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Abstract

This dissertation is composed of three chapters exploring the role of private information in various
economic environments. In the first chapter, we study a dynamic vertical contracting environ-
ment in which a manufacturer deals with an exclusive retailer for two periods. In our model, a
manufacturer designs a long-term contract with a retailer who is privately informed about de-
mand and faces competition by an integrated entrant in the future. When demand is correlated
across periods, information about past production affects firms’ behavior after entry. We analyze
the incentives of the incumbent players to share information with the entrant and show that the
retailer benefits from transparency, but the manufacturer does not. Contrary to what intuition
suggests, our results show that transparency with an integrated entrant harms consumers. When
the entrant is not an integrated firm, whether transparency benefits consumers depends on the
degree of demand persistency.

In the second chapter we study a simple mechanism design problem that describes the optimal
behavior of a country targeted by a foreign terrorist group. The country is uncertain about the
terrorists’ strength and may decide to acquire such information from the community hosting
the terrorists. We highlight a novel trade-off between target hardening — i.e., mitigating the
incidence of an attack by strengthening internal controls and improving citizens’ protection —
and preemptive military measures aimed at eradicating the problem at its root — i.e., a strike in
the terrorists’ hosting country. We show that, conditional on being informed about the terrorists’
strength, the country engages in a preemptive attack only when it faces a sufficiently serious
threat and when the community norms favoring terrorists are weak. Yet, in contrast with the
existing literature, we show that it is optimal for the country to acquire information only when
these norms are strong enough and when its prior information about the terrorists’ strength is
sufficiently poor.

The last chapter of this dissertation, my current work-in-progress, analyzes the effect of uncer-
tain biases on strategic information transmission. We consider a simple cheap talk model in which
an uninformed decision maker seeks advice from one or two partially informed experts whose bi-
ases are unknown to the decision maker. Two types of bias has been considered: an expert may
have either a moderate bias or an extreme bias. We characterize a semi-revealing equilibrium,
in which an expert with moderate bias reports truthfully his private information and an expert

with an extreme bias reports the same message regardless of his private information. Interest-



ingly, we find that fully-revealing equilibrium with one expert may be informationally superior to
semi-revealing equilibrium with two experts. Specifically, uncertainty over biases allows experts
to lie relatively more often as compared to fully-revealing case, whereby reducing the information
content of the messages. However, with two experts, the decision maker has a higher chance to
get truthful information from one of the experts which, in turn, may provide more information
than the one-expert communication does. The net effect on the decision maker’s ex-ante expected
profit depends on the probability that the decision maker believes the expert to be moderate —
i.e., whether the expert’s report is informative or not. This result suggests that getting second

opinion may not be always helpful for decision making.
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Chapter 1

The Value of Transparency in Dynamic

Contracting with Entry

1.1 Introduction

Incumbents facing the threat of future entry often engage in anticompetitive practices that protect
their market power.! Limit pricing, excessive patenting, capacity building, exclusive dealings and
other forms of vertical restraints are well known examples of barriers to entry.? Incumbents may
also use information disclosure as a strategic tool to protect their dominant position. Although
information sharing among firms has been extensively studied in static models of oligopoly (see,
e.g., Vives, 2006, for a survey), little is known on firms’ incentives to share information in dy-
namic environments, where incumbents may strategically disclose or hide information to potential
entrants. Even less is known on the interplay between these incentives and vertical contracting.
Do incumbents want to share their private information with future competitors? What are
the effects of this form of communication on consumers? What is the role of vertical contracting?

We analyze a dynamic vertical contracting environment in which a manufacturer deals with an

Joint work with S. Piccolo, University of Bergamo and CSEF, and with M. Pagnozzi, University of Naples
Federico IT and CSEF. We would like to thank Marie-Laure Allain, Giacomo Calzolari, Vincenzo Denicolo, Nenad
Kos, David Martimort, Patrick Rey, Marcello Puca, Jérome Pouyet, Yossi Spiegel, and the audiences of the work-
shops on Competition and Bargaining in Vertical Chains (Dusserdolf, 2017) and on Advances in Industrial Orga-
nization (Bergamo, 2017) and PhD seminar participants at Catholic University of Milan for insightful comments
and suggestions.

Late or sequential entry is common in many industries (e.g., Geroski, 1995). In concentrated markets, for
example, entry often occurs only when regulatory intervention creates scope for competition. In emerging markets,
high-quality innovators often choose to delay production, in order to gather additional information about demand
and consumers’ needs (e.g., Dutta et al., 1995). In industries where economies of scale restricts competition, entry
is often subsidized by public policy aimed at reducing market concentration (e.g., Bernheim, 1984).

2See, e.g., Aghion and Bolton (1987), Gilbert and Harris (1984), Hart et al. (1990), Hoppe (2002), Milgrom
and Roberts (1982), Ordover et. al. (1990), and Ziss (1996).



exclusive retailer for two periods. In the first period the retailer is a monopolist in the downstream
market, while in the second period it faces competition by an integrated entrant.® Firms compete
a la Cournot by selling a homogeneous product whose demand is uncertain and, in every period,
is privately observed by the downstream players — i.e., by the retailer in both periods and by
the entrant in the second period. The manufacturer designs a long-term contract to elicit the
retailer’s private information and, since demand is correlated over time, the retailer’s second-
period production depends on its report in the first period (that the manufacturer uses to update
its beliefs about demand) — i.e., the optimal dynamic contract features memory (e.g., Baron and
Besanko, 1984; Laffont and Tirole, 1996; Battaglini, 2005).

We show that firms’ profits depend on the information about the first period possessed by the
entrant. One may wonder why the entrant should care about this information, since it observes
demand in the second period, when it chooses production. The reason is that, because the entrant
does not observe demand in the first period, information about the retailer’s first-period report
(or directly about first-period production) affects the entrant’s production and competition.* The
long-term interaction between the incumbent players creates a contractual link between periods,
and the role of information sharing hinges on this link.

Our main result is that the manufacturer and the retailer have diverging incentives to share
information: the retailer would like to commit to inform the entrant about its first-period report,
while the manufacturer has no incentive to disclose this information. The reason is that the
manufacturer’s profit and the retailer’s information rent are affected by the entrant’s production
in opposite ways.

When the entrant is informed, it faces lower uncertainty about the incumbent’s production
and, hence, it produces a relatively less volatile output (as a function of second-period demand).
This weakens the competition effect (highlighted in Martimort, 1996) and increases the retailer’s
rent in the second period compared to a situation without information sharing. By contrast, the
manufacturer has no incentive to share information for two reasons. First, sharing information is
detrimental to the manufacturer because it increases the retailer’s rent. Second, ceteris paribus,
the incumbent’s profit is lower with information sharing because the entrant is more aggressive
on average when it is informed: a business stealing effect.® Moreover, the manufacturer does not
disclose information to the entrant even if it can sell it, since the entrant’s willingness to pay for

information is always lower than the manufacturer’s reservation price.

3For example, the long-term relationship between the incumbent firms may arise because of the need to use a
retailer with specific skills to customize a new product, requiring a fixed investment that is not worth paying for
one period only. By contrast, an entrant may not need a specialized retailers once the product ‘standard’ has been
developed by the incumbent. We also consider entry by a nonintegrated firm — see below.

4Notice that the entrant is only interested in information that signals the quantity produced by the retailer in
the second period (like its report or the quantity produced in the first period), rather than information about past
demand per se.

5This echoes the findings of the literature on information sharing in oligopoly — see, e.g., Gal-Or (1985), Li
(1985), Shapiro (1986) and Vives (1984) — showing that with Cournot competition firms do not share information
about demand because this increases correlation among their decisions, whereby reducing output and profits.



Sharing information reduces the incumbent’s production because, other things being equal,
it induces the entrant to increase production when the incumbent distorts it for rent extraction
reasons. On balance, however, aggregate production is lower with information sharing because,
holding constant the incumbent’s production, the entrant’s production decision is always efficient
regardless of its information (since the entrant equalizes marginal revenue to marginal cost). In
other words, although information sharing rebalances production between the incumbent and the
entrant, it reduces market efficiency because it increases the retailer’s rent via the competition
effect. Therefore, consumer surplus and welfare are always lower with information sharing and,
contrary to what is commonly believed, with an integrated entrant a welfare maximizing policy
should reduce transparency and forbid incumbents to disclose information to entrants.

Our results hold even when the incumbents can disclose noisy information to the entrant, by
only letting the entrant observe an imperfect signal (whose precision is chosen by the incumbents)
of the retailer’s first-period report or production.

We also extend our analysis by considering entry by a manufacturer that sells through its

6 In this case, there are two competing

exclusive retailer, rather than by an integrated firm.
hierarchies in the market in the second period. As in our main model, the new entrant does not
observe demand in the first period, but demand in the second period is observed by all retailers,
so that both manufacturers need to design contracts to elicit truthful information from them.

We show that, as with an integrated entrant, the incumbent retailer prefers to share infor-
mation about the retailer’s first-period report, while the incumbent manufacturer does not want
to do so. With competing hierarchies, however, transparency may increase consumer surplus and
welfare because information sharing allows the entrant manufacturer to elicit information from
its retailer at a lower cost, which increases the entrant’s output and tends to increase market
efficiency. Since the incumbent reacts by reducing its own production, the effect of information
sharing on aggregate production depends on the degree of demand persistency, which affects the
entrant’s information about first-period demand without information sharing. Hence, with com-
peting hierarchies transparency has an ambiguous effect on welfare. Moreover, in this case the
incumbent may have an incentive to sell information to the entrant.

Summing up, our analysis suggests that, in the presence of dynamic vertical contracting,
disclosing information to entrants does not necessarily increase competition and consumer surplus.
Hence, from a normative point of view, welfare may actually be reduced by mandatory disclosure
rules forcing firms to adopt transparency standards that reveal information to potential entrants
(see, e.g., Oh and Park, 2017).

The rest of the paper is organized as follows. After discussing the existing literature, Section
1.2 describes the baseline model and Section 1.3 analyzes the entrant’s problem and discusses

benchmarks without asymmetric information and without entry in the second period. Section 1.4

SFor example, the entrant may be a foreign firm that needs a local retailer in order to enter the market and
distribute its product.



provides the equilibrium analysis with and without information sharing. In Section 1.5, we describe
the incumbents’ incentives to share information and in Section 1.5.1 we analyze a market for
information. Welfare is discussed in Section 3.6. We then consider various extensions: Section 1.7.1
considers competing hierarchies, Section 1.7.2 analyzes stochastic disclosure rules, Section 1.7.3
discusses ex post information sharing, and Section 1.7.4 extends the analysis to large uncertainty.

The last section concludes. All proofs are in the Appendix.

Related Literature. We build on and contribute to three strands of literature. First, our
paper relates to the literature on dynamic contracting with types correlated over time and full
commitment by the principal. Baron and Besanko (1984) first characterized optimal contracts in
a two-period environment. Laffont and Tirole (1996) applied dynamic contracting with adverse
selection to the regulation of pollution rights and provided an interpretation of the optimal mech-
anisms in terms of markets with options. More recently, stemming from Battaglini (2005), the
literature has evolved to multi-period models (both with discrete and continuous types) to investi-
gate the memory and complexity of optimal dynamic contracts after long histories, convergence to
efficiency, the effects of learning by doing, risk aversion and renegotiation, the limits of the ‘first-
order’ approach, the impact of dynamics and enforcement risk on the contract incompleteness
and stationarity (Arve and Martimort, 2016; Battaglini and Coate, 2008; Battaglini and Lamba,
2015; Garrett and Pavan, 2012; Gennaioli and Ponzetto, 2017; Es6 and Szentes, 2017; Martimort
et al., 2017; Pavan et al., 2014).7 In our two-period model, most of these technical issues are
not present: we chose to analyze a simple contracting environment to focus on the relationship
between dynamics, transparency and product market competition.

