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ABSTRACT

We study competitive data markets in which consumers own their personal data
and can trade it with intermediaries, such as e-commerce platforms. Intermediaries
use this data to provide services to the consumers, such as targeted offers from
third-party merchants. Our main results identify a novel inefliciency, resulting in
equilibrium data allocations that fail to maximize welfare. This inefficiency hinges
on the role that intermediaries play as information gatekeepers, a hallmark of the
digital economy. We provide three solutions to this market failure: establishing
data unions, which manage consumers’ data on their behalf; taxing the trade of

data; and letting the price of data depend on its intended use.
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1 Introduction

Consumer data has become a crucial input of the modern economy and contributes to the
success of many large industries, such as online advertisement and digital marketplaces. Firms
collect consumers’ data to learn their tastes and offer targeted advertisements or personalized
products and services. While consumers themselves are the primary suppliers of this data, they
typically have limited control over who uses it and how, and only rarely are they financially
compensated in return (Federal Trade Commission, 2014). Such an arrangement could lead to
distortions, inefficiencies, and greater inequality (Bergemann et al., 2023). Accordingly, new
legislation has been recently introduced around the world to give consumers more control over
their data.! This creates the legal framework upon which data markets can emerge, where
consumers own their data and firms compete to acquire and use it. What properties would
such markets have? And which institutions (if any) should be designed to ensure they promote

efficient outcomes?

This paper contributes to answering these questions by studying a stylized model of compet-
itive data markets. We present two sets of results. First, we identify a novel inefficiency that
causes the equilibria of this economy to induce data allocations that fail to maximize welfare.
This inefficiency stems from an externality that consumers exert on each other when selling
their data to intermediaries, such as e-commerce platforms, which use this data to provide ser-
vices to the consumers. Second, we discuss three solutions to this market failure: establishing

data unions, taxing the trade of data, or letting the price of data depend on its intended use.

Our model features a heterogeneous population of consumers, an e-commerce platform, and
a third-party merchant. Each consumer owns her data and can sell it to the platform. When this
happens, the platform gains access to this consumer and learns her tastes (i.e., her “type”). In
exchange, the platform pays this consumer the market price for her data and, in addition, offers
her a service. The service consists of intermediating this consumer with the merchant, from
whom she can buy a product. As an intermediary, the platform uses its database of consumers’
data to provide information to the merchant about their willingness to pay for the product, in

the spirit of Bergemann et al. (2015). The main innovation of our model is that the platform’s

"Most notably, the European Union’s General Data Protection Regulation (GDPR) grants consumers the right
to object to how firms use their data, to request it to be transferred to other firms, or to be deleted. In the United

States, a growing list of states have passed bills with a similar scope.



database is determined endogenously as an equilibrium of the markets in which the consumers
and the platform trade the data. We assume that such markets are perfectly competitive: The
consumers and the platform take data prices as given, and these are pinned down by market
clearing. This assumption shuts down distortions that may stem from market power—which is
not specific to data—and allows us to focus on novel distortions that are specific to data and

can persist even in a competitive setting.

Our main goal is to study the properties of competitive data markets and their ability to pro-
mote efficient data allocations. We identify necessary and sufficient conditions for efficiency
and show how they depend on the platform’s objective. When this objective is sufficiently
aligned with that of the merchant, data markets are efficient and consumers’ welfare is max-
imized. By contrast—and perhaps counterintuitively—when the platform’s objective is suffi-
ciently aligned with that of the consumers, the equilibrium data allocation can be inefficient.
In some cases, markets can entirely unravel, resulting in no data being traded, which leads to
the lowest possible welfare. Finally, we sharpen this negative finding by identifying conditions

under which all equilibria are inefficient.

Inefficiency results because consumers exert an externality on each other when selling their
data to the platform. This externality arises endogenously from how the platform uses this
data to pursue its objective. When it cares relatively more about creating a surplus for the
consumers, it withholds some information from the merchant to curb surplus extraction. To do
so, it pools consumers of different types to prevent the merchant from learning their willingness
to pay. We show that such pooling introduces a wedge between a consumer’s private benefit
from selling her data and joining the pool and the social benefit that this consumer generates
for the other consumers in the pool. This wedge leads consumers to make socially inefficient
decisions regarding the sale of their data. Thus, the inefficiency originates from the platform’s
practice of withholding information to harness the conflicting objectives of the constituencies
it intermediates.? Building on Galperti, Levkun, and Perego (2023), our results show that this
practice not only creates interdependencies in how the platform values the data records but

effectively sets the stage for market failure. Therefore, our inefficiency does not originate from

2This practice is common in the marketplace. For instance, Google Search withholds information about users’
characteristics from advertisers to increase competition, and ridesharing platforms similarly withhold information

from drivers about riders’ destinations to discourage selection.



exogenous correlation in consumers’ data nor from the fact that the merchant is a monopolist.>

We then analyze three institutions that correct the aforementioned market failure. The first is
a new intermediary, called a data union, which manages consumers’ data on their behalf. Our
data union collects data from participating consumers, sells some of the data to the platform,
and distributes the proceeds back to the consumers as compensation. We show that a data union
can act as a benevolent planner, helping consumers coordinate the decisions to sell their data
and internalize the aforementioned externality. Indeed, any equilibrium of the economy with
the data union is efficient and consumers’ welfare is maximized, regardless of the platform’s
objective. This result offers theoretical support to recent policy proposals that discuss the po-
tential benefits of data unions for the data economy (e.g., see Posner and Weyl, 2018; Berge-

mann et al., 2023).

The second solution we consider introduces data taxes that are levied when consumers sell
their data. These taxes are “simple” in that they depend only on the type of data that is traded—
not on the consumers’ identity or how the data is used. When properly designed, data taxes
make each consumer internalize the effects that selling her data creates on the rest of the econ-
omy. These taxes increase (decrease) the effective data price paid to consumers who exert a
positive (negative) externality—typically, these are consumers whose underlying type is low
(high). Consequently, we show that any efficient allocation can be implemented by an equilib-

rium of the competitive economy with budget-balanced data taxes.

The third solution consists in letting the market price of data depend not only on its type but
also on how the platform intends to use it. In other words, there are different markets in which
to trade the same type of data, depending on its intended use. This solution is inspired by clas-
sic approaches to competitive economies with externalities (Arrow, 1969; Laffont, 1976). It is
also broadly in the spirit of legislation like the aforementioned GDPR, which requires that the
intended use for which consumer data is collected should be determined at the time of its col-
lection (see, GDPR 2016/679 (39)). Since the externalities originate from how the platform
uses the data, this richer price system lets the market assign a value to these externalities and
convey it to all market participants. We show that this guarantees equilibrium efficiency, re-

gardless of the platform’s objective.

3Indeed, in our model consumers’ data is uncorrelated. Moreover, it is known that a platform can find it
optimal to withhold information even in the presence of competing merchants (see, e.g., Bergemann et al., 2022b;

Elliott et al., 2022), .



Related Literature. Our approach is rooted in a general-equilibrium tradition, but lever-
ages the recent progress of the information-design literature (for reviews of this literature, see,
Bergemann and Morris, 2019; Kamenica, 2019). This allows us to offer a principled micro-
foundation of some of the key components of a data economy. For instance, how platforms
use the data traces back to Bergemann et al. (2015), how platforms value the data builds on
Galperti et al. (2023), and how competitive markets price the data—a novel component of this

paper—continues this line of research.

Our paper contributes to a recent literature that studies data markets and their properties. Par-
ticularly close to our work is a set of papers that identifies a data externality that can lead to in-
efficient outcomes. In Choi et al. (2019), Ichihashi (2021), Acemoglu et al. (2022), and Berge-
mann et al. (2022a), a consumer’s decision to sell her data can create externalities on other
consumers because their data are correlated. Relative to these papers, we emphasize a differ-
ent inefficiency, which instead arises from how platforms endogenously use data. To empha-
size this difference, we assume throughout that consumers’ data are uncorrelated; our platform
learns nothing about a consumer when acquiring the data of another. Our inefficiency builds
on previous work by Galperti et al. (2023), which characterizes how much a platform values
the data record of each consumer in a database. This value has two components: The payoft
a platform earns from the consumer associated with the record and the indirect payoff it earns
from pooling that record with those of other consumers to achieve better outcomes. They refer
to the second component as a “pooling” externality. With the present paper, we contribute to
this agenda in several ways. First, in a model of competitive data markets, we endogenize con-
sumers’ decisions to sell their data records and participate in the platform’s database. Because
of the competitive nature of these markets, the price of data records equals the value the plat-
form assigns to them, and thus inherently accounts for these “pooling” externalities. Neverthe-
less, we show that pooling misaligns the consumers’ private and social benefits from selling
their data records, which leads to inefficiencies. Finally, we present solutions that are designed
to circumvent this market failure.

More broadly, our paper contributes to a growing literature on the economics of digitiza-
tion, data, and privacy (for reviews, see Acquisti et al., 2016; Bergemann and Bonatti, 2019;
Bergemann and Ottaviani, 2021; Goldfarb and Tucker, 2023). Hidir and Vellodi (2021) and
Galperti and Perego (2023) study a model a la Bergemann et al. (2015) with consumer partic-

ipation constraints but without transfers or prices. Chen (2022) studies a model in which plat-
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forms compete for consumers’ attention and profit from targeted advertising. Since consumers
are ex-ante identical and are not paid by the platforms, Chen (2022) does not analyze markets
for data but focuses on other important aspects of the data economy, such as the effects of pri-
vacy policies in the short run and in the long run. Jones and Tonetti (2020) study the incentives
firms have to hoard data and the distortions this creates due to their non-rivalous nature (see,
also, Varian, 2009; Farboodi et al., 2019); Finally, Taylor (2004), Acquisti and Varian (2005) ,
Calzolari and Pavan (2006), Dworczak (2020), and Doval and Skreta (2023) study the implica-
tions of the repeated nature of online interactions and the learning externalities it may create.
Our model is intentionally stylized and abstracts from these other important aspects of the data

economy in order to convey our message more clearly and concisely.

2 The Model

We present a stylized model of a data economy. It features a platform (it), a merchant (he), and
a unit mass of consumers (she). The consumers can sell their personal data to the platform.
The platform uses this data to provide information to the merchant about the consumers’ pref-
erences. Finally, the merchant charges a fee to each consumer in exchange for the product he

produces. A discussion of the main modeling assumption appears in Section 2.1.

