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Abstract

We analyze the economic consequences of selling consumer data to oligopoly produc-
ers. Without data sales, producers keep secret their private consumer data, leading to
efficiency loss and in some cases, to a prisoners dilemma for producers. In the presence
of an independent data vendor who maximizes its own profits with smart contracts,
data sales causes producers to effectively share their consumer data in equilibrium,
thereby improving total surplus. This setting is consistent with a situation in which
data is owned by consumers and analyzing such a setting provides a way to quantify the
economic value of consumer data. When data is owned by producers, a data vendor a la
a trade association is likely to maximize the total profits of producers, and its presence
can address the prisoners dilemma for producers. Our analysis provides implications
for the debates about data ownership and privacy.
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1 Introduction

The debate about firms or platforms using, sharing or selling consumer data typically focuses
on privacy concerns related to data generated by individuals’ online behavior, see for example,
Acquisti (2015). Data about individual behavior is obviously valuable as it enables advertisers
to target ads and sellers to target product offers to specific individuals. Indications of the
aggregate value of this ability to use consumer data are reflected in the enormous profits
of firms such as Facebook and the emerging market for the sale of data about consumer
behavior. Consumers often say that they are concerned about privacy, and privacy or the
lack of it is a frequent topic addressed in the media, but the effort the individuals seem to
be willing to undertake to protect privacy or the amount that they are willing to pay for it
are minimal (see the Economist [2018]).

In this paper we analyze an economy in which the value that individuals’ place on privacy
is derived from the economic consequences of ownership of data about their behavior. We
do not assume that consumers have an innate value for their data by doing something as
crude as putting privacy in their utility function; instead, our consumers can be harmed or
helped by firms’ knowledge of their behavior and this generates an indirect value of their
data to them. We, of course, don’t deny that individuals may have other more fundamental
values for privacy, and that a direct payoff to privacy may lead to an additional reason for
consumers to be concerned about it. But we show that consumers should be concerned about
who owns their data and what they can do with it even without a direct value for it.

To enable us to focus on consumers’ indirect value of data we examine markets in which
firms care about aggregated consumer data as this data allows them to better predict future
consumer demand for their products and to adjust prices accordingly. Who owns the data and
what they can do with it affects consumer surplus, firm profits and efficiency. In this world,
privacy is less of a direct concern than it is in the Facebook world, as here the data that firms
want is an aggregation (which can be anonymized in large markets) of individual consumer

data. Sharing of data about aggregate consumer behavior is always socially valuable in the



economy we analyze, although who gains and who loses from data sharing depends on the
market structure. Nonetheless, consumers should care about the ownership of the data they
and firms jointly produce.

We analyze an economy in which several firms sell similar products in multiple markets
with each firm participating in some, but not necessarily all of the markets. If consumer
demand is correlated over time and across markets, then each firm could better estimate the
demand for its products if it had information about sales in markets in which it does not
participate and so does not have sales data. Sharing of this information could potentially
harm or benefit consumers as it could allow firms to better exploit any market power or it
could allow firms to better tailor their output to actual demand. Thus, even if consumers
have no direct value for privacy, they may have indirect derived economic value for keeping
data about their purchases private as whether firms have the data may affect prices and thus
consumer welfare. Firms too may prefer that data about their sales be shared or that it be
kept private.

We are interested in two types of questions. First, who gains and who loses if consumer
data is shared, and what happens to total surplus? Second, if there is private ownership of
consumer data how does the initial ownership of the data affect sharing and thus consumer
welfare, firm profit and total surplus? There are several obvious possible initial owners of
consumer data: consumers, firms, and in some industries platforms on which firms sell their
products. How society assigns property rights to consumer data clearly matters for the
payoffs to individual players (the consumers, firms and platforms), but we show that it also
matters for total surplus.

Suppose first that firms own the data. Any individual firm obviously benefits from having
information about other firms sales as this information may be useful in predicting demand
for its own output. Total firm profits may also increase if all firms have access to all data.
However, it is well known that the data sharing game can be a prisoners’ dilemna, see

Darrough (1993) in which it is not beneficial for any firm to share its sales data with other



firms. So even if total profits for the firms would increase were sales data to be shared,
voluntary data sharing may not occur.

Alternatively, firms may sell their products via an online platform which could own the
data. The platform, of course, wants to sell the data and we show that a profit maximizing
platform will sell the socially optimal amount of data. This occurs because the platform can
extract all of the surplus that data sales generate, so its in the platforms best interest to
generate maximal surplus. We show that this sale of data will increase consumer surplus.
Whether it also increases firms’ profits depends on market structure. If the firms have
monopoly power in sufficiently many markets then the extra profit generated by better data
in these markets can more than offset the reduced profit resulting from better data in a
competitive market.

Finally, consumers could own their own data. If they can costlessly organize to create a
data vendor then they too will maximize total surplus for the same reason that a platform
owning the data would maximize social surplus. That is, as long as the data is owned by
someone other than the firms who want to use it, social surplus is maximized. Of course, the
division of this surplus is affected by ownership. But most important is that if firms own the
data they face an tradeoff between selling all of the data and thus maximizing total surplus,
and the increased competition they face in the product market from data sales, and this can
lead to a loss of social surplus.

The paper is organized as follows. Our model of market structure, consumer demand and
use of data is set out in Section 2. Section 3 provides an analysis of the value of consumer
data and the sale of it by firms. Section 4 considers a data vendor and shows that the data
vendor sells the socially optimal amount of data. In Section 5 we consider possible ownership
structures for the data vendor and the consequences of ownership. We offer our conclusions

in Section 6.



Figure 1: Timeline
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2 The model

The economy lasts for two periods, ¢ = 0,1. The timeline of the economy is described by
Figure 1. At the beginning of date 0, a data vendor designs contracts to sell consumer data
to two firms, labeled as A and B. Firms then make production decisions and the product
markets clear. The date-0 equilibrium product prices generate the consumer data, which is
observable to the data vendor at the end of date 0. At the beginning of date 1, the data
vendor delivers the promised consumer data to firms. Then, firms make optimal production
decisions based on their information sets. Finally, the product markets clear, consumers
purchase goods and consume, and firms realize their profits. We next describe in greater

detail the product markets and the data market, and then define the equilibrium concept.

2.1 Consumers and product demand

There are two generations of consumers, each living for one period and consuming goods
produced by firms. Within each generation, there are three types of consumers: A-type, B-
type, and AB-type. An A-type consumer buys goods only from firm A; a B-type consumer

buys goods only from firm B; and an AB-type consumer buys either from firm A or from firm



B. We interpret A-type consumers and B-type consumers respectively as each firm’s “local”
market consumers, and AB-type consumers as firms’ “global” market consumers. Firms
behave as monopolists in their local markets and compete in the global market. There are M
local markets for each firm, where M is a positive integer. In each local market, there is one
representative consumer. In the global market, there exist N > 1 representative AB-type
consumers (and thus the global market is relatively larger than a typical local market). We
label local markets as X-markets and the global market as the Y-market.

For illustration, imagine that firms A and B each sell to their own customers either
through their respective brick-and-mortar stores (the X-markets) or through Amazon.com
(the Y-market). The customers visiting brick-and-mortar stores of one firm do not consult
the other firm. Perhaps these customers are unaware of the other firm, search costs make
finding the other firm’s price too difficult, or simply these customers do not have the habit of
checking Amazon. For those customers who often visit Amazon.com, they see the products
available from both firms and so in this market the two firms compete. This same story works
for other web sites that consolidate markets. Amazon-like sites including Taobao and eBay.
Another class of example are travel sites (expedia, travelocity, and hotels.com) for airlines,
hotel rooms and rental cars.

We denote by Uy, Ug, and U,p the utilities for type-A, type-B, and type-AB consumers,
respectively. Consumers derive utility from consuming the products produced by firms ac-

cording to the following quasi-linear form:!
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Here, variables z, ; and 'y ; are the the quantities consumed by the generation-¢ consumers

IThis preference specification is common in the industrial-organization literature (e.g., Singh and Vives,
1984). Consumers’ preference takes a quasi-linear utility form, v (z,w) = §z — I—; + w, where z and w are the
quantities of goods produced by the firms and of the numeraire good. Combining with the budget constraint,
w + pr = W with W being the total wealth, we can see that the function form in equations (1)—(3) is the
reduced form with the budget constrain substituted into the consumers’ original preference.



in firm A’s ith X-market and in firm B’s jth X-market, respectively. Variables pf47l- and
p’jgvj represent the product prices in these local markets. Similarly, variable yi represents the
demand of a typical generation-t consumer k in the global Y-market, and pty is the product
price at the Y-market in period t.

Variables &' ;, 85, and &5, capture preference shocks. They contain two random

components, a time invariant common component 6 and an idiosyncratic component €:

g, =0+&,i=12 .M,
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where 6 ~ N (0,75"), &4, ~ N (0,771, &, ~ N (0,77Y), and &, ~ N (0,7.1) with
6 >0,7 >0,and . > 0. We assume that {5,{5%71}1,,{?B,j}j,{éika}k} are mutually
independent. Consumers know their own preference shocks when making purchase decisions.
We have assumed that the common component is the same across all consumers. Our mech-
anism still works as long as there is some correlation among consumers’ preference shocks.
In addition, in preference specification (3), we assume that the products of both firms are
perfect substitutes for AB-type consumers. This assumption is made for the sake of simplic-
ity. The results still go through if the products of both firms are not perfect substitutes in
the Y-market.