Second, our analysis is related to the IO literature on information sharing in oligopoly. This
literature shows that firms’ incentives to share information about their common demand func-
tion (Novshek and Sonnenschein, 1982; Clarke, 1983; Vives, 1984; Gal-Or, 1985) or about their
private costs of production (Fried, 1984; Gal-Or, 1986; Shapiro, 1986) depend on the nature of
competition. Raith (1996) rationalizes the results of this vast literature in a unified framework.
In contrast to our model, this literature typically assumes that firms are ex ante symmetric and
play simultaneously. By introducing dynamic incentives and sequential entry, we introduce an
endogenous asymmetry between firms that depends on the incumbent’s contract and information

8 Hence, the novel and key feature of our

sharing decision, which affect the entrant’s behavior.
environment is vertical contracting, which creates an endogenous relationship between informa-
tion and competition. Without the contracting dimension, information sharing would play no role
since firms’ production in every period would only depend on current demand, which is observed

by the entrant.

"See Bergemann and Pavan (2015) for a survey of the dynamic contracting literature.

8While in most of the existing literature on information sharing firms symmetrically exchange information and
reciprocally learn about each other’s characteristics, in our model the decision to share information is unilaterally
taken by the incumbent, who has perfect information about the entrant.



Finally, we contribute to the literature on communication between vertical hierarchies, with
endogenous information that principals have to obtain from privately informed retailers. Calzolari
and Pavan (2006a) were the first to study this problem in a sequential contracting environment
where principals may share the information obtained by contracting with a common agent (see also
Calzolari and Pavan, 2006b, for a model with resale). They show how the information disclosed
by one principal affects the contractual relationships between other players and analyze when a
principal wants to offer full privacy to the agent.” When contracts are exclusive, Piccolo and
Pagnozzi (2013) show that sharing information about costs affects contracting within competing
organizations and induces agents’ strategies to be correlated through the distortions imposed
by principals to obtain information. In this environment, the incentives to share information
depend on the nature of upstream externalities between principals and the correlation of agents’

information.'® In contrast to our model, both these papers focus on one-period relationships.

1.2 The Model

Players and Environment. Two incumbent players, a manufacturer M and its exclusive retailer
R, contract for two periods. The manufacturer supplies a fundamental input to the retailer, which
is used to produce a final good. There are constant returns to scale and the marginal cost of
production is normalized to zero. In the first period 7 = 1, R is a monopolist in the downstream
market. In the second period 7 = 2, an integrated firm E enters the market and firms compete
by choosing quantities.!! There are no entry costs.'?

The inverse demand function in period 7 = 1,2 is

P (6T7 QT) = max {07 07’ - QT} )

where @ is R’s production in the first period and Qs £ ¢» + g is aggregate production in the
second period — i.e., the sum of R’s second-period production ¢, and E’s production qg. The
parameter 6, € © £ {Q,@} is a measure of the magnitude of demand, with A§ £ 6 — @ > 0. The
assumption of a linear demand function is standard in the literature on information sharing but

it is not necessary for most of our results.*®

9See also Bennardo et al. (2015) and Maier and Ottaviani (2009) for common agency models with moral hazard

and communication.

10Gee also Piccolo et al. (2015) for a model with moral hazard and communication between competing hierarchies.

11n Section 1.7.1, we consider entry both in the upstream and in the downstream market — i.e., a non-integrated
entrant.

12Tn Section 3.6, we discuss the implications of introducing (fixed) entry costs.

13These demand functions arise, for example, if in every period 7 there is a representative consumer in the market
Q7

with utility function 0,;Q, — 5= — p;Q-, where p, is the market price.



Demand is correlated across periods. We assume that Pr [«91 = 9] = %, and let
Pr [62 = 5‘61 = g] £ D, Pr [62 = Q‘el = Q] £ v,

where (7,v) € [0, 1]2 and Av = 7 — v. The parameters 7 and v can be interpreted as the degree
of demand persistency: an increase in 7 (resp. vr) makes it is more likely that demand is high
(resp. low) in the second period when it was high (low) in the first period. Notice that demand

is positively correlated if
Pr[ﬁgzgwlzﬂ >PI‘[92:§’91:Q] -~ ﬂ+g>1,

and it is negatively correlated otherwise.
In every period, R privately observes 0, while the manufacturer does not. The entrant observes
05, but not 6.

Contracts. We assume that M commits to a long-term contract with R. Following the literature

— e.g., Baron and Besanko (1984) — we define a long term contract as a menu

{@ (ma) ,t1 (ma) , g2 (M2, my) , ta (Mo, ma)},

where, for every period 7, m, € © is R’s report about 6,; while ¢, (+) is the quantity produced by

R and ¢, (-) the transfer paid by R to M, both contingent on R’s current and past reports.'4:15
R is protected by limited liability in both periods, which avoids full surplus extraction in the

second period (see, e.g., Laffont and Martimort, 2002)'6. The contract is secret, so that £ cannot

directly observe it.

Communication. The incumbent players can disclose m; to E before market competition takes
place in period 2. Following the IO literature — e.g., Vives (1984) and Raith (1996) among many
others — in the baseline model we consider a ‘all-or-nothing’ disclosure rule d € {S, N}: either
my is fully disclosed to E' (d = S) or it remains private information of R and M (d = N). In
Section 1.7.2 we consider more general (stochastic) disclosure rules.

Assuming that firms can only share information about m; is without loss of generality in our
framework, because of the contractual link between R’s first-period report m; and its second-

period production. Equivalently, this can be interpreted as incumbents disclosing the first-period

4In practice, this contract can be implemented by non-linear transfers ¢; (¢;) and ¢ (go,q1), such that the
second-period transfer depends on the first-period production.

15We do not consider more complex franchise contracts, like resale price maintenance (RPM), in order to avoid
full extraction of R’s surplus by M — see, e.g., Gal-Or (1991). For example, RPM contracts cannot be enforced
when prices are too costly to verify. Even with RPM, however, information rents may still emerge if adverse
selection is coupled with a moral hazard problem ¢ la Laffont and Tirole (1986).

16Without limited liability, the retailer obtains no rent and the manufacturer implements the efficient outcome.
Because of limited liability the retailer’s payoff in any period must be non-negative for all m;.



production to the entrant, which is a natural and realistic form of communication, since quantities
are usually verifiable.!” By contrast, the entrant is not interested in information about 6, per se,
because the incumbent’s production in the second period only depends on R’s report on first-
period demand. Of course, disclosing my in the second period also has no effect since E directly
observes 6.

As standard in the literature, we also assume that once an information sharing decision has
been announced, it cannot be renegotiated after uncertainty about 6; and 6, realizes.'® Commit-
ment requires, for instance, the presence of a third party (such as a certification intermediary)
that verifies communication.

Rather than assuming that a specific incumbent player chooses to share information, we first
characterize the equilibrium under each disclosure policy, and then analyze the incumbents’ private

and joint incentives to share or sell information.
Timing and Profits. The timing of the game is as follows.
1. First period.

e A disclosure policy d € {S, N} is announced.
e R observes 6.
e M offers a contract. If R accepts it, it reports my to M.

e Production occurs, and t; is paid.
2. Second period.

e m; is disclosed if and only if d = S and F updates its beliefs about 6;.
e R and FE observe 6,.
e R reports mo to M.

e Production occurs, and %, is paid.

All players are risk neutral and M and R discount future profit at a common discount factor

§ € (0,1).12 Hence, R’s intertemporal payoff is

Z 57-_1 [P (97'7 QT) qT - tT] )

T7=1,2

17Given that, in practice, long-term contracts consist of menus that specify production in a period as a function of
production in previous periods, disclosing information about quantity simply amounts to disclosing the contractual
terms agreed between M and R.

18In Section 1.7.3 we consider secret renegotiations.

19This can be interpreted as a measure of the length of period 2 relative to period 1.



and M’s intertemporal payoff is

> 6

T=1,2

E’s profit is P (02, Q) q5.

Equilibrium. The solution concept is Perfect Bayesian Equilibrium (PBE). We focus on sepa-
rating equilibria in which, for any disclosure policy: (i) M offers an incentive compatible contract;
(ii) R accepts the contract and truthfully reports demand; (iii) quantity produced by firms in
the second period are mutual best responses. We impose passive beliefs off equilibrium path, so
that whenever R is offered an unexpected contract, it believes that E still follows its equilibrium
strategy. This is a natural assumption since M’s offer should not convey any information about

E’s behavior.

We make the following assumptions to simplify the analysis.
Assumption 1. Demand persistency is such that 7 < 4v — 1.

This assumption requires that the degree of demand persistency is neither too low when
0, =10 (ie., v > %1) nor too high when 6; = . These restrictions imply that R’s equilibrium rent
in the second period is always positive: a necessary condition for the game to feature a separating
equilibrium in the second period.?>:2! Indeed, with pooling in the second period, information
sharing becomes irrelevant since R’s production in the second period does not depend on the

first-period report.
Assumption 2. Demand uncertainty is small — i.e., Af = 0.

This assumption is imposed to obtain closed form solutions when comparing the players’
expected profit with and without information sharing. Essentially, the assumption allows us to
compute (expected) payoffs by taking first-order Taylor approximations around Af = 0.22 We will
show that information sharing has relevant welfare effects even in this limit case. In our dynamic
framework, focusing on small uncertainty also implies that, in the first period, R only has an
incentive to claim that demand is low when it is actually high, and not wvice versa, yielding the
standard ‘no distortion at the top’ result and that the incumbent never shuts down production.

In Section 1.7.4 we consider the case of large uncertainty.

208ee, e.g., Gal-Or (1999), Martimort (1996), and Kastl et al. (2011) for static models with similar assumptions.

2INotice that R’s equilibrium rent in the second period is also positive if we impose positive correlation. For a
similar approach, see Battaglini (2005).

2For a similar approach, see Laffont and Tirole (1988); Martimort (1999); and Martimort and Piccolo (2010).



1.3 Preliminaries

We first analyze E’s behavior in the second period. Information sharing affects E’s production
since R’s second-period production ¢ (+) depends on its first-period report m;.

Consider an equilibrium in which R truthfully reports demand in the first-period — i.e., such
that m; = 0; — and F expects R to produce gs (02, 6;) in the second period. With information
sharing, E’s problem is

max P(6s, qg + q2 (02,61))qg,

qr=0

whose solution yields a downward-sloping reaction function

A 0y — qo (92, 91)

5 . Y (6,0,) € ©% (1.1)

4dE (927 q2 (927 91))

By contrast, with no information sharing, £ must form a belief about ¢, (which is equal to

my in equilibrium), given 6,. Bayes’ rule implies that E’s posterior beliefs about ; are

_ v 1%
Pr [91:0|92:m = 1—|—Ay7 and Pl"[@l :Q|02:Q]: ]_—_A]/'
Hence, E’s problem is
EI;%; Pr [0,|02] P(02, g5 + g2 (02,01))qE,
whose solution yields a downward-sloping reaction function
02 — Z Pr [01|82] () (92, 91)
qr (02, E g2 (-) |05]) £ o V0, € ©. (1.2)

2 Y
The slope of this function depends on the degree of demand intertemporal correlation: the higher

is the correlation, the more ‘accurate’ is E’s inference on 6y, given 6,.

