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Abstract. This paper studies the strategic interaction between a monopolistic seller of an
information product and a set of potential buyers that compete in a downstream market.
The setting is motivated by information markets in which (i) sellers have the ability to
offer information products of different qualities and (ii) the information product provides
potential buyers not only with more precise information about the fundamentals, but
also with a coordination device that can be used in their strategic interactions with their
competitors. Our results illustrate that the nature and intensity of competition among the
information provider’s customers play first-order roles in determining the information
provider’s optimal strategy. We show that when the customers view their actions as strate-
gic complements, the provider finds it optimal to offer the most accurate information at the
provider’s disposal to all potential customers. In contrast, when buyers view their actions
as strategic substitutes, the provider maximizes the provider’s profits by either (i) restrict-
ing the overall supply of the information product or (ii) distorting its content by offering
a product of inferior quality. We also establish that the provider’s incentive to restrict the
supply or quality of information provided to the downstream market intensifies in the
presence of information leakage.
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1. Introduction
Recent advances in information technology have
streamlined the process of mining, aggregating, and
processing high-volume data about economic activity.
Arguably, it is widely believed that the availability of
more accurate information about the business envi-
ronment and market conditions can be hugely benefi-
cial to firms across a wide variety of industries. Such
a realization has, in turn, led to a sizable demand
for business-to-business information services. Several
firms, ranging from Nielsen to Thomson Reuters and
IRI, have built their business models around collecting,
customizing, and selling information products to other
market participants.

Motivated by the growing interest in the markets
for information, this paper studies the problem of the
optimal design and sale of information by a monopo-
listic provider of information products. We show that
the nature and intensity of competition among the
information provider’s potential customers have a first-
order impact on the information provider’s optimal
selling strategy and profits. More specifically, our anal-
ysis illustrates that the value the provider can extract
from the provider’s customers is largely determined by
the trade-off between (i) the direct (positive) effect of
more precise information on the customers’ profits by

enabling them to make more informed decisions and
(ii) the strategic effects that arise because of the fact
that the provider’s customers may interact with one
another in other markets.

Of particular relevance to our study are information
markets in which (i) information providers have the
ability to sell signals of different precisions (at poten-
tially different prices) to their customers and (ii) infor-
mation can play a role in how different market partic-
ipants interact with one another strategically. Potential
examples include the multitude of consumer, shopper,
and retail market analyses of varying precision offered
by firms such as IRI and Nielsen to the consumer pack-
aged goods industry1 as well as the expansive menus
of information products that financial data providers
(such as Bloomberg and Thomson Reuters) make avail-
able to their customers.2

We present our main findings in the context of an
environment that involves a monopolistic information
provider who can sell potentially informative signals
to a collection of firms that compete with one another
in a downstream market. We assume that the cus-
tomer firms face demand uncertainty and that the
provider is endowed with a private signal that is (par-
tially) informative about the actual demand realization,
thus creating potential gains from trade. Crucially for
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our argument—and in line with the observation that
many real-world information providers offer a vari-
ety of information products of varying qualities—we
allow for a setting in which the provider can offer infor-
mation products that are potentially less precise than
the provider’s private information. In other words, the
provider can potentially distort the informativeness of
the signal at the provider’s disposal by reducing its
accuracy.

As our main result, we show that the optimal sell-
ing strategy of the provider is largely dependent on
the nature and intensity of competition among the
provider’s potential customers in the downstream mar-
ket. More specifically, we first show that when firms
engage in price competition (Bertrand), the provider
finds it optimal to sell the provider’s signal with no
distortion to the entire set of firms. This is because,
in a Bertrand market, firms’ actions are strategic com-
plements and, hence, each firm’s marginal benefit of
procuring a more accurate signal is increasing in the
fraction of its competitors that purchase the provider’s
information product. Therefore, the provider would
obtain maximal profits by flooding the market with
highly precise signals.

The situation, however, can be dramatically differ-
ent if the information provider’s customers compete
with one another in quantities (Cournot). For such a
downstream market, we show that the provider may
no longer find it optimal to sell an undistorted ver-
sion of the provider’s signal to all firms. Rather, the
provider may find it optimal to either (i) reduce the
quality of the provider’s information product by selling
a signal of a lower precision than the one the provider
possesses, (ii) strategically limit the provider’s market
share by excluding a subset of the provider’s customers
from the sale, or (iii) employ both strategies simulta-
neously by reducing the quality and quantity of the
products offered. The optimality of these “information-
distorting strategies” is because, in a Cournot market,
firms’ actions are strategic substitutes, which leads to
the emergence of two opposing effects. On the one
hand, obtaining additional information about demand
directly benefits firms as they can better align their
production decisions with underlying market condi-
tions. On the other hand, however, the provider’s sig-
nal can also serve as a correlating device among the
provider’s customers’ equilibrium actions. In particu-
lar, providing the information product to an extra firm
can only increase the correlation in the firms’ produc-
tion decisions, an outcome that reduces each firm’s
profits and, hence, can adversely affect the provider’s
bottom line. Therefore, when downstream competi-
tion is intense enough (for example, when firms’ prod-
ucts are sufficiently substitutable), this latter, strategic
channel would dominate the positive effect of reduc-
ing demand uncertainty, implying that the informa-
tion provider would be better off by restricting the

quantity and/or quality of the provider’s information
products. Interestingly, unlike in Bertrand competition,
the provider’s profits in a Cournot market are decreas-
ing in the intensity of competition and may end up
being significantly lower than in the absence of any
competition.

To further clarify the forces that underpin our re-
sults, we also discuss a number of extensions to our
benchmark setup. First, we let the provider offer a
menu of information products with potentially differ-
ent precisions and at different prices. We provide an
explicit characterization of the optimal selling strategy
as a function of the nature and intensity of competi-
tion and show that when firms compete in quantities
and offer substitutable products, there is a continuum
of strategies that lead to the same equilibrium profits
for the provider. This characterization thus formalizes
the trade-off in the provider’s incentives for reduc-
ing the quantity or quality of the provider’s informa-
tion product. Second, we extend our benchmark frame-
work by allowing for the possibility of information
leakage among the provider’s customers. In particu-
lar, we assume that, by observing the decisions of their
competitors, firms can partially infer the information
content of the signal purchased by other firms, thus
altering their own willingness to pay for the informa-
tion provider’s signal. We establish that the provider’s
incentive for reducing the quality and/or quantity of
the provider’s information product increases as the
extent of information leakage among the provider’s
customers is intensified. Third, we explore the impli-
cations of firm heterogeneity for the provider’s selling
strategy by considering a setting in which firms differ
in their production costs. We show that it is optimal for
the provider to sell higher precision information prod-
ucts (at higher prices) to the more efficient firms, that is,
the firms that have lower production costs. Finally, we
establish that our main qualitative insights carry over
to a market consisting of finitely many firms.

Taken together, these findings provide a step toward
understanding the intricacies involved in markets for
information. Unlike traditional markets for physical
goods, it is relatively inexpensive to offer a diverse
menu of information products that differ in their pre-
cision and pricing. Our results highlight that the value
that a given buyer can extract from procuring such
products depends not only on the product’s charac-
teristics (such as its price and precision), but also on
the environment in which the information provider’s
customers interact with one another.

Our paper is related to the extensive literature
that studies firms’ strategic considerations in sharing
information with one another in oligopolistic mar-
kets. For example, Vives (1984), Gal-Or (1985), Li
(1985), and Raith (1996) provide conditions under
which firms find it optimal to share their private
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information about market conditions with their com-
petitors. A more recent collection of papers, such as
Shin and Tunca (2010), Shamir (2012), Shamir and Shin
(2016), Ha and Tong (2008), and Ha et al. (2011), stud-
ies information-sharing incentives in vertical supply
chains. For instance, Shamir and Shin (2016) determine
conditions under which firms can credibly share their
demand forecasts with one another whereas Cui et al.
(2015) provide a theoretical and empirical assessment
of the value of information sharing in two-stage sup-
ply chains. In contrast to this literature, which, for the
most part, focuses on firms’ incentives to fully share
the information at their disposal with one another, we
consider a setting in which a third party decides not
only the price, but also the accuracy of the information
product(s) the provider makes available to a set of com-
peting firms. This allows for richer equilibrium out-
comes that highlight the interplay between the nature
of competition, the optimal selling strategy, and the
information provider’s profits.

Our paper is also related to the literature, such as
Li and Zhang (2008), Anand and Goyal (2009), and
Kong et al. (2013), that studies the implications of indi-
rect leakage of information in supply chains via firms’
actions. Similar considerations have also been stud-
ied in the context of financial markets (Admati and
Pfleiderer 1990). Building on the framework of Vives
(2011), we show how the intensity of information leak-
age in the market impacts firms’ valuation of infor-
mation and, hence, alters the provider’s incentives in
designing the provider’s information products.

Our work is also related to the growing theoretical
literature on the social and equilibrium value of pub-
lic information. Morris and Shin (2002) illustrate that
public disclosure of information regarding a payoff-
relevant parameter may adversely affect social welfare
as it may crowd out agents’ reliance on their private
information. Angeletos and Pavan (2007) extend this
framework and provide a complete taxonomy of con-
ditions under which private and public signals are effi-
ciently utilized in equilibrium.3 Relatedly, Bergemann
and Morris (2013) study games of incomplete informa-
tion with the goal of providing equilibrium predictions
that are robust to all possible information structures.
Their analysis illustrates that information disclosure
policies that involve a partial sharing of a firm’s private
information may lead to higher equilibrium payoffs.

Also related is the recent work of Myatt and Wallace
(2015), who consider a setting in which a set of firms
compete in a Cournot market by selling differentiated
products to a representative consumer. They character-
ize the weights firms assign to the private and public
signals at their disposal as functions of the signals’
precisions, the intensity of the competition, and the
extent of product differentiation. They also establish
that when signals are costly, firms acquire too much

information relative to the socially efficient benchmark.
In contrast to their paper, our main focus is on the
provider’s incentives to reshape the quantity and qual-
ity of information sold to the firms.

Finally, our work is related to the more recent work
of Bergemann and Bonatti (2015), who explore selling
information in the form of cookies in the context of
online advertising, as well as Xiang and Sarvary (2013),
who consider a market for information with competi-
tion on both the demand and supply sides of the mar-
ket. In a similar context, Babaioff et al. (2012) study the
design of optimal mechanisms for a data provider to
sell information to a single buyer.

2. Model
Firms. Consider an economy consisting of a unit mass
of firms indexed by i 2 [0, 1] that compete with one
another in a downstream market. Each firm i takes an
action a

i

2 ✓ to maximize its profit, which is given by
the following expression:

⇡(a
i

,A, ✓)⇤ �0a

i

✓+ �1a

i

A� �2

2 a

2
i

, (1)

where A ⇤ Ä1
0 a

i

di denotes the aggregate action taken
by the firms; ✓ 2 ✓ is an unknown payoff-relevant
parameter; and {�0 , �1 , �2} are some exogenously given
constants. Depending on the context, action a

i

may rep-
resent the quantity sold or the price set by firm i. As
we show in Section 2.2, this framework nests Cournot
and Bertrand competition as special cases. For the time
being, however, we find it more convenient to work
with the general setup without taking a specific posi-
tion on the mode of competition.

