, t
B T B E il I
PPt sy e T a2 R

We now compare the profits of Firm 1 with sub-partition P (JUI) and with
sub-partition P’ (17U J"). We proceed in two steps. First we show that the profits
of Firm 1 on [£, #+1] are higher with % than with P. Secondly we show that the

k) k
profits of Firm 1 on type B segments are higher with P’ than with P.
First we show that the profits of Firm 1 increase on [;, Z+l“] that is, we show

that Am = m (P') — 7 (P) >0 :

Aﬂ'l :71'1(:]3/) — Fl(j)>

Lt it
T U R L
. 2t k b 2t k'

By definition, s; verifies the inequalities in Eq. 6, thus 51 < m;t, which allows

us to establish that 3(n4fm) [Bmpz o Lopom S 5] > 20t is then immediate

to show that:

t 1 234l p 11 i1
Amg >ip o Lyppont el p 1 Lo
L e e o Tr o

2
Also, by assumption, firms compete on J = [% Jkrl] with P, which implies that
+t

inequalities in Eq. 6 hold, and in particular, 2 ! ﬁ <z
Thus:
t 1.,23nl+1 2] 1 1
Amy>-1—-—|[-————-———-——+—=] >0.
M e T T e T S
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Profits on segment [+, 2] are higher with P’ than with P.
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
(5 = D).
For segments of type A:

= — (= Do — 2—|) = —
aﬁZﬂ_lz aﬁg(k[t+p2 L ])

which means that a higher py increases the profits.

For segments of type B:
_— T = — I|— — = = —(=—|— — — = —\|— —
T A Y KT gy 2t 2k ol 2 Tk

g P2t _ sit

5 .~ is the expression of the demand on this

which is greater than 0 a
segment, which is positive under Eq. 6.

Thus for any segment, the profits of Firm 1 increase with P compared to P,

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
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 P and partition P
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Partition fP Partition fP’

Figure 7: Step 3: demands of Firm 1 on segments of type B

Figure 7 depicts partition P on the left panel, and partition P’ on the right
panel. Partition P divides the interval [£,1] in two segments [, %] and [5, 1],
whereas P’ only includes segment [+,1]. We compare the profits of the firm on
the segments where firms compete and we show that P’ induces higher profits for

Firm 1. There are three types of segments to consider:

1. segments of type A that with partition P that remain of type A with partition
P

2. segments of type B with partition P that are of type A with partition P

3. segments of type B with partition P that remain of type B with partition
P

1. Profits always increase on segments that are of type A with partitions P
and P'. Indeed, we show that p, with partition % is higher than p, with partition
fj), and thus the profits of Firm 1 on type A segments increase.

2. There are 0 < m < n segments of type B in partition P that are no longer
of type B in partition P (and are therefore of type A).

3. There are n+1—m segments of type B with partition P that remain of type
B with partition P, We compute prices and profits on these n + 1 + m segments.

We proved in step 2 that prices can be written as:
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n+1
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P2= "3 %301 ;[%+ B
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; ll Sit

t 2t i
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Let p2 and pP, 4 be the prices on the last two segments when the partition is

AB_ﬁQ‘i_t st
pls_ 2 _E7
~B _ﬁ2+t 5+l

pls—i—l_T_Ta

P is the price set by Firm 2 with partition P’ and PP is the price set by Firm

1 on the last segment of partition P

Inequalities in Eq. 6 might not hold as price p, varies depending on the parti-
tion acquired by Firm 1. As ps is greater with coarser partitions, some segments
that are of type B with partition P are then of type A with partition P'. We note

3; the m segments for which it is the case. We then have:

4t n—m " s L5
T — SCETCY -t
R P | +;[2k+k] ;%]
4t n+1 an S; ll m+41 s+l
T R S T_
. 4t 3(m + 1)po m+1 s~|—l
_p2+3(n—m)[ 4t Z

_4 3 +_+1 s+l]
3(n—m) ™ 2t T4 2k
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L it 2%k ¢ it 2k 4t 2k
i=1,5;#3; =1
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We compare the profits of Firm 1 in both cases in order to show that P induces

higher profits:

A =m(P) — m (P)

A~ n ~
o AB/p2+t_ﬁ_ ABp2+t_ﬁ
= Z el At Qk] Z Pl At 2]{:]

i=1,8;#8; 1=1,8;7#5;
" i+l =~ g Pt . 5 Pttt s+l
+Z%[P'2+t—2t ]—Zpﬁ[ 1 —ﬁ]—PiH[Tt— Qk]
i=1 =1
_t ~ Pyt s, b N~ P2t s
_21':123;5.[ 2t k:] 21,:;5,[ 2t k]

We consider the terms separately. First,

t Phtt  Sin t o=~ Patt Sip
3 2 By V-3 2 -7

i=1,8;#5; i=1,8;#35;
t n 2 3 R mﬁ2 1 S+l 9
=5 > le——=lph+ -+~ I
2i=1,si5£§i 3(n—m) 4t 2t 4 2k (9)
D2ttt s 4 3. mpy 1 s+l
T A lsn T e )
tpot+t s+1.4.3 . mpy 1 s+l
Sttt ST 1 |
2515 Sl t ot o]

Second, on segments of type B with partition P that are of type A with partition

A

P
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On these m segments, inequalities in Eq. 6 hold for price p, and do not hold

for price po. We can rank prices according to §; and l;:

S+l _patt P+t L E+1
> _ 4 d _ i .
k- 2 kW % k- k
thus:
i bt Ho o htt L
— — — an — 2= > —.
k= ot k ot k™ k

We replace §; by its upper bound value and then l; by its lower bound value.

We can rewrite Eq. 9 for all permissible values of p):

m

b=l ph+t G4l ts~Patt 5o,
S A —4 - 22> .
QZk[ / k ] 22[ ot Qk] =0

i=1 i=1

Getting back to the difference in profits, we obtain:

tﬁz—i-t s+1.4.3 . mﬁQ 1 s+1 tﬁQ‘i‘t s+

Am> iett stlds, mbe 1 sttt st
L A L
thatt s+lpy s+l 1
> Ll _sdiyh o3l 1
LT A T TR

The first bracket of Equation 10 is positive given Eq. 6. The second bracket
. oy . D +1 1 . g . . ~ t
is positive if % + 55 > 6 A sufficient condition for this result to hold is py > 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, ps > %.31
And as this price is greater than %, the second bracket of Equation 10 is positive.

This proves that Am; > 0.
Conclusion

These three steps prove that the optimal partition for Firm 1 (and similarly
for Firm 2) includes two intervals, as illustrated in Figure 4. The first interval
is composed of j segments of size % located at [0, %], and the second interval is

composed of unidentified consumers, and is located at [%, 1]. |

31 As shown in Liu and Serfes (2004).
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A.2 Proofs of Proposition 2

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 j; segments
of size % in [0, %] and Firm 2 has information on [1 — %, 1]. On [%, 1] Firm 1 sets
a unique price p; and gets demand d;. Similarly, on [0, 1 — %] Firm 2 sets a unique
price ps and gets demand ds.

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 6 = 1,2 sets a price py; for each segment of size %, and a unique price py

on the rest of the unit line. The demand for Firm 6 on type A segments is dg; = +.

k
The corresponding prices are computed using the indifferent consumer located on
the right extremity of the segment, % For Firm 1:
i )
V—tz—pu:‘/—t(l—z)—pg

:i:pz—PuﬂLt
k 2t

?
:>p1i:p2+t—2tz.

po is the price set by Firm 2 on interval [0, %] where it cannot identify con-

sumers. Prices set by Firm 2 on segments in interval [%, 1] are:

1
b2 P1 3

Let denote d; the demand for Firm 1 (resp. dy the demand for Firm 2) where

. __ p2—pitt n _ J2 p2—p1+t
firms compete: d; = 221~ — 2 (resp. dop =1 — 2 P2oputt)

Step 2: profits of the firms.
The profits of the firms are:
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m =2 dupii+dipy = E :z(m +t— Qt? + (BT 2111 - %)pla
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3 1 i —po+t
Ty =) dupy+dopy = ) :E(Pl +t— 215%) N e i A 2]12 - %)pz.
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Step 3: prices, demands and profits in equilibrium.