Formally, each consumer has a unit demand for the product sold by the merchant. We denote
her willingness to pay by w € QO C R44. Let § € A(Q) be the distribution of w in the
population and assume () is finite with || > 2. Each consumer owns a data record that fully

reveals her corresponding w.*

The model has two periods. In the first period, the data markets are open. The platform
and the consumers trade the data records at prices p = (p(w))weq € R?, which they take
as given. On the demand side of these markets, the platform chooses how many records of
each type to demand. Let g = (g(w))weq € ]RS} denote the composition of the database
demanded by the platform, for which it pays a total of }_,,cq q(w)p(w). On the supply side,

each consumer chooses whether to sell her record to the platform. If a type-w consumer sells

4As in Galperti et al. (2023), a data record is a list of identifiers (e.g., [P address, telephone number, etc.) and
personal characteristics (e.g., gender, age, etc.) of a consumer. The former grants access to this consumer and,

thus, the ability to intermediate her with the merchant. The latter provides information about her type w.



her record, the platform pays her the price p(w) and later intermediates her with the merchant,
as described below. Without loss of generality, we assume that consumers of the same type
sell their records with the same probability, denoted by z(w) € [0, 1]. Conversely, if a type-w
consumer does not sell her record to the platform, she forgoes the opportunity to interact with

the merchant and obtains a reservation utility of 7(w) > 0.

In the second period, the product market is open. The platform uses the acquired database g—
whose composition is publicly known—to mediate the interaction between the merchant and
the subset of consumers who have sold their records. In particular, the platform acts as an in-
formation intermediary: It provides the merchant with information about the consumers in the
database. Formally, the platform solves a standard information-design problem where the rel-
ative frequency of consumers’ types is given by 4. The platform commits to an information
structure that maps the record of each consumer in its database into random signals. Given the
signal received, the merchant sets fee 2 € A for the consumer, who then purchases the product
if and only if the merchant’s fee a is lower than her willingness to pay w. Therefore, given w
and a4, the consumer’s and the merchant’s second-period payoffs can be written as u(a, w) =
max{w — a,0} and 7(a,w) = all(w > a), respectively. Finally, the platform’s payoff
is a linear combination of the consumer’s trading surplus and the merchant’s profits, that is,

v(a,w) = yyu(a,w) + yrm(a,w). We assume 7y, yr > 0, with at least one strict inequality.

By standard results from the information-design literature (e.g., see Bergemann and Morris,
2016), the platform’s problem in the second period can be formulated as choosing a recom-
mendation mechanism x : Q) — A(A) that solves:

V(g) = max Y v(a,w)x(alw)q(w)
xQ—=AA) T
(Py)
suchthat ) (7(a,w) — 7(a',w))x(alw)q(w) >0  Va,a' € A.

w
Without loss of generality, we let A = Q).

To summarize, we have introduced four endogenous variables: prices p for the data records;
the consumers’ decisions z to supply their records; the platform’s demanded database g; and the

platform’s mechanism x for problem ;. We define an equilibrium of this economy as follows:

Definition 1. A profile (p*,z*, q*, x*) is an equilibrium of the competitive economy if



(a). Given p*, q* solves the platform’s problem in the first period, that is,

q" € argmax V(q) — ) p"(w)q(w). ()
geRY

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

(c). Given x* and p*, z* solves the consumers’ problem in the first period. That is, for all w,

(w) € arg max ¢(p" (@) + L x (alw)u(a, ) ) + (1= Or(w).

(d). Data markets clear. That is, for all w, q*(w) = z*(w)§(w).

Conditions (a) and (b) require that the platform acquire a database that maximizes its pay-
off taking prices as given, while anticipating it will use its data optimally in the second pe-
riod. Condition (c) requires that each type-w consumer choose z(w) optimally, again tak-
ing prices as given and anticipating that the platform will acquire a database g* and use it
to implement mechanism x*. Therefore, she sells her record at price p(w) only if p(w) +
Y u(a,w)x*(alw) > r(w), where Y, u(a, w)x*(alw) captures her expected trading sur-
plus. Finally, condition (d) requires that the demand of each type of record equals its supply.
This last condition pins down data prices, in the spirit of a traditional competitive equilibrium.

Proposition B.1 in the Online Appendix shows that an equilibrium exists.

Hereafter, we will refer to the two-period model just described as the “competitive economy.”
In the next sections, we will study the equilibria of this economy, their inefficiency, and possible

remedies to it.

2.1 Discussion of Modeling Assumptions

Before proceeding, we briefly discuss our main modeling assumptions. Our economy features
a single platform taking the prices of data records as given. This assumption has a substantive
component and an expositional one. The substantive component is that the platform is a price
taker, and thus the data market is competitive. This is a distinguishing feature of this paper,
and it allows us to shut down other potential sources of inefficiency—such as the platform’s
market power—that have less to do with data as an input. The expositional component is that

we focus on a single platform rather than a finite number of identical ones. This substantially



simplifies notation at little cost to generality. Galperti and Perego (2022) show how to model a

competitive economy with multiple competing platforms.

The platform’s objective is assumed to be linear in the consumers’ trading surplus and the
merchant’s profits. This specification is especially tractable, while capturing key features of
real-world two-sided markets (Xu and Yang, 2023, offer a dynamic microfoundation for such

an objective). The results of Section 4 do not depend on this assumption.

Three aspects of the consumer’s problem have been simplified. First, the reservation utility
r(w) is exogenous. This assumption rules out settings in which the consumer can bypass the
platform and trade directly with the merchant. While not focusing on data markets, Bergemann
and Bonatti (2023) study the interplay of online and offline interactions. Second, the consumer
cannot participate in the platform’s mechanism without revealing her type. That is, the data
record bundles “access” to the consumer and information about her willingness to pay, which
can be restrictive in some applications. With different goals than ours, Hidir and Vellodi (2021)
and Ali et al. (2022) study models in which these two aspects are unbundled. Third, selling
the data record fully reveals the underlying consumer’s type. This simplifies notation since the
type of a consumer and that of her record are the same. Our analysis can be extended to records
that are only partially informative of the consumer’s type, a model of which is proposed by

Galperti et al. (2023).

2.2 Efficiency Benchmark

This paper aims to shed light on how efficiently the data markets allocate records between the
consumers and the platform. To answer this, we first need to introduce an efficiency benchmark.
Let us refer to the pair (g, x) as an allocation. For each allocation, denote the sum of the payoff
of the platform and the consumers as

W(a2) = Y (00,@) + ula,w) ) x(ew)g(w) + K (76@) = q(@) @) @

a,w

Note that since data prices p only affect the distribution of payoffs between the platform and

the consumers, this notion of welfare only depends on the allocation (g, x).

Definition 2. An allocation (q°,x°) is constrained efficient if it solves



W° =max W(q,x)
q,x

suchthat q <, (SB)

and x solves 73,7.

According to this efficiency benchmark, an allocation is constrained efficient if it maximizes
the welfare function WW(gq, x) subject to two constraints. The first requires that the database
q is feasible, i.e., it does not allocate to the platform more records than those that exist in the
economy. The second constraint requires that the mechanism x is sequentially optimal for the

platform given q.5

We briefly motivate the efficiency benchmark just introduced. Since the main goal of the
paper is to demonstrate that equilibria of this economy can be inefficient, a less demanding
efficiency benchmark is more desirable, as it makes such a negative result starker. Additionally,
a less demanding benchmark allows us to ignore other potential sources of inefficiency that
are rather standard and not special to data as an input. In particular, two aspects of Definition
2 make it less demanding. First, it focuses on “constrained” efficiency, as it requires that the
mechanism x be sequentially optimal for the platform given g. Dropping this constraint, i.e.,
focusing on unconstrained efficiency, would lead us to detect an additional inefficiency that is
merely driven by the fact that, in the first period, the platform cannot commit to a mechanism
for the second period. Second, we exclude the merchant’s payoff from the welfare function
W. Including the merchant’s payoff would lead us to detect an additional inefficiency that is
merely driven by the fact that the platform does not “sell” information to the merchant and,
thus, cannot transfer the merchant’s profit to the consumer. Therefore, the consumer does not

internalize the effects that selling her data create on the profit of the merchant.®

An additional useful feature of our welfare notion is that in any equilibrium of the compet-
itive economy, WW(g*, x*) coincides with the consumers’ welfare because the platform must

earn a payoff of zero.” Therefore, any constrained efficient equilibrium also maximizes con-

A constrained efficient outcome always exists. This follows from the fact that JV is continuous and, by
Lemma B.1, the feasible set of outcomes in the planner’s problem is nonempty and compact.
®Online Appendix D shows that our main qualitative results are unchanged when we consider “unconstrained”

efficiency or a welfare function that includes the merchant profits.

"Indeed, notice that V(q) is homogeneous of degree one. If the platform earned a strictly positive payoff

at g*, it could profitably deviate by acquiring database ¢’ = ag*, with @ > 1, which earns a payoff V(gq') —



sumers’ welfare.

3 The Inefficiency of the Data Market

In this section, we present a series of results that identify necessary and sufficient conditions
for equilibrium efficiency and, by doing so, we uncover the key driver of inefficiency in our

competitive economy.

We begin by asking two questions that are instrumental to our analysis. What is the social
cost—that is, the decrease in the welfare function VV—that results from allocating an additional
w-record to the platform’s database? Clearly, it is r(w), the reservation utility that is lost by
the corresponding consumer. What is the corresponding social benefit? To compute it, fix an
arbitrary database g and consider the following maximization problem:

W(g) = o mzw(v(a,w)+u(aIW))X(a|w)q(w) 3)

such that x solves Pq.

We can think of the above as the problem of a planner who chooses a mechanism x to maximize
the welfare of the platform and the consumers in database g. This planner is constrained to
choose a mechanism that, given g, the platform would also be willing to implement. We
denote by ¥, the set of supergradients of W(g). In other words, just like a derivative, each
y(w) captures how W(q) changes when we add an additional w-record to database g. For
this reason, 1,(w) identifies the social benefit of allocating an additional w-record into the

platform’s database.®

Our first result demonstrates how the social benefit and cost of data records can be used to

characterize which allocations are constrained efficient.

Proposition 1. An allocation (q, x) is constrained efficient if and only if x solves Py and there

exists a Py € ‘I’q such that, for all w,

Lo PH(@)q (@) = a(V(g") = Lo P (w)g* (@) > V(g*) = Lo p*(@)g" (@)
8In Appendix A.1 we explicitly compute W(q) (Equation (A.2)) and show it is concave and, therefore, ¥, is

well-defined. Based on this, Lemma A.1 provides an analytical characterization of ¥4, which shows that ¥y is
generically a singleton and is easy to compute. This result generalizes Proposition 2 of Galperti et al. (2023) to

the case when the supergradient is not unique.
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= Pg(w) 2 r(w) ifg(w) >0,
= Py(w) < r(w) ifg(w) < g(w).