Each consumer maximizes her preference taking the product prices as given. Solving
consumers’ utility-maximization problems leads to the following inverse demand functions in
the X-markets and Y-market, respectively:

P =84 —ali=1,2,.. M; (4)

ptB,j - gtB,j B ‘rtB,jaj =12,..,M; (5)

1 N N
p; = N [Zkil StAB,k - Zk:l yltc] . (6)



2.2 Firms and product supply

Firms A and B live for both periods. In each period, firms maximize the expected profits
conditional on their information. These profit-maximization decisions lead to the product
supply in the product markets. Without loss of generality, we normalize the firms’ production

cost to zero.

Date-0 product markets When making date-0 production decisions, firms have not re-
ceived any information yet. Thus, firms choose production quantities to maximize uncon-
ditional expected profits taking as given the demand functions from consumers and the
production quantities of their rivals. Given the assumption that production is costless, firm

A’s optimal production quantities (X9, ..., X4 5, YY) are determined by

M 0 0 070
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where p ; and p are given respectively by demand functions (4) and (6) with ¢ = 0. Firm
B’s decisions can be characterized similarly by changing notations.

In an X-market, the corresponding firm behaves as a monopolist and thus the two firms
make decisions independently. The firms compete in the Y-market so each firm needs to take
into account the other firm’s production and the market-clearing condition (i.e., Y + Y3 =
Z]kvzl yY). The equilibrium computation is standard and thus omitted. We summarize the
result in the following lemma.

Lemma 1 (Date-0 product market equilibrium)

In the data-0 product markets, the Nash equilibrium prices ({p%i}ij\il 7 {p%k,j}j]vil 7p2*); pro-
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The equilibrium prices in the date-0 X-markets reveal consumers’ preference shocks and
hence this price data is useful for firms to make forecast about next period demand. Since
the production quantities are known constants, prices and sales (i.e., prices multiplied by
quantities) convey the same information. When using the wording “consumer data,” we
refer to the date-0 price data, {p%i}?il and {p?;,j jj\il. To ease expressions, we label these

(53

. M _ M
price vectors as follows: P = {p?‘l,i}izl and P% = pB,j}j:1'

Date-1 product markets After the date-0 product markets clear, the price data is formed.
Both firms observe the equilibrium Y-market price, pg*. Firm A privately observes all of its
X-market prices PY. Similarly, firm B privately observes its own X-market prices P%. This
forms the basis of the firms’ starting information structure in period 1. As we mention before,
all the price data is also available to a data vendor, who in turn sells the data to firms. We
will discuss the data market in the next subsection in detail. The general idea is that firm A
buys price data about firm B’s date-0 X-market, and vice versa.

Let Fa = {p)",14,P%} denote firm A’s information set, where I, indicates the vector
of price data purchased by firm A. Firm A’s date-1 production quantities ({X}“}Z ,Y}) are

determined by

M
1 1 1v1
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where the prices p}y; and p, are given by inverse demand functions (4) and (6) with ¢ = 1,
respectively. We can write down a similar profit-maximization problem for Firm B.

Similar to date 0, firms behave as monopolists in their respective X-markets and make



production decisions separately. Now their optimal productions are no longer constant, but
instead depend on their information sets. For instance, the optimal production policies for
firm A in the ith X-markets is X} = X} ;(Fa). In the Y-market, we need to consider
the strategic interactions between the two firms, and their optimal production decisions
form a Bayesian Nash equilibrium. We delegate the derivation of the date-1 product market
equilibrium to Section 4, and now turn to the description of the data market which determines

firms’ information sets F4 and Fg.

2.3 Data vendor and data market

In the data market, a data vendor sells the collected date-0 consumer data to firms who in
turn use the purchased data to improve their date-1 production decisions. In the baseline
model described by this section, we follow the literature on information sales in financial
markets (e.g., Admati and Pfleiderer (1986)) and assume that the data vendor maximizes its
own profits and behaves as a monopolist in the data market.? For instance, the data vendor
can represent an independent transaction/settlement platform, such as Amazon.com, eBay
Inc., or PayPal Holdings, Inc., who has access to various consumer data and can potentially
sell data to companies. Alternatively, in our setting, the data vendor cam emerge as an
equilibrium outcome, where the date-0 consumers own the data and form a data firm to
monetize the value of their data (see Section 5 for more discussions).

Data transactions are completed at the beginning of date 0. We delegate the details of
the transaction games to Appendix B, and the general idea is that firm A pays cost C4
to buy m4 amount of data and firm B pays cost Cg to buy mp amount of data. As we
discussed before, the consumer data is in the form of X-market prices and thus, the amount
of consumer data refers to the number of X-market prices. We follow the literature (e.g.,
Gal-Or, 1985; Li, McKelvey, and Page, 1987; Vives, 1988; and Hwang, 1993) and assume

that after firms make their data purchase decisions, the purchase amount (m4, mpg) becomes

2In Section 5 where we discuss data ownership and vendor formation, we also consider a variation in which
the data vendor maximizes the total profits of both firms.



common knowledge and is observable to both firms before they make their date-1 production
decisions (of course, the specific values of the m prices are only observable to the firm who has
purchased the data). In the terminology of Hauk and Hurkens (2001), firms do not engage
in “secret information acquisition.”?

Each firm only wants to buy the X-market prices of its rival. These prices are originally
the private information of each firm who collects this information from its own local X-market

transactions. Thus, with data purchase, firms effectively observe part or all of their rivals’

private data. We label this resulting data exchange outcome as a “data allocation.”

Definition 1 (Data allocation)
A data allocation, denoted by (ma, mp) with my € {0,1,...., M} and mp € {0,1,..., M},
refers to a situation in which, when making their date-1 production decisions, firm A observes

my date-0 X -market prices p%’ij of firm B, and firm B observes mp date-0 X -market prices

p%’fi of firm A.

We follow Admati and Pfleiderer (1986) and assume that the data vendor can implement
any data allocation through information sales. This is natural given that the data vendor is
a monopolist in the data market. In Appendix B, we describe how the data vendor achieves
this implementation by offering right contracts. Given data allocation (ma,mp), we use
EITY (m4, mp) to denote firm A’s expected profit resulting from the date-1 product market
equilibrium. Specifically, we insert the optimal production policies into the objective function
(8) and take unconditional expectations to compute EITY (ma, mp). If firm A does not buy
any data from the data vendor, then its expected profit is EIT4(0,mp). Thus, firm A’s
willingness to pay for an amount m4 of data given that its rival has purchased an amount

mp of data is

Ca (ma,mp) = EIT(ma, mp) — EIT, (0, mp). (9)

3If firms engage in “secret” information purchase (i.e., (m4, mp) is not observable to firms when making
production decisions), then a firm will take its rival’s production policies as given when considering the
information value through a deviation analysis. We have shown that our results are robust under this
alternative assumption.
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Since the monopolist extracts all surplus, C'4 (m4, mp) constitutes its profit from selling data
to firm A. We can define firm B’s willingness to pay similarly and label it as Cg (m4, mp).
A profit-maximizing data vendor’s problem is to choose a data allocation to maximize its

own profits as follows:

max [Ca (ma,mp) + Cp(ma,mp)]. (10)
(mA,mB)E{O,l,...,M}2

Equations (9) and (10) share the same spirit as Admati and Pfleiderer (1986) who study how
a monopolistic data vendor sells information in financial markets with different precision
levels. In their model, the data price that the seller can charge is computed as the difference
between the certainty equivalent of a trader who is equipped with the information and the
certainty equivalent of a trader who is uninformed (their equation (3.1)). This corresponds
to our equation (9). Similar to our equation (10), the data vendor in Admati and Pfleiderer

(1986) extracts all surplus by choosing a distribution of information precision levels (see their

equation (3.2)).

2.4 Equilibrium concept

Lemma 1 has already characterized the date-0 product market equilibrium. Thus, our equi-
librium definition focuses only on the data vendor’s profit-optimization problem on date 0
and the product-market equilibrium on date 1. We look for a Perfect Bayesian Equilibrium
(PBE).

Definition 2 (Equilibrium)

A PBE consists of a date-0 data allocation (m*, m3) and date-1 production policies,

(XA (Fa)hy, YA(Fa) and ({Xp;(Fp)}i1, Y5(Fp)), such that:

1. Given the equilibrium amount (m’y, my) of purchased data, the date-1 policies X} ;(Fa)
and X}SJ(]-"B) mazximize the conditional profits in firm A’sith X -market and in firm B’s
jth X-market, respectively; and (YA(Fa),YA(Fg)) form a Bayesian Nash equilibrium

in the Y -market.
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2. The equilibrium amount (m’%, my) of sold data is determined by (10), and the data

prices (C%, Cy) are set accordingly as C*, = Cy (m¥y, my) and C = Cp (m’, m}).

We solve the equilibrium by backward induction. That is, we compute the date-1 product
market equilibrium for any given (m4, mp). This allows us to determine the expression of
firms’ profits, EIT}(ma, mp) and Ell;(ma, mp). We then solve the data vendor’s profit-
maximization problem (10), which leads to the equilibrium data allocation (m*,mj). To set
the stage for our analysis, in the next section we first examine a benchmark economy without

a data vendor.

3 What happens without a data vendor?

In this section, we first analyze a benchmark economy without a data vendor. We then
provide some background discussion on how the literature has strived to improve on the
equilibrium outcome in the benchmark economy, namely, by considering information sharing
among firms. However, free information sharing is not viable or costly in the case of Cournot
competition and demand uncertainty. By contrast, our paper shows that information sales—
both in the benchmark model of Section 2 and in the variant model of Section 5—can achieve

the desired welfare improvement.