1.3.1 Benchmarks

Consider two useful benchmarks. First, suppose that, in every period, 6, is common knowledge.
Then M fully extracts R’s surplus and the optimal contract implements the monopoly outcome in
the first period — i.e., ¢* (6,) £ %1 — and the symmetric Cournot outcome in the second period
— i.e., both firms produce ¢ (6,) = %2.

Second, suppose that there is no entry in the second period. Assume that in both periods
only the incentive compatibility constraint of the high-demand type matters,?® and let U; (-) be

R’s equilibrium rent in the first period. Using a standard change of variables (e.g., Laffont and

23Tt can be checked that this is always the case under Assumption 2.
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Martimort, 2002), M offers the contract that solves the following intertemporal problem:

max  E|S 6P, () a ()| = S Pr(oi [U: (01) + 5 Pr [0 = 010,] Abgz (6,61)] .

()@l | T 61

subject to Uy (8) > 0 and

Ui (0) = Uy (8) + Abgy (8) + 57A0 [g5 (8,0) — g2 (6,0)]- (1.3)
Stati‘cr rent Intertemgoral rent

It can be verified that both constraints bind and that, in the optimal dynamic contract, first-period

quantities are
A

¢'(0) = ¢'(6), and ¢ (0) =q(0) - =,

while second-period quantities are

1
tAVNg
2v

——
Intertemporal distortion

@' (0,0) = q" (0) —

and gy (02,01) = ¢* (02) in all other states.

Hence, R always produces the monopoly quantity in a period in which demand is high — i.e.,
there is ‘no distortion at the top’. By contrast, there is a standard (static) downward distortion
of production in the first period when demand is low, while production in the second period is
distorted only when demand is low in both periods. This intertemporal distortion arises because a
higher quantity in state (6, 6) increases R’s rent both in the second period and in the first period
(since it makes it more attractive for R to report low demand in the first period, ceteris paribus).

The intertemporal distortion increases with 7 and decreases with v. First, a high v implies
a high probability of low demand in the second period following low demand in the first period,
which reduces M’s willingness to distort production. Second, other things being equal, a higher
v increases R’s intertemporal rent and induces M to increase quantity distortion to trade off

efficiency and rent minimization.

1.4 Equilibrium Analysis

We now characterize the optimal contract offered by M without information sharing (Section

1.4.1) and with information sharing (Section 1.4.2).
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1.4.1 No Information Sharing

With no information sharing, E’s production depends on its expectation of the quantity produced
by R, which depends on m; through the contract chosen by M (that E correctly expects in
equilibrium). Let ¢¥ (62) be E’s equilibrium production and denote by

Ag™ = qp (0) —az (0)
the difference between E’s production with high and low demand in the second period.

1.4.1.1 Retailer’s Rent

Let Uy (-) be R’s equilibrium rent in the second period. Following Martimort (1996), we first
assume that R only has an incentive to under-report demand and then verify this conjecture ex
post. Given a report my, R’s relevant incentive and participation constraints in the second period

are

Uz (é’ m1) > Uy (0,m1) + (AQ - AQN) g2 (0,m1), Vmy €0,
UQ (Q, ml) 2 O, le < .

Since limited liability implies that U (6, m1) = 0 for every mq, R’s second period rent is

U2 (gv ml) = \A9q2 (Qa ml) - AqNQQ (Q7 mll7 vTn‘l € 6. (14)
Inform;trion rent Competﬁon effect

This expression embeds two contrasting effects. First, R has an incentive to report low demand
in the second period in order to pay a lower transfer. Other things being equal, this secures R a
(standard) information rent which is increasing in the quantity produced when demand is low —
see, e.g., Mussa and Rosen (1978) and Maskin and Riley (1985). Second, there is a competition
effect (see, e.g., Gal-Or, 1999; Martimort, 1996; Martimort and Piccolo, 2010): when R under-
reports demand in the second period, E produces more than M expects and the transfer offered
to R does not take this effect into account. Hence, R’s incentive to under-report demand is weaker
than without entry. As a result, competition in the downstream market reduces R’s information
rent, and makes it less costly for M to elicit truthful information from R.

Consider now the first period. Let R’s rent in the first period be

Uy (61, m1) £ P (01, q1 (m1)) ¢ (my) — t1 (my)

and Uy (6,) £ Uy (61, m1 = 60,), ¥m, € ©. Taking into account its rent in the second period (1.4),

R’s intertemporal incentive constraint (ensuring that R truthfully reports demand in the first
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period) is

Ui (61) + 6 Pr [0, = 0|61] (A0 — Ag™) g2 (6, 61) =
U1 (Ql,ml) + 0Pr [02 = ?l@l} (A@ — AqN) q2 (Q, ml) s ‘v’Ql,ml S O.

Assuming that the constraint only binds when demand is high,?* the relevant first-period incentive

compatibility constraint is

Stati?:rRent Intertem;orral Rent

while the relevant first-period participation constraint is U; (6) > 0.

R’s incentive to under-report demand in the first period depends on two terms: the static rent
of a single period relationship and the intertemporal rent that R obtains when demand is high
in the second period, which happens with probability 7. The sign of this second term depends
on how the first-period report affects production in the second period when demand is low. If
¢ (0,0) > q2(0,0), R’s second-period rent is higher when it reports low rather than high demand
in the first period and eliciting truthful information is more costly than in a static environment.
By contrast, when ¢ (6,6) < ¢2(0,0), it is less costly for M to elicit truthful information. Of
course, as the competition effect becomes stronger — i.e., as A¢”" increases — R’s second-period

rent decreases and the difference gy (6, 0) — ¢2(6, ) has a weaker effect on R’s first-period rent.
1.4.1.2 Optimal Long Term Contract
After a standard change of variables, M’s intertemporal (relaxed) maximization problem is

max E Z(Sfflp (QnQiV()) a ()| +

a0l |5

- Z Pr [01] |:U1 (91) + o Pr [92 = gwl} (A@ — AqN) q2 (Q, 01)} s (16)
01

subject to (1.5) and the relevant participation constraint, where

Q§V (02, 64) £ q2 (02, 01) + qg (02) .

Since both constraints bind at the optimum, it can be shown that first-period production is as
in a market without entry, with no distortion at the top and downward distortion at the bottom

— i.e., using the superscript N to denote the optimal quantities chosen by the manufacturer,
ai’ (0) = ¢" (0) and that ¢ (0) = ¢’ (0).

24In the Appendix we check that under Assumption 2 this conjecture is verified in equilibrium.
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Differentiating the objective function with respect to ¢ (5, 91) yields
Pq2 (5, Qév (5, 91)) q2 (9, 91) + P (g, Qé\] (5, 61)) = O, ‘v’91 S @, (17)

where P, (-) denotes the partial derivative with respect to ¢,. Hence, when demand is high in the
second period, R’s production is not distorted (compared to the benchmark without incomplete
information) regardless of the level of demand in the first period — i.e., ¢¥(6,6,) = ¢©(0) for
every 6 — so that E’s best response is ¢X () = ¢“(0).

Differentiating the objective function with respect to ¢o(6,6) yields

P, (8,Q5(0,0)) ¢2(0,0) + P (6, QY (6,8)) = 0. (1.8)

Hence, if demand is high in the first period, the optimal dynamic contract rewards R in the
second period even if demand is low in the second period — i.e., production is determined by the
equalization of marginal revenues to marginal cost (which is normalized to zero).

Finally, differentiating the objective function with respect to go (6, 8) yields

P (6.Q) (0.0)) 0 (6.0) + P (8.0 (0.0)) = (80— Ag™) 27 (19

As without entry, increasing the second-period output in state (6,6) has two effects: a higher
q2 (0, 0) increases both R’s second-period rent when demand is high in the second period and low
in the first period, and R’s intertemporal rent when demand is high in the first period. Both effects
make it more profitable for R to under-report demand in the first period in order to enjoy higher
rents in the future. Hence, a higher v reduces both the static and the intertemporal distortion,
while a higher 7 increases the intertemporal distortion, which induces a higher distortion when
demand is low in both periods.
Substituting ¢ (9, 61) = ¢N(0) = ¢°(0) into (1.2), (1.8), (1.9) yields the following result.

Proposition 1.1. Without information sharing, ¢3 (6,6) < ¢ (0,0) < ¢© (8) < ¢¥ (9).

Hence, M distorts production downward (compared to a benchmark without incomplete in-
formation) when demand is low in both periods in order to optimally trade off efficiency and rent
extraction. This distortion induces F to increase production when demand is low because E ex-
pects R to under-produce with positive probability. As a consequence, R faces a more aggressive
competitor when demand is low in the second period, regardless of first-period demand, which

induces it to reduce production.

1.4.2 Information Sharing

With information sharing, E’s equilibrium production g3, (62, m;) depends both on demand in the

second period and on M’s report in the first period. This impacts R’s second-period rent, and
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therefore it affects R’s equilibrium production through the distortions chosen by M in order to

trade off efficiency and (intertemporal) rent extraction. For any my, let
AC]S (ml) £ qg (5, ml) - q% (Q, m1)
be the difference between E’s production with high and low demand in the second period.

1.4.2.1 Retailer’s Rent

R’s binding incentive compatibility constraint in the second period is?

U2 (5, ml) = \AGqQ (Qa mlz - Aqs (ml) q2 (Qa m127 vml € 0.

vV Vv
Information rent Competition effect

In contrast to the case of no information sharing, the competition effect and, hence, R’s intertem-
poral rent now depends on the effect of R’s first-period report on E’s production.

R’s intertemporal incentive constraint is

U1 (91) + o0 Pr [92 = 5‘91] [A@ — Aqs (91)} q2 (Q, 91) 2
Uy (‘91,?711) + 6 Pr [92 = 5‘91] [AG — Aqs (ml)} qo (Q, ml) , v91,m1 € 0.

As before, we assume (and verify ex post) that R only has an incentive to misreport demand when

demand is high. Hence, the relevant first-period incentive compatibility constraint is

Ur (0) > Us (0) + Ay (0) + 07 [(A0 — Ag®(0))gz (0.0) — (A0 — Ag®(0))ga (0.0)],  (1.10)
Stat;(:rent Intertem;):)ral rent

while the relevant first-period participation constraint is Uy (8) > 0.

Other things being equal, R’s intertemporal rent is increasing in A¢®(f) and decreasing in
Aq®(6). The stronger is the competition effect when a high demand is reported in the first period,
the higher is R’s intertemporal rent because second-period rents are higher (in equilibrium). By
contrast, the stronger is the competition effect when a low demand is reported in the first period,
the lower is R’s intertemporal rent, which ceteris paribus reduces R’s incentive to mimic in the

first period.

