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1 Introduction

The examination of the welfare effects of discriminatory pricing goes at least as far back as
Pigou (1920). The advent of the digital era and, with it, the availability of huge amounts
of data concerning consumers, has recently revived a strong interest in price discrimination
(see, e.g., Rhodes and Zhou, 2024). The access to consumer data gives firms the possibility
to segment the market, offering different prices in different market segments. The starting
point of our paper is that, in practice, market segmentation often results from the sale of
consumer data by intermediaries.! Furthermore, while consumer data may be sold by spe-
cialized intermediaries, in other cases it involves firms competing with those that they sell
data to: Amazon, for instance, both displays sponsored search results and sells products of
its own. Our contribution is twofold: (i) study market segmentation arising from information
sale; (ii) examine how the sale of consumer data and the resulting welfare depend on the
structure of the market considered and, in particular, whether the data intermediary also
operates in the goods market.

We study a model with one consumer and multiple firms. The consumer has unit de-
mand and attaches different valuations to the goods of the different firms. We first consider
the case in which information is sold by an independent data intermediary through secret
bilateral negotiations. We show that, in this case, every equilibrium is efficient and gen-
erates the same consumer surplus as when all firms are fully informed (Theorem 1). The
broad logic is as follows. Since firms do not observe what information is sold to competitors,
in equilibrium the data intermediary sells each firm all valuable information. This in turn
implies that conditional on every single realization of the consumer’s valuations, each firm
must be setting a price that constitutes the best response to the prices of the other firms.
Hence, for every realization of the valuations, the consumer buys from the same firm and at
the same price as if all firms were fully informed.

We then examine the case in which one of the firms is better informed than the others,

IConsumer data may be sold “directly”, by specialized intermediaries such as Nielsen and Oracle, or
“indirectly”, through access to targeted consumer segments, by companies like Google, Meta, Microsoft, and

Amazon. Bergemann and Bonatti (2019) discuss the business models of data intermediaries.



and sells information to its competitors. As said firm operates both in the goods and data
markets, we call it the “integrated” firm. We show that the equilibrium consumer surplus is
bounded from above by the consumer surplus generated with an independent data interme-
diary (Theorem 2). If the integrated firm sells full information to every firm, the outcome is
the same as with an independent data intermediary. If, instead, the integrated firm chooses
to foreclose information (i.e., limit some competitors’ access to information), it must do so to
increase its profit in the goods market or some firm’s willingness to pay for information. This
enables us to show that, in equilibrium, industry profit—the sum of all firms’ profits in the
goods market—is at least as large as if all firms were fully informed. Since independent data
intermediation maximizes social welfare, we conclude that “integrated” data intermediation
can never be better for the consumer.

We go on to analyze the sale of information under integrated data intermediation within
a variant of our setting embedding Varian and Narasimhan’s model of captive and contested
consumers (Varian, 1980; Narasimhan, 1988). Following Armstrong and Vickers (2019), we
assume that there are three consumer types and two firms. The consumer is either “con-
tested”, or “captive”: the contested type of the consumer considers buying from either firm,
whereas a captive consumer only buys from one of the firms. We refer to the firms as “weak”
and “strong”, the value of the strong firm’s good being greater than the value of the weak
firm’s good.

If the integrated firm is the strong firm, information is then fully foreclosed (Proposition
1). By contrast, if the integrated firm is weak, information may be sold; in the latter case,
whether the integrated firm sells no information, partial information, or full information,
depends on (i) the values that the consumer attaches to the different goods, and (ii) the
likelihoods of the different consumer types (Proposition 2). Furthermore, if information is
foreclosed (whether fully or partially) then industry profit increases while consumer surplus
decreases. We thus obtain a characterization of the situations in which integrated data inter-
mediation is strictly worse for the consumer compared to independent data intermediation.

Intuitively, when the integrated firm is strong, foreclosing information enables it to soften
competition in the goods market. The reason is that being uncertain whether the consumer

is captive or contested, the weak firm sets a high price. By contrast, when the integrated



firm is weak, selling information may soften competition. To illustrate this point, suppose
that the likelihood of the contested type is high: in this case, the strong firm prices its good
aggressively, and squeezes the weak firm out of the market for the contested type. Selling
information indicating whether the consumer is captive or contested ensures that the strong
firm sometimes sets a higher price.

To endogenize the market’s structure, we augment the model with an initial stage in
which an independent data intermediary can acquire one of the firms. We show that the
data intermediary always finds the acquisition of one of the firms profitable. The data in-
termediary acquires the strong firm when either (a) the value of the strong firm’s good is
much larger than that of the weak firm’s good, or (b) the probability that the consumer
is captive to the strong firm is small relative to the corresponding probability for the weak
firm. We also show that takeovers always reduce competition for the contested consumer
type, thereby lowering consumer surplus (Theorem 3).

Our paper provides a framework for examining the ongoing policy discussion on the risks
of anti-competitive behavior by data intermediaries with activities beyond the market for
consumer data. Large data intermediaries like Google and Microsoft have actively pursued
the acquisition of firms operating in vertically related markets (OECD, 2023).> A major
concern of competition authorities, which our analysis substantiates, is that such business
models could lead a data intermediary to favor its own or affiliated companies over com-
petitors, a practice known as “self-preferencing”.® In our setting, self-preferencing takes the
form of information foreclosure: the presence of an integrated data intermediary results in
privileged access to consumer information.

In the final part of the paper, we use our model to shed light on recent developments
in the digital advertising industry. In 2020, Google announced plans to phase out third-
party cookies in its Chrome browser by introducing the Google Privacy Sandbox. This move
triggered concerns that Google would no longer transmit individual user information to its
customer firms (see Motta, 2023). We first discuss how our model applies to the digital

advertising industry. We then discuss how our analysis informs the decision taken by the

2Two prominent examples are Google’s recent acquisition of Fitbit, and Microsoft acquisition of LinkedIn.

3In the European Union, the Digital Markets Act introduces measures against self-preferencing.



UK Antitrust authority.

The structure of our paper is as follows. The general setting is presented in Section 2.
Section 3 studies independent data intermediation. Section 4 shows that integrated data
intermediation results in lower consumer surplus. Section 5 studies integrated data interme-
diation and takeovers with captive and contested consumers. In Section 6, we describe how
our model contributes to the recent policy debate concerning the digital advertising industry.

Section 7 concludes. The Appendix contains the omitted proofs.

Related literature. Our paper contributes to several strands of the literature. It connects
the literature on market segmentation and third-degree price discrimination in oligopolies
with the literature on the sale of information in oligopolies.

The former literature includes Bergemann, Brooks, and Morris (2021), Shi and Zhang
(2022), and Elliott, Galeotti, Koh, and Li (2022). This strand of research seeks to char-
acterize the optimal segmentation of a market given exogenously fixed objectives, typically
maximizing consumer surplus or producer surplus. In contrast to this literature, in this
paper, market segmentation is endogenous, and results from the sale of information. Gener-
ally, information sold by a profit-maximizing data intermediary does not maximize consumer
surplus or producer surplus. The reason is that the data intermediary seeks to maximize
the value for information, i.e., the difference in profit with and without information.* More-
over, in the presence of an integrated data intermediary, the value of information changes.
Whether the equilibrium information structure is closer to maximizing consumer or producer
surplus depends on the bargaining protocol and the structure of the industry.

A nascent literature studies the sale of information in oligopolies.”® Montes, Sand-
Zantman, and Valletti (2019) consider two firms competing in a Hotelling setting and a data

intermediary who chooses whether to sell full information about consumers either exclusively

4Two other related papers are Armstrong and Vickers (2019) and Yang (2022): the former explores
how information about consumer types affects consumer and producer welfare in oligopolies with captive
and contested consumers; the latter studies the sale of consumer data to a monopolistic firm with private
information about production costs.

5A distinct literature studies the incentives of oligopolists to freely share information about costs or

aggregate demand (see, e.g., Novshek and Sonnenschein, 1982; Clarke, 1983; Vives, 1984; Raith, 1996).



to one firm or to both firms. They show that the data intermediary’s optimal strategy is to
restrict the sale of information to a single firm.® Bounie, Dubus, and Waelbroeck (2021) and
Bimpikis, Crapis, and Tahbaz-Salehi (2019) consider models in which a data intermediary can
both sell information and choose the precision of information. Our work differs from theirs in
three ways. First, in our setting the data intermediary is unrestricted in the design of infor-
mation that it sells to the downstream firms. Second, building on the canonical approach fol-
lowed by the literature on vertical relationships (Rey and Tirole, 2007), our data intermediary
offers secret bilateral contracts to the downstream firms. Third, we determine the equilibrium
structure of the industry and examine its impact on the sale of consumer data and welfare.”