3.1 Product market equilibrium in the benchmark economy

Without a data vendor, the date-1 Y-market in our economy degenerates to the classical
duopoly setting with privately informed Cournot firms (e.g., Gal-Or, 1985; Darrough, 1993).
The information structure of firms is endogenously determined by the date-0 product mar-
ket equilibrium. Specifically, the date-0 Y-market price pg* serves as the public information
shared by both firms. Firm A’s date-0 X-market prices P% = {p%i}fil are firm A’s private

information, while firm B’s date-0 X-market prices P} = {pOB*J ]Ai , are firm B’s private

12



information. By Lemma 1, the date-0 market prices reveal preference shocks of date-0 con-

sumers. Formally, firm A’s information set and firm B’s information set are respectively:

. St gy 20 .
FA:{pg ’POA}: {—N : —375?471,...,8%7]\4 y
‘FB = {pg 7POB} — { k }V B7 - 378%71, "'75%7M .

As standard in the literature (e.g., Gal-Or, 1985 and Darrough, 1993), we consider date-1
production policies that are linear in firms’ information variables. Given that the date-0
X-market prices have the same precision level in predicting the persistent component 6 in
the future demand, it is intuitive to specify that the coefficients on these prices are the same.

We therefore conjecture the following date-1 production policies for firms A and B:

Xoi =0y + @4 (Ph—p)i=1,..., M, (11)
Xpj =05, + 05 (P —p),j=1,..,M, (12)
where
1 M 1 M
0 __ Ox __ ~0
Py = M ZizlpA,i Y Zi:l S A (15)
1 M 1 M
0 — 0% __ =0
Py =97 D o = 37 Doy b (16)
are two price indices of date-0 X-market data, and
~ — N, 6
=E@p>) =0+ —— [ p"* — = 17
W= B =0+ o (3 - 7) (17)

is the posterior about @ given the public information, the Y-market price p(y’*.

Equation (11) maximizes firm A’s conditional expected profit in each of its local X-
markets in period 1. Note that since all the X-markets are symmetric, the optimal production
policies are the same across all M local markets. Similarly, equation (12) maximizes firm
B’s expected profit in its date-1 X-markets. Equations (13) and (14) form a linear Bayesian
Nash equilibrium in the global Y-market in period 1. The following lemma characterizes the

linear date-1 product market equilibrium without a data vendor.
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Lemma 2 (Date-1 product market equilibrium without data sales)

In the economy without a data vendor, there exists a unique linear PBE in which

M,
Xl == = PY— i =1,... M
Ay 2 |:ILL+ MTE—FNTE—'—Tg( A /’L):| y 0 ) ) )
1 M,
Xk == = P — =1,... M
B,j 2 |Ju+ MT€+NTE+TQ< B N):| yJ ) 9 )
N MNT,
Yl* — € PO o
A= R S o N g FA )
N MNT,
Vit =— - Py — ).
Y s Ty o A )
The equilibrium expected profits of firm A and firm B in period 1 are
M |- N, M,
EHl* — EHl* — 62 € €
A B 4 [ + (N1 + 79)70 + (M7, + N7+ 79) (N7 + 79)
N [, Nt MNT.(M1.+ N7+ 79)
+ — |07+ 5 .
9 (NTE—FT@)T@ [3MT€+2(NT€+TQ)] (NT5+7—9)

3.2 Data allocation, efficiency, and disclosure
3.2.1 Data allocation and welfare improvement

The equilibrium outcome characterized by Lemma 2 can be potentially improved in terms of
social welfare by changing data allocations. Specifically, we consider an artificial situation in
which both firms’ private information P9 and P, in addition to the public information p*,
are commonly observed by the two firms. This corresponds to data allocation (ma, mp) =
(M, M) defined in Definition 1, and we label it with “MIM”. Under data allocation MM,
both firms have the same information set, which is FY™ = FA™ = {50 P9 P%}. Equipped
with this new information set, firms still maximize their conditional expected profits in both
local and global markets. The original data allocation in Lemma 2 is (m4, mg) = (0,0), and

we label it with “0)” to indicate that both firms keep their private information secret.

We define the welfare variables—consumer surplus (C'S) and total surplus (7'S)—as fol-

14



lows:

M
CS = ;i_ E(X},) +Zl_ 2 XB@ + E(YA + YB)J, (18)
A- type B- type AB type
TS = CS  +EI} +Elly, (19)
~~~ —_————

consumer surplus producer surplus

where Xy ;, Xp,, Y, Y3, EII}, and EIl}, are the production policies and profits reached in
the date-1 product market equilibrium when firms are equipped with their information sets.
Proposition 1 (Welfare gains)
Relative to data allocation 00, under data allocation MM, consumer surplus and total surplus
are always higher, and firm profits are higher if and only if there are sufficiently many local
markets. That is, CSMM > 8% TSMM ~ 780 for any M; and EH}L{MM = EH}E;MM >
EHXW = EH}B’M if and only if M > M, where M is the unique solution of the equation below:
9M ~ (NTe 4 79)?

- 3MTe+ (N1 + 79) + 2(NTe + 19) + —
Mr.+ N1+ 79 SMt.+ N1, + 19

— 4N =0. (20)

Intuitively, when firms are equipped with better information, they collectively accommo-
date better consumers’ needs, which improves consumer surplus and total surplus. However,
because of the strategic competing behavior, firms are worse off in the Y-market when their
private information becomes public. This profit loss can be compensated by their more in-
formed production decisions in their respective local X-markets, and if the number of these

local markets is sufficiently large, the overall profit effect of sharing information is positive.

3.2.2 Voluntary and mandatory disclosure

Although data allocation MM improves on data allocation (), it is not clear how such a data
allocation is achieved in the first place. The information-sharing literature has considered
whether firms would like to voluntarily share their private information, for instance, by
forming a trade association that discloses the signals reported by its member firms (Gal-
Or, 1985; Darrough, 1993; and see Vives (2016) for a survey). However, it is shown that

withholding information is always a dominant strategy for firms in oligopoly settings with
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Figure 2: Efficiency and disclosure

Panel A: Welfare variables

Data allocation Small M, M = N/10 Large M, M = 10N
TS CS  EI, + EILL TS CS  EIY, + EI
00 227.894 224.972 2.922 132474.67 132196.63 278.04
MM 240.379 237.463 2.916 171190.61 170836.85 353.76

Panel B: The payoff matrix for firms

M = N/10 Firm B M =10N Firm B
ND D ND D
o, ND[(T461,1461) [ (1570,1349) | _ = ND [(139.02,139.02) | (179.02, 136.77)
D [ (1.349,1.570) | (1.458,1.453) D [ (136.77,179.02) | (176.88,176.88)

Panel A shows the total surplus, consumer surplus, and total profits for the corresponding data allocation.
Panel B is the payoff matrix for firms for the corresponding action non-disclosure, “ND”, or disclosure, “D.”
In this numerical example, we assume 6 = 0,79 = 1, 7. = 0.001 and N = 100. We consider two values of M:
M = N/10 =10 and M = 10N = 1000.

Cournot competition and demand uncertainty; that is, data allocation MM is not supported
in equilibrium with voluntary disclosure.

To illustrate, let us consider the following numerical example. We set § = 0,79 = 1, 7. =
0.001, and N = 100, and M can take two values: M = % = 10 or M = 10N = 1000.
Consistent with Proposition 1, independent of the value of M, both consumer surplus and
total surplus are higher under data allocation MM in Panel A of Figure 2. Also, when M is
high, firms’ profits are higher under MM, and when M is low, firms’ profits are lower under
MM.

In the context of voluntary information sharing, each firm faces a choice of disclosure
(D) or nondisclosure (N D) of its own private information. This leads to the payoff matrices
in Panel B of Figure 2. Each cell in this matrix is the equilibrium profits resulting from
the date-1 product market equilibrium. For instance, if both firms choose not to disclose

information, then the profits of each firm are given by the expression of EITY and EITY in

Lemma 2. We can see that withholding information is a dominant strategy for each firm,
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so that (ND, ND) constitutes the unique Nash equilibrium at the information-sharing stage
for both values of M. In particular, when M is high, the resulting payoff matrix is the
“prisoners’ dilemma,”* which predicts that firms would have been better off if both of them
could disclose, which, however, is not a viable agreement in a noncooperative setting.

Given that voluntary disclosure is not viable, the literature also suggests mandatory
disclosure through regulatory agencies such as the SEC or the FASB that, in theory, can force
firms to disclose the information that firms wish hidden (e.g., see Darrough, 1993). However,
mandatory disclosure can be costly. The cost stems not only from the administrative cost of
implementing the disclosure rules but also from some other economic costs. Firms could take
strategic actions to respond to regulatory requirements, for instance, by adding noises or a
large amounts of nonmaterial and raw information of little value in the public disclosure.’?
The root reason for this kind of cost is that mandatory disclosure regulations run against
firms’ private incentives to maximize their own profits. In the following two sections, we will

show that data sales instead can incentivize firms to reach the more efficient data allocation

MM.

4 Welfare-improving data sales

We now solve the model with data sales described in Section 2, in which the data vendor

maximizes its own profits. We first solve the date-1 product market equilibrium for any

4Darrough (1993) also identifies a prisoners’ dilemma in an information-sharing setting, although for
a different reason. Specifically, in Darrough’s setting, a prisoners’ dilemma arises when firms’ products are
sufficiently different. By contrast, the firms’ products are perfect substitute in our setting, and the prevalence
of a prisoners’ dilemma depends on the number of local markets.

SEvidence supporting this argument is provided by extensive studies on Regulation Fair Disclosure (Reg
FD) which, promulgated by the SEC in 2000, mandates that all publicly traded companies must disclose
material information to the general public at the same time. For instance, Bailey, Li, Mao, and Zhong
(2003) find that the Reg FD could make the public communication become “sound bites” with “boilerplate”
disclosures. A survey conducted by Security Industry Association shows that 72% of analysts interviewed
during the survey mention that information communicated by issuers to the public is of lower quality after
the Reg FD regulation (http://www.sia.com/testimony/html/kaswell5 -17.html). Cohen, Lou, and Malloy
(2017) document that firms could “cast” their conference calls and thus control the information flow released
to the public even after Reg FD. Bushee, Matsumoto, and Miller (2004) find that Reg FD had a significant
negative impact on managers’ decisions to continue hosting conference calls and on their decisions regarding
the optimal time to hold.
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given amount of data purchase, (ma, mp), and then solve the optimal data sales (m’, m?}).

Finally, we discuss the welfare consequences of data sales.

4.1 Product-market equilibrium

Suppose that on date 0, firms A and B have respectively purchased m 4 and mpg local market
prices from the data vendor. Note that the consumer data purchased by firm A is about
firm B’s date-0 X-markets, and vice versa. We assume that the consumer identities of the
sold data are anonymous. The data vendor can achieve this goal by randomly sampling from
the pool of all date-0 consumers. Nonetheless, we assume that the data vendor ensures that
the data is indeed useful for firms (i.e., the data bought by firm A is drawn from firm B’s
X-market prices and vice versa). Let us label the randomly drawn consumers by {71, ..., Jm, }
and {i1, ..., %m, } for the two sold data sets. The data sets purchased by firms A and B are,
respectively,
Lo = {pE .+ Ppy,  pand Ip = {0 oo -

As in Section 3, we still consider linear equilibria in which optimal production policies
are linear in firms’ information variables. Also, given the symmetry of the purchased market
data, it is natural to specify that the coefficients on the purchased prices are the same. Thus,

we conjecture the following date-1 production policies:

Xé,j = (bgo + q))Bgl(Pg - :u) + (I)gg(IB - M)?] = 17 "'7Ma (22>

Yi=®h + 04 (Pl—p)+ 4, (Ia — p), (23)

Y = &g, + &5, (Pp — p) + @5, (Ip — p), (24)

where
[ o 1 mA 0% . 1 ZmA ~0 (25)
A= o Leamt PBaa = 7 2 ay OB
1 mp o, 1 me
Ip = mp Lt Dag, = ma szl S Ay (26)

where the second equality in (25) and (26) follows from Lemma 1, and P3, P, and u are
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given by equations (15), (16), and (17), respectively.

Equations (21) and (22) maximize expected profits in the local X-markets respectively for
firm A and firm B. Equations (23) and (24) form a linear Bayesian Nash equilibrium in the
global Y-market. The following proposition characterizes the product-market equilibrium

Proposition 2 (Product-market equilibrium)
For any given data purchase (ma, mpg), there exists a linear product-market equilibrium char-
acterized by equations (21)-(24), where the ®-coefficients (equation A32) and the equilibrium

expected profits EI1Y and EIY (equation A34, A35) are given in the appendiz.

4.2 Equilibrium data sales

At the beginning of date 0, the data vendor designs contracts to maximize firms’ willingness
to pay for data, Cy (ma, mp) and Cp (ma, mp), given by equation (9). It turns out that the
data vendor’s profit is maximized when both firms purchase the maximum amount of data.
These results are formalized in the following proposition.

Proposition 3 (Optimal data sales)

In equilibrium, the data vendor sells all of its data to firms, that is, m% = my = M. The

resulting data prices are

qz%:(

M n N M,
4 9 ) (2M7. + N7. + 79)(M7. + N7 + 79)
Setting m4 = mp = M in Proposition 2, we obtain the overall sequential equilibrium for

the economy with a profit-maximizing data vendor.

Proposition 4 (Overall equilibrium)
On date 0, the data vendor sells all of its data to firms. On date 1, the optimal production

policies in product markets are:

N M,
Yl*zyl*:_ € PO_ PO_