25For simplicity, we use the same notation for R’s rent as in Section 1.4.1.1.
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1.4.2.2 Optimal Long Term Contract

After a standard change of variables, M’s intertemporal (relaxed) maximization problem is

a1(-),q2(+),U1(")

max [E Z5T_1P (6-Q7 () ¢ ()| +
7=1,2

=) Pr(64] [Uy (61) + 6 Pr [62 = 0]61] (A6 — Ag® (61)) g2 (6,61)] (1.11)

01

subject to (1.10) and the relevant participation constraint, where

Q§ (64,6) S q2 (62,01) + q§ (62,01) .

Since both constraints bind at the optimum, it is easy to show that first-period production is the
same as without information sharing, and that in the second period there is no distortion at the
top regardless of level of demand in the first period — i.e., using the superscript S to denote the
optimal quantities with information sharing, ¢5(6,0;) = q2(0,60,) = q©(0) for every 6.

Differentiating with respect to go (Q, @) yields

Py, (0,Q5(0,0)) ¢2(0.0) + P (0,Q5(0,0)) = 0. (1.12)

With information sharing, since E’s output depends on first-period demand, neither firm distorts
production when demand is low in the first period and high in the second — i.e., ¢5(6,0) =
q2(0,0) = ¢¢ (). Differentiating with respect to ¢ (6, 6) yields

P (6.5 (0.0)) 2 (0.0) + P (0.5 (0.0)) = (20— Ag® (8) 27, (1.13)

Hence, the effects of the intertemporal distortions on production when demand is low in both
periods are as in the case of no information sharing.

Substituting and solving jointly with E’s first-order condition (1.1) yields the following result.
Proposition 1.2. With information sharing, ¢35 (0,0) < ¢© (0) < ¢z (6, 0).

As intuition suggests, E produces more than R when demand is repeatedly low since M
distorts production downward to reduce R’s intertemporal rent. By contrast, when demand is
high in the first period and low in the second period, firms produce the same quantities because

M does not distort production.

26Notice that while we consider information about demand, similar effects arises with information about costs. In
fact, information about #; allows the entrant to learn whether R’s production will be distorted, which is analogous
to knowing whether a competitor has high or low cost of production.
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1.5 Incentives to Share Information

To analyze the effects of information sharing on the manufacturer’s and the retailer’s expected
profits,?® we start by comparing E’s production with and without information sharing. Since
production is never distorted when demand is high, we can focus on the quantity produced by F

when demand is low.

Proposition 1.3. When demand is low in the second period, E’s production is higher (lower) with
information sharing than without if demand is low (high) in the first period — i.e., q3(6,0) <
qy (0) < ¢2(0,0). Moreover, E’s average production is higher with information sharing than
without — i.e., Eo, [q5 (0,61)] > q¥ (6).

With information sharing, F knows the quantity that R produces in the second period. When
demand is low in both periods, R’s second-period production is distorted for rent extraction reasons
and, since reaction functions are downward sloping, information sharing allows E to produce more.
By contrast, without information sharing, instead, F is uncertain about R’s production and has a
lower incentive to expand its own production. When demand is low in the second period and high
in the first period, E’s production is lower with information sharing because R’s second-period
production is not distorted, and this induces F to produce less when he is informed.

Therefore, with information sharing R faces tougher (weaker) competition from E when de-
mand is low (high) in the first period. Without information sharing, E responds to uncertainty
about R’s production by producing an intermediate quantity, between g3 (6, 5) and ¢z (6,0). In
expectation, information sharing increases E’s production since the first effect discussed above
dominates, so that the entrant obtains a larger market share when it is informed.

To analyze players’ incentives to share information, we now compare R’s expected rents and
M’s expected profits with and without information sharing. In order to obtain closed-form solu-

tions, we restrict to the case of small uncertainty (by Assumption 2).27

Proposition 1.4. R wants to share information with E, while M does not.

In the limit of small uncertainty only the competition effect shapes the impact of information
sharing on the R’s rent, while the effect on own quantities is second-order (see Section 1.7.4).
Specifically, R would like to disclose m; because letting F know the quantity that R produces in
the second period reduces the variability of E’s production — i.e., the difference between qc@)
and E’s production when demand is low. In fact, by Proposition 1.3, with information sharing
E expands production when demand is low, compared to the case without information sharing,

whereby reducing its (equilibrium) output variability — i.e.,

qp (0,0) > q; (0) = Ag®(0) < Ag™.

2"Hence, expected rents and profits are approximated by a first-order Taylor expansion for A# close to 0. We
relax Assumption 2 in Section 1.7.4.
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This weakens the competition effect (relative to the case without information sharing) and in-
creases rents in the second period. Hence, R prefers to face an informed rather than an uninformed
competitor in the second period.

For the manufacturer, by contrast, disclosing m; to E has two negative effects. First, since
qp (0) < Eq, [¢5 (0,61)], the entrant is (on average) more aggressive with information sharing.
Hence, M can extract a lower surplus from R when E is informed about first-period demand: a
business stealing effect. Second, holding revenues constant, sharing information is detrimental to
M because it increases R’s expected rent.

Therefore, in our environment transparency arises if the decision of whether to share informa-
tion is taken by the downstream incumbent, but not if it is taken by the upstream incumbent that
prefers to face an uninformed entrant. This highlights a conflict of interest between upstream and
downstream firms in vertical relations facing entry: whether information is shared with entrants
depends on which player owns privacy rights, and is accordingly entitled to disclose information
within a vertical hierarchy.?

We now consider the effect of information sharing on the (expected) joint profit of M and R,
to analyze whether their conflict of interest can be solved by ex ante contracting. Can M and R
jointly agree to an information sharing decision with compensation for the damaged party, before

demand realizes???

Proposition 1.5. The ex ante joint profit of M and R s lower with information sharing than

without.

Hence, with small uncertainty, the manufacturer and the retailer jointly gain by not sharing
information with the entrant: M obtains privacy rights by offering an ex ante payment to R
which compensates its loss for facing an uninformed entrant. When ex ante contracting is not
possible, however, either because M is capital constrained or because privacy rights cannot be
easily transferred, it is unlikely that M can prevent R from disclosing information to E.

Since the entrant can always (commit to) disregard the information received by the incumbent

and implement the same outcome as without information sharing, we have the following result.

Proposition 1.6. E obtains higher profit with information sharing than without.

1.5.1 Market for Information

Since information about the first-period report by the retailer is valuable, the entrant is willing

to pay for it. Do incumbent players have any incentive to sell information to the entrant, rather

28The fact that the retailer prefers to disclose information is in line with the literature finding that with Cournot
competition firms want to exchange information about their stochastic costs (see, e.g., Shapiro, 1986).

29This is equivalent to analyzing whether M and R can agree, behind the veil of ignorance, to a system of ex
ante transfers that harmonizes their interests, with R paying M to disclose m; to E, or vice versa. Of course, in
order for this agreement to be feasible, players must not be capital constrained.
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than simply share it at no cost? Coherently with our full commitment assumption, in order to
address this question we assume that the incumbent can commit at the outset of the game to a
price that the entrant has to pay in order to acquire information.

Of course, by Propositions 1.4 and 1.6, ' and R have a joint interest to trade information,
since they are both better off with information sharing. By contrast, since M’s profits are lower
with information sharing by Proposition 1.4, M has an incentive to sell information to E only if
the highest price that E is willing to pay for information is higher than M’s loss for facing an

informed competitor — i.e.,

Y

s N N s
N—— ——
E’s willingness to pay M’s reservation price
where, given a disclosure policy d € {S; N}, 114 denotes E’s expected profit and I1 denotes M’s
second-period expected profit.

Under Assumption 2, we have the following result.
Proposition 1.7. [t is never profitable for M to sell information to E.

As discussed above, M’s loss for information sharing is shaped by two effects: by sharing
information M induces the entrant to be more aggressive and increases R’s rent. Since the highest
price that E is willing to pay for information can internalize the first effect, but not the second
one, M has no incentive to sell information.

Finally, if M and R maximize joint profits, since R’s rent is just a transfer between M and

R, then the entrant can pay a price for information that fully compensates M’s loss.
Proposition 1.8. M and R have an incentive to jointly sell information to E.

Trading information is jointly profitable for the incumbents and the entrant because it maxi-
mizes total profit in the industry: it allows firms to extract more surplus from consumers (as we
are going to show), and it rebalances production from a less efficient firm (the incumbent who
faces agency costs) to a more efficient one (the entrant who faces no agency costs and, on average,

produces more when it is informed).

1.6 Welfare

In order to study the welfare effects of information sharing, since first-period production is the
same with and without information sharing, we analyze how the incumbent’s decision to disclose

information impacts aggregate production in the second period.

Proposition 1.9. Ezpected aggregate production is lower with information sharing than without.
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Information sharing reduces the incumbent’s production and allows E to increase production
when the incumbent distorts it. On balance, however, aggregate production is lower than without
information sharing because, holding constant the incumbent’s production, E’s decision is always
efficient regardless of its information (since it equalizes marginal revenue to marginal costs). In
other words, information reduces market efficiency because it increases R’s information rent via
the competition effect, whereby reducing the incumbent’s overall efficiency.

In the limit of small uncertainty, information sharing has an analogous effect on consumer

surplus and total welfare.

Proposition 1.10. Consumer surplus and total welfare are lower with information sharing than

without.

This suggests that information sharing between incumbents and new entrants should not
necessarily be allowed, and that incumbents should not be forbidden to sell information about
their past production or communication to future competitors. Hence, our analysis highlights a
potential drawback of imposing transparency about past performance to incumbents.3°

Notice that the result in Proposition 1.10 hinges on the absence of a fixed cost of entry.
With a sufficiently high entry cost, not sharing information may foreclose entry, which always
harms consumers. With a stochastic entry cost, however, the net effect of information sharing on
consumer surplus depends on the relative likelihood of entry being blocked without information

sharing.

1.7 Extensions

1.7.1 Competing Hierarchies

Suppose that the entrant is a vertical hierarchy rather than an integrated firm (see, e.g., Caillaud
et al., 1995; and Martimort, 1996): in period 2 a new manufacturer Mg enters the market and
sells through its exclusive retailer Rg, who is privately informed about 6, but does not know 6.
For example, this may happen when the entrant is a foreign firm that needs a local retailer in
order to enter the market and distribute its product.

My offers to Rg a direct revelation mechanism

{ae (mg, s),te (mg, s)},

which specifies a production level ¢g () and a transfer g (-) contingent on Rg’s report mg about

6, and on the information s € © U {@} revealed by the incumbent about R’s first-period report

300f course, transparency may be welfare beneficial in other contexts. For example, improving price and quality
transparency unambiguously benefit consumers — e.g., Varian (1980), Schultz (2009) and Gu and Wenzel (2011).
But while these models focus on firms’ ability to inform consumers about product characteristics, in our environment
communication is about past demand or performance.
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(with s = @ denoting no information).?! To focus on separating equilibria, we impose a condition

equivalent to Assumption 1.

Assumption 3. The degree of demand persistency is such that 7 < 7* £ min {4g2 — 1,% .

Moreover, ¢ is not too large.