The unknown parameter ✓ is randomly drawn by
nature before firms choose their actions. As we discuss
in the following sections, this parameter can repre-
sent the intercept of the (inverse) demand curve in the
downstream market. All firms hold a common prior
belief on ✓, which, for simplicity, we assume to be
the (improper) uniform distribution over the real line.4
Even though firms do not know the realization of ✓,
each firm i observes a noisy private signal

x

i

⇤ ✓+ ✏
i

, ✏
i

⇠ N(0, 1/
x

)

with 
x

capturing the precision of the private signal
observed by each firm. The noise terms ✏

i

are indepen-
dently distributed across firms. Given firm i’s profit
function in (1), we let

� ⇤� @
2⇡
@a@A

�
@2⇡
@a

2 ⇤
�1

�2
(2)

denote the degree of strategic complementarity in
firms’ actions. Note that � > 0 corresponds to an econ-
omy in which firms’ actions are strategic comple-
ments: the benefit of taking a higher action to firm i
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increases the higher the actions of other firms are.
In contrast, when � < 0, firms face a game of strate-
gic substitutes, where i’s incentives for taking a higher
action decrease with the aggregate action A. Finally,
� ⇤ 0 corresponds to a market in which firms face no
strategic interactions.

Throughout the paper, we assume that �2 >
max{2�1 , 0}. This assumption, which implies that � 2
(�1, 1/2), is made to guarantee that firm i’s profits
are strictly concave in a

i

and that i’s marginal profit is
more sensitive to its own action a

i

than to the aggregate
action A.
Information Provider. In addition to the competing
firms, the economy contains a monopolist who pos-
sesses some private information about the realization
of the unknown parameter ✓ that it can potentially
sell to the firms before they take their actions. The
provider has access to a private signal z with preci-
sion 

z

given by

z ⇤ ✓+ ⇣, ⇣ ⇠ N(0, 1/
z

),
where the noise term ⇣ is independent of ✏

i

’s. Given
that our main focus is on the market for information,
we assume that this signal has no intrinsic value to the
provider and that the provider can only benefit from
the signal by selling it to the firms.

The key feature of our model is that the provider has
control over both the “quantity” and “quality” of infor-
mation sold to the firms: the information provider not
only chooses the set of firms I ✓ [0, 1] that the provider
decides to trade with, but the provider can also choose
the precision of the signal offered to the firms. More
specifically, the provider offers a signal

s

i

⇤ z + ⇠
i

, ⇠
i

⇠ N(0, 1/⇠)
to firm i 2 I at price p

i

, where ⇠
i

is independent from z

and 1/⇠ captures the variance of the noise introduced
by the provider into s

i

. This specification thus captures
the idea that the provider can control the quality of the
information sold to the firms: by choosing a smaller ⇠ ,
the provider can “damage” the signals offered to the
firms.5 Throughout the paper, we refer to s

i

as the mar-

ket signal sold to firm i.
In general, the noise added to different firms’ signals

by the provider may be correlated with one another. To
capture this idea formally, we assume that in addition
to their precision ⇠ , the provider can also determine
the correlation between different firms’ market signals
by setting ⇢⇠ ⇤ corr(⇠

i

, ⇠
j

) 2 [0, 1]. Our specification
thus accommodates situations in which the provider
offers identical or conditionally independent signals to
any subset of the firms as special cases.

Thus, the market signal s

i

offered to firm i 2 I can be
rewritten as

s

i

⇤ ✓+ ⌘
i

, ⌘
i

⇠ N(0, 1/
s

) and corr(⌘
i

, ⌘
j

)⇤ ⇢,

where 
s

⇤ (1/
z

+ 1/⇠)�1 is the signal’s precision and
⇢ ⇤ (⇠ + ⇢⇠z

)/(⇠ + z

). By construction, signals sold
by the provider cannot be more precise than the infor-
mation the provider possesses, that is, 

s

 
z

.
We remark that given firms’ ex ante symmetry, we

can assume, without loss of generality, that I ⇤ [0, �],
where � 2 [0, 1] captures the fraction of firms that the
information provider decides to trade with. Also note
that, even though we assume that the seller chooses
the fraction of firms the seller wants to trade with
before offering them the seller’s information products,
as we show in Section 4, our setting is isomorphic to
an environment in which the provider announces the
features of the provider’s product(s)—that is, price and
precision—and firms subsequently decide whether to
purchase them.

Finally, with some abuse of terminology, we refer
to the firms who purchase the market signal s

i

as in-

formed firms whereas firms that were denied the sig-
nal or decided not to purchase it from the information
provider are simply referred to as being uninformed.

2.1. Contracts and Equilibrium
Once the seller’s and the firms’ private signals are real-
ized, the former has the option to sell potentially infor-
mative signals about ✓ to the latter. To capture this
idea formally, we assume that the information provider
makes a take-it-or-leave-it offer (⇠ , ⇢⇠ , pi

) to a frac-
tion � of the firms, where ⇠ captures the quality of
the market signal offered to firm i and p

i

is the corre-
sponding firm-specific price.

Following the seller’s offer, each firm i 2 [0, �] then
decides whether to accept (b

i

⇤ 1) or reject (b
i

⇤ 0) its
corresponding offer. This stage is then followed by the
competition subgame between the firms in which they
choose their actions a

i

. Note that whereas the strategy
of an uninformed firm i is a mapping from its private
signal x

i

to an action, the strategy of an informed firm
maps the pair (x

i

, s
i

) to an action. We have the follow-
ing standard solution concept:
Definition 1. A perfect Bayesian equilibrium consists
of a strategy (�, ⇠ , ⇢⇠ , {p

i

}
i2[0, �]) for the information

provider, acceptance/rejection decisions b

i

2 {0, 1} for
each firm i, a posterior belief µ

i

for each firm i, firm-
specific strategies a

i

, and an aggregate action A such
that

(i) the information provider chooses (�, ⇠ , ⇢⇠ ,
{p

i

}
i2[0, �]) to maximize the information provider’s

expected profit;
(ii) firm i 2 [0, �] accepts the information provider’s

offer only if doing so maximizes its profit;
(iii) each firm’s posterior belief on ✓ is obtained via

Bayes rule, conditional on its information set;
(iv) given its posterior belief, each firm i maximizes

its expected payoffs in the competition subgame, tak-
ing the strategies of all other firms as given;
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(v) the aggregate action A is consistent with indi-
vidual firm-level actions.

2.2. Examples
As already mentioned, Cournot and Bertrand compe-
tition can be derived as special cases of the general
framework described in the beginning of Section 2.
This feature of the model enables us to provide a com-
parison of the optimal information selling strategies in
markets with different modes and intensities of compe-
tition. The following simple examples illustrate how, in
the presence of linear demand functions, various forms
of competition can induce quadratic profit functions in
the form of Equation (1). We use these examples in the
subsequent sections to discuss the implications of our
results for the optimal trading strategies of the infor-
mation provider.
Example 1 (Cournot Competition). Consider a market in
which firms sell a possibly differentiated product to a
downstream market and compete by setting quantities.
Firm i faces an inverse demand function given by

r

i

⇤ �0✓� (1� �)Q � �q
i

, (3)

where q

i

is the quantity sold by firm i, Q ⇤ Ä1
0 q

i

di is
the aggregate quantity sold to the downstream market,
and ✓ is a “demand shifter” that captures the intercept
of the (inverse) demand curve. In this setting, � 2 [0, 1]
represents the degree of product differentiation among
firms as a smaller � corresponds to a more homoge-
nous set of products.6 Assuming that firms’ marginal
cost of production is zero, it is then immediate that
their profit function ⇡

i

⇤ r

i

q

i

is simply a special case of
our framework in (1), with action a

i

representing the
quantity sold by firm i.

Note that, in this environment, the degree of strate-
gic complementarity defined in (2) is equal to � ⇤

(� � 1)/2� < 0, thus implying that firms face a game
of strategic substitutes. Parameter � also captures the
intensity of competition between the firms. In partic-
ular, given that � is increasing in �, a larger � cor-
responds to a market in which products are more
differentiated. In the extreme case that �! 0, the prod-
ucts are no longer substitutes, and each firm essen-
tially becomes a monopolist in its own market. At the
other extreme, as �!�1, the products become perfect
substitutes, and the oligopoly converges to a perfectly
competitive market.
Example 2 (Bertrand Competition). Next, consider a mar-
ket in which firms compete in prices and face a linear
demand function given by q

i

⇤ �0✓ + (� � 1)R � �r

i

,
where r

i

is the price set by firm i and R ⇤ Ä1
0 r

i

di is
the average price in the market. Note that this demand
system can be obtained by inverting (3) and setting
� ⇤ 1/� > 1. Once again, it is immediate that firm i’s
profit function ⇡

i

⇤ r

i

q

i

would coincide with (1), where

action a

i

now represents the price set by firm i. Fur-
thermore, it is straightforward to verify that, in this
environment, �⇤ (��1)/2� > 0, thus implying that the
competition game between the firms exhibits strategic
complementarities, the degree of which is increasing
in �.

Example 3. Once again consider the Cournot com-
petition setting described in Example 1 but, instead,
suppose that firms produce homogeneous products,
that is, �⇤0, and have quadratic production costs given
by c(q

i

) ⇤ q

2
i

/2. The profit of firm i is then given by
⇡(q

i

,Q , ✓)⇤ �0q

i

✓� q

i

Q� q

2
i

/2, which again fits within
our general framework.

We conclude this section by remarking that even
though, for the sake of tractability and expositional
simplicity, we focus on an environment consisting of a
continuum of firms, as we show in Section 7, all our
results and insights carry over to a setting consisting
of finitely many firms. We also note that, when dealing
with a continuum of firms, we assume that a variant
of the “exact law of large numbers” guarantees that
the cross-sectional average of firm-level variables (such
as firms’ quantity or price decisions) coincide with the
corresponding variables’ expectations almost surely.7

3. Optimal Sale of Information
In this section, we present our main results and charac-
terize the information provider’s optimal information
selling strategy. Our results show that the seller’s strat-
egy is highly sensitive to the mode and intensity of
competition in the downstream market as expressed
by �.

3.1. Competition Subgame
We start our analysis by studying the equilibrium
in the competition subgame between the firms once
the contracts offered by the information provider are
accepted or rejected. Without loss of generality, let [0, l]
denote the set of firms who accept the seller’s offer,
where, clearly, l  �.