573 |:M+2MT5+NT€+T9( et Py =)
1 M,
Xl*-:Xl*-:— € PO_ PO—
AT B 2{“+2MTS+N%+TG(A pt P =) |
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fori,j=1,..,M. The equilibrium date-1 expected profits (gross of data price C*) are

N, N 2M T,
N7+ T9)Tg (2M7. + N1 + 79) (N7 + 79)

M _
EIY = RIOY = [(92 - (

A e Te n 2MT.
9 (N7 + 79) 79 (2MT1. + N7. + 79)(NT. +79) |

4.3 Intuitions, implementation, and welfare

We now use a numerical example in Figure 3 to illustrate better what is going on in the
economy with data sales. The parameter values in Figure 3 are the same as those in Figure 2
with M = 1000. In Panel A of Figure 3, we plot the payoff matrix for firms. By Proposition 3,
in equilibrium, the data vendor will implement data allocation MM and charge a price C* for
the data. Thus, firms’ actions are either to reject the data vendor’s contracts and not purchase
data, or to accept the contracts and acquire an amount M of consumer data. Here, we allow
the data vendor to be able to design “smart contracts” which allow data prices to depend
on data allocations (See Appendix B for more discussions on contract implementations).
Specifically, the contracts state the following: “If data allocation is (0, M), then firm A pays
price toy; if data allocation is (M,0), then firm B pays price ton; and if data allocation is
(M, M), then both firms pay a price tyrp.” By Proposition 3, we know that the equilibrium
value of ¢, must equal C*, which is 41.11 in this example. We now explain why this is the
case and what values tg3; can take.

The first observation is the following. Suppose that the data prices tgys and ¢, are set at
0. Then, comparing the payoff matrix in Panel A of Figure 3 with that in Panel B of Figure
2, we find that the former is a transpose of the latter. Note that in Figure 2, firms’ actions
are disclosing or not disclosing information and thus, there, firms are considering whether to
supply information for free. In contrast, in Figure 3, firms are considering whether to buy
information at a cost, which is about the demand side of data. This switch between supply
and demand perspectives transposes the payoff matrix, which in turn changes the equilibrium
data allocations.

Recall that in equilibrium, the data vendor wants to implement data allocation (M, M),
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Figure 3: Data sales and efficiency

Panel A: The payoff matrix for firms

Firm B
0 M
Firm A 0 (139.02, 139.02) (136.77,179.02 — topr)
M | (179.02 — topr, 136.77) | (176.88 — tasar, 176.88 — taras)
Panel B: Welfare variables
Data allocation TS CS EITY + EIT}; Data vendor’s profits
00 132474.67 132196.63 278.04 0
MM 171190.61 170836.85 273.54 80.22

Panel A is the payoff matrix for firms for the corresponding actions — purchasing “0” local market price
or “M” local market prices. The payoff is the expected profit net cost of buying information from the data
vendor. tops is the cost of data when one firm buys 0 and the other buys M, and sy is the cost when
both firms purchase M local market prices. Panel B shows the total surplus, consumer surplus, total profits
for firms, and total profits for the data vendor. The total surplus includes the data vendor’s profits. In
this numerical example, we assume 6 = 0,79 = 1,7. = 0.001 and N = 100. Since we focus on the “prison
dilemma” problem, we consider only when M is large, i.e., M = 10N.

which leads to the highest profits. One way of implementation is to choose appropriate
values of toy; and t7ps, such that purchasing data is a dominant strategy for both firms.
This requires the following:

179.02 — topr > 139.02 = topr < 40,

176.88 — tyrar > 136.77 = tppr < 40.11.
Thus, by setting ¢ty = 40.11 and toy; < 40, the data vendor can sell data to both firms,
collecting a total profit of 2 x ¢y, = 80.22. Intuitively, the upper bounds of ¢y, and
tyn are firms’ willingness to pay at data allocations (0, M) and (M, M), respectively. In
our setting, there is strategic complementarity in firms’ data purchase behavior: Firm A’s
willingness to pay is higher when firm B is buying data than when firm B is not (i.e.,
Ca(M,M)=Cp(M,M)=40.11 > 40 = C4 (M,0) = Cp (M,0)). In consequence, the data
vendor can achieve the highest profit when both firms buy data, because in this case, not

only the data vendor is selling to two instead of one firm, but also each firm is willing to pay
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more, relative to the case in which only one firm buys data. This complementarity result

holds true in general as formalized in the following proposition.

Proposition 5 (Complementarity)

In equilibrium, firms’ information purchase decisions are a strategic complement, that is,

0CA(M,mp) >0 and 0Cp(ma,M) >0
omp omy :

The presence of a data vendor effectively moves the equilibrium data allocation from
(00 to MM. That is, in the benchmark economy without data sales, both firms keep their
private information secret and thus no firm can see its rival’s private information (which
corresponds to data allocation ())). Here, with data purchase, both firms can observe the
private information of their respective rivals, although at a cost. This leads to the data
allocation MM. By Proposition 1, both consumer surplus C'S and total surplus T'S are
improved with the introduction of a data vendor, where C'S and T'S are still defined by
equations (18) and (19), respectively. Panel B of Figure 3 confirms these results.
Proposition 6 (Welfare-improving data sales)
The introduction of an independent for-profit data vendor improves both consumer surplus

and total surplus in equilibrium.

4.4 When are the firms better off?

In Panel B of Figure 3, firms’ equilibrium profits are lower with data sales than without.
Thus, although introducing an independent data vendor improves total surplus, it is not a
Pareto improvement. Recall that by Proposition 1, when the number M of local markets is
sufficiently high, both firms can be better off under data allocation MM than under data
allocation (), if they had not paid any costs to acquire the data. The underlying reason
that firms get worse off in Panel B of Figure 3 (where M is relatively high) is due to the
assumption that the data vendor has all the market power in the data market. If we relax

this assumption, then firms can be better off as well with the introduction of a data vendor
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for a sufficiently high M, so that the introduction of a data vendor indeed leads to a Pareto
improvement.

Specifically, let us consider a setting in which firms could bargain with the data vendor
in the data market. This may be reasonable given that both the data vendor and the two
firms are big players in the data market. Now suppose that a firm can negotiate over the
data price when receiving sales contracts from the data vendor, and the data price C' is set
through Nash bargaining between the data vendor and the firm. We use 5 € (0, 1) to denote
the data vendor’s bargaining power. Our baseline model corresponds to the degenerate case
with g = 1.

The bargaining outcome depends on each agent’s utility in the events of agreement ver-
sus no agreement. For a firm, say, firm A, the utility when agreeing on a data price Cy
is EITY (ma, mp) — Cs. If no agreement is reached, then firm A’s outside option value is
EITY(0,mp). The data vendor’s gain from agreement is the data price C'4. The bargaining
outcome maximizes the Cobb-Douglas product of the utility gains from agreement:

max s (EIT}y (ma, mp) — Ca — EIL} (0, mB))l_B .
The solution leads to the data price as follows:
Ca(ma,mp) = B x [EIly(ma, mp) — EIIy(0,mp)] . (27)

Comparing the above expression with equation (9), we find that the only difference in this
generalized setting is the scaling fraction . This fraction does not affect the data vendor’s
profit-maximization problem and thus, when the data vendor designs contracts to implement
data allocations, it still chooses m?% = m}j = M. The resulting overall equilibrium is given

by Proposition 4 with a smaller data price:

M N M,

) OMT, + N1+ 79) (M7, + N7. + 79)°

As a result, the net profits of firms become higher. In particular, when the data vendor has

small bargaining power and when there are sufficiently many local markets, firms are better

off with data sales, so that the introduction of a data vendor leads to a Pareto improvement.
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Proposition 7 (Nash bargaining)
The introduction of a data vendor benefits firms and a Pareto improvement if and only if the

following two conditions are simultaneously satisfied:

. M N\ 'N[6Mr +5(Nr. 2Mr. + Nt

M>Mandﬁ<1_(_+_) [6MT. 4+ 5(NT1. + 79)] ( 7'—: T. + 7o)
19 9[BMr. + 2(N7. + 79)]

where M is a constant defined in equation (20).

)

5 Data ownership and vendor formation

In previous sections, we assume that the data vendor maximizes its own profits and we do
not explore how such a profit-maximizing vendor arises. The data vendor’s emergence and
its resulting objective function may depend on the original data ownership. In this section,
we first discuss how an independent profit-maximizing data vendor can endogenously arise
in cases in which the data is originally owned by platforms (such as Amazon.com, Inc.) or
by consumers. We then examine a variation setting in which the data is owned by firms and
show how firms can form a data vendor to maximize their total profits. Our analysis provides

useful insights for the current debates on data ownership and privacy.

5.1 Platforms, consumers, and independent data vendors

Nowadays, numerous consumers data were held by many transaction and settlement plat-
forms, such as Amazon, PayPal, and Taobao. If the ownership of these data belongs to these
platforms, then these platforms can sell the accumulated data to firms who in turn use the
data to make more informed production decisions. In this case, these platforms correspond
directly to the data vendor in Section 2, and their objectives are to maximize their own
profits.

When consumers make purchase decisions in these platforms, they may have implicitly
concurred to give up their data ownership to these platforms by signing some agreements