It is clear that under any constrained-efficient allocation, a record allocated to the platform’s
database should have a social benefit that exceeds its social cost. Perhaps less intuitively,
these conditions are also sufficient for constrained efficiency. This will be key to character-
izing equilibrium efficiency in terms of the model primitives. To see why, fix an equilibrium

(p*,z*,9*,x*) and denote by
u*(w) = P*((U) + Zx*(a|a))u(a,w) (4)

the private benefit that a type-w consumer obtains when selling her record to the platform.
Notice that the equilibrium conditions require that U*(w) > r(w) if g*(w) > 0, and that
U*(w) < r(w) if ¢*(w) < §(w). Therefore, in light of Proposition 1, this equilibrium is
constrained efficient if and only if the private and social benefits of data records are sufficiently
“aligned.” That is, if there is a {5+ € ¥+ such that ¢« (w) > r(w) if U*(w) > r(w) and,
conversely, P+ (w) < r(w) if U"(w) < r(w).

The key question is then, under what conditions on the model primitives, are U* and

aligned. To address this question, it is useful to define 0™ (w) = ¥y« (w) — p*(w) and write

Y (w) = p*(w) + 0 (w). (5
This decomposition of the social benefit, which is analogous to the definition of U* in Equation
(4), has a particularly useful economic interpretation: p*(w) and 0*(w) capture the marginal
change in the platform’s payoft and the consumers’ trading surplus, respectively, that result

from adding an w-record to g*. The following result formalizes this interpretation.
Lemma 1. In any equilibrium (p*,z*, q*, x*), p* is a supergradient of V (q*).

This result demonstrates that, due to the competitive nature of the data markets, the marginal
change in the platform’s payoft from acquiring an additional w-records—formally, the super-
gradient of V(g*)—must equal its cost p*(w ). Intuitively, if that was not the case, the platform

would strictly prefer to change her demand of w-records.® As a consequence of Lemma 1, the

In Appendix A.1, we show V(gq) is concave and provide an analytical characterization of its supergradients
in Lemma A.1. In the language of Galperti et al. (2023), the supergradients are the “values of an w-record” for the
platform. This implies that equilibrium data prices p* inherently account for the “pooling” externalities identified
by Galperti et al. (2023).
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remaining component of the social benefit {)+ (w)—namely, ¢*(w)—captures the marginal
change in the trading surplus of all consumers that results from adding a w-record to the

database g*.

Comparing Equations (4) and (5) reveals that equilibrium efficiency hinges on the align-
ment between the trading surplus that a type-w consumer expects to receive when selling her
record—namely, ), x*(a, w)u(a, w)—and the effect that this sale has on the trading surplus
of all consumers—namely, 0™ (w). Since the consumer internalizes the former but not the lat-
ter, her decision to sell her record may exert an externality on other consumers, thus introduc-

ing inefficiency in the economy.

The following result shows how the presence of these externalities, and thus the efficiency
of the economy, depends on the model primitives and, in particular, hinges on the objective of

the platform.

Proposition 2. If v, > 7y, all equilibrium allocations of the competitive economy are con-
strained efficient and, therefore, maximize consumers’ welfare. Conversely, if v < vy, equi-

librium allocations can be inefficient.

Perhaps counterintuitively, if the platform cares relatively more about the merchant’s profits,
the social and private benefits of data records are aligned. Thus, equilibria are constrained
efficient and consumers’ welfare is maximal. Vice versa, if the platform cares relatively more

about the consumers’ surplus, this alignment can break, leading to inefficiencies.

To gain intuition, suppose y,; > 7, and consider an arbitrary database g # 0. In this case,
the platform finds it optimal to reveal the w of each consumer in the database to the merchant,
allowing the merchant to extract all their surplus. To see this, notice that, by Bergemann
et al. (2015, Theorem 1), the platform’s problem 7, is equivalent to choosing a point in the
triangle of Figure 1, which plots the set of pairs of merchant’s profit and consumers’ surplus
that can be induced by any mechanism. Since the platform’s payoff v is linear in 77(a, w) and
u(a,w), when v, > 7, the optimal mechanism maximizes the merchant’s profits, leaving
consumers with no surplus. As a consequence, y_, x*(a, w)u(a,w) = c*(w) = 0. Therefore,
consumers do not exert externalities on each other when selling their records, and all equilibria

are constrained efficient.

Suppose instead vy, < ;. In this case, for any g, the optimal mechanism x™* typically in-

volves withholding some information from the merchant to prevent excessive surplus extraction

12
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Figure 1: The trading surplus triangle. The dashed line depicts the

platform’s indifference curve when 7y, > v,,.

(again, see Figure 1). To do so, the platform may pool a consumer’s record with those of others.
In this case, their payoffs become interdependent, as the presence of this record in the pool can
affect the merchant’s beliefs in a nontrivial way. Consequently, *(w) and Y, x*(a|w)u(a, w)
can differ, leading to inefficiencies. The externality exerted by low-type consumers is typically
positive. To see why, consider a consumer of the lowest type, w = min,, (). Her expected trad-
ing surplus is zero since the merchant would never charge a fee a lower than w. Yet, 0*(w)
can be strictly positive, because when this consumer is pooled with higher-type consumers, she
helps them receive a lower fee, and thus earn a higher surplus. For opposite reasons, the exter-
nality exerted by high-type consumers is typically negative. Failure to internalize these exter-

nalities leads to inefficiencies.

This is the sense in which the market failure we emphasize is enabled by the role played
by the platform as an information intermediary. It originates from the platform’s incentive to
withhold information to harness the conflicting objectives of the constituencies it intermedi-
ates. The latter is a distinguishing feature of multi-sided platforms, which explains why infor-
mation withholding is so commonly observed in the marketplace.! Importantly, the market

failure we emphasize does not conceptually originate from the absence of competition for the

10For instance, Google restricts advertisers” access to users’ characteristics during ad auctions, aiming to foster
competition and optimize ad revenues. Similarly, ridesharing giants such as Uber conceal riders’ destination

details from drivers, discouraging cherry-picking practices.
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merchant and, instead, could arise even in a richer model with multiple competing merchants.
For example, in a model in which merchants compete in a second-price auction, Bergemann
et al. (2022b) show that a platform has incentives to withhold information from them. This

scenario would result in inefficiencies akin to those highlighted in this paper.

We conclude this discussion by finding sufficient conditions under which all equilibria are
inefficient, thus sharpening the negative message of Proposition 2. To avoid trivial cases, let
us focus on economies in which W° > R := Y} §(w)r(w), that is, the constrained-efficient

allocation involves some trade.!!

Corollary 1. Let v; < 7y, and suppose W° > R. If yyw < r(w) < (14 vy)w, then all

equilibria are inefficient.

Corollary 1 gives a sufficient condition under which the positive externality discussed above
causes all equilibria of the economy to be inefficient. First, we show that if y,w < r(w), the
platform is unwilling to pay a price higher than 7(w) for w-records. This implies that U* (w) <
r(w), since a consumer of type w necessarily earns a zero trading surplus when she sells her
record. Thus, no such consumer sells her record. Second, we additionally show that, if r(g ) <
(1+ yu)w, the social benefit of w-records, {5+ (w), exceed its private cost, r(w). As aresult, a

trade that would be socially beneficial does not occur in equilibrium, generating an inefficiency.

Under the sufficient condition of Corollary 1, the w-type consumers exert a positive external-
ity on other consumers, which they fail to internalize, thus leading to inefficiencies. Conversely,
Corollary A.1 in Appendix A.1 provides alternative sufficient conditions under which the inef-
ficiency in the economy is caused by a negative externality exerted by higher-type consumers.

In general, both positive and negative externalities exist, as illustrated by the next example.

3.1 An Example

We now provide an example to illustrate why the data economy can be inefficient. Suppose
there are two types of consumers, 3 = {1,2}, and §(2) > §(1). All consumers have the same

reservation utility: r(w) = 7 € (0,1) for all w. The platform only cares about consumers’

1+'Yu

trading surplus: 7y, > 7y, = 0. To avoid uninteresting cases, we assume that 7 < so that

""'When W° = R, all equilibria are constrained efficient. To see this notice that in any equilibrium

(p*,z*,q%,x*), it must be that R < W(g*, x*) < W°. Therefore, if W° = R, we have W(g*, x*) = W°.
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some trade is required to achieve constrained efficiency.'> We will show that all equilibria of

this economy are inefficient.

We first characterize the constrained-efficient allocations. Let (4°, x°) be such that g°(1) =
7°(2) = 4(1) and x°(1|w) = 1 for all w. In other words, the platform is given the records of
all the low-type consumers and an equal amount of high-type ones. The platform then pools
all these records in the same segment, inducing the merchant to charge the lowest fee (i.e.,
a = 1) to all consumers in the database. We argue that (4°,x°) is the unique constrained-
efficient allocation. To see why, consider any other database 4 > 0 and notice that an optimal
mechanism x; given g is to set x,(1|w) = min{g(1),q(2)}/q(w) for all w. That is, the
platform creates the largest possible segment with an equal quantity of low- and high-type
consumers, who are then charged the lowest fee. Thus, the allocation (g, x4) induces a welfare
of W(q,x;) = (14 7,)min{q(1),q(2)} + (1 —q(1) — q(2))7. To maximize W(q, x4),
any constrained-efficient allocation (g°, x°) must satisfy 4°(1) = g°(2). Since by assumption
G(1) < g(2) and 7 < @ setting 4°(1) = g°(2) = 4(1) uniquely maximizes W(q, x,).
For future reference, note that welfare under the constrained-efficient allocation is W° = 7 +
q(1)(1 + yu —27).

We now characterize all equilibria and show that they are inefficient. Let (p*,z*, g%, x*) be
an equilibrium. Let ag+ be the fee the merchant would charge if the platform did not provide
him with any information besides the database composition. Using Lemma A.1 in Appendix
A, we can compute the marginal change in the consumers’ trading surplus that results from

adding an w-record to 4%, which is
o (w) = w—agl(w > ag), (6)
and the equilibrium price, which is
pH(@) = 10" (@) = 7 (0 = ag Uw = ag)). )
Since 1 < ap+ <2,wehave 0 < 0*(w) < 1and 0 < p*(w) < vy, forall w.

