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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 4 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

In the last two decades, the technology improvement in data storage and analysis has made
data an important input for modern business. With data advantage, tech-companies like
Amazon and Google surpass the traditional business giants, such as General Electronic or
Mobil. Many consider data as the “new oil” that future business will thrive on. However,
there are many concerns accompanied with the new data economy, one of which is who
should own the data. The current debate on data ownership centers around issues like data
privacy or fairness (Acquisti, 2015). An important but less explored question is how the
data ownership affects the economic efficiency. The answer to this question improves the
understanding of the springing data economy.

Based on the classical setting in the literature of privately informed duopoly competition
(Gal-Or, 1985; Vives, 1984), we propose a model to study how data sales and data ownership
affect the economic outcome. Specifically, we consider a two-period model with two genera-
tions of consumers. There are two firms, A and B, and one data vendor. Each firm produces
in two markets, her “local” markets and the “global” market. In local markets, the firm is
a monopoly. Whereas in the global market, firms compete on quantity, which is a Cournot
duopoly competition. Consumers have correlated uncertain preferences. Thus, firms could
use the transaction data from the early-generation consumers to forecast the demand of the
later-generation consumers. Firms use the data from both the local and global market to
make better production policies. Because the local market’s data is not accessed to the rival
firm, the local market data becomes the proprietary information for firms. Different from
the local market, data in the global market are public information. The data vendor collects
transaction data from firms’ local markets. As a result, firms could purchase the rival firm’s
local market data in making production decisions.

Our model is able to capture the emerging feature of the modern business practice. (1)
The duopoly setting captures the recent concentration trend of U.S. product markets. Grul-

lon, Larkin, and Michaely (2017) show that the Herfindahl-Hirschman index (a measure of



concentration) has systematically increased in over 75% of U.S. industries for the last two
decades. The market share of the largest firm in an industry has grown significantly. (2)
Firms utilize information to adjust for production plans. For example, the retail giant Wal-
mart uses past data to predict the “rush hour” of shopping and assign associates at the
counters accordingly.’ (3). The emergence of data sales from data centers, such as IBM
and Oracle. In 2015, IBM spent over 2 billion to acquire Weather Company. A year later,
utilizing data from Weather company, IBM released a hyperlocal weather forecast — at a
0.2-mile to 1.2-mile resolution — to provide enterprise clients with short-term customized
forecasts.?

We have several main results. First, we show the presence of the data vendor can change
firms’ behaviors, and consequently moves the equilibrium to achieve a higher total surplus.
To illustrate this point, we first consider a benchmark economy without the data vendor.
Consistent with the literature (Gal-Or, 1985, Vives, 1984), we find no firms disclose their
proprietary information. Both firms want to retain their competitive advantage on informa-
tion. Strikingly, no information sharing prevails even if full disclosure could generate higher
profits for both firms. In essence, firms are stuck in the “prisoner’s dilemma” equilibrium.
However, we show that the emergence of the data vendor solves the prisoner’s dilemma and
increases the total surplus. With the data vendor, each firm can purchase data on the rival’s
proprietary information. In equilibrium, firms purchase all of her rival’s proprietary infor-
mation. This leads to the full information sharing equilibrium. Consumer surplus and total
surplus increase in this equilibrium. The incremental surplus comes from that the purchased
data improves firms’ planning on their production. Under certain conditions, the equilib-
rium with data vendor can be a Pareto improvement to all participants (e.g., firms) in the
economy.

The second result is about how data ownership affects data sales and economic outcomes.

1See “5 ways Walmart uses big data to help customers”, https://blog.walmart.com /innovation /20170807 /5-
ways-walmart-uses-big-data-to-help-customers

2For more detailed reports, see https://www.marketwatch.com /story/ibm-finally-reveals-why-it-bought-
the-weather-company-2016-06-15
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We discuss two settings of data ownership. In the first setting, data is sold via an independent
profit-maximizing data vendor in which data is originally owned by consumers. In the second
setting, data is owned by firms and firms form a data vendor to maximize their total profits
in selling data. We find that data ownership matters for data sales and the total surplus.
When the data vendor is an independent profit-maximizing institute, it always sells all of the
rival’s information to each firm. As a result, the optimal total surplus will always be achieved.
However, this is not always the case when the data vendor is owned by firms. When the size
of the local market is small, the data vendor owned by firms will not sell any information to
firms and the total surplus is the same as in the no information sharing equilibrium. When
the size of the local market is large, the data vendor always sells all of the rival’s information
to each firm, which achieves the same total surplus as the first setting.

Our model bridges the literature on privately informed duopoly competition (see Vives,
1984; Gal-Or, 1985; Gal-Or, 1986; Darrough, 1993; Raith, 1996; and Bagnoli and Watts,
2015) with the literature on information sales (see Admati and Pfleiderer, 1986, Admati and
Pfleiderer, 1987, Admati and Pfleiderer, 1988). Section 2 illustrates our model setting. In
Section 3, we analyze an economy without the data vendor. This serves as the benchmark
economy. We then introduce the data vendor in Section 4. In Section 5, we internalize the

data vendor through analyzing the data ownership. We conclude with Section 6.

2 The model

We build our analysis in a duopoly setting in which two firms face random demand and
compete on quantity. Each firm possesses private information regarding the random demand.
This setting has been extensively studied in the industrial-organization literature (e.g., Vives,
1984; Gal-Or, 1985; Gal-Or, 1986; Raith, 1996; and Bagnoli and Watts, 2015). We extend it
by introducing a data vendor from whom the two firms can purchase information (or data).

We show that the presence of a data vendor can change firms’ behaviors, which moves the



equilibrium to a better allocation that achieves a higher total surplus. To convey our idea
most parsomoniously, we do not explore how such a data vendor emerges for now and we
delegate such an exploration to Section 5.

The economy lasts for two periods, ¢t = 0,1. Both firms, labeled as A and B, last for
two periods, and in each period, they produce goods to maximize expected profits. 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. Consumers’ preference is random and is driven by both a common component and
an idiosyncratic component. The common component persists through two generations of
consumers and hence, the date-0 consumer data helps firms to forecast the date-1 demand.

In our setting, the date-0 product market equilibrium serves to generate the consumer
data that can be potentially sold and firms’ date-1 information structure. In period 0, each
firm decides its production decisions and sells products to their respective consumers, giving
rise to the market-clearing prices. The price for AB-type consumers are observed by both
firms. By contrast, the equilibrium prices for A-type consumers and for B-type consumers
constitute the private information of firm A and firm B, respectively. Since date-0 consumer
data contains useful information for future date-1 demand, both firms have incentives to
observe the private data owned by their rivals. In our setting, the data vendor satisfies this
demand for data; the data vendor has access to the date-0 consumer data and sells it to
firms. In the remaining of this section, we describe in greater detail the product markets and

the information market, and then define the equilibrium concept.



2.1 Consumption, supply, and product markets
2.1.1 Product demand from consumers

The consumption decisions of consumers generate to the demand for firms’ products. As
mentioned above, three types of consumers—A-type, B-type, and AB-type—exist in each
period. We interpret A-type consumers and B-type consumers respectively as each firm’s

b1

“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).