without carefully reading the contents. Now consumers start to understand that their data
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have value and that they are due some compensation. Some startups, under the concept
of “data locker,” have already taken this kind of initiatives to give consumers more control
over their own data and the opportunity to earn compensation.® The recent development
of blockchain technology makes such a compensation easier to implement, because this new
technology is well suited for effectively defining and protecting data ownership.” One issue in
this context is that consumers do not know how much their data are worth in terms of dollars
and how to trade off this monetary benefit against the potential cost of leaking privacy.® Our
analysis in the previous sections provides an upper bound for the potential market value of
data, namely, the profits earned by the data vendor.

Formally, suppose that the transaction data is originally owned by the data-0 consumers
in our setting. These consumers can seize the compensation by forming a profit-maximizing

data vendor. By Proposition 3, the total profits accruing to the data vendor are C% +

Cp=H+1) CIlcoenne fT%(T]EWTE T,y U data-0 consumers’ valuations toward privacy are
lower than C% + C7, then it is beneficial for them to sell their transaction data.” When
consumers’ privacy concerns are heterogeneous, their decisions can be different; intuitively,
in equilibrium, those consumers who care about privacy the least would like to contribute

their data and become a shareholder of the data vendor. We leave a formal analysis of this

kind for future research.

5.2 Firms as data owners form the data vendor

It is also natural to assume that the data-0 consumer data is owned by firms, since they
are important participants in producing such data. As Section 3 shows, when firms are

original data owners, they have no incentives to share their private consumer data, although

6«Data mining offers rich seam,” February 18, 2013, Financial Times.

"One such example is called “Steem”, a user-generated content platform, which “is a blockchain-based
rewards platform for publishers to monetize content and grow community” (https://steem.io/).

8“Fuel of the future—Data is giving rise to a new economy,” May 6, 2017, Economist. Also see Acquisti
(2014) for related discussions.

9Existing experimental studies suggest that consumers’ valuations about privacy are relatively small,
ranging from 0.50 to 45.00 US dollars (see Section 5 of Acquisti (2014)).
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information sharing can be better for them if there is a sufficiently large number of local
markets. However, the information sharing considered by the literature is sharing “for free.”
Then, how about sharing “for a price”? For instance, suppose that firms can form a data
vendor who purchases data from and sells data to firms. Can such a data vendor move the
equilibrium data allocation from @@ to MM, as achieved in Section 47

In relation to the information-sharing literature (e.g., Gal-Or, 1985; Vives, 2006), the
data vendor corresponds to a trade association examined by the literature. In the literature,
a trade association collects information from firms at no cost and distributes information
to firms for free. Here, the data vendor, which is the counterpart of a trade association,
pays a price to a firm that contributes data to the vendor, and charges a price from a firm
that acquires data from the vendor. Given that both firms are the shareholders of the data
vendor, now it is natural to assume that the data vendor maximizes the total profits of both
firms (as opposed to the vendor’s own profits in Section 2), and retains no profits for itself.

In this case, the data vendor has incentives to move data allocation from () to MM if
and only if the number M of local markets is sufficiently high, since by Proposition 1, firms
are better off if and only if M is high. Since the data vendor retains no profits, the data
transactions are equivalent to the following transfers between firms: Firm A makes transfer
t4 to firm B for firm B’s private consumer data and firm B makes tg transfer to firm A for
firm A’s private consumer data. Does there exist a set of transfers (t4,tp) that supports the
data allocation MM, when the number M of local markets is sufficiently large? The answer
to this question is positive. Now let us explain how.

Given that the data vendor now behaves like a two-sided market, we need to consider
both the data supply and data demand from firms, which correspond respectively to Figures
2 and 3 in previous sections. In Figure 4, we adopt the same parameter values as those in
Figure 3. Panel A of Figure 4 describes the payoff matrix when firms supply data to the
data vendor. This corresponds to Panel B of Figure 2, which assumes t4 = tp = 0 (i.e.,

public disclosure means no compensation for supplying data). From the payoff matrix, we
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Figure 4: Data sales as transfers

Panel A: The payoff matrix when firms supply information

Firm B
0 M
0 (139.02, 139.02) (179.027 136.77 + tA)
M (136.77+tB, 179.02) (176.88+t3,176.88+tA)

Firm A

Panel B: The payoff matrix when firms demand information

Firm B
0 M
Firm A 0 (139.02, 139.02) (136.77,179.02 — tp)
M | (179.02 — t4,136.77) | (176.88 — t4,176.88 — tp)
Panel C: Welfare variables
Data allocation TS CS EITY + ElT}

0[] 132474.67 132196.63 278.04

MM 171190.61 170836.85 353.76

Panel A is the payoff matrix for firms when they supply information. Panel B is the payoff matrix for firms
when they demand information. Panel C reports the total surplus, consumer surplus and firms’ net profits,
i.e., the total profits net transfers. In this numerical example, we assume 6 = 0,79 = 1,7. = 0.001 and
N =100, M = 10N.

see that when t4 > 2.25 and tp > 2.25, supplying information is the dominant strategy for
both firms. Intuitively, when data prices are sufficiently high, both firms are willing to sell
their data. Panel B of Figure 4 draws the payoff matrix when firms demand data from the
vendor. This corresponds to Panel A of Figure 3 (with tgy and ¢y, replaced with ¢4 and
tp). Apparently, when t4 < 40 and tp < 40, the data prices are sufficiently low such that

firms always want to buy data from the data vendor. Taken together, we conclude that any

transfer (t4,tp) € [2.25, 40]2 can support data allocation MM.
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Proposition 8

Any transfer (ta,tg) in the following rectangular set can support data allocation MM:
MNT. [6M7. + 5(NT. + 79)]
9(Mt. + N7. + 79) [3M 7. + 2(N72 + 79)]*
MT.© 2
36 (M7 + N7. 4 79) (2M 7. + N7. 4+ 79) [3M 7. + 2(N 7. + 79)]°

(tA,tB) S

Y

where
O =81M>7? + 33M>*N72 + 108M?7.(NT. + 79) + 44M N7.(NT. + 79)
+36M(NT. +719)* + 16N (N7 + 79)°.

The above set is non-empty for a sufficiently large M.

Proposition 8 also illustrates why voluntary disclosure is not viable in Section 3. Specif-
ically, as we mentioned above, voluntary disclosure essentially sets t4 = tg = 0, which does
not lie in the rectangular set. Intuitively, when t4 = tg = 0, the data price is so low that no
firms want to supply information, leading to an equilibrium data allocation ().

Our discussions in Sections 5.1 and 5.2 suggest that data ownership may matter for social
welfare through changing the objectives of the data vendor. Specifically, if data belongs to
consumers or platforms, the data vendor is likely to maximize its own profits, and data sales
always changes the equilibrium data allocation from #¢) to MM independent of the number
M of local markets. This change in data allocation increases total surplus. However, if firms
own the data and form a data vendor that maximizes the total profits of both firms, then
data sales changes data allocation and improves total surplus only for a sufficiently large
M. This observation suggests that it may be better to give ownership to consumers than to

firms, provided that consumers can effectively monetize the value of their transaction data.

6 Conclusion

There are many debates about the springing data economy, such as the issue of data own-

ership, privacy, and fairness. While many discussions are from a legal or technology per-
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spective, we study the data economy from an economic perspective by considering the real
consequences of selling consumer data. We cast our analysis in a classical duopoly compe-
tition setting in which duopoly firms employ past consumer data to forecast future demand

and make informed production plans. Our analysis yields a few conclusions and insights:

e Without data sales, firms withhold their private consumer data to protect their re-
spective competitive advantages. This leads to efficiency loss and in some cases, to a

prisoners’ dilemma for firms.

e An independent profit-maximizing data vendor can restore efficiency. In this setting,
firms effectively share their consumer data in equilibrium and thus, the equilibrium
data allocation maximizes total surplus. This setting is consistent with a situation in
which data is originally owned by consumers or by transaction/settlement platforms
such as Amazon, eBay, or Taobao. Analyzing such a setting provides a way to quan-
tify the economic value of consumer data, which is useful for thinking about the due

compensation for consumers.

e When firms own the data and form a data vendor, the data vendor may behave as a
trade association to maximize the total profits of both firms (as opposed to the vendor’s
own profits), by buying data from and selling data to member firms. In this case, firms
do not always share their consumer data in equilibrium, and they do so only to address

the prisoners’ dilemma. Nonetheless, once data is shared, total surplus is still improved.

Overall, our analysis provides a tractable framework to analyze economics of data. There
is a welfare gain from data sharing. Without some mechanism in place to share it companies
may not chose socially optimal sharing. Data sales can be such a mechanism. Data ownership

and vendor governance matter for efficiency.
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Appendix A: Proofs

