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ABSTRACT

Consumers supply a crucial input for the modern economy: their personal data.
Yet, they often have limited control over who uses it and are imperfectly compen-
sated in return. This status quo can lead to inefficiencies. Could a competitive mar-
ket for personal data do better? We study a stylized competitive economy where
consumers own their data and can sell it to a platform. The platform then uses this
data to interact the corresponding consumers with a third-party merchant, from
whom they can buy a product. We find that, despite its competitive nature, this
economy is inefficient. The market failure stems from consumers exerting an ex-
ternality on each other when selling their data, which is enabled by how the plat-
form optimally uses this data. We propose two solutions to this inefficiency. The
first one introduces a “data union,” which manages consumers’ data on their be-
half and compensates them accordingly. The second one envisions trading in mar-

kets that determine not only who gets the data but also how this data is used.
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1 Introduction

Consumer data has become a crucial input into the modern economy. For instance, this data al-
lows marketers to access consumers and understand their preferences, thereby fueling the large
online-advertising industry along with numerous other multi-billion-dollar industries. Since
each consumer is the primary supplier of data about herself, one could expect that she would
control when and how her data is supplied, and receive appropriate compensation when this
happens. In practice, however, consumers typically have minimal control over their data and

are at best only indirectly compensated for it—for example, through mechanisms like barter. !

Such an arrangement, which appears far from ideal market conditions, could harbor ineffi-
ciencies and lead to market failure (Seim et al., 2022). For example, if consumers have limited
control over their data, they may not be able to avoid the externalities associated with how it is
used. Additionally, if consumers are inadequately compensated, they may supply inefficiently
low or high quantities of data. This paper delves into these concerns by comparing various de-
signs of a data economy and by evaluating their welfare implications. Our main contribution
is to show that—due to the specific ways data is used by platform intermediaries—even a per-
fectly competitive economy where consumers own their data and can sell it at the market price
can be inefficient. We propose two alternative market designs that could correct for this ineffi-
ciency.

All the economies we study share a stylized common structure. Consumers own their data
and can sell it to a platform at a given price. In addition, the platform provides a service to the
consumers who sell their data. It intermediates them with a third-party merchant, from whom
they can buy a product. As an intermediary, the platform uses the consumers’ data to inform
the merchant about their willingness to pay for the product, enabling the merchant to extract
surplus from them. Therefore, how the platform uses this data affects the merchant’s profits,
the consumers’ surplus, and, ultimately, the price of data. Holding this basic structure fixed,

we consider several economies that differ in how the price of data is determined.

To set a simple benchmark, we begin by studying an economy where the platform is a price
maker. It sets prices by making each consumer a take-it-or-leave-it offer to acquire her data. We
show that, in any equilibrium of this economy, data are allocated and used in a (constrained)
efficient way. That is, the sum of the platform’s and consumers’ welfare is maximized, subject

to the requirement that the platform uses the acquired data in a sequentially rational way. The

! As of today, the vast majority of consumers’ data is either held as a proprietary asset by large digital platforms,

or is traded in opaque brokerage markets with minimal consumer involvement (Federal Trade Commission, 2014).



converse also holds: Any (constrained) efficient data allocation can be supported by an equilib-
rium of this economy. While efficient, these equilibria feature a welfare distribution that—as
expected—is skewed in favor of the platform. Since the platform has all the bargaining power,

it appropriates the value created by consumers’ data, leaving consumers’ welfare minimized.

We then consider a competitive economy where the platform is a price taker. Prices are
pinned down by market clearing, as if multiple identical platforms competed to acquire the
consumers’ data. We show that the (constrained) efficiency of this competitive economy cru-
cially relies on the platform’s objective. Specifically, when the platform’s and the merchant’s
objectives are sufficiently aligned, the equilibrium allocation is (constrained) efficient and con-
sumers’ welfare is maximized. By contrast—and perhaps counterintuitively—when the plat-
form’s objective is sufficiently aligned with that of the consumers, the equilibrium can be in-
efficient and consumers’ welfare can be as low as in the benchmark economy of the previous
paragraph.

The inefficiency of this competitive economy stems from the fact that consumers exert an
externality on each other when selling their data. The externality arises endogenously from the
way the platform uses the data (Galperti, Levkun, and Perego, 2023). For this reason, the plat-
form’s objective is critical to the efficiency of the economy. More specifically, when the plat-
form cares too much about consumers’ surplus, it will tend to withhold some information from
the merchant to prevent surplus extraction. To do so, the platform needs to pool consumers
of different types. In such a way, the merchant cannot deduce with certainty the type of each
consumer in the pool. The composition of the pool determines the beliefs of the merchant. If
a consumer refuses to join the pool—e.g., by deciding not to sell her data—her choice affects

the beliefs of the merchant and, thus, the welfare of all consumers in the pool.

We then discuss two alternative market designs that correct the aforementioned inefficiency

of the competitive economy: one relies on regulation, the other on more-complete markets.

In the first design, we introduce a “data union” into the economy, which we model as fol-
lows.? Consumers voluntarily relinquish their data to the union, which manages it on their be-
half. The data union then sells part of it to the platform and returns all the proceeds from the
sale to the consumers. The compensation a consumer receives needs to be sufficiently high
to prevent this consumer from leaving the union. We show that any equilibrium of the data-
union economy is (constrained) efficient and consumers’ welfare is maximized, regardless of

the platform’s objective.

The second alternative design is inspired by classic models of competitive economies with

2To the best of our knowledge, the idea of a data union was first discussed in Posner and Weyl (2018).
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externalities (e.g., Arrow (1969) and Laffont (1976)). We consider a “Lindahl” economy in
which the consumers and the platform trade not only the data ownership but also how the data
is used.> We show that equilibria of this economy are (unconstrained) efficient and consumers’
welfare is maximized, regardless of the objective of the platform. The converse also holds:
Any (unconstrained) efficient data allocation can be supported as an equilibrium of the Lindahl
economy. From a methodological perspective, these equilibria can be conveniently character-

ized as solutions of a grand information-design problem.

Related Literature. This paper contributes to the literature on data markets (for a review, see
Acquisti et al. (2016), Bergemann and Bonatti (2019), and Bergemann and Ottaviani (2021)).
Our model of a competitive data market is rooted in a general-equilibrium tradition but lever-
ages the recent progress of the information-design literature (for a review, see Bergemann and
Morris (2019) and Kamenica (2019)). We model the interaction between the platform and the
merchant in a stylized way, following the steps of Bergemann et al. (2015) and Galperti et al.
(2023). The key modeling choice is that the platform is an intermediary and, thus, may have

incentives to withhold information from the merchant.*

Our main focus is on the upstream market where the platform acquires consumers’ data.
The basic structure of our model borrows elements from Choi et al. (2019), Ichihashi (2021),
Acemoglu et al. (2022), and Bergemann et al. (2022): The platform buys data from consumers
and uses it to provide information to a merchant, who in turn sells a product to the consumers.
In contrast to these papers, our focus is on competitive markets and our goal is to emphasize
a novel market failure. This failure does not arise from exogenous correlation in consumers’
data but, rather, from how the platform endogenously uses this data. The source of inefficiency
is a “pooling” externality originally introduced by Galperti, Levkun, and Perego (2023). Our
contribution is to build a tractable competitive economy around this idea, identify conditions

under which this externality can indeed lead to market failure, and propose solutions to it.

3In a similar spirit, the European Union’s GDPR requires that “the specific purposes for which personal data
are processed should be [...] determined at the time of the collection” (Regulation 2016/679 (39)).

4Bergemann et al. (2018), Yang (2022), Bonatti et al. (2022), and Bonatti and Bergemann (2023), for instance,
study richer interactions where the platform optimally designs information and sells it to a merchant, possibly

under incomplete information.



2 Model

This section introduces the basic ingredients of our model, which builds on Bergemann et al.
(2015) and Galperti et al. (2023). We consider a platform (it), a merchant (he), and a unit mass

of consumers (she).

The merchant produces widgets at zero marginal cost and wants to sell them to the con-
sumers. Each consumer has unit demand for the widget and we denote her willingness to pay
by w € Q. Let Q) be a finite subset of the positive real line and let § € A(Q) be the distribu-
tion of w. Each consumer owns a data record that consists of a verifiable list of her personal
characteristics (gender, age, etc.) and identifiers (IP address, telephone number, etc.). The data
record carries information about the consumer’s w and also provides access to her. To keep the

notation simple, let us assume that the data record fully reveals the consumer’s w.

The model has two periods. In the first period, the platform and the consumers trade the
data records. On the supply side, given a vector of prices p = (p(w))weq € R, each type-
w consumer decides whether to sell her record to the platform. Denote by {(w) € [0,1] the
probability that she sells her record. Without loss of generality, we assume that consumers of
the same type behave symmetrically. Thus, {(w)j(w) is the total supply of w-records. We
assume that a consumer who does not sell her record to the platform forgoes the opportunity
of purchasing the merchant’s widget and simply enjoys a final payoff of r(w) > 0.° On
the demand side, the platform decides how many records of each type to demand. Let g =

(9(w))wea € R denote the composition of the database demanded by the platform.

