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Abstract

I study the incentives of an informed firm to share its private information with
its competitor and the incentives of a regulator to constrain or enforce disclosure in
order to benefit consumers. Firms offer differentiated goods, compete a 14 Bertrand
and one firm has an information advantage about demand over its competitor. I show
that full disclosure of information is optimal for the informed firm, because it increases
price correlation and surplus extraction from consumers. A regulator can increase
expected consumer surplus and welfare by restricting disclosure, but consumers can
benefit from the regulator privately disclosing some information to the competitor.
Disclosure increases the ability of firms to extract surplus from consumers, but private
disclosure creates a coordination failure in firm pricing. The optimal disclosure policy
is chosen to induce goods to be closer substitutes and intensify the competition across

firms.
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Some firms can gather more information than their competitors about market features
like demand, given their size or incumbency status. For instance, online platforms like
Amazon engage in massive data analysis and demand estimation by gathering information
generated through trade and consumer searches that other sellers on the platform can’t repli-
cate. As sellers themselves, they can use this information to guide their own pricing, control
the information observed by other sellers, and potentially make price recommendations as
in Amazon’s Seller’s coaching program. In those settings of information asymmetry, infor-
mation disclosure between firms affects firm behavior and therefore also impacts consumers
and welfare. The use of private information as a competitive advantage by online platforms
and the role of price recommendations as a collusive device have attracted the attention
of regulatory entities in the US and Europe.! This is because, when there is an uneven
distribution of consumer data between firms, regulatory interventions to control information
disclosure can redistribute surplus between firms and consumers, as well as impact welfare.

In this paper, I study the role of information disclosure as a pricing persuasion device
through which a firm with an information advantage or a regulator can influence the pric-
ing of a competing firm. I examine the informed firm’s incentives to commit to share its
private information with its competitor and the role of a regulator who commits to control
information disclosure between firms to benefit consumers. Specifically, this paper analyzes
a stylized duopoly model with information asymmetry about demand which can be low or
high, in which an informed firm privately learns demand and an uninformed firm has no
private information. Firms offer differentiated goods, such that consumer willingness to pay
for a good depends on its substitutability with the competitor’s. Firms compete by simul-
taneously and non-cooperatively setting prices to maximize their expected profits. In this
context, I address the following questions: What is the informed firm’s optimal disclosure
policy as a competitor in the market? How can a regulator constrain or enforce information
disclosure to benefit consumers?

I characterize the optimal disclosure for firms and consumers. The welfare implications
of disclosure are determined by the degree of differentiation between goods, because it deter-
mines the extent to which disclosure affects firm pricing and relative demand in all markets.
Regarding optimal disclosure for firms, I show that full disclosure is optimal for the informed
firm and maximizes producer surplus. Intuitively, with substitutes, firm choices are strate-
gic complements and the informed firm thus benefits from sharing its private information

with the uninformed firm through increased price correlation. In particular, when prices

!See for example media coverage in Fung (2020), Green (2018) and Lardieri (2019).



are correlated, a firm’s competitor will set a high price when it is optimal for the disclosing
firm to set a high price, which raises the disclosing firm’s profits because consumers can
substitute between firms when prices are different. As a result, full disclosure is optimal for
the informed firm. Full disclosure also maximizes producer surplus, because the uninformed
firm also benefits from price correlation as well as from learning about the state. This result
highlights that an informed firm may have incentives to share information even when it has
no information to gain in return, because it can influence the pricing of its competitor.

Regarding optimal disclosure for consumers, my main result is that a regulator should
restrict information disclosure, at least partially.? However, some information disclosure is
not necessarily detrimental to consumers. First, the optimal disclosure is private, such that
the informed firm doesn’t observe the signal realization of the uninformed firm because this
reduces the price correlation between firms which is to the detriment of consumers. Second,
I show that optimal disclosure is determined by the degree of differentiation between goods.
The optimal disclosure policy is chosen to induce goods to be closer substitutes and intensify
the competition across firms.

To see the intuition, information disclosure creates a trade-off for consumers. On the one
hand, it reduces the uninformed firm’s uncertainty about the state, improving the ability of
firms to extract surplus from consumers by increasing price correlation. On the other hand,
private partial disclosure introduces uncertainty about the information observed by a firm’s
competitor. This expands the range of prices in each state, since firms price according to
the expected price of its competitor and its own expected demand. This type of uncertainty
implies that it becomes more likely that the two firms set different prices. Consumers benefit
when this happens, ceteris paribus, because they can then choose from which firm to buy after
observing prices. Overall, the regulator trades-off the opportunity to create this coordination
failure in prices with allowing firms to better extract surplus from consumers. The net effect
depends on the differentiation between goods, because it determines consumers’ willingness
to substitute between goods and therefore the extent to which disclosure affects relative
demand across firms. In particular, note that when the goods are perfect substitutes, the
latter (beneficial) effect of partial disclosure dominates. This is because consumers benefit
greatly from any price differential, given that they just want to purchase the cheapest good

when these are substitute.

To maximize expected welfare, the regulator trades off the effect of disclosure on con-

2Luco (2019) presents empirical evidence that full disclosure can be detrimental for consumers in the

gasoline market in Chile.



sumers and firms. When firms offer sufficiently differentiated goods, no disclosure is optimal,
since the expected loss from disclosure for consumers exceeds the expected gain for firms.
Conversely, when firms offer sufficiently close substitutes, full disclosure is optimal. For
intermediate levels of differentiation, partial disclosure maximizes expected welfare.

When partial disclosure is optimal, 1 also fully characterize the consumer and welfare
optimal disclosure policies. I show that the optimal disclosure policy can be implemented as
price recommendations, recommending a price to each firm conditional on the state subject
to obedience constraints. Proposition 2 shows that the regulator recommends at most two
prices. One of the prices is only recommended when the state is high, revealing the state to
the uninformed firm. The other price is recommended in both states, obfuscating demand.
The optimality of partial disclosure highlights that optimal disclosure is more nuanced when
considering implications for consumers and welfare.

My results can inform current policy debates on the use of private information by firms
who act as both a trading platform and a competitor in the market, as well as the debate
about whether retail price recommendations act as a collusive device. As I show, it can
be optimal for a regulator to intervene by completely preventing or forcing information
disclosure, or by designing disclosure policies to partially inform the uninformed firm. Since
disclosure policies can be interpreted as price recommendations, these recommendations can
help consumers, and abstaining from regulation minimizes consumer surplus. Lastly, my
results highlight that it is crucial to consider the strategic environment to understand the

welfare consequences of information sharing.

Related literature. This paper contributes to the literature on strategic information shar-
ing in oligopolies with commitment and the literature on information design in games.?
Incentives for information sharing about demand among competing firms with symmetric
private information and normally distributed linear demand were first studied in Novshek
and Sonnenschein (1982), Clarke (1983) as well as Vives (1984), and later generalized in
Raith (1996).* In these papers, firms commit to share their private information with an

intermediary, which then discloses a common signal to all firms to maximize industry-wide

3Papers like Benoit and Dubra (2006) show that agents’ ex-ante and ex-post incentives for information

sharing can be disaligned, such that commitment is key.
4Other papers in this literature include Gal-Or (1985), Li (1985), Kirby (1988) and Vives (1990). In-

formation sharing about costs are studied in papers like Fried (1984), Gal-Or (1986), Sakai (1986) and
Shapiro (1986), in which incentives to share information are reversed for firms. Information sharing about
costs with Bertrand competition is strategically equivalent to sharing about values in first price auctions
(Engelbrecht-Wiggans et al. (1983), Fang and Morris (2006), and Bergemann et al. (2017)).



profits. These papers focus on the producer surplus optimal public disclosure and on the
regulation of industry-wide information sharing by trading organizations. They show the
optimality of full disclosure for firms when they compete by choosing prices and offer imper-
fect substitutes. Instead, I study the incentives of an individual firm to share information
to influence its competitor’s behavior in a setting of informational advantage, in which the
distribution of the uninformed firm’s signal is unrestricted.” My results show that it can be
optimal for a firm to unilaterally disclose information about demand to a competitor even
without receiving information in return, because disclosure influences competitor behavior
and acts as a pricing persuasion device.® Further, full disclosure is not only optimal for the
informed firm, but also for producer surplus. The intuition for this result relates to Angele-
tos and Pavan (2007), who study the social value of information with normally distributed
signals and find that producer surplus increases with the precision of both public and private
signals.

In contrast with this literature, I also analyze the effects of information disclosure on
consumers. Vives (1984) and Calzolari and Pavan (2006) show that information disclosure is
not necessarily harmful to consumers. Vives (1984) illustrates this by comparing the utility
of a representative consumer across full and no disclosure when firms share symmetric private
information. Calzolari and Pavan (2006) study a sequential setting in which the Stackelberg
leader must provide incentives to consumers to reveal their private information to be able to
share it with its follower. They focus on the leader’s optimal disclosure policy, whereas I focus
on the optimal disclosure for consumers. Regarding welfare, Vives (1984) also shows that
full disclosure dominates no disclosure if and only if firms offer sufficiently close substitutes,
yet I show that restricting to full and no disclosure is with loss of generality since partial
disclosure can be consumer and welfare optimal. My results regarding welfare relate to Ui
and Yoshizawa (2015), who study the social value of information restricted to symmetric
normally distributed signals and symmetric equilibria. They show that welfare decreases
in the precision of private information and increases in the precision of public information
if goods are close substitutes, intuitively related to the optimality of either full or private

partial disclosure as I fully characterize in this paper.

®Bergemann and Morris (2013), Bergemann et al. (2015b) and Eliaz and Forges (2015) analyze producer
optimal disclosure in Cournot settings with perfect substitutes and information symmetry. They show that
it is with loss of generality to restrict attention to a common and, hence, perfectly correlated disclosure.