Finally, our work is connected to the burgeoning literature on digital platforms. A strand
of this literature studies the externalities that consumers exert on each other when sharing
personal data with a platform (Ichihashi, 2021b; Acemoglu, Makhdoumi, Malekian, and
Ozdaglar, 2022; Bergemann, Bonatti, and Gan, 2022; Bergemann and Bonatti, forthcom-
ing). Other strands of this literature examine privacy regulation (see, among others, Taylor,
2004; Argenziano and Bonatti, 2023; Hidir and Vellodi, 2021), optimal pricing by two-sided
platforms (e.g., Gomes and Pavan, 2016; Jullien and Pavan, 2018; Valenzuela-Stookey, 2020),
or customer segmentation by competing platforms (Karle, Peitz, and Reisinger, 2020). Fi-
nally, Anderson and Bedre-Defolie (2023) model self-preferencing by allowing a platform to
choose a hybrid structure, i.e., to display the products marketed by private labels. Our
contribution to this literature consists in showing that self-preferencing can take the form of

information foreclosure.

6Braulin and Valletti (2016) show that exclusivity also prevails in a model with vertical product differ-
entiation.

"Bonatti, Dahleh, Horel, and Nouripour (2024) and Rodriguez Olivera (2024) study optimal mechanisms
for selling information to privately informed agents who subsequently interact in a game, but do not analyze
the optimal takeover decision of the data intermediary. All the aforementioned papers consider a monopolistic
data intermediary. Competition among data intermediaries is examined in Ichihashi (2021a), Bounie, Dubus,

and Waelbroeck (2022), and Terstiege and Vigier (2023).



2 General Environment

We consider an environment with n > 2 firms and one consumer.® The consumer’s valuation

for the good of firm ¢ = 1,--- ,n is denoted by §; € V, where V C R, is finite. The tuple
0:= (0, - .,0,) V"

is referred to as the consumer’s type.

The consumer buys from at most one firm. His utility is 6; — p; if he buys from firm 7 at
a price equal to p; € R, , and zero if he buys nothing. We break ties by assuming that the
consumer buys if and only if max; ; — p; > 0, in which case he selects among the firms in
arg max; #; — p; the firm ¢* = min arg max; 6;.

The consumer’s type @ is initially unknown to all parties other than the consumer himself.
The common prior is denoted by i € AV™: letting v = (vy, - -+ ,v,,) denote a generic element
of V™, ji(v) is the prior probability that 8 = v.%

Data policies allow firms to receive additional information concerning the consumer’s
type. Formally, a data policy is a tuple (M, 1)), where M is a nonempty finite message set
and

Y :supp 1 — AM.

The interpretation is as follows: for @ = v, message m € M is drawn with probability
w(m | v). We refer to a tuple ((M, w),t) combining a data policy (M,v) and a fee t € R
as a contract. We will consider two models of information sale. In Section 3, firms buy data
policies from an independent data intermediary. In Section 4, information is sold by one of

the firms.

8 Alternatively, we may interpret the model as having a continuum of consumers, and the prior ji described
below as representing the proportions of consumers with particular valuations.
9For any finite set X, AX denotes the set of all probability mass functions on X. AR, denotes the set

of all Borel probability measures on R .



2.1 Notation and Terminology

For v = (vy, -+ ,v,) € V™, let v! and v? denote the highest and second highest valuations,
that is,

v! := max v,
(2

and, fixing an arbitrary ¢* € arg max; v;,
v° 1= maxv;.
ii*
Then define

vl —0? ifi e arg maxye(1,..n} Vir,

a;(v) =
0 otherwise;

we will refer to a;(v) as firm i’s competitive advantage at v.

We say that a data policy (M, ) is fully informative if whenever v # v/, (m | v) >
0 implies »(m | v') = 0. Thus, a fully informative data policy perfectly identifies the
consumer’s type. A data policy (M, ) is uninformative if p(m | v) = ¥(m | v') for all
m € M and all v,v' € supp f.

Finally, for every v € supp fi, the pricing game G(v) is defined as follows: the consumer’s
type is commonly known to be # = v, and each firm ¢ simultaneously sets a price p; € Ry
and obtains a payoff equal to its revenue. The following basic result is well known (Wilson,

1967; Lee, 1984); we state it for future reference.'”

Lemma 1. Let v € supp i such that v* > 0. In every Nash equilibrium of the pricing game
G(v), the consumer buys with probability one from a firm with valuation v' at a price equal

to vl — v2.

3 Independent Data Intermediation

The model with independent data intermediation adds to the general environment described
in Section 2 an independent data intermediary (DI). The DI offers each firm ¢ a contract

((MZ», U;), ti); each firm either accepts or rejects, and pays the fee ¢; in the former case. Firms

10For completeness, a proof is presented in the Appendix.



neither observe the contracts offered to their rivals, nor whether said contracts were accepted.
The DI then learns the consumer’s type, and independently draws messages mq,--- ,m,
according to (M, 1), -+, (M,,,), respectively. Finally, every firm i that accepted the
contract that it was offered observes m; and chooses its price p;.

The payoff of firm ¢ is its revenue, minus the fee t; if the contract ((Mz‘,%),ti> was
accepted. The payoff of the DI is its revenue from selling data.

The solution concept is perfect Bayesian equilibrium, with “passive beliefs” that is, a
firm’s conjectures about the DI’s contract offers to its rivals and about said rivals’ actions

are not influenced by an out-of-equilibrium offer.*!

We restrict attention to equilibria in
which, on path, all offers are accepted; this streamlines the exposition and is inconsequential
since the DI can always offer an uninformative data policy for free. We will refer to such
equilibria as equilibria with independent data intermediation.

Throughout the paper, we use the terminology industry profit for the expected price paid
by the consumer, and consumer surplus for the consumer’s expected utility. We say that
an equilibrium is efficient if, for every v € supp pu, the consumer buys with probability one
from a firm with valuation v!.

The following example illustrates the workings of the model with independent data in-

termediation.

Example 1. Suppose there are n = 2 firms, and the possible consumer types are (1,0), (0,1),
(4/5,1/5), and (1/5,4/5), all with equal probability. We first arque that an equilibrium with
independent data intermediation must be such that some information is sold. If not, each
firm would choose a price of 4/5 and obtain a payoff of 4/5* 1/2 = 0.4. However, the DI
could then profitably inform firm 1 of whether @ = (1,0) or @ # (1,0). Doing so would
enable firm 1 to obtain an expected profit of 1/4 %1+ 1/4 % 4/5 = 0.45. This information
could thus be sold for a fee t; = 0.05. We will see that an equilibrium with independent data
intermediation exists in which the DI sells a fully informative data policy to both firms; the

resulting industry profit is 0.8, and each firm pays a fee of 0.1 to the DI, corresponding to

"The use of passive beliefs is common in the literature on multilateral contracting (see, e.g., Hart and
Tirole, 1990; McAfee and Schwartz, 1994; Segal, 1999). Rey and Vergé (2004) argue that passive beliefs are

particularly appropriate in settings like ours where information is used by firms to set prices.



the difference between a firm’s expected revenues with and without information.

Applying Lemma 1 establishes that when the DI sells a fully informative data policy to
all firms, the resulting industry profit and consumer surplus are
= Y A - ),
vevn

and

We are now ready to state our first main result:

Theorem 1. An equilibrium with independent data intermediation exists in which the DI
sells a fully informative data policy to all firms, achieving industry profit IV and consumer
surplus Cf. Moreover, all equilibria with independent data intermediation are efficient, gen-

erate industry profit I/, and consumer surplus C/.

Proof. We show that an equilibrium exists in which (a) the DI offers every firm i a contract
((Mi, i), ti) where (M;, ;) is fully informative and

= Y av)a — max > (V)10 ()P

vevn vevn

(b) every firm 4 accepts its contract and sets the price p; = o;(v) when 6 = v.12

Suppose 8 = v and every firm j # i chooses p; = a;(v). If o;(v) = 0, the consumer
never buys from firm ¢ for any p; > 0; so choosing p; = 0 is optimal for firm ¢. If instead
a;(v) > 0, then the tie-breaking assumptions imply that the consumer buys from firm ¢ if
and only if p; < «;(v); so choosing p; = «;(v) is optimal for firm ¢. Hence, in the putative
equilibrium, every firm ¢ sets prices optimally; it obtains an expected revenue equal to

> av)au(v
vevn

and an expected payoff of

max > (V)10 ()P
veyn

127 4 denotes the indicator function of A.



This expected payoff is also firm ¢’s maximum expected payoff in case firm ¢ rejects ((M,, i), ti) ,
whence firm 7 is indifferent between accepting and rejecting ((M,, ), ti); in particular, ac-
cepting the contract is optimal.

Finally, as the data policy (M;, ;) is fully informative and firm i is indifferent between
accepting and rejecting the contract ((Mz, Vi), ti>, note that t; is the largest fee that the DI
can extract from firm 7. It follows that the DI has no profitable deviation.

We now prove the second part of the theorem. Pick an equilibrium. Let ((Ml, i), ti) be
the contract that the DI offers to firm ¢, and o; : M; — AR, be firm ¢’s pricing strategy in
the equilibrium considered. For every v € supp i, define (¥ € AR, by

¢ (10,2]) =3 ai([0 2] [ ma)vi(ms | V),
m;EM;
for all x € R. In words, ¢ represents the distribution of prices induced by o; conditional on
the consumer’s type 6 being equal to v.