In the second period, the platform uses the acquired database g to mediate the interaction
between the corresponding consumers and the merchant. More specifically, the platform acts
as an information intermediary: It provides the merchant with information about the consumers
in the database. In other words, the platform solves a standard information-design problem
where the relative frequency of consumers’ types is given by 4. In this problem, the platform
commits to an information structure that maps the records of the consumers in its database into
random signals. Given the signal received, the merchant sets a fee 2 € A for each consumer,

who then purchases the widget only if the merchant’s fee a is lower than her willingness to

31t is straightforward to allow for records that are only partially informative about w, a model of which is
discussed in Galperti et al. (2023) (Section 4). Instead, the assumption that a data record bundles “access” to a
consumer with verifiable information about her type is more substantive. See Ali et al. (2022) for a model where
these two components are separated.

This implies that the platform cannot access a consumer without first purchasing her record, and that a con-

sumer cannot access the merchant without first selling her record to the platform.



pay w. Therefore, the consumer’s trading surplus and the merchant’s profit are u(a, w) =
max{w — a,0} and 71(a, w) = all(w > a), respectively. For each interaction, the platform’s
payoffis v(a, w) = y,u(a, w) + yx7(a, w), where 7y, y; > 0. That is, the platform’s payoff
is a linear combination of the consumer’s trading surplus and the merchant’s profits. To avoid

trivial cases, we assume 7y, + v > 0.

By standard arguments (e.g., see Bergemann and Morris (2016)), the platform’s problem in

the second period can be formulated as choosing a recommendation mechanism x : () —
A(A) that solves:
P, : \% = max v(a,w)x(alw)g(w
P Vig = max Yol @)law)(o)
suchthat ) (7(a,w) — m(d',w))x(alw)q(w) >0  Va,a' €Al
w
To summarize, we have introduced a profile of four endogenous variables (p, {, q, x): prices
p, supply decisions ¢ for each consumer, a demanded database g of data records, a mecha-
nism x for problem P,. The next section will discuss two equilibrium concepts—one for a
“monopsonist economy’ and one for a “competitive economy”’—that differ in how prices p are
determined. For the time being, it is useful to introduce a notion of consistency of a profile

(p,C, g, x) that will be useful for both these equilibrium concepts.

Definition 1. A profile (p,, q, x) is consistent if

(a). Given x and p, { solves the consumers’ problem. That is, for all cw,

I(w) € argzrg[gf}z@(w) + ;x(a|w)u(a,w)> + (1 —2)r(w).

(b). Given g, x solves the platform’s problem Py in the second period.

(c). Markets clear. That is, for all w, g(w) = {(w)j(w).

We now briefly discuss these three requirements. Condition (a) requires that each consumer
of type w choose {(w) optimally. In the first period, this consumer anticipates that the platform
will acquire a database g and use it to implement mechanism x. Therefore, she is willing to sell
her record at price p(w) only if p(w) + Y, u(a, w)x(a|w) > r(w), where }_, u(a, w)x(a|w)
captures her expected trading surplus. Condition (b) requires that the mechanism x that the
consumers expect the platform to implement is sequentially rational for the platform. That is,
after having acquired database g, the platform is indeed willing to implement mechanism x.

Finally, condition (c) requires that the demand of each record type equals its supply.
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Next, we specify how prices p are determined. Section 3 studies an economy in which the
platform is a price maker and thus chooses p. Section 4, instead, studies a competitive economy

in which the platform is a price taker and p is determined by market clearing.

3 The Monopsonist Economy as an Efficiency Benchmark

In this subsection, we introduce a benchmark that will be useful throughout the paper. As in
Bergemann et al. (2022), we assume the platform is a monopsonist, i.e., the only buyer of data
records. It exerts its bargaining power by setting the prices p € R, Specifically, the platform
makes a take-it-or-leave-it offer p(w) to each type-w consumer who then decides whether to

sell her record. An equilibrium of the monopsonist economy is defined as follows:

Definition 2. A profile (p*,*, g%, x*) is an equilibrium of the monopsonist economy if it solves

(max - V(g) =) p(w)q(w)

such that (p,{,q,x) is consistent.

In words, a profile is an equilibrium of the monopsonist economy if the platform chooses
prices and allocation to maximize its profit, subject to the consistency requirement. To under-
stand the properties of equilibria of the monopsonist economy, let us first introduce a notion of
constrained efficiency. Given an allocation (g, x), we denote the aggregate payoft that the plat-
form and the consumers obtain by

W(g,x) = Y (o(a, @) +u(a,w))x(alw)q(@) + 1 (3(@) = q(@) )r@). M
a,w w
Definition 3. An allocation (q°,x°) is constrained efficient if it solves

(SB) : wWe = max W(g,x)

such that q <,

and x solves Pq.

In this benchmark, a planner allocates data records between consumers and the platform
without any compensation to the consumers. The planner seeks to maximize W(qg, x). The
planner’s problem is constrained in two ways. First, by feasibility, namely, the planner cannot
allocate more records than those that exist. Second, the planner needs to choose a mechanism
x that is sequentially rational for the platform given g. That is, the planner cannot force a

mechanism onto the platform that it will want to change in the second period.”

"Remark A.1 in Appendix A shows that a constrained efficient allocation exists.
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Fix an equilibrium (p*,*,¢*, x*) of the monopsonist economy. In this equilibrium, con-

sumers welfare is

UPp*, ¢ x") =} 4" (w)p™(w) + ) u(a,w)x(alw)q*(w) +)_(7(w) — 7" (w))r(w),
while the platform’s payoff is V(p*, *, g%, x*) := V(") — L, p(w)g(w). Letting R :=
Y G(w)r(w) and using Definition 1(a) and the fact that the platform cannot earn a negative

payoff, we obtain that
R<U(p*, % q",x") <W° and 0<V(p* g, x") <W°—R.
We are now ready to characterize the equilibria of the monopsonist economy

Proposition 1. Let (p*,(*,q*,x*) be an equilibrium of the monopsonist economy. The im-
plied allocation (q*,x*) is constrained efficient. Moreover, the platform’s equilibrium pay-
off is maximized, i.e., V(p*,{*,q", x*) = W° — R, while the consumer welfare is minimized,
ie, U(p*, ¥, q*,x*) = R. Conversely, any constrained efficient allocation (q°, x°) can be
supported as an equilibrium of the monopsonist economy by setting prices equal to p(w) =
r(w) — Exo[u(a, w)| and consumers’ supply decisions equal to {(w) = q°(w)/§(w) for all

w.

This result shows that there is an equivalence between the monopsonist problem and the plan-
ner’s problem from Definition 3. Each equilibrium in the monopsonist economy corresponds
to a solution of the planner’s problem, and conversely, every planner’s problem solution can
be supported as an equilibrium in the monopsonist economy. Since a constrained-efficient al-
location exists (Remark A.1), this result also establishes the existence of an equilibrium of the
monopsonist economy. The monopsonist economy is therefore constrained efficient. It maxi-
mizes the aggregate welfare obtained by the platform and the consumers. However, since the
platform has all the bargaining power, consumers’ welfare is minimized, i.e., it equals their

outside option.

4 The Competitive Data Economy

In this section, we study whether by shifting bargaining power away from the platform, an

economy can remain efficient while increasing consumers’ welfare. Specifically, we do so by



studying a competitive economy in which the platform is assumed to be a price taker.® The
solution concept for this economy is a standard notion of competitive equilibrium, which we

define as follows.
Definition 4. A profile (p*,(*,q", x*) is an equilibrium of the competitive economy if
(a). Given p*, q* solves the platform’s problem in the first period, i.e.,

q" € argmax V(q) — ) _p"(w)q(w). 2)
geRY

(b). (p*,*,q", x*) is consistent.
We begin by establishing the existence of an equilibrium of the competitive economy.

Proposition 2. An equilibrium of the competitive economy exists.

This result is not immediate because, unlike in the typical Walrasian equilibrium, the con-
sumer’s problem depends not only on the prices p but also on the platform’s mechanism x,
which can change discontinuously in g. Nonetheless, the optimal mechanism x as a correspon-

dence of g is upper-hemicontinuous (Lemma A.1). This property suffices to show existence.

Let (p*,C*, g%, x*) be an equilibrium of the competitive economy. Since P exhibits constant
return to scale, i.e., V(Bq*) = BV (q*) for B > 0, the platform cannot earn a positive payoff
in equilibrium because, if it did, it would be profitable to demand a larger database. That is,
V(p*, %, q*,x*) = 0 or, equivalently, V(g*) = ¥, ¢*(w)p*(w).” Therefore, consumers
welfare satisfies

R<U(P 597 x") =W(G", x") < W°.