6In sequential settings, the role of current choices as a costly persuasion device to influence the precision of
future information has been studied in Mailath (1989), Mirman et al. (1993), Mirman et al. (1994), Harrington
(1995), Keller and Rady (2003), Taylor (2004), Bernhardt and Taub (2015), Bonatti et al. (2017).



More broadly, the paper contributes to the literature on information design in games
as studied in papers like Taneva (2019) and Mathevet et al. (2020). I characterize the op-
timal recommendation mechanism in a Bertrand setting with product differentiation and
information asymmetry.” It is most closely related to the literature on consumer optimal
information design, which analyzes the effect of information about buyers’ valuation on pric-
ing and welfare allocation. This literature has focused on buyer optimal learning, consumer
optimal market segmentation and on the incentives of consumers to disclose their prefer-
ences to firms. Within the buyer optimal learning literature, Roesler and Szentes (2017)
analyzes the effect of a buyer’s information on monopoly pricing and characterizes opti-
mal buyer learning. In a duopoly setting, Armstrong and Zhou (2019) studies competition
between firms when consumers observe a private signal about their valuation and charac-
terizes consumer optimal learning. Within the consumer optimal segmentation literature,
Bergemann et al. (2015a) analyzes the welfare consequences of a monopolist having access
to additional information about consumer preferences and characterize the feasible welfare
outcomes achieved by segmentation. Li (2020) extends the insights from Bergemann et al.
(2015a) to an oligopoly setting and characterizes the consumer-optimal market segmenta-
tion in competitive markets. Elliott et al. (2020) studies how information about consumer
preferences should be distributed across firms which compete by offering personalized dis-
counts to consumers and provides necessary and sufficient conditions under which perfect
segmentation can be achieved. Lastly, Ichihashi (2020) studies the welfare effects of con-
sumers disclosing information about their valuation with a monopolist, whereas Ali et al.
(2020) analyzes the consumer optimal disclosure of information about their preferences in
monopolistic and competitive markets. In contrast, I focus on the welfare consequences of an
unequal distribution of consumer data across firms and the effect of information disclosure
between firms. In particular, I characterize the consumer optimal disclosure policy between
firms, which affects consumers indirectly by affecting prices.

The remainder of the paper is organized as follows: Section 1 presents the model, Section
2 derives the informed firm optimal disclosure, Section 3 derives the consumer optimal dis-
closure, Section 4 derives the producer and welfare optimal disclosures, Section 5 discusses

extensions and robustness of results, and Section 6 concludes.

"In contrast, Bergemann et al. (2021) study a setting in which identical firms offer an homogeneous
good, compete by setting prices and are uncertain about the number of price quotes a consumer receives.
They identify how the equilibrium price dispersion depends on the distribution of the price count and the

information firms have.



1 Model

Two symmetric firms offer horizontally differentiated substitutes and compete by simultane-
ously setting prices. Firm profits depend on the realization of a binary payoff-relevant state,
0 € ©=1{0r,0y} with 8y > 0, > 0. Firms share a common prior about the state where
the probability of 6§ € © is denoted by s € (0,1) and face symmetric demand. Firm i’s
demand at price vector p = (p;, p—i), q(p; 0), is continuous and differentiable and satisfies the

following properties:

. 3q(p; 9) aCI(pS 9) aq(p; 9)
LA A I P
i) i 0, 7 0 and ~ > 0,
i1) | q(p;‘é’)l > | q(p_,0)| for all p and

. 0%q(p; 0) q(p; 0)
7 >0 f 11 — 2 >0.
i11) Do > 0 for all p and 2005, 0

The first condition ensures that quantity demanded decreases as price increases, and that
the state and the price of the competitor are positive demand shifters. The second condition
implies that goods are differentiated and that a change of its own price has a bigger effect on
the demand than a change of the price of a competitor.® Lastly, the third condition ensures
that the elasticity of demand of firm 7 is a non-increasing function of the other firm’ price
and that the demand is supermodular in the state 6 and the price of the other firm p_;. I

restrict attention to distributions of the payoff-relevant state that satisfy Assumption 1.

Assumption 1 The difference between 01 and 0y s sufficiently small such that both firms

are active in the market.

Assumption 1 imposes an upper bound on the difference between the low and high state,
ensuring that equilibrium prices and quantities are strictly positive for both firms, for any
information they may have about the state. This assumption restricts attention to the effect
of information disclosure on prices, isolating it from the potential effect of inducing a firm

to be “priced out" of the market when it selects prices that are not competitive.

Firm ex-post profits. Assume that firms’ costs are zero.” Hence, firm i’s ex-post profits,
I; : R% x © — R, correspond to

ILi(p; 0) = pi - q(p; 0).

Assume that firm’s ex-post profits are strictly concave in p;.

8This ensures that equilibrium prices are finite.
Including linear or quadratic costs has no impact on the results.
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Ex-post consumer surplus. Let Q(-;0) : R?, — R? with Q;(p,0) = ¢(p,0) denote the

demand system. Under the stated assumptions, i) @ is continuously differentiable and

dq(p;0)  Oq(p;0)

apl (9]92
dq(p;0) Oq(p;0)
apl apz

is ii) symmetric and iii) negative semi-definite. Nocke and Schutz (2017) shows that quasi-
linear integrability of demand is equivalent to these three properties of the demand system.
In particular, under these conditions, the indirect utility v : ]R%r + — R function is unique up
to an additive constant, continuously differentiable and \yv = —(). Hence, given the state 0

and prices (pf,p*;), ex-post consumer surplus is characterized by v(p*;6).

Information environment. Firm 1 (the informed firm) learns the state, whereas firm
2 (the uninformed firm) initially has no information beyond the common prior. Assume
that a designer can restrict (or require) information sharing between firms by choosing the
information observed by the uninformed firm. In the spirit of information design, the designer
selects and commits to an information structure before the realization of the state which
discloses none, some, or all of the informed firm’s private information to the uninformed firm.
Let Sy be the set of signal realizations observed by firm 2. An information structure consists
of a set of signal realizations Sy and a family of conditional distributions 15 : © — A(Ss).
The information structure is observed by both firms but signal realizations are private.

Specifically, the timing is as follows: (i) the designer selects and commits to an infor-
mation structure (Ss, 1) observed by both firms; (ii) the state 0 is realized and privately
observed by the informed firm; (iii) the signal realization is realized and privately observed
by the uninformed firm according to (S3,%5); (iv) firms update their beliefs according to
Bayes’ rule and simultaneously choose prices; (v) payoffs are realized.

Two features on the information structure warrant further discussion. First, the com-
mitment assumption is standard in the literature and can be interpreted as a reputation
concern.'® In practice, Amazon shares data with other firms through algorithmic price rec-
ommendations based on consumer searches and purchases. We should expect that Amazon
to use automated recommendations, rather than designing a new algorithm each time de-
mand for a given product is realized. Second, for any disclosure policy, consumers are better

off when signals are private, while it has no effect on optimal disclosure for firms.!! One

10Gee for example Mathevet et al. (2019), Vives (1984), Novshek and Sonnenschein (1982) or Bergemann

et al. (2015b).
HSimilarly, Bergemann et al. (2015b) shows in a Cournot setting that it is with loss of generality to restrict



interpretation of private disclosure is that the informed firm observes the uninformed firm’s
signal realization, but doesn’t condition its pricing on it. For example, Amazon may observe
the recommendations made to sellers, but any given recommendation typically does not feed

back into its pricing.

Pricing game. Fizing the information structure (Sa,15), firms play a pricing game in

which they condition their pricing on their information by selecting mappings
ﬁl 10— A(R+) and BQ : SQ — A(R+>

to maximize their expected profits.}? The solution concept is Bayes Nash equilibrium (BNE).
A strategy profile (01, 52) is a BNE if, for all p; € supp f;, p; in state § maximizes firm 1’s
expected profits given the signal distribution ¢, and the distribution of prices set by firm 2,
B2 whereas py of signal s, maximizes firm 2’s expected profits given the prior distribution of
the state and the distribution of prices set by firm 1. Formally,

/ / Ty ((pr. p2): 6)dBa(pals2)diin(s2f) > / / I (P}, p2): 0)dBa(pals) dibn(sald) (1)
So JRy So JR4
for all p; € Ry and 6 € © and

Zue/ I ((p2; p1); 0)dpr(p1l0) > ZM@/ I((py, p1); 0)dB1(p1|0) (2)
) )
for all p,, € R, and sy € Ss.

For any information structure (Ss, 1), the existence and uniqueness of the BNE is guar-
anteed by Ui (2016), which provides sufficient conditions for the existence and uniqueness of
the BNE in Bayesian games with concave and continuously differentiable payoff functions.
This result is formalized in Lemma. 1. The proofs of this result and all subsequent others are

in Appendix A.2.

Lemma 1 For all information structures (Sz,102), there is a unique BNE in the pricing

game.

Information disclosure. The choice of information structure (.Ss, 102) determines the equi-

librium in the pricing game. The designer chooses an information structure to maximize its

attention to public information disclosure, since it comes at the cost of ex-ante welfare.
2Note that different information structures (Ss, 1)) induce different optimal strategies for both firms.



ex-ante expected payoff inducing (37 (p1]0), B35 (p2|s2)) as the BNE of the pricing game.'3 For-
mally, let W (1);~) denote the designer’s expected payoff where v; € [0,1] with v +72 < 1
represents the welfare weight that the designer attaches to firm ¢. Then,

W (7)) = Y %+ s i (0); )] + (1 — 31— 12)Eu) [0(050)],
i=1,2
where
E(u,%) i(p %MH/ /R+ /]R+ (pi, p—i); 0)dBT (p1]0)d B3 (pals2)dipa(s2|0)

is firm i’s expected profits and

B i) [050)] = 3 o / || 00051 u10)a53 ulse)ava(sal)

0cO

is consumer surplus.