Case 1: 7 > 7,—Inefficiently Low Trade. The only equilibrium involves no trading and—
since Corollary 1 applies to this case—is inefficient. To see why, we first argue that any equi-

librium involves no trade of type-1 records: g*(1) = 0. Indeed, type-1 consumers always earn

2When 7 > #, the absence of trade—i.e., gg = (0,0)—is constrained efficient. That is, W° = R = 7. In

this case, any equilibrium allocation (g%, x*) is constrained efficient since W° > W(g*, x*) > 7.
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a zero trading surplus when they sell their records. Moreover, by Equation (7), the price p*(1)
can be no higher than <y,. Therefore, their net payoff is no higher than y,, which is strictly
smaller than 7 by assumption. Thus, type-1 consumers do not sell their data in any equilibrium:
7*(1) = 0. Next, we argue that this implies g*(2) = 0. To see why, suppose §*(2) > 0. Since
7*(1) = 0, we must have a,+ = 2, and thus Equation (7) implies that p*(2) = 0. Moreover,
since g*(1) = 0, type-2 consumers will be perfectly discriminated against and earn a zero trad-
ing surplus. Since type-2 consumers get a zero net payoftf when they sell their data, they must be
unwilling to do so, contradicting g*(2) > 0. Therefore, g* = (0,0) is the only database com-
patible with equilibrium. Under this complete market unraveling, any equilibrium allocation

(g%, x*) must yield W(g*, x*) = 7 < W°, and thus the inefficiency is as severe as it could be.

Why are these equilibria inefficient? By selling her record, a low-type consumer could create
a positive externality: The platform would pool this consumer with a high-type consumer, thus
creating a social benefit of 1 4 y,,, which by assumption is larger than 27, that is, the sum of
the reservation utilities of these two consumers. For this trade to happen, however, the price
p*(1) has to exceed the reservation utility 7. Unfortunately, the platform is unwilling to pay

such a price, since its value for a type-1 record is, at most, 7y, < 7. A

Case 2: 7 < Z‘—Inefficiently High Trade. When 7 < %, the unique equilibrium involves
g*(1) = (1) and ¢*(2) = min{j(2), @} To see this, note first that by the no-profit
condition, the equilibrium prices must satisfy p*(1) + p*(2) > -,. If not, the platform could
acquire a pair of low- and high-type records, pool them in the same segment, and generate a
payoff of ,, hence generating a positive profit. Therefore, either p*(1) or p*(2) must exceed
%. We argue that p*(2) < % Otherwise, all high-type consumers would strictly prefer to sell,
leading to an uninformed merchant’s price of ag« = 2, which by Equation (7) implies p* (2) =
0, a contradiction. Since then p*(1) > %, the low-type consumers strictly prefer to sell, and
thus g*(1) = 4(1). As in the constrained-efficient allocation, the optimal mechanism involves
x*(1]2) = min{g(1),4*(2)}/q*(2): The platform creates a segment that includes all the
low-type consumers and as many high-type consumers as possible subject to inducing the fee
a = 1. Since 7 < 1, we must have g*(2) > g%(1). Otherwise, the expected trading surplus
of a high-type consumer selling her record would be 1, and thus all such consumers would sell
their records, leading to a contradiction. Given such g*, note that dge = 2 and, by Equation

(7), p*(2) = 0. Thus, g*(2) = min{7(2), ’7(71)} We conclude that the unique equilibrium is
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W Case 2: Inefficiently high trade  [] No trade

Figure 2: Equilibrium Inefficiency in the Example of Section 3.1

inefficient because W(q*, x*) = (1 + 7,,)3(1) + max{0,7 — (1) (1 +7)} < W°.

In this equilibrium, too many high-type consumers inefficiently sell their records to the plat-
form: g*(2) > g°(2). They are attracted by the possibility of buying the merchant’s product at
the lowest fee. However, when an additional high-type consumer sells her record, she exerts a
negative externality on other consumers, by undermining their chances of buying the product
at the lowest fee. On the one hand, such a consumer gains individually from selling her record,
since Y, x*(a|2)u(a,2) = g*(1)/9*(2) > 7. On the other hand, she does not help increase
the aggregate trading surplus for all consumers. Indeed, 0*(2) = 0 (by Equation ©).2 A

We cover the case of % < 7 < 7, in Appendix C. It shares similar intuitions to the previ-
ous two cases and features multiple equilibria with either inefficiently low or inefficiently high
trade. In summary, all equilibria of this simple economy are inefficient as represented in Fig-

ure 2.

130ne may wonder whether a negative price for type-2 records could correct this inefficiency, as it would
disincentivize selling these records. Such a price is incompatible with equilibrium behavior, as the platform
would then demand an infinite quantity of type-2 records. More generally, Corollary A.1 in Appendix A provides

sufficient conditions in an arbitrary economy for similar inefficiencies.

17



4 Remedies to the Market Failure

This section discusses three market designs that provide a remedy to the inefficiency of the
competitive economy. The first establishes a “data union” that manages consumers’ data on
their behalf. The second introduces data taxes in the competitive economy. The third renders

data markets “more complete.”

4.1 Data Unions

We first introduce a new intermediary in the economy, called a data union.'* A data union
manages consumers’ data records on their behalf to maximize their welfare: It collects records
from participating consumers, sells some or all of them to the platform, and distributes the
proceeds back to the consumers to incentivize participation. Thus, the union coordinates con-
sumers’ actions by unilaterally deciding which records should be sold to the platform and how
consumers should be compensated. We show that a data union implements allocations that are
constrained efficient. This result offers theoretical support to recent policy proposals that dis-
cuss the potential role that a data union could play in the data economy (e.g., see Posner and

Weyl, 2018; Bergemann et al., 2023).

More formally, our data union operates as follows. Consumers voluntarily decide whether to
join the union and relinquish their records to it. Given the collected database 4, the union sells
part of it, g < 4, to the platform at a price that extracts all the platform’s expected payoff V(g).
Finally, the union distributes the proceeds V(g) to its members through transfers p € R such
that )", p(w)g(w) < V(q). The union’s objective is to maximize the welfare of its members.
We assume that, if a consumer joins the union, she retains her reservation utility r(w) unless
her record is sold to the platform. This assumption is critical for our result. A by-product of
this assumption is that, without loss of generality, all consumers join the union, i.e., § = §.

Thus, the problem of the data union can be written as follows:

(pa,x)
such that g <g,

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

and x solves P,

14Data unions have also been discussed in Posner and Weyl (2018) and Bergemann et al. (2023).
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and Y p(w)glw) < V(q),

and  p(w)+ % Y u(a,w)x(alw) + (1 - Z_E—:};)r(w) > r(w).

The first two constraints are familiar from Definition 2. The third constraint requires that
the data union does not run a deficit. The last constraint guarantees consumers’ participa-
tion. By participating, a type-w consumer receives compensation p(w); with probability
%, her record is sold to the platform, in which case she also earns a trading surplus of
Y., u(a,w)x(alw); with remaining probability, her record is not sold and she gets her reser-
vation utility 7(w). Notice that, in this specification, all consumers are entitled to a payment

p(w), regardless of whether their data records are used. This assumption is immaterial for the

result.

Proposition 3. Let (p*,q*,x*) be a solution to the data union’s problem. The allocation
(q*,x*) is constrained efficient. Conversely, if (9°,x°) is a constrained-efficient allocation,

there exists p° such that (p°,q°,x°) is a solution to the data union’s problem.

There are two main differences from the competitive data economy in Section 3. First, while
consumers can decide to leave the union, they have no say in whether their data records are
sold to the platform. This allows the union to coordinate consumers in a way that competitive
markets cannot. Second, the union has bargaining power vis-a-vis the platform and the con-
sumers: The prices p are chosen by the union rather than being determined by market clearing.
As a result, the union both internalizes the externalities discussed in the previous section and

can properly compensate consumers for their participation.

It is worth noting that the data union’s objective of maximizing consumers’ welfare is not
essential for its ability to induce constrained efficiency allocations. If the union maximized
the platform’s payoff—or, equivalently, if the platform was the union—then it can be shown
that the induced allocations would still be constrained efficient. Clearly, such a union would
have no incentive to distribute the proceeds of its activity back to the consumers. Indeed,
while allocations would be constrained efficient, consumers’ welfare would be minimized—

ie.,equalto R =Y, §(w)r(w), with all consumers earning their reservation utility.
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4.2 Data Taxes

While the data union helps achieve constrained-efficient allocations, it involves a concentration
of bargaining power in a single institution. One may wonder if constrained-efficient allocations
can be decentralized in our original competitive economy. This section provides a positive

answer by introducing data taxes levied on consumers. !>

These taxes work as follows. Whenever a type-w consumer sells her record to the platform,
she pays a “data tax” T(w) € R to the government. We can interpret T(w) < 0 as a subsidy
paid by the government. To make the problem interesting, suppose the government cannot run
a deficit, i.e., Y, g(w)T(w) > 0. Besides taxes, all other components of the model are as in
Section 2. The next result shows that any constrained-efficient allocation can be supported as

an equilibrium of the economy with taxation.

Proposition 4. Let (q°, x°) be a constrained-efficient allocation. There exists a profile of taxes
T*, of prices p*, and of consumer choices z*, such that (p*,z*,q°,x°) is an equilibrium of the

economy with taxation T* and the government does not run a deficit.

We can explicitly characterize the taxes and the equilibrium that supports any constrained-

efficient allocation (¢°,x°). Let p* be a supergradient of V(4°) and define
T (w) £ p*(w) + Zxo(a|w)u(a,w) —r(w). (8)
a

Additionally, define z*(w) £ g°(w)/§(w) for all w. It is easy to check that (p*,z*,4°, x°) is
an equilibrium of the economy with taxation T*. First, since p* is a supergradient of V(4°), g°
must solve the platform’s problem in the first period. Moreover, since (4°,x°) is constrained
efficient, x° must solve qu, i.e., the platform’s problem in the second period. Third, all con-
sumers are indifferent between selling or not selling their data records to the platform since, if
they sell, they earn p*(w) + Y, x°(a|w)u(a,w) — v (w) = r(w). Finally, by the definition
of z*, data markets clear. In this equilibrium, consumer welfare equals R = Y, §(w)r(w)
while the platform’s payoff is zero. Since the allocation is constrained efficient, it must be that
the government runs a budget surplus of W° — R. If these proceeds are distributed to the con-

sumers (in a way that does not affect their behavior, e.g., in a lump-sum manner), then con-

sumer surplus is maximized in equilibrium.

15 As usual, the data tax could also be levied on the platform and, in equilibrium, passed on to the consumers.
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The data taxes correct the inefficiency of the competitive economy by making consumers in-
different between selling or not selling their data records. In particular, the taxes increase the
effective data price paid to the consumers who exert a positive externality (typically, the low-
type ones) and decrease the price paid to the consumers who exert a negative externality (typi-
cally, the high-type ones). As a result, any constrained-efficient allocation can be supported in

equilibrium. It is instructive to see this at play in the context of a concrete example.