We argue that for every v € supp f, (¢Y,---,(Y) is a Nash equilibrium of the pricing
game G(v). Reason by contradiction, and suppose that we can find v* where this is not
the case. There exist then a firm ¢ and a price p* such that setting p; = p* yields a strictly
higher expected revenue conditional on § = v* than ¢Y". It follows that (M;,;) is not
fully informative, otherwise firm ¢ could profitably deviate from o;. Next, suppose the DI
deviated and offered firm i a contract comprising the fully informative data policy (M, )
with M/ = supp p and (v | v) =1 for all v € supp f.

Now consider the pricing strategy o} : M — AR, given by o}(v) = ¢ for all v € M/\v*,
and o}(v*) = J,+, the Dirac measure with mass 1 on p*. By passive beliefs, the pricing
strategy o) yields firm i a strictly higher expected revenue than the expected revenue which
it obtains in the equilibrium considered; thus, the DI can sell (M/, ¢}) for a fee t; > t;. This is
impossible because in equilibrium the DI maximizes its expected revenue from selling data.
Hence, (¢Y,---,¢Y) is a Nash equilibrium of the pricing game G(v).

1

We can now apply Lemma 1: for every v € supp p such that v* > 0, the consumer

buys with probability one from a firm with valuation v! at a price equal to v' — v2. The

equilibrium is efficient. It generates industry profit I/, and consumer surplus C7. n
The logic underlying Theorem 1 is as follows. Secret offers and passive beliefs imply that

10



any information that is valuable to some firm will be sold. Hence, in an equilibrium with
independent data intermediation, any unsold information must have zero value. This, in
turn, implies that each firm must best respond to the prices of its rivals for every possible
realization of the consumer’s type. Effectively, the DI floods the market with information,
thus ensuring that no business-stealing opportunity exists for any of the firms.

Theorem 1 is related to the opportunism problem in Hart and Tirole (1990). However,
our model of data intermediation is conceptually very different from the classic model studied
by the industrial organization literature on vertical relationships (see, e.g., Rey and Tirole,
2007). In the classic formulation of the problem, a monopolistic manufacturer sells a physical
input good to downstream retailers. Thus, the manufacturer controls the quantity produced
by the downstream firms. In our model, the contract offered by the DI contains the tariff at
which a firm gets access to information about the consumer’s type. This means that the DI
affects firms’ price discrimination possibilities.

Under independent data intermediation, consumer surplus is not necessarily maximized.!?
However, as we will see in the section, the consumer is weakly better off under independent

data intermediation than under integrated data intermediation.

4 Integrated Data Intermediation

In this section, we assume that one of the firms, say firm 1, observes the consumer’s type
and sells information to its rivals. Throughout this section, we therefore refer to firm 1 as
the integrated firm.

The model with integrated data intermediation is as follows. The integrated firm offers
each firm ¢ > 1 a contract ((Mi,@bi),ti), which a firm can either accept or reject. If it
accepts, the firm pays the fee ¢;. All firms ¢ > 1 observe neither the contracts offered to their
rivals, nor whether said contracts were accepted. The integrated firm, instead, perfectly

learns the consumer’s type, and independently draws messages ms,--- ,m, according to

13The consumer-surplus maximizing information structure is characterized by Elliott, Galeotti, Koh, and
Li (2022). Each firm learns whether its product is the consumer’s most preferred product, but not the exact

willingness to pay of the consumer.

11



(M, 1), - (M,,1,), respectively. Every firm i that accepted the contract that it was
offered observes m;. Finally, every firm 7 chooses its price p;.

The payoff of firm ¢ > 1 is as in Section 3. The payoff of the integrated firm is the sum
of its revenues in the goods and data markets.

As in the previous section, the solution concept is perfect Bayesian equilibrium with
passive beliefs. Thus, a firm’s conjectures about the contracts offered to the other firms
and about the actions of those firms are not influenced by an out-of-equilibrium contract
offer. Here, passive beliefs further require that a firm’s conjecture about the integrated firm’s
pricing strategy following rejection is independent of the content of the rejected contract.
We will refer to such equilibria as equilibria with integrated data intermediation.

The following example illustrates the workings of the model with integrated data inter-

mediation.

Example 2. The setting is as in Example 1: there are n = 2 firms, and the possible consumer
types are (1,0), (0,1), (4/5,1/5), and (1/5,4/5), all with equal probability. We will argue that
the integrated firm can profitably foreclose information. A fully informative data policy would
enable firm 2 to sell its product at a price py = 3/5 to the consumer of type (1/5,4/5) and at
a price py = 1 to the consumer of type (0, 1), thus achieving an expected profit of 0.4. In the
absence of information, firm 2’s expected profit would be 0.3. So the integrated firm can sell a
fully informative data policy for a fee ts = 0.1. Now suppose that the integrated firm instead
only informs firm 2 of whether @ € {(0,1), (4/5,1/5)} or@ ¢ {(0,1),(4/5,1/5)}. In this case
firm 2 chooses p, = 1 when @ € {(0,1),(4/5,1/5)} and ps = 3/5 when@ ¢ {(0,1),(4/5,1/5)}.
This information could still be sold for a fee to = 0.1, but now the integrated firm can sell
its good at a price py = 4/5 when @ = (4/5,1/5) instead of 3/5. In this example, foreclosing
information enables the integrated firm to reduce consumer surplus and increase the sum of

its expected revenues in the goods and data markets.

The content of information sold by the integrated firm varies depending on the parameters
of the model: we will see in the next section that the data policies sold by the integrated
firm can range from fully informative to uninformative. In the rest of this section, our focus

is on the consequences of integrated data intermediation for consumer welfare.

12



Theorem 2. In every equilibrium with integrated data intermediation consumer surplus is

at most C7.

Proof. To shorten notation, let

Rl = Y a(v)ai(v).

veyn
Then
=3 Rl (1)
i=1
Furthermore, if firm ¢ = 2,...,n has access to a fully informative data policy, then it can

guarantee itself an expected revenue of at least le (by charging price p; = a;(v) when the
consumer’s type is v). The integrated firm can always guarantee itself an expected revenue
of R in the goods market.

Pick an arbitrary equilibrium. Let Rj denote the integrated firm’s expected revenue in
the goods market, and R the expected revenue of firm ¢ = 2,...,n. Let ((Mz*,@bj),t:‘) be
the contract that the integrated firm offers to firm : = 2...,n. The integrated firm’s payoft

is then

Ry + >t}

i>2
Next, observe that the consumer surplus in the equilibrium considered is bounded from above
by the difference between the maximum social welfare and the firms’ profits:

Soav' => Rr=1' + ¢/ - > Ry

vevn i=1 i=1
So to prove the proposition, it is enough to show that

I <> Ry (2)
i=1

Reason by contradiction, and suppose that (2) is violated. By (1), we thus have
> Rl >3R; (3)
i=1 i=1

As noted above, R} > R{ , whence we can find a firm 5 > 1 whose data policy in the equi-
librium considered is not fully informative. Now suppose that the integrated firm deviates

and offers every firm i a contract ((MZ’ L), t;) comprising a fully informative data policy.

13



Let R. be firm i’s expected revenue from accepting ((MZ’ RUAR t;) By passive beliefs, firm i

must accept this contract whenever
t; <t:+ R, — R} —¢,

for any € > 0. Now pick an arbitrary ¢ > 0 and, for i = 2,--- ,n, let ¢, be such that the
previous inequality holds with equality. Letting R} denote the integrated firm’s expected
revenue in the goods market under the deviation, the integrated firm’s gain from the deviation
is then

n

R'1+Z(tf+R;-—R;‘)—(n—1)€—(R“{%—th):ZR’ ZR;‘ (n—1)e
i>2 i>2 i=1
>>"Rl - ZR* (n—1)e
i=1

It follows from inequality (3) that the deviation is profitable whenever ¢ is sufficiently small.

This contradiction establishes inequality (2). O

Theorem 2 connects our work to the vertical integration literature studying settings in
which an integrated supplier sells a physical input good to downstream retailers. Vertical
integration allows the supplier to restrict the quantity produced on the product market by
foreclosing rivals’ access to the input good (see, among others, O’Brien and Shaffer, 1992;
McAfee and Schwartz, 1994; Rey and Vergé, 2004; Rey and Tirole, 2007; Reisinger and
Tarantino, 2015; Nocke and Rey, 2018). As we will show next, in our model foreclosure takes
the form of self-preferencing: the data intermediary gives preferential access to information
to the integrated firm, at the expense of other firms.

Combining Theorems 1 and 2 reveals that independent data intermediation can never
be worse for consumers than integrated data intermediation. Whether independent data
intermediation benefits consumers depends on the parameters of the model. In Section 5,
we use an environment with captive and contested consumers to determine the conditions
under which independent data intermediation raises consumer surplus, and the equilibrium

structure of the industry.
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5 Setting with Captive and Contested Consumers

In this section, we explore a special case of our general environment embedding Varian
and Narasimhan’s model of captive and contested consumers (Varian, 1980; Narasimhan,
1988). Recently, this model has been widely used by the literature studying how market
segmentation affects product market competition (see, among others, Armstrong and Vickers,
2019; Bergemann, Brooks, and Morris, 2021; Shi and Zhang, 2022).

There are n = 2 firms, and three possible consumer types: (wy,ws), (wy,0), and (0, w,).