This local/global setting is consistent with the granular structure of many industries. For
instance, in developed economies, small towns tend to have their own favorite grocery stores,
while in big cities, many major grocery stores coexist and compete. Another interpretation
of our setting is to perceive consumers arriving sequentially to buy products from firms (e.g.,
in the context of online shopping). Firms face only one consumer at a time; those loyal
consumers who only want to buy goods from a particular firm constitute that firm’s local
markets, while those consumers who are indifferent to brands constitute the global market.
We are agonistic about interpretations and label local markets as X-markets and the global
market as the Y-market.

We denote by Uya, Ug, and Uap the utilities for type-A, type-B, and type-AB consumers,

respectively. Following the literature (e.g., Singh and Vives, 1984), consumers derive utility

from consuming the products produced by firms according to the following quasi-linear forms:
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Here, variables xtA,i and .CEtB’ ; are the the quantities consumed by the generation-t consumers
in firm A’s ith X-market and in firm B’s jth X-market, respectively. Variables pr and
ptB7 ; 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 pz is the product
price at the Y-market in period t.

Variables &', ;, 5% ;, and 8%, capture preference shocks. Preference shocks contain two

random components, a time invariant common component # and an idiosyncratic component

g:

where 6 ~ N (0,7,7%), &4, ~ N (0,77Y), &, ~ N (0,7.1), and &5, ~ N (0,7.1) with

J
79 > 0 and 7. > 0. We assume that {é, {4}, {€5, }j : {éfélB’k}k} are mutually independent.
Consumers know their own preference shocks when making purchase decisions.

We have normalized the mean of preference shocks as zero. This normalization does not
affect our results. We have also assumed that the common component is the same across all
consumers. Our mechanism 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 simplicity. 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 —ah,i=1,2,.. M; (4)

Py =8y —alh i =1,2,., M; (5)
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2.1.2 Product supply from firms

Firms live for two 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.

Date-0 product markets When making date-0 production decisions, firms have not re-
ceived any information yet, except their priors about the model structure. Thus, firms choose
production quantities to maximize unconditional expected profits taking as given the demand
functions from consumers and the production quantities of their rivals. Firm A’s optimal

production quantities (X9, ..., X4 ;. YY) are determined by

max  EJ Z£1POA,2'X91,@' + PSYX ], (7)
—_———— ——

M
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where pOA’Z- and p(y) 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. In the Y-market, firms’ optimal productions form a Nash
equilibrium. When making production decisions, each firm needs to take into account the
other firm’s production and the market-clearing condition (i.e., Y + Y9 = 32 49). 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 equilibrium prices ({p% }Z n {pBJ _ ,py *), production

quantities ({ng } YY) ,{X%fj}jj\il ,Y3*), and expected profits (EII% and EI1% ) are:

i=1"

p%i: AZ,X =0, fori=1,...,M;

pOB*j_ B],X%*j—() forg=1, .. M,

0x _ .
py Nzk 18ABk7 _OaYB )

ENY% =0 and ENIY = 0.

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. The
production quantities and profits are equal to 0 in equilibrium. This is due to the fact
that we have normalized both the mean of preference shocks and the production cost at
zero. If we relax this normalization, then both quantities and profits become non zero in
equilibrium, and under this alternative specification, prices and sales (i.e., prices multiplied
by quantities) convey the same information. In our current simplified setting, when using the
wording “consumer data,” we refer to the date-0 price data, {p?‘l*,i}i]‘; and {p%’ij j]\/il' To ease

expressions, we label these price vectors as follows: PY = {p%*l}j‘i , and Py = {r%; }jj\i ¥

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 ,Yj) are
determined by

max E[Zij\ilp}él,iXil,i'f— P;Yj | Fal, (8)
I N——— ~—~—

X-market Y-market
where the prices pj;; 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.

2.2 Data vendor and data market
2.2.1 The vendor’s problem

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. In Section 5, we argue that
this assumption is consistent with an equilibrium outcome in a setting in which the date-0
consumers own the data. Nonetheless, we note that our central message that information
sales can improve social welfare does not depend on this assumption (see Section 5).

Data transactions are completed at the beginning of date 0. We will discuss the details

of the transaction games shortly in Section 2.2.2. The outcome of these transactions is that



firm A pays cost C4 to buy m, amount of data and firm B pays cost C'g 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
(ma, mp) becomes 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 “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%*’j of firm B, and firm B observes mp date-0 X -market prices

P% of firm A.

We follow Admati and Pfleiderer (1986) and assume that the data vendor can implement
any admissible data allocation through information sales. This is natural given that the
data vendor is a monopolist in the data market. In Section 2.2.2, we will describe how the
data vendor achieves this implementation by offering right contracts. Given data allocation
(ma, mp), we use EITY (m 4, 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 of (8) and take unconditional expectations to compute EITY (m 4, mp). If

3If firms engage in “secret” information purchase (i.e., (ma, 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.

10



firm A does not buy any data from the data vendor, then its expected profit is EIT} (0, mp).
Thus, firm A’s willingness to pay for an amount m 4 of data given that its rival has purchased

an amount mp of data is

Cy (ma,mp) = EIlYy(ma, mp) — EITL (0, mp). 9)

Since the monopolist extracts all surplus, Cy (ma, 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 (ma, 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,mp)e{0,1,...,M}?

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)).

2.2.2 Microstructure of data sales

We now describes two mechanisms through which the data vendor implements a particular
data allocation (ma4,mp). In the first mechanism, the vendor simultaneously offers two
take-it-or-leave-it contracts to both firms, while in the 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 latter sections, we are agnostic to

11



these two implementation mechanisms, and just focus on the vendor’s maximization problem

(10).

Simultaneous offering with contingent contracts

The data prices in the contracts offered by the data vendor are contingent on data al-
locations. Putting it in context, suppose that data is owned by consumers and the date-
0 local consumers form the data vendor (see Section 5.1 for more discussions). For il-
lustrative purpose, we assume that the data vendor wants to implement data allocation
(ma, mp) = (100, 100). 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 ta = 30; and if the data allocation is (ma, mp) = (1000, 1000),
then firm A pays ta = 40;” and “If the data allocation is (0,mp) = (0,1000), then firm
B pays tgp = 30; and if the data allocation is (my, 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.? If these

contingent contracts are available, then the data vendor can use them to modify the payoff

4See 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, .

12



matrix of firms at the information purchase stage, such that the unique Nash equilibrium leads
to data allocation (m4, mp) (see Section 4 for more details). There are multiple contingent
contracts that implement (ma, mp), but for all of these contracts, the vendor’s ultimate

profits are given by C4 (ma,mp) + Cp (ma, mp).

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 1. 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 my4 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,4 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 2 (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 tf; = Cg (ma, mpg) 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
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

5When 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.