Proof for Proposition 1

Proof. The first order condition of the consumer utility maximization gives us the total

expected consumer surplus for the A-type and B-type consumer. That is,

1 M
CSp =3B [E [(MX};;)2 | ]—"A” = SEI . (A1)
The last equality is implied by the market clearing condition (z; = X}*). Similarly, the

market clearing condition implies the AB-type consumer surplus is,

CSap = -E [(y;* + Yg*ﬂ (A2)

E[(Ya7)? +2V3"Yp" + (V"))

ZL\DIP—‘I\DIH

* THE 00 DATA ALLOCATION

Consider the information set for the A-type and B-type consumer is .7-"910, .7-"%@, respec-
tively. With some computation, we have

M 100
CSY = OSy = S RI

M? . N, M,
=— |(0*+ ‘ + ‘ . (A3
8 {( (N1 + 7'9)7'9) (M7 + N7 + 79)(NTe + 79) (A3)

For the AB-type consumer, we have

EI;% — 11,

N [ NT. MNT.(Mt. 4+ N7+ 79)
=— |6+ 5 . (A4)
9 (NT.+ 79) 79 BMT. 4+ 2 (N7 + 79)|” (N7 + 79)
1
E Y1Y1 00 _ (I)Y 2 (I)Y 2
(Y1Yg) (P4,)” + (Pa,) Nt ot
N2 [ N, MNT, S |
N N Y, : )
9 (NTe + 79) 79 3M7. +2(N1e +719)| N7+ 79
Therefore,
IN? [_ N, MN?7(2M7. + N7,
CSie = =5 (92+ - )* Pt TRt (ag)
9 (NT. + 79)T9 [B3MT1. 4+ 2(N7. + 79)]" (N7 + 79)
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The total consumer surplus is

CS" = s 4+ csY + oS (A7)
And the total surplus is
s = ey o+ EI" oS (A8)
S~—— S~——

Eny ey By’ +EmY
* THE MM DATA ALLOCATION

For the information set FY™ FMM e get

M? . N, 2M
MM _ ~gmm _ 27| (g e e
OS54 ¢S5 8 {( + (NT.+ 79) 79 + (2M7.+ N7+ 79)(NTc +70) |

(A9)

LMM 1,MM
EHAX = EHB,X

7] 2M,
_— 2 € -
~ |:<9 + (NTe + 7'0)7-9) + (2MTE TN~ —|—T9)(NT€ +79)} ) (AlO)

MM 1, MM
EHAY = ]EHRY

5 2M,
— (e Te : All
9 [( + (NTe—l-Tg)Te) * (QMTE+NTE+T9>(NTE—|—TQ):| ’ ( )
E(Y VMM = () )2 + (9}, + cbﬁz)?m +20% @XQW
N? [ N, 2M N?7,
_N ( 2, N7 ) + i L (A12)
9 (NT.+ 79)79 92MT7. + NTe + 79) (N7 + 79)

CSYP' = NEIYM + E(YAY)MM

2N? [ N 4M N?
= (92 + ( Te ) + T (A13)

9 N7+ 79)79 92M7.+ N7 + 79) (N7 + 79)’
MM 1,MM 1,MM MM
TSMM = EITY +  EIY +  CS . (A14)

MM MM MM
EHZ,}\}/[(M+EH(14,’¥M EHE’I\;MJFIEHE}I\}/I/M CSYM+CSEM+CSYE
To avoid repetition, we will postpone the proof of above equations to Proof of Propo-

sition 4.

Direct computation shows that

s < MM 7gh MM (A15)
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and
M?r,
4(2]\47'e + N7+ 79) (M7, + N1 + 79)
MNT7.(3M71.+ N1. + 79)
B 92MT7. + N7 + 79)[BM T + 2(N 7 + 79))?
B M, 1
C36(2M T+ N7, + 79)(MT. + N7 + 79) [3M7c + 2(NT. + 79)]?

EHLMM EHl ,00 —

X (M1, + N7+ 79)(3M 7. + N7 + 79) (A16)

X

N, 2
3Mt.+ (N1 + 79) + 2(NTc + 79) + (N7e + 75) ] —4N}.

{M + N7.+ 19 SMt1.+ N1.+ 19

7

g

9(M)
It is clear that the sign of EIT;™™ — ]EHZ(M) depends only on g(M).

We find that
g(0) = —4N < 0, g(+00) > 0, (A17)

and
dg(M) 9 N7+ 719
oM (M1, + N7+ 19)?
M [ B 3T(N7. + 79)? }>O
M.+ Nrc+19 | © (BM7.+ N7 + 79)2 ’

Thus, there exists one unique solution of g(M) = 0.

|:3MT€ + (N7e +79) + 2(N7e + 79) +

(N7 + 79)*
SMt.+ N1.+ 719

+9 (A18)

We denote the solution as M, ie.,
9M (NTe + 79)?
MTE+N7‘E:+—7'9 A 3Mt. + N7 + 79 A
When M > M, g(M) > 0; and when M < M, g(M) < 0. This suggest that when M > M,

{3]\276 + (N7 +79) + 2(N7e + 1) + 1 —4N =0. (A19)

EIM™ —EOLY >0, m

Proof for Proposition 2

Proof. Since firm A and firm B are symmetric in choosing the optimal production, we use
firm A to illustrate the optimal production decision. Similar argument can be applied to firm
B to yield the expression in Proposition 2.

Given any (my4, mp), firm A’s optimal production decision is to maximize her profits

in the X-market and the Y-market. Combining the market clearing condition (z}, =
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1 N1 _ i1 1 ; F i at] 1 _ ozl
X4 2 ie1Yap: = Yi + Yp) with consumer utility maximization, we have Py, = 8, —

N z1 1
Zi:lSABl Yi-Yp

X}W p}l = =7 . Hence, firm A’s production decision is
maXE[PA X | Fal = maxIE [(8h; — X4,) X4, | Fa] fori=1,2,.. M; (A20)
A i
ZN L S4B YA Y
E : ! Yi . A21
A ( N Al Fa (A21)

The optimal production is

1 /-
1x _ —
Xy = 2E (9 | FA) ; (A22)
N__ -~ 1 -
Vit = gE(Q | Fa) — §E(Y§* | Fa). (A23)

Due to symmetry Fa = {p0*, 14, P9} and Fp = {p)*, 15, P%} are informationally equiv-

alent to Fy = {pg*,]A, P}} and Fp = {po* Ip, g} respectively. And
M

1 *
= — Z B]a p%,i?
i=1
1 mp M
IB = m_B A'Lb’ Z
b=1 =
From the Bayesian updating, we have
~ M,
E [0 = pu| Fa] = | MmN (PG~ 1y ), (A24)
_Mre—i—TenZe::-A(NTe—i—Tg)
[ MTe—Temp
E PO _ Fal = MTe+Tema+(NTe+Tp) PO _ T4 — , A25
[Pp— 1| Fa ey | PA=n Lol (A25)
_MTE(MTE-FTemA-‘r(NTE-f—Tg))
1 0
Ellp —p|Fal=| | [Pa—p Ia—pl (A26)
0

where = 0 + NZZ:TG (pg - g)

In the Y-market, when combining with the conjecture linear strategy,
Vi =@, + @4 (Ph—p) + @, (1a — ), (A27)

Vg =0y + @ (Pp—p) + 05, (Is — p), (A28)
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we have

Yit=[1 Pi—p Ix—p (A29)
W 1 0 0
Y Y Y
X g Mre — % — % Mre—7cma — % 1
2 Mte+1ema+(NTe+79) 2 2 MTet+Tema+(NTe+79) 2
Tem oA 0 Tem A (2M7e+(NTe+79)) 0
Mre+Tema+(NTe+79) M7e(MTe+Tema+(NTe+79))
N cbgo
o T
=1 Pi—p Li—p] | YMrA, — @) Mrcrmap, ¥ 1|,
%TemAAA B (I)Y TemA(QMQ‘I;;;(NT5+Tg )A
where Ay = M1+ 7oma + (N7, + 79).
Comparing with the conjecture strategy, we get
Y N *5
P, TH
@Xl — %MTGAA . (I)Y MTe—TemA AA _ @%2% (ASO)
@XQ %TgmAAA — CI)Yl TemA(ZM;;;ENT‘JFT‘) )A
oy
At 1 0 0f | @,
N 1
= EAA Mre| =5 |0 (Mt —1ema)As 1 Y,
Tema 0 ZmalMrtNrtmly, o | @Y,
Ea, a,
Similarly, from firm B’s production decision, we can have
(34 N Y — A
0
(I)gl — MTEAB _ CI)Y MTe— TemB AB _ q)A22 (A31)
3%, | | Nrmph - o, sy
ok
1
=—Ap| Mt |— 5 0 (Mt. — Tomp)Ap 1 P4y
Tomp 0 TemB(2M;—\j[j__E(NTE+T9)) AB 0 q)A%/
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Thus,

-1

(I)X = 1 —EAQEB2 (EAI - EAQE'Bl) )

identity matrix
Y = — Y

In the X-market, we have

M
1 T TeM - T T
Xig=g [t | TN P,y Ll ] (A33)

TemA
MTe+Tema+(NTe+79)

Replacing m, with mp, P} with Py, I, with Ip in the above equation, we get X} ;.

The expected profit in the X-market is

EIT;  =ME [E [ (X5,) | Fal|

M ([~ N7, (M) 0 2
4 { <9 * (N7 + Te)To) N (M7 +7ema + (N7 + Te))QE [(PA ) ]

(M7 +Tema + (NT + 79))? AT H
2MT2m 4
3 E[(P) — 14—
+(M7'E +7oma+ (N7 + 719))? [( A ,u) (Za 'LL)}}
M [/ - NT, Mt + 7
=— |6+ T + Te ¥ TeMa . (A34)
4 (NT. + 79) 79 (M7.+7ema+ (N7 +79)) (N7 + 79)
The expected profit in the Y-market is
EHL,Y = NE [Yj }
1 2 2
= S {E[0%,]7 + (04)PE [P§ — )" + (@%,)°E (L — uf + 20}, @LE [(P§ — 1) (1a — )] |
1 1 Nt.+ 719 Nt.+ 19
— _F (I)Y 2 q)Y q)Y 2 q)Y 2 (I)Y 2 )
VELBL] + iy (@ + 00+ (@ PR 4 oy R
(A35)

Again, replacing m4 with mg, ®) with ®} in the above equation, we get Ell}; y, EIl} .

Proof for Proposition 3

The following lemma is helpful for the proof.
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Lemma 3

A(mp) = EIl}y y (M, mp) — EIl}; y(0,mp) increases in mp.

Proof. Direction computation on equation (A35) shows
A(mp) = EIl} y (M, mp) — EIl}y ,(0,mp) = (M, mp) — (0, mp). (A36)
Differentiating A(mpg) with respect to mpg, we get

OA(m 2M3N7'52
agnBB) =y Vi (A37)
2

where
VA =AMSTS(NT. + 79) (M — mp)* (M +mg) (5M + 4mp)
+ 2MP72 (N7 + 79)% (58M™* — 29M>mp + 27M>m3, + 125Mm, + 35m)
+ 6M* T (NTe + 79)° (40M* — 16MPmp + 111M*m3, + 80Mm3, + m3)
+ 2M3 73 (N7 4 79)* (104M* + 90M3mp + 537TM>m3; + 49Mm, — 24m7,)
+ M?72(N7e + 79)° (4M — mp) (16M? + 128 M*mp + 149Mm3 — 5mY)
+ 3MmpT (N7 +79)% (AM — mp)* (TM + 2mp) + mp(N7. + 19)7 (4M —mp)* >0
(A38)
VA = [4M>r, + 2MmpT, + 4AM (N7, + 79) — mp(N7, + 19)]°
X [3M37'62 + 3M*mp7? + 8M*1.(NT. + 79) + MmpT (N1 + 79) + 4M(NT, + 79)?
—mp(N7. +7)%]" > 0. (A39)
So, we have

OA(mp) 2M3Nrt?
e T VA >0. (A40)
2

]
Proof. Equation (A34) represents the expected profit in the X-market. And it is obvious
that EIT}, y increases in m..

The key determinant of the expected profit in the Y-market is 7 in equation (A35). Direct

computation shows that
Om(ma,mp)  M?NT
8mA N %3

ViVs >0, (A41)
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where
Vo =12(N7e + 79) (12M* + 12M%m 4 + 12M°mp)
+ 7e(NTe + 79) [32M* (N7 + 79) + AM*ma(NT. + 79) + AM*mp(NTe + T9)
—4AMmamp(NT. + 79)]
+ (N7 + 79) [16M*(N7e + 79)* — 4AMm (N7 + 79)* — 4AMmp(N7 + 79)°
+mamp(NT: + 79)°] > 0 (A42)
Vi =2M?7, + 4Mmp7. + 4M (N7, + 79) — mg(N7c +79) > 0 (A43)
Vo =72 (88M° + 88M°my + T2M°mp + 32M*mamp — 16M*m3, + 96 M > mam3)
+ 72(N71. + 79) (272M° + 152M*m 4 — 20M*mp + 108 M*mamp + 36M>m3, — 8M*mam3,)
+ 7e(NTe + 79)° (224M* + 104M%m 4 — 56 M°mp — 6M*mamp + 12M*m7, — 8Mmam?,)

+ (N7 + 79)* (64M° + 16M*my — 32M*mp — 8Mmamp + 4MmF + mamp) > 0.

(A44)
Hence, ]EH}LLY increases in m4. As EIT, = EH}L‘,X + Eﬂh’y, EITY increases in m4.
Lemma 3 implies that
IEH}A’Y(M, M) — EH}L"Y(O, M) > EH}LLY(M, mpg) — IEH}L"Y(O, mg). (A45)
Since EIT), y (ma, mp) — EII} (0, mp) increases in m,, we have
EH}47Y(M, mpg) — ]EH}LLY(O, mpg) > ]EH}47Y(mA,mB) — EH}47Y(O, mg). (A46)
Therefore,
]EH}47Y(M, M) — ]EH}47Y(O, M) > EH}L"Y(mA, mp) — EHh’Y(O,mB), (A47)

Ca(M,M) Ca(mamp)
i.e., m = m} = M maximizes C4(ma, mp). By symmetry, the same applies to Cg(ma, mp).

The data vendor chooses m* = m%, = M to maximizes his revenue Cy(ma, mp)+Cg(ma, mp).
Let C = Cy(M, M),C} = Cg(M, M). To compute C, Cy, we first compute

M _ T, 2M,
EIT, (M, M) =— | | 6° - -
A(M, M) 4 [( + (NTe—i-T@)Tg) + (2MTe + N1+ 79) (N —i—m)]

N - N 2MT
A Y 7P € < . A48
+ 9 [( + (NT€+7'9>T9> + <2MTE+NTE+T9)<NT€+T9):| ( )
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Then, we repeat these computation for my4 = 0, mp = M and obtain the product policy

oY, &
vy | — MN7.
Pu| = |sormerne | (A49)
oY 0
Plugging these to the profit computation, we obtain EITY (0, M),
M (s N, Mr,
EITL (0, M) =— | [ 6* + ‘ )+ ‘ }
Al ) 4 [( (NT. + T9)T9 (MT1e+ NTe + 19) (N7 + 79)
N1(5 N, Mr,
+ =6+ < + < . A50
9 {( (NTe—i—Tg)T@) (MT€+NTE+TQ)<NT€+TQ):| ( )

At last, we obtain

. (A51)

M N M,
€= Ci = By, 01) ~ BIL4(0,00) = (G + 5 ) i

4 + 9 2MT. 4+ N7 + 79)(NTc + 79)

Proof for Proposition 4

Proof. According to Definition 2, the equilibrium with the data vendor is obtained by
combining Proposition 2 and 3. More specifically, let myq = M, mp = M in Proposition 2,

we get

Nu
3

Y _ Y _ MNTe
4= = | smraveT | (A52)

MNT,
32MTe+NT1e+79)

which means
YVir =Yy =04 +®) (P —p)+ @ (Ph—n). (A53)

And from equation (A33), we have

M,
1 St NriT s
Xip=g w2 P = Pp— | (A4)
2MTE+]V€T€+7'9
Substituting X", Y{* into the profit function (equation A34, A35), we get
M ~ N, 2M,
ElYy =Ely =— | 6 : 2