The assumption requires that the degree of demand persistency is neither too low when 6, =
0 (e, v> %) nor too high when #; = §. This guarantees that, in the second period, retailers have
an incentive to mis-report demand only if demand is high, and that retailers” information rent is
positive (see, e.g., Kastl et al., 2011). Moreover, the assumption on § ensures that intertemporal
rents are positive — i.e., that in the first period R has an incentive to mis-report only when
demand is high (see Laffont and Martimort, 2002).32

M’s maximization problem is the same as in our main model, regardless of whether information
is shared or not. By contrast, the entrant solves a different maximization problem, since Mg is
uninformed about 65 and has to induce Rg to truthfully report it. Hence, the entrant’s production
is also distorted for rent extraction reasons, and this distortion crucially depends on whether the

incumbent shares information or not.

1.7.1.1 No Information Sharing

Without information sharing, when R truthfully reveals its private information, Rg’s expected

utility from truthfully reporting 6, is

Ug (62) = Z Pr [01]602) P (62, QY (62,61)) qi (62) — tg (62),
01

where, abusing notation, aggregate quantity is

Qév (02, 64) £ qp (02) + Qév (6,01) .

Let
Agy 2R, (g} (0,61)] — Eo, a8 (8.61)] .

Conjecturing that only the incentive compatibility constraint in the high demand state binds,

Rg’s information rent is determined by
U(0) > Ug (0) + (A0 — AgY) g (6. (1.14)

which reflects a competing contracts effect (averaged over 6;).

31Consistent with our main model, we assume passive beliefs off equilibrium path so that, whenever a retailer
receives an unexpected offer, it believes that the other players follow equilibrium strategies.

32This is a sufficient condition that does not affect the main results of the analysis since only second-period
outputs matter to determine the incentives to share/sell information, and the welfare effects of this choice.
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By standard techniques, Mg’s (relaxed) maximization problem is

max > Pr(fa] Y Pr(0|62] P (62, Q% (62,61)) qi (62) — Pr [0, = 6] (A0 — Agy’) g (6) .

Differentiating with respect to gz () and using the first-order conditions (1.7) it follows that, in
equilibrium, Rg’s production is not distorted when demand is high in the second period. Since
R’s production is also efficient, in equilibrium ¢ (6) = ¢’ (6, 6,) = ¢©(0) for every 6;. By contrast,

differentiating with respect to qg(0) yields

> Pr(ti|te = 0] [Py, (0. Q5 (8,60)) qi (0) + P (8,Q) (8,61))] =

= A — [4°(0) — Eo, [@3’ (0,61)]].

Distortion without information

Hence, other things being equal, Rg’s production is downward distorted when demand is low in the
second period. Together with (1.8) and (1.9), this condition determines equilibrium production

in the second period.
Proposition 1.11. Without information sharing, q3 (8) < ¢ (0) < ¢’ (6,6) = ¢3' (6.9).

Therefore, the incumbent overproduces (compared to the benchmark without incomplete in-
formation). Since M can exploit demand correlation to reduce R’s rent while Mg cannot, with-
out information sharing the entrant always produces less than the incumbent. This asymmetry
provides the incumbent with a competitive edge that completely offsets the potential distortion
stemming from asymmetric information and enables M to increase production when demand is

low.

1.7.1.2 Information Sharing

With information sharing, when R truthfully reports its information, Rg’s equilibrium utility is
Ug (6,01) = P (02,Q° (02,01)) qr (02,01) — tg (6, 61)
where, abusing notation, aggregate quantity is
Q§ (62,61) = qg (62,61) + q§ (02,01) .

As before, we assume (and verify ex post) that only the incentive compatibility constraint in the

high demand state matters. Let

Agy (01) £ 45(0,01) — g5 (0,6,), Vb, € O,
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Rpg’s information rent is then determined by the following inequality
UE(g, 91) 2 UE (Q, 91) + (AG—Aqf ((91)) dE (Q, 91), V91 € 0. (115)

With information sharing, the strength of the ‘competing contracts effect’ depends on demand

in the first period. Hence, for every 0;, Mg’s (relaxed) maximization problem is

H%aGX) Pr [92|91] (927 Qg (92a 91)) dE (927 91) —Pr [92 = §|91i| (Ae - AqQS (91)) dE (Qa 91) :

Differentiating with respect to qg (5, 01) it follows that, in equilibrium, Rg’s production is not
distorted when demand is high in the second period. Since R’s second-period production is also
efficient, in equilibrium ¢2(0) = ¢5(0,6,) = ¢°(0) for every #,. By contrast, in the low demand
state Rp’s production is distorted for rent extraction reasons. Differentiating with respect to
q(0,0:) yields

I% CDI

Pas (8:Q5 (6:61)) ai (0.61) + P (8,05 (6.61)) = 1;[—:} (80— 265 (61), V6: € ©.

[62 = 0164]

TV
Distortion with information

Together with (1.12) and (1.13) this condition determines the equilibrium production in states
(0,0) and (,0). While M only distorts R’s production when first-period demand is low, Rg’s
production is always distorted downward because Mg has an incentive to minimize Rg’s static

rent by reducing gg (#). The magnitude of this distortion depends on the likelihood ratio

ity =6.

|
(NI

(1.16)

— =
|
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—
>
2
Il
=
>
i
——
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Indeed, Mg distorts production more when the information about m; = 6, received by the in-
cumbent indicates that demand in the second period is relatively more likely to be high than

low.

Proposition 1.12. With information sharing, ¢5(0,0) > q5(0,0) and q¢5 (8,0) < q3 (8,0). More-

0
over, ¢5(0,0) > ¢° (0), while q5 (0,0) < q° (0) if and only if v > U=2U2).

Hence, the incumbent produces more than the entrant in the second period if and only if
demand in the first period is high. Moreover, when demand is relatively persistent — i.e., when
v is sufficiently large — Mg obtains more precise on fsfrom observing mq, so that it has to pay
a lower rent to Rg and can expand production. In this case, M under-produces if it faces an
informed rival. By contrast, when the information conveyed by m; is less precise, Mg is more
uncertain about demand, pays higher rents, and distorts production more in order to trade off

efficiency and rent extraction. This, in turn, induces M to expand production (relatively to the



23

complete information benchmark).

1.7.1.3 Value of Information

Consider the effects of information sharing on players’ profits.

Proposition 1.13. With information sharing, the entrant always produces more than without

information sharing — i.e., g5 () < min {qg (Q, 5) ,q5 (0, Q)}

Since knowing 6, allows Mg to elicit Rg’s private information at a lower cost, information
sharing induces the entrant to increase production, so that Eg, [¢7 (6,61)] > ¢¥ (f). Hence, we

have the following result (as in our baseline model).

Proposition 1.14. R wants to share information, while M does not. Moreover, Mg obtains

higher profit when it is informed.

1.7.1.4 Welfare

To analyze the effects of information sharing on consumer surplus and total welfare, consider

aggregate (expected) production.

Proposition 1.15. There exist two thresholds v, and Ty (v) < T* such that aggregate production,
consumer surplus and welfare are higher with information sharing if: (i) v > v, or (i) v < v,
and 7 < Uy (v). Otherwise, aggregate production, consumer surplus and welfare are higher without

information sharing.

Figure 1.1 illustrates the region of parameters, identified in Proposition 1.15, where consumers
prefer information sharing (for values of 7 and v consistent with Assumption 3). In contrast to the
case in which the entrant is an integrated firm, with competing hierarchies information sharing may
improve market efficiency. In fact, information sharing reduces Rg’s information rent, which allows
M, to distort production less and tends to increase aggregate production. Since reaction functions
are downward sloping, however, the increase of the entrant’s production triggers a reduction of
the incumbent’s production. The net effect on aggregate production depends on the degree of
demand persistency, which measures the precision of the information that the entrant obtains on
0, when it learns 6.

When demand is sufficiently persistent in state 6, = 6 (i.e., v is large) and it is not too
persistent in state 6, = 6 (i.e., ¥ is small), the likelihood ratio £ (-) is small. In this case,
information sharing has a stronger impact on the entrant’s production than on the incumbent’s
production, thus increasing aggregate production. By contrast, when the information obtained by
Mg on 61 does not result in a sufficiently large increase in Rg’s production, information sharing

reduces aggregate production.
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l:l C8S is higher with information sharing

- CS is lower with information sharing

Figure 1.1: Effect of information sharing on consumer surplus.

The effect of information sharing on aggregate production (in the limit of small uncertainty)
also determines its impact on consumer surplus and total welfare. Hence, in contrast to the case
of an integrated entrant, with competing hierarchies transparency standards improve efficiency
only if demand is sufficiently persistent in bad times and/or not too persistent in good times.

Finally, allowing M and R to contract ex ante reduces welfare since it induces them not to

share information.

Proposition 1.16. The ex ante joint profit of M and R is lower with information sharing than

without.

1.7.1.5 Market for Information

Assume now that incumbents can commit to a price at which to sell information to the entrant.
Of course, R and Mg have a joint incentive to trade information, since they obtain a higher profit
with information sharing. Moreover, as in our baseline model, the highest price that Mg is willing

to pay for information cannot internalize M’s loss due to the higher information rent for R.
Proposition 1.17. It is never profitable for M to sell information to Mg.
Suppose now that M and R maximize joint profits when selling information to Mg.

Proposition 1.18. There exist two thresholds v, and 7, (v) < T* such that M and R have a joint

incentive to sell information to Mg if and only if v < vy and ¥ > 7y (v).
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Figure 1.2 illustrates the region of parameters where M and R have a joint incentive to sell
information (for values of 7 and v consistent with Assumption 3). When 7 is sufficiently large,
firms trade information in order to gain market power vis-a-vis consumers, who are harmed by
information sharing. By contrast, M and R do not sell information when (ceteris paribus) v < v4
because an informed Mp distorts production more when v is small (see the expression of £ (6) in
(1.16)). In this case, it is less costly for the incumbents to face an informed competitor, which

lowers the reservation price at which they are willing to sell information.3?

V1 (v)

Incumbents zell information
m Incumbents do not sell information

Figure 1.2: Incumbents’ incentive to sell information.

Finally, the next result shows when the presence of a market where firms can trade information

harms consumers.

Proposition 1.19. When M and R have a joint incentive to sell information to Mg, information
sharing harms consumers if v < v, and v > Uy (v). When, M and R have no incentive to sell

information to Mg, information sharing always benefits consumers.

Figure 1.3 graphically summarizes the result of Proposition 1.19. When incumbents sell

information to the entrant, the welfare effect depends on the degree of demand persistency. By

330f course, Mg’s willingness to pay for information also depends on the fact that information sharing reduces
REg’s rent.
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contrast, consumers are always worse off when incumbents do not sell information. Hence, a social
planner should force incumbents to sell information when they are not willing to do so, despite

the presence of a market for information.

=l

a? -1 1 (12)

E
=
L
|=

Incumbents sell information
Incumbents do not sell information

CS8 is higher with information sharing

/.

CS is lower with information sharing

Figure 1.3: Does trading information harm consumers?

1.7.2 Stochastic Disclosure Rule

In our main model we have assumed an all-or-nothing disclosure rule. In this section, we consider
a more sophisticated communication protocol that relies on a stochastic structure.®* To simplify
the analysis, we assume that 7 = v = v.