Proposition 1. The competition subgame between the firms
has a unique Bayes–Nash equilibrium in linear strategies.
Furthermore, the equilibrium strategies of the firms are
given by

a

i

⇤

(
↵[(1�!)x

i

+!s

i

] if i 2 [0, l]
↵x

i

if i 2 [l , 1],

where

! ⇤


s

(1� �l⇢)
x

+ 
s

and ↵ ⇤ �0/(�2 � �1).
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Proposition 1, which is in line with Angeletos and
Pavan (2007) and Myatt and Wallace (2015), provides
a characterization of the firms’ equilibrium strategies
in the competition subgame and serves as a prelim-
inary result for the rest of the results in the paper.
It states that the equilibrium action of an informed
firm is a weighted sum of its original private signal
and the signal it obtains from the information provider.
More importantly, however, it shows that the weights
firm i assigns to its two signals not only depend on
their relative precisions, but also on the fraction of in-
formed firms, l, as well as correlation ⇢ in the market
signals. Furthermore, the equilibrium weight that each
informed firm assigns to the market signal s

i

is in-
creasing in the degree of strategic complementarities �
regardless of the values of ⇢ and l. This is because,
in the presence of stronger strategic complementari-
ties, firms have stronger incentives to coordinate with
one another and, as a result, rely more heavily on their
market signals, which can function as (imperfect) coor-
dination devices. On the other hand, in the absence
of strategic considerations (i.e., when � ⇤ 0), the opti-
mal strategy of all firms would be independent of l

and ⇢, making the weight assigned to each signal pro-
portional to its relative precision.

Relatedly, Proposition 1 also establishes that, for a
given positive (negative) �, the equilibrium weight that
informed firms assign to their market signals is increas-
ing (decreasing) in l and ⇢. To see the intuition under-
lying this, suppose that � > 0 (the argument for � < 0 is
identical). In such an environment, firms face a game
of strategic complements as, for example, would be the
case if they compete à la Bertrand. Given that firms
value coordinating their actions, an informed firm i

assigns a higher weight to its market signal—above and
beyond what its relative precision would justify—the
more other firms base their own decisions on the sig-
nal sold by the provider (i.e., higher l) and the more
informative s

i

is about the signals of other firms (i.e.,
higher ⇢).

With Proposition 1 in hand, in the remainder of this
section, we turn to the seller’s problem and character-
ize the seller’s optimal information selling strategy as
a function of the mode and intensity of competition
in the downstream market. To present our results in
the most transparent manner, we study Bertrand and
Cournot competition separately.

3.2. Bertrand Competition
First, consider the case in which firms compete with
one another à la Bertrand. As already mentioned in
Example 2, such a market corresponds to a special
case of our general framework with � > 0. Also, recall
that the information provider needs to choose the frac-
tion of firms with whom the information provider
trades (�), the precision of the signal offered to the

firms (
s

), and the correlation induced in the noise
terms (⇢⇠). We have the following result:

Proposition 2. If � > 0, the information provider sells the
information provider’s signal without any distortions to all
firms� that is, ⇤

s

⇤ 
z

and �⇤⇤1. Furthermore, the provider’s
expected profit is given by

⇧⇤
⇤ ↵2

✓
�2

2

◆ ✓


z


x

◆


z

+ 
x

[(1� �)
x

+ 
z

]2 . (4)

Thus, Proposition 2 establishes that, under Bertrand
competition, it is always optimal for the provider to sell
the provider’s signal z to the entire set of firms with-
out any additional noise. To understand the intuition
underlying this result, recall that, in a Bertrand market,
the firms’ actions are strategic complements: setting
a lower price becomes more attractive the lower the
prices of other competing firms are. Such strategic com-
plementarities induce a strong coordination motive
among the firms. Therefore, providing the market sig-
nal to an additional marginal firm not only increases
the profits of the seller directly (via sales to that new
marginal firm), but also increases the surplus of all
other firms who have already acquired the signal. This
extra surplus can thus be appropriated by the seller via
higher prices, leading to even higher profits. Conse-
quently, the information provider always finds it opti-
mal to sell to the entire market of firms. An identical
argument then shows that the provider would not dis-
tort the signal either: sharing a more precise signal with
a new firm increases the value of the market signal to
the rest of the informed firms.

Proposition 2 also characterizes the expected profit
of the seller. From (4), it is easy to verify that ⇧⇤ is
increasing in the quality of information available to the
monopolist (

z

) but is decreasing in the precision of
the firms’ private signals (

x

). The intuition underlying
these observations is simple. Given that the informa-
tion provider always has the option to reduce the pre-
cision of the signals it offers to the firms, the provider’s
profits can never decrease by having access to a more
precise signal. On the other hand, however, the extra
benefit of the market signal to the firms is lower the
more informed they are to begin with, thus reducing
the provider’s expected profits.

More importantly, however, (4) also shows that the
monopolist’s expected profit increases in the degree of
strategic complementarities �. Recall from Example 2
that �⇤ (��1)/2�, where 1/�⇤ � is the degree of prod-
uct differentiation among the firms. Therefore, increas-
ing � is essentially equivalent to a lower degree of
product differentiation and, hence, more intense com-
petition. Thus, as � increases, coordination becomes
more important to the firms, increasing the value of the
seller’s signal, which, in turn, leads to higher expected
profits.
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As a final remark, note that since it is never optimal
for the information provider to add noise to the signals,
the correlation ⇢⇠ ⇤ corr(⇠

i

, ⇠
j

) is immaterial for the
provider’s profits.

3.3. Cournot Competition
We next focus on the case in which firms compete with
one another à la Cournot. Recall from Example 1 that
such a market is a special case of our general setup
with � < 0. In this case, firms choose quantities, and
their actions are strategic substitutes. Note that, unlike
the case of Bertrand competition, firms no longer value
coordination per se. The following two propositions
provide a characterization of the optimal information
selling strategy of the monopolist as a function of the
degree of strategic substitutability among the actions
of downstream firms.
Proposition 3. If �(1 + 

z

/
x

)  � < 0, the information
provider sells the provider’s signal without any distortions
to all firms� that is, ⇤

s

⇤ 
z

and �⇤ ⇤ 1. Furthermore, the
provider’s expected profit is

⇧⇤
⇤ ↵2

✓
�2

2

◆ ✓


z


x

◆


z

+ 
x

[(1� �)
x

+ 
z

]2 . (5)

Thus, in a Cournot market with a weak enough in-
tensity of competition, the seller finds it optimal to
follow the same strategy as in a Bertrand market: sell
an undistorted version of the seller’s signal to the en-
tire set of firms. The intuition underlying this result
is straightforward: acquiring information about the
demand intercept (✓) allows each firm i to better match
its supply decision to the underlying demand and, as a
consequence, to increase its profit. The monopolist can
then appropriate the increase in i’s sales by demand-
ing a higher price for the provider’s signal. Therefore,
the provider is always better off by making the most
precise version of the provider’s signal available to all
firms.

Even though the seller follows the same strategy
as in the Bertrand market, comparing expressions (4)
and (5) implies that the provider’s expected profit is
lower under Cournot competition (� < 0). This is be-
cause, unlike Bertrand competition, firms do not have
an incentive to coordinate their actions, undermining
the role of the market signal as a coordination device.

Interestingly, the predictions of Propositions 2 and 3
no longer hold if the intensity at which downstream
firms compete in a Cournot market is high. We have
the following result:
Proposition 4. If � < �(1 + 

z

/
x

), the information
provider maximizes the provider’s expected profit by follow-
ing any information selling strategy that is a solution to the
following equation�

(
z

+ ��⇤⇤
s

)
x

+ 
z

⇤
s

⇤ 0. (6)

Furthermore, the provider’s expected profit is given by

⇧⇤
⇤�↵2

✓
�2

2

◆


z

4�2
x

. (7)

The key observation here is that the pair ⇤
s

⇤ 
z

and
�⇤ ⇤ 1 does not satisfy (6), leading to the following
corollary:

Corollary 1. Suppose that � < �(1 + 
z

/
x

). Then, either
⇤

s

< 
z

or �⇤ < 1.

Therefore, when firms compete with one another à la
Cournot and offer goods that are strong substitutes—
corresponding to a large enough negative �—it is opti-
mal for the seller to distort the information (⇤

s

< 
z

)
and/or exclude a fraction of the firms from the sale
(�⇤ < 1).

To see the intuition underlying Corollary 1, recall
that, in a Cournot market, firms’ actions are strategic
substitutes; that is, increasing a firm’s supply leads to
higher marginal profit the lower the supply decisions
of its competitors are. Therefore, providing the market
signal to an additional firm i affects its profit through
two distinct channels. On the one hand, a more precise
market signal enables i to better match its supply to the
realized demand. On the other hand, however, making
such a signal available to i increases the correlation in
the firms’ actions as now i’s action would be more cor-
related with the market parameter ✓. The presence of
this second effect implies that the strategic value of the
seller’s signal to firm i and, consequently, i’s willing-
ness to pay for it are decreasing in the fraction of firms
that accept the provider’s offer. In the presence of suf-
ficiently intense competition (i.e., when the firms offer
sufficiently substitutable products), this strategic effect
dominates the first effect, thus making it profitable for
the information provider to restrict the provider’s offer
to a strict subset of the firms (�⇤ < 1).

By Proposition 4, an alternative optimal strategy for
the monopolist would be to distort the information the
monopolist sells to the market. In fact, as Equation (6)
suggests, the fraction � of the firms that the monopolist
trades with and the precision 

s

of the signal offered to
the firms are substitutes: as the monopolist increases
the monopolist’s market share, the monopolist finds it
optimal to increasingly distort the signals.

Note that Equation (7) in Proposition 4 indicates that
the information provider’s expected profit decreases
in the degree of strategic substitutability (|� |) of the
firms’ actions. This is a consequence of the fact that the
strategic value of the seller’s signal and, hence, a firm’s
willingness to pay decrease as the market becomes
more competitive. This is in contrast with the case
of Bertrand competition where the seller’s expected
profit increases with the intensity of competition as the
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seller’s customers have a stronger incentive to purchase
the market signal and coordinate their actions.

We also remark that, regardless of the value of � and
the strategy adopted by the information provider, the
provider never has an incentive to introduce correla-
tion into market signals; that is, it is always optimal to
set ⇢⇤⇠ ⇤ 0. Increasing the correlation in the signals pro-
vided to downstream firms would invariably increase
the correlation among their actions and lead to lower
profits for the seller.

Finally, note that the threshold �(1+
z

/
x

) at which
the seller finds it optimal to limit the seller’s mar-
ket share and/or strategically distort the market sig-
nal is decreasing in the ratio 

z

/
x

, implying that the
more informed the information provider is relative to
the provider’s customers, the more likely it is that the
provider will be able to fully exploit the provider’s in-
formational advantage by selling it to the entire market
of firms without distortion.

Figure 1 illustrates the optimal selling strategy and
the equilibrium profit of the information provider for
the following set of parameters: ↵ ⇤ �2 ⇤ 1, 

x

⇤ 1, and


z

⇤ 2. For these parameters, it is immediate to ver-
ify that the threshold at which the seller finds it opti-
mal to strategically distort the market signal is equal to
�(1+ 

z

/
x

) ⇤ �3. Indeed, as the left panel of Figure 1
illustrates, for values of � greater than this threshold,
the provider sets the precision of the market signal to
⇤

s

⇤ 
z

⇤ 2; that is, the provider does not distort the
information the provider has at the provider’s disposal
and does not exclude any firms from the sale (�⇤ ⇤ 1).
On the other hand, for � < �3, the seller finds it opti-
mal to distort the information the seller sells and limit
the seller’s market share. The right panel of Figure 1
illustrates how the provider’s profit varies with the
intensity of competition. Note that the seller is better
off when firms view their actions as strategic comple-
ments (� > 0) as opposed to strategic substitutes.