13



Figure 1: Sequential contract offering

Data vendor

]EH}LX(O, O) EHL(O, mB) EH%(TTLA, O) - tA EHh(mA, mB) — tA
EI1L(0,0) EITL(0,mp) — t'g EITL (m4,0) EITL (ma, mp) — tp

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
in 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 ¢4 is no larger than Cy (ma, mp). To
achieve the maximum profit, the data vendor sets data price at t% = C4 (m4,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

by directly providing token buyers with future access to the token seller’s products.®

SFor more discussion regarding ICOs, see Li and Mann (2018).
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2.3 Timeline and equilibrium concept

The timeline of the economy is described by Panel A of Figure 2. At the beginning of date 0,
the data vendor designs contracts to sell consumer data to firms. 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.

Panel B of Figure 2 describes the flow of products and information. Specifically, the data
vendor’s information stems from the date-0 product prices in firms’ local X-markets. Then,
the data vendor provides firm A, at a cost Cy, with a certain number of firm B’s date-0 X-
market prices. Firm A in turn employs this information, together with its knowledge about
its own X-market prices and the Y-market price in the previous period, to make production
decisions. There is a similar information flow between the data vendor and firm B. Firms
A and B behave as monopolists in their own X-markets, but they compete in the global
Y -market.

Recall that Lemma 1 has characterized the date-0 product market equilibrium and that
Lemma 2 has provided a sequential equilibrium to microfound the data prices. Thus, our
equilibrium definition focuses only on the data vendor’s profit optimization problem on date
0 and the product market equilibrium on date 1. We adopt an equilibrium concept in the
sense of a sequential Nash equilibrium.

Definition 2 (Equilibrium)
An equilibrium consists of a date-0 data allocation (m*,m}) and date-1 production policies,

XA (FO L, YA(Fa)) and ({ X ;(F) 1L, Y5(FB)), such that:

=1

(a) Given the equilibrium amount (m%, mp) 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
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Figure 2: Model overview

Panel A: Timeline

t=0 t= time
>
e The data vendor sells consumer ® The data vendor delivers consumer data to
data to firms at prices C4 and Cp firms who paid the cost on date 0
e Firms make production decisions ® Firms observe information and make
e Product markets open, production decisions
generatation-0 consumers e Product markets open, generation- 1
purchase and consume, and consumers purchase and consume, and
market prices are formed market prices are formed

Panel B: The market structure

[the “global” marke (54p,1,54B,2, .-~7§AB,N)]

Panel A of Figure 2 shows the timeline of the model. Panel B illustrates the market structure. In Panel B,
the solid line indicates real goods transactions and the dashed line indicates information collection and sales.
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in the Y -market.

(b) The equilibrium amount (m*, m¥) of sold data is determined by (10), and the data

prices (C%4, Cy) are set accordingly as Cy = Cy (m*, my) and Cy = Cp (mi,m}y).

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 figure out the expression of
firms’ profits, EIT,(ma, mp) and Ellg(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 discussions 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?q*l}j\i , are firm A’s private
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information, while firm B’s date-0 X-market prices P} = {pf;, ]Ai are firm B’s private

1
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:

N ~0
S
e poy ) 2ek=15A4BE < 9
/—'A—{py,PA}—{—N ’SA,l"'WSA,M}?

N 0
S
_ £ 0% PO _ dr=154Bk o -0
fB fry {py 7PB} — {—N 753,17"'7SB,M} .

We follow the literature (e.g., Gal-Or, 1985 and Darrough, 1993) and consider the 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:

X}{,’i :éi{o—i_@ﬁl(Pg_ﬂ)?Z: 17"'7M7 (11)
Yi= @Y + @ (Pl —p), (13)
Yg = ®p + O% (Pp — p), (14)
where
1 M 1 M
0 O0x ~0
Pl= 2> Phi=q7 0 S (15)
1 M 1 M
0 — 0 ~0
Pp= g7 2 P85 = 37 2y S5 (16)

are two price indices of date-0 X-market data, and

~ N,
=E0|p)) = ———p)" 17
n=Ep,") g (17)

18



is the posterior about @ given the public information, the Y-market price pg*.

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.

Lemma 3 (Date-1 product market equilibrium without data sales)

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

X4, = % {u+ e +MNT‘; +79(Pg - u)} Gi=1,.. M,
Xby =3 |t T (P = )] = 1o
Yi= g,u * 3Mr, —1—]\42](\[]\7[_; + 79) (Pa—n).
Vi = g,u * 3M. —1{\42](\[]\7;'6 + 79) (Pg = ).

The equilibrium expected profits of firm A and firm B in period 1 are

M N, M,
EIly = Elly = — : j
A B 4 | (N7.+19)79 + (M1, + N7 4+ 79) (N7 + 79)
N NT. MNT.(MT. 4+ N7, + 79)

+ + .
9 (N7.+79)79  [3M7. 4+ 2 (N7 4+ 79))* (N7 + 79)

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

The equilibrium outcome characterized by Lemma 3 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) =
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(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™ = F3™ = {p% 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 3 is (ma, mp) = (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-

lows:

M1 132 1 1 1\2
CS = ZZ, 2" E(X},) +Zi:1 §E(XB,Z-)J+§E(YA +YB>/a (18)
A- type B—:;pe ABTtr)lpe
TS= CS, +EI} +Ellp, (19)

consumer surplus producer Surplus

where X ;, Xp;, Yy, Y, EIl}, and Ell} 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 B0, 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 > C S0 TSMM ~ T80 for any M: and EHZMM = EHEMM >
EHl 00 EH}B’M if and only if M > M, where M is a constant given by equation (OA.56) in

the appendiz.

Intuitively, when firms are equipped with better information, they can better collectively
accommodate consumers’ needs, which improve 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
informed 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.
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Figure 3: Efficiency and disclosure

Panel A: Welfare variables

Data allocation Small M, M = N/10 Large M, M = 10N
TS CS EITY + EIT} TS CS EIT, + EIT}
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
Firm A ND | (1.461,1.461) | (1.570,1.349) Firm A ND | (139.02,139.02) | (179.02,136.77)
D | (1.349,1.570) | (1.458,1.458) 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 79 = 1,7. = 0.001 and N = 100. We consider two values of M:
M = N/10 = 10 and M = 10N = 1000.

3.2.2 Voluntary and mandatory disclosure

Although data allocation MM improves on data allocation ()f), 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
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 7y = 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 3. Also, when M is high, firms
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profits are higher under MM, and when M is low, firms profits are lower under M M.

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 3. 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 EIT} in
Lemma 3. We can see that withholding information is a dominant strategy for each firm,
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

"Darrough (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.