Example of a Data Tax. Consider Case 1 in Section 3.1. We argued that low-type con-
sumers, whose records would be socially beneficial to sell, are not sufficiently remunerated by
the competitive market, leading to inefficiency. Our taxation subsidizes these consumers just
enough to make them indifferent between selling or not: 7%(1) = 7, — 7 < 0. This subsidy
is financed by taxing the high-type consumers: 7*(2) = 1 — 7. The equilibrium prices are
p*(1) = vy and p*(2) = 0. Under these taxes and prices, the constrained-efficient allocation

(g°, x°) can be supported in equilibrium, and the government’s tax revenue is §(1)(1 + v, —

27) > 0. A

4.3 Lindahl Pricing

Finally, we show how the inefficiency of the competitive economy can be corrected by enrich-
ing the price system for data records. We do so by allowing that the terms of trade between a
consumer and the platform involve not only whether she sells her record, but also how the plat-
form intends to use it.'® That is, the price of a record can depend not only on its type w, but
also on the fee a that the platform will recommend to the merchant. The basic logic behind this
approach is that the aforementioned inefficiency stems from the externalities generated by how
data records are used, so market participants should have ways to take those externalities into
account in their trades. As such, our approach is similar to classic ways of modeling compet-
itive economies with externalities (e.g., Arrow (1969) and Laffont (1976)).!7 For this reason,

we refer to this setting as the Lindahl economy.

More formally, this economy features one market for each pair (a4, w) with an associated

16This is reminiscent of the European Union’s 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, GDPR 2016/679 (39)).
"In particular, we follow Bonnisseau et al. (2023).
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price p(a,w) at which w-records can be traded for use a. A type-w consumer decides in which
market to sell her w-record, if any. That is, for all 4, she chooses the probability of selling her
record to the platform for use a, denoted by z(a,w) € [0,1]. As in our baseline economy, the
platform takes prices as given and chooses a database g and a mechanism x, with x(a|w)g(w)
representing its demand of w-records in market (a,w). It is implicit in the trade agreement
between the platform and the consumers that, if the platform acquires a record for use 4, it has
to deliver on this promise. The platform’s problem can then be written as

max ) (v(a,w) - p(a,w))x(a|w)q(w) ©)

9.x a,w

such that ) _ (7(a,w) — 7(d',w))x(alw)q(w) >0  Va,d €A

w
It is instructive to compare the platform’s problem in the Lindahl economy with the one in

the baseline economy (conditions () and () in Definition 1). They only differ insofar as the

Lindahl economy has richer markets, with prices that can depend on a and not just on w.'®

The equilibrium definition in the Lindahl economy follows from Definition 1.

Definition 3. A profile (p*,z*,q*, x*) is an equilibrium of the Lindahl economy if
(a) Given p*, (g*,x*) solves the platform’s problem in Equation (9).

(b) Given p*, z* solves the consumers problem: for all w,

z*(-,w) € arg max Zz )+ u(a,w)) + (1=Y_ z(a))r(w

zeRY st Y,z(a) <1

(c) Markets clear: x*(a|w)q*(w) = z*(a,w){(w) for all w and a.

For the Lindhal economy, we will use the following notion of effciency.
Definition 4. An allocation (q*, x") is unconstrained efficient if it solves

Wt = max W(q,x)

suchthat q <, (FB)
and Z —n(d,w))x(alw)g(w) >0  Vaa €A

181n particular, the timing of the two economies is the same. To see this, note that we could have equivalently
written conditions () and (b) in Definition 1 as Equation (9), with the additional restriction that p(a, w) = p(w)
for all (a,w).
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Compared to the notion of constrained efficiency (Definition 2), an unconstrained-efficient
allocation (g, x) requires x to be optimal for the planner and not necessarily for the platform.
Besides this, the planner’s problem is the same. Indeed, notice that, in Definition 2, x was
already required to be obedient since x solved Pj,. Therefore, the welfare of an unconstrained-

efficient allocation is weakly higher than that of a constrained-efficient allocation: W > We.

The next result shows that the equilibria of the Lindahl economy are unconstrained efficient.

Proposition 5. Let (p*,z*,q", x*) be an equilibrium of the Lindahl economy. The allocation
(q*, x*) is unconstrained efficient. Moreover, consumer welfare equals W*. Conversely, any
unconstrained-efficient allocation (q+, x+) can be supported as an equilibrium of the Lindahl

econonty. 19

The richness of the price system allows the equilibria of this economy not only to avoid the
inefficiency highlighted in Section 3, but to achieve unconstrained efficiency. For the same
reasons as before, the platform still earns zero profit, so W is also the consumer welfare. The

following example illustrates how the richer price system helps induce efficient allocations.

Example of a Lindahl economy. Consider again the example of Section 3.1. Since v, = 0, a
mechanism x is optimal for the platform if and only if it is also optimal for the planner. There-
fore, the constrained- and unconstrained-efficient allocations coincide, leading to a welfare of
W° = W' =7+ 7(1)(1 + 7, — 2F). Moreover, as in Section 3.1, the unconstrained-efficient
allocation (g%, x") is unique and given by g"(w) = §(1) and x(1|w) = 1 for all w. Recall
that in the baseline economy all equilibria are inefficient. By contrast, we now discuss an equi-
librium of the Lindahl economy and show it is unconstrained efficient. Let (p*,z*, 4%, x*) be
defined as follows. First, let (g%, x*) = (g%, x"), i.e., the candidate equilibrium supports the
unconstrained-efficient allocation. Second, for all w, let z*(1,w) = :77((—:))) and z*(2,w) = 0,
so that z* and (g%, x*) clear the data markets. Finally, let prices be p(a = 2,w) = 0, for all
w,pa=1lw=1)=v9,+(1—-7),and p*(a = 1,w = 2) = —(1 — 7). To see that this
is an equilibrium of the Lindahl economy, note that given prices p*, type-1 consumers strictly
prefer to sell their record in market (@ = 1,w = 1). Type-2 consumers, instead, are indiffer-

ent between not selling and selling in market (4 = 1, w = 2). Finally, the platform maximizes

19Since an unconstrained-efficient allocation always exists, this result implies the existence of an equilibrium

of the Lindahl economy.

23



(vu+1—=7)(x(1)2)q(2) — x(1]1)g(1)) subject to x(1|1)g(1) > x(1]2)g(2). Therefore, the
platform cannot make a positive payoff, and (g%, x*) achieves the maximum of 0 given p*.

It is worth noting the crucial role of the richer price system. The price p*(a = 1,w =
1) incorporates the positive externality that a low-type consumer generates when selling her
record. This high price paid by the platform is financed by the high-type consumers, who have
to pay to participate in the platform’s mechanism. The platform uses their payments 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. Notice that the equilibrium
exists even if p*(a = 1, w = 2) < 0. Despite the negative price, the platform does not have an
incentive to acquire an arbitrary quantity of such records. This is because, to fulfill the terms
of trade for this market, the platform has to guarantee the merchant is willing to charge a low

fee a = 1 to the type-2 records it acquires. A
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Appendix

A Proofs

A.1 Proofs for Section 3

As aresult of the linear specification of the platform’s payoff, v(a, w) = y,u(a, w) + Y7 (a, w),
we can explicitly compute V(g) and W(q) for all g, and characterize their supergradients. To
do so, fix an arbitrary database ¢ > 0 and let w(g) = Y, wg(w) be the gains from trade and
Tm(q) = max, Y, 77(a,w)q(w) be the payoft of the uninformed merchant who only knows

the composition of g.

As discussed in the second paragraph after Proposition 2 and shown in Figure 1, when the
platform’s payoff v has the linear specification, the optimal mechanism x* either maximizes
merchant’s profit (when 7y, > ;) or maximizes consumers’ surplus (when 7y;, > ). There-
fore, we can explicitly compute the platform’s value V and the planner’s value W, depending

on the relative magnitude of 7y, and 7y :

Yrnw\qg), Y > Yu
V(g) = (4) , AD)

Ya7tm(q) + Yu(w(q) — T (q)),  Yn < u

Yrw(q), Y > Yu

W(q) = (A.2)

Va7t (q) + (14 7u) (w(g) = 7 (q)), Y < 70
Since w(q) is linear and 77,,, () is convex, V and W are concave functions and their supergradi-
ents are well-defined. Next, we characterize these supergradients. Let A; £ argmax, Y_, 7(a, w)q(w)
be the set of optimal monopoly prices under g. Let G; = {g € R? : g(w) = 0ifg(w) >
0and g(w) > 0if g(w) = 0}. Define Dy(7yy, v7) C RP as

(Y7W)wen, Y > Yu e

[l>

q’q(%u’)’ﬂ)
cov{(yuw + (vn — yu)al(w > a))wea i a € Az}, Yn < Yu

where cov refers to convex hull and summation between two sets A and B is defined in the

sensethat A+B={a+b:ac A,bc B}
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Lemma A.1.

1. The set of supergradients of V(q) at q is ©g(vu, Yr)-

2. The set of supergradients of W(q) at q is ¥q = @y(Yu, Yn) if Y > yu and ¥y =
D (1 +Yu, v7) if Y7 < Y

Proof. NotethatV, W : ]Ri) — IR defined in Equation (A.1) and (A.2) are linear combinations
of functions w and —7t,,. Therefore, in order to compute the supergradients of V and W, we
only need to compute the supergradients of w and —7t,. To do this, we first extend w and

— 7T from RE to R by defining @, 7ty : R? — R as

ae()

@(q) = ) wq(w) +6(q), —7tm(q) = min —7(a,w)g(w) + 5(q),

where R 2 [—00,00), 6(g) : R® — R is defined by 6(q) = 0if g € R and §(q) = —o0 if
q ¢ RY. It immediately follows that dw(q) = 9w@(q) and d(—7ty)(g) = d(—7tm)(q) for all
g € R
Next, we compute the supergradients of @ and — 7%, on R, Note that Y, wq(w), mingeq —7(a, w)q(w),

5(q) are upper-semicontinuous in g on R and finite on IRQ. Therefore, we can invoke Corol-

lary 10.9 and Example 7.27 in Rockafellar and Wets (2009) to derive that

ae)

9w (q) = () wq(w)) +95(q), d(—7tm)(q) = d(min —7(a, w)g(w)) +35(q)

on g € RY. We have 9(X, wq(w)) = (w)weq. Moreover, Exercise 8.31 in Rockafellar
and Wets (2009) implies that d(min,cq —7(a, w)q(w)) = cov{(—n(a,w) = —al(w >
a)wen : a € Ag}. Itis left to compute 96(q). By definition, g € R® is a supergradient of 6 at
g € R if and only if for all ' € R%:
5(q)=0a)<g-(q—q) < g-(4—q) 20
Therefore, 95(q) = G4 on RE.
Finally, we compute oV (q) and 9W(q). If v > 7, Equation (A.1) and (A.2) imply that

IV (q) = aW(q) = r=0w(q) = {(1rw)wea}t + Gy = P(1u, T)-

If v < 4, Equation (A.1) implies that

oV (q) = yuow(q) + (vu — Yr)9(—7m)(q)

28



= cov{(7uw + (vr — Yu)al(w > a))wen 1 a € Ag} + Gy = D(vu, 17);

Equation (A.2) implies that

oW(q) = (1 + yu)ow(q) + (1 + yu — v7)0(—7tm)(q)

= cov{((1+yu)w+ (yx —1—=vu)al(w > a))weq : a € Ag} + Gy = P(1 4+ Yu, 7n)-

O

Note that &, and ¥, are singletons when A, is a singleton and g(w) > 0 for all w, so
the supergradients are generically unique. Moreover, Theorem 5.2 in Bertsimas and Tsitsiklis
(1997) shows that the set of supergradients of the value function of a linear program coincides
with the set of solutions of its dual. Therefore, qu 1s also the set of solutions to the dual
problem of Pg:

min ;sb(w)q(w)

such that  ¢p(w) > v(a,w) + Y (7(a,w) — 7(4,w))A(]a) Va, w (P (v))

a

and A(dla) >0  Va,a
We will use this fact in the following proofs.