In other words, if the equilibrium allocation (g%, x*) were constrained efficient, consumer wel-
fare would be maximized. This underscores the importance of focusing on the benchmark de-
fined in (1): In a competitive setting, an equilibrium whose allocation is constrained efficient

maximize consumer welfare.

Therefore, the central question is whether equilibria of the competitive economy are inducing

allocations that are constrained efficient. In the next result we identify a sufficient condition

8In practice, we retain the assumption of a single platform and assume it is a price taker. Conceptually,
however, this model is equivalent to one where a finite set of identical platforms compete with each other to
acquire the data records from the consumers. In Galperti and Perego (2022), we show how a competitive economy
with multiple heterogeneous platforms can be modelled in a general way.

9See Remark A.2 in Appendix A.



for constrained efficiency but also argue that the market can fail when such a condition is not

satisfied.

Proposition 3. Let (p*,*,q*, x*) be an equilibrium of the competitive economy. If v > 7y,
the equilibrium allocation (q*,x*) is constrained efficient. Therefore, consumer welfare is

maximized, U (p*,C*,q*,x*) = W°. If instead vz < yy, the equilibrium allocation can be

inefficient.

When 7y, > 7y, the platform’s and the merchant’s objective are sufficiently aligned so that
the platform finds it optimal to be fully transparent with the merchant regarding the types of
consumers who belong to its database. In fact, for any g, there is a unique x solving P, such
that x(a|w) = 1 if and only if w = a. This implies that, for each consumer, the merchant sets
a fee a that fully extract her value, i.e., Ex(u(a,w)) = 0, for all w. Therefore, consumers’
welfare must entirely stem from the prices p* that they receive from the platform for their
records: Y, 7" (w)p*(w) = W°.

It is, perhaps, counterintuitive to see that the competitive economy maximizes consumers’
welfare precisely when the platform has a stronger incentive to maximize the merchant’s profit.
The reason is that, the way data records are used by the platform in this case leaves no room
for consumers creating externalities on each other when selling their records. In the absence of
externalities, it is not surprising that the competitive economy is efficient. So the question is,
why a consumer’s decision to sell her record creates no externality on other consumers when
Y > 7vu? The intuition for this traces back to Galperti et al. (2023). The optimal mechanism
when v, > <y, does not involve pooling consumers with different types together. Whether
or not a consumer participates in this mechanism, her decision does not affect the expected
payoff of the consumers who do participate. In the absence of external effects, the platform can
offer to each consumer the part of its payoff that this consumer contributed to creating, namely
p*(w) = Ex(v(a,w)) = yrw, for all w. Thus, a type-w consumer will sell her record to the
platform only if r(w) < p*(w) = 7w, which is the same criterion the social planner would

use to allocate records between consumers and the platform.

Conversely, when 7y, > 7, the equilibrium mechanism x* may involve pooling. This
is because the platform’s objective is more aligned with consumers than the merchant and
therefore tries to maximize the welfare of the former. As in Bergemann et al. (2015), the
platform achieves so by creating segments where different types of consumers coexist. In this
case, the participation decision of some consumers may be essential for delivering the promised

payoff to other consumers. The next section illustrate this point.



To conclude, while the positive part of Proposition 3 can be interpreted as “good news,” it
comes with the caveat that, in many modern digital markets, platforms often have complex ob-
jectives that lead them to optimally withhold some information from the merchants (see, e.g.,
Xu and Yang, 2022). As discussed in Galperti et al. (2023), this usually leads to “pooling exter-
nalities,” which would then generate the problems described above. Moreover, the qualitative
takeaway of Proposition 3 does not depend on the notion of welfare we used in Definition 3,
which excludes the merchant’s profit. In Proposition B.1 (in Appendix B.1), we prove a simi-
lar result that use social welfare (i.e., the sum of consumers, platform, and merchant’s payoffs)

as the efficiency benchmark.

4.1 The Inefficiency of the Competitive Economy: An Example

In this section, we illustrate with a simple example why, when 7, > <, the competitive
economy can be inefficient. The example sheds light on the nature of the inefficiency and how
it relates to the externality first identified by Galperti et al. (2023). Suppose ) = {1,2} and
that 7(2) > G(1). Every type has the same outside option r(w) = 7 € (0, 1) for all w. Finally,

Y = 0, and thus we are in the case vy, > V.

To avoid uninteresting cases, we assume that 7 < % When 7 > %, no trade is
constrained efficient and W° = R. That is, the planner would choose an allocation (g°, x°)
where g°(w) = 0 for all w’s. Indeed, the “cost” of allocating a pair of high- and low-type
records to the platform is 27, while the “benefit” is 1 + ;. To see the latter, note that the
platform would find it optimal to pool these two consumers to induce the merchant to charge
a low fee, 2 = 1. In this case, the high-type consumer would enjoy a trading surplus of 1 and
the platform would internalize 7y, of it. When no trade is constrained efficient, the competitive

equilibrium is efficient.

When some trading is efficient, instead, we will show that market fails, either by inducing
too little or too much trading. Let us begin by computing the constrained efficient allocation

(g°,x°), which in this case is unique.

The Constrained-Efficient Allocation. Let 4°(1) = 4°(2) = (1), which means the plat-
form has all the low-type records and an equal amount of high-type records. In this case, the
unique optimal mechanism x° is such that x°(1|w) = 1 for all w. When 7 < %, (g°,x°)
is the unique constrained efficient allocation. To see why, first notice that, given any g > 0, an
optimal mechanism is to set x,(1|w) = min{q(1),q(2)}/q(w) for all w. Given this, the ag-

gregate welfare induced by the allocation (g, x,) is W(q, x;) = (1 + 7,) min{gq(1),4(2)} +

10



(1 —g(1) — g(2))7. This implies that an efficient allocation (4°,x°) must satisfy 4°(1) =

o~

g°(2). Thus, since by assumption §(1) < §(2), setting 4°(1) = g°(2) = §(1) uniquely max-
imizes W(q, x;). Therefore, W° = 7 + (1) (1 + v, — 27). JAN

We now compute the equilibria of the competitive economy. There are three parametric cases

to consider (see Figure 1), all leading to a market failure.

Case 1, 7, < 7: Inefficiently Low Trade. Suppose 7, < 7, namely, the consumers’ outside
option is high relatively to ,. Consider a candidate equilibrium (p*,*,g*, x*) defined as
follows: g*(w) = {*(w) = 0 for all w; prices are p*(1) = -y, and p*(2) = 0; the mechanism
is such that x*(w|w) = 1 for all w.!® To verify that this is indeed an equilibrium of the
competitive economy let us first show it is consistent (see Definition 1). First, given x* and p*,
consumers do not have incentives to sell their records. A low-type consumer would lose 7 to
only gain p*(1) = 7, < 7. A high-type consumer, instead, would lose 7 to gain nothing.!!
Second, since g = 0, x* trivially solves P. Third, g* and {* satisfy market clearing as
7*(w) = {*(w)G(w) for all w. Next, we show that g* solve the platform’s problem in 4.(a).
Given any deviation g, the platform obtains a gross payoff of V(q) = vy, min{g(1),4(2)} at
a cost of Y, g(w)p*(w) = yuq(1). Therefore, the net payoff from the deviation is weakly
negative. Thus, (p*,{*,q*, x*) is an equilibrium of the competitive economy and consumer
welfare is W(g*, x*) =7 < W°. A

Why is trading not possible in this equilibrium? The competitive price for low-type records
is sufficiently low that low-type consumers do not have incentive to sell. At the same time,
it is sufficiently high that the platform has no incentive to buy. Without low-type consumers
participation, the market unravels as high-type consumers can only lose from participating in
any of the platform’s mechanisms. The crux of the problem is that high-type consumers need
low-type consumers to participate in order to earn a positive trading surplus. Indeed, a low fee,
a = 1, is obedient when sufficiently many low-type consumers are pooled with the high-type
consumers. The low-type consumers, however, do not internalize the positive externality that
they create when selling their data. Moreover, equilibrium prices do not fully account for this

externality either.

Before proceeding to the next case, we discuss three observations about this equilibrium.

10 fact, (g%, x*) is the unique equilibrium allocation, though there can be multiple equilibrium prices sup-
porting it. Appendix B.2 provides a complete characterization.

'To see this, suppose a non-zero measure of high-type consumers sell, leading to a different g # q*. The
sequentially rational mechanism x,; would involve setting x(2|2) = 1, thus these consumers would obtain a payoff

of zero.
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First, note that Definition 4 does not a priori restrict prices to be positive. In this example,
negative prices are simply not compatible with equilibrium. Second, note that, if they could,
high-type consumers would be ready and able to subsidize low-type consumers to sell their
data. However, this competitive economy is “too incomplete” for these side trades to take place.
We will return to this point in Section 5.2, as a possible way to correct for this inefficiency.
Finally, we observe that the equilibrium allocation discussed above is robust in the following
sense: Even if a small number of low-type consumers were exogenously forced to sell, this

would not trigger a cascade that lead the equilibrium towards constrained efficiency.