The interpretation of the role of the designer varies depending on their objective function.
If 71 = 1, the designer’s objective is to maximize the informed firm’s expected profits, then
it is as if the informed firm is choosing how much information to disclose to its competitor.
[fy =7 = %, the designer’s objective is to maximize expected producer surplus, it is as if
there is a collusive agreement between firms to determine optimal disclosure of information
among them. If vy = 75 = 0 or 71 + 72 # 1, the designer’s objective is to maximize expected
consumer surplus or welfare respectively, then the interpretation of the designer is as a

regulator.

Equivalence to recommendation mechanisms. The revelation principle for games of
communication simplifies the information design problem by constraining the set of informa-
tion structures. Taneva (2019) shows that it is without loss of generality to restrict attention
to information structures where signals are equilibrium recommendations conditional on the
state. I present an extension to compact action spaces and bounded, continuous real-valued

payoff functions, restricting attention to p; € [0,p] for all i € {1,2}.1* In a recommendation

131 make the additional assumption that firms do not update their beliefs about the state after observing
a deviant information structure. Since the designer chooses the information structure before the state is
realized, strategic independence only requires this additional constraint and, therefore, this solution concept

is equivalent to Perfect extended Bayesian Equilibrium. See Battigalli (1996) or Watson (2016) for details.
4 The strict concavity of firm’s ex-post profits in p; imply that firms’ profits are bounded and continuous

functions. Moreover, there exists p such that it is without loss of generality to restrict attention to the

compact action space p; € [0,7].
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mechanism, the pricing rule 0 : © — A ([0,]_)]2) recommends a price for each firm such that
the obedience constraints are satisfied, ensuring that firms are willing to follow the recom-
mendation. Any pricing rule which satisfies the obedience constraints is a Bayes Correlated
Equilibrium (BCE) as introduced by Bergemann and Morris (2013).!% That is, a pricing rule
c:0 = A ([0,1_9]2) is a BCE if

Sho [ W 00oele) =Yg [ (). 0)dorl0

9O p—i€[0,7] €O p—i€[0,p]

for all p; € supp o, p, € [0,p], and i € {1, 2}, such that the distribution of the informed firm’s
price given the state is degenerated. Every possible BCE distribution can be replicated as
a BNE by appropriately choosing the information structure. A detailed discussion of this

equivalence is presented in Appendix A.1.

Existence of the optimal mechanism. The existence of the optimal recommendation
mechanism stated in Lemma 2 is guaranteed by the Weierstrass extreme value theorem.
First, the existence of correlated equilibria for games in which players receive private signals
and simultaneously choose actions from compact sets is established in Stinchcombe (2011).
Second, the set of BCE is compact in the weak* topology, since it is the set of all probability
meastures on a compact set.'® Then, the designer’s problem is to maximize a continuous

function of o over a non-empty compact set.
Lemma 2 The optimal recommendation mechanism exists.

Simplifications. The existence and uniqueness of BNE imply that it is sufficient to restrict
attention to the distribution o(ps|@) since for any obedient recommendation mechanism there
exists a function p; (0, o(p2|f)) which represents firm 1’s best response when the state is

and the price recommendations are given by o where
P00 (i) = argmax | T (p:0)do(ralo)
p2
By Leibniz rule, p1(0, 0(p2|6)) is implicitly characterized by
0 J, 4®; 0)da(pa]f)
op

l/m@wmm+

15Tn my model, unlike in Bergemann and Morris (2013) in which both players are uninformed about the

state, firm 1 learns the state before selecting prices. The definition of BCE is adapted to account for this.
16Firms have no incentives to set prices above the full disclosure price p¥ () or below p*'(61), because such

prices would never be part of a BNE of the pricing game. Hence, the support of any obedient recommendation

mechanism must be a subset of [pf(61), p% (05)]°.
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Furthermore, for any information structure o, the set of recommended equilibrium prices for
firm 2 in the pricing game is a subset of the interval between the equilibrium prices with full

disclosure. This is formalized in Lemma 3.

Lemma 3 The support of any obedient distribution o(p|0) is a subset of [p* (0r), " (0x)]
Jor all 0 € © where p'' () is the equilibrium price with full disclosure when the state 0 is

realized.

2 Informed firm optimal disclosure

In this section, the informed firm directly determines its optimal information disclosure.
That is, assume that the designer’s objective is to maximize the informed firm’s expected

profits,

Wi(o,(1,0)) = Euo[th(p; 0)] = Zm/ﬂl(p; 0)do(pl6).
0cO
The informed firm chooses a feasible obedient recommendation mechanism ¢ to maxi-
mize its expected equilibrium profits in the pricing game. From its point of view, whether
disclosure is private or public has no impact on the optimal disclosure policy. Proposition 1

states that it is optimal for the informed firm to share its information.

Proposition 1 (Informed firm optimal disclosure) It is optimal for the informed firm

to fully reveal its private information to the uninformed firm.

The optimal disclosure policy is determined by the fact that pricing choices are strate-
gic complements since the informed firm’s expected equilibrium payoff conditional on the
state, E, [IT;(p; 0)|0], is supermodular in the state and the price of the other firm given our
assumptions on the demand system. This determines the effect of changes in the precision
of the uninformed firm’s signal on the informed firm’s expected profits. Then, maximizing
the informed firm’s expected equilibrium profits is equivalent to maximizing the distance
between the expected equilibrium prices set by the uninformed firm across states, E,[p2|0;]
and E,[ps|0y]. Increasing the precision of the signal observed by the uninformed firm in-
creases the correlation between its expected price and the state and, therefore, variation
in its expected price. As a result, full disclosure maximizes the informed firm’s expected

profits.”

17This result relies on Assumption 1. Otherwise, if the high state is sufficiently high and the uninformed

12



Intuitively, increasing the precision of the signal observed by the uninformed firm in-
creases its certainty about the state, increasing (decreasing) expected demand when its pos-
terior beliefs suggest that the high (low) state is more likely. Accordingly, the uninformed
firm increases its expected equilibrium price in the high state and decreases it in the low
state. As a result, with substitutes, more precise information disclosure increases (decreases)
the informed firm’s expected demand in the high (low) state. In the high state, a higher
expected demand allows it to increase its price. The informed firm then increases its profits
by raising the price on inframarginal consumers who were already buying its product and by
gaining marginal consumers from the uninformed firm’s market. The opposite is true in the
low state since it charges a lower price and faces lower demand, but the expected profit gain
in the high state exceeds the expected loss in the low state given the larger size of the market.
Hence, the informed firm benefits from price correlation and its expected equilibrium profits
increase in the precision of the uninformed firm’s signal. Since this precision is maximized
by full disclosure, it is optimal for the informed firm to fully disclose its private information.
18

Information disclosure impacts the surplus allocation between firms. It is straightforward
to show that it is also optimal for the uninformed firm to learn the state, because it increases
the correlation between its pricing decisions and the state and, thus, full disclosure maximizes
expected producer surplus.

This result is intuitively related to Kamenica and Gentzkow (2011), which finds that
full disclosure is optimal when a sender’s expected payoff is strictly convex. However, this
result doesn’t directly apply to my setting, since the informed firm (the sender) and the
uninformed firm (the receiver) play a game after the uninformed firm privately observes
its signal realization. As such, payoffs not only depend on the state and the action of the
uninformed firm, but also on the action of the informed firm. My results highlight that
their intuition holds more broadly, not only in decision problems, but also in games in which
payoffs are supermodular in the state and the actions of others. Kolotilin and Wolitzky (2020)
obtain a related result in a setting in which the sender and the receiver do not interact. They

show that supermodularity of the sender’s objective function with respect to the state and

firm observes a sufficiently uninformative signal about demand, its prices can be only competitive when
the state is high. Then, the informed firm can be effectively a monopolist when demand is low if it shares
sufficiently imprecise information about the state. Therefore, from the informed firm’s perspective, sharing

their private information could harm it, because it can induce more competition when demand is low.
181t is optimal for the informed firm to share none of its private information with the uninformed firm

when firms offer complements. These results also extend to Cournot competition using usual equivalence

arguments.
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the receiver’s action is a sufficient condition for the optimality of full disclosure in decision
problems.

My results strengthen findings from previous work (Vives (1984), Vives (1990) and Raith
(1996)), by showing the optimality of either full or no information disclosure in a setting
of information asymmetry where the distribution of the uninformed firm’s signal and the
correlation with the informed firm’s signal are unrestricted.!® One takeaway is that it can be
optimal for a firm to disclose information to a competitor even when it has no information

to gain in return, because the firm can use disclosure to influence competitor prices.

3 Consumer optimal disclosure

In this section, I interpret the designer as a regulator whose objective is to maximize expected
consumer surplus. We can interpret the regulator as a consumer protection agency who
requires the informed firm to make its private information available to them. It can then
privately share all or a subset of this information with the uninformed firm.2°

In particular, assume that the designer’s objective is to choose an obedient price recom-

mendation mechanism ¢ that maximizes expected consumer surplus, given by

W(0:(0,0)) = Eguo o(p36)] =3 o [ 0(3:0)dr (o).

0co

First, I show that the consumer optimal recommendation mechanism recommends at
most two prices. If the optimal recommendation mechanism discloses some information, I
show that it recommends a high price only recommended in the high state and a low price
recommended in both states. The recommended prices maximize the uninformed firm’s
expected profits given its beliefs about the state. Then, the optimal price recommendation
mechanism is characterized by the probability of recommending the low price in the high
state, denoted by A\*, where \* determines the recommended prices p;, and py and is chosen

to maximize expected consumer surplus subject to firm optimal pricing.

Proposition 2 (Consumer optimal recommendation mechanism) Any consumer op-
timal recommendation mechanism recommends at most two prices. If an optimal mechanism
discloses information, then there exists an optimal mechanism that recommends one price

pu only when the state is high and another price pr, in both states.