We now compute the optimal prices and demands, using first order conditions

on my with respect to py. Prices in equilibrium are:

2B 43
b1 = 3% 3%7
20 4R

4ot 2741t it
pu=2t— 92 2I0 ol
3k 3k kK
4t 2gat it
po =2t — -0 220 ot
3k 3k kK

and
W1 213
3% 3%
d_4j2 1 15
2—_:____:.
37 2 3%
Profits are:
&% i 1R 27, 1 25 17 27, 47
3% 3k ‘2 3% 3% 3T 3%

2 §E2 9E2 3% 3% EQ‘

&
Tjpt 25t Agpgt 25t 250 it
9
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3%k 3k
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Data intermediary DI with the second-best information precision competes a
la Bertrand with DI. It exerts the maximal competitive pressure by proposing
respectively to Firm 1 and Firm 2 information partitions j; and j; that maximize
their profits mi(j1,j2) and ma(ja2, j1).

By replacing variables j; and J2 into m; (and respectively for my), we obtain

the following expressions:

ot TG 20 44t 24t 25t it
RO I N
ot TR 20G0)% At | 2jet 25t ot
7T2(‘72"71):___ 2 a —2 - A — +____T——2
- 2 9k 9% 9kk 3k 3k k

Data intermediary DI maximizes simultaneously these two profit functions
with respect to j; and jp. Simultaneously, data intermediary DI with the highest
information precision k& maximizes its profits by maximizing with respect to j; and

Jo the sum:

pi(J1, J2) + 2i(J2, J1) = 1 (J1, J2) — W1(ﬂ,£) + m2(j2, J1) — 72(275)

(Tkk(j2)? + (4kji — 6k + 9)kjo + Tkk(j1)? + (4kj> — 6k + 9)kj1)t
okk

N ((=7k(j2)? + (6k — 8kj1)j2 — Th(j1)? + 6kj1)k — 9kja — 9kj))t
Okk
(11)

Thus equilibrium variables ji, j2, j1,j2 are chosen as simultaneous best re-

sponses. FOCs on 71, js, J1 and jp give respectively in equilibrium:
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A.3 Proof of Proposition 3

We characterize the escape-competition effect in data collection. We first write
the price of information in the competitive market. We substitute the values of
71, Ja and j1* in w1 (J1, j2) — ™1 (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

PZ(E, k) = [m(j_l, 1_2) - W1(ﬂa ]_2)]
(12k — 1)k + (4k — 12k2)k + Tkt (12)
36k%

We prove that the number of consumer segments k collected by DI increases
with the number of consumer segments k£ collected by DI. To do so, we show
that the concavity of the price of information p;(k, k) in the competitive market [
increases with k.

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

O*pi(k, k 1
gl_k(a’@_) T
Thus, the larger the k, the larger the value of the first degree derivative of

p with respect to k, and the higher the marginal gain from collecting data. An

increase of k will thus increase the value of & in equilibrium.

A.4 Proof of Lemma 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.
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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 are looking for a pure strategy Nash equilibrium. Consider a given partition
Py. 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 P; is auctioned with
a reserve price p7.3? The reference partition P* 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 P;. 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 7, (P*, ) —
72(0, P*) in auction 2 that corresponds to its willingness to pay for partition P*,
as its worst outside option is to face Firm 1 informed with k. However, Firm 2 will
never bid above the reserve price for P;. Consider now the optimal strategy of Firm
1. Firm 1 can bid for partition P*, pay a price 71 (P*, 0) — 7, (0, P*), and make prof-
its 71 (0, P¥). On the other hand, Firm 1 can also participate to the auction with
P1, win the auction by bidding the reserve price p7*, and make profits 7 (P, 0)—p".
The data intermediary will set a reserve price p™* = m(Py,0) — 71 (0, P¥) —e, where
€ is an arbitrary small positive number. Thus, m(Py,0) — pi™* > 7(0, P*), and
since only one partition is sold, it will be P;. In equilibrium, Firm 1 bids p** for
Py, and Firm 2 bids ma(P*,0) — ma(0, P*). The partitions are therefore (P, P*).