It is with noting that Lemma A.1 extends Proposition 2 in Galperti et al. (2023). In their
setting, Galperti et al. (2023) characterize the solution to problem 77!7 (v) when it is unique, i.e.,
when A, is a singleton and q(w) > 0 for all w. We complement their results by providing
a full characterization of the solutions even when it is not unique, and also by characterizing
the supergradients of W, i.e., the marginal value of data to the planner under the incentive

constraint of the platform.

With these results in mind, we proceed to prove Proposition 1 and Lemma 1.

Proof of Proposition 1. Suppose 7y > 7. In this case, x as a solution to P, reveals all

records in the database. Given this, it is easy to see that in this case the planner’s solution to

problem SB (see Definition 2) is q(w) = 0 if yrw < r(w), g(w) = §(w) if yrw > r(w),

and g(w) € [0,§(w)] if yzw = r(w). Taken together, (g, x) is constrained efficient if and

only if g(w) > 0 implies Y w > r(w) while g(w) < §(w) implies yrw < r(w), and x
(

solves P;. From Lemma A.1 we know ¢, € Y, where ¢;(w) = yrw,Vw. This proves
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that if (g, x) is constrained efficient, then there exists ¢, € ¥, such that g(w) > 0 implies
Py > r(w) while g(w) < §(w) implies ¢, < r(w). Conversely, suppose x solves P, and for
some 1p; € ¥, we have ip;(w) > r(w) if g(w) > 0 and Py (w) < r(w) if g(w) < (w). By
Lemma A.1 we know if g(w) > 0 then ¢, (w) = yrw; if g(w) < §(w) then Pg(w) > yrw.
Therefore, this means g(w) > 0 implies Y w > r(w) while g(w) < §(w) implies yrw <
Py(w) < r(w), which means (g, x) is constrained efficient.

Now, suppose v < 7. In this case, the constraint that requires x to be sequentially optimal
for the platform can be relaxed, and the planner’s problem S B coincides with F B (see Defi-
nition 4). Thus, a data allocation (g, x) is constrained efficient if and only if it solves problem
F B. The dual problem of F I3 can be formulated as:

min ) #(w)3(w)
such that  p(w) > yr7(a,w) + (1+y)u(a,w) + Y (7(a,w) — 7(a,w))A(4la)  Va,w

a
and p(w) > r(w) Yw
and A(dla) >0  Va,a

(FB)
We first show the “only if”” direction of the proposition. Take any efficient allocation (g, x).
Then the planner’s value under (g, x) can also be written as:

Z (q‘(w) — q(w))r(a))—l— max Z (v(a,w) + u(a,w))x(a,w)

; )(E]foo a,w

such that ) x(a,w) = q(w), Vw € O
a

and ) (m(a,w)—n(dw))x(a,w)>0 VaiecA

w
Let (4, A) be a solution to problem F/3'. Then (y, A) is also feasible for problem Py (v +
u), which is the dual of the maximization problem above. Moreover, by strong duality, the

planner’s value can also be written as ), #(w)j(w). Therefore, we have:
Y p(@)q(@) < ¥ (7(w) = g(w) ) (@) + ¥ p(w)q(w).

Meanwhile, since y(w) > r(w), we must also have the other direction of the inequality, so we

conclude:

Y p(@)q(w) = ¥ (4(@) = q(w)) (@) + ¥ p(w)q(@).

w
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This equality has two implications. First, (#,A) achieves the minimum of Pg(v + u), so
u € ¥y Second, p(w) = r(w) whenever g(w) < J(w). Letting ¢, = p, we conclude the
proof of the “only if” direction, i.e., if g(w) > 0 then ¢;(w) > r(w) (which is always true by
construction) and if g(w) < §(w) then ¢,(w) < r(w).

Next, we prove the “if”” direction. Let (1, 1) be a solution to P (v + u) such that (w) >
r(w) if g(w) > 0 and Y(w) < r(w) if g(w) < (w). Let p = max{y,r}. Then, (y,A)
is feasible for 7B’ and, thus, ¥, p(w)j(w) > W° by weak duality. Next, we argue (g, x)
achieves W°, where x is a solution to (3). Since (¢, A) is a solution to P(;(v +u)and xis a

solution to (3), by strong duality, we know that under (g, x), the planner’s value is

=) a(@)p(w) + ) r(w)(G(w) - q(w)).

When g(w) = §(w), we have P(w) > r(w), and thus ¢(w)g(w) = p(w)f(w); when
g(w) = 0, p(w) < r(w) and thus r(w)(§(w) — 4(w)) = p(w)f(w); when 0 < g(w) <
j(w), we have ¥(w) = r(w) = p(w). Therefore,

Wia,%) = Lal@)p(w) + Lr(@)(@(w) - q(w)) = Lp(@)q(w).

w

This means that (g, x) achieves W and thus (g, x) is constrained efficient. o

Lemma A.2. Fix an arbitrary v.2° q < g solves the platform’s problem in the first period
(Problem (1)) if and only if p € .

Proof. We first observe that the platform’s problem in the first period (Problem (1)) is equiv-
alent to choosing (g, x) given price p, or in other words, choosing x(a,w) = x(a|w)q(w)
without any feasibility constraint. This is because in the first period the platform can choose

any g > 0. Therefore, its dual problem can be formulated as:

m/\in 0
such that ) (71(4,w) — 7(a, w))A(4]a) > v(a,w) — p(w)  Va,w (A.3)

A

a

and A(dla) >0  Va,a

In other words, the platform’s optimal payoff is zero if (A.3) is feasible, and it is infinite

otherwise.

20We emphasize that in this lemma v does not need to be a linear combination of % and 7.
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To show the “only if” direction, note that if g < g solves (1), then V(q) = ¥, p(w)g(w). If
instead V(q) > Y, p(w)q(w), the platform can choose 24 to achieve a higher payoff, which
is a contradiction. By strong duality, V(q) = ¥, p(w)q(w) implies that Problem (A.3) is
feasible. Take any feasible solution A, and consider (¢, A) where ¢ = p. Next we argue (¢, A)
is an optimal solution to 7, (). Suppose not, then since (¢, A) is feasible to Py (v), we must

have V(q) < Y., #(w)g(w), but this contradicts V(q) — ¥, p(w)g(w) = 0.

To show the “if” direction, suppose (p,A) is an optimal solution to Pg(v). This means
Problem (A.3) is feasible. Therefore, the platform’s optimal payoff is O given p. By strong
duality, we have V(q) = ¥, 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 (1) given price p. O

Proof of Lemma 1. Since in any equilibrium (p*,z*,g*, x*), we must have g* < {7 and g*
solves (1) given p*, Lemma A.2 then implies that p* € ®4+, which means p* is a supergradient

of V at g*. o

Proof of Proposition 2. We prove the case of y; > 7, here. The negative results for the
case of y; < 7y is illustrated by Section 3.1, Corollary 1, and Corollary A.1. Consider any
equilibrium (p*,z*, g%, x*). We know that g*(w) > 0 implies p*(w) > r(w) and g*(w) <
G(w) implies p*(w) < r(w) since x* perfectly reveals all records in 4*. By Lemma 1, we
know p* € ®y+. Since v > vy, ¥y = Py« by Lemma A.1. Taking ¢« = p* we conclude

that (g%, x*) is constrained efficient by Proposition 1. mi

Proof of Corollary 1. Let (p*,z*,q*,x*) be an equilibrium. If g* = 0, then there is no trade,
which is inefficient by assumption. Therefore, assume g* # 0. Next, we argue 4*(w) = 0. By
Lemma | and Lemma A.1, p*(w) < y,w. Since a type-w consumer will earn a zero trading
surplus by selling her record and by assumption y,w < r(w), she strictly prefer not to do
so. However, this is inefficient since, given g* # 0 and Lemma A.1, ¢, (w) > (147w >

r(w). Invoking Proposition 1 we conclude the proof. o

Next, we introduce another set of sufficient conditions under which all equilibria of the
competitive economy are inefficient. Let wq be the highest type in () and w» be the second-
highest one. In Corollary A.1, we assume that, if all type-w; consumers sell their records,
the merchant strictly prefers to set a fee 4 = wq. This is guaranteed by the requirement that

J(wr)wy > WY s, d(w’) forall w < wq. Additionally, we assume that if the uninformed
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merchant fee is a; = wy, the platform wants to pool type-w, and type-w; consumers, to induce
a lower fee from the merchant. This is guaranteed by the requirement that r(w;) < 7,ws.
Under these assumptions, we show that for a range of (w1 ), type-w; consumers strictly prefer
to sell their records while it is not efficient. This corresponds to Case 2 in the example of

Section 3.1.

Corollary A.1. Let vz < 7. Assume (wi)wi > WY > (W') for all w < wq and
r(wa) < yuwy. Then no equilibrium is constrained efficient if Ynwy < r(w1) < Yrwi +

w1 — Wy.