Figure 1. Optimal Selling Strategy for Different Levels of � (Left); Equilibrium Profit as a Function of � (Right)
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Table 1. Profits Under the Optimal Information Selling
Strategy Over Selling the Signal Undistorted to the Market

� ⇤ 0 � ⇤�3 � ⇤�5 � ⇤�10 � ⇤�20

⇧⇤
�

�
⇧⇤

0 1 0.250 0.150 0.075 0.038
⇧no-dist
� /⇧⇤

0 1 0.250 0.141 0.053 0.017
Increase in profits (%) 0 0 6.67 40.83 120.42

We conclude this section by exploring the extent to
which an information provider can increase the pro-
vider’s profits by strategically distorting the informa-
tion the provider provides to the provider’s down-
stream customers and/or limiting the provider’s
market share. Table 1 provides a comparison of the
provider’s profit under the optimal selling strategy (⇧⇤

�)
to the profits of a provider who sells the provider’s
signal to the entire market with no distortion (⇧no-dist

� ).
We benchmark ⇧⇤

� and ⇧no-dist
� against the profits for a

provider who follows the provider’s optimal strategy in
the absence of competition, that is, when � ⇤ 0. The first
two rows of the table highlight the effect of competition
intensity on the providers’s profits. More importantly,
however, as the bottom row of the table indicates, the
provider earns significantly higher profits under com-
petition when the provider distorts the provider’s mar-
ket signal and/or limits the provider’s market share: the
increase in the provider’s profits by following the strat-
egy characterized in Proposition 4 ranges from 6.67% to
120.42% as the extent to which firms view their actions
as strategic substitutes increases.

4. Information Quality Discrimination
In our baseline model presented in Section 2 and ana-
lyzed in Section 3, we assumed that the information
provider can only offer a single product to the entire
market in the sense that the provider offers a mar-
ket signal of the same precision to all firms. In this



Bimpikis, Crapis, and Tahbaz-Salehi: Information Sale and Competition

2654 Management Science, 2019, vol. 65, no. 6, pp. 2646–2664, © 2019 INFORMS

section, we relax this assumption by allowing the seller
to offer signals that potentially differ in both price and
precision.

Formally, we assume that the information provider
offers (

si

, p
i

) to each firm i 2 [0, 1], specifying the sig-
nal precision 

si

and price p

i

. The seller cannot offer a
signal of a higher precision than the seller’s own pri-
vate signal, that is, 

si

 
z

for all i. The following
result, which generalizes Propositions 2–4, shows that
all our earlier insights remain valid under this more
general specification.
Proposition 5. The information provider’s optimal strategy
is as follows�

(a) If � � �(1+ 
z

/
x

), the provider offers the provider’s
signal undistorted to all firms at price

p

⇤
⇤ ↵2

✓
�2

2

◆ ✓


z


x

◆


z

+ 
x

[(1� �)
x

+ 
z

]2 .

(b) If � < �(1 + 
z

/
x

), the provider offers a signal of
precision ⇤

si

to firm i, where {⇤
si

}
i2[0,1] solve

π 1

0

⇤
si


x

+ ⇤
si

di ⇤� z

�
x

(8)

at price p

⇤
i

⇤ ↵2(�2/2)(⇤
si

/(4
x

(
x

+ ⇤
si

))).
Proposition 5(a) establishes that the information

provider offers an undistorted version of the provider’s
signal to all firms in the downstream market if either
they compete à la Bertrand or, alternatively, if the inten-
sity of the Cournot competition is not strong enough. In
this sense, this result generalizes Propositions 2 and 3,
establishing that the seller has no incentive to discrim-
inate among the firms in either price or information
quality.

Statement (b) of Proposition 5 considers the set-
ting in which firms’ actions are strong strategic sub-
stitutes, for example, when they compete à la Cournot
and produce goods that are highly substitutable. Con-
sistent with the discussion in Section 3.3, this result
shows that the information provider finds it optimal
to either distort the signals sold to the downstream
firms or strategically restrict the provider’s market
share. In particular, it is easy to verify that ⇤

si

⇤ 
z

for all i does not satisfy the optimality condition (8).
The intuition underlying this result parallels those
behind Proposition 4 and Corollary 1: providing high-
quality signals to all firms increases the induced cor-
relation in their actions, which, in turn, reduces their
profit when their actions are strong strategic substi-
tutes. Thus, the monopolist would be better off by lim-
iting the monopolist’s market share or reducing the
quality of the signals sold to the firms. Note, however,
that the optimal strategy of the information provider
is not unique. Rather, any signal precision profile {⇤

si

}
that satisfies (8) would lead to the same expected profit.

Nevertheless, irrespective of the strategy chosen by
the monopolist, the monopolist’s incentive to lower
the precision of the market signals increases as firms’
actions become stronger strategic substitutes. In partic-
ular, as �!�1, the downside of coordination among
firms that trade with the monopolist is so strong that
essentially no trade takes place in equilibrium: the
information provider offers a completely uninforma-
tive signal ⇤

si

! 0 to all firms at price p

⇤
i

! 0.
Example 4 (Selling Two Products). Consider a Cournot
market in which � <�(1+

z

/
x

), and suppose that the
information provider can offer two information prod-
ucts: a premium product of precision ̄

s

at price p̄ and
an inferior one of precision

¯


s

< ̄
s

at price
¯
p. Let �̄

and
¯
� denote the fraction of firms offered the premium

and inferior products, respectively, where by construc-
tion �̄ +

¯
�  1. Condition (8) implies that it is optimal

for the seller to design the seller’s information products
such that �̄(̄

s

/(
x

+ ̄
s

))+
¯
�(

¯


s

/(
x

+
¯


s

))⇤�
z

/(�
x

).
This equation highlights the trade-off between infor-
mation quality and quantity faced by the information
provider in designing the provider’s menu of prod-
ucts. In particular, increasing the precision ̄

s

of the
premium product requires either a reduction in its sup-
ply �̄ or, alternatively, a reduction in the precision or
the supply of the inferior product.

We end by remarking that the ability to discriminate
on quality does not offer the seller any advantage com-
pared with our benchmark model of Sections 2 and 3.
In particular, Equation (8) always has a solution such
that 

si

⇤ 
s

for a fraction � of the firms and 
si

⇤ 0
for the rest. In other words, offering two products, one
with nonzero precision at a strictly positive price and
another with zero precision at zero price, is sufficient
for the seller to maximize the seller’s expected profit.

5. Information Leakage
Thus far, we assumed that purchasing a signal from the
information provider is the only channel available to
the firms for acquiring information about the unknown
parameter ✓. Firms, however, can also infer potentially
valuable information by observing their competitors’
actions. For instance, a firm’s price or quantity deci-
sions can (partially or fully) reveal the information it
has at its disposal to other firms. In this section, we
extend our baseline model to allow for the possibility
of such indirect “information leakage” and study the
information provider’s optimal selling strategy when
the provider’s customers can potentially free ride on
the information purchased by other firms.

We capture the possibility of information leakage by
allowing firms to condition their actions on an extra
piece of information that is informative about their
competitors’ actions. More specifically, we assume that,
in addition to its signal x

i

and the market signal s

i
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(if purchased from the information provider), firm i

can also condition its action on a leakage signal:

S

i

⇤ A+ ⌫
i

, ⌫
i

⇠ N(0, 1/⌫), (9)

where A ⇤ Ä1
0 a

i

di denotes the aggregate action and the
noise terms ⌫

i

are independently distributed across the
firms. The key observation is that, as long as firms’
actions are based (even in part) on the information at
their disposal, signal S

i

would be informative about
such information. As such, the precision ⌫ can serve
as a proxy for the extent of information leakage in the
market: S

i

is perfectly informative about the aggregate
action A when ⌫ ⇤ 1 whereas as ⌫ decreases, the
information content of the leakage signal is reduced.
In the extreme case that ⌫ ⇤ 0, signal S

i

does not con-
vey any payoff-relevant information. It is immediate to
see that this latter case reduces to the no-leakage set-
ting in our benchmark model.8

To formally model firms’ ability to incorporate any
information leaked through the market into their deci-
sions, we follow Vives (2011) and extend the firms’
strategy space by assuming that firm i’s strategy is
a contingent schedule a

i

(·, S
i

) that maps its private
and market signals, (x

i

, s
i

), to an action depending
on the realization of the leakage signal S

i

.9 Thus, the
equilibrium of the subgame between firms requires
(i) each firm i to choose a

i

(x
i

, s
i

, S
i

) to maximize
its expected profit conditional on its information set
(that is, ⇧[⇡

i

| x

i

, s
i

, S
i

]), taking the strategies of all other
firms as given, and (ii) the aggregate action to be con-
sistent with the realization of the firms’ individual ac-
tions; that is, A ⇤ Ä1

0 a

i

(x
i

, s
i

, S
i

) di.
We remark that, despite the slightly more complex

nature of the firms’ strategies, this modeling approach
enables us to directly incorporate information leak-
age into our benchmark model without resorting to a
multi-period, dynamic model of interaction between
firms. Crucially, it also enables us to study how the
provider’s optimal strategy and profits vary as a func-
tion of the intensity of information leakage in the mar-
ket. We have the following result:

Proposition 6. For sufficiently small ⌫ > 0,
(a) the provider’s profit decreases in the extent of infor-

mation leakage �i.e., @⇧⇤/@⌫ < 0��
(b) there exists �(1 + 

z

/
x

) < �̄ < 0 such that ⇤
s

< 
z

for all � 2 (�(1+ 
z

/
x

), �̄).
Therefore, Proposition 6 establishes that, regardless

of whether actions are strategic substitutes or comple-
ments (and, hence, regardless of the mode of compe-
tition), the information provider’s profits decrease as
the extent of information leakage is intensified. This
is because firms’ willingness to pay for an extra piece
of information reduces whenever they can free ride on
the information purchased by their competitors. Given

that more information leakage would only intensify
this free-riding incentive, the information provider is
forced to charge lower prices for the provider’s signal,
thus making less profit.

More importantly, however, Proposition 6 estab-
lishes that the range of �’s for which the information
provider finds it optimal to distort the market signal
offered to the provider’s customers widens in the pres-
ence of information leakage. Recall from Corollary 1
and Proposition 5 that, with no information leakage,
the information provider would reduce the quality
of the market signal if and only if � < �(1 + 

z

/
x

).
In contrast, part (b) of Proposition 6 shows that, no
matter how small the extent of leakage, the provider
would offer distorted signals for some � >�(1+

z

/
x

).
This is because the provider’s ability to extract surplus
from the firms by increasing the precision of s

i

is hin-
dered in the presence of leakage. That said, the fact
that �̄ < 0 means that, regardless of the presence or
absence of information leakage, distorting the signal
sold to the firms is never optimal when firms’ actions
are strategic complements (for example, as in Bertrand
competition).