The proof of the optimal partition is identical to the proof of Lemma 2, in the
special case where one of the firms is not informed. Hence we only need to prove
that the profit of an uninformed firm are minimized when its competitor acquires
Pk,

32For instance, Coey et al. (2021) analyze the role of reserve prices in repeated online auctions.
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The profit of an uninformed firm are minimized when its competitor
acquires P*.

To prove this claim we consider Firm 1 that is informed and Firm 2 that is unin-

formed. We consider prices and demand on a segment of length * o 7 ST“], and we
show that partitioning this segment into two subsegments [£, 5] and [, £H]
reduces the price set by Firm 2 as well as it demand on [, 5], which overall

lowers its profits. By iterating this argument, we can conclude that the reference
partition P¥ minimizes the profit of the uninformed firm.
We have seen that we can write the equilibrium price set by Firm 2 with

partition P:

R TP T
This term is proportional to the average of 7+ + %”s. We show that this value

is smaller with finer partitions.

We rule out the case where Firm 1 is a monopolist on [, STH], 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 [, STH] There are two

cases to consider when partitioning this segment into two subsegments [, 5:1] and

[, 5]

First, Firm 1 is a monopolist on [£, £1], and firms compete on [#1, £H]. The

price set by Firm 2 with this second partition decreases as on segment [u7 %l]

we have ﬁ —i— - > % + —. It is clear that demand for Firm 2 also decreases as

Firm 1 sets a price on [, #H] instead of [, =]. In reaction the aggregate profit

of Firm 2 over the unit line decreases.

Secondly, Firm 1 and Firm 2 compete on [, ikl] and on [%, ST“]

In order to show that the price set by Firm 2 decreases with this new parti-
tion, we compare the terms in the right hand side of the expression of price p,:
gl—fl a5 + %] This term is the average of 5& é on the unit line. To prove
that the price set by Firm 2 decreases, we need to show that this average is lower
with the second partition than with the first one.

Consider a typical element = + £ of [£,%H] Similarly, consider a typical
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element 1[5 + £ + 52 + 1 of the finer partition [£, #H] U [#£ =H].

S
ko " Tk

The first term is larger than the second as

i_|_£>1[i_|_8+1+l__1+1]
2k k- 272k 2k k 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.

A.5 Proof of Lemma 5.

We compute prices and profits in equilibrium when information is sold to one firm.

Without loss of generality we consider the situation where Firm 1 is informed only.

Firm 1 owns the optimal partition on |0, %] that includes j; segments of size 1,

and has no information on consumers on [Z-,1].

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.

On each segment of size 1, Firm 1 sets a price py;, i = 1, .., j1, and consumer
k> ) s J 1

demand is: dy; = % Let’s ps 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, +:

V—ti—pu=V—t(l—1)—p = ;=255 — py=py+1—217.

On the rest of the unit line, Firm 1 sets a price p; and competes with Firm
2. Firm 2 sets a unique price py for all consumers on the segment [0, 1]. We note
dy the demand for Firm 1 on this segment, which is determined by the indifferent

consumer:

V—te—p=V—-t(l—2a)—p, = x= p—2_2ptl+t andd; =z — 72 = p—2_§1+t—%.

Firm 2 sets py and the demand, d,, is found similarly to d;, and dy = 1 —

p2—pitt __ p1—poitt
2t 2t :

Step 2: profits.
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The profits of both firms can be written as follows:

J1

J1 . .
1 ? po—p1+t 1
= dyipr; + dipy = - t— 2t— = Dy,
;:1 1iP1i + dip ;:1 k(p2+ k)+( 5 k)pl

p1—p2t+1

Ty = dapo = o

Da2.

Step 3: prices, demands and profits in equilibrium.