Case 2, v, > 27: Inefficiently High Trade. Suppose next that 7, > 27. In this case,
the unique equilibrium (p*, *, g%, x*) is as follows. Prices are p*(1) = 7, and p*(2) =
0. Consumers choose *(1) = 1 and {*(2) = min{l, jq((lz)) }. The platform’s database is
7%*(1) = 4(1) and g*(2) = min{g7(2), ’73—1)} Notice that since 7 < 1, g%(2) > (1) = g*(1).
Finally, let x* be such that x*(1]|1) = 1 and x*(1]2) = Z:g; To verify that this is indeed an

equilibrium of the competitive economy let us first show it is consistent (see Definition 1). First,

given x* and p*, consumers do not have incentives to deviate. A low-type consumer strictly
prefers to sell since p*(w) = 7, > 7. A high-type consumer is indifferent if (1) < 74(2) or
strictly prefers to sell otherwise. Second, 4* and (* satisfies market clearing. Third, it is easy
to verify that x* solves P given g* (also see Bergemann et al. (2015)). Finally, the platform
does not want to deviate for the same reason as in Case 1 above. Thus, (p*,*, g%, x*) is an

equilibrium of the competitive economy and consumer welfare is

R < W(q*,x*) = §(1) (1 + 7,) + Fmax {q(z) - @,0} < W°.

In this equilibrium, too many high-type consumers sell their data relative to what is optimal,
i.e.,g*(2) > g°(2). They are attracted by the possibility of buying the widget at a low fee. The
source of the inefficiency is the same as in Case 1. The mechanism x* involves pooling high-
and low-type consumers. When a high-type consumer sells her record to the platform and,
thus, participates in the mechanism, she exerts a negative externality on other consumers. On
the margin, her individual decision decreases the payoff of the high-type consumers who sold
their data to the platform. Specifically, it decreases the probability they buy the widget at a low

fee. This externality is not internalized by the consumer nor it is accounted for by the prices.

Case 3,7 < 7, < 27: Inefficiently High or Low Trade. Finally, we analyze the residual

parametric case, 7 < 7y, < 27. In this region, two types of equilibria coexist. Their allocations
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are the same as those discussed in Case 1 and 2. Too see this, notice first that the same equi-
librium presented in Case 2 exists in this region, and has the same implications. Second, there
are equilibria with no trade, as in Case 1, which are however supported by different prices. For
example, it is easy to check that there is an equilibrium with g* = * = 0, x*(w|w) = 1 for
all w, and p*(1) = p*(2) = 4. JAN

Summing up, we identified two types of allocations that can be supported in equilibrium:
either no trade (Case 1 and 3) or too much trade (Case 2 and 3). Generically, these are all
allocations that can be supported in equilibrium.'?> Therefore, our example showed that all

equilibria are inefficient when 7 < H%

From these examples, it is clear that the inefficiency we highlight stems from the platform’s
endogenous decision of pooling different types of data records together. This happens when
the platform finds it optimal to withhold some information from the merchant.'® In our model,
withholding information is optimal only if 7, > <y, namely when the platform and the con-
sumer’s payoffs are sufficiently aligned. Comparing the equilibrium outcome in the competi-
tive economy with that of the monopsonist economy, we find that a competitive market does
not even guarantee that consumer welfare will be strictly improved. Indeed, in Case 1, it does
not. In Case 2, however, we show that consumer welfare is higher than R while the aggregate

welfare is smaller than W°.

Pooling externalities, resulting from information withholding, are likely not the only way
in which a competitive data economy can be inefficient. We conjecture that in our setting,
“learning externalities” would generate inefficiencies that would further contribute to lowering
consumer welfare below constrained efficiency. These types of externalities are discussed in
Choi et al. (2019), Bergemann et al. (2022), Acemoglu et al. (2022), and Ichihashi (2021).

5 Remedies

This section discusses remedies to the inefficiency discussed in the previous section. We dis-

cuss two solutions. The first consists of establishing a “data union” that manages consumers’

12The knife-edge case of ¢y, = 7 admits more equilibria, but all of them are inefficient. See Appendix B.2 for
a complete characterization.

13 As noted in Galperti et al. (2023), withholding information is a common practice for many digital platforms.
For example, Google’s “quality score” pools users’ searches to increase competition among advertisers (see, e.g.,
Sayedi et al. (2014)); Uber conceals riders’ destinations from drivers to increase riders’ welfare; and Airbnb

withholds hosts’ profile pictures to decrease discrimination.

13



0 ,)/M

No Trade Case 1: Inefficiently Low Trade
Case 3: Inefficiently High or Low Trade = m Case 2: Inefficiently High Trade

Figure 1: The Inefficiency of the Competitive Economy

data records on their behalf. The second solution consists of opening more markets where, in
the spirit of Arrow (1969), the consumers and the platform can directly trade the externalities

they create on each other.

5.1 Data Union

In this section, we consider the idea of a “data union,” an agent that manages consumers’ data
records on their behalf, and compensate them by distributing the entirety of the proceedings it
obtains from this activity. Versions of this idea have been proposed by Posner and Weyl (2018)
and Seim et al. (2022). We illustrate how to design a data union that can implement allocations

that are constrained efficient.

Our data union operates as follows. The data union is entrusted with managing the records of
all consumers in the population, i.e., it has access to the database 4. It then chooses a database
q < g—a subset of the entire consumers population—and sells it to the platform at a price that
extracts all the platform’s expected payoff, namely, V (¢). Finally, the data union distributes the
proceeds V(g) to its members. That is, the union chooses p € R such that ¥, p(w)g(w) =
V(gq). Note that payment to a consumer can be negative and can only depend on her type. The

payment for each consumer must be sufficiently high to ensure that she does not leave the union.

14



More formally, the union solves the following problem:

max ) p(w)j(w) + ) u(a,w)x(alw)q(w) +} (4(w) - q(w))r(w)

(pa,x)
such that g <,

and x solves P,

and ) p(w)q(w) = V(q),

and  p(w)+ %Ex(u(a,w)) + (1 — Z_E—Z;)dw) > r(w).
The last constraint ensures that consumers have no incentive to leave the union. With proba-
bility %, the data record of a type-w consumer is sold to the platform and this consumer re-
ceives a payoft of [Ey(u(a, w)). With remaining probability, her data record is not sold, and

this she maintains her privacy value 7(w).

Notice that, while consumers can decide to leave the union, they have no say in whether their
data records will be sold to the platform or not. This allows the data union to induce allocations
that, unlike the equilibria of the competitive economy discussed earlier, are always constrained

efficient.

Proposition 4. Let (p*,q*,x*) be a solution to the data union’s problem. The allocation
(q*,x*) is constrained efficient and maximizes consumers’ welfare. Conversely, if (4°,x°) is
constrained efficient, there exists p° such that (p°,q°,x°) is a solution to the data union’s

problem.

5.2 Lindahl Economy: Trading the Externalities

In this section, we show how the inefficiency highlighted in Section 4 can be corrected while
preserving the competitive structure of the economy. We do so by following standard ways of
modeling competitive economies with externalities (e.g., Arrow (1969) and Laffont (1976)).14
Specifically, we allow consumers to trade the way their records are used by the platform. In
other words, the platform needs to determine how it intends to use the consumer’s record—i.e.,
which fee a it promises to deliver—at the time of the trade.!> We will refer to this setting as

the Lindahl Economy.

14Gee also, Bonnisseau et al. (2023).

I5This is reminiscent of the European Union’s data protection regulation (GDPR), which requires that “the
specific purposes for which personal data are processed should be explicit and legitimate and determined at the
time of the collection of the personal data” (see EU’s Regulation 2016/679 (39)).
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In the Lindahl economy, there is one market for each pair (4, w). In market (a,w), type-
w records can be traded for use a at a price p(a,w). This means that a consumer of type
w chooses {(a,w) € [0,1] for all a, such that }", {(a,w) < 1, where {(a,w) denotes the
probability of selling the record to the platform for use a. Likewise, the platform chooses (g, x),
where x(a|w)q(w) represents the quantity of records of type w that the platform demands for
use a. It is implicit in the trade agreement that if the platform acquires a record for use a, the

merchant must charge a fee a to the corresponding consumer. That is, the platform’s problem is:

max ) (0(a,@) ~ p(a,w) ) x(alw)q(w) 3)
suchthat ) ((a,w) — n(d',w))x(alw)q(w) >0  Va,ad €A

It is instructive to compare the platform’s problem above with the platform’s problem in (2)
from the competitive economy studied in Section 4. They only differ insofar as the Lindahl
economy has richer markets, with prices that depend on a and not just on w.'¢ In particular,

the timing in the two economies is the same.