Proof. Let (p*,z*,q*,x*) be a competitive equilibrium. We want to show it is not constrained
efficient. Note that since v, < 7y, solving SB is equivalent to solving F B (since the sequen-

tially rationality constraint of the platform can be relaxed). There are four cases to discuss.

e Case 1: Suppose ¢*(wp) < G(w2),q*(w1) < §(wy). To the contrary, suppose this is
constrained efficient. Then by Proposition 1, there exists ¢ € ¥+ such that ¢(wq) <
r(wq) and Y(wy) < r(wy). By Lemma A.1, we know that (wy) > Y ,coMa((1+
Yu)wi + (Y7 — 1 — yu)a), where (A;),cq are weights satisfying A, > 0, ,cq = 1.
We have:

Ay Yrwr + (1= Ao ) (1 + yu)wi + (v — 1 — yu)wo)

<Y Aa((M+v)wi + (v — 1= yu)a)
acQ)

<P(wr) < r(wr) < Yrwr + wi — wy,

where the first inequality follows because (1 + 7, )w1 + (77x — 1 — 7,,)a is decreasing
in a and the last inequality follows by assumption. Comparing the left-hand side and the

right-hand side, we conclude A, However, this then implies:

>

— 1

_— w
T+ 9 — v T+ qu— e 72

= Yuwy > r(wy),
which is a contradiction to ¥(wy) < r(wy). Therefore, (g%, x*) is not constrained

efficient.
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e Case 2: Suppose % (w2) < (w2),q*(w1) = §(w1). In this case, since by assumption
we have §(w1)wy > w Yy §(w') for all w < w, the unique uninformed merchant
fee under ¢* is a,+ = wy. Therefore, by Lemma A.1, g+ (w2) > (7u + 1)wn > r(wy).

By Proposition 1, we conclude that (g%, x*) is not constrained efficient.

e Case 3: g*(w2) = G(w2),q"(w1) < §(wq). We argue this is also inefficient. First, if
q*(w1) = 0, then ¢y (w1) = Yrw2 + (yu + 1) (w1 — wa2) = YW1 + (Yu — 17+
1)(wy — wy) > r(w1). Therefore, by Proposition 1, (g%, x*) is not constrained efficient.
Second, suppose §*(wy) > 0 and x*(w1|wy1) > 0. Let x*(a,w) £ x*(alw)q* (w) be
the joint distribution over a and w induced by (g%, x*). Note that by obedience we must
have x*(a,w) > 0 only if a € ). Next, we construct a new allocation (g, x) which is
feasible for F BB but have W(g,x) > W(gq*,x*). We construct such (g, x) by directly
constructing its induced joint distribution x(a,w). Let x(a,w) = x*(a, w) fora # w;
and x (w1, w) = 0 forall w € Q. Let (g, x) denote an allocation inducing ). Note that
(g, x) is still feasible for FB because g(w) = Y scq x(a,w) < g%(w) < G(w) and
x(a,w) = x*(a,w) for all a € O\{w1}; for a = wy, since x(a,w) = 0 for all w,

obedience is satisfied vacuously. We have:

W(q,x) =W(q",x") = ) r(w)x" (w1, w) — X" (wy,w1)yrwr >0,

we

where the inequality follows from the assumption that r(wq1) > 7yrw;. Therefore,
we conclude (g*,x*) is not constrained efficient. Third, suppose x*(wi|wy) = 0.
Then, Y ,cq x*(a|wy)u(a, wi) > wi — wy, and by Lemma 1 and Lemma A.1 we have
p*(w1) > yrw1. Together, since by assumption wy — wy + yrwy > r(wq), it must be
that g*(w1) = §(wy), a contradiction. Summarizing the three scenarios, we conclude

that (g%, x*) cannot be constrained efficient.

e Case 4: Suppose §*(w2) = §(wy) and g*(w1) = G(w1). In this case, since by assump-
tion we have §(w1)w1 > w ¥y §(w’) for all w < w, the unique uninformed mer-
chant fees is a,+ = w;. Therefore, we have §;«(w1) = yrw1 < r(w1). By Proposition

1, (g%, x*) is inefficient.
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A.2 Proofs for Section 4

Next, we provide proofs for results in Section 4. Note that none of the results in that section

require the assumption that the platform’s payoff is linear in u and 7.

Proof of Proposition 3. (“If” Direction). Let (¢°, x°) be constrained efficient. First, we argue
that (g°, x°) is a solution of a relaxed version of the data union’s problem, which we obtain
by discarding the consumers’ participation constraints. Additionally, note that the constraint
Yo j(w)p(w) < V(q) must hold with equality and, thus, can be substituted into the data
union’s objective. By doing so, prices p do not appear in the relaxed problem, which can be
written as

max Y (v(a,@) + u(a,w) ) x(alw)g(w) + L (7(w) = q(w))r(w)

(q,x) a,w w

such that g < g,

and x solves Pq.

Note that this relaxed problem coincides with the planner’s problem S 5. Thus, any constrained-
efficient allocation must yield a value that is weakly higher than the value of the data union’s
problem. To complete the proof, we find prices p° such that, given (4°,x°), the consumers’

participation constraints are satisfied and }_, §(w)p(w) = V(g).

To this end, let p°(w) = p(w) + t(w) with p(w) = % (r(cu) -Y, x°(a|w)u(a,w)>,
where t(w) will be pinned down later. If t(w) = 0, all type-w consumers would be indifferent
between joining the union or not, and in particular, z(w) = 1 is optimal. In this case, the

union’s budget is:
G(g°,x°) = V(9°) = }d(w)p(w)
w

= Z <v(a,a)) + u(a,w))xo(a|w)qo(w) — Zcf’(W)r(CU)-

a,w w

st

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 W(g°,x°) = W°® > R =
Y G(w)r(w), which is the right-hand side.

Finally, to guarantee ), §(w)p°(w) = V(g°), we can uniformly distribute G(4°, x°) to the
consumers. Specifically, let t(w) = G(q°,x°) (recall that }_,, §(w) = 1). Therefore, since

z(w) = 1 was optimal under j(w), it is still optimal under p°(w) > p(w).
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Thus, we constructed a profile (p°,¢°, x°) that is feasible for the data union. Moreover,
since (g°, x°) solves the relaxed problem, it must be that (p°,4°, x°) solves the data union’s

problem.

(“Only If” Direction). Let (p*, g*, x*) be a solution to the data union’s problem but suppose
it is not constrained efficient. Let (4°, x°) be a constrained-efficient allocation. We have that:

D (v(a,w> +u(a,w) ) ¥ (alw)q* (@) = L g" (@)r(w)

a,w

<L (vlw) +ula,w) )2 @l (@) = D (@)rlw) = W°

(A4)

By the “only if” direction, we know there exist p° such that (p°,4°,x°) is feasible for the
data union and achieves W°. This contradicts (p*, g*, x*) being a solution to the data union’s

problem. m|

Proof of Proposition 4. As explained in the main text, given a constrained efficient allocation
(g°,x°), we construct 7%, p*,z* as follows. Take any p* € Py, which by Lemma A.1 is
nonempty. Let T* be defined as in Equation (8) and define z*(w) £ g°(w)/§(w) for all w.
Next, we check that (p*,z*,4°,x°) is an equilibrium of the economy with taxation 7*. First,
since p* € ®ge, g° solves the platform’s problem in the first period by Lemma A.2. Second,
since (g°, x°) is constrained efficient, x° must solve Pge, i.e., the platform’s problem in the
second period. Third, for any z(w) € [0, 1], the payoff of an w-consumer is z(w) (p*(w) +
Y. x°(alw)u(a,w) — ™ (w)) + (1 — z(w))r(w) = r(w), so z*(w) solves the consumer’s
problem. Finally, by definition we have z*(w)j(w) = g°(w) for all w, so data markets clear.

Therefore, (p*,z*,g°,x°) is an equilibrium of the economy with taxation T*.

In this equilibrium, the government’s budget balance is:
L (@) (@) = L (@) + e alw)ula, @) (@) - Driw
= ZZx w) +u(a,w) Zr
=W(q°,x°) —R=W°—-R >0,

where the second equality follows because in equilibrium the platform has a zero payoff and
the last equality follows because (4°, x°) is constrained efficient. Therefore, the government

does not run a budget deficit. O
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Proof of Proposition 5. (“Only If” Direction). Let (p*,z*,q*, x*) be a Lindahl equilibrium.
We first prove that (g%, x*) must solve FB. Since (g%, x*) solves the platform’s problem (9),

we have that

Y v(a,w)x*(alw)q" (w) = ) v(a,w)x(a|w)q(w)
> ) 7' (a,w)x" (alw)q*(w) = ) p*(a,w)x(alw)q(w)

for all (g, x) that satisfies obedience. Similarly, by the maximization problem of type-w con-

(AS)

sumers, we get

Y u(a,w)z*(a,w) 4+ r(w) (1 =Y z%( Zu a,w)z —r(w)(1- Zz(a w))

Z—Zp a,w)z*(a,w +Zp a,w)z(a,w)

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

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

w
=) p'(a,w)x"(alw)g* (w) + ) p*(a,w)x(alw)q(w).
a,w a,w
(A.6)
Equations (A.5) and (A.6) jointly imply that for all (g, x) satisfying feasibility and obedience:

Y (v(a,w) + u(a,w))x*(alw)g* (w) —Zr(a)

a,

> 2 w) 4+ u(a,w))x(al Zr

a,w

Therefore, (g%, x*) solves F15.

(“If” Direction). We now prove that for any allocation (g7, x") that is unconstrained effi-
cient, there is a (p*, z*) such that (p*,z*,g", x) is a Lindahl equilibrium. First of all, notice
that 7B 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 z(-, w) and we can therefore
choose z* such that z* (-, w)F(w) = xT(-|w)g" (w).

We can equivalently rewrite I3 in terms of x:

max Y| <v(a,w) + u(a,w))x(u,w) + ; <17(w) - ;X(a,w)>r(w

XGIRﬁXQ a,w
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suchthat ) x(a,w) < J(w), Vw € O
a
and ) (n(a,w)—n(d,w))x(a,w)>0 VaicA

w
Since (g%, x") is unconstrained efficient, we know x'(a,w) 2 x'(a|lw)gt(w) solves the
above problem. Define z*(a,w) = x'(a,w)/G(w). Since x' is an optimal solution, by
strong duality, we know its dual, which is defined by 735/7(7] + u), admits an optimal solution
(u*(w), A*(a]a)). Define p*(a, w) = p*(w) + r(w) — u(a, w).