They also strengthen results from Novshek and Sonnenschein (1982), Clarke (1983) and Gal-Or (1985),
given that Cournot with substitutes (complements) is equivalent to Bertrand with complements (substitutes)

from the point of view of firms, as discussed in Raith (1996).
20 Alternatively, the regulator can require the informed firm to directly share a specific subset of its infor-

mation with the uninformed firm, as long as the informed firm’s pricing cannot be conditioned on it.
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Intuitively, consumers gain from disclosure when there are differences in firm pricing.
When the state is low and the informed firm sets a corresponding low price, recommending
an intermediate rather than a high price to the uninformed firm would provide less benefit
to consumers, implying that it is best for consumers for at most a low and a high price to
be recommended. Given that no intermediate price would be recommended in the low state,
an intermediate price recommendation would reveal to the uninformed firm that the state
is high, but the uninformed firm would only be willing to set the high price in that case.
Hence, an optimal price recommendation mechanism recommends at most two prices.

The sketch of the proof of Proposition 2 is as follows. First, I show that at most two
prices are recommended in a state if only one price is recommended in the other state. If
a unique price p is recommended in one state, observing any other recommendation py # p
reveals the state to the uninformed firm. When the uninformed firm knows demand, the
obedience constraint implies that there is a unique price that it is willing to set. As a result,
it is not possible to recommend more than two obedient prices across states. Second, I show
that it is optimal for the regulator to recommend a unique price in one state. These results
imply that the optimal information structure sends at most two price recommendations.

Some of the intuition behind the characterization of the optimal disclosure relates to
Kamenica and Gentzkow (2011). They show that there exists an optimal mechanism which
induces a distribution of posteriors whose support has no more than |©| elements, here
corresponding to at most two prices. However, as they discuss themselves, their results do
not apply to settings with multiple receivers whose payoffs depend on each others’ actions
and in which the designer (the regulator) can send private signals to each receiver. This is
because, for a given set of beliefs that firms hold after observing their signals, their actions
may vary as a function of the disclosure policy that produced those beliefs. Accordingly, I
extend the intuition behind their results to a setting in which firms privately observe a signal
about demand before engaging in Bertrand competition with differentiated goods.

The optimal disclosure is formalized in Proposition 3. Partial disclosure is optimal for

consumers when firms offer sufficiently close substitutes. Otherwise, no disclosure is optimal.

Proposition 3 (Consumer optimal disclosure) If the designer’s objective is to maxi-
mize expected consumer surplus, the optimal disclosure policy is chosen to induce goods to

be closer substitutes and intensify the competition across firms.

Intuitively, the impact of disclosure on consumer surplus is determined through two chan-
nels. On the one hand, disclosure provides the uninformed firm with information about the

state, which increases the correlation between its pricing and the state. Indirectly, this also
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increases pricing correlation across firms. Accordingly, in expectation, firms more accurately
tailor their prices to the demand they face, allowing them to better extract surplus from con-
sumers. On the other hand, it creates uncertainty in firms’ pricing decisions, because both
firms now have private information. Even if disclosure increases expected price correlation
between firms, uncertainty about the signal realization observed by their competitor gener-
ates a pricing coordination failure with positive probability. That is, the uninformed firm
may observe a signal realization that mismatches with the state, setting a price tailored to
the incorrect state. In contrast, the informed firm sets a price tailored to the realized state.
When the mismatch occurs and firms set different prices, consumers benefit by selecting from
which firm to purchase after observing prices.

The relative impact of these effects is determined by the degree of differentiation between
goods. When goods are close substitutes, a price differential between firms caused by par-
tial private disclosure induces a large segment of the market to buy from the firm with a
comparatively low price, creating large gains in consumer surplus with positive probability.
In contrast, when goods are not close substitutes, the pricing coordination failure has lit-
tle impact on the demand that firms face, yielding negligible benefits. Accordingly, when
goods are sufficiently close substitutes, private partial disclosure creates a large enough ex-
pected benefit from a potential price coordination failure for the regulator to impose partial
disclosure. Otherwise, no disclosure is optimal.

The sketch of the proof is as follows. First, I verify that no disclosure is always better
for consumers than full disclosure. Second, I show that the difference between the expected
consumer surplus with partial and no disclosure is a continuous and strictly increasing func-
tion of the degree of substitution. Third, I show that there exists a cutoff in the degree of
differentiation above which partial disclosure is optimal.

The information environment I consider represents a lower bound on the potential benefits
for consumers, because the benefits of private disclosure are minimized when there is complete
information asymmetry between firms. This is because, when the informed firm is only
partially informed, the regulator can induce a coordination failure in firm pricing with higher
probability.

Furthermore, consumers can also benefit from disclosure when the uninformed firm’s
signal realization is noisily observed by the informed firm. As long as the informed firm is
sufficiently uncertain about the information observed by the uninformed firm, it is possible for
the regulator to create the coordination failure in prices with sufficiently high probability.
Therefore, the optimality of partial disclosure doesn’t rely on the fact that information

disclosure is private, even though private disclosure maximizes the probability of inducing
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the coordination failure and is, as a result, optimal for consumers.

4 Welfare optimal disclosure

Assume that the designer, interpreted as a regulator, wants to maximize expected welfare,
defined as the sum of expected consumer and producer surplus. Incentives for partial disclo-
sure are driven by the effect of disclosure on consumer surplus. The qualitative features of
the policy are shared with the consumer optimal one, that is, any optimal partially informa-
tive recommendation mechanism has binary support, recommends one price only when the
state is low, and another price in both states.

In this context, the regulator trades off the effect of information disclosure on firms and
consumers, given their conflicting preferences over disclosure policies. In particular, firms’
expected profits are maximized by full disclosure, whereas expected consumer surplus is
maximized by no or partial disclosure. However, the benefits from disclosure for both firms
and consumers increase as firms offer closer substitutes. When firms offer sufficiently close
substitutes, full disclosure is optimal since it is optimal for firms and their expected gains
exceed expected losses for consumers. When firms offer sufficiently differentiated substitutes,
no disclosure maximizes expected welfare since it is optimal for consumers and the expected
gains for firms from disclosure are small. For intermediate levels of differentiation, partial
disclosure is optimal. The levels of differentiation for which in each type of disclosure is
optimal depend on the welfare weights, 7, and ~;: for sufficiently high 1 — ~; — 75, only no
or partial disclosure can be optimal; for sufficiently low values of w, full disclosure is always
optimal.

Ui and Yoshizawa (2015) reach a similar conclusion, restricting attention to symmetric
normally distributed private and public signals. When firms offer substitutes, they show
that welfare decreases in the precision of private information and increases in the precision
of public information, related to the optimality of either partial or full disclosure. These
results suggest that a regulator whose objective is to maximize welfare faces a trade off
between consumer and producer surplus, and must take into account the relationship between
markets. They highlight that the task of a regulator can be more nuanced than simply

banning or releasing information: the exact design of information matters.

5 Robustness of results

In this section, I discuss the robustness of the results and how they change as I enrich the

model.
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First, consumers are better off when signal realizations are private instead of public since
they benefit from the induced uncertainty between firms, whereas firms’ optimal disclosure
remains the same. When signals are public, the gain from partial disclosure disappears and
no disclosure is optimal for consumers. However, consumers can also benefit from disclosure
when the uninformed firm’s signal realization is noisily observed by the informed firm. As
long as the informed firm is sufficiently uncertain about the information observed by the
uninformed firm, it is possible for the regulator to create the coordination failure in prices
with sufficiently high probability. Therefore, the optimality of partial disclosure doesn’t rely
on information disclosure being private.

Second, consumers benefit more from partial disclosure as the asymmetry in market size
between firms increases, implying that their benefits from partial disclosure are minimized
when firms face markets of the same size. While firm preferences for information remain
unaltered, partial disclosure increases consumer surplus in the informed firm’s market and
reduces it in the uninformed firm’s market. Then, when the informed firm faces a bigger
market than the uninformed firm, incentives for partial disclosure are larger. Hence, par-
tial disclosure is optimal for a bigger range of degrees of differentiation. In practice, this is
specially relevant since firms with an information advantage may often be larger, like Ama-
zon. Lastly, the features of the consumer and welfare optimal recommendation mechanism
generalize to this case.

Third, the main intuition of the consumer optimal disclosure extends to the case in which
N firms compete a la Bertrand and the designer selects an information structure from a
constrained set. Suppose that the designer commits to an information structure with private
signals to share all of the informed firm’s private information with a subset of firms and no
information with the rest. The informed firm’s expected equilibrium profits are maximized by
sharing its private information with all other firms, because it benefits from price correlation.
However, 1 conjecture that if the designer’s objective is to maximize expected consumer
surplus, information disclosure between firms is at least partially restricted. The optimal
information structure is determined by the degree of substitution and the number of firms
in the market. It is optimal to share information with more firms as the number of firms
increase in the market and as firms offer closer substitutes, but it is optimal to leave at least
a fraction of firms uninformed. By leaving some firms uninformed, the designer is able to
increase price heterogeneity, benefiting consumers.

Fourth, the informed firm’s incentives to share information are amplified if it can charge
a fee to the other firm to use its platform, but that consumer optimal and welfare optimal

disclosures remain unaltered. Furthermore, the producer surplus optimal disclosure remains
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unchanged, since this represents a transfer between firms.

Fifth, the informed firm’s incentives for information sharing are reversed when firms offer
complements and the producer surplus optimal disclosure depends on the degree of comple-
mentary between goods. When goods are complements, disclosure increases the uninformed
firm’s profits, but reduces the informed firm’s profits. In particular, if goods are sufficiently
complementary, competitor prices have a significant impact on demand. Then, the negative
effect of increased pricing correlation on the informed firm’s profits exceeds the positive effect
of learning about the state on the uninformed firm’s profits. As a result, no disclosure is
optimal. Otherwise, full disclosure is optimal.