The equilibrium definition in the Lindahl economy is an adaptation of Definition 4.

Definition 5. A profile (p*,(*,q", x*) is an equilibrium of the Lindahl economy if

(a). Given p*, (q*,x*) solves the platform’s problem in (3).

(b). Given p*, {* solves the consumers problem. That is, for all w,

*(-,w) € arg max Zz(a) (p*(a,w) +u(a,w)) + (1 - Zz(a))r(w).

ze€RY st Y,z(a) <177
(c). Markets clear. That is, for all w and a, x*(a|w)q* (w) = {*(a, w)G(w).

Notice that, relative to the notion of consistency from Definition 1, the consumer’s prob-
lem and market clearing condition have been adapted to allow for the richer nature of the con-
sumer’s problem. Moreover, we do not explicitly require that x* maximizes the platform’s pay-
off (condition (b) in Definition 1), as it is already embedded in (3).

Before presenting the main result of this section, we need to introduce a more stringent

benchmark than that of constrained efficiency, introduced in Definition 3.

16Indeed, notice that we could equivalently write (2) as (3) with the restriction that p(a,w) = p(w) for all
(a,w). With such a formulation of the platform’s problem, we would have removed condition (c) from Definition

1, as it is already embedded in the platform’s problem.
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Definition 6. An allocation (q*, x") is efficient if it solves

(FB) : wh = max W(g,x)

such that q < ¢,
and Y _(m(a,w) —n(d,w))x(alw)g(w) >0  Vaa' €A
w

Notice that the planner is no longer constrained to choose an x that is sequentially rational
for the platform given g. Instead, the planner can choose x on behalf of the platform, and only
needs to ensure such an x is obedient for the merchant. By definition, the aggregate welfare
induced by an efficient allocation is weakly higher than that induced by a constrained efficient
allocation: W > W°. The next result shows that all equilibria of the Lindahl economy are not

only constrained efficient, but achieve this first-order level of efficiency just introduced.

Proposition 5. Let (p*,(*,q", x*) be an equilibrium of the Lindahl economy. The equilibrium
allocation (q*, x*) is efficient. Therefore, consumer welfare is U(p*,*,q*, x*) = W > W°.
Conversely, any efficient allocation (qu, x+) can be supported as an equilibrium of the Lindahl

econonty.

The price system in the Lindahl economy is sufficiently rich that the platform and the con-
sumers internalize the effects that their choice have on others. This leads to an allocation that
is efficient. The inefficiency highlighted in Section 4 disappears. On top of this, the allocation
is more than constrained-efficient. Indeed, the equilibrium mechanism x* is optimal not just
from the perspective of the platform, but from the perspective of the planner. The next exam-

ple illustrates.

Example of a Lindahl Economy. Let us return to the simplified setting of Section 4.1. In this
case, since y,; = 0, a mechanism x is optimal for the platform if and only if it is also optimal
for the planner given any 4. Indeed, the platform maximizes 7y, (4, w) while the planner max-
imizes (1 + -, )u(a, w). Therefore, the notions of efficient and constrained-efficient alloca-
tions coincide, i.e., W° = W =7+ g(1)(1 + vy — 27). Therefore, as in Section 4.1, the effi-
cient allocation (g%, x") is unique and given by g™ (w) = (1) and x"(1|w) = 1 for all w. Let
(p*,C*,q*,x*) be an equilibrium of the Lindahl economy, which is defined as follows. First
of all, let (g%, x*) = (q*,x*), i.e., the equilibrium supports the efficient allocation. Second,
for all w, let {*(1,w) = g((—i)) and (*(2,w) = 0. Finally, the price system is such that p(a =
2,w)=0forallw,p*a=1Lw=1)=v9,+(1—-7),andp*(a=1,w =2) = —(1—7).

Next we show this is an equilibrium of the Lindahl economy. Note that given the prices, type-1

~~
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consumers strictly prefer to sell with 2 = 1, and type-2 consumers are indifferent between not
selling and selling with a2 = 1, so the consumer optimality is satisfied. The platform maximizes
(vu+1—7)(x(1]2)g(2) — x(1]1)g(1)) subject to x(1|1)q(1) > x(1]2)g(2). Therefore, the

platform cannot make a positive payoff, and (g%, x*) achieves the maximum of 0 given p*. A

In the example, we can appreciate how p* (1, w = 1) captures the entire positive externality
that low-type consumers generate when selling their record. This is (1 + ;) minus their
opportunity cost 7. Another feature of this equilibrium is that the high-type consumers have to
pay in order to participate in the platform’s mechanism, rather than the opposite. The platform
uses this payment to acquire low-type records. That is, it is as if high-type consumers who
participate in the platform’s mechanism subsidize the participation of low-type consumers.
This ensure existence of this equilibrium even when 7y, < 7. Notice that the equilibrium exists
even if p*(1,w = 2) < 0. Despite the negative price, the platform does not have an incentive
to acquire an arbitrary quantity of such records because it needs to guarantee the merchant is

willing to charge a low fee a2 = 1 to all of them.

Before concluding, we note that, while the Lindahl economy guarantees that all equilibria are
efficient, it requires a potentially unrealistic number of markets to be open and a high level of
finesse. It is natural to wonder whether there are more practical ways of decentralizing (perhaps
only partially) the allocation achieved by the Lindahl economy. This partial decentralization
may not achieve constrained efficiency but could still be an improvement on the equilibria of the

competitive economy discussed in Section 4. This question remains open for future research.
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Appendix

A Proofs

Lemma A.1. V(q) is continuous and has constant return to scale, i.e., V(Bq) = BV (q) for
B = 0. Moreover, the solution correspondence of Py is nonempty-valued, compact-valued,

and upper-hemicontinuous.
Proof of Lemma A.1. Fix q. Note that P; can be reformulated as:

max v(a,w)x(a,w
mas ;;,( )x(a,w)

suchthat ) (7(a,w) — (', w))x(a,w) >0  Va,a €A.
w
and ) x(a,w)=q(w) VweO
a

In this problem, the objective is continuous in )} and the feasible set is nonempty (because
X(w,w) = g(w) is always feasible) and compact. Therefore, the solution correspondence is
nonempty- and compact-valued. By Theorem 2 of Bohm (1975), it is also continuous. This

directly implies V'(g) is continuous.

Since x is a solution if and only if ) is a solution where x (4, w) = x(a|w)q(w), we con-
clude the solution correspondence for P, is nonempty-valued, compact-valued, and upper-

hemicontinuous.

From the problem formulation, it is easy to see that, for any f > 0, x is a solution to Py if
and only if B is a solution to Pg,. Moreover, V(0) = 0 because x = 0 is the only feasible
solution in this case. Therefore, V(Bq) = BV (q) for p > 0. m

Remark A.1. A constrained efficient allocation solving SB exists.

Proof of Remark A.1 The maximization problem in SB admits a solution because by Lemma

A.1, the set of allocations satisfying the two constraints is nonempty and compact. O

Proof of Proposition 1. We first argue that the monopsony value is no higher than the value of

the following problem, which is the same as SB up to a constant:

q/r;leagg Lg (v(a,w) + u(a,w))x(a]w)q(w) — ;q(w)r(w)
such that g(w) < g4(w), Vw € O (A.1)

x is a solution to P given g.
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Take any consistent (p, g, x, (). By (a) of Definition 1, we have:

plw)g(w) = (r(w) = Bxlu(a, w)])q(w). (A2)

Imposing this condition and dropping constraint (a) in Definition 1, we get that (A.1) is a
relaxation of the monopsonist’s problem, so its value is weakly higher than the monopsony

value.

Next, we show that if (g, x) is an efficient allocation, then (p, g, x, {) is an equilibrium of the
monopsonist economy with p(w) = r(w) — Ex[u(a, w)] and {(w) = q(w)/§(w). Note that
under (p, g, x, (), the platform’s value is exactly that of (A.1). Since (g, x) is a maximizer of
(A.1) and the monopsony value is no higher than that of (A.1), we only need to show (p, g, x, ()
is consistent. To see this, note that since (g, x) is in the feasible set of SI3, we have that (c) in
Definition 1 is met, and 0 < g(w) < §(w). Thus, 0 < {(w) < 1 and (b) in Definition 1 is
met. Moreover, since p(w) + Ey[u(a,w)] = r(w), buyers are indifferent between keeping or
selling their data, so (a) in Definition 1 is met. Therefore, we conclude ( p,.q9,xC ) is consistent,

and thus is an equilibrium of the monopsonist economy.