Figure 2 illustrates the provider’s equilibrium prof-
its (left panel) and the provider’s optimal distortion
strategy (right panel) for different levels of informa-
tion leakage. As the left panel indicates, the provider’s
profits are decreasing in the leakage intensity irrespec-
tive of the value of �. As for the precision of the signal
offered to the firms, the right panel clearly illustrates
the two key observations we already mentioned: (i) as
leakage is intensified (higher ⌫), the provider finds it
optimal to sell signals of lower quality for a wider range
of �’s; and (ii) distortion is never optimal in the pres-
ence of strategic complementarities (� > 0) irrespective
of the value of ⌫ .

Table 2 presents the results of a numerical simulation
for the effect of information leakage on the provider’s
optimal strategy and equilibrium profits for different
values of � with ⌫ ⇤ 0, ⌫ ⇤ 1, and ⌫ ⇤ 10 correspond-
ing, respectively, to a scenario with no, low, and high
levels of leakage intensity. The last column of the table
indicates that, at � ⇤ 1/3, the equilibrium profit in the
high leakage regime is only 5% of the corresponding
profit in the benchmark case with no information leak-
age. Finally, the lower panel of Table 2 indicates that
for certain values of � (say, � ⇤ �2), the optimal strat-
egy may entail selling a signal with maximal precision
when leakage is absent or low whereas the seller finds
it optimal to dramatically decreases the signal preci-
sion to only 8% of the seller’s best signal precision in
the high-leakage regime.

6. Heterogeneous Firms
In this section, we discuss how our results are affected
by introducing heterogeneity among the firms (in
terms of their production costs).



Bimpikis, Crapis, and Tahbaz-Salehi: Information Sale and Competition

2656 Management Science, 2019, vol. 65, no. 6, pp. 2646–2664, © 2019 INFORMS

Figure 2. The Provider’s Equilibrium Profits (Left) and the Provider’s Optimal Selling Strategy (Right) as Functions of � for
Different Levels of Information Leakage
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We generalize the setting described in Section 2
along two dimensions. First, we allow for heterogeneity
in firms’ production costs, and second, we introduce
a transaction cost borne by the information provider
whenever the provider trades with a downstream
firm. We mostly focus on the case that firms view
their actions as strategic substitutes and thus inter-
pret our results in the context of Cournot competi-
tion with quadratic production costs (Example 3 from
Section 2.2). Specifically, we assume that downstream
firms are heterogeneous with respect to their costs of
production: firm i faces a quadratic production cost of
C

i

(q
i

) ⇤ c

i

q

2
i

/2, where q

i

is the quantity produced by i

and c

i

> 0. The firm’s profit is thus given by

⇡
i

(q
i

,Q , ✓)⇤ �0q

i

✓+ �1q

i

Q � 1
2 c

i

q

2
i

, (10)

where Q denotes the aggregate quantity in the market
and �1 < 0 is some constant. Note that, even though
Expression (10) is similar to (1), the extent of strategic
complementarities can no longer be captured by a sin-
gle parameter � as now firms face different production
costs.

As for transaction costs, we assume that the seller
incurs a cost equal to v

si

whenever the seller sells

Table 2. The Provider’s Equilibrium Profits and Optimal Precision for Different Levels of
Leakage at Different Levels of �

Leakage level � ⇤�4 � ⇤�3 � ⇤�2 � ⇤�1 � ⇤ 0 � ⇤ 1/3

Equilibrium profits ⌫ ⇤ 0 0.0625 0.0833 0.1200 0.1875 0.3333 0.4218
⌫ ⇤ 1 0.0082 0.0014 0.0189 0.0420 0.1134 0.1606
⌫ ⇤ 10 0.0002 0.0003 0.0005 0.0008 0.0050 0.0209

Optimal precision ⌫ ⇤ 0 1 2 2 2 2 2
⌫ ⇤ 1 0.40 0.65 2 2 2 2
⌫ ⇤ 10 0.08 0.12 0.16 0.36 2 2

Note. The other parameter values are the same as in the example of Figure 2.

a signal of precision 
si

to firm i, where v > 0. This
cost can, for example, capture the idea that the firm
cannot provide verifiable and/or credible information
to the seller’s customers at no cost. Rather, it needs
to spend resources to assure the seller’s customer that
the market signal is indeed as informative as claimed.
Alternatively, it can be thought of as the cost associated
with customizing the provider’s information to meet
the customer’s informational needs. As in Section 4,
we allow the seller to discriminate along both signal
precision and price. We have the following result:

Proposition 7. There exist v̄ >
¯
v such that

(a) if v > v̄, the information provider does not transact
with any of the firms �i.e., ⇤

si

⇤ 0 for all i��
(b) if v <

¯
v, the information provider sells the provider’s

signal with no distortion to all firms�
(c) for any v 2 (

¯
v , v̄), then there exist c

⇤ such that

⇤
si

⇤

8>>>>>><
>>>>>>:

0 if c

i

> c

⇤


z

if c

i

<
2

x

(
x

+ 
z

)2 c

⇤


x

(
p

c

⇤/c

i

� 1) otherwise.
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Thus, Proposition 7 establishes that the information
provider finds it optimal to follow an information sell-
ing strategy that involves offering a signal to firm i

with a precision that is decreasing in the firm’s cost c

i

;
that is, the provider sells higher quality signals to more
efficient firms. Formally, ⇤

si

is always nonincreasing
in c

i

. However, note that this does not mean that the
monopolist sells the monopolist’s best available infor-
mation to all firms even when transactions are costless.
Rather, because of the presence of strategic interactions
between downstream firms (and in line with our earlier
results), the provider may either sell distorted signals
to some firms or simply even exclude them by offering
noninformative signals ⇤

si

⇤ 0 altogether. Thus, Propo-
sition 7 generalizes Propositions 4 and 5 to the case in
which firms face heterogeneous production costs.

Finally, note that, depending on the parameter val-
ues, the threshold

¯
v in Proposition 7 may be nega-

tive, thus ruling out the case in which the information
provider sells an undistorted signal to all firms. In fact,
as the proof of the proposition highlights,

¯
v < 0 when-

ever π 1

0

1
c

i

di < � 1
�1

(1+ 
z

/
x

),

which reduces to the condition of Proposition 4 when
firms face identical production costs.
Cost dispersion and optimal information selling strat-

egy. To further clarify the impact of firm heterogeneity
on the provider’s equilibrium strategy and profits, con-
sider a special case consisting of two types of firms
i 2 {1, 2} with production costs C

i

(q
i

)⇤ c

i

q

2
i

/2, where

1
c1

⇤
1
c

+ �, and 1
c2

⇤
1
c

� �

for some � > 0. Also, assume that both types have mass
equal to 1/2. It is immediate to see that in such a setting
� measures the cost dispersion in the market. We have
the following corollary:

Corollary 2. Let ⇤
s1 and ⇤

s2 be the optimal signal preci-
sions offered to firms of type � and type �, respectively. Then,
for any � < 1/(c

p
2),

@⇤
s1

@�
� 0, and

@⇤
s2

@�
 0.

Corollary 2 thus establishes that, as the cost dis-
persion among the downstream firms increases, the
provider finds it optimal to sell increasingly more accu-
rate signals to the efficient type while the provider
decreases the accuracy of the signals the provider
sells to the type that has high production costs. This
change in selling strategy occurs despite the fact that
the average cost in the downstream market remains
constant. Table 3 reports the results of a numerical
simulation that quantifies the effect of cost dispersion

Table 3. Optimal Information Selling Strategy and
Equilibrium Profits as a Function of the Cost Dispersion
Between the Two Types of Firms

� ⇤ 0.5 � ⇤ 1 � ⇤ 2 � ⇤ 4

⇤
s1 1.334 1.505 1.819 2
⇤

s2 0.976 0.789 0.409 0
Profits 1.067 1.076 1.114 1.251

Note. For this example, we use 
x

⇤ 1, 
z

⇤ 2, c ⇤ 1/6, �1 ⇤ 3/5, and
�0 ⇤ 10.

on the provider’s optimal information selling strategy
and equilibrium profits. As the table indicates, when
the dispersion between firms’ production costs is suf-
ficiently high (� ⇤ 4 in this case), the optimal strategy
of the information provider requires excluding the less
efficient firms from trade altogether. It is also imme-
diate to see that the provider’s profits are increasing
in the cost dispersion parameter � with the provider’s
profits roughly 20% higher when � ⇤ 4 compared with
the benchmark case with no dispersion.

7. Finite Markets
To simplify the exposition and allow for a tractable
analysis, most of the paper focused on an environment
with a continuum of firms. In this section, we show
that our qualitative insights regarding the monopo-
list’s optimal information selling strategy carry over to
a market consisting of finitely many firms. In particular,
we focus on a Cournot market, in which n firms com-
pete with one another in quantities with the inverse
demand function given by r ⇤ �0✓ + �1Q, where Q ⇤

(1/n)Pn

i⇤1 q

i

is the average quantity in the market, q

i

is
the quantity produced by firm i, r denotes the mar-
ket price, and �1 < 0 is some constant. Assuming that
firm i faces quadratic production costs c(q

i

) ⇤ �2q

2
i

/2,
its profits can be expressed as

⇡
i

⇤ �0q

i

✓+
n � 1

n

�1q

i

Q�i

�
✓
�2

2 � �1

n

◆
q

2
i

,

where Q�i

⇤ (1/(n�1))P
j,i

q

j

is the average quantity of
i’s competitors. It is immediate to see that this expres-
sion is similar to the firms’ profit function (1) for a
market consisting of a continuum of firms. The degree
of strategic complementarity among firms’ actions can
also be defined as

�
n

⇤� @2⇡
i

@q

i

@Q�i

�
@2⇡

i

@q

2
i

⇤

✓
n � 1

n

◆
�1

�2 � 2�1/n

.

As in the environment with a continuum of firms,
we assume that each firm i observes a noisy private
signal x

i

about the realization of ✓ and that the infor-
mation provider can offer a market signal s

i

to firm i.
Let K denote the set of firms that the information



Bimpikis, Crapis, and Tahbaz-Salehi: Information Sale and Competition

2658 Management Science, 2019, vol. 65, no. 6, pp. 2646–2664, © 2019 INFORMS

provider trades with, where |K | ⇤ k  n. Lemma EC.1
in the online appendix provides a complete character-
ization of the equilibrium of the competition subgame
for any k, which can be viewed as the discrete analog
of Proposition 1 in Section 3. However, as we argued in
Section 3, there always exist an equilibrium in which
the provider offers the market signal to all firms. Thus,
without loss of generality, we can restrict our attention
to the case of k ⇤ n. We have the following result:

Proposition 8. The optimal information selling strategy is
given as follows�

(a) If �
n

� �(1 + 
z

/
x

), the provider offers an undis-
torted version of the provider’s signal to all firms.