We solve prices and profits in equilibrium. First order conditions on my with

respect to py give us p; = t[1 — é]—1] and py = t[1 — 23—1] By replacing these values
in profits and demands we find that: p;; = 2¢[1 — 1 — 1]1] di = 5 — %% and
0=
Profits are
T = —1 ===+ (1 - ==
Y&k Rk 3k 20 3k
oo TRt (13
2 3k 9 k2 k2
Ty ==+ —>%——
2 9k 3k

We can now determine the optimal size j; when the data intermediary only

sells information to Firm 1, by maximizing profits with respect to j;. The profits

of the data intermediary when it sells to one firm are:**

I (j1) = m1(j1, 0) — m1(0, P*)
3t 25t ot Tt gt ot

ST T e e sk
6k—9

FOC with respect to j; leads to the following maximizing value: j7 = 5=

We show that more consumers are identified in the competitive market than in

with ) (k) _ 6k'—9

monopoly markets by comparing M =2t - & - 14k

3 9k 18k]

33For p1; >0 = h < 3. Profits are equal whatever L3
34The expression of W((Z) P*) is provided in Liu and Serfes (2004).
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2[1 17 |- 6k' —9  ((30k — 28)K' + 81k)k — 98k’
3 9k 18k 14k 126kk’k

which is clearly positive for &', k, k > 2. [ ]

A.6 Proof of Lemma 6

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 P; and P, denote now the optimal partitions sold
to Firm 1 and Firm 2 respectively. 71 (P1, P2) and mo(Pq, P1) are the respective
profits of Firm 1 and Firm 2 with partitions P; and P,. Partitions are potentially
different from those found 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 P; and P, in two sepa-
rate auctions: Firm 1 (Firm 2) can bid in the two auctions but is only interested
in partition P; (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 ph} and ph that
correspond to the willingness to pay of Firm 1 for P; and of Firm 2 for P,. Since
partition P, is optimal for Firm 2, and since Firm 1 has a lower valuation for this
partition, Firm 1 will not bid above pZ} in the auction for P, and similarly Firm 2
will not bid above pJ} in the auction for P;. In equilibrium, the data intermediary

maximizes the sum of the willingness to pay of each firm for information:

Py + phy = m1(Jar, Jo2) — w1 (D, joz) + m2(Jaz, Jo1) — m2(0, jor).

We now derive the optimal information structure.
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Optimal information structure: selling information to both firms in a
monopoly market

Lemma 9

The optimal partitions include all available consumer segments:

j>2kl<k) = jSQ(k> = k.

There are two classes of partitions to consider in order to find the optimal
partitions sold to firms. A first class € is composed of segments closest to a firm’
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

interval identifies the closest consumers to a firm and is partitioned in j segments

of size % The second interval is of size 1 — % and leaves unidentified the other
consumers.

Three types of segments are defined as before:
e Segments A, where Firm 6 is in constrained monopoly;
e Segments B, where Firms 1 and 2 compete;
e Segments C, where Firm 6 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,
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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 consumers 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.

8i Sitl
k> k

Inequalities in Eq. 6 characterize segments | ] where both firms have

positive demand:

p2+t and p2+t§28i+1—8i.
2t 2t k

%<
S

The first part of Eq. 6 guarantees that there is positive demand for Firm 1,
whereas the second part guarantees positive demand for Firm 2. Inequalities in
Eq. 6 are expressed as a function of py without loss of generality. We use Eq. 6 to
characterize type A and type B segments, in order to compute the profits of the
firms.

The profits of the data 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:
My = (m1(P1,Py) — w1 (0, P2)) + (ma(P1, Pa) — ma(0, P1)).

Firm 6 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 % 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.
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1) A partition which mazimizes the profits of a firm when both of them are
1

informed is necessarily composed of type A segments of size 3.

The proof of this claim is similar to step 1 of the proof in Appendix B.1 the
price of the competing firm —f does not change when Firm 6 gets more precise
information on type A segments, and the profits of Firm 6 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 % 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, Il; is maximized when segments

1

of type A are of size ¢

We conclude that the optimal partition is composed of two intervals, sold to
each firm. For Firm 1, the first interval is partitioned in j; segments of size %,
and is located at [0, %] Consumers are unidentified on the second interval of size
1— % located at [%, 1]. For Firm 2, the first interval is partitioned in j, segments
of size %, and is located at [1 — %, 1]. Consumers are unidentified on the second
interval of size 1 — £ located at [0,1 — £].