Finally, we argue that any equilibrium of the monopsony economy (p, g, x,{) is efficient
with (A.2) binding. To see this, let (q’ ,x! ) be an efficient allocation, then we have:

V(g) - Lp@)(w) <Y (0la,w) + u(a, @) ) x(alw)q(w) - L q(w)r(w)

a

< ¥ (vl @) +u(a )< (alw)q (@) ~ D (@)r(w)

a

S

?

where the first inequality follows from (A.2). Following the argument of the previous para-
graph, we have that (p/,q’,x’,{’) is consistent, with p'(w) = r(w) — Ey[u(a,w)] and
{'(w) = ¢g'(w)/§(w). Therefore, in order for (p, g, x, {) to be an equilibrium, both inequali-
ties need to bind. In order for the first inequality to be binding, (A.2) needs to bind; in order for

the second inequality to be binding, (g, x) needs to be efficient. This completes the proof. O

Remark A.2. Let (p*,(*,q*,x*) be an equilibrium of the competitive economy. The plat-
form’s equilibrium payoff is zero, i.e., V(p*,{*,q*, x*) = 0.

Proof of Remark A.2. Suppose in a competitive equilibrium (p, g, x, {), the platform makes

a strictly positive profit. Then take any f > 1, by choosing Bq the platform makes a profit

V(Bq) =Y _p(w)Bg(w) = B(V(q) = ) p(w)g(w)) > V(q) = ) p(w)g(w),

where Lemma A.1 shows that V(8g) = BV(q). This contradicts that g solves the platform’s

problem (2). Therefore, the platform must make zero profit in a competitive equilibrium. O
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Proof of Proposition 3. Let (p*,q", x*,*) be an equilibrium for the competitive economy.
In period 1, consider any alternative database g that the platform could acquire. Definition 4

requires that
V(g) = V(g) 2 D p (@) (7(@) - 9()). (A3)

Now consider the problem of a consumer of type w and any deviation z € [0, 1]. Definition 4

requires that
¢ (@) (P (@) + By (u(a, w)) + (1= T (w))r(w) 2 2(p*(w) + By (u(a, w)) + (1 = 2)r(w).
We can multiply §(w) on both sides and define 4’ (w) = z§(w). Manipulating terms, we get

(7°(@) =7 (@)) (B (u(a, @) = r(w) ) = =p* () (q" (@) = '(w) ).

Summing over w,

L (17(@) = q'(@)) (Br (@0,0) = (@) ) 2 = Zp' @) (7"(@) = g'@). A4

w

Thus, (A.3) and (A.4) jointly imply that for all g € lRi2 such that g < 7,
V(g) = V(@) + L (4"(@) —9(@)) (Ex (u(a,0)) = r(@)) 20 (AS)

Now suppose Y, > ;. We first argue that in this case the unique solution to P for any 4 is to
choose a mechanism £ that allows the merchant to engage in first-degree price discrimination.
That is, £(a|w) = 1if a = w. To see this, recall that Theorem 1 of Bergemann et al. (2015)
states that given data set g, by varying x, the feasible set of consumer surplus s, and merchant’s

profit s, is characterized by:!”
Su>0, 57 > 7%, su+sz <w'

Here, 77* := max; )., 71(a,w)q(w) is the monopolistic profit and w* := Y wg(w) is the
total surplus. This feasible set is shown by the shaded area in Figure 2. Now, the platform’s
problem P is equivalent to choosing (s,, S») in this feasible set to maximize S, + yxSx. Its
indifference curves (denoted by IC, in Figure 2) are given by the lines with slope —7, /v .

Therefore, when 7y > 7y, the unique optimal mechanism is full disclosure.

Since by assumption x* solves P, it must be that x* = X. Therefore, we can rewrite (A.5) as:

g € argmqax;; (U(a,w) + u(a,w))ﬁ(a!w)q(w) - ;q(w)r(w).

"Formally, given an obedient mechanism x, the consumer’s trading surplus and the merchant’s profit are

defined by s, = Y, , u(a, w)x(alw)q(w) and s = Y, o, 70(a, w)x(alw)q(w), respectively.
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st.g<g

Since £ uniquely solves P for all g, this problem is equivalent to the social planner’s. There-

fore, the equilibrium allocation (g*, x*) is constrained efficient. m]

Proof of Proposition 4.

Only If. Let (4%, x*) be a solution to the planner’s problem SB. First, we argue that (", x™)
is a solution of a relaxed version of the data union’s problem. We first discard the consumer’s
participation constraint from the data union’s problem. Then, let us substitute the constraint
Y. i(w)p(w) = V(g) into the data union’s objective. By doing so, prices p do not appear in
the relaxed problem. Summing up, the relaxed problem is

max Y (0(a,w) + u(a,w))¥(@w)g(@) + Y(3(w) - 9(w))r(w)

(q.%) a,w w

such that g <,

and  xsolves P atg.

This problem is exactly the planner’s problem. Since (g%, x*) is a solution to the relaxed
problem, it must yield a value that is weakly higher than the value of the data union’s problem,
the proof is complete if we find prices p* such that the participation constraints are satisfied

and the data union’s budget is balanced, given (g%, x*).
To this end, let p* (w) = p(w) + Hw) with p(w) = 'g((—ww))<r(w) - ]Ex*(u(a,w))). We
pin down f(w) later. If t(w) = 0, all type-w consumers would be indifferent between joining
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the union or not, and in particular, {*(w) = 1 is optimal. In this case, the union’s budget is:

G(q%x") = V(g") = }d(w)p(w)

Since (g*, x*) is constrained efficient, G(¢*,x*) > 0. To see this, we add ), §(w)r(w) on
both sides of this inequality. On the left hand side, we obtain the value of the planner’s objective
at (g%, x*), which must be no smaller than ), §(w)r(w) because it is always feasible for the
planner.

Since the union cannot earn a profit, we redistribute G(g*, x*) back to the consumers in a
uniform manner. Specifically, we let f(w) = G(g*, x*) (recall that ), §(w) = 1). Therefore,
if {*(w) = 1 was optimal under fi(w), it is still optimal under p*(w) > p(w).

We thus constructed a profile (p*, g%, x*) that is feasible for the data union. Moreover, since

(g%, x*) solves the relaxed problem, it also solves the data union’s problem.

If Direction. Let (p*,g*, x*) be a solution to the data union’s problem. To the contrary
suppose it is not constrained efficient. Then take any constrained efficient allocation (g°, x°).
We have that:

Y (o(a,@) + u(a, @) ) x* (alw)q" (@) = L q"(@)r(w)

a,w

(A.6)
< 2 (v(a,w) + u(a,w))xo(cz|w)q°(w) — Zqo(w)r(w)

By the “only if” direction, we know there exist p° such that (p°, ¢°, x°) is feasible for the data

union. (A.6) implies that:

Lo PH(@)d(@) + Lo u(a, w)x* (a|w)q™(w) + Lo (7(w) — 4% (w))r(w)
< Lo PP (@)f(@) + Lo u(a,w)x*(a|w)q®(w) + Lo (7(w) —4°
This contradicts (p*,g*, x*) being a solution to the data union’s problem, so we conclude it
must be constrained eflicient. m]

Proof of Proposition 5.

Step 1: Let (p*, q*, x*, {*) be a Lindahl equilibrium. We first prove that (¢*, x*) must solve
FB. Since (g%, x*) solves P’, we have that

Y 0(a,w)x* (alw)q™ (w) — Y o(a, w)x(alw)q(w)
a,w a,w (A7)
> ) P (a,w)x"(alw)q*(w) =} p*(a,w)x(a|w)g(w)
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for all (g, x) that satisfies obedience. Similarly, by the maximization problem of type-cw con-

sumers, we get

Y u(a,w)l*(a,w) +r(w)(1 =Y " (a,w)) =Y ula,w)l(a,w) —r(w)(1-) (a,w))
> =) r(@w)i(a,w)+} p(aw)ilsw)

for all {(a,w) € R% such that ¥, {(a,w) < 1. Summing over consumers of the same type
and across type, we get that for all (g, x) such that g < g:

Y u(a,w)x*(a|w)q*(w) = Y r(w)g" (w) = Y u(a,w)x(alw)g(w) + ) r(w)q(w)

w
> =) p(a,w)x" (a|w)q () + ) p(a,w)x(a|w)g(w).
a,w a,w
(A.8)
Equations (A.7) and (A.8) jointly imply that for all (g, x) satisfying feasibility and obedience:

Y (v(a,w) + u(a,w))x" (a|w)q" (w) = } r(w)g" (w)

a,w

> (0(a, ) + u(a,w))x(alw)g(w) = Y r(w)q(w).

)

Therefore, (g%, x*) solves F 5.

Step 2: We now prove that for any allocation (g*, x*) that solves F B, there is a (p*, {*) such
that (p*,q*,x*,C*) is a Lindahl equilibrium. First of all, notice that B admits an optimal
solution. Second, we can define p*(a,w) = r(w) — u(a,w) for all a,w, so that each w
consumer is indifferent across all possible {(-,w) and we can therefore assume to choose {*
such that {* (-, w)j(w) = x*(+-|w)g* (w).