Sixth, the proofs of Proposition 1 and Proposition 3 hold more generally for [0, 0y],
whereas the characterization of the optimal disclosure policy, Proposition 2, holds for {0, 05 }.
In particular, considering more states would require increasing the number of price recom-

mendations.

6 Conclusion

This paper studies information disclosure in a setting where two competing firms face ex-ante
information asymmetry about demand. I examine the incentives of an informed firm to share
its private information with a competitor in a market with product differentiation and price
competition. I show that the informed firm can have incentives to fully disclose its private
information even without receiving information in return, because it allows it to influence
competitor pricing. When firms offer substitutes, they benefit from price correlation, which
implies that it is optimal for the informed firm to fully reveal its private information to the
uninformed firm.

Information disclosure also impacts consumers. Even though complete information dis-
closure can help firms, it hurts consumers. I find that a regulator with the objective of
protecting consumers would either completely restrict information disclosure between firms
or only allow private partial disclosure, determined by the degree of differentiation between
goods. If goods are sufficiently close substitutes, partial disclosure is optimal, because it in-
creases the benefit for consumers to reallocate across markets. The consumer optimal partial
disclosure reveals low demand and obfuscates high levels to the uninformed firm.

Moreover, preferences for information disclosure between firms and consumers are not
aligned. If firms offer sufficiently differentiated goods, no disclosure maximizes expected
welfare. If firms offer sufficiently close substitutes, full disclosure is optimal. For inter-
mediate levels of differentiation, partial disclosure is optimal. Since incentives for partial

disclosure arise from consumers, the optimal partial disclosure also reveals low and obfus-
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cates high demand to the uninformed firm. My results highlight the wide scope for potential
intervention by regulators, depending on their objective function and product differentiation.

This paper speaks in a preliminary form about the competition issues that arise when
there is an unequal distribution of consumer data among firms. An important aspect not
considered in this paper is the effect of information disclosure on firm entry and exit deci-
sions. In particular, the informed firm could reduce its information disclosure, reducing its
current profits to increase its market share and future profits by inducing uninformed firms
to exit the market. In this context, a regulator may have incentives to force information
disclosure between firms to maintain competition, which could indirectly benefit consumers.
Furthermore, if firms could choose their product offering and the state reflected consumer
preferences over horizontally differentiated goods, an informed firm may not want to disclose
information if it would lead their competitor to offer a similar product and intensify price

competition.

References

S Nageeb Ali, Greg Lewis, and Shoshana Vasserman. Voluntary disclosure and personalized
pricing. In Proceedings of the 21st ACM Conference on Economics and Computation,
pages 537-538, 2020.

Charalambos D. Aliprantis and Kim C. Border. Infinite Dimensional Analysis: A Hitch-
hiker’s Guide. Springer-Verlag Berlin and Heidelberg GmbH & Company KG, 2013.

George-Marios Angeletos and Alessandro Pavan. Efficient use of information and social value
of information. Econometrica, 75(4):1103-1142, 2007.

Mark Armstrong and John Vickers. Which demand systems can be generated by discrete
choice? Journal of Economic Theory, 158:293-307, 2015.

Mark Armstrong and Jidong Zhou. Consumer information and the limits to competition.
2019.

Richard F. Bass. Regular conditional probabilities, page 380-381. Cambridge Series in Sta-
tistical and Probabilistic Mathematics. Cambridge University Press, 2011.

Jean-Pierre Benoit and Juan Dubra. Information revelation in auctions. Games and Eco-
nomic Behavior, 57(2):181-205, 2006.

20



Dirk Bergemann and Stephen Morris. Robust predictions in games with incomplete infor-
mation. Econometrica, 81(4):1251-1308, 2013.

Dirk Bergemann and Stephen Morris. Bayes correlated equilibrium and the comparison of

information structures in games. Theoretical Economics, 11(2):487-522, 2016a.

Dirk Bergemann and Stephen Morris. Information design, bayesian persuasion, and bayes
correlated equilibrium. American Economic Review, 106(5):586-91, 2016b.

Dirk Bergemann, Benjamin Brooks, and Stephen Morris. The limits of price discrimination.
American Economic Review, 105(3):921-57, 2015a.

Dirk Bergemann, Tibor Heumann, and Stephen Morris. Information and volatility. Journal
of Economic Theory, 158:427-465, 2015b.

Dirk Bergemann, Benjamin Brooks, and Stephen Morris. First-price auctions with general
information structures: Implications for bidding and revenue. Econometrica, 85(1):107—
143, 2017.

Dirk Bergemann, Benjamin Brooks, and Stephen Morris. Search, information, and prices.
Journal of Political Economy, 129(8):000-000, 2021.

Dan Bernhardt and Bart Taub. Learning about common and private values in oligopoly.
The RAND Journal of Economics, 46(1):66-85, 2015.

Alessandro Bonatti, Gonzalo Cisternas, and Juuso Toikka. Dynamic oligopoly with incom-
plete information. The Review of Economic Studies, 84(2):503-546, 2017.

Iwan Bos, Dries Vermeulen, et al. On the microfoundation of linear oligopoly demand, 2019.

Giacomo Calzolari and Alessandro Pavan. On the optimality of privacy in sequential con-
tracting. Journal of Economic theory, 130(1):168-204, 2006.

Yongmin Chen and Michael H Riordan. Price and variety in the spokes model. The Economic
Journal, 117(522):897-921, 2007.

Richard N Clarke. Collusion and the incentives for information sharing. The Bell Journal
of Economics, pages 383-394, 1983.

Kfir Eliaz and Frangoise Forges. Information disclosure to cournot duopolists. FEconomics
Letters, 126:167-170, 2015.

21



Matthew Elliott, Andrea Galeotti, and Andrew Koh. Market segmentation through infor-
mation. 2020.

Richard Engelbrecht-Wiggans, Paul R Milgrom, and Robert J Weber. Competitive bidding
and proprietary information. Journal of Mathematical Economics, 11(2):161-169, 1983.

Hanming Fang and Stephen Morris. Multidimensional private value auctions. Journal of
Economic Theory, 126(1):1-30, 2006.

Dov Fried. Incentives for information production and disclosure in a duopolistic environment.
The Quarterly Journal of Economics, 99(2):367-381, 1984.

Brian Fung. Congress grilled the ceos of amazon, apple, facebook and google. here are
the big takeaways. CNN, Available at https:https://www.cnn.com/2020/07/29/tech /tech-
antitrust-hearing-ceos/index.html, Date Published: Jul 29, 2020, Date Accessed: Jul 29,
2020, 2020.

Esther Gal-Or. Information sharing in oligopoly. Econometrica: Journal of the Econometric
Society, pages 329-343, 1985.

Esther Gal-Or. Information transmission—cournot and bertrand equilibria. The Review of
Economic Studies, 53(1):85-92, 1986.

Dennis Green. One of amazon’s most powerful tools is putting a target on its back,
and it could turn into a problem for the company. Business Insider, Available
at https://www.businessinsider.com/amazon-scrutinized-third-party-seller-data-use-2018-
12, Date Published: Dec 1, 2018, Date Accessed: Jul 10, 2020, 2018.

Joseph E Harrington, Jr. Experimentation and learning in a differentiated-products duopoly.
Journal of Economic Theory, 66(1):275-288, 1995.

Shota Ichihashi. Online privacy and information disclosure by consumers. American Eco-
nomic Review, 110(2):569-95, 2020.

Emir Kamenica and Matthew Gentzkow. Bayesian persuasion. American Economic Review,
101(6):2590-2615, 2011.

Godfrey Keller and Sven Rady. Price dispersion and learning in a dynamic differentiated-
goods duopoly. RAND Journal of Economics, pages 138-165, 2003.

22



Alison J Kirby. Trade associations as information exchange mechanisms. The RAND Journal
of Economics, pages 138-146, 1988.

Anton Kolotilin and Alexander Wolitzky. Assortative information disclosure. 2020.

Alexa Lardieri. European union opens antitrust probe into amazon. World Report US News,
Available at https://www.usnews.com/news/world-report/articles/2019-07-17 /european-
union-opens-antitrust-probe-into-amazon, Date Published: Jul 17, 2019, Date Accessed:
Sep 16, 2019, 2019.

Lode Li. Cournot oligopoly with information sharing. The RAND Journal of Economics,
pages 521-536, 1985.

Wenhao Li. Using information to amplify competition. arXiv preprint arXiw:2010.05342,
2020.

Fernando Luco. Who benefits from information disclosure? the case of retail gasoline.
American Economic Journal: Microeconomics, 11(2):277-305, 2019.

George J Mailath. Simultaneous signaling in an oligopoly model. The Quarterly Journal of
Economics, 104(2):417-427, 1989.

Laurent Mathevet, David Pearce, and Ennio Stacchetti. Reputation and information design.
Unpublished paper, New York University.[451], 2019.

Laurent Mathevet, Jacopo Perego, and Ina Taneva. On information design in games. Journal
of Political Economy, 128(4):1370-1404, 2020.

Paul Milgrom and John Roberts. Rationalizability, learning, and equilibrium in games with
strategic complementarities. FEconometrica: Journal of the Econometric Society, pages
1255-1277, 1990.

Leonard J Mirman, Larry Samuelson, and Amparo Urbano. Duopoly signal jamming. Fco-
nomic Theory, 3(1):129-149, 1993.

Leonard J Mirman, Larry Samuelson, and Edward E Schlee. Strategic information manipu-
lation in duopolies. Journal of Economic Theory, 62(2):363-384, 1994.

David P Myatt and Chris Wallace. Cournot competition and the social value of information.
Journal of Economic Theory, 158:466-506, 2015.

23



Volker Nocke and Nicolas Schutz. Quasi-linear integrability. Journal of Economic Theory,
169:603-628, 2017.