We shorten notation by letting

o = ﬂ((wbwz)), f = ﬂ((wl,o)), o i= ﬁ((o,wg)),

and assume fug, i1, fto > 0.

The interpretation is as follows. The contested consumer, represented by the type
(wq,ws), considers buying from both firms. Type (wy,0) only considers buying from firm
1, and type (0, ws) only considers buying from firm 2: these consumer types represent cap-
tive consumers. For convenience, we henceforth refer to type 0, type 1, and type 2 of the
consumer, respectively.

To streamline the exposition, we assume throughout that
wy > we > 0,

and thus say that firm 1 is the strong firm and firm 2 is the weak firm. Accordingly, the
types 0 and 1 of the consumer are in the strong firm’s reach; and the the types 0 and 2 of
the consumer are in the weak firm’s reach. Since a firm can only extract revenue from the
consumer if the latter is within its reach, a firm’s only relevant information is the information
that it possesses concerning its reach.

A data policy (M,) is fully informative concerning the strong firm’s reach if w(m |
(w1, O)) > 0 implies w(m | (wy, wg)) = 0. A data policy (M, ) is uninformative with respect
to the strong firm’s reach if zp(m | (wy, O)) = ¢<m ] (wl,w2)> for all m € M. A data policy
is partially informative concerning the strong firm’s reach if it is neither uninformative nor
fully informative concerning the strong firm’s reach. The terminology is symmetric for the

weak firm.
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Section 3 examined the information sold by an independent DI, and showed that consumer
surplus is as if the DI sells a fully informative data policy to every firm (Theorem 1). In what
follows, our goal is threefold. First, we examine how information sold by the DI depends on
whether it is integrated with the strong or the weak firm. Second, we study the equilibrium
structure of the industry. Third, we determine the impact of integration on welfare, and

draw the policy implications of our analysis.

5.1 Strong Integrated Firm

Throughout this subsection, the integrated firm is the strong firm (firm 1).
We first study a class of ancillary games. These games are useful because they capture
the pricing “subgames” between the integrated firm and its rival. A generic distribution in

A(supp fi) will be denoted by . In line with previous notation, let

Mo = M((w17w2)); M1 = M((who))7 M2 = M((07w2))-

For € A(supp 1), define the ancillary game G(1, i) as follows. The consumer’s type is
drawn from g and then observed only by firm 1. Subsequently, firms simultaneously choose

prices. Each firm’s payoff is its revenue.!*
Lemma 2. In all equilibria of the ancillary game G(1, u):
o firm 2’s expected revenue is jiaWs;

o if iy <1, firm 1’s expected revenue is

w
o < Hat2 + wy — w2> + pwy; (4)
Mo + 2

if wp =1, firm 1’s expected revenue is wy.

Suppose p; < 1 (the other case is trivial). To gain intuition for the lemma, first recall

that the consumer of type 1 never buys from firm 2. Next, firm 2 can guarantee itself an

“G(1, u) and the ancillary game G(2, i) in Subsection 5.2 are closely related to first-price auction models
with asymmetrically informed bidders. See Engelbrecht-Wiggans, Milgrom, and Weber (1983) for an analysis

of such auctions with common values.
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expected revenue of powy by choosing p, = wy. Hence, in equilibrium, firm 2 must pick a

l HaW2 ]
) Wy | .
Mo + 2

This, in turn, enables firm 1 to sell to the type-0 consumer at a price equal to pows/(po +

price in the interval

f2) + wy — wy. Since, in addition, firm 1 can sell to the type-1 consumer at a price equal to
wy, expression (4) gives firm 1’s expected revenue.
For future use, let II;(u) denote the sum of the expected revenues of firms 1 and 2 in the
ancillary game G(1, u). Thus, 1y (@) := wy if p; = 1; instead, if py < 1,
I (1) = o (#2102 +w; — w2> + pwy + pows.
o + 2
We are now ready to analyze the information sold. We start by making three basic
remarks. First, each data policy (M, ) induces a distribution of posteriors 7 € AA(supp )
satisfying
Y T(wu(v) = a(v), Vv € supp i (5)

%
every i € supp 7 represents firm 2’s posterior belief following the observation of a message

m € M.* Conversely, every distribution 7 € AA(supp f1) satisfying (5) is the distribution
of posterior beliefs induced by some data policy (see Kamenica and Gentzkow, 2011).

Second, if 7 is the distribution of posteriors associated with (M, 1), then applying Lemma
2 shows that this data policy induces an industry profit equal to

> T (p)Ih ().

I

Third, in equilibrium, the integrated firm must offer firm 2 a contract making it indifferent
between accepting and rejecting.

Combining the previous remarks establishes that a data policy forms part of an equilib-
rium contract if and only if it induces a posterior belief distribution 7 solving

max > r()i(p)  s.t. (5) holds. (Py)

I

The solution to this maximization problem yields the following proposition.

15 AA(supp i) denotes the set of all Borel probability measures on A(supp i) with finite support. A data

policy (M, ) can only generate finitely many possible posteriors since the message set M is finite.
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Proposition 1. Suppose that the integrated firm is the strong firm. Then, in equilibrium, the
integrated firm offers a contract comprising a data policy that is uninformative with respect

to the weak firm’s reach.

Proposition 1 tells us that a strong integrated firm sells no information to its rival. By
foreclosing information, the integrated firm here engages in a form of self-preferencing. The
logic is as follows. In equilibrium, choosing p, = wy is optimal for firm 2 regardless of its
posterior belief about the consumer’s type. So, for firm 2 information has no value. This
in turn prevents the integrated firm from making any revenue by selling data. Hence, if
the integrated firm offers an informative data policy, this has to be to increase its expected
revenue in the goods market. Yet, sharing information with firm 2 lowers the integrated
firm’s expected revenue in the goods market. To see why, first notice that the integrated
firm always sells to the type-1 consumer at a price equal to wy, so the focus is on firm 2’s
reach. Given a posterior p with 1 — p; > 0, denote by p := us/(1 — u1) the conditional
probability of type 2 given that the consumer belongs to firm 2’s reach. We saw earlier that,
in equilibrium, the lowest price charged by the integrated firm is pws +w; — wy; furthermore,
by charging this price, the integrated firm sells with probability 1—p. The resulting expected
revenue is (1 —p)(pws+w; —ws); this revenue being strictly concave in p, sharing information
with firm 2 lowers the integrated firm’s expected revenue in the goods market (by Jensen’s

inequality).

5.2 Weak Integrated Firm

Throughout this subsection, the integrated firm is the weak firm (firm 2).
For p € A(supp ), the ancillary game G(2, ) is defined analogously to the ancillary
game G(1, ), only interchanging the roles of the two firms; thus, firm 2 is now the one

observing the consumer’s type.
Lemma 3. In all equilibria of the ancillary game G(2, p):
o firm 1’s expected revenue is

max {,Ulwb (10 + pur) (wr — wg)};
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o if uo < 1, firm 2’s expected revenue is

max {Mo ( AL (- w2)> , o} + ppws; (6)

Lo + H1

if o =1, firm 2’s expected revenue is ws.

Suppose p2 < 1 (the other case is trivial). To understand Lemma 3, first notice that firm
1 can guarantee itself an expected revenue of pyw; by choosing p; = w;. On the other hand,
as wy > weq, setting p; = wy; — wy yields firm 1 an expected revenue of (g + 1) (wy — ws).
Two cases must be considered. If pjwy > (po+ p1)(wy —wsy), then noting that in equilibrium,
firm 1 must pick a price in the interval

[ H1W1 ]
, W1
Ho =+ {41

shows that firm 2 can effectively sell to the consumer of type 0 at a price of pyw /(po+ p1) —
(wy — wy) > 0. Since, in addition, firm 2 can sell to the consumer of type 2 at a price of
wy, expression (6) gives firm 2’s expected revenue. By contrast, in the remaining case, firm
1 chooses p; = wy; — wy with probability one in all equilibria, thereby preventing firm 2 from
earning revenue off the consumer of type 0.

We are now ready to analyze the nature of information sold by the integrated firm. Let
IT5 (1) denote the sum of firm 1 and firm 2’s expected revenues in the ancillary game G(2, ).

Thus Iy (@) := we if gy = 1, while, if ps < 1,

w
Il(p) := max {Mo < Mo (w1 — w2)> + mws, (o + pr)(wy — w2)} + fows.
Mo +

The same reasoning as in the previous subsection implies that the data policies forming part

of an equilibrium contract are those that induce a posterior belief distribution 7, solving

max > T(u)Ila(p)  s.t. (5) holds. (P2)

I

The solution of this maximization problem yields the next proposition.
Proposition 2. Suppose that the integrated firm is the weak firm. In equilibrium:

o if wy > 2ws, the integrated firm sells a data policy that is fully informative with respect

to the strong firm’s reach;
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o ifw; < 2wy and py < (1— ﬁQ)\/2(w1 — wq)/(wy), the integrated firm sells a data policy

that is partially informative with respect to the strong firm’s reach;

o otherwise, the integrated firm offers a contract comprising a data policy that is unin-

formative with respect to the strong firm’s reach.