In the following section we will compute interior solutions with j;, j2 € [0, g],

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 data intermediary sells symmetric information to both firms in

class C

We show now that selling symmetric information is optimal for the data inter-
mediary, that is, in equilibrium j; = js.

Prices and profits in equilibrium are provided in Appendix A.2:

. 2 i 1l 2j L 25 1p 270 45
R B I et S R

kK 3k 3k 2 3k 3k
TR 253 Ajuet | 24t 2jst it

t
2 9k2 9K 9K 3k 3k k2

63



- 2t i 1lp 2j, 1 25 1j1)t[1_2j_1_4_1j_2]
2 3k 3k 3k 3k
Tjst 247t Agijat 24t 251t gt

t
0T 9ROk 9 T3k 3k

The data intermediary maximizes the following profit function:

Mo (g1, J2) = (m1(jr, J2) — 71(0, j2)) + (m2(j1, J2) — 72(0, 1))
T3t Agigat | 24t gat TGt dgiget | 25t it

9k2 9 k2 '3k K2 9K 9 k2 '3k k2

At this stage, straightforward FOCs with respect to j; and js confirm that, in
equilibrium, j; = js. 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 j; = j» = j € [0, &] is:

25t 115% gt

o(j) = 2ws = 2[- — 5 — 5]
3k 9k k

FOC with respect to j leads to j; = 6’;—;9 and:
2t 6t 9t

? 11 11k * 22k2

The remaining partitions out of class C necessarily include all segments closest
to a firm’s location and nothing after % 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 ji,j2 by g to obtain firms’ profits when both firms are informed

(mo(k, k) = £ — L), 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) (my(0, P*) =

t t t
st tae)

Profits are higher with the corner solution where all information is sold than
with partitions belonging to class €, and the data 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:*
Mi(5) = wi(j) = 7(5,0) — =(0, ")
3t 25t ot Tt gt t

S T3k T o ks
_ 6k—9

FOC with respect to j leads to the following maximizing value: j* = == and:

. 20t 19t N 11t
L7 56 28k 56k2°

2) Profits when the data intermediary sells information to both

firms.

The profits of the data intermediary when both firms are informed are:

3) DI’s selling strategy in equilibrium.

35The expression of 7y(), P¥) is provided in Liu and Serfes (2004).
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We compare the profits of the data intermediary when it sells information to
one firm or to both firms. The difference between the two profits is:
15t
Iy — I, > ——.
b T 56k

which is positive for any k£ > 2. |

A.7 Proof of Proposition 5

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-
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 7, , j» and Ji%inm (71, J2) —m1( Ji, J2) in the profit functions of Firm

1 and Firm 2. The price of information is

pu(k, k) = [m1(j1, j2) — m1(jv, J2)]
(12k — 11)E + (4k — 1262k + Tk?)t (14)
36k

which increases in k.

When selling information to Firm 1 on the monopoly market, a monopolist

data intermediary 7 has revenue

with marginal revenue equal to:

apm(kz) _ ﬁ o 9t
Ok, Tk? 14k}

We prove that the optimal number of segments collected is larger for p,,(k;) =

% — ;’Tt + 23}22 than in the competitive market where the total revenue of DI is

2pl(/€).

For k > k, we have
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(12k — 1D)E + (4k — 126> + Tkt

pi(k) =

36k &
2apl(E) _ ((6k — 2)k — Tk)t
ok 9%k
t 3t 9t
pm(ki) = 7 = 70+ ogp2

and
Opm(k) 3t ot op(k)  ((6k —2)k — Tk)t

ok % 14k Ok 9% k

Consider k" such that

opu () ((6F" —2)k — Tk )t _ Oc(k)
2=l = — = ——"|rp
ok 9% 'k 0
Since
0p,, (k 27t 6t
pnlk) _ 21O <y
ok 14k Tk
for k € [2, 00|

revenues are concave, and necessarily, k£ such that

Opm (k) _ oc(k)
ok ok

verifies k < k.

The incentives to collect consumer data are higher in monopoly markets than

in the competitive market [.