8Evidence 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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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
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 {j1, ..., jm, }
and {iy, ..., 7, } for the two sold data sets. The data sets purchased by firms A and B are,

respectively,
_ 0% 0 _ (% 0%
IA — {pByjl7.“’pB7ij} and IB — {pAfil’“.’pAai’rnB}'

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,
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we conjecture the following date-1 production policies:

XAZ_(I) +(I)X (PA M)+(I)§2(IA_M)J’:17’M7 (20>
Xé,j = (I)go + (I))Bgl(Pg - :u) + ¢§2(IB - M)?] = 17 "'>M7 (21)
Yi=®) + 04 (Pl—p)+ 4, (Ia — p), (22)
Vg = ®p + @ (P — p) + Py, (Ip — p), (23)
where
_ ma- o
IA = m_A Z ’]a - A Za:l SB:ja’ (24)

Ip=— ZmB Py, = Z;:Bl 5400 (25)

where the second equality in (24) and (25) follows from Lemma 1, and P}, PY, and u are
given by equations (15), (16), and (17), respectively.

Equations (20) and (21) maximize expected profits in the local X-markets respectively for
firm A and firm B. Equations (22) and (23) 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, mg), there exists a linear product market equilibrium char-
acterized by equations (20)—(23), where the ®-coefficients are given in the appendiz. The

equilibrium expected profits EIIY and EILY 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 Cpg (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.
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Proposition 3 (Optimal data sales)
In equilibrium, the data vendor sells all of its data to firms, that is, m% = mp = M. The

resulting data prices are

M N) M.,

Ch=Cy= (= -
A B (4 + 9 ) (2M7.+ N7. 4+ 19)(MT7. + 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*:_ 3 PO_ PO_
B 3(M+2MTE+NT6+TG[A p+ P —ul),
1 M,
Xl*-:Xl*-:— 3 PO_ PO_
ai = X5 2(M+2MT€+NTS+T9[A p+ P —pl),

fori,j=1,... M. The equilibrium date-1 expected profits (gross of data price C*) are

M N, 2M,
]EHI*:]EHI*:_ € €

4 B 4 |:(NTE—|—T9)T9+ (2MT5+NTE+TQ)(NT£+TQ):|
N N, 2Mr.

+ 9 |:(N7’E + 79) To + (2MT. + NT. +Tg)(NT€—|—Tg):| ’

4.3 Intuitions, implementation, and welfare

We now use a numerical example in Figure 4 to illustrate better what is going on in the
economy with data sales. The parameter values in Figure 4 are the same as those in Figure 3
with M = 1000. In Panel A of Figure 4, 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,
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we allow the data vendor to be able to design “smart contracts” which allow data prices to
depend on data allocations. Specifically, the contracts state the following: “If data allocation
is (0, M), then firm A pays price ton; if data allocation is (M,0), then firm B pays price
toar; and if data allocation is (M, M), then both firms pay a price ty.” By Proposition 3,
we know that the equilibrium value of ¢,;3, must equal C*, which is 41.11 in this example.

We now explain why this is the case and what values ty;; can take.

Figure 4: Data sales and efficiency

Panel A: The payoff matrix for firms

Firm B
0 M
Firm A (139.02, 139.02) (136.77,179.02 — tonr)
M | (179.02 — topr, 136.77) | (176.88 — tasar, 176.88 — tarar)
Panel B: Welfare variables
Data allocation TS CS EITY + EIl; Data vendor’s profits
(1l 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 ;s 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 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.

The first observation is the following. Suppose that the data prices toy; and ty;y, are set at
0. Then, comparing the payoff matrix in Panel A of Figure 4 with that in Panel B of Figure
3, we find that the former is a transpose of the latter. Note that in Figure 3, firms’ actions
are disclosing or not disclosing information and thus, there, firms are considering whether to
supply information for free. In contrast, in Figure 4, 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
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data allocations.

Recall that in equilibrium, the data vendor wants to implement data allocation (M, M),
which leads to the highest profits. One way of implementation is to choose appropriate
values of toy; and t757, such that purchasing data is a dominant strategy for both firms.

This requires the following:

179.02 — topr > 139.02 = topr < 40,

176.88 — tayrar > 136.77 = tppr < 40.11.

Thus, by setting ty;p = 40.11 and tgy, < 40, the data vendor can sell data to both firms,
collecting a total profit of 2 X ty;;, = 80.22. Intuitively, the upper bounds of ¢y, and
tyrar 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)=Cg(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
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,

OC 4 (M,mp) 0Cp(ma,M)
oL > 0 and s > 0.

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 ()f)). Here, with data purchase, both firms can observe the

private information of their respective rivals, although at a cost. This leads to the data

27



allocation MM. By Proposition 1, both consumer surplus C'S and total surplus 7'S are
improved with the introduction of a data vendor, where C'S and TS are still defined by
equations (18) and (19), respectively. Panel B of Figure 4 confirms these results.
Proposition 6 (Welfare-improving data sales)

The introduction of a profit-maximizng data vendor improves both consumer surplus and total

surplus in equilibrium.

4.4 When are the firms better off?

In Panel B of Figure 4, firms’ equilibrium profits are lower with data sales than without. Thus,
although introducing a 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 4 (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 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 g € (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 C4

is EIT, (ma, mp) — C4. If no agreement is reached, then firm A’s outside option value is
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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 cs (EIT}y(ma, mp) — Ca — EIL} (0, mB))l_B :
The solution leads to the data price as follows:
Ca(ma,mp) = B x [EIl}y(ma, mp) — EITy (0, mp)] . (26)

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} = M. The resulting overall equilibrium is given

by Proposition 4 with a smaller data price:

ci=s=5(5+3)1 M.

1779 2M1. + N1 + 19)(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.
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 satisfied:

M N

—1
. N |6MT. N, oM. + NT.
M>Mandﬁ<1_(_+ ) [6MT. +5(NT1. +19)] QM7 + NT. + 79)

9[3M7. + 2(N7. +79)]?

)

4 9

where M is a constant defined by equation (OA.56) in the appendiz.
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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 objective is 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
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

9 The recent development

over their own data and the opportunity to earn compensation.
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

9“Data mining offers rich seam,” February 18, 2013, Financial Times.
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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, for example, via an initial coin offering (ICO).!'! By Proposition 3, the total

profits accruing to the data vendor are C% + Cj = (% + ﬂ) i 2M 7 If

9 2M1e+NT1e+79)(MTe+NTc+70) °

data-0 consumers’ valuations toward privacy are lower than C% + C}, 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
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,

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

"See Li and Mann (2018) for an analysis on how a data vendor can be formed via an ICO.

12Existing experimental studies suggest that consumers’ valuations about privacy are relatively small,
ranging from 0.50 to 45 US dollars (see Section 5 of Acquisti (2014)).
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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
ta to firm B for firm B’s private consumer data and firm B makes tp transfer to firm A for
firm A’s private consumer data. Does there exist a set of transfers (t4,¢5) 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 explain how.