In sharp contrast to Proposition 1, Proposition 2 tells us that a weak integrated firm
sells information to its rival when either (a) the value of the rival’s good is much larger than
that of the integrated firm’s good, or (b) the probability that the consumer is of type 1,
conditional on being within the rival’s reach, is sufficiently small.

The broad logic is as follows. In equilibrium, depending on firm 1’s posterior belief about
the consumer’s type, either p; = w; is optimal, or p; = w; — wy is optimal, not both. So
information is valuable to the strong firm. This allows the integrated firm to sell data in
exchange for a positive fee. However, the integrated firm may face a trade-off. To illustrate
this trade-off, given a posterior p with 1 —ps > 0, denote by p := 1 /(1 — p2) the conditional
probability of type 1 given that the consumer belongs to the strong firm’s reach. We saw
above that, if

wy — We

p>—,
w1

in equilibrium the lowest price charged by the integrated firm is pw; — (w; — we); further-
more, by charging this price, the integrated firm sells with probability 1 — p. The resulting
expected revenue is (1 — p) (pw1 — (wy — w2)>; this revenue being strictly concave in p, shar-
ing information with firm 1 can lower the integrated firm’s expected revenue in the goods
market. Instead, if

w1 — W

ps—),
wq

firm 1 charges p; = w; —ws, squeezing the integrated firm out of the market for the consumer
of type 0. Thus, when the probability that the consumer is of type 0 is large relative to the
probability that the consumer is of type 1, sharing information increases the integrated firm’s

expected revenue in the goods market.
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5.3 Takeovers

In this subsection, we endogenize the market’s structure by allowing an independent DI to
acquire one of the firms.

The model with endogenous market structure is as follows. At the outset, the DI makes
a takeover bid b; € R to a firm ¢ of its choice. If firm ¢ accepts the bid, the DI and firm i
form an integrated firm, in which case the game continues as in Subsections 5.1 and 5.2. If
firm ¢ rejects, the process is repeated with the other firm; if that firm rejects as well, the DI
stays independent, and the game continues as in Section 3. Takeover bids, as well as a firm’s
decision whether to accept or reject, are publicly observable.

The payoff of firm 7 is equal to b; if it accepted this bid; otherwise the payoff of firm i
consists of its revenue, minus the fee t; if the contract ((MZ, Vi), ti) was accepted. If b; was
accepted, the DI’s payoff is the sum of its revenues in the goods and data markets, minus
b;. If both bids were rejected, the payoff of the DI is its revenue from selling data. The
solution concept is perfect Bayesian equilibrium; we here use the terminology equilibrium
with endogenous market structure.

We saw in the previous subsections that, if the integrated firm is firm ¢, then the resulting
industry profit is

I} = mTaXZM:T(/,L)HZ-(,u) s.t. (5) holds.

The following lemma establishes that the DI always acquires one of the firms, and that the

DI’s choice of the takeover target is determined by comparing II and II;.

Lemma 4. In every equilibrium with endogenous market structure, the DI acquires one of

the firms. If 117 > 115, the DI acquires the strong firm, if 115 > 115, the DI acquires the weak
firm.

Let ¢; denote firm #’s expected payoff when firm j # ¢ is integrated. The key step of the
proof of Lemma 4 shows that if the DI first makes a takeover bid to firm ¢, then firm ¢’s
outside option is equal to ¢;. Thus, the DI can acquire firm ¢ by bidding ¢;, generate industry
profit IT7, and leave firm j with an expected payoff of ¢;. This implies that the DI's choice

of the takeover target is determined by whether II7 is greater than II3. Finally, we show,
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that for the DI, acquiring dominates staying independent, so the DI must acquire one of the
firms.
We next build on Lemma 4 to determine which firm the DI chooses to acquire as a

function of the parameters: wy, wsy, i1, and fs.

Proposition 3. Fiz jig. If wi > 2wy then, in every equilibrium with endogenous market
structure, the DI acquires the strong firm. Otherwise, there exists a cutoff k such that the

DI acquires the strong firm when ji1/fis < K, and the weak firm when [i1/js > K.

If the value of the strong firm’s good is much larger than that of the weak firm’s good,
acquiring the weak firm cannot be optimal for the DI. The reason is as follows. If the
integrated firm is weak and w; > 2ws, the integrated firm can do no better than selling a
data policy that is fully informative with respect to the strong firm’s reach (Proposition 2).
The price for the consumer of type 0 is then competed down to the strong firm’s competitive
advantage, wy —wo. When instead the integrated firm is the strong firm, the integrated firm
refrains from selling any information to its rival (Proposition 1); as a consequence, the rival
competes less aggressively. Thus, acquiring the strong firm enables the DI to raise the price
paid by the consumer of type 0.

However, if w; < 2wy, acquiring the weak firm can be optimal for the DI. If the integrated
firm is weak and w; < 2wy, the integrated firm refrains from selling a fully informative data
policy with respect to the strong firm’s reach (Proposition 2). This softens competition for
the consumer of type 0. Which firm the DI chooses to acquire is then determined by i, and
9. Intuitively, if j1; is large and the DI acquires firm 2, then firm 1 will not compete very
aggressively for the consumer of type 0; so in this case acquiring firm 2 may be preferable to

acquiring firm 1, as illustrated in Figure 1.

5.4 Welfare Analysis and Policy Formulation

In this subsection, we draw the welfare implications of the results in the previous subsections.

We study the effects of integration on consumer surplus and social welfare, and examine how
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Figure 1: Industry profits Il (dark) and II; (light) depending on ji; (from front to back)
and [iy (from left to right) for wy = 10 and wy = 9.

the revenue of the non-integrated firm changes with integration.!®

This subsection’s first result is as follows:

Proposition 4. Suppose that the integrated firm is the strong firm. Then, every equilibrium

is inefficient and generates a consumer surplus that is strictly smaller than CY.

Combining Theorem 1 and Proposition 4 shows that, relative to situations in which
information is sold by an independent DI, data intermediation by a strong integrated firm
lowers both social welfare and consumer surplus. The reason is that, as shown in Proposition
1, the integrated firm then fully forecloses information.

We now consider the case in which the integrated firm is the weak firm.

Proposition 5. Suppose that the integrated firm is the weak firm. If wy > 2ws, then every

equilibrium is efficient and generates consumer surplus C7; otherwise, every equilibrium is

16Tn this subsection, we exclude throughout the knife-edge case wi; = ws. If wi = ws, all equilibria
are trivially efficient regardless of which firm is the integrated firm, and the expected revenue of the non-

integrated firm is always the same as with independent data intermediation.
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inefficient and generates consumer surplus that is strictly smaller than C7.

If the integrated firm is the weak firm and the value of the strong firm’s good is much
larger than that of the weak firm’s good (w; > 2ws), independent and integrated data
intermediation generate the same consumer surplus and social welfare. Instead, consumer
surplus and social welfare fall if w; < 2w,. Taken together, Propositions 4 and 5 show that
self-preferencing (in the form of data policies that are either partially or fully uninformative)
always reduces welfare.

We now examine the impact of integration on the revenue of the non-integrated firm. We
show that the expected revenue of a non-integrated firm never increases compared to the

benchmark with an independent DI.

Proposition 6. a) If the integrated firm is the strong firm, then the weak firm’s expected

revenue is the same as with an independent DI.

b) Let the integrated firm be the weak firm. If the equilibrium data policy is fully infor-
mative with respect to the strong firm’s reach, then the strong firm’s exptected revenue

is the same as with an independent DI; otherwise, the expected revenue is smaller.

The proposition establishes that integration gives rise to consumer steering. In effect,
with integrated data intermediation the consumer is directed towards the integrated firm.

We now analyze the welfare consequences of the takeover decision made by an indepen-

dent DI.

Theorem 3. Fvery equilibrium with endogenous market structure is inefficient and generates

a consumer surplus that is strictly smaller than C7.

Combining Theorems 1 and 3 shows that takeovers are unambiguously harmful for con-
sumers and social welfare. For policy makers, the implications are as follows. In order to
restore efficiency, it is necessary that the DI does not internalize the impact that the sale of
data to the non-integrated firm has on the integrated unit. As shown in Section 3, secrecy
has this effect. In the next section, we discuss how secrecy can be implemented within an
integrated company, taking as example a recent antitrust case dealing with the impact of

data sale and self-preferencing within the digital advertising industry.
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6 The Digital Advertising Industry

Our model provides a framework to examine recent developments that occurred in the digital
advertising industry. First, we discuss how our model relates to this industry.

The good on the product market is a slot of advertising inventory—a space on a digital
property, be it a webpage or mobile app, that can be utilized for displaying advertisements.
As of 2020, the sale of advertising inventory stood as the primary revenue source for major
companies such as Google, Meta, and Twitter.

Digital advertising encompasses visually oriented ads, including text, images, or videos,
showcased on a publisher’s website. For instance, Expedia and Kayak might be interested
in purchasing ad inventory on the travel section of the New York Times. Transactions in
this market occur through online advertising exchange platforms owned by companies like
Google or Microsoft. Upon a user loading a participating publisher’s webpage, a “request-
for-content” is dispatched to the online advertising exchange platform, specifying the type,
size, and other details of the intended advertisement (Bourreau, de Streel, and Graef, 2017).