If it shares information, the incumbent commits to a disclosure rule that consists of a binary ex-
periment with two signals, o € {7, g}, such that Pr [a =0T|lm; = 5] 2 aand Prioc=g|m =0] =
B (see, e.g., Bergemann et al., 2018, and Kastl et al., 2018). The parameters o and /3 measure the

informativeness, or accuracy, of the experiment. As a convention (and without loss of generality),

34As in our main model, we assume the entrant is an integrated firm.
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we assume that o + 8 > 1.3 Consistent with the assumption of verifiable information in our
main model, the outcome of the experiment is public — i.e., there are no further information
frictions between the incumbents and the entrant. An experiment with o = g = 1 is fully infor-
mative, which is equivalent to d = S in our main model; while an experiment with o + 5 =1 is
uninformative, which is equivalent to d = NN in our main model.

The long term contract is a menu

{q1 (m1) ,t1 (m1) , g2 (M2, my, 0) ,t3 (Mo, my,0)},

that specifies a quantity and a transfer in the second period that are also contingent on the realized
signal o.

Since o and 6, are independent conditionally on m;, with information sharing sharing E ob-
serves two independent signals on m;, that it uses to infer the quantity produced by the incumbent

in the second period. Hence, the entrant’s posterior is

Pr [a, Oylmy = ﬂ Pr [ml = ﬂ
Pr [0, Oo|my = 5] Pr [ml = ﬂ + Pr o, 02|my = 0] Pr[m; = 0]
Pr [92|91 = 5] Pr [cr|(91 = ?]
" Pr (0400, = 0] Pr[0]6y = 0] + Pr[0]01 = 0] Pr[0]6y = 6]

Pr [ml = 0o, 92} =

where we have used the fact that, in a truthful equilibrium where m; = 6;, Pr [ml = 5] =
Pr [61 = m = %

For any realization (o, 6s), the entrant’s problem is

qE>

ma}gz Pr 010, 02] P(02, g5 + g2 (02,61, 0))qp,
01

whose first order condition yields

0y — Pr 61605, 05,61,
QE(H%O)é = 201 r[1|22 0]q2(2 10)7 v(0,92)-

Consider now the incumbent’s problem. For any o, let
A¢® (0) 2 g3 (0.0) — 45 (0, 0)

be the difference between E’s output with high and low demand in the second period. R’s binding

35This is just a labelling of signals that ensures that upon observing signal & (resp. o), the entrant assigns higher
probability to m; = 6 (resp. 6).
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incentive compatibility constraint in the second period (see the Appendix) is

U2 (gy my, U) = AQQQ (ga my, O') - [QE (g7 U) —d4E (Qa U)} q2 (Q7 my, U) )

/

-~

Aq(m1,0)

where the competition effect now depends on the signal o. Hence, the relevant first-period incentive

compatibility constraint is

Uy (9) = Afq, (0)+

Static rent

+§V (>, Pro]d] (A8 — Aq(8,0))g2 (6,6,0) — >, Pr [a|§] (AO — Aq(0,0))qs (6, 0, )],

TV
Intertemporal rent

which is equivalent to (1.5) when o+ 8 =1 and to (1.10) when o = 5 = 1.

The incumbent’s maximization problem is

ma E 67’71P 077 (- (- +
q1(-),q2(-)),(U1(.) T=Zl,2 ( Q@ ( )) q ( )
- Z Pr(01] |Uy (61) + 6 Pr [0 = 6]64 ] ZPI [0]01] [A0 — Aq (01,0)] g2 (0,01,0) | ,
61 =
where

Q2 (927Q170) = q2 (9279170> + 4k (9270)'

In the Appendix, we show that the first-order conditions of this problem are analogous to those
in our main model. The difference is that the entrant’s production now depends on the signal

produced by the experiment.

Proposition 1.20. The optimal experiment offered by M is uninformative — i.e., it features
a+ 3 = 1. The optimal experiment offered by R is fully informative — i.e., it features o = = 1.

The uninformative experiment maximizes consumer surplus and welfare.

Hence, in the limit of small uncertainty, even with a more complex information structure,
our main qualitative results obtained with the all-or-nothing disclosure rule, and their policy

implications, hold.

1.7.3 Secret Renegotiation and Ex-post Disclosure

In our main model, we assumed that the incumbent players can commit ex-ante to an informa-
tion disclosure rule. Even if commitment is a standard hypothesis in the existing literature on

information sharing (see, e.g., Vives, 2006), one may wonder whether our results are robust to the
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possibility that the incumbent players (secretly) renege on their ex ante commitment to share or
not information. In this section we show that, when at the beginning of period 2 — i.e., before
learning 6, — the incumbent players can renege on the information sharing decision, but not
on the terms of the optimal long term contract, only the equilibrium with information sharing

survives.36

Proposition 1.21. The equilibrium with information sharing characterized in Section 1.4.2 is

robust to ex post renegotiation, while the equilibrium without information sharing is not.

The reason why the equilibrium with information sharing is robust to ex-post renegotiation
of the information sharing decision is straightforward. Consider an equilibrium in which the
incumbent players commit to share information and M offers the long term contract characterized
in Section 1.4.2. First, M has no incentive to renege on this commitment since players cannot
modify the contractual terms and, hence, by refusing to share information M cannot increase the
second-period transfer. But then R has no profitable deviation either, since the optimal long term
contract is incentive compatible.

By contrast, the equilibrium without information sharing is not robust to ex-post renegotiation
because R has a unilateral incentive to disclose information when demand in the first period is
high. In fact, other things being equal, this reduces E’s production relative to the no information
sharing outcome characterized in Section 1.4.1, whereby increasing R’s revenue.

This result suggests that when incumbent players can secretly renege on their ex-ante com-
mitment not to share information, there is an even stronger incentive from a welfare point of view

to ban communication with entrants.

1.7.4 Large Uncertainty

Our results hinge of the assumption of small uncertainty — i.e., Af small (Assumption 2) — that
allowed us to analytically solve for players’ expected profit and rents in Section 1.5. In this section
we use numerical simulations to analyze the effects of large uncertainty.

To simplify the analysis, we assume that # = 1 and 7 = v = v, so that Assumption 1 implies
v > % Moreover, we impose a no-shut down condition ensuring that A6 is not so large that the
incumbent shuts down production when demand is repeatedly low — i.e., A < A, (v) £ 22137
Hence, the two parameters of interest are v and Af and we compare profits and rents with and

without informations sharing when v > § and A9 < A, (v) (see the Appendix for details).

36 A similar result obtains when renegotiation occurs before 6, has realized.
37In the Appendix, we show that the incumbent never shuts down production in this case. In fact, for v > %,

1
qég (Q,Q) =3

1_3-|—V
3 3Br-1)

Af < gy (8,0) = 3 GTAQ’

and ¢5 (0,0) > 0 if and only if A§ < Afy (v).
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Figure 1.4 shows that the retailer wants to share information if and only if uncertainty is

sufficiently small — i.e.,

2v (3v —1)
AV A (V) £ 10 g g

Since ¢5 (0,0) < ¢’ (6,0), holding E’s production constant R prefers not to share information
because rents are increasing with quantity. However, E’s production and, hence, the competition
effect also depend on the entrant’s information. When A6 is small, R’s rent is mainly shaped
by the competition effect because the difference in the incumbent’s quantities with an without
information sharing only has a second order effect — i.e., [¢5 (6,60) — g5 (6,0)] — 0 as A§ — 0.
By contrast, when A6 grows large, the difference in the incumbent’s quantities have a larger effect
on R’s rent and overcome the competition effect, so that R prefers not to share information. And

the effect of the incumbent’s quantities magnifies when demand is more persistent.

Ag

Aty (v)

i Afy ()

R shares information

R does not share information

!Zi

Figure 1.4: R’s incentive to share information with large uncertainty
The manufacturer’s incentive to share information is illustrated in Figure 1.5. M prefers not
to share information if and only if Af is sufficiently small — i.e.,

A 16v(3v—1)
A< A0 (V) = o T ear—
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Of course, even with large uncertainty, sharing information allows F to be more aggressive, which
harms M. As A6 grows large, however, R’s rent is higher without information sharing, as discussed

above. Hence, for Af sufficiently large M has an incentive to share information.

Ag

Afg ()

Aby (v)

0.3
- M shares information

M does not share information

Figure 1.5: M'’s incentive to share information with large uncertainty

Finally, since A8, (v) > A, (v), M and R have a joint incentive not to share information for

Af € [Ab, (v),Ab, (v)] even if they do not contract ex ante, as shown in Figure 1.6.

1.8 Conclusions

It is commonly believed that forcing incumbents to be more transparent with entrants intensifies
competition and increases consumer surplus, efficiency and total welfare. This presumption may
be incorrect, however, when competition takes place between vertical hierarchies. Specifically,
when incumbents contract over time with privately informed retailers or downstream units, forcing
them to share information about past performances with an entrant may actually lower consumer
surplus and total welfare. Interestingly, while downstream firms are willing to disclose their private
information to entrants, upstream firms do not want to do so.

Although we developed our arguments in a manufacturer-retailer framework, the scope of our

analysis is broader. Our insights apply to any environment involving entry by a competing orga-
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Ad
b
Adg (v)
AL (1)
Aby (V)
1
0.3 1

R shares information

R does not share information

M shares information

M does not share information

Hiy

Figure 1.6: Joint incentives to share information with large uncertainty

nization with horizontal externalities, where principals deal with exclusive and privately informed
agents, like procurement contracting, executive compensations, patent licensing, and insurance or

credit relationships.
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Posterior Probabilities. Since in a separating equilibrium M’s report is truthful, —i.e., m; = 6;

— E’s beliefs are computed through the Bayes rule:

— APr[%:m@l:ﬂPr[Ql:@}

Pr [91 = §|92 = 9]

ZPI‘ [92 = gwl} Pr [91] a 1 + AV’
01
_ Pr[0y = 0|0, = 0] Pr[6, =0 _ v
ol =g, =g 2 P2 =00 =0 Prf=0] =7,
> Pr(6y = 0]6,] Pr [0,

01

with Pr[f; = 0|6, =1—Pr [91 = §|92] for every 6,.

Proof of Proposition 1.1. Both constraints (1.5) and U; () > 0 bind at the optimum. Maxi-

mizing (1.6) with respect to ¢ (5) and ¢, (0) yields

60— Af

[NRIRSN

Maximizing (1.6) with respect to ¢o (@, 01), o (Q, 5) and ¢ (6,0) yields

g— 2(]2 (5, 01) — qg (5) = 0, V@l S ("),
0 —2q5(0,0) —qp (8) =0,
1+ A
6 — 243 (6,6) — gl (6) — ——

v

Using E’s reaction function (1.2), we obtain ¢}’ (6,6,) = ¢¥ (6) and

& ©) =0 0) + 5 aor
0.0) = % 0) ~ 5 A
i (0.0) =" ) - EEEIEEEN T g

It is then immediate to verify that

(AQ — AqN) =0.
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and, by Assumption 1,

(14 Av) (1 — Av)

2w (1— 24 A < 0.

R’s second-period rent is strictly positive since, by Assumption 1,

1—Av

M_AQN:1—2AV

AG > 0.

R’s first-period rent is
U (0) = Mgy’ (9) + 07 (A0 — Ag™) [z (0,0) — a" (0.6)] .