Given the data vendor now behaves like a two-sided market, we need to consider both
the data supply and demand from firms, which correspond respectively to Figures 3 and 4
in previous sections. In Figure 5, we adopt the same parameter values as those in Figure
4. Panel A of Figure 5 describes the payoff matrix when firms supply data to the data
vendor. This corresponds to Panel B of Figure 3, which assumes t4 = tg = 0 (i.e., public
disclosure means no compensation for supplying data). From the payoff matrix, we 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 5 draws the payoff matrix when firms demand data from the
vendor. This corresponds to Panel A of Figure 3 (with toy 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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Figure 5: Data sales as transfers

Panel A: The payoff matrix when firms supply information

Firm B
0 M
(139.02,139.02) (179.02,136.77 4+t )
M | (136.77 +tp,179.02) | (176.88 + tp, 176.88 + t4)

Firm A

Panel B: The payoff matrix when firms demand information

Firm B
0 M
Firm A (139.02,139.02) (136.77,179.02 — t)
M | (179.02 — t4,136.77) | (176.88 — t4,176.88 — tp)
Panel C: Welfare variables
Data allocation TS CS EITY + EIl} net transfers
00 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 79 = 1,7. = 0.001 and N = 100,
M =10N.

Proposition 8

Any transfer (ta,tg) in the following rectangular set can support data allocation MM:

MNT. [6MT. + 5(NT. + 79)]
9(Mr.+ NT1. +719) [BMT7. + 2(NT. + Tg)]2
MT.0 2
36 (M1.+ N1. +719) 2M7. + N7 + 79) [BM 7. + 2(N T + 7'9)]2

(tA, tB) €

Y

where

© =81M372 + 33M*N72 + 108M?7.(N7. + 79) + 44MNT.(NT. + 79)

+36M (N1, +79)* + 16N (N7, + 79)°.
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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 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

In this paper, we study the value of data based on the classical duopoly competition setting.
In our model, duopoly firms use past consumption data to predict future demand and adjust
their production plan accordingly. Data is valuable as it optimizes firms production behavior.
But firms are not able to explore the full advantage of data, since they are not willing to share
their private information. The emergence of the data vendor resolves this issue. With the
data vendor, the equilibrium becomes the full information sharing equilibrium. The social
welfare is increased. In some cases, the increase is the Pareto improvement for all participants
in the economy.

Our model highlights the importance of the data vendor to the efficiency of the real

economy. We further explore the question of who should own the data to form such an

34



organization. It is straightforward that when consumers own the data, they will organize such
a data vendor to share the value of the data. This leads to full information sharing economy.
On the other hand, when firms own the data, it becomes less straightforward. Firms have to
balance the benefit from more information with the cost of losing their competitive advantage.
We show that when firms build the data vendor as a two-sided market, then there exists a
set of transfers between firms that can support the full information sharing economy. That
said, not any transfers can support the full information sharing economy. For example, when
transfers are set to zeros. The equilibrium becomes no information sharing.

Data are to this century what oil was to the last one. There are many concerns over the
springing data economy, such as the issue of data ownership. While many discussions are
from a legal or technology perspective, we approach this issue from an economic one. We find
data ownership can potentially affect the economic efficiency. While assigning ownership to
consumers improves welfare, assigning ownership to firms may not always achieve the same
target. As so, we believe regulators should devote more consideration to the case when the

data ownership is assigned to firms.
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Appendix

Proof for Proposition 1

Proof. From the first order condition of consumers’ utility maximization, we get the total

expected consumer surplus for A-type and B-type consumers as

Mo 1 M

M
CSp=Y CSai= 5E(@h) = MZE [E[(eh)" | Fa]| = TEM .. (A1)
=1 =1

The last equality is implied by the market clearing condition. Similarly, the market clearing

condition implies the AB-type consumer’s surplus is,

CSup = -E [(Yj + YJ;)Q] (A.2)

| — DN~

E [(Y1)? +2Y Y} + (Y3)?]

= — (EIly, + Ell; ) + E(Y;Y3).

|2

1. Applying the optimal production in AF4, AFp = () and AF, = M,AFp = M, we

have

M M? N, M,
_ _ —]EHl _ € €
CS54(0.0) = CSp(0.0) 2 A’X(w’ 0) 8 ((NTE + 79) 7o + (M7 + N1 + 79) (N7 + Tg))
(A.3)
For AB-type consumers,
]EH114,Y(®7 Q)) - EH}B,Y(wa ®)7 <A4>
N2 Nt MNT, 21
11 _oF2 2 _ € €
E(YaY5)(0.0) = P4, + P4, N1+ 719 9 (N1.+79)79 + <3M7‘6 + 2(NT. + T9)> Nr.+1
(A.5)
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Therefore,

2N? N, 2M?N?712 + MN?7.(NT,
CSun(0.0) = T TS+ Te(NT. + 79)

The total consumer surplus is

CS(0,0) =20S4(0,0) + CSap(0,0).

And the total surplus is

TS(0,0) = 2EITL (0, 0) + CS(, D).

2. Repeating above with AF4 = M, AFp = M, we get

N, M,

9 (N7.+79)70 + (BMT1.+2(N71. +79))2(N7e + 79)

(A7)

(A.8)

CSA(M, M) = CS5(M, M) = M{ ((

2N? NT, N 2M?2N?72 + MN?7 (N7, + 79)
9 (Nte+719)79  (BM7.+ 2(N7 + 79))2(NTe + 79)’

TS(M, M) = 2EIT} (M, M) + CS(M, M).

Direct computation shows that

CS(0,0) < CS(M,M), TS(0,0) < TS(M,M).
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Proof for Proposition 2

Proof. Since firm A and firm B are symmetric in choosing 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 belief (1,7p), 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} ; =

N 1 1 1
1 N 1 _ i 1 R . 1 _ 1 1 i 8api—Yi—Yp )
XA,z'? > in1 Yapi = Y4 +Yp) which implies PA,i =S4 — XA,ivpy = N , firm A’s

production decision is

max E[Py; X}, | Fa] = maxE [(54; — X3,) Xh; | Fa] fori=1,2,... M; (A.14)
Th i 7 7 Ty ’ ’ ’

N =« 1 1

= Sup,— Y, —Y,
max E <Z’—1 ABi A B) Y| ]—"A] . (A.15)
v}i N

The optimal production is

1 ~
1 — —
X} =3E (9 | ]-'A> , (A.16)
1 N n 1 o1
Yi=SEWO| Fa) - EX5 [ Fa). (A.17)

Since Fa = {PY,pY, 14}, from the Bayesian updating, we have

M
E(0 — | Fa) = | MretrematWretmo) | ip0 7y — ), (A.18)

TeMA
Mte+Tema+(N1e+79)

MTe—Tema

E PO . Fi) = Mre+tema+(NTe+79) PO— Ta— A.19
(Pp —p| Fa) At (Nt [Py —p 1a—pl, (A.19)
_MTe(MTE+TEmA+(NTE+Tg))

1
E(Ip — p | Fa) = [Pi—p Ta—pl, (A.20)
0

NTe

_ 0
where 1 = 5~ oDy
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For the Y-market, combining with the conjecture linear strategy,

YTB1 = qA)}B:o +<i)g1(Pg _H) +(i)§2<[B _/’l/)7

(where @

2y o
A1z and @p - depends on (ma,mp)), we have

Yi=[1 Pi—pn Isa—p

I A 1 A 0
(I)Y q)Y
X E M, _ _Bo 0 _ B MTe—Tema
2 | Mretrema+(N7e+70) 2 2 Mtetrema+(N7e+70)
Temoa 0 TemaA(2M7e+(NT1e+79))
Mre+rema+(N7e+70) Mte(MTe+Tema+(N7e+79))
Y
N, _ %5
2 M 2