(b) If �
n

< �(1 + 
z

/
x

), the provider offers a signal of
precision ⇤

s

⇤�
z

/(�
n

+ 
z

/
x

) < 
z

.
Furthermore, the seller’s expected profit is given by

⇧⇤
⇤

8>>>>>>><
>>>>>>>:

n↵2
n

✓
�2

2 � �1

n

◆ ✓


z


x

◆


z

+ 
x

[(1� �
n

)
x

+ 
z

]2

if �
n

� �(1+ 
z

/
x

)
n↵2

n

✓
�2

2 � �1

n

◆


z

�4�
n

2
x

otherwise,

where ↵
n

⇤ �0/(�2 � ((n + 1)/n)�1).
Proposition 8 thus illustrates that the insights under-

lying our main results remain unchanged when the
downstream market comprises a finite number of
firms. Additionally, it is straightforward to verify that,
as n grows to infinity, the expressions characterizing
the provider’s optimal strategy and the provider’s ex-
pected profits (normalized by the total number of
firms n) reduce to those we obtained in Section 3.3 for a
market consisting of a continuum of firms. Finally, the
fact that �

n

is decreasing in n implies that the range of
parameters over which the monopolist finds it optimal
to distort the information the monopolist sells to the
market grows with the number of firms n.

Proposition 8 also illustrates that, when �
n

< �(1 +


z

/
x

), the gain to the provider from optimally distort-
ing the information can be obtained by comparing

⇧no-dist
n

⇤ ↵2
n

✓
�2

2 � �1

n

◆


z


x


z

+ 
x

[(1� �
n

)
x

+ 
z

]2

⇧⇤
n

⇤ ↵2
n

✓
�2

2 � �1

n

◆


z

�4�
n

2
x

,

where ⇧no-dist
n

is the provider’s expected profit per cus-
tomer under no information distortion and ⇧⇤

n

is the
normalized expected profit under optimal distortion.
Thus, the gain from distorting the information, nor-
malized by the number of firms n, is given by

�
n

⇤
(n � 1)|�1 |↵2

n

8n�2
n


z

[(1+ �
n

)
x

+ 
z

]2
2

x

[(1� �
n

)
x

+ 
z

]2 , (11)

where ↵
n

⇤ �0/(�2 � ((n + 1)/n)�1) and �
n

⇤ ((n � 1)/n) ·
(�1/(�2 � 2�1/n)), and recall that �1, �2, x

, and 
z

are
model primitives that do not depend on n. Expres-
sion (11) thus leads to two key observations. First, it
illustrates that, consistent with the findings of Proposi-
tion 8, the gain from distorting the information is pos-
itive for all values of �

n

< �(1 + 
z

/
x

). Second, tak-
ing the market size n and intensity of competition �

n

(which only depends on parameters �1 and �2) as given,
the gain �

n

can be made arbitrarily large by increas-
ing the value of �0 (and, hence, ↵

n

). This observation
thus illustrates that, even though the percentage change

in profit gain (⇧⇤
n

� ⇧no-dist
n

)/⇧⇤
n

⇤ [(1 + �
n

)
x

+ 
z

]2/
[(1 � �

n

)
x

+ 
z

]2 is maximized when the intensity
of competition is maximized (�

n

! �1), the level of
gain �

n

can be large even away from the competitive
limit.

8. Conclusions
This paper considers the problem of selling informa-
tion to a set of firms that compete in a downstream mar-
ket. We establish that both the information provider’s
optimal selling strategy as well as the provider’s prof-
its depend critically on the environment in which
the provider’s customers operate. In particular, our
results highlight that the extent of strategic substi-
tutability and complementarity in the latter’s actions
has a first-order impact on the former’s optimal strat-
egy: when the firms’ actions are strategic complements,
the provider finds it optimal to sell an undistorted
version of the provider’s information to the entire
market whereas, if their actions are strategic substi-
tutes, the optimal strategy involves offering an infe-
rior information product and/or limiting the supply of
information.

Our results are largely driven by the following trade-
off: On the one hand, information about market con-
ditions, for example, demand realization, always has a
direct positive effect on firms’ profits as they can better
align their actions with the underlying environment.
On the other hand, however, in the presence of strate-
gic substitutability among the firms, the provider’s sig-
nal may have an additional (adverse) effect by increas-
ing the correlation between the firms’ actions. It turns
out that this latter effect may dominate the former
when firms view their actions as strong strategic sub-
stitutes, in which case the provider finds it optimal
to degrade the quality of the provider’s information
products and/or exclude a subset of the firms from the
sale.

We showcase the implications of our results in the
context of Bertrand and Cournot competition, thus
complementing the extensive prior literature in opera-
tions management that explores vertical and horizon-
tal information sharing in a supply chain. In addition,
we discuss how the extent of information leakage in
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the market can affect the provider’s selling strategy
and profits. Finally, we extend our findings to the case
when firms differ in their production costs and estab-
lish that the optimal selling strategy involves offering
several information products with varying precisions
and at different prices. We also show that in equi-
librium, the information provider offers more precise
signals to the more efficient firms at higher prices to
maximize the provider’s profit.

Taken together, our findings illustrate that the opti-
mal provision and pricing of information products
cannot be decoupled from the market structure in
which the firm’s potential customers operate. They
also uncover a potential rationale for why information
markets typically feature several versions of essentially
the same information product but of varying qualities
and price tags. Identifying the prevalence of the said
mechanism and its relative importance compared with
other potential explanations (such as price discrimina-
tion driven, for example, by the heterogeneity in the
willingness to pay among potential buyers) in various
contexts is an important question with both positive
and normative insights for the pricing of information
products.

To facilitate our analysis, we focused on an envi-
ronment with a monopolistic provider of information
interacting with a market of competing firms. Extend-
ing our framework to incorporate competition among
information providers is an interesting direction for
future research. Even though the basic mechanism we
identify—that is, that the extent of strategic comple-
mentarities/substitutabilities in the downstream mar-
ket matters for products firms should offer—will be
present regardless of market conditions, departures
from our baseline framework can potentially impact
the optimal degree of distortion in the quality or quan-
tity of information.

Appendix. Proofs
With the exception of our results in Section 6, firms in our
model are assumed to be ex ante symmetric. Therefore,
unless otherwise noted, we assume without loss of generality
that the price offered by the provider to the firms is nonde-
creasing in the firms’ index; that is, p

i

� p

j

for i > j. Given
that excluding a firm i from trade is equivalent to offering
a price p

i

⇤ 1, this assumption also implies that the set of
firms that are offered a contract by the provider is of the
form [0, �] for some � 2 [0, 1]. Let l denote the fraction of
firms who accept the provider’s offer. It is immediate that
l ⇤ sup{i 2 [0, �]: b

i

⇤ 1} and that b

i

⇤ 1 for all i  l.

Proof of Proposition 1
The first-order optimality condition for firm i’s problem with
respect to action a

i

is given by

⇧


@
@a

i

⇡(a
i

,A, ✓)
����Ii

�
⇤ 0,

where I
i

⇤ {x

i

} if i 2 [l , 1], that is, the firm is uninformed,
and I

i

⇤ {x

i

, s
i

} if i 2 [0, l], that is, the firm is informed. Con-
sequently, a

i

⇤ ⇧[�A + (1 � �)↵✓ | I
i

], where � ⇤ �1/�2 is the
degree of strategic complementarity in the downstream mar-
ket as defined in (2) and ↵ ⇤ �0/(�2 � �1). Thus, the firms’
equilibrium actions are given by
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Noticing that ⇧[✓ | x

i

] is linear in x

i

and ⇧[✓ | x

i

, s
i

] is linear
in x

i

and s

i

, we conjecture that equilibrium strategies are
linear functions of x

i

and s

i

and then verify our hypothesis.
In particular, we conjecture that
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8 i 2 [l , 1]
c1x
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+ c2s
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for some constants c0 , c1 , c2 2 ✓. Replacing the candidate
equilibrium strategy of an uninformed firm i 2 (l , 1] in its
first-order optimality condition yields

c0x

i

⇤ ⇧


�

✓π
l

0
c1x

j

+ c2s

j

dj +

π 1

l

c0x

j

dj

◆
+ (1� �)↵✓ | x

i

�

⇤ [�l(c1 + c2)+ �(1� l)c0 + (1� �)↵]x
i

, (A.1)

where we are using the fact that ⇧[✓ | x

i

] ⇤ ⇧[x
j

| x

i

] ⇤
⇧[s

j

| x

i

] ⇤ x

i

. Similarly, the first-order optimality condition
for the optimization problem of an informed firm i 2 [0, l]
yields
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Note that
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). Consequently, we can rewrite
(A.2) as
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From Equation (A.1) we have for the equilibrium strategy
coefficients [c0 ⇤ �l(c1 + c2) + �(1 � l)c0 + (1 � �)↵, for any
admissible l 2 [0, 1]. In turn, this implies that c0 ⇤ ↵ and
c1 + c2 ⇤ ↵. Replacing c0 ⇤ ↵ and c2 ⇤ ↵ � c1 in Equation (A.3)
implies that equilibrium coefficient c1 must satisfy c1 ⇤
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)). Thus, we conclude that firms’ actions at equilibrium
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completing the proof. Q.E.D.
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Two Auxiliary Lemmas
We state and prove two lemmas that we use in the remainder
of the appendix. The first lemma characterizes the expected
surplus of an informed firm whereas the second lemma
shows that, for any given �, the provider always finds it opti-
mal to charge a constant price to all firms i 2 [0, �].
Lemma 1. The expected surplus of each firm from buying the mar-
ket signal is given by

�(l , 
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]2 , (A.4)

where l denotes the fraction of informed firms.

Proof. Let a
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denote the equilibrium action of an informed firm, and let
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denote the equilibrium action of an uninformed
firm. Recall that l denotes the fraction of informed firms, and
thus, the aggregate equilibrium action is A⇤ Ä l
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1
i
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0
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di.
By replacing the equilibrium actions in the expressions for
the firms’ payoffs and then taking the expectations condi-
tional on ✓, we get
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and
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Next note that we can use the two conditional expecta-
tions (A.5) and (A.6) to compute the (unconditional) expecta-
tion for a firm’s surplus given by

� :⇤ ⇧[⇡(a1
i
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,A, ✓)].

Applying the law of total expectation yields
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which completes the proof of the lemma. Q.E.D.
Lemma 2. The provider sets p

i

⇤ p

⇤(�) for all i 2 [0, �], where
p

⇤(�) is equal to the expected equilibrium surplus of an informed
firm when the fraction of informed firms is �. Furthermore, p

⇤(�)
is such that all firms that receive the provider’s offer accept in equi-
librium� thus, l ⇤ �.

Proof. Consider the simultaneous game of accepting/reject-
ing the provider’s offer. Recall that, in such a game, each firm
i 2 [0, �] accepts the offer if the firm’s expected surplus is
bigger than the firm’s individual price p

i

while taking the
decisions of the rest of the firms as given.