By first-order Taylor approximation around Af = 0,

_ _ oUN (9)
N ~ T N . 1
U, (49) R lémolil (0) + A6 lém0 REYNER

where limag_,o U (5) =0. Letting § = 0 — A9,

_ouN(0)
A —pae —¢ 0)-
Therefore, for Af small (Assumption 2) R’s first-period rent is also strictly positive. B

Proof of Proposition 1.2. Both constraints (1.10) and U; () > 0 are binding at the optimum.
Maximizing (1.11) with respect to ¢ (-), it is straightforward to show that first-period production
is the same as without information sharing. Maximizing (1.11) with respect to go (5, 91), 0o (Q, 5)
and ¢ (6,0) yields

é — QQQ (9, (91) — qg (5, 01) = 0, V91 S @, (A4)
1+ Av
6= 24> (8,0) = g5 (6.0) — —— x [A0 = Aq” ()] = 0. (A6)
Using E’s reaction function (1.1), we obtain
41+ Av
g5 (0,0) = ¢ (0) — ﬁ%
2(1+ Av
qy (6,0) = ¢“ (0) + ﬁﬁg-

Moreover, 3 3 3
Cf; (97 91) = QE (07 01) = qC (0) , Vb0, €0,
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and g5 (0,0) = g3 (6,6) = ¢© (§). By Assumption 1,

4(1+4 Av)

s — S 9 e A—

% (6.0) ~ a5 (0.6) = —37— 78 <0,
2(1+Aw)

S - S =

Hence, E produces more than R when demand is repeatedly low.
R’s second-period rent is strictly positive since, by Assumption 1,

2
— A0 > 0.
dv—v—1 -

AO — Ag°(0) = §A9 >0, A0—A¢°(0) =

IR

R’s first-period rent is
UP(0) = Abg; (0) + 0w { [A0 — Ag®(0)] 45 (6.0) — [A — Ag® ()] 45 (6,6) } -

By a first-order Taylor approximation around Af = 0,

- - oU? (0)
S ~ 1 S : 1
Ur(0) ~ lim Ur(0) + A0 lim =5 g
where limag_o US(0) = 0. Letting § = 0 — A0,
oUs (0
lim ! ( )
A0—0  OAG

— S B) fﬁ 0,0 —
=q" (0) + o7 {aqgge) - qage )} q“(0),

Hence, for Af small,

US (8) ~ ¢ (0)A0 + 67 {ng’ﬂ - 8‘%&99’9)1 a“(0)20.

Since %q% (0,0) > 0 and %q% (Q, 5) < 0 by Assumption 1, for Af small R’s first-period rent is
strictly positive. Il

Proof of Proposition 1.3. We compare E’s equilibrium quantities with and without information
sharing. When demand is low in both periods, by Assumption 1,

(1+Av)(1-7)

5(0,0) —qp (0) = Af > 0.
When demand is low only in the second period, by Assumption 1,
_ 1+ Av
2(0,0) — g5 () = —————AF .
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For the last part of the proposition,

E [¢5 (8,61) 16] — qi (8) = Pr [61 = 0|65 = 0] g3 (0,0) + Pr (61 = 6]62 = 0] 42 (6,6) — i (6)
B (1-7)(1+ Av)’
S 3Ar-v-1)(1-Av)(1 —QAV)M’

which is strictly positive by Assumption 1. B

Proof of Proposition 1.4. First, we compare R’s ex ante rent with and without information
sharing. R’s rent without information sharing is

VYA 2 (1— ) (A0 — A¢Y) ¢ (6,0)

| &

+ % { A0¢" (0) + 07 (A0 — AqY) [ (0.0) — @3 (0,0)] + 07 (A0 — Ag™) ¢5' (£,6) }-

U (0)

By a first-order Taylor approximation around Af = 0,

VY~ lim VY 4+ A6 i ot
ABS0 ABS0 OAD’

where limag_,o VY = 0 and, letting § = 6 — A6,

i, 55 = 500+ 300 [7 (1+ ) 1 -) (1 242
Hence,
VY 2 @20+ 20°0) [7 (14 22) + (1w (14 252)] v, (A7)

Similarly, R’s rent with information sharing is

Vo £

N

(1—v) [A0—A¢°(0)] &5 (6,0)

5

+ 51206 (0) + 67 [(A0 — A°(0))g5 (6.6) — (A0 — Ag*(8))a5 (6.5)]

+0v(A0 — Ag®(0))g5 (0,0)] }.
As before, limag_,o V° = 0 and

) Y e e 9g5.(0.0) 0¢5(0.0)
A Sag — 29 (D) +507(0) [”(H 920 )+(1_Z) (H oAb )]

Hence,
VS

M (0)A0 + gq @) |7 (1+ 2582) + (1 - v) (1+ 2222) ]| a0, (A8)

l\DI»—t
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Comparing (A7) and (A8),

g (q 2(0.0) + (1 —v) 5 (a5 (@) —az (0,0)) | A9 (A9)

56]()( V) (14 Av)®
T2(1— 2Av) (v — u—1)M<O’

VN—VS%

where we have used equilibrium quantities from Propositions 1.1 and 1.2 and Assumption 1.
Second, we compare M’s expected profit with and without information sharing. By a first-
order Taylor approximation around Af = 0, M’s expected profit without information sharing
is
o1

I~ Jim T 89 B g

where )
. N _  M/m\2 C (3
Aim TV = ¢M(0)" + 0¢° (0)",

and, using § = 6 — A@ and the Envelope Theorem,

i O Mg 2ag 0] c (7
Jm, 55 = 0" ® = [1+ 2] @)

Hence,

Y ~ ¢"(@) + 6¢° @) ~ |¢* (9) +a° @) (1+ %53 ) | a0, (A10)
With information sharing, since

S _ 2 C(\2
dim 117 = ¢"(0) + 0¢°(0)?,

and

. om’ M oe [ 945,(6.0) - 943 (0.9) 945.(0.0)
Al}glow——q (0) —q~(0)0 [V(l‘i” )N )"‘(1_”) (1+ BN )+ <1+ A0 >} ’

M’s expected profit is
1% = g™ (0)* + 6¢°(0)* — ¢™ () A6+
_ _ S _ o % 0,0 % 0.0
— €(0)s [V (1 + —%@) +(1-7) (1 | 2B (0 >) + (1 + ng”)] A

Comparing this with (A10),

ool oases  aNe 11—V 0 ya
nN—HquCw)a[ e~ s 5 5ag 4 (0.9) — d (@0))} Af (A11)

~25¢°(0) (1 —7) (1 + Av)?
C 3(4v -7 —1)(1-2Av)

AO >0
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where we have used equilibrium quantities from Propositions 1.1 and 1.2 and Assumption 1. l

Proof of Proposition 1.5. For any d € {S, N}, the ex ante joint profit of M and the R is
1% 4+ V¥, For A small, using Taylor approximations and the results of Proposition 1.4,

6¢° () (1 —7) (1 + Av)?
6(1—2Av)(dv—7v—1)

IV + YY) — (II° + V%) ~ AO.

This is strictly positive by Assumption 1. B

Proof of Proposition 1.6. Let 14, d € {S, N}, be the entrant’s ex ante profit. Let § = 6 — Ag.
By Taylor approximations around Af = 0 we have

Y ~ AIIE Iy + hrilo(;HT];AG
0@~ 5 [a-m (14 2560 v (14 2582) | @) 20,
and
15 T+ Jm, G
) - {(1 7 (1 " aq?;gzﬂ) by (142500 >)] & (9) 0.
Hence,

ng—ns%[u_ )aie( (6.) — (99))+u%( 0.0)— o (99))]W

g C0) 1+ Av)* (1 -D)
3(1—=2Av)(dv —v—1)

Ad,

which is negative under Assumption 1. H

Proof of Proposition 1.7. Let p be the price for information about 6;, that E pays to M. F
is willing to buy information if and only if

Hence, M and E are willing to trade at price p > 0 if and only if

Yy — 115 < 113, — I14.
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Under Assumption 2 this condition simplifies to

2¢°(0) (1 —7) (1 + Ay)2M _ (0) (1 —7) (1+ Av)’

3020 (7 S30 280 w1

which is never satisfied. B
Proof of Proposition 1.8. M and R are willing to trade information if and only if
T - J < - 1,

where J¢ is the joint profit of M and R in the second period. Using the results of Propositions
1.5 and 1.6, under Assumption 2 this condition simplifies to

¢ (0)(1-7)(1+ Ay) Ad < ¢ (0) (1 + Av)* (1 - D)
6(1—2Av) (4v —7 — 1) 3 (1-2Av) (v —7 — 1)

AO,

which is always satisfied. B

Proof of Proposition 1.9. For any disclosure policy d € {S, N}, expected aggregate production
in the second period is

Q1L N Pr(tn] Y Prifaln] Q4 (62,01).
01€0 020
For Af small

d d
Q'~ lim Q'+ A lim aA(aQ

with hmAg_m QS = hmAg_m QN = 2(]0 (9), and

i 2€ 05 0 (@ (0.0) + 0 ©) + o (0.0 + ¥ @)
A6—0 OAG 2 @AH 2 \= E\= g —\aAe 2 \LH 2 g \U 1,
525QN (6.9) 52-QN (8.9)
. 095 1 ) o)
A58 =217 gag (5 (€,0) + az (¢, 9)) VoA (45 (8,0) + a3 (Q,@)j-
m@s@e) 525Q5(0.0)
Hence,
Q% -V~ |(1-7) 5 (Q° (8.0) — Q" (6.0)) +ui (Q%(8,8) — Q~ (8,0)) af (A12)
0A9 = “OA0 v,0 5

(1-7)(1+ Av)’
T 6dr-v-1) (1—2AV)M <0

where we have used equilibrium quantities from Propositions 1.1 and 1.2 and Assumption 1. B

Proof of Proposition 1.10. Without loss of generality, we focus on the second period, since
production in the first period is the same with and without information sharing. For any d €
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{S, N}, since the inverse demand is linear, expected consumer surplus is

Z Pr 91 Z PI' 92‘91 (02701) .

6,€0 620

For Af small

aCS?
d
CcS? hm CS*+ Al hr_r>1 OAD

with limpag_o CS? = 2q¢¢ (5)2 and

- ocs? oy Q" (6,0) 0Q(0,0)
Jim 27g =4 (0) |1 =9) =555~ =55

Hence,
¢ () (1 —7)(1+ Av)®
3(Av—7v—1)(1 —-2Av)

CSYN —CS° ~ A6,

which is strictly positive by Assumption 1.
Total (expected) welfare in the second period — i.e., the sum of M’s expected profit, R’s
expected rent, E’s expected profit and the expected consumer surplus — is

TW & Z Pr [6;] Z Pr [02]64] [92@21 (02,01) — %Qg (62,61)

6:€0 020

For A# small, using a first-order Taylor approximation around Af = 0,

ITW?
d
TR fm TV A0 B o

with limag_,o TW? = 4¢€ (5)2 and

d
A,eﬁo agA)/g ZPI 61 ZPI" 92 = 9|81 |: ( )M _2qC (9):| .