In this industry, the equivalent of the downstream firms acquiring data from the data
intermediary in our model are either the publishers, like the New York Times, or the online
advertising exchange platforms that publishers use to manage their advertising inventory.
In turn, the model’s consumer is an advertiser that seeks to post digital advertisement on
publishers’ properties, like Expedia and Kayak in the example of the travel agencies.

The data intermediary of the model corresponds to a company that owns detailed in-
formation on consumers’ valuation of downstream firms’ goods and has significant market
power. Google holds a (close to) monopolistic position in the market for search data by hold-
ing market shares in the search engine market exceeding 90% in most European countries.!”
It owns individual-level information that is often incidentally collected through the plethora
of services it offers on its platforms, including popular services like maps and general search
and various shopping search engines. Google is also dominant in the digital advertising

market (EC, 2019), where it operates through its integrated companies. These can be pub-

17See the decision of the European Commission in the Google Shopping case (https://ec.europa.eu/

commission/presscorner/detail/en/IP_17_1784).
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Figure 2: The figure plots a configuration of the digital advertising market in which an

integrated DI operates next to an independent publisher.

lishers, like YouTube, or online advertising exchange platforms, like AdX, as documented by
the decision of the European Commission in Google/Fitbit (EC, 2020).

In the digital advertising market, publishers price discriminate against advertisers (Celis,
Lewis, Mobius, and Nazerzadeh, 2014). Whether personalized or group pricing occurs de-
pends on the granularity of the information publishers have about the value advertisers
attach to their slots. Ultimately, the latter is determined by the profile of the users who are
potentially interested in the products the advertisers offer.

Publishers can obtain such information from data intermediaries, like Google (Alcoben-
das, Kobayashi, Shi, and Shum, 2023). A significant source of information is found in third-
party cookies, which are commonly utilized to track individual user behavior and browsing
patterns. Publishers’ access to such information can happen via direct negotiation with
the data intermediary, or indirectly through the online advertising exchange platforms that
manage their advertising inventories (Bourreau, de Streel, and Graef, 2017).

Figure 2 illustrates the structure of the industry. Google is the dominant firm in the

search data market. It also operates in the digital advertising market through its integrated
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online exchange platform (AdX) or publisher (YouTube). We assume that Publisher 1 is
independent (or collaborates with an online advertising exchange platform not integrated
with Google). YouTube or AdX, instead, have privileged access to information that Google

collects on the search data market.

The Google Privacy Sandbox Our model allows us to shed light on the competitive
effects of practices leading to the aggregation of information sold by a data intermediary on
the digital advertising industry.

A recent example is the introduction of the Google Privacy Sandbox. In January 2020,
Google announced that it would no longer allow websites to access the third-party cookies
stored in its web browser Chrome. Under the new policy, known as the Google Privacy
Sandbox, Google aggregates user information by creating “cohorts”, groups of users sharing
certain features (Motta, 2023). With the introduction of the privacy sandbox, Google re-
duced the granularity of the information available to third-party publishers. According to
the Competition and Markets Authority (CMA), which investigated the case, the Privacy
Sandbox had the potential to give rise to a form of self-preferencing, by limiting the infor-
mation available to Google’s rivals in the digital advertising market, while leaving Google’s
ability to use this information relatively unaffected (CMA, 2022). This conclusion aligns

with our Propositions 1 and 2.

Remark 1. The aggregation of individual third-party cookies in cohorts of users via the
Google Privacy Sandboz reduces the granularity of the information available to third-party

publishers. This is equivalent to a form of information foreclosure.

Alcobendas, Kobayashi, Shi, and Shum (2023) estimate that the information disadvantage
caused by the elimination of third-party cookies reduces the advertising revenues of publish-
ers that are not integrated with Google (or collaborate with online advertising exchange
platforms that are not integrated with Google). Consistent with this empirical analysis,
Proposition 6 shows that, in our model with captive and contested consumers, as a con-
sequence of self-preferencing, the product market revenue of the non-integrated firm never
increases compared to the benchmark without integration. In other words, self-preferencing

gives rise to a form of steering of consumers towards the integrated firm.
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Remark 2. The Privacy Sandbozx allows Google to soften product market competition by
limiting publishers’ opportunities to engage in third-degree price discrimination against ad-

vertisers in the digital advertising market.

In its decision, the UK Competition and Markets Authority requested that Google si-
multaneously restrict data sharing to its integrated companies. The authority took this
decision intending to avoid any distortion to competition between Google and other market
participants in the digital advertising industry, which would limit the ability of publishers
to generate revenue from ad inventory (CMA, 2022, p. 6). Our theoretical analysis supports
this approach. With the introduction of a Chinese Wall between the data unit and its inte-
grated (downstream) companies, Google’s incentives in selling information should be aligned

with those of an independent data intermediary.

Remark 3. The imposition of a firewall restricting information sharing with downstream

affiliates reduces Google’s incentives to engage in information foreclosure.

As discussed at the end of Section 5.4, secrecy has the effect of restoring efficiency. With
secrecy, the data unit does not internalize the impact that the sale of data to the non-
integrated firm has on the integrated unit. To obtain the intended effects, two conditions
must apply. The first is that the integrated downstream unit does not observe the contract
offer made to the non-integrated firms. The second is that the downstream unit of the inte-
grated firm does not have access to the consumer information held by the data intermediary.
In other words, the firewall must not only apply to data, but also to the contractual infor-
mation related to the sale of data to the downstream competitors. Recently, the European
Commission adopted a decision imposing a limit on data sharing within the newly integrated
firm in Google/Fitbit (EC, 2020). There, the concern was about Google’s use of health data
collected through Fitbit. The Commission required that this information be contained into a

“strictly permissioned virtual data storage environment within Google” (EC, 2020, p. 183).
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7 Conclusion

Discriminatory pricing is a widespread phenomenon in digital markets. The welfare conse-
quences of price discrimination depend on retailers’ information about consumers. In prac-
tice, this kind of information is often sold by data intermediaries. Therefore, studying the
sale of information by such intermediaries is crucial to evaluating the welfare consequences
of price discrimination.

Data intermediaries such as Acxiom and Nielsen specialize in selling consumer data. By
contrast, Google, Meta, Microsoft, and Amazon sell not only information but also goods and
services; this dual role affects their incentives to sell information. In this paper, we have
shown that intermediaries of the second kind often sell less information than intermediaries
of the first kind, resulting in a lower consumer surplus. Furthermore, the acquisition of a
downstream firm by an independent data intermediary always reduces consumer surplus.

These results speak directly to the ongoing policy debate surrounding the wave of ac-
quisitions by Google, Microsoft, and other large digital companies. They suggest that such
acquisitions should not be allowed. Alternatively, regulators could impose remedies that
restore integrated firms’ incentives to share information with third parties. The policy im-
plications of our research support a recent decision by the UK Antitrust authority in a
high-profile case in the digital advertising market.

This paper is a first step towards understanding the interaction between market structure
and information design. Further research could consider alternative bargaining protocols.
An open question concerns how information design changes when downstream firms collect
consumer data. Another question relates to the optimal boundaries of digital conglomerates

and how regulation can curb their market power.
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Appendix

Proof of Lemma 1. Let v € supp i with v! > 0. Without loss of generality, suppose
V1 > ... > Uy

We first state the Nash equilibrium conditions of the game G(v). A mixed strategy of a
firm 7 is a distribution of prices (; € AR, . For a given strategy profile ((i,...,(,) € (AR,)™,
let ¢_; € (AR,)"! be the profile of the other firms’ strategies. If firm i charges price p;,
then its expected revenue is

Ri(psi, (i) == 1;[ Cj((vj — v; + pi, OO)) 1;[ Cj([maX{O, v; — v +Dity OO))]-[O,W} (pi)i-
j<i j>i

A strategy profile ((i,...,(,) is a Nash equilibrium of G(v) if

Ri(pi, (i) = Sl;p Ri(p,C-i),  Grae. p;.
Let now ((1,...,(,) be a Nash equilibrium. We show first that

inf supp ¢ > o' — 0%, Vi’ € argmaxuv;. (A.1)

Indeed, if v; = vy then (A.1) holds because prices are nonnegative. Suppose vy > vy, that is,
arg max; v; = {1}, and assume by contradiction that inf supp ¢; < v! —v% Then, ¢; is not a
best response against (_; because the consumer would buy from firm 1 with probability one
when p; = vy — ve. This shows (A.1).

We show next that

there exists a firm ¢’ € arg maxv; such that ¢ ({vl — v2}> =1. (A.2)

By contradiction, suppose that supsupp ¢y > v! — v? for all firms i’ € arg max; v;. Then,

Ry(e,¢_1) > 0 for small € > 0, whence

/R1(p17€h71)d§1 >0 (A.3)
and thus

H Q([maX{O, v; — v' + supsupp ¢}, oo)) > 0.

i>1
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For 0 <p < min{sup supp ¢ — vt + 02,02}, we have

Cl((ﬂl - U2 +pa OO)) H Q([max{O,vi - U2 +p}7 OO) > 07

1>2

whence Ry(p,(—2) > 0 and thus

/Rz(pm (—2)d¢e > 0.