We can equivalently rewrite F B3 in terms of x:

(FB'): max Z <v(a,a)) + u(a,w))x(a,w) + Z <(7(w) — Zx(a,w)>r(w)
Xe]RﬁXQ a,w w a
suchthat ) x(a,w) < J(w), Vw € O
a
and ) (m(a,w)—n(dw))x(a,w)>0 VaiecA
w
Since (g%, x*) is a first-best efficient allocation, we know x*(a,w) := x*(a|w)q*(w) solves
FB'. Define {*(a,w) = x*(a,w)/j(w). Since x* is an optimal solution to F13’, by strong
duality, we know its dual admits an optimal solution (y*(w), A*(@|a)). Define p*(a,w) =

pH(w) +r(w) = ula,w).
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We first argue that given p*, {*(w) is optimal for type-w consumers. When p*(w) =
0, we have p*(a,w) = r(w) — u(a,w). Thus, type-w consumers are indifferent between
keeping the data and selling it with any a, so zeta* (-, w) is optimal. When p*(w) > 0, by
complementary slackness, we have that ), {*(a,w) = 1. Therefore, no type-w consumer
keeps the data. Since selling the data with any a gives the consumer a payoff of u*(w) + r(w).

They are indifferent between different 4 and thus {*(w) is optimal.

Next, we argue that x* solves the platform’s problem given p*. We first show that the
platform’s payoff is non-positive under p*. To show this, we only need to show the dual

problem of the platform’s problem is feasible. The dual feasible set is given by:
Y (m(8,w) = m(a,w))A(a]a) = v(a,w) — p*(a,w)
a
= v(a,w) +u(a,w) —p*(w) —r(w)
for all a, w, with A > 0. But we know this is feasible because A* satisfies these constraints.

Given dual feasibility, weak duality implies:
Y (v(a,w) = p*(a,w))x(a,w) <0
a,w
for all x that is feasible to the platform.
Finally, by strong duality we have:
Y (o(a,@) +u(a, @) )x*(a,0) = Y x"(a,@)r(w) = ¥ p (@)i(w).
a,w a,w w
This implies:
Y (v(a,w) = p(a,w) + ' (w)x"(a,w) = }_ " (w)f(w).
a,w w

By complementary slackness we know Y, , #*(w)x*(a,w) = ¥, p*(w)g(w), which im-
plies:

Y (0(a,w) — p*(a,0))x" (a,0) = 0.

a,w
Therefore, we conclude x* solves the platform’s problem given p*.
A.1 Proof of Proposition 2

We start by characterizing prices under which a data allocation g if a solution to the platform’s

problem (2). Toward this, note that the platform’s problem is essentially to choose (g, x) given
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price p, or equilvalently choosing x (a2, w) = x(a|w)q(w). Therefore, its dual problem can be
formulated as:

(Py) : min Y ¥(w)q(w)

w

such that  ¢(w) > v(a,w) + ) (7(a,w) — m(a,w))A(]a) Va, w

a

and A(dla) >0  Va,a

The next lemma states that ¢ is a solution to 73,; if and only if g is a solution to the platform un-
der price p = ¢.18 Intuitively, this is in light of Remark A.2, which states that in a competitive
equilibrium the platform breaks even. Therefore, the price must equal to the marginal value of

a data record whenever g(w) > 0.

Lemma A.2. A data allocation 0 < g < {J is a solution to the platform’s problem (2) under
price p if and only if there exists A such that (p, A) is a solution to 77[7.

Proof. Toward showing this, we first formulate the dual of the platform’s problem (2) as:

rr}\in 0
suchthat ) _(7(4,w) — 7(a,w))A(4la) > v(a,w) — p(w)  Va,w (A.9)

A

a

and A(dla) >0  Va,a

To show the “only if” direction, suppose 0 < g < g solves the platform’s problem (2) under
price p. Then we must have V(q) — Y, p(w)g(w) = 0. By strong duality, Problem (A.9)
is feasible. Take any feasible solution A, and consider (¢, A) where ¢ = p. Next we argue
(1, A) is an optimal solution to 7P;. Suppose not, then since (i, A) is feasible to Py, we must
have V(q) < ¥, ¥(w)q(w), but this contradicts V(gq) — ¥, p(w)q(w) = 0.

To show the “if”” direction, suppose (p, A) is an optimal solution to 735’1. This means Problem
(A.9) is feasible. Therefore, the platform’s optimal payoff is O in this competitive economy. By
strong duality, we have V(g) = Y, p(w)q(w). This means that g gives the platform a payoff

of 0. Therefore, g is a solution to the platform’s problem (2) given price p. O

Next we introduce a correspondence whose fixed points characterize the set of competitive
equilibria. Let P = [—M, M]I?l be the space of potential prices, where M is chosen to be

large so that any possible equilibrium prices are within that range. Let Q x X be the space of

18The solution of 774 is characterized by Proposition 2 of Galperti et al. (2023), where their weights r and 1 —

correspond to our Y, and y,, respectively.
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feasible data allocations. Taken together, P X Q X X is a nonempty, compact, and convex set.

Define a correspondence F : P x Q X X =3 P x Q x X such that (p/,q’,x") € F(p,q, x) if:

1. x’ solves problem P,.

2. g solves the consumers’ problem given (p, x).!”

3. p’ is such that g solves the platform’s problem (2).

Note that (p, g, x) is a competitive equilibrium if and only if it is a fixed point of F. There-
fore, a competitive equilibrium exists if F admits a fixed point. Toward this, we first show the

following lemma.

Lemma A.3. F is nonempty-valued, convex-valued, and has a closed graph.

Proof. We first show that F is nonempty-valued. Fix any (p, g, x). By Lemma A.1, P, admits
a solution x”; given (p, x), the consumers’ problem always has a solution q'; given g, since P,
admits an optimal solution, by strong duality 731; also admits an optimal solution. Lemma A.2
then implies that a price p’ under which g solves the platform’s problem exists.?’ Therefore,
(P',q',x") € E(p,q,%).

Next we show F is convex-valued. Note that by definition of F, given (p, g, x), the choice
of p’ , q’ , and x’ are independent with each other. Therefore, it is sufficient to check convexity
for each dimension. If x" and x” both solve P, clearly any convex combination also solves
it; If 4" and g” both solve the consumers’ problem, then any convex combination also solves
the consumers’ problem. To see this, if under ( p, x) consumer w has a strict preference, then
9 (w) = q"(w). if under (p, x) consumer w is indifferent, then any g(w) is optimal; If under

both p’ and p”, g solves the platform’s problem, then for all § > 0:
V(g) = L r(w)g(w) = V(§) = ) p'(w)d(w)
w
V(g) = L p"(w)q(w) = V() = Y p"(w)f(w)

w

Therefore, for all « € [0,1] and § > 0:

V(g) = Y (ap (@) + (1= a)p"(w))g(w) = V(§) = ) (ap'(w) + (1 = a)p” (w))(w).

w

19Formally, we should impose market clearing say ' = g’/ solves the consumers’ problem. We skip this step
to abbreviate notation.

201n fact, Proposition 2 of Galperti et al. (2023) identifies an explicit formula for p’. In particular, it can be
chosen such that p’ < (7 4 vy ) max,,eq w. Therefore, if we take M > (77 + v, ) maxX,eq W, itis guaranteed
that p’ € P.
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Finally, we argue F has a closed graph. Suppose (Pn, Gn, Xn) — (9,4, %), (Ph G X)) —

(v, q',x"), and (p),, q},, x;,) € F(Pn,qn, Xn). We want to show (p’,q’,x") € F(p,q,x). By
Lemma A.1, we know the solution correspondence of P, is upper-hemicontinuous, so x'is a

solution to Py; To see g’ solves the consumers problem, note that for all w and z € [0, §(w)]:
9 (@) (pn(@) + ) _u(a,w)xa(a|w)) + (7(w) — 4, (w))r(w)
a

> z(pn(w) + ) _u(a,w)xa(alw)) + (§(w) — 2)r(w)

By continuity we get:

7' (w)(p(w) + ) u(a,w)x(alw)) + (§(w) — ' (w))r(w)

a

> z(p(w) + Y u(a, w)x(alw)) + (§(w) — 2)r(w)

a
Therefore, g’ is optimal for the consumers given (p, x); To see under p’, g solves the platform’s

problem, note that for all § > 0:
V(an) = Y pu(@)qn(w) = V() = Y} pn(w)d(w)
w w
Since V is continuous by Lemma A.1, taking limit we get:

V(g) = 2P (w)g(w) = V() = }_p'(w)j(w).

w

This completes the proof that (p’,q’,x") € F(p,q, x). O

With Lemma A.3, we can apply Kakutani’s fixed-point theorem to F and conclude that F

admits a fixed point. Therefore, a competitive equilibrium exists.