— L PY—p La—p] | NMrA, — &Y Mrozmap, Gy 1

N
2 Temala — oM,

where AZI =Mr. +Tmy + (N7 + 19).
Comparing with the conjecture strategy, we get

Y
<I>B

®y Th—
oY | = | M, — OF Mreramap, — Y L
‘I)Xz %TemA Ay — (i)gl TemA(2M2T£;ENTE+TQ)) Ay
oy
At 1 0
=—_—Aa| Mr. —% 0 (M7 — Tema)A 4

TeM A 0 M.
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g, Aa

Tem A (2MTe+(NT1e+79)) AA

0
1
0
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For the X-market,

M,

1
Xig =5 [t |t TN P, — s La— ] ] (A.25)
MTE+T€7:LE;T<LFA(NTE+T9)
[
Proof for Proposition 3
Proof. The expected profit in the X-market is
EI, x =ME [E |(zh,)" | Fal] (A.26)
M N, (Mrt,)? 2
- E[ PY— ] A.27
4 {(NT€+TQ)T9 + (MTe +Tema + (NT. + 79))? ( A M) ( )
2m? 9 2MT2m 4
+ € E[(I4— + : E[(P}—pu) (Ia—
(M7e +Tema + (NT + 79))? [( A= H) } (M7e +Tema + (NT + 79))? K A H) (Za ,uﬂ
M N, M1, + 1.my
4 \(N1.+m19)179 (M7 +7ma+ (N7 +79))(NT. + 79)

Obviously, EIT} y increases in m4.

The expected profit in the Y-market is

1

EIT} , = NIE(Yj)Q (A.28)
1
= (B(@%,) + B4 (P — o) + B2, E(Iy — o)* + 284, D4, E(P] — 0)(1 — 1)
1 1 (NTe + 719) (NTe + 19)
— —E(®> — (P D+ Py T T
N ( AO) + Nt} (( At @)+ O, M, P4 Tema

pe
After direct computation, we obtain

or T(NT. + Tg)(ci)Bl(QMTe + (N7.+ 7)) — MNT.)?
oma AMt)2(MTe+ 1ema + (N7 + 79))?

> 0. (A.29)

Hence, EITY i increases in ma. As EITY = EITY  + EITY , EIT} increases in mu.

40



From above, we know that firms’ expected profits increase in both X and Y market, when
they purchase more information. This is true regardless of their belief on the opponent’s
information purchase. From Section 7?7, we know that the data vendor will choose m*, m}
to maximize Cy + C. Hence, m% = M, mp = M.

Note C% = EIlY(m% = M,m} = M) — EIT4(0,m} = M) satisfies firm A’s participa-
tion constraints in purchasing information, and hence, is supported in equilibrium. Same
argument applies to C = Ell;(m% = M, m} = M) — EllL(0,m = M).

To solve for (%, C%, we substitute my = M, mp = M into production policies in Propo-

sition 2 and compute EITY (M, M),

M N, 2M T,
EHL(M,M) :Z(( )

Nt +719)79 + (2MTe + N7 + 79) (N7 + 79)

+N N, n 2MT, (A.30)
9 \(N1e+719)79  (2M7.+ N7 +79) (N7 +79) ) ’

Then, we repeat these computation for my4 = 0, mp = M and obtain the product policy

Y N
q)Ao TM
Y — MNTe
CI)A1 o 3(MTe+N1et1g) | -~ (A31)

oY 0
Plugging these to the profit computation, we obtain EITY (0, M),

M N M
EIT, (0, M) =— - :
a0, M) 4 <(NT€+7'9)7'9 + (MTE—f-NTe—I—Tg)(NTE—f—TQ))

+N< N, N M., ) (A.32)
9 \(Nre+79)79 (M7 + N7 +79) (N7 +70) ) )

At last, we obtain

M N
€3 = Ci = BI04, 01) ~ B4 0,00) = (5 + 7 )

M,
2M71.+ N7+ 19) (N7 + 79)

(A.33)
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Proof for Proposition 4

Proof. According to Definition 1, the equilibrium with the data vendor is obtained by

combining Proposition 2 and 3. More specifically, let my = M, mp = M in Proposition 2. =

Proof for Proposition 6

Proof. Since the equilibrium of the economy with the data vendor reaches full information

sharing and the equilibrium of the economy without the data vendor is no information sharing,

we know from Proposition 1, C'S(M,M) > CS(0,0) and T'S(M,M) > T'S(0,0). =

Proof for Proposition 7

Proof. The change in the expected profit for firm A when comparing (M, M) and (0,0) is

EITY (M, M) — Ca(M, M) — EII}(0,0) (A.34)
M N M, 1 1

=15 (Z " 5) M7, + (N7 4 7o) (M + (Ve 7)) T o (0 M) = By 0,0)
M N M,

=(1-8) <Z * 5) (2M1. + (N7 + 79)) (M7 + (N7 + 79))

MNT.(6M7. 4+ 5(NT. + 79))
(M7 + (N1 + 7)) (BM T + 2(NT7 + 79))?’

which is greater than 0, if M > M, and if

1_g> <M g) U N(6MT, 4 5(NT. + 7)) (2MT, + (N7, + ) (A.35)

179 9BMr. + 2(N7. + 14))2
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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} (), M) + ¢,
and
Given B supplies, A will supply = EIT} (M, 0) < EIT} (M, M) + t3.
Hence, if
max {EIT}, (0, 0) — EIT} (0, M), EIT}, (M, 0) — EIT, (M, M)} < t,

then both conditions are met. In the online appendix we compute the folliwng

MNT. (6MT. + 5(NT. + 719))
9(Mre + N7+ 79) (3M7e + 2(N7e + 79))*
SMNT,
36 (M7.+ N7. +79) (2M7. + N7e +79)

EIT,(0,0) — EIT, (0, M) =

After computation, we get

[Eﬂh(@, @) - EHL(@, M)} - [EH}LX(M7 Q)) - EH}L}(M7 M)]
M?N72(3M7. + 4(N7. + 79))

= 5 > 0.