It follows that @([02 — vt +supsupp (1, oo)) = 0. Since p; — CQ([maX{O, vi—ol+p}, oo))

is left-continuous, we thus have

lim Rl(pl;g—l) = 0.

p1Tsupsupp (1

But then R;(p1,(_1) = 0 for (j-a.e. py, contradicting (A.3). Hence, (A.2) holds.
Together, (A.1) and (A.2) imply that Lemma 1 holds true: by (A.2), the consumer buys
from a firm with valuation v!; taking (A.1) into account, the price at which he buys is

vt — ot u

Proof of Lemma 2. Let u € A(supp p1). The case that some type occurs with probability
one is covered in Lemma 1. If gy > 0, firm 1 sets price w; with probability one to the type-1
consumer in every equilibrium. The case that po = 0 is trivial. If us = 0, the proof is
analogous to the one of Lemma 1. Therefore, suppose that pg > 0 and us > 0.

Let ( € AR, be firm 1’s strategy for type 0. Let £ € AR, be the strategy of firm 2 for
all types. If firm 1 charges price p; to type 0, then its expected revenue is

Ri(p1,§) = Mof([maX{O, wy —wy + 1}, OO))l[O,wl}(p1>p1 + pyws.
If firm 2 charges price py, then its expected revenue is
Ry(p2, () = (MoC((wl — wa + po, OO)) + ,u2> 1(0,u,) (P2)D2-
The tuple ((,€) is an equilibrium if
Ra(pr, €) = sup Fa(p, &), G-ae.pr,

Ry(p2,¢) = sup Ry(p,¢), &-ae. po.
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Firm 2’s expected revenue. We show: if ((,€) is an equilibrium, then

/R2(P27C)d§(p2) = HoWs.

Because Ra(ws, () > pows, we have

/ Ra(pa, )dE(p) > 0, (A.4)

which implies inf supp £ > 0. Then, R;(inf supp &, &) > pwy, whence

/R1(p1,§)dC(p1) > [iwy. (A.5)

By (A.4), it follows that (([wl — wy + sup supp &, oo)) = 0 and hence

lim  Ry(ps,¢) < lim (MoC([wl — w2 + P2, OO)) + Mz) 1(0,u5] (P2)P2
p2Tsup supp & p2Tsup supp &

= f21{g,w,)(sup supp &) sup supp &

< laws.
By Rs(ws, () > pows, we thus have Ry(ps, () = pawsy for -a.e. ps.

Firm 1’s expected revenue. We show: if ((,€) is an equilibrium, then

H2W2
Lo + 2

/Rl(pl,f)d(’(pl) = Lo ( +wy — wz) + pyws.

In equilibrium, (A.4) and (A.5) imply inf supp ¢ = wy — ws + inf supp € and

C({uu — wo + inf supp 5}) = §<{inf supp 5}) = 0.

Then,

lim  Ry(p2, () = Ra(infsupp &, () = (uo + p2) inf supp &,
palinf supp £

whence inf supp & = pows /(110 + p2) and thus inf supp ¢ = pows /(1o + p12) + w1 — we. Hence,

2
Mo + fh2

lim  Ri(p1,€) = Ri(infsupp ¢, &) = po ( wy + wy — wz) + pwy,

p1dinfsupp ¢

which shows that

Ri(p1,€) = o ( e Wy + Wy — w2> + ppwy,  C-a.e. pr.
Ho + 2
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Proof of Proposition 1. Let 7 be an arbitrary distribution of posterior beliefs that satis-

fies (5). For p € [0, 1], define

f(p) == (1= p) (pwa + wy — wa) + pws.

Then,

S = ¥ romun+ X r(a) QL( oy +w1—w2>+u1w1+uzw2>

1% pip=1 pipr <l Ho + H2
_ _ T 1-—
= jiqw; + (1 — i1) Z (Ml)( Ml)f<1 2 )
i<l — 1 -t

Now note that

Z M:l and Z T(M)(l—/,tl) K2 — 'DQ
pipr <1 1= ﬂl iy <1 - /11 11— H1 1— /11

The function f being strictly concave, we thus obtain

Xl ) < o+ (1= ) ({22 ) = ),

m
where the inequality is strict whenever 7(u) > 0 for some p such that gy < 1and po/(1—py) #
f2/(1 — fi1), that is, whenever the underlying data policy is not uninformative with respect

to firm 2’s reach. O

Proof of Lemma 3. Let u € A(supp p1). The case that some type occurs with probability
one is covered in Lemma 1. If uy > 0, firm 2 sets price wy with probability one to the type-2
consumer in every equilibrium. The case that po = 0 is trivial. If gy = 0, the proof is
analogous to the one of Lemma 1. Therefore, suppose that pg > 0 and pu; > 0.

Let £ € AR, be firm 2’s strategy for type 0. Let ( € AR, be the strategy of firm 1 for

all types. If firm 1 charges price pi, then its expected revenue is

Ri(p1,§) = (Mof([maX{O, wy — wy + p1}, OO)) + Ml)l([o,m](pl)p1-

If firm 2 charges price ps to type 0, then its expected revenue is

Ry (¢, p2) = MOC((UH — W2 + p2, OO))l[o,wg} (p2)p2 + pows.
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The tuple (¢, &) is an equilibrium if

Rl(plv 5) = Sl;p Rl(p7 5)7 C‘a'e- b1,

RQ(p27 C) = Slp}p RQ(p7 C)7 g'a'e- Da2.
Firm 1’s expected revenue. We show: if ((,€) is an equilibrium, then

/Rl(ph )dC(p1) = max {pmwy, (1o + ) (wy — wy) }. (A.6)

We have Rj(wi,§) > pmw;. Moreover, Ry(w; — wy,&) = (o + p)(wy — wy), whence
inf supp ¢ > wy — wy. If

[ R pr. A1) > (oo + ) wn = ws),

then supsupp ¢ > w; — ws. Suppose this is the case. For 0 < p < min { sup supp ¢ —wy +

Wy, wg}, we then have Ry(p, () > pows , whence

/R2(p270d5(p2) > W3, (A7)

It follows that & ((w2 — wy + supsupp (, oo)) = 0 and hence

lim  Ri(p1,€) = Ri(supsupp (,€)

p1fsupsupp ¢

= 119w, (sup supp ¢) sup supp ¢

< pws.

By Ri(wq,&) > pwy, we thus have Ry(p1,£) = pyw; for (-a.e. p;. This shows (A.6).

Firm 2’s expected revenue: We show: if ((,€) is an equilibrium, then

| FalC,p2)dg (p2) = max {,uo (M“fu — (w; — w2)> , o} + ppwn. (A8)

The proof of (A.6) showed that if (po + p1)(w1 — wa) > pywy, then C({wl - w2}) = 1.

Because Ry(ws, () > pows, it follows that then

[ Ba(C.p2)dS(p2) = paw
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If (o + p1) (w1 — wa) < pawn, (A.6) and (A.7) imply inf supp ¢ = wy; — wy + inf supp &

and
¢({wy — wy + inf supp €} ) = &({inf supp £}) = 0.
Then,
lim  Ry(p1,§) = Ri(inf supp ¢, &) = (1o + ) inf supp ¢,

p1dinfsupp ¢
whence inf supp ¢ = pywi/(to + p1) and thus infsupp & = pws/(po + p1) — (w1 — wy).

Hence,

. . H1
1 R ? = R fS ) = - - + )
pwnpglllpp< 2(]72 C) 2(111 upp § C) Mo (Mo I lel (wl w2)> HaWa

which shows that

Ra(p2, ) = po (Moil,ul wy — (wy — w2)> + pows,  &-a.e. po.
]

Proof of Proposition 2. Let 7 be an arbitrary distribution of posterior beliefs that satis-

fies (5). For p € [0, 1], define

f(p) := max {(1 —p) (pw1 — (wy — wQ)) + pwy, wy — w2}

As in the proof of Proposition 1,

S () Ta(p) = jisws + (1 — fis) 3 T“”“"”)f( i )

K prpe <l 1- /1’2 - K2
where
y Tl g oy TWl o)
pipe<l 1 - ﬂQ wipe<l I ﬂQ 1- M2 1— /_1'2

Thus, using the notation p := 1 /(1 — fi2),

S ()Mo (1) < fisws + (1 — i) ( max S H0)f(0) st 3 #(o)p = ﬁ)-

m #eA0,1] % >

By standard arguments (see Kamenica and Gentzkow, 2011), there exists A, o/, p” € [0, 1]
such that A\p 4+ (1 — X)p” = p and

S H(p)f(p) S AF(P) + (L= Nf(p") forall # € AJ0,1] st > 7(p)p = p;

p
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we may set p” =0, and p’ such that f(p') = (1 —p/) (p'w1 — (wy — wg)) + p'wy, implying

M) + W=7 =2 (1= 8) (Fur = o= wa) + Fon ) + (1= N = o)

Optimal data policies can thus be derived from the solutions to

P\ - _
2—= 1 — 2\ — .
sy (2= 3) 7o+ (7200 -

The derivative of the objective function with respect to A is

The objective function is strictly concave. Hence, the optimal A is unique; denote it by A*. If

wy < 2(wy —we) <= wy > 2ws, then \* = p (fully informative). If p > \/2(w1 — wy) /wy,

then \* = 1 (uninformative). Finally, if w; < 2wq and p < \/2(w1 — wq)/wy, then \* =

ﬁ\/wl/(Q(wl —wq)) € (0,1) (partially informative). O

Proof of Lemma 4. Working by backward induction, suppose that both firms rejected the
respective takeover bid that the DI has made to them. Thus, the DI stays independent. In
the equilibrium of this subgame, if firm ¢ accepts contract ((Mz, i), tz-), then the fee ¢; must
leave the firm indifferent between accepting the contract and rejecting it. If the strong firm

rejects its contract, it can secure itself an expected revenue of at least

€1 := max {/lel, (1o + f11) (wy — w2)}

by charging price p; = wy or p; = w; — ws, respectively. Similarly, if the weak firm rejects,

it can secure itself an expected revenue of at least
Co 1= [loWo

by charging price po = ws. Thus, ¢; is a lower bound on firm i’s expected payoff in any
equilibrium of the subgame.