B Additional Material

B.1 Social Welfare

In the main text, we focused on a notion of welfare that excludes the merchant’s profit (see
Equation (1)). We take this stance because we want to focus on the trade between the platform

and the consumers. Since we do not consider transfers between the merchant and the platform,
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it is natural that inefficiency can arise if the merchant’s profit is taken into account.?! That said,
we show in this section that a parallel result of Proposition 3 holds if we define the efficiency

notion to incorporate the merchant’s profit.

Specifically, define the social welfare to be:

SW(g.x) = 1 (0(a @) +u(a,) + 7(a @) xtalw)q(@) + 1 (7() —a(w) )riw)
" ’ (B.1)

The notion of efficiency becomes:

Definition 7. An allocation (q°, x°) is constrained socially efficient if it solves

rr{;gcx SW(g,x)

such that q <,

and x solves Pq.

We have the following result, which extends Proposition 3 to this alternative notion of effi-

ciency.

Proposition B.1. Ler (p*,(*,q*,x*) be an equilibrium of the competitive economy. If v >
Yu and, in addition, ¥(w) ¢ [Yrw, (14 v7)w) for all w, the equilibrium allocation (q*, x*) is

constrained socially efficient. Otherwise, the equilibrium allocation can be socially inefficient.

Proof. We prove the sufficiency of the proposition here. Let (p*,*,q*, x*) be a competitive
equilibrium. By Proposition 3, we know the equilibrium allocation (¢*,x*) is constrained

efficient. Moreover, following the argument in the proof of Proposition 3, we also know that

x* = £, where ﬁ(w w) = 1 is the full-disclosure mechanism, is the unique optimal mechanism

for the platform given any 4. Therefore,

q* € argmax,<; Z (v(a,w) + u(a,w))ﬁ(a|w)q(w) — Zr(w)q(w)

a,w w

= argmaxy<; ; (’ynw — r(w))q(w).

The solution to this problem is §*(w) = §(w) if yzw > r(w), " (w) = 0if yrw < r(w),
and ¢*(w) € [0,1] if yzw = r(w). The constrained socially efficient allocation (g°,x°)

2!n the case where the platform can charge a service fee to the merchant, the platform can extract all the
merchant’s profit. Therefore, the platform’s payoff essentially becomes v(a, w) + 7t(a, w), which is equal to
yutt(a, w) + (14 y7)7m(a,w). This is covered by our model, and particularly in this case, the planner’s objective

is the social welfare.
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also features x° = £. Therefore, the solution of the planner’s problem is 4°(w) = §(w) if
1+ v7)w > r(w), 4°(w) = 0if (1 4+ y7)w < r(w), and g°(w) € [0,1] if (1 + yr)w =
r(w). When r(w) ¢ [yrw, (1 4+ vx)w) for all w, the equilibrium allocation (g*, x*) is also a

solution to the planner’s problem, and thus constrained socially efficient. O

Intuitively, if we take into account the merchant’s profit, the inefficiency can arise from
two sources. The first one is still the pooling externality. When 7y, > <, the only optimal
mechanism for the platform given any g is full disclosure, as argued in the proof of Proposition
3, so in this case the pooling externality disappears. The second one is a traditional externality.
Since the platform does not take into account the merchant’s payoff, it refuses to buy data when

the price is high, even when trade is still socially optimal.

When the sufficient condition of the proposition is not satisfied, the equilibrium can be inef-
ficient. Next we elaborate the two sources of externality using the example of Section 4.1. We
will denote the constrained efficient allocation by (g°, x°). We also denote the equilibrium al-
location in Case 1 (inefficiently low trade) by (g7, x} ) and in Case 2 (inefficiently high trade)
by (q3;, x7;). These are characterized in Section 4.1.

We first argue that in both cases, the social welfare of the equilibrium, SW(g*, x*), is strictly
lower than SW(g°, x°). As before, this is originated from the pooling externality. Using the

characterizations in Section 4.1, we can directly compute:

SW(q% x°) = q(1)(3+ ) +7(7(2) — (1)),
SW(qr, xp) =7 < SW(q°,x°),
* - - - 7(1 o ,.0
SW(gh,xir) = 73+ 1) + Fmax{0,(2) — Ty < swige, ).
The take is that, even if we measure efficiency using social welfare (Equation (B.1)), the equi-
libria are still suboptimal compared to the constrained efficient allocation. One may suspect
that in Section 4.1, the inefficiency is an artifact that we did not take into account the mer-

chant’s profit, but as we highlight here, that is not the case.

In addition to the pooling externality, there is a new source of inefficiency: since in this case
we have (1 + yx)w > 7 > yrw = 0, even (¢°,x°) is not constrained socially efficient. The
social welfare is maximized at 4*(w) = §(w) and x*(1]1) = 1,x*(1]2) = %, which gives

a social welfare of

SW(q%, x%) = (1) (7 +1) +2(4(2) — q(1)) > SW(q°, x°).
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Therefore, the constrained efficient allocation is not constrained socially efficient. This addi-
tional gap is created by the fact that the profit of the merchant is not taken into account by the
platform or the consumers. This is a traditional externality that can arise even without the in-
formational friction discussed in our paper. For instance, consider the case where there is only
one type of consumers w = 1 with 0 < 7(1) < 1. The platform’s objective has 7y, > v, = 0.
Then the constrained socially efficient allocation is g°(1) = 1, but the only equilibrium is no

trade.

B.2 Complete Equilibrium Characterization for Section 4.1

In this section, we characterize the entire set of equilibria for our application from Section
4.1. We first note that in order for the platform’s problem to admit a solution, we must have
p*(1) > 0,p*(2) > 0,p*(1) + p*(2) > 4. Moreover, in order for the platform to trade, we
must have p*(1) + p*(2) = 7.

Case 1: 27 — 1 < 1, < 7. The unique equilibrium allocation is no trade, i.e., *(w) = 0 for

all w, and it is supported by a price vector p* satisfying:
p*(1) € [0,7] and  p*(2) € [max{0,v, — p*(1)},7]. (B.2)

Next we explain why this is the solution. Note that type-1 consumers are willing to sell only
if p*(1) > 7 > 7,. However, in this case we cannot have p*(1) + p*(2) = <,. Therefore,
the unique equilibrium allocation is ¢*(w) = 0. It can be supported by x*(w|w) = 1. It
can be checked that with the prices in (B.2), it is optimal for the consumers not to sell and for
the platform not to buy. Any other price will induce some type of consumers to strictly prefer
selling.

Case 2: 7, > 27. There is a unique equilibrium such that: p*(1) = 7, and p*(2) =
0; ¢*(1) = 1and £*(2) = min{1, 130}: ¢*(1) = (1) and q*(2) = min{g(2), X};
x*(1]1) = 1 and x*(1]2) = Z:%. It can be easily checked that this is an equilibrium. To

show uniqueness, note that since 7y, > 27, at least one type has a strict incentive to sell because

p*(1) + p*(2) > 7yy. If type-1 has a strict incentive, we have 4*(2) > min{j(2), ‘7(71)} since
p*(2) > 0, but this requires p*(1) = 7, p*(2) = 0; if type-2 has a strict incentive, in order
for the platform to be willing to buy, we must have p*(1) = v, p*(2) = 0.

Case 3: ¥ < 7, < 27. It can be easily checked that both equilibria of Case 1 and Case 2
continue to be an equilibrium in this case. Next we argue those are all possible equilibria. On

one hand, for the equilibria with no trade, the price has to satisfy (B.2), otherwise some type
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will have a strict incentive to sell. On the other hand, given any equilibrium with trade, we
must have p*(1) 4+ p*(2) = 4. Moreover, we must have g*(1) > 0, otherwise the platform
is not willing to buy w = 2 at a positive price while type-2 consumers are not willing to sell
at 0 price. If g*(1) > 0, we must have 4*(2) > min{g(2), q*rﬂ} because p*(2) > 0 and
the platform will choose x*(1|1) = 1,x*(1]2) = 3:8 Since g*(2) > ¢*(1), in order for the
platform to be willing to buy, it must be the case that p*(1) = <,, p*(2) = 0. The unique

equilibrium with trade then follows.

Case 4: v, = 7. In this case, the equilibria with no trade is the same as Case 1. The equilibria

with trade satisfy p*(1) = v, =7, p*(2) = 0 with

*
1
0 <q(1) <4(1), 4'(2) = minfg(2), T3,
It is easy to check these are equilibria. To see these capture all equilibria with trade, we
can follow the same argument as Case 3 to derive the unique equilibrium price under trade:
p*(1) = v, =7, p*(2) = 0. With these prices, since type-1 consumers are indifferent, any
0 < g*(1) < 4(1) is optimal for them. g*(2) is then pinned down by the indifference condition

of type-2 consumers.
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