36 (M1.+ N7+ 719) QM7 + N7 + 79) (3M 7T + 2(NT + 79))
Therefore, by symmetry, we have

MNTt. (6MT1, 4+ 5(NT1. + 79))
9(Mt.+ N1.+719) (BMT. + 2(N7. + 79))

P S tAvtB'
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(A.39)
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To ensure demanding information is a dominant strategy, we need following conditions,

Given B does not demand, A will demand = EIT (0, () < EIT} (M, () — ta, (A.43)

and

Given B demands, A will demand = EIT}, (9, M) < EIT, (M, M) — t4. (A.44)

Hence, if

ta < min {EII} (M, 0) — EIL(0, 0), EII},(M, M) — EIT, (0, M)}, (A.45)

then both conditions are met. From computation, we have

JI/EAS)
EITL (M, §) — EIT (0, 0) = L -
36 (M1.+ N7. +719) QM7 + N7 4+ 79) (3M 7T + 2(NT + 79))

(A.46)

M7, (9M + 4N)
EITL (M, M) — EITL (0, M) = < . A4
A(M, M) A0, M) 36 (M1.+ N1. +719) QM7 + NTc + 79) (A-47)

where

© = 81M>72 + 33M*N72 + 108M>*7.(N7. 4+ 79) + 44MNT1.(NT. + 79) + 36 M (N7, + 79)* + 16N (N T, + 75)’
(A.48)

Direct computation shows that

[EIT, (M, 0) — EII} (0, 0)] — [EIT, (M, M) — EII} (0, M)] (A.49)

B M?N72(3M7. + 4(N1e + 19)) <0
36 (M7 + N7+ 79) 2M7. + N7. + 79) (3M 7 + 2(N7e + 79))°
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Therefore, by symmetry, we have

MO
ta,tp < . (A.50)
36 (M1, + N7. +719) QM7 + N7 + 79) (3M 7T + 2(NT + 79))
Since
upper bound lower bound

BT, (M, 0) — EIT, (0, 0)] — [BIT, (0, 0) — EIT, (0, M)] (A.51)

B Mt ©
36 (M7, + N1. +719) (2MT7. + N7 + 79) (3M 7. + 2(N T + 7'9))2

where

O = 81M37? — 15M*N7? + 108M>7. (N7 + 79) — 20M N7.(N7. + 79) + 36 M (N7, + 79)* — AN (N7 + 79)?
(A.52)

©’ is larger than 0 when M — oco. The set of transfers is not empty for large M. m
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Online appendix

Proof for Lemma 3 and Proposition 1

Proof. To proof Lemma 3 and Proposition 1, we need to compute firms expected profits for
the new information allocation space of {, M}} x {(), M}

Given any information allocation, a firm’s optimal production decision is to maximize
her profits in the X-market and the Y-market. To keep our discussion succinct, we only
illustrate the production decision of firm A. Similar argument can be applied to firm B.

Combining the market clearing condition (2} ; = X} ;, Zfil Yapi = YA + Yg) which implies

N =1 1_v1
it sAB,i_YA_Y

P}M = 511471» - X}u,p; = 7 E firm A’s production decision is
max B[Py, X}, | Fa] = maxE [(5h, — X)) X4, | Fal fori=1,2,...,M; (OA.1)
x}A,i ’ ’ xhﬂ. ’ ’ )
N =1 1 1
 Sup.—Yi—Y,
max E (Zl—l ABi_ A B) Y| fA] . (OA.2)
vi N

The optimal production is

1 -
1 —_— —
Xai=3E (9 | fA) : (OA.3)
_ Nos 1 1
Yi=SE@0| Fa) - E(Y | Fa). (OA.4)

Plugging the optimal production to the expected profit function, we get the total expected

profit in the X-market is
1 1 \2
EIT, « = ME [E [(XAJ) | ]—"A” . (OA.5)

The total expected profit in the Y-market is

EIT,, = %E []E [(ij | ]—"AH . (OA.6)
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In above equations, F4 depends firm A’s endowned information (P9, pg) and the increment

information AF,4 from the new information allocation.

1. AFs=0,AFg = 0.

In this case, neither firm A nor B obtains new information. Since A and B are sym-
metric in this case, we only illustrate the equilibrium production and profits for firm A.

Since P}, € PY equals §% ; which follows an iid Normal for ¢ = 1,2, ..., M. We can sum-
0
ZPSJGP% P

- in Bayesian updating. P9

marize the information set P9 with with P} =

is essentially the average price across all A-type consumers. With the similar argument,

0 EP% ieP% P}%J . . . 0 0 - .
we use Pgp = — 5~ to summarize the information set Pp. Py is essentially the

average price across all B-type consumers. Hence, we have the following from Bayesian

updating
~ Mr,
Ef | Fa) = ‘ PY — 1), OA.7
0170 =t sy (P =10 (A7)
E(PY | Fa) = pt+ — 0T (pt (OA.8)
Bl 7A) =4 M7+ Nt . +1° A H; '
where p = #:fmpg. Substituting these into the optimal production choice, and com-

bining with the following conjecture of linear strategy

Yj = (I)Ao + CI)Al(PBl - :u)u (OA9>

we have optimal production in the Y-mraket as follows

Ny MN~
Y= < PO — ). 0OA.10
4773 +3MT€—|—2(N7'€+79)( A= 1) ( )

Symmetrically, we can solve for Y2, which is

Nu MNT.

yi="FC
B 3 +3MT€+2(NT€—|—T9)

(Py — ). (OA.11)
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In the X-market, we have

1 M,
Xhpi== - Py — OA.12
b= (0 e =) (0A12)
1 Mr,
Xp, == - Pl—p) ). OA.13
b=y (n gy () (0A.13)

The total expected profit in the Y-market and X-market is

1 _[Np MNT. 2
By 0.0) = 5 { 3 1 3M7. 12N +70) (P~ “)} (OA.14)
N NT, n MNt.(M7. 4+ N7+ 79)
9 (NTe+719)179  (BM7c+2(N7e +79))*(NTe + 79)’
1 - M NTE MTe
EIT, x(0,0) = T\ s - Gl T N L (Vo i) ) (OA.15)
And
EITL (0, 0) = EIT, o (0,0) + BT, , (0, 0) = EIT4(0, 0) (0A.16)

This proves Lemma 3.

L AF4=0,AFz =M.

For the second case, we consider firm A gets no new information but firm B gets all
firm A’s private information. For firm A, her information set is F4 = {Pg, pg}. For

firm B, her information set is Fg = {Pg, Py, pg}. From Bayesian updating, we have

~ M,
E@ | Fi) = < PY — OA.17
B(PY | Fa) = pt ——— (P — ) (0A.18)
Mr.+ Nt1.+ 719 ’
7] M, M,
E(0 = < pPY — < Py — Al
(0] Fg) u+2MT€+NTE+TG( B u)+2MTs+NTE+Tg( A — 1) (OA.19)
E(PY | Fg) = P§. (OA.20)
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We conjecture the linear strategy

Yj = q)Ao + (I)A1 (Pg - :u)v (OAQl)

YB} = q)Bo + (I)Bl (Pg - N) + ®32<P12 - :u) (OA22)

Combining the conjecture linear strategy with the optimal production decision, we have