William Novshek and Hugo Sonnenschein. Fulfilled expectations cournot duopoly with in-

formation acquisition and release. The Bell Journal of Economics, pages 214-218, 1982.

Salvatore Piccolo, Marco Pagnozzi, et al. Information sharing between vertical hierarchies.
Games FEcon. Behav., 79:201-222, 2013.

Michael Raith. A general model of information sharing in oligopoly. Journal of economic
theory, 71(1):260-288, 1996.

Anne-Katrin Roesler and Balazs Szentes. Buyer-optimal learning and monopoly pricing.
American Economic Review, 107(7):2072-80, 2017.

Halsey Lawrence Royden. Real analysis. Krishna Prakashan Media, 1968.

Yasuhiro Sakai. Cournot and bertrand equilibria under imperfect information. Journal of
FEeconomics, 46(3):213-232, 1986.

Carl Shapiro. Exchange of cost information in oligopoly. The review of economic studies, 53
(3):433-446, 1986.

Maxwell B Stinchcombe. Correlated equilibrium existence for infinite games with type-
dependent strategies. Journal of Fconomic Theory, 146(2):638-655, 2011.

Ina Taneva. Information design. American Economic Journal: Microeconomics, 11(4):151—
85, 2019.

Curtis R Taylor. Consumer privacy and the market for customer information. RAND Journal
of Economics, pages 631-650, 2004.

Takashi Ui. Bayesian nash equilibrium and variational inequalities. Journal of Mathematical
Economics, 63:139-146, 2016.

Takashi Ui and Yasunori Yoshizawa. Characterizing social value of information. Journal of
Economic Theory, 158:507-535, 2015.

Xavier Vives. Duopoly information equilibrium: Cournot and bertrand. Journal of economic
theory, 34(1):71-94, 1984.

24



Xavier Vives. Trade association disclosure rules, incentives to share information, and welfare.
the RAND Journal of Economics, pages 409—430, 1990.

A Appendix

A.1 Equivalence to recommendation mechanisms

Consider an analogous information environment in which both firms observe a signal about
the state with private signal realizations such that the informed firm’s signal is perfectly
informative. In what follows, I show that it is without loss of generality to interpret signals
(s1,$2) as equilibrium recommendations in which each signal recommends a price to each
firm. Define the information structure as the joint distribution of signals. Let S; be the set
of private signal realizations for firm 7. An information structure consists of a set of signal
realizations and a family of conditional distributions ¢ : © — A(S), where S = 5] x S, =
{sp,su} x Sa. Let ¥; : © — A(S;) be the marginal distribution of signal s; € S; given the
information structure (S, 7). The distribution ¢ is fully informative, which implies that the
probability of observing signal s, conditional on state 6y is 1

Given the information structure (.S, ), firms play a pricing game in which they condition
their pricing choices on their signal realization by selecting a mapping 3; : S; — A([0,7])
to maximize their expected profits. A strategy profile (01, 52) is a BNE if, for all p; € [0, P]
with B;(pi]s;) > 0 for all i, we have

S [ / ()5 (s16) = Yo [ / (P p-0); 0)AB_s(pils_i)du(s16)

6<o )
(3)

for all p, € [0,p], s € S and i € {1,2}.Denote by £(S, 1) the set of BNE,
Similarly, we can define a pricing rule o : © — A ([0,?]2) which is a BCE if

S [ MOl 2w [ )0l )
0co p—i€[0,p] 0o p—i€[0,p]
for all p; € supp o, p, € [0,p], and @ € {1,2}, in which the distribution of the informed firm’s
price given the state is degenerated.
First, Lemma 4 is an equivalence result stating that every possible BCE distribution can
be replicated as a BNE by appropriately choosing the information structure. Intuitively, any
correlation between obedient pricing choices can be generated as a BCE. In a BNE, all the

correlation between pricing choices is generated through the information structure (S, ).
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Lemma 4 The set of BCE coincides with Uisy»E(S, ).

Second, Lemma 5 implies that it is without loss of generality to restrict attention to
recommendation mechanisms. Formally, an information structure (5,) is a recommenda-
tion mechanism if S = [O, %]Q. In a recommendation mechanism, signals act as pricing
recommendations which firms are willing to follow as long as their competitor does as well.

Lemma 5 For everyo € Ui E(S, ), there exists a recommendation mechanism ([0,1_9]2 , a)
such that o € £ ([O,ﬁ]2 ,0).
A.1.1 Proofs

Proof. Lemma 4. First, I show that the set of BCE is a subset of Ui E(S,v). Assume
o € BC'E. Then, o satisfies

S [ 0ol =3 e [ TG0, 6)do(ri6) (5)

9cO p—i€[0,p] 0cO p—i€[0,p]

for all p; € supp o, p; € [0,p] and i € {1,2}.
Consider an information structure ([O, ]_9]2 , 1[)*) where |0, ]_9]2 is the set of signal realizations
and ¢* : © — A([0,7]°) coincides with o, i.e. 0 = ¥*. Let

1 ifping

0 otherwise

B (pilph) =

be the obedient strategy. Then, the right-hand side of (5) can be written as

Sown [ (- 00 l8) = 3 i / (9], p_i), 6)dv* (p]6)

0cO p— 16[ 0cO ZG[O P}

=S e / / o T2 O3 il 51

9co 5-:€[0,p]

The first equality holds by definition of 1*. The second equality holds by definition of the
obedient strategy and Fubini’s theorem since, fixing 0, I1;(p; #) is o-integrable because I1;|6 :
[0,1_7]2 — R, is a bounded and continuous real-valued function on a compact set.?! Hence,

the BNE incentive-compatibility constraints are implied by the BCE obedience constraints.

21Gee theorem 11.27 from Aliprantis and Border (2013) where the condition of theorem are satisfied by
Proposition 3.3 and Theorem 4.4 from from Royden (1968)
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This, in turn, implies that if 0 € BCFE, then o is also a BNE of the game. Thus, the set of
BCE is a subset of the set of BNE of the game.

Second, I show that U(g,)E(S,v) is a subset of BCE. Consider a BNE composed by
an information structure (S,) with ¢ : © — A(S) and measurable behavioral strategies
(B;,3—;).22 Given the behavioral strategies (53;, 3_;), define §: S — A ([O,ﬁf) as the joint
measure. Let 6: 0 — A ([O,ﬁ]Q) be the composition of ¢ and 3, defined as & = Bov). Then,
by definition & € Ug ) E(S,4). The definition of BNE implies that (S,4) and 3 satisfy:

S [ / 0)dA_,(p_ils_i)i(s]6)

=) i€[0, P]

>3 / / o T2 0038 (-l )AS610) (6)

0cO

for all p; € [0,p], s € S and i € {1,2}. Integrating both sides of the BNE incentive-

compatibility constraint, we have

S| [ / oy T 00103 o) 510

0cO

S0 [ ] -0 004 sl dsl0)

9o i€[0.7]
Then, (6) implies that

S [ Mool =3 e [ TG0, 6)do(ri6)

peo  JP-i€l0p] peo  JP-i€l0p]

Proof. Lemma 5. Consider a distribution o € U(g4)€(S,1). Lemma 4 implies that
o € BCE. Consider the recommendation mechanism ([0,7]”,v,) where 1, = o for all

(p1,p2) € [0,7]> and 6 € © and the obedient behavioral strategy

1 Z.fpi:p;

Bi (pilp) = o
0 otherwise

22Behavioral strategies f3; : S; — A ({ B bD for all i € {1,2} are defined as a regular conditional
probabilities as defined in Appendix C from Bass (2011).
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The interim expected payoff of firm ¢ when firm —i follows g*, is

S [ / (s p—): )48 (0l ) At (pir1')10)

0cO

:Zug/pﬂ((pl, ); 0)des, (p|6)

=S s [ (G p-:0)d061) ™)

for all i. Hence, the definition of BCE and (7) imply
S / )i (pl6) > 3 o / (9 p—1); 6)d (p]6)
9O 9o

for all p; € [0,p] and 7. The distribution of prices conditional on the state § under 5* and
([0,p]>,0) is thy = 0. Thus, 0 € £ ([0,]_9]270). [
A.2 Proofs

Proof. Lemma 1. The pricing game is a smooth concave game since II;(-,p_;;0) : R, — R

is concave and continuously differentiable for each p_; € R, . Define the payoff gradient as

Oll;(p; 0) )
1€{1,2} ‘

Ve, 8) = ( Op;

The payoff gradient is continuously differentible and its Jacobian matrix, given by

9’y (pf)  0°1L (p;9)>

L ops Op10p2
Fyn(p,0) = <82H2(p 0) 0112 (p;h)
Op10p2 Ip;

is negative definite because

2H< . QH' . QH,' . 2H< . 2
PL(p:0) _ g PLi(p:6) 0 z(p,@)>(8 z(pﬁ))'

6p? 8p% 8p2—i Op;Op_;

This implies that the payoff gradient VII(p, ) is strictly monotone by Lemma 4 from Ui
(2016). Furthermore, since for all p, there exists ¢ > 0 such that p? Fon(p,0)p < —cp’p, the
payoff gradient is also strongly monotone by the same lemma. Then, the uniqueness of the
Bayesian Nash equilibrium of the pricing game follows from Proposition 1 from Ui (2016),

which states that if the payoff gradient is strictly monotone, the Bayesian game as at most
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one Bayesian Nash equilibrium. The existence of a unique Bayesian Nash equilibrium follows
from Proposition 2 from Ui (2016). m

Proof. Lemma 2. The set of BCE is the collection of distributions o : © — A([p"(61.), p" (0x)]?)
such that

i) o(p18) > 0 for all p € [p7 (6), 5" (O and 6 € ©,
i1) /da(p]@) =1for all # € © and

iii) S / (.00 pl0) = S po [ Tl p-1),0)do(p16) for all i € supp o

e ZER+ geo  UP-i€R+
p; c R+ and i € {1,2}

First, Theorem A from Stinchcombe (2011) establishes the existence of Correlated equi-
librium in games in which players receive private signals and then simultaneously choose
actions from compact sets. Formally, consider a game in which the set of players [ is finite
and for each i, the type w; belongs to the measure space (£;, ;). Each player ¢ simulta-
neously chooses an action from a compact set A; and denote by A; the set of countably
additive Borel probabilities in A;, with the weak™ topology. Let B;(F;) be the set of i’s
behavioral strategies, defined as the F;-measurable functions from €2; to A;. Given a vector
b e B := x;B;(F;), player i’s expected utility if b is played is defined by

uf (b) = / (3(w), xibi(w)) P(dw)

where (f,v) := fA v(da) for f : A — R and Borel probabilities v, and x;b; is the product

probability on A havmg b; as the marginal. (B;(F;),u?);c;) denotes the normal form game.