We first argue that given p*, z*(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 in market (a,w) for all 2 € A. Therefore, z* (-, w) is optimal. When
w*(w) > 0, by complementary slackness, we have that ), z*(a,w) = 1. Therefore, no type-
w consumer keeps the data. For any z(a, w) such that }", z(a, w) = 1, by construction we have
Yoz(a,w)(u(a,w)+ p*(a,w) = u*(w) + r(w). Therefore, the consumers are indifferent
among these strategies, and thus z*(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, defined by (A.3), is feasible under p*. The dual feasible

set is given by:

Y (m(a,w) — 7(a,w))A(4]a) > v(a,w) — p*(a,w)

=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 (0(a,w) — p*(a,@))x(a,w) < 0

a,w

for all x that is feasible to the platform.

Finally, by strong duality we have:

Y (v(a,@) +u(a,w))xt(@,0) = L xt(a,w)r(w) = L p* (@)q(w).
This implies:

Y (v(a,w) = p*(a,0) + p*(@)x' (2, 0) = Y 1" (w)g(w).

a,w w
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By complementary slackness we know Y, ., #*(w)x"(a, w) = ¥, u*(w)g(w), which im-

plies:
Y (v(a,w) — p*(a,w))x"(a,w) = 0.
a,w
Therefore, we conclude x' solves the platform’s problem given p*. O
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Online Appendix (For Online Publication Only)

B Equilibrium Existence

In this section, we prove the existence of an equilibrium of the competitive economy, allowing
for arbitrary specification of v. We start by showing that the solution correspondence of 7, has

nice properties.
Lemma B.1.

1. The solution correspondence x*(q) of P, is nonempty-valued, compact-valued, and

upper-hemicontinuous.

2. V(q) is continuous in q.

Proof. Fix q. Note that P, can be reformulated as:

max Y v(a,w)x(a,w)

x=0 %
suchthat ) _ (71(a,w) — 7t(a’,w)) x(a,w) > 0 Va,a e A. (B.1)
w

and ) x(a,w)=q(w) VweO

In this problem, the objective is continuous in x 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. The continuity of x*(g) follows from Theorem 2 in Bohm
(1975). Since x* is continuous in g and the objective function }_, ,, v(a,w)x(a, w) is contin-

uous in ), the value function V(g) is continuous.

Note that x is a solution to P if and only if x(a,w) := x(a|w)q(w) is a solution to (B.1),
we claim that x*(g) is upper-hemicontinuous. It is clear that x* is closed-valued, so we only
need to show it has a closed graph. Take any (g,, X,) — (g, x) such that x, € x*(g), we
want to show x € x*(g). Note that x,(a,w) — x(a,w) := x(a|w)g(w). By continuity of
X" we know x € x*(q) and thus x € x*(q). m

In light of Lemma B.1, we are ready to prove the existence of an equilibrium.



Proposition B.1. An equilibrium of the competitive economy exists.

Proof. We start by introducing a correspondence whose fixed points characterize the set of
competitive equilibria. Let P = [—M, M]|Q| be the space of possible equilibrium 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 feasible data allocations. Taken together, P X QQ X X is a nonempty,

compact, and convex set. Define a correspondence F : P x Q x X =2 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 (1) in the first period.

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 prove the

following claim and then apply Kakutani’s fixed point theorem.

Claim. F is nonempty-valued, convex-valued, and has a closed graph.

Proof of the Claim. We first show that F is nonempty-valued. Fix any (p,q, x). By Lemma
B.1, P; admits a solution x'; given (p, x), the consumers’ problem always has a solution ¢’;
given g, since P; admits an optimal solution, by strong duality 73,; (v) 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") € F(p,q,x).

Next we show F is convex-valued. Note that by definition of F, given (p, g, x), the choice
of p’, ¢/, and x’ are independent with each other. Therefore, it is sufficient to check convexity
for each dimension. If x’ and x”' both solve Py, clearly any convex combination also solves
it; If 4" and ¢” 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
7' (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 first-stage problem, then by Lemma A.2 we know both

21 Formally, we should impose market clearing saying that z/ = g’/ solves the consumers’ problem. We skip

this step to abbreviate notation.



p" and p” are solutions to 77,; (v). Therefore, any convex combination of them is still a solution
to 73,; (v). Again by Lemma A.2, g solves the platform’s first-stage problem under that convex

combination.

Finally, we argue F has a closed graph. Suppose (Pn, Gn, Xn) — (9,9, %), (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 B.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)]:
91 (@) (pn(@) + ) _u(a, w)xu(a|w)) + (7(w) = g4 (w))r(w)
a

> 2(pu(w) + Y u(a, 0)xs(alw)) + (7(@) - 2)r(w)

By continuity we get:

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

a

> 2(p(w) + ¥ u(a,w)x(alw)) + ([(w) - 2)r(w)

a

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

problem, note that for all § > 0:

V(qn) = 3 Pa(@)n(w) = V() = ) pu(w)d(w)

Since V is continuous by Lemma B.1, taking limit we get:

V(g) = P (w)a(w) > V(G) =} p'(w)f(w).

w

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

Using the Claim, we can apply Kakutani’s fixed-point theorem to F and conclude that F

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

C Complete Equilibrium Characterization for Section 3.1

In this section, we characterize the entire set of equilibria for our example from Section 3.1. We

first note that in order for the platform’s problem to admit a solution, we must have p*(1) >
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pr(2) 2
P()+ "(2) =

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

0, p*(1 ) + p*(2) > yu. Moreover, in order for the platform to trade, we must have

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]. (C.1)

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 (C.1), 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) =
_ . ooy Gl
0; z*(1) = 1and z(2) = min{1, 3} ¢*(1) = 4(1) and 4*(2) = min{7(2), " };
x*(1]1) = 1 and x*(1]2) = q% 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), (1)} 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 < 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 (C.1), otherwise some type
will have a strict incentive to sell. On the other hand, given any equilibrium with trade, we
must have p*(1) + p*(2) = 7,. 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), w} because p*(2) > 0 and
the platform will choose x*(1|1) = 1,x*(1/2) = 7(1) Since g*(2) > g*(1), in order for the

7*(2)
platform to be willing to buy, it must be the case that p*(1) = 7,, 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

0 < 4°(1) < 4(1), ¢*(2) = min{g(2), L},

7
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) = yu =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.

To sum up, the constrained-efficient allocation 4°(1) = 4°(2) = (1) can never be an

equilibrium, so all equilibria of this competitive economy are inefficient.

D Social Welfare

In the main text, we focused on a notion of welfare that excludes the merchant’s profit (see
Equation (2)). In this section, we show that an analogous result to Proposition 2 holds if we
allow the welfare function to include the merchant’s profit. We refer to this as the “social
welfare,” defined as

SW(g,x) =) (v(a,w) +u(a,w) + n(a,w))x(a|w)q(w) +). (

a,w w
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In light of this, the new efficiency benchmark is as follows.

Definition 5. An allocation (q°, x°) is constrained socially efficient if it solves

max SW(q, x)

such that q <,

and x solves Pq.

Remark D.1. Define “unconstrained social efficiency” by replacing the second constraint in
Definition 5 with obedience constraints, in the spirit of Definition 4. Note that the notion
of “constrained social efficiency” and “unconstrained social efficiency” are equivalent. This
is because when trading-off 7w and u, the planner uses weights 1 + vy and 1 + vy, and the
platform uses weights <y and 7y,. Therefore, as shown in Figure 1, their optimal choice of x

coincides given any database q. In this sense, their incentives are aligned in choosing x.

5



Indeed, whenever the platform’s incentive in choosing x is aligned with the planner’s pref-
erence, constrained efficiency is equivalent to unconstrained efficiency. For example, when the
planner does not take into account the merchant’s payoff as in the main text, the platform’s in-
centive is aligned with the planner when either v > 1+ 7, or vy, > 7yn. In these cases,
the positive statements of Proposition 2, 3, and 4 can be equivalently stated in terms of uncon-

strained efficiency (cf. Definition 4).

Under this new criterion of social efficiency, we have the following result, which extends

Proposition 2 to this more demanding efficiency benchmark.

Proposition D.1. Let (p*,z*,q*,x*) be an equilibrium of the competitive economy. If v >
Yu and, in addition, r(w) ¢ [Yrw, (1 + vz )w) for all w, the equilibrium allocation (q*, x*) is

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

Proof. We prove sufficiency here. Let (p*, z*, g%, x*) be a competitive equilibrium. By Propo-
sition 2, we know the equilibrium allocation (g%, x*) is constrained efficient. Moreover, fol-
lowing the argument in the proof of Proposition 2, we also know that x*(a|w) = %(a|w)
whenever g*(w) > 0, where £(w|w) = 1 is the full-disclosure mechanism. Therefore,

q* € argmaxs<g ). (v(a,w) + u(u,w))ﬁ(a|w)q(w) — Y r(w)q(w)

a,w

= argmaxg<; ) (’ynw — r(w))q(w).

w
The solution to this problem is §*(w) = §(w) if yzw > r(w), 4" (w) = 0if yrw < r(w),
and ¢*(w) € [0,1] if yzw = r(w). The constrained socially efficient allocation (g°, x°)
also features x°(a|w) = %(a|w) whenever q°(w) > 0. Therefore, the solution of the social
welfare problem is ¢°(w) = j(w) if (1+ v7)w > r(w), °(w) = 0if (1 + y7)w <
r(w), and g°(w) € [0,1] if (14 v7)w = r(w). When r(w) ¢ [yzw, (1 + v7)w) for all
w, the equilibrium allocation (g*, x*) is also a solution to social welfare 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 the pooling externality discussed in the main text. When 7y, > 7y,
the only optimal mechanism for the platform given any g is full disclosure, so 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 inefficient.

Next, we illustrate the two sources of inefficiency using the example of Section 3.1. We
will denote the constrained-efficient allocation by (g°,x°). (This is the same constrained-
efficient allocation as in Section 3.1, defined by Definition 2.) We also denote the equilibrium
allocation in Case 1 (inefficiently low trade) by (g}, x}) and in Case 2 (inefficiently high trade)

by (q3;, x7;). These are characterized in Section 3.1.

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 3.1, we can directly compute:

SW(q° x°) = q(1)(3+7u) +7(7(2) —4(1)),

SW(qi,x1) =7 < SW(q°,x°),
* * = = = 1 1 o o
SW (g, xi7) = 703+ ) + Fmax{0,(2) - Ty < swge, ).
The take is that, even if we measure efficiency using social welfare (Equation (D.1)), the equi-
libria are still suboptimal compared to the constrained-efficient allocation. One may suspect
that in Section 3.1, 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 (4°,x°) is not constrained socially efficient. The
q(1)

social welfare is maximized at 4°(w) = §(w) and x*(1|1) = 1,x°*(1|2) = 7(2)> Which gives

a social welfare of
SW(q®%, x*) = q(1)(vu +1) +2(7(2) — (1)) > SW(q°,x°).

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.
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