N Mr, 1 Mr,
Yie " < PY — ——(® ) < Py — b, (PY —
AT (M+MT€+NT€+TG( A N)) 2( By t+ Bere—i—NTe—l—Tg( A — 1)+ Pp,(Py — p)
(OA.23)
N Mr, Mr, 1
Yi="— ° PY — < " —— (P b, (PY— )
v2 (M+2MTE+N7}+T(9< o N)+2M7’6+NT€+T@< 4 'M)) 2( a0+ @, (Py = 1)
(OA.24)
After computation, we have
Nu MNT,
Yyl — € PY— 0OA.25
A 3 +3(M7—E+NT€+TQ)< A l’l’)7 ( )
Nu MNT, MNTt.(Mte 4+ 2(NT1. + 19))
Y3 = : PY— Py — ).
B 3 +2(2M7’6+N7’6+Te)( A M)+6(M7’€+NT€+T9)(2MT€+N7'6+T9)( )
(OA.26)
In the X-market, we have
1 Mr,
X, == ; P} — OA.27
b= (0 e P (0A.27)
1 M, M,
XL == = PY— = P — . (OA.28
Bi ™ 9 (u+2MT€+NTE+T,9( 4 'u)+2MT€+NTE+7'9< B ,u)) ( )
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The expected profit in the Y-market and the X-market is

N Nt MNT,
EIT, (0, M) = 6 6 A2
A’Y(@’ ) 9 (N7 + 79)79 + 9(M7. + N1 +79) (N7 + 79)’ (OA.29)
EIT, (0, M) — N N, n MNT.(8M7. 4+ 13(NT1. + 19))
BYAD T 9 (Nre+19)19  36(2M7e + N7 + 79) (M7 + NTe + 79) (N7 + 79)
(OA.30)
M N, Mt
EHI M = — € € '
A’X@’ ) 4 ((NT6 + 7o) Ty + (M1, + N1+ 19) (N7 + 7'9)) ’ (0A.31)
M N, 2MT
ETl, x (0, M) = — E : . A.32
5x (0, M) 4 ((NTe—i—Tg)Tg + (2M7‘E+NTE+7'9)(NTE+7'9)) (0A.32)
And
EIT} (0, M) = EII}; (0, M) + EIT}, (0, M), (OA.33)
Ell (0, M) = Ell}; (0, M) + Ell, (0, M). (OA.34)

3. AF4y=M,AFy = 0.

Case III is symmetric to Case I1. Hence, we have The expected profit in the Y-market

and the X-market is

oo NN MN7.(8Mr, + 13(NT. + 19))
AYATR T T g (N1 +19)79  36(2M7. + N7 + 79) (M 7T + N7c + 79) (N7 + 79)
(OA.35)
N N, MNT,
EITL . (M = — < < 0A.36
B’Y< 0) 9 (NTE—l—Tg)Tg+9(MT€+NTE+T(;)(NTE+7'9)’ ( )
M N, 2M
EHI - ¢ € A.
A’X(Q) 4 ((NT6 + 79)70 + (2MT1.+ N1. + 19) (N1 + 7'9)) ’ (OA.37)
M N, M
B (ML) — 2L e 6 . OA.38
B’X( 0) 4 ((NT€+TQ)79+ (MT€+NT€+TQ)(NT€+TQ)) ( )
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And

EIT} (M, §) = EIT}, (M, 0) + IEH}47Y(M, 0), (OA.39)
EIlL (M, 0 M., ()

) = Ellj x ( ) + Ell} (M, 0). (OA.40)

CAFi=M,AFz =M.

In the final case, both firm A and B gets all new information. Since firm A and firm B
are symmetric in this case, we only illustrate the optimal choice of firm A. For firm A,

her information set is now F4 = {P{,pJ, P} }. Based on Bayesian updating, we have

M,
2M7,+ N1, + 79

E(Py | Fa) = Py. (OA.42)

M,

PY — A.41
2MT€+NT€+7'9( 5 =), (O )

E(é|.7:,4):,u+

(P —n) +

Plugging this into the optimal production choice, and combining with the conjecture

of linear strategy

Yi=Qu+ Oy (P — ) + Py (Pp — 1) (OA.43)

YB} = (I)Bo + (I)Bl (Pg - M) + (I)32<Pg - /J')' (OA44)

We have optimal production in the Y-mraket,

Nu MNT, MNT,
Y= ; Pj - 5 PS— 1), (OA45
4 3 +3(2MT€+N7—6+7—9)( A u)+3(2MTE+NT€+Tg)( 5= 1), ( )
Nu MNT, MNT,

(P — ). (OA.46)

(PR —p) +

3 +3(2MT€+NTE+T9) 32Mt. + N7+ 19)
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In the X-market, we have

1 M, M,
Xl»:X1~:— € PO— € PO_ )
Ay Bii 2(M+2MT€+NT6—|—TQ< 4 M)+2MT€+NT€+T9( B~ )
(OA.47)
The total expected profit in the Y-market and the X-market is
N N, 2MNT,
EITY (M, M) = — < < OA 48
Ay (M, M) 9 (N7 + 79)79 + 92M7.+ N7 + 79) (N7 + 19)’ ( )
M N, 2MT
EITY, «(M,M) = — ‘ < . OA .49
A’X( M) 4 ((]\776—}—79)79+ (2M7‘6+N7‘6—|—7'9)(N7'€+7'9)> ( )
And
EIT} (M, M) = EIT}; x (M, M) + EIL} ,(M,M) = EIl;(M, M). (OA.50)
Since
EITL (M, M) — EITL (0, 0) (OA.51)
B M?7, MNT1.(3M7.+ N7 + 79)
a A2Mt. + N1e + 19) (M7 + N7e + 179)  9(2M7. + N7 4 79) (BM 7. + 2(N7 + 79))?
B M, 1
©36(2M71. + (N7 +79)) (M7 + (NT. + 79)) (BM7T. +2(NT. + 79))2
X (M1.4+ (N1 +79))(3M 7. + (N7 + 79)) (OA.52)
M

(N7 + 19)?
9 3Mr, + (N7 (N T )Y _yn|,
(Mt + (N1, + 19)) ( Te + (NTe + 79) + 2NTe + 75) + M.+,

N /

g&)

(OA.53)

it is clear that the sign of EITY (M, M) — EITY (0, ®) depends only on g(M).
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We find that
g(0) = —4N < 0, g(+00) > 0, (OA.54)
and

a Te+T Te+7p)2
8_]\9/[ = 9—(5\%::5))2 (SMTE + (N7 +19) + 2(N7 + 79) + m> (OA.55)

M 37e(NTe+T )2
RIS Gy e <3Te - (3MT€+(NTEﬁT(,))2) > 0.

Thus there exists one unique solution of g(M) = 0. We denote the solution as M , le.,

~

9 M
(MTE + (N7 +19))

R Ne 2
(SMreJr(NTE+Te)+2(Nn+Te)+ (N7 + 79) )—4N — 0.

3]\2[7'6 + N1+ 719

(OA.56)

We have when M > M, g(M) > 0; and when M < M, g(M) < 0. This suggest that when
M > M, EIT},(M, M) — EII} (0, 0) > 0.
This proves M in Proposition 1.

Direct computation shows that
EIT} (M, 0) > EIT, (0, 0), EIT, (M, M). (OA.57)

Thus, the unique pure strategy Nash equilibrium is neither firm chooses to share information,

ie., AFy = AFp = (. This proves the Nash equilibrium in Table 3. =
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