A.8 Proof of Proposition 6

We first prove that the number of consumer segments collected by data intermedi-
aries increases with m;. We first show that collecting information with the highest
precision is an equilibrium for DI; and not for other data intermediaries. We then

show that kj is higher than k,. Finally, we show that for ¢ > 1, £} decreases with
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A.8.1 Proof of Proposition 6 (a)

Let’s k1 = argmaz{mipm(k) — (my + )c(k)}. Such a maximum necessarily ex-
ists, otherwise mypn, (k) + 2lp;(k) — (mq + )c(k) has no maximum either, and
data intermediary 1 always collects the largest amount of segments. This is
a degenerate scenario that we rule out from our analysis as we focus on data
collection strategies of data intermediaries. Note that as m; > m;, necessarily
k; = argmaxi{m;p, (k) — (m; +1)c(k)} verifies k; < k;. We assume that my, .., m,
are such that m;p,, (k;) + 2lp;(ki, k1) — (m; + 1)c(k;) has a unique maximum Vi.

As ky = argmax{mip,(k) — (my + )c(k)} and my; > ma, necessarily ky =
argmaz{maepm (k) + 2lpi (P, 0)ky) — (ma + U)c(k)} verifies ky < ki. In particular
maxy {maopm (k) — (Mg +)c(k)} > maxp{mop,, (k) + 2lp(P*, 0) k1) — (mo +1)e(k)},

and deviation to ko > ki is never profitable for firm 2.

A.8.2 Proof of Proposition 6 (b)

Consider data intermediaries that are symmetric in terms of market size m; = ms
(the reasoning generalizes easily to any number of intermediaries). In this case
there is no symmetric pure strategy Nash equilibrium in consumer data collection.
Indeed, consider a symmetric equilibrium under which both intermediaries collect
the same amount of consumer data k*. Necessarily we have mp/, (k*) — (m +
[)d(k*) = 0. However, a data intermediary has interest do deviate from this
situation by increasing consumer data collection and make 7(k;) = mpy,(k;) +
2lpy (ki k*) — (m+1)c(k;), whose first degree derivative is strictly positive at k* + ¢

with € very small.

We now prove that asymmetric equilibrium can exist, in which one intermedi-
ary collects k* that maximizes 7(k;) and the other collects k* that maximizes the

profits on its monopoly market m mp,, (k*) — (m + D)e(k*), with k* > k* .36

Clearly the data intermediary with the highest precision has no interest to de-
viate since its profits are maximized at k*. The other intermediary has interest to

deviate and to collect k* > /2;*, that is, to collect more data than the intermediary

36By concavity of 7(k;) with respect to k; over [k}, oo[, there exists an optimal k* that maxi-
mizes 7(k;), and there exists k* that maximizes mp,,(k*) — (m + )c(k*).
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with the highest precision, if the profits of doing so is greater than its monopoly
profits:

mpm (k) + 20p(k*, k) — (m 4 De(k*) > mpn, (K*) — (m + De(k). (15)

If Equation 15 is satisfied, deviation to k* is profitable for intermediary j, and
intermediary 7 has interest to collect k* data. In this case, k* is not an equilibrium,

and no equilibrium exist.

Thus, there exists an asymmetric equilibrium if Equation 15 is not satisfied.
In this case, there are two equilibrium of the game. In each equilibrium, one data

intermediary collects k*, and the other collects k*

Thus asymmetry arises naturally even when data intermediaries are symmetric
in terms of market size and of data collection costs. This has strong implications
for competition in digital markets. Even when data intermediaries are symmetric,

asymmetry arises in equilibrium and one of the company dominates the other.

A.9 Proof of Lemma 7

We show that consumer surplus always increases with the number of consumer
segments sold. Consumer surplus when Firm 1 has j; consumer segments and

Firm 2 has js consumer segments is defined as follows:
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The first degree derivative with respect to j; is
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34k

which is larger than zero, for % > — that is, it is always above zero. W

A.10 Proof of Lemma 8

We consider the first degree derivative of C'S with respect to k, for given %, %
o9CS _ _jit _ ot

ok — T KZ T k3
This is clearly always negative, and consumer surplus always decreases with

information precision. |
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