Consider next a subgame that starts after one firm rejected the takeover bid that the
DI has made. Let i € {1,2} be the firm that receives the next bid. If it rejects and the
DI stays independent, let x; and x5 be the resulting expected payoffs of the strong and the

weak firm, respectively, where x1 > ¢; and x5 > ¢y as shown above. Acquiring firm ¢ results
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in industry profit II7. In Subsections 5.1 and 5.2, we saw that the integrated firm firm i sells
firm j # i a data policy such that firm j’s expected payoff is equal to its expected revenue in
the ancillary game G(i, it). By Lemmas 2 and 3, this expected revenue is equal to ¢;. Hence,
forming an integrated firm with firm ¢ results for the DI in an expected payoft of II} — c;.
By Theorem 1, staying independent results in industry profit II/, and hence for the DI in an
expected payoff of II/ — 2; — 2. We have

Iy > 11/
because the integrated firm can sell firm 5 a fully informative data policy. Moreover

If any of these two inequalities is strict, then there exists b > x; such that
H:—Cj—b>1_.[f—l’1—l’2,

whence in any equilibrium of the subgame, the DI acquires firm .

Consider now the beginning of the game, where the DI makes the first takeover bid. Let
i € {1,2} be the firm that receives the bid. If it rejects, then the DI will subsequently
either acquire firm j # 4, in which case firm i’s expected payoff is ¢;, or the DI will remain
independent, in which case firm ’s expected payoff is also ¢; = x; as shown above.

We conclude that if the DI first makes a takeover bid to firm i € {1,2} and this bid is
strictly smaller than c¢;, then the bid will be rejected; if the bid is equal to ¢; + € for any
€ > 0, by contrast, then the bid will be accepted, resulting for the DI in a payoff of

H:—Cl—62—€.

This shows that if the DI acquires the strong firm in equilibrium, then I17 > II;, and if the DI
acquires the weak firm, then II7 < II5. Finally, the DI always acquires a firm in equilibrium

because

« 7 How _ _
Iy = Mo( 22 +w1—w2>+u1w1+uzw2
Mo + 2
> i (wy — wa) + fwy + fiaws

= II'.
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Proof of Proposition 3. Fix w; < 2wy and iy € (0,1). By Lemma 2 and Proposition 1,

* - oW - -

I} = j1o <_U2 2_ +wy — w2> + pwy + fows
o + b2

ﬂ%wz

Il—n

= (1 — pi2)ws — + flawz + (1 — fiz) (w1 — w).
1

According to the proof of Proposition 2,

IT5 = fiows + (1 — fi2) ((2 - f*) pwi + (14 p = 2X")(wy — w2)>

= (1= i) (2= 4% ) 7o+ (5= 207 w03 = ) ) + o+ (1= o)y — )

where p := [i;/(1 — j12) and

1 1fﬁz\/2(w1—w2)/w1,

ﬁ,/m 1fﬁ<\/2(w1—w2)/w1

Thus, if p > \/2(w1 — wy) /wy, then

o=

figw:
1= fs

Iy = (1 — fig)wa — po(wy — ws) — + flawy + (1 — fig) (w1 — wy),

and if p < \/2(w1 — wsy)/wy, then

H; = /_Ll <3w1 — Wy — 2\/2'11)1(’(1)1 — UJQ)) —+ 'ELQU)Q + (1 — ﬂg)(wl — ’wg).

Define the functions f and g on (0,1 — ) as follows:

=2
5w _
= (1— — , Vse (0,1 — fp);
F5)i= (L= s = F2 e 0,1 - )

if (1—po—39)/(1—3s)> \/Z(wl — wq) /wy, then

=2
HoWi
10—8 = 1(8)7

g(s) == (1 = 8)wy — po(wy — wy) —

and if (1 — g —s)/(1 —s) < \/Q(wl — wy)/wy, then

g(s) == (1 —fip — 9) (3w1 — wy — 24/2w (wy — wg)) = go(s).

Fix an arbitrary s € (0,1 — jig) and an arbitrary s’ € (s,1 — fiy), and suppose that f(s) >
g(s). To prove the proposition, we must show that f(s) > g(s’). There are three possible
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cases. Case 1: g¢g(s) = gi(s) and g(s') = ¢gi(s). Then f(s') > g(s'), as is routine to
verify. Case 2: ¢(s) = ga(s) and g(s') = ¢a2(s’). Then, f(s') > g(s') because 3w, —
Wy — 2\/m > ws; to see the latter, observe that for every wy > 0, the function
wy — 3w, — Wy — 2\/m on (wy, 00) is strictly convex and minimized at wy = 2ws,
where the value is equal to we. Case 3: g(s) = ¢1(s) and g(s') = g2(s’). Then, there exists
s" € (s,5") such that ¢g;(s"”) = ga2(s”). As in Case 1, f(s”) > g1(s"); applying the logic from
Case 2, it follows that f(s") > ga(5). O

Proof of Proposition 4. Consider any equilibrium, and let C' be the consumer surplus.

By Propositions 2 and 1, the industry profit is equal to

_ _ (Lo W _ _

Iy (12) = fio (#2 S wz) + W + fows.
Ho + 2

Because

IV = fig(wy — wa) + fywy + fiaws < I (f2)

whereas

C + 11, (1) < fiow + flaw; + Jigwy = CF + 117

we have C' < C7f. Next, let w; > w,, and suppose by contradiction that the equilibrium
is efficient. Then, the type-0 consumer buys from the integrated firm with probability one.
Hence, firm 2 sets price p; = wsy with probability one, implying that the integrated firm
charges p1 = w; to the type-0 consumer with probability one. But then firm 2’s pricing is

not a best response; a contradiction. Thus, every equilibrium is inefficient. O

Proof of Proposition 5. If w; > 2ws,, then in equilibrium the integrated firm sells a data
policy that is fully informative with respect to the strong firm’s reach (Proposition 2). By
Lemma 1, this implies that every equilibrium is efficient and generates consumer surplus C7.

If w; < 2ws, then in equilibrium the integrated firm does not sell a data policy that is
fully informative with respect to the strong firm’s reach. Because the data policy maximizes
industry profit, it follows that every equilibrium generates industry profit that is strictly
larger than IT/. The same argument as in the proof of Proposition 4 shows that the consumer
surplus must then be strictly smaller than C/. The inefficiency of equilibrium follows also

as in that proof. O
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Proof of Proposition 6. In what follows, we prove the two claims in the proposition:

2)

With independent data intermediation, the weak firm’s expected revenue is fiows by
Lemma 1 and Theorem 1. With integrated data intermediation, when the integrated
firm is the strong firm, the weak firm’s expected revenue is piswy as well by Lemma 2

and Proposition 1.

With independent data intermediation, the strong firm’s expected revenue is jywy +
fio(w; — we) by Lemma 1 and Theorem 1. With integrated data intermediation, when
the integrated firm is the weak firm, the strong firm’s expected revenue is

> () max { prws, (o + ) (w — wa) },

m

where the distribution of posteriors 7 € AA(supp ft) solves (P3). Now, if the data

policy that induces 7 is fully informative concerning the strong firm’s reach, then

> 7(p) max {leh (pt0 + pu1)(wy — w2)} = fwy + fig(wy — wa).

Otherwise, it holds that

> 7(p) max {leb (o =+ pa) (wy — w2)} < fwr + fio(wr — wy),
m

since for every A € (0,1) and p € A(supp 1) with us < 1 and (po, 1) = A1 — pg,0) +
(1 —=X)(0,1 — psg), we have

(1 = X)(1 — po) max {wl, (wy — wg)} + A(1 — po) max {O, (wy — wg)}

> max {(1 = AN)(1 — p2)wy, (1 — p2)(wy — wQ)}.

]

Proof of Theorem 3. Fix an arbitrary equilibrium. By Lemma 4, the industry profit is at

least as large as I1] = I1; (), the industry profit when the DI is integrated with firm 1. As in

the proof of Proposition 4, it follows that the consumer surplus is strictly smaller than C7.

By Propositions 4 and 5, this implies that the equilibrium is furthermore inefficient. O
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