Then, Theorem A shows that all games (B;(F;), ul);c;) have correlated equilibria. In the
pricing game, two firms simultaneously choose a price to maximize their expected equilibrium
profits from compact sets. Thus, this result implies that the set of BCE is non-empty.
Second, the set of BCE corresponds to the set of all probability measures on [p? (6;), p*' (05)]?

for each § € © where © is finite. Then, the set of BCE is compact since [p*(61), p* (0r)]?
compact in the weak™ topology, by Theorem 15.11 from Aliprantis and Border (2013). Third,
the continuity of the objective function W (o; ) in the weak™ topology follows from Corollary
15.7 from Aliprantis and Border since because both II;(p, #) and ¢;(p, #) are continuous and
bounded functions. Hence, the integral [II;do(p|6) and [v(p;60)do(p|f) is continuous in o.
Thus, the designer’s problem is to maximize a continuous objective function in a compact

set. The existence of a solution is guaranteed by the Weierstrass extreme value theorem. m
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Proof. Lemma 3. The minimum and maximum price in any equilibrium is charged
when both firms know that the state is low and that the state is high, respectively. That
is, the highest and lowest equilibrium prices occur with full disclosure. Under full disclosure
of', there is no uncertainty about the state. Each firm chooses p; : © — R to maximize

I1;(p; 0). That is, firm i’s best response to p_; is implicitly defined by

dq(p; 0)

=0
Ip;

q(p;0) + pi

In equilibrium, both firms choose the same price, denoted by p’ (). Since q(p; 01) < q(p,0x),
the highest (lowest) equilibrium price the uninformed firm is willing to price is when both
firms are certain that the state is high (low). Hence, the support of any obedient recommen-
dation o(ps|0) is a subset of [p¥'(01), p¥ (0g)]. =

Lemma 6 When firms offer substitutes (complements), E,[I15(p; 0)|0] is supermodular (sub-

modular) in 6 and ps.

Proof. Lemma 6. The informed firm expected equilibrium profits are
[ 1o (6.(3216)) ) 32]0)
D2

where p; (0, 0(p2]0)) is firm 1’s best response. When firms offer substitutes, for any obedient
o(p2|0) we have that

/ ¢1(p; 0)do (pa|0m) > / ¢1(p; 0)do(p2]fL) and

p2 D2
0 Jp, 0(p:0)d0(palb) _ 0 Jy, 01 (p:6)do(paldr)
o N op

for all p; and 6 (8)

92q1(p;0)

Op10p2 >

since ¢y (p; 0) is strictly increasing in po, [ do(po|0r) > [ do(pa|0x) for all 2 and
0. Then, since p; (6, o(p2|6)) is implicitly defined by
0 [, a1(p; 0)do(p0)

;0)d 0 =0
| o000t + p =

. . 2 1\P,
(8) implies that pi(0,0(p2|0m)) > p1(6,0(p2|6L)) for all & € O©. Furthermore, aazl—g;f) >0

also implies that

/Q1(p1(970(p2|9H))7P2;G)dU(p2|9H)2/ q1(p1(0,0(p2|0L)), p2; 0)do(p2|0L).
p2 P2
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Therefore, when firms offer substitutes,

/ I (1 (6, 0 (p2)011)). p2: 6)dor (pal6rs) — / Iy (1 (6,0 (p2161)), p2: O)do (palfr) >0 (9)

p2 p2

for all # € ©. Using Leibnitz rule, we have that for all ¢,

0 [, h(p1(6, 0(p210")), p2; 0)do (p20')

00
. 0 D, p2; 0)do(po|6’
= 323610() + /pz q1(p1(+)), p2; 0)do(p2|0') + p1(+) fm Gl )aif Ao (P9
0 1(p1(+), p2; 0)do (p2 |6/
) |, (o ()81; )do (p2|6)
afm q1(p1(+), p2; 0)do (p2|0')
=nl) 9

where the last equality holds by the first order condition of the informed firm’s pricing
decision. Then, the left-hand side of (9) is non-decreasing in 6 because p;(0,0(p2|0y)) >

p1(0,0(p2]0r)) and 88‘1918” % > 0. Thus, when firms offer substitutes,

/ Iy (1 (011, 0 (01612) ) po: 031 )dor (611 — / L (91 (Br1, 0 (p2102)) po: 50 )dor (1)

P2 p2

> / (91 (01 0/ (pl0s1)). po; 02)do (ol B17) — / I (p (61 0 (02161, pa: 02 ) do (o] 1)

p2

which implies that E, [IT3(p; #)|6] is supermodular in § and ps. The proof for the complement
case is analogous. m

Proof. Proposition 1. I show that if E,[II](p;#)|0] is supermodular in p, and 6, full
disclosure is optimal for the informed firm. Similarly, if E,[II}(p;#)|6] is submodular in py
and 6, no disclosure is optimal for the informed firm. Using Lemma 6, we obtain the desired
result.

The fully disclosing information structure recommends prices (p'(6), p¥'(0)) with prob-
ability 1 for all & € ©. Full disclosure is optimal for the informed firm if her expected
equilibrium payoffs with full disclosure exceed her expected equilibrium payoffs induced by

any other obedient recommendation mechanism. That is,

> s (0 (6).6):6) = Y- po [ T3 0)dor(p18) (10)

0cO 0cO

for all o : © — A([p"(0r), p" (0x)]?) that satisfy the obedience constraints. The obedience
constraints requires that p; must be a best response for firm 1, denoted by p1(6, o(p2|6)).
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Consider first the case in which E, [ITj(p; #)|6] is supermodular in p, and 6. Next, I show
that for all o and py € [p”(01), p* (01)],

Eor [T (p; 01)01] < Eo[I15 (p; 0)10L] < Eo 11 (p; 0)[0n] < Eor 115 (p; 01)|01]-

First,

/ I (91 (81, 0 (p2102)) po: B2 ) dor (1) = / I (91 (81, 0 (92101, po: B )do ™ (pa6)

p2 p2

=1L (p1(Or, o (p201)), p™ (01); 1) (11)

since ¥ (py|0.) recommends pf(0;) with probability 1, the informed firm’s demand is in-

creasing in py and p; (01, 0 (p2|0r)) > p1(0rn, 0% (p2|0r)).?* Similarly,

/ (9 (8s1, 0 (palfsr)). po O Ao (ol Bs1) < / T, (p1 (611, 0" (p21610)). o )™ (pol )

p2 P2

= Iy (p1 (O, 0" (p210w)), ™ (0 ); 0. (12)

Second, supermodularity implies that

/ Iy (1 (602, 0/(p]61)), pa 01)dor (s} 1) < / Iy (91 (021, 0 (01610) ) po: 020 )dor (1) (13)

p2 p2
since p1(0r,0(p2|0L)) < p1(0m,o(p2|0m)), 82"9%3%‘2@ > 0 and the state is a positive demand
shifter, implying that o(p2|0y) recommends on average higher prices than o(p2|6r). Thus,

(11), (12) and (13) imply that
I (o180, ¥ (pol6)), (61 61) < | T (a8, r(palB)). s ) (el
S/ L (p1 (0, 0 (p2|0r) ), p2; O ) Ao (p2|0r) < Ty (p1 (0w, 0" (p2|0m)), p" (0mr); O ).

Then,

Eopr o115 (5 0)] = > Tl (p1 (8, 0" (p216)), " (6); 0)

0cO
> o [ Tl (6.0 (3216)). 2 0)do (210
0cO P2

= Eo,u[H’{ (p; 9)]

23The proof of p1(01,0(p2l0L)) > p1(0L, 0 (p2|0L)) follows an analogous argument as in Lemma 6.
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where the inequality holds by Jensen’s inequality. Hence, full disclosure is optimal for the
informed firm.
Consider now the case in which E,[IT;(p; 0)|0] is submodular in 6 and o(ps|f). Analo-

gously as in the supermodular case, it is possible to show that

L (91 (80, 0™ (92]02)), 93 01) < / L (91 (8, 0 (p161)), po: 01 )dor (ps 61

p2

< / L, (p1 (611, 0 (02)010)), 123 022)do (0l 0r) < TL (01 (s, ™ (pal6ir)), 9™ 011)

P2

which in turn implies that

Eov [l (9 0)] = > oIl (pr (6, p™), p™:6)
0cO
>3 g / Iy (1 (6, 0 (p2]6)). pa; 6)do (pa0)
0€e b2

= E, [ (p; 0)]
where the inequality holds by Jensen’s inequality. m

Lemma 7 Assume that o is partially informative and o(p2|0) is degenerate, placing all mass

on p € [pf, pk]. For any obedient o, supp o(pa2|0') = {p,p'} for all 6 #6'.

Proof. Lemma 7. The recommendation mechanism o is not fully informative. First,
I show that p € supp o(p2|0’). Suppose not. Then, supp |6 Nsupp |’ = () which implies
that price recommendations fully reveal the state. However, this contradicts the assumption
that o is partially informative. Hence, p € supp o(p2|6').