4 By [( + (NT€+TQ)TQ) + (2MT5+NTE—|—T9)(N7'5+T9):|
N ~ NT, 2M,
2 g2 € £ . Ab5
+ 9 [( +(NT€+7'9)7'9)+(2M75+N76+T9)(NT€+TQ):| ( )
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Proof for Proposition 5

Proof. See Lemma 3. =

Proof for Proposition 6

Proof. Since the equilibrium of the economy with the data vendor reaches full information
sharing (the MM data allocation) and the equilibrium of the economy without the data
vendor is no information sharing (the @@ data allocation), we know from Proposition 1,

CSMM - 800 and TSMM ~ TG00 g

Proof for Proposition 7

Proof. The change in the expected profit for firm A when comparing the MM data allocation

with the @@ data allocation is

EIT, (M, M) — Cao(M, M) — EIT}(0,0) (A56)
M N M,
=1=-0/\T+5 : EITY (0, M) — EITY (0,0
(1-5) ( i 9) (2M7+ N7c 4 79) (M7 + N7 + 79) + 1Ly (0, M) ax(0,0)
M N M,
= 1— _ - €
( f) < 4 + 9) (2M7e + N1+ 19) (M7, + NTc + 79)

MNT.(6M7. 4 5(NT1. + 79))
(Mt + N7e + 79)[3M 7 + 2(N7e + 79))?’
which is greater than 0, if M > M , and if
1_8> (% N g) L N[6MT, + 5(N7. + 1)][2M 7. + (N7, + )
49 IBMT +2(N7. + 79)?
M is defined in equation (20). m

(A57)

41



Proof for Proposition 8

Proof. By symmetry, we focus only on firm A. To ensure supplying information is a

dominant strategy, we need following condition

“Given B does not supply, A will supply” = EIT(0,0) < EIT}(0, M) + 5, (A58)
and
“Given B supplies, A will supply” = EIT}(M,0) < EIIY (M, M) + tg. (A59)
Hence, if
max {EIT}, (0,0) — EII, (0, M), EIT}, (M, 0) — EII}; (M, M)} < tp, (A60)

then both conditions are met. After computation, we get the following
MNT, [6MT. + 5(NT. + 79)]

EIT, (0,0) — EITY (0, M) = , A61
4(0,0) = BIA0, M) =5 (M, + N7 + 1) [3MT, + 2(N7, + 79)]? (A61)
S5MNT,
EITY (M, 0) — EITY (M, M) = ‘ : A62
A(M0) (M, M) 36 (M7, + N7 +79) (2M7. + N7 + 79) (462)
We compute and obtain
[EIT},(0,0) — EIT} (0, M)] — [EIL} (M, 0) — EII} (M, M)] (A63)
B M?N72[3M7. + 4(N7. + 79)] -0
36 (M. + N7, +79) (2M, + N7+ 1) BM7 + 2(N7 +75)]° ~
Therefore, condition (A60) implies
MNT, (6MT7, 4+ 5(NT,
T (6M7. 4+ 5(N7e + 79)) <tatn (AG4)

9(Mr.+ N1. +19) BMT7. + 2(NTe + 79))

To ensure demanding information is a dominant strategy, we need following conditions,
“Given B does not demand, A will demand” = EIT}(0,0) < EIT} (M,0) —t4,  (A65)
and
“Given B demands, A will demand” = EIT}(0, M) < EIT, (M, M) — t4. (A66)
Hence, if

ta < min {EII}y(M,0) — EII}(0,0), EIly(M, M) — EII}; (0, M)} , (A67)
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then both conditions are met. After computation, we have

Mrt.©
EIT, (M, 0) — EIT4 (0,0) = i ;-
36 (M1.+ N7+ 719) QM7 + N7 + 79) [BM T + 2(N T + 79)]
(AGR)
M. (9M + 4N)
EITY (M, M) — EITY (0, M) = < . A
A(M, M) a(0, M) 36 (M1.+ N1. +719) QM7 + NTc + 79) (AG9)
where
© =81M?>72 + 33M*N72 + 108 M?7. (N7, + 79) + 44M NT.(NT. + 79)
+36M (N7 + 79)* + 16N (N7, + 79)°. (AT70)
Direct computation shows that
[EIT}; (M, 0) — EII}(0,0)] — [EIL, (M, M) — EIT}(0, M)] (AT1)
o M2N72(3M7. + 4(N7. +79)) <0
36 (M1, + N1. +19) QM7 + NTc + 79) [3MT + 2(N T, + Tg)]2 '
Therefore, condition (A67) implies
Mr,
tatp < 0 . (AT2)
36 (M1, + N7. +719) QM7 + NTc + 79) [BMTc + 2(N T + 79)]
Since
upperfound lowerll\)ound
TEII, (M, 0) — EIT4 (0, 0)] — [EIT} (0, 0) — EIT4 (0, M)] (AT3)
B Mt ©
36 (M1, + N7+ 79) (2M7. + N7 + 79) BM 7. 4+ 2(N7. + 79))°
where
O =81M>72 — 15M*N712 + 108 M*7 (N7, + 79) — 20M N7 (N7, + 79)
+36M (N7, +75)* — AN (N1 + 19)°. (A74)

©’ is larger than 0 when M — oco. Thus, the set of transfers is not empty for large M. =

Appendix B: Microstructure of data sales

In this appendix, we describe two mechanisms through which an independent profit-maximizing
data vendor implements a particular data allocation (m4, mp). In the first mechanism, the

vendor simultaneously offers two take-it-or-leave-it contracts to both firms, while in the
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second mechanism, the vendor offers contracts sequentially. Both games feature a unique
equilibrium in terms of data allocation, and the equilibrium data prices lead to equation (9)

in the main text.

B.1. Simultaneous offering with contingent contracts

The data prices in the contracts offered by the data vendor are contingent on data allocations.
Putting it in context, suppose that the data vendor is a platform such as Amazon or eBay
that has accumulated the date-0 consumer data. For illustrative purpose, we assume that
the data vendor wants to implement data allocation (ma, mp) = (1000,1000). Then, the
data vendor may present the following two offers to firms, for example:

Contract A (on A-type consumer data): “If you purchase 1000 data points about A-type
consumers and no one else buys any data, then you pay $30; and if you purchase 1000 data
points about A-type consumers and someone else also buys some data, then you pay $40.”

Contract B (on B-type consumer data): “If you purchase 1000 data points about B-type
consumers and no one else buys any data, then you pay $30; and if you purchase 1000 data
points about B-type consumers and someone else also buys some data, then you pay $40.”

Given that only firm A is interested in contract B and only firm B is interested in contract
A, the above two contracts are effectively the following: “If the data allocation is (ma,0) =
(1000, 0), then firm A pays t4 = 30; and if the data allocation is (ma, mp) = (1000, 1000),
then firm A pays ty = 40;” and “If the data allocation is (0,mp) = (0,1000), then firm
B pays tg = 30; and if the data allocation is (m4, mp) = (1000, 1000), then firm B pays
tg = 40.” The contents of both contracts are observable to both firms.

These contracts correspond to the concept of “smart contracts” in the context of FinTech.
Smart contracts are computer programs that execute “if this happens then do that,” run
and verified by many computers to ensure trustworthiness in a blockchain environment.!®

For instance, with a “Turing complete” coding system, in theory, any contingent contract

10See Cong and He (2018) for more discussions on smart contracts. An informal discussion on this concept
can be found at: https://bitsonblocks.net/2016/02/01/a-gentle-introduction-to-smart-contracts, .
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can be implemented via an Ethereum smart contract. If these contingent contracts are
available, then the data vendor can use them to modify the payoff matrix of firms at the
information purchase stage, such that the unique Nash equilibrium leads to data allocation
(ma,mp) (see Section 4 for more details). There are multiple contingent contracts that
implement (m4, mpg), but for all of these contracts, the vendor’s ultimate profits are given

by CA (mA,mB) + CB (mA,mB).

B.2. Sequential offering with simple contracts

In the absence of “smart contracts,” we can consider a four-stage game in which the vendor
offers simple contracts sequentially. The game’s extensive form is drawn in Figure B1. In
the first stage, the data vendor contacts firm A and offers a take-it-or-leave-it contract which
states that “firm A can pay a cost t4 to buy an amount m4 of data.” In the game, the cost
t4 is the vendor’s choice variable with an action space R, and the data amount m4 is a
fixed parameter that is exogenous to the game. Receiving the offer, firm A decides to accept
or reject the offer in the second stage. If firm A accepts the offer, then it will pay t4 and
purchase m, amount of data, and if it rejects, it will not buy data.!’ In the third stage,
observing firm A’s choice, the data vendor then offers another contract to firm B which says
that “firm B can pay a cost tg to buy an amount mpg of data.” In the last stage, firm B

decides to take or reject the offer.

Lemma B (Sequential contract offering)

In the four-stage game described above, there is a unique sequential Nash equilibrium in which
the data vendor sets data price ty = Cy (ma, mp) in the first stage, firm A accepts the offer
in the second stage, then the vendor sets data price t}; = Cp (ma, mp) in the third stage, and

firm B also accepts the offer in the last stage.

Intuitively, the data vendor would like to sell its data to both firms and thus, it will choose

When a firm is indifferent between buying and not buying data, we assume that the firm will always
choose to buy data. This makes sense because if not, the data vendor can always slightly lower the data price
to get a positive profit.
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Figure B1: Sequential contract offering
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the right data prices such that both firms would like to purchase the data. More formally,
we solve the model by backward induction. In the last stage, at each node, firm B will buy
data if and only if the data price tp is sufficiently low. In the third stage, anticipating the
optimal response of firm B in the last stage, the data vendor will charge the price just to the
level at which firm B does not want to switch from buying, so that firm B always buys data
on any possible equilibrium path. Back to stage 2, anticipating that firm B will always buy
data, firm A will buy data if and only if the data price t4 is no larger than Cy (m4, mp). To
achieve the maximum profit, the data vendor sets data price at ¢y = C4 (ma,mp). Thus,
the four-stage game implements the data allocation (ma, mp).

In reality, the data vendor could implement sequential sales in several ways. First, the
data vendor as a monopolist has the full discretion over the timing of sales, so that it can
literally do sequential data sales by contacting firms one by one. This practice is popular in
many real over-the-counter (OTC) markets. Second, the data vendor can allow one firm to
place a pre-order for data and then set the late-stage data price conditioning on the pre-order
outcome. Pre-ordering is customary in book and video game industries. The development of

Initial Coin Offerings (ICOs), in particular the utility-token sales, can facilitate pre-ordering
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by directly providing token buyers with future access to the token seller’s products.*?

12For more discussions regarding ICOs, see Li and Mann (2018).
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