We suppose that a fraction l 2 [0, �] of firms has accepted
the provider’s offer, and we write the optimal decision of
each firm i 2 [0, �] as a function of firm’s i individual price.
We have

b

i

(p
i

)⇤
8>>><
>>>:

1 if �(l) > p

i

0 if �(l) < p

i

2 {0, 1} if �(l)⇤ p

i

,

where �(l) is given by Equation (A.4) and denotes the ex-
pected surplus of an informed firm when a fraction l is

informed. We can write the provider’s optimization problem
as follows

max
{p

i

}
i2[0, �]

π �

0
p

i

b

i

(p
i

) di

s.t. b

i

(p
i

)⇤
8>>><
>>>:

1 if �(l) > p

i

0 if �(l) < p

i

2 {0, 1} if �(l)⇤ p

i

, 8 i 2 [0, �]. (A.7)

Before solving for the provider’s optimal selling strategy, we
rewrite the set of constraints (A.7) as

8>>>>>>>><
>>>>>>>>:

sup
i2[0, �]

p

i

 �(�) if l ⇤ �,

inf
i2[0, �]

p

i

� �(0) if l ⇤ 0,
π �

0
 {p

i

<�(l)} di  l 
π �

0
 {p

i

�(l)} di if l 2 (0, �).

Recall that without loss of generality the pricing schedule
p: [0, �]!✓+ is nondecreasing; thus, we can further simplify
the set of constraints as

8>><
>>:

p�  �(�) if l ⇤ � (A.8a)
p0 � �(0) if l ⇤ 0 (A.8b)
p

l

 �(l) and p

l

+ � �(l) if l 2 (0, �). (A.8c)

The proof proceeds by showing that for any equilibrium
of the subgame that results from a fraction l of the firms
accepting the provider’s offer, there exists an optimal pricing
schedule such that p

i

⇤�(l) for all i  l and p

i

⇤1 for all i > l.
There are the following three cases to consider:

(i) For case (A.8a), the problem simplifies to

max
{p

i

}
i2[0, �]

π �

0
p

i

di

s.t. p�  �(�).

In this case, a fraction l ⇤ � of firms accepts, and as we show
in what follows, it is optimal for the provider to set p

i

⇤�(�)
for all i 2 [0, �]. Suppose, for the sake of contradiction, that p

is optimal but u :⇤ sup{i 2 [0, �]: p

i

< �(�)} � 0. If u ⇤ 0, then
we have p

i

⇤ �(�) except for a set of measure 0, so this case
is immaterial. If u > 0,, the maintained assumption that p is
nondecreasing implies that

p

i

< �(�), 8 i < u and p

i

⇤�(�), 8 i � u.

This implies that we can construct pricing schedule p

0 such
that

p

i

< p

0
i

 �(�), 8 i < u and p

0
i

⇤ p

i

, 8 i � u ,

which is feasible and achieves a higher objective value. Thus,
it must be that p

i

⇤�(�) for all i  �.
(ii) For case (A.8b), l ⇤ 0 and the objective function is

always equal to zero. Thus, p can be chosen such that p

i

⇤1
for all i 2 [0, �].

(iii) Finally, for case (A.8c), the problem simplifies to

max
{p

i

}
i2[0, �]

π
l

0
p

i

di

s.t. p

l

 �(l) and p

l

+ � �(l).
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First, we show that the provider can always set p

i

⇤1, 8 i > l.
Note that the individual price of each firm i > l does not affect
the objective function of the provider. This implies that all
feasible solutions p that differ only on (l , �] attain the same
objective value, so it is without loss of generality to focus on
solutions that are such that p

i

⇤1 for all i > l.Next, we show
that p

i

⇤ �(l), 8 i  l. Suppose, for the sake of contradiction,
that p is optimal but u :⇤ sup{i 2 [0, l]: p

i

< �(l)} � 0. If u ⇤ 0,
we have p

i

⇤ �(l), except for a set of measure 0. If u > 0,, the
assumption that p is nondecreasing implies that

p

i

< �(l), 8 i < u and p

i

⇤�(l), 8 i � u ,

which, in turn, implies that we can construct a pricing sched-
ule p

00 such that

p

i

< p

00
i

 �(l), 8 i < u and p

00
i

⇤ p

i

, 8 i � u ,

which is feasible and achieves a higher objective value. Thus,
it must be that p

i

⇤�(l) for all i  l.
Thus, there exists an optimal pricing schedule such that
p

i

⇤�(l) for all i  l and p

i

⇤ 1 for all i > l , which implies
that only a fraction l of firms accepts the provider’s offer, and
the latter’s optimal profit is l · �(l). Without loss of gener-
ality, the provider sets � ⇤ l and p

i

⇤ �(�) for all i 2 [0, �].
Thus, all firms accept the provider’s offer, and the provider’s
profit is given by � ·�(�). Setting p

⇤(�)⇤�(�) completes the
proof. Q.E.D.

Proof of Proposition 2
By Lemma 2, the provider’s problem simplifies to choosing
�, 

y

and ⇢ to maximize the expected profit ⇧ :⇤ � ·
p

⇤(�, 
s

, ⇢, 
x

) ⇤ � · �(�, 
s

, ⇢, 
x

), subject to the con-
straints imposed by the information structure. Replacing the
expected surplus (A.4) into the objective function yields

⇧(�, 
s

, ⇢, 
x

)⇤ �↵2
✓
�2

2

◆ ✓


s


x

◆


s

+ 
x

[(1� ��⇢)
x

+ 
s

]2 , (A.9)

and thus, the provider’s problem can be rewritten as

max
⇢, 

s

, �
⇧(�, 

s

, ⇢, 
x

) (A.10)

s.t. s


z

 ⇢  1, and 0  �  1.

Note that the partial derivative of⇧with respect to ⇢, that is,

@⇧
@⇢

⇤ � ↵2�2
��

s

(
x

+ 
s

)
[(1� ��⇢)

x

+ 
s

]3 , (A.11)

is positive for � 2 (0, 1/2); thus, ⇢⇤ ⇤ 1. Replacing this
into (A.9) and differentiating with respect to � yields

@⇧
@�

⇤ ↵2
✓
�2

2

◆ ✓


s


x

◆ (
x

+ 
x

)[(1+ ��)
x

+ 
s

]
[(1� ��)

x

+ 
s

]3 . (A.12)

Similarly, the partial derivative with respect to 
s

is given by

@⇧
@

s

⇤ �↵2
✓
�2

2

◆ (1� ��)
x

+ (1� 2��)
s

[(1� ��)
x

+ 
s

]3 . (A.13)

In addition, note that (A.12) and (A.13) are positive for
� 2 (0, 1/2), so the provider finds it optimal to set �⇤ ⇤ 1
and ⇤

s

⇤ 
z

. Replacing ⇢⇤ , �⇤ and ⇤
s

into (A.9) yields ⇧⇤ ⇤
↵2(�2/2)(

z

/
x

)((
z

+ 
x

)/([(1� �)
x

+ 
z

]2). Q.E.D.

Proof of Proposition 3
Consider the provider’s expected profit (A.9) and the provid-
er’s profit-maximization problem (A.10), and let �(1+

z

/
x

)
 � < 0. In this case, the partial derivative of ⇧ with respect
to ⇢ given in (A.11) is negative, which implies that the pro-
vider finds it optimal to set the level of correlation to its min-
imum; that is, ⇢⇤⇠ ⇤ 0 or ⇢⇤ ⇤ 

s

/
z

. Replacing this into (A.9)
and differentiating with respect to 

s

yields

@⇧
@

s

⇤ �↵2
✓
�2

2

◆ (1+ ��
s

/
z

)
x

+ 
s

[(1� ��
s

/
z

)
x

+ 
s

]3 (A.14)

while differentiating with respect to � yields

@⇧
@�

⇤ ↵2
✓
�2

2

◆ ✓


s


x

◆ (
x

+ 
s

)[(1+ ��
s

/
z

)
x

+ 
s

]
[(1� ��

s

/
z

)
x

+ 
s

]3 . (A.15)

The assumption on � implies that (A.14) and (A.15) are pos-
itive, which results in �⇤ ⇤ 1 and ⇤

s

⇤ 
z

. The proof follows
by replacing the optimal values for ⇢⇤ , �⇤, and ⇤

s

into expres-
sion (A.9). Q.E.D.

Proof of Proposition 4
Consider the provider’s expected profit (A.9) and the pro-
vider’s profit-maximization problem (A.10), and let � <�(1+


z

/
x

). First, note that in this case (A.11) is negative, so the
provider finds it optimal to set ⇢⇤ ⇤ 

s

/
z

. Replacing this
into (A.9) and differentiating with respect to 

s

and �, we
again obtain (A.14) and (A.15), respectively. Both (A.14) and
(A.15) are equal to zero if and only if (

z

+��
s

)
x

+
z


s

⇤ 0.
Moreover, ⇧ is unimodal in both 

s

and �, which implies
that the set of optimal allocations (⇤

s

, �⇤) is given by the solu-
tions to (

z

+ ��
s

)
x

+ 
z


s

⇤ 0. Finally, replacing ⇤
s

, ⇢⇤ ⇤
⇤

s

/
z

, and �⇤ ⇤ (
x

+ ⇤
s

)
z

/(��
x

⇤
s

) into (A.9) yields ⇧⇤ ⇤
�↵2(�2/2)(

z

/(4�2
x

)). Q.E.D.

Proof of Proposition 5
We solve the game by backward induction; that is, first, we
characterize the firms’ equilibrium actions in the competi-
tion subgame that results from a (subset) of them obtaining
the provider’s information signal; then, we solve for their
acceptance/rejection decisions; and, finally, we turn to the
provider’s problem and complete the proofs of parts (a)
and (b) of the proposition. Recall that the provider pos-
sesses a signal z ⇤ ✓ + ⇣, with ⇣ ⇠ N(0, 1/

z

), and offers to
firm i 2 [0, 1] a signal s

i

⇤ z + ⇠
i

with ⇠
i

⇠ N(0, ⇠i

). With-
out loss of generality, we assume that the provider does not
add any correlation to the signal the provider sells; that is,
corr(⇠

i

, ⇠
j

) ⇤ 0. The market signal s

i

offered to firm i 2 [0, 1]
can be rewritten as s

i

⇤ ✓ + ⌘
i

with ⌘
i

⇠ N(0, 1/
si

), where


s

⇤ (1/
z

+ 1/⇠i

)�1 and Cov(s
i

, s
j

) ⇤ 1/
z

. We have the fol-
lowing auxiliary lemma.