Second, T show that the support of o(p2|¢’) is binary. Firm i’s obedience constraint is

Zue/ i(p; 0)do(pl0) >Zue/ IL;((p}; p-i); 0)do (pl6)

geo P ZGR+ geo  UP-i€R+

for all 4, p; € supp o and p, € [pf', p5]. The uninformed firm obedience constraint of o for

D2 7é D is
P2 2((p1(0',p2),2):6") = Py - @2 ((p1 (0, 15),15): 6') (14)

for all p, € [p¥, pL]. The uninformed firm’s profits are strictly concave in py which implies
there exists a unique ' € [pf, pl;] that satisfies (14) and §' # p. Hence, the support of 7|0’
is binary and given by {p,p'}. =
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Lemma 8 If the optimal recommendation mechanisms o* is partially informative, there

exists a state in which a unique price is recommended.

Proof. Lemma 8. Suppose not. Assume that the optimal recommendation mechanism
o* is partially informative where both o*(ps|f) are not degenerate. Consider an alternative
obedient partially informative recommendation mechanism ¢ as defined in Lemma 7. Let A
be the probability of recommending p in state €', which fully characterizes o.

Next, I show that there exists A € (0,1) such that consumer surplus under & is greater

or equal than under o*, where

Eguon [0 0)) = Yo [ 0((p1(52,6). p2)s ) (2]6) and

0cO
Eu) [v(p; 0)] = pov((p1(p,0),5): 0) + (1 — po) [Mo((p1 (5, 6'),0); 6) + (1 = N (0, §); )] -

Note that when p’ is recommended is state ¢, both firms are certain about the state and,
thus, set the same price. Given the definition of v derived from integrating the demand
system and since demand decreases in its own price, we have that there exists an obedient
p such that

Euosy [v(p; 0)] < pov((p1(p, 0),9); 0) + (1 — po) /v((pl(pm@/),pz); 0')do” (p2|0').

Since this is only compatible with recommending one additional price in state ' given the
obedience conditions, p is pinned down by A. Therefore, there exists A such that consumers

are better off with &, contradicting the optimality of o*. m

Lemma 9 Consumers surplus is higher when two prices are recommended when the state s

high and only one of those prices is recommended when the state is low.

Proof. Lemma 9. Consider two recommendation mechanisms, o* and o”. Each mech-

¢ recommends p

anism only recommend two prices, p¥ and p¥, with k € {L, H}. However, o
is recommended both states whereas p% is only recommended when the state is high. Anal-
ogously, o7 recommends pZ is recommended both states whereas p¥ is only recommended
when the state is low. Denote by 7 the unique obedient price in state 6}, when o reveals
such state. Let A* € [0,1] be the probability of recommending pf in ¢}, under the obedient
recommendation mechanism o* for k € {L, H}. Note that a given A\* pins down the recom-
mended price in state ;, and that \¥ = 0 represents the fully informative recommendation

mechanism whereas A\¥ = 1, the uninformative one. Then, a recommendation mechanism o*
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is characterized by (pF(A\F),py, AL), where pE increases in AL, Similarly, a recommendation
mechanism o is characterized by (p;, pE(A), M), where pE decreases in A\,

Under ol the three possible equilibrium outcomes in terms of firm prices are: (p%, p¥)
where pf < pb with probability uz, (p¥,pr) where p¥ > pE with probability uzAF and
(Dy,Py) with the complementary probability. Similarly, under o”, the three possible equi-
librium outcomes in terms of firm prices are: (p;,p;) with probability ur (1 — A7), (p¥, pE)
where pH < pi with probability u A7 and (p&, pH) where p > pif with the complementary

probability. Expected consumer surplus in each case is:

E(uory [0(p;0)] = prv(((PL. 97)); 0r) + pa [Nv((BF, 97); 0u) + (1 — X)v((Py, D) 0u)] and
Eomy [0(p;0)] = pur [(1 = A)o((Br, B); 00) + Xo((5], 51); 01) | + nav((Bi, P1)): O

Note that for any o and o7, we have that
Py <Pp <PL <P <Py <Py < By < Py

and that expected consumer surplus in non-linear in A*.
Define AE(,, ,+) [v(p; 0)] as the difference in consumer surplus between ¢* and the fully

informative recommendation mechanism.

oty [0(0:0)] = pr (B, 97)); 0L) — v((Pr, Dr): 00)] + pu A" [v((B7,PL): 0n) — v((Py. Py ); Or)] and
AE, o1y [v(p; 0)] = p N (B 910); 00) — v((r, Br); 0)] + pu[v(Bh. 610)); 0n) — v((Bry, Drr); O

Note that the first term in square brackets is weakly negative in both cases, whereas the

second one weakly positive. Moreover,
v((PL,97)); 01) > v((B7 pip); 01) and v((B7,P1); Orr) > v((Pi, P1r)); Omr)-

Restricting attention to recommendation mechanisms such that AR, . [v(p; 0)] > 0, we
have that AE, ;o) [v(p; 0)] > AE(, ,u) [v(p; 0)]. =

Proof. Proposition 2. Using Lemma 7, Lemma 8 and Lemma 9, we have that the
consumer-optimal recommendation mechanism recommends a low price in both states and
a high price only in the high state and it is fully characterized by A* where

A" € argmax E[v(p; 0)](\).
A€(0,1]

The existence of \* is guaranteed by Weierstrass theorem since the objective function is a

continuous function of A\. m
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Proof. Proposition 3. Consider any partial disclosure policy o and define o(s3]0)
the distribution of price recommendation ps conditional on the state 6. Expected consumer

surplus is

) (00 = 3 o [ v(p:6)do((p1,2)]0)

0ce
Proposition 2 implies that the optimal recommendation mechanism recommends at most
two prices and it is fully characterized by a parameter A\ which represents the probability of
recommending a low price in the high state. Denote by p’f’é firm 1’s optimal price when firm
2 is recommended price p; and the state is 0, py (P, 6r). Hence, we can rewrite expected

consumer surplus as follows:

E (o) [0(p;0)] = pnrv((p7", 5r); 0) + | No((py™ p1); 0m) + (1 — No((pi", par); 0n)

The regulator chooses A to maximize the previous expression, taking into account that each
A induces a unique set of prices.

First, I show that full disclosure is never optimal for consumers since no disclosure induces
higher expected consumer surplus when the likelihood of the high state is sufficiently low.
Under full disclosure, both firms set prices p'(6) for each § € ©, whereas with no disclosure,
the informed firm sets pd' (9) for § € © and the uninformed firm sets p}’ € [pY¥(01), pY (0x)] C
[p¥'(01), p" (01)]. Expected consumer surplus with full and no disclosure is respectively given
by

E oy (03 0)] = 3 ov((07(6), 7 (6)): 6) and

E(uony [0(p; 0)] = Y pov((pY (6),p3); 6).

0c®

Define AE[v(p;0)](0) as the difference in expected consumer surplus with disclosure o and

no disclosure. Then,

AE[w(p; 0)](07) = Eguory [0(0; 0)] = Eguony [0(p; 0)]
=E, [v((p"(0),0"(0));0)] — B, [0((07 (8),07); 6)]
<E, [o((0"(0),"(0));0)] —E, [v((p7'(0), 7' (6);6)]
<0
where the first inequality holds because v is convex in p, since ¢, is decreasing in ps and the

second since v is concave in 6 and [pY(6;), pY (0x)] C [p*(0L), p" (0x)]. Hence, either no or

partial disclosure is optimal for consumers.
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Second, I show that partial disclosure is optimal when information is chosen such that
firms offer sufficiently close substitutes. Intuitively, given that v is increasing in both p;
and pa, v(p;0r) < o((py (0r),py); 0r) and v(p; ) < v((p" (Ow), p" (On); Ox) for all obedient
recommendation mechanisms o. That is, the designer would like to be as informative as
possible in the high state while being as close to uninformative in the low state, hinting
that disclosing some information may be beneficial for consumers. Note that the degree
of differentiation determines how a change in the recommendation mechanism affects the
equilibrium prices of both firms by determining how willing consumers are to substitute
between goods offered by firms. Formally, the optimal partial disclosure is characterized by
the FOC of the regulator’s problem. Note that

ov  Opy ( ov Op;  Ov ) ov
= — — and

OX 0N \Op10ps | Opa op
Then, the FOC of the regulator’s problem is
8E(“’U)a[;\}(p; )] = —r(A) + I(\) where
rA) = “L% (Z_Z‘h N q?) lat (@ pey0n) “HA% (g_]];;‘h + q?) lat (@7 pu)0m) 27
I(A) = pm [U«(pf’H,ﬁL); 0r)) — v((py"", pu); O0mr) — (1 — )\)aap% <g—§;€h + CI2> [t ((p{I’H,ﬁH);QH):|

Intuitively, 7(\) represents the cost of recommending a lower price in the high state with
higher probability while inducing a higher price in the low state. Similarly, [()\) represents
the benefit of inducing a lower price in the high state when it is in fact recommended.
Both r()\) and I(\) are continuous functions of A\ and weakly positive for all A € [0,1].2
Moreover, [(0) > (1) = 0 and r(1) > r(0) and 1(0) > r(0) given that full disclosure is never
optimal. Then, the intermediate value theorem implies that there exists A* € (0, 1] such that
r(A*) = I(X\*). Therefore, no disclosure is optimal for consumers when r(1) = 0 and partial
disclosure is optimal otherwise.?> In particular, the optimal disclosure policy \* is chosen to

induce goods to be closer substitutes and intensify the competition across firms. m

24Note that cng% + g9 >0, %LAL > 0 and (95’%;’ < 0 since g% > 0.

%> Note that the SOC is satisfy given our assumptions on Q.
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