Lemma 3. The competition subgame has a unique Bayes–Nash
equilibrium in linear strategies given by a(

si

, 
s�i

)⇤ ↵[(1�!
i

) ·
x

i

+!
i

s

i

] for all i 2 [0, 1], where

!
i

⇤

✓


si


x

+ 
si

◆� ✓
1� � x


z

π 1

0


si


x

+ 
si

di

◆

and ↵ ⇤ �0/(�2 � �1).
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Proof. The first-order optimality condition of firm i with re-
spect to action a

i

implies that in equilibrium

a

i

⇤ ⇧[�A+ (1� �)↵✓ | x

i

, s
i

]. (A.16)

Assume that each firm i 2 [0, 1] uses a linear strategy c

i

x

i

+

h

i

s

i

, for constants c

i

, h
i

2 ✓. Then, we can rewrite the equi-
librium condition (A.16) as c

i

x

i

+ h

i

s

i

⇤ ⇧[� Ä1
0 (c j

x

j

+ h

j

s

j

) dj +

(1� �)↵✓ | x

i

, s
i

]. Using equations

⇧[s
j

| x

i

, s
i

]⇤ x

(1� 
si

/
z

)


x

+ 
si

x

i

+


si

(1+ 
x

/
z

)


x

+ 
si

s

i

,

and ⇧[✓ | x

i

, s
i

]⇤ ⇧[x
j

| x

i

, s
i

]⇤ 
x


x

+ 
si

x

i

+


si


x

+ 
si

s

i

,

which are obtained by the conditional expectation of Gaus-
sian random vectors, we have

c

i

x

i

+ h

i

s

i

⇤ �

✓


x


x

+ 
si

x

i

+


si


x

+ 
si

s

i

◆ π 1

0
c

j

dj

+

✓


x

(1� 
si

/
z

)


x

+ 
si

x

i

+


si

(1+ 
x

/
z

)


x

+ 
si

s

i

◆ π 1

0
h

j

dj

�

+ (1� �)↵
✓


x


x

+ 
si

x

i

+


si


x

+ 
si

s

i

◆
.

Note that the equilibrium coefficients (c
i

, , h
i

) for i 2 [0, 1],
must solve the following sets of equations:

c

i

⇤ �


x


x

+ 
si

π 1

0
c

j

dj + �


x

(1� 
si

/
z

)


x

+ 
si

·
π 1

0
h

j

dj + (1� �)↵ 
x


x

+ 
si

8 i 2 [0, 1], (A.17)

and

h

i

⇤ �


si


x

+ 
si

π 1

0
c

j

dj + �


si

(1+ 
x

/
z

)


x

+ 
si

·
π 1

0
h

j

dj + (1� �)↵ 
si


x

+ 
si

8 i 2 [0, 1]. (A.18)

Integrating over [0, 1] in (A.17) and (A.18) yields a linear-
system of two equations, which implies that

π 1

0
c

i

di ⇤ ↵

✓
1�

✓
1+ � x


z

◆ π 1

0


si


x

+ 
si

di

◆
� ✓

1� � x


z

π 1

0


si


x

+ 
si

di

◆

andπ 1

0
h

i

di ⇤ ↵

✓π 1

0


si


x

+ 
si

di

◆� ✓
1� � x


z

π 1

0


si


x

+ 
si

di

◆
.

Thus, we can rewrite (A.17) and (A.18) as c

i

⇤↵(
x

/(
x

+
si

)) ·
(1 � �((

x

+ 
si

)/
z

)Ä1
0 (si

/(
x

+ 
si

))di)/(1 � �(
x

/
z

) ·
Ä1

0 (si

/(
x

+ 
si

))di) and h

i

⇤ ↵(
si

/(
x

+ 
si

))/(1 �
�(

x

/
z

)Ä1
0 (si

/(
x

+ 
si

))di). Finally, noting that c

i

+ h

i

⇤ ↵
and setting h

i

⇤↵!
i

completes the proof. Q.E.D.

The next step in our analysis involves studying the firms’
acceptance/rejection decisions that precede the competition
subgame. We restrict attention to subgame perfect equilibria
in which all firms accept the provider’s offers. This is without
loss of generality since the case in which there is a firm i that

rejects the provider’s offer is surplus-equivalent to the case
in which the provider offers a signal of precision 

si

⇤ 0 at
price p

i

⇤ 0 to firm i and firm i accepts the offer. The equi-
librium acceptance/rejection decisions can be characterized
as follows. Each firm i 2 [0, 1] accepts the provider’s offer if
�

i

⇤ ⇧[⇡(a(
si

, 
s�i

))] � ⇧[⇡(a(0, 
s�i

))] � p

i

, that is, if price
p

i

is lower than the expected surplus of firm i. Thus, it is
optimal for the provider to offer p

i

⇤�
i

for all i 2 [0, 1].
Using the equilibrium characterization from Lemma 3, we

can compute the expected surplus�
i

of firm i, which, in turn,
is equal to price p

i

; that is,

p

i

⇤ ↵2
✓
�2

2

◆ ✓


si


x

+ 
si

◆ ✓
1


x

◆� 
1� � x


z

π 1

0


si


x

+ 
si

di

�2

.

(A.19)
The provider’s expected equilibrium profit is given by

⇧(
s

, �)⇤
π 1

0
p

i

di ⇤ ↵2
✓
�2

2

◆ ✓
1


x

π 1

0


si


x

+ 
si

di

◆
� 

1� � x


z

π 1

0


si


x

+ 
si

di

�2

, (A.20)

and the provider’s problem can now be simply written as

max
{

si

}
i2[0, 1]

⇧(
s

, �) (A.21)

s.t. 0  
si

 
z

8 i 2 [0, 1].

The following lemma allows us to further simplify
optimization problem (A.21).

Lemma 4. The objective function of problem �A.��� depends on
{

si

}
i2[0, 1] only through a constant

D ⇤

π 1

0


si


x

+ 
si

di. (A.22)

Furthermore, for any optimal solution {⇤
si

}
i2[0, 1] of prob-

lem �A.���, there exists a constant solution ̄
s

that is feasible and
achieves the same objective value of {⇤

si

}
i2[0, 1].

Proof. The first statement follows directly from expres-
sion (A.20). For the second statement, let {⇤

si

}
i2[0, 1] be an

optimal solution of problem (A.21) with corresponding D

⇤ ⇤
Ä1

0 (⇤
si

/(
x

+⇤
si

)) di. Define constant ̄
s

as ̄
s

:⇤D

⇤
x

/(1�D

⇤).
Note that ̄

s

/(
x

+ ̄
s

) ⇤ D

⇤, which implies that ̄
s

achieves
the same objective value as {⇤

si

}
i2[0, 1]. Finally, we need to ver-

ify that ̄
s

is feasible. By the feasibility of {⇤
si

}
i2[0, 1], that is,

0 ⇤
si

 
z

for all i 2 [0, 1], it follows that 0 D

⇤  
z

/(
x

+
z

)
and thus 0  ̄

s

 
z

. This implies that the constant ̄
s

is fea-
sible, and it achieves the maximum objective value, which
completes the proof. Q.E.D.

Lemma 4 allows us to solve a simplified problem, in which
the provider offers a signal of precision 

s

to all firms i 2
[0, 1]. Furthermore, using the optimal value for 

s

together
with Equation (A.22) allows us to characterize the set of opti-
mal solutions for the original problem (A.21). In particular,
replacing 

s

for 
si

in problem (A.21), the provider’s problem
simplifies to

max


s

⇧⇤ ↵2
✓
�2

2

◆ ✓


s


x

◆


s

+ 
x

[(1� �
s

/
z

)
x

+ 
s

]2 (A.23)

s.t. 0  
s

 
z

.
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Proof of Part (a). Let � � �(1+ 
z

/
x

), and consider the sim-
plified problem (A.23). Differentiating the objective with re-
spect to 

s

yields

@⇧
@

s

⇤ ↵2
✓
�2

2

◆ (1+ �
s

/
z

)
x

+ 
s

[(1� �
s

/
z

)
x

+ 
s

]3 . (A.24)

The assumption on � implies that (A.24) is positive, which
means that it is optimal to set ⇤

s

⇤ 
z

. By Lemma 4, this
implies that any solution {⇤

si

}
i2[0, 1] to problem (A.21) that is

feasible and such thatπ 1

0

⇤
si


x

+ ⇤
si

di ⇤


z


x

+ 
z

is an optimal solution. Thus, problem (A.21) has a unique
optimal solution in this case; that is,⇤

si

⇤ 
z

,8 i 2 [0, 1].
Replacing this solution into (A.19), we obtain

p

⇤
i

⇤ ↵2
✓
�2

2

◆ ✓


z


x

◆


z

+ 
x

[(1� �)
x

+ 
z

]2 ⇤ p

⇤.

Proof of Part (b). Let � < �(1 + 
z

/
x

), and consider prob-
lem (A.23). In this case, the partial derivative given in (A.24)
evaluated at ⇤

s

⇤ 
z

is negative, so the provider is better off
by offering noisy signals to the firms. Solving for the optimal


s

using a firm’s first-order optimality condition yields

⇤
s

⇤


x

�(1+ �
x

/
z

) < z

.

By Lemma 4, this implies that any solution {⇤
si

}
i2[0, 1] to prob-

lem (A.21) that is feasible and such that
π 1

0

⇤
si


x

+ ⇤
si

di ⇤� z

�
x

(A.25)

is an optimal solution. Finally, replacing (A.25) into (A.19)
yields p

⇤
i

⇤ ↵2(�2/2)(⇤
si

/(4(
x

+ ⇤
si

)
x

). Q.E.D.

Endnotes
1 IRI offers an array of information products at different price points.
For example, the basic “Market Advantage Solution” includes a sum-
mary of industry sales and a detailed analysis of pricing strategies
employed by a firm’s competitors. The premium “Market Advantage
Solution,” on the other hand, provides a more in-depth analysis of
sales and competitors’ pricing strategies along with more specialized
analytic services. The basic product is priced around $10,000 whereas
the price for the premium offering can range between $100,000 and
$500,000.
2 Besides the obvious case of differentiating their data based on its
granularity (say, its coverage or level of aggregation), financial data
providers also use frequency as a dimension to differentiate their
information products. For instance, in the context of the U.S. macroe-
conomic data announcements by various government agencies (such
as monetary policy announcements by the Federal Reserve or non-
farm employment numbers released by the Bureau of Labor Statis-
tics), Kurov et al. (2019) argue that some private data providers
release information to exclusive groups of subscribers before making
it available to others with the documented early releases in the range
of seconds. Also see Mullins et al. (2013) for another example. Thus,
to the extent that slightly outdated information can be considered
as information of lower quality (e.g., because of fast-moving market
conditions), such an environment also exhibits the key features of
our model.

3 Also see Chen and Tang (2015), who study the value of market
information for farmers in developing economies.
4 More formally, suppose that ✓ is distributed according to a Gaus-
sian distribution with mean 0 and variance �2

✓ . By letting �✓ !1,
we obtain a distribution with full support over (�1,1) that, in the
limit, assigns the same probability to all intervals that have the same
Lebesgue measure.
5 Note that, in our baseline setting, the provider offers a signal of the
same precision to all firms i 2 I; that is, ⇠ is independent of i. We
relax this assumption in Section 4 and show that all our insights are
robust to this assumption.
6 See Myatt and Wallace (2015) for micro-foundations for this de-
mand system.
7 We provide the formalism and the required conditions for such a
variant of the law of large numbers in the electronic companion of
the paper. For a thorough treatment of the subject, see Sun (2006)
and Sun and Zhang (2009).
8 Recall from the payoff function (1) that each firm i cares about the
actions of other firms only insofar as these actions impact the aggre-
gate action A. This observation thus implies that any (symmetric)
setting in which firm i observes noisy signals about other firms’ indi-
vidual actions can be mapped into an isomorphic setting in which
firm i only observes a signal about the aggregate action as in (9).
9 It is immediate to see that the setting in which firms’ actions can-
not be contingent on the realization of S

i

reduces to our benchmark
model.
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