0Af
Hence,
N s C (7 9 S (7 9 s A
TW™ —=TW” =~ q (9) {(1 — V) 5xa IN (QE (9 9) Qr (Q> 9)) +V8T (QE (0,0) — Qg (QvQ)):| e

= ; [es™ —cs%] >0

Proof of Proposition 1.11. M’s maximization problem does not depend on the information
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sharing decision. Without information sharing, Mg’s (relaxed) maximization program is

ax Z Pr [6s] Z Pr [01105] P (02, 45 (62) + @5’ (62,61)) qi (62) +
) brc0 61€0

—Pr[6y=0] [A0— ) Pr[61|6, =0] ¢ (6,6:) + Y _ Pr(6h|6s =0 (6,61)] qr (6).
6:€6 6:€06

Maximizing with respect to qg (5) and qg (0) yields

e x [0 20s@) - 0.9)] + f;jy x [0~ 202(0) - 43'(6,0)] =
Pr[01=0/0,=0) Pr[01=0/0,=0)

1—-7v

— 14
6205 (0] - [0 “@)] -2 | 71 xd OO+ 5 xa (6.0)| =0
——
Pr[01=0/0,=0) Pr[61=0|0>=0)

Using (A1)-(A3), it follows that ¢¥ (6) = ¢’ (6,61), ¢ (6) = ¢ (8) — 2A0 and
g (0,0) = 3" (0.0) = ¢ (0) + 520.
By direct comparison of these quantities,
ar; (0) < ¢“ (0) < ' (6,6) = a5 (6,6).
R obtains a non-negative rent in the second period since A — Ag™ = 0. Similarly, Ry rent is
— — 2
AG = Pr(61]6s =0] g3 (6,61) + Y Pr(61|6: = 0] g3 (6.61) | q () = 30045 (6).
01 01
which is strictly positive. Finally, R’s rent in the first period is
U (6) = Abqy (0) + 67 (A6 — Aq™] [a3' (6.60) — a3’ (6,6)] .
which is positive for ¢ not too large. B

Proof of Proposition 1.12. M’s maximization problem is the same as in the baseline model.
With information sharing, Mpg’s (relaxed) maximization problem is

max Z Pr[62)64] P 927(]E (02,601) + ¢5 (92791)) qi (02,61) +
) 6rc0

— Pr [0y = 0]61] [A0 — (g5 (0,61) — g5 (6,61))] qr (0,61).



Maximizing with respect to qg (5, @) and gg (Q, 5) yields

0 — 29k (5,5) — qg (5,@) =0,
(1-2) (0 —2qg (6,0) — q3 (6,0)) — 7 (A0 — Ag5 (6)) = 0.

Using (A4) and (A5), it follows that ¢y (5, 5) =q5 (@, 5) =q¢ (5),

4v
3(3—4p)
S(na c 2v
% (8,0) = q“ (0) + MAH'

Maximizing with respect to ¢g (5, Q) and ¢g (6,0) yields

0 —2qp (0,0) — a5 (0,0) =0,
v (0 — 25 (0,0) — 45 (0,0)) — (1 — v) (A0 — Ag5 (6)) =0.

Using (A4) and (A6), it follows that ¢, (5, Q) =q5 (@, Q) =q¢ (9),

220 - 3v+v+1)

S _ C

2(3v—2v2 -7 — 1+ 3mv)
S _ oy 2B~y v
45 (0.6) = ¢° (9) e e

Direct comparison of these outputs together with Assumption 3 yields

20y
— = A0<0
4?2 — v —1 ’

_ _ 2T
@5 (0.9) — af (0.9) = 5

4_A9 > 0,

a5 (0,0) — gz (0,0) = —

— 4V
2U
— A0 <0
3B —dp) 0 =
and

203y — 202 — v — 1+ 3vv)
3(4v2—-v—1)

AO>0 < 7> <1_Z)(1_22).

C(py _ S _
q () — g (6,0) v—1
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In order to show that retailers obtain strictly positive rents in the second period, notice that

_ _ 24y,
U5 (0,0) = [A0 — Aqz(9)] 63(0,0) = 5— a3 (8, ) A9,
— 2v(2v — 1
US(0.6) 2 [26 - Aq (0)] a5 (0.0) = 22 45 (6.6) A0
S/n n\ 2 S (n S n 2(1 _v> S )
Up(6,0) = [A0 — Agy (0)] ¢2(0,0) = WQE(Q, 0) A0,

US0.0) 2 [A0— AgS (0)] ¢3(0.0) = 2222771 59 gy,

T | -

which are all strictly positive under Assumption 3.
Finally, R’s rent in the first period is

UP (0) = Abgy (0) + o7 [(A0 — Ag®(0))g5 (0,0) — (A0 — Ag®(0))g5 (0.9)]

which is positive for ¢ not too large. B

Proof of Proposition 1.13. When demand is low only in the second period,under Assumption
3,

_ 2 — 4

N(O) — g2(0,0) = — Af

dg (Q) QE(_a) 31 <0
2v (2v — 1)

qn (0) — qz (0,0) = Af < 0.

42 —v—1
[

Proof of Proposition 1.14. Using (A11) and the equilibrium quantities in Propositions 1.11
and 1.12,

2P+ v+ 1)+ v (-4 +v+2) + 1002 — 3v —

N _ 118 ~ o€ (9
Y =15~ g7 (0) 0 (3—47) (W2 -7 - 1)

Ao (a13)

Since the denominator is positive by Assumption 3, the sign of (A13) depends on the sign of
EWv) 2200+ 7* (dv+1)+7 (-4 + v+ 2) + 100° — 3v — 1,

with
€ (v,v)
ov
It can be shown that @ < 0 in our relevant region of parameters. Since £ (4v% —1,v) =

43 (2v — 1) (7 — 161%) > 6 and & (0.5,v) = %g (2v — 1) > 0, (A13) is positive and, hence, M does
not want to share information.

= 607 +7 8y +2)— 142 +v+2.
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Using (A9) and the equilibrium quantities in Propositions 1.11 and 1.12,

q“ (0) ov (2v — 1) (1 + Av)

7|

A VS A, (A14)

which is negative under Assumption 3. Hence, R’s ex ante rent is higher with information sharing.
We now compare Mg’s expected profit with and without information sharing. Notice that

. N _ 1 s __ C —\ 2
dim e = fimy e = 4= (0)"

and

N

) E Bqé\] (9 5)
AéIBO OND

—q“ () |Pr [0 = 0|6, = 6] (1 + —5Ag ) +Pr[0, = 06, = 0] (1 n aqu(eg,e)ﬂ 7

oI 710 _
Jlim =2 — —q© (B) {1 +57a5 (& (0:0) + a5 (0, Q))} :

Hence, using a Taylor approximation around Af = 0 and the equilibrium quantities from Propo-
sition 1.11 and 1.12,

1—7 o) (07) v oyee 10

Lo 2 a8 09) + a3 0.0)] a0

3—dv)—v(4r’+v—1)+20° +3v -2
(3—4p) (w? -7 —1)

Iy — 1Y ~ ¢“ (0)

o @) 2 A6, (A15)

Since the denominator is positive by Assumption 3, the sign of (A15) depends on the sign of
p(@v) 27 (3—4v) -7 (4P +v—1) +20° + 3v - 2,
where it can be shown that, in the relevant region of parameters,

o (7, v)

5 =7(6—8v) -4’ —v+1<0.

Hence, since
1 (4Z2 — 1,g) =202 (2v — 1) (7 — 1622) >0
and 3
p(05,v) =7 (@2r-1)>0,

ME’s expected profit is higher with information sharing. H

Proof of Proposition 1.15. Using (A12) and the equilibrium quantities in Propositions 1.11
and 1.12,

20° — 7% (16v° — v +1) + 7 (160° + 2v° + v — 2) — 120° + 8% — 3y + 1

N __ AS
- 2(3—47) (42 -7 —1)

Af. (A16)
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The sign of (A16) depends on the sign of the numerator
X (@) 220° -7 (1607 —dv + 1) + 7 (160° + 22 + v — 2) — 120° + 8* — 3v + 1.
Following the proof of Proposition 1.12, first let v < 0.6 so that 7* = 4% — 1. In this case,

x(0,v)=—Q2v—-1) (6" —r+1) <0,
x (47 - 1,v) = 20 (7 — 161%) (2v — 1)* > 0.
Moreover,
Ix (7,v)
v

Setting this equation equal to 0 and solving for 7 yields the critical points

= 67" — 7 (320° — 8v +2) + 16v° +2v° + v — 2.

Vmin 2 812 + 1/25601 — 22403 + 3602 — 14y +13 — 20+ 1 > 0,

v? — 1\/25604 — 22413 4+ 3612 — 14y + 13 — v + 1 > 0.

Since

*x (7.v)
VU—Vmin 8?2
2 ga—

lim —8 X (7, v)

T Umax OU2

= 24/256v4 — 22413 + 3612 — 14 + 13 > 0,

= —21/25604 — 22413 + 3612 — 14 + 13 < 0,

X (7,v) has a relative minimum at 7 = Ty, and relative maximum at 7 = Uy,,. Finally, for
v < 0.6 the critical points are outside the interval of interest — i.e.,

Uanin — (427 — 1) = £4/2560% — 22413 + 3612 — 14y + 13 — 2y — 317 + 1 > 0,
Umax — (4% — 1) = —1/2560* — 2243 + 3612 — 1dv + 13 — 2v — 22 + I > 0.

Hence, by the mean-value theorem there exists a unique 7y such that x (7, v) < 0 (so that aggregate
production is higher with information sharing) if and only if 7 < 7y (v).
Second, consider the case where v > 0.6 so that 7 < % Notice that

X(05,v)=3v2r—-1)3-4v) <0 & v>y,=0.75.

Let v > v,. The function x (7,r) has two critical points Ty, and Ty and is always negative
because

= 1\/256p4 — 2243 + 3612 — 1dv + 13 — 2y + 512 — 1 > 0
= —1/2561% — 22413 + 3612 — v + 13 — 2v — 42 + 2 > 0.

1
2
T 1
2

Hence, in this region of parameters, consumers are better off with information sharing. Next,
let v < v,. Since x (0,v) < 0 and x (0.5,) > 0, when 7 < % the function y (7,v) crosses the
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v-axis at least once. This point is unique because the relative maximum and minimum are outside
the interval of interest — i.e., Uy > % and Vpax > % Hence, if v < vy, there exist a unique
threshold 7y such that aggregate production is higher with information sharing if 7 < 7y (v).
Using numerical approximations, Figure 1.1 illustrates the region of parameters where consumers
benefit from information sharing.

Finally, using Taylor approximations (see the proof of Proposition 1.10), there are linear
relationships between total welfare and aggregate production,

TWN —TW? =¢° (9) [Q" — Q7]
and between consumer surplus and aggregate production,
CSN —CS8% =2¢° (6) [@" — Q°].

Hence, whenever information sharing increases aggregate production, it also increases consumer
surplus and total welfare. B

Proof of Proposition 1.16. For any d € {S,N}, the ex ante joint profit of M and R is
J4 =TI+ Ve For Af small, using Taylor approximations and the results of Proposition 1.14, we
have

6q° (0) (—20° + V2 (82 +1) — 7 (8 + 812 — 2) + 6% + 1 — 1)

(3—4p) (2 -7 —1) AD.

[ + V] — [1° 4+ V7] ~
The sign of this expression depends on the numerator
U(v,v) & 20 +7* (82 + 1) — 7 (8 + 8% — 2) + 60 + 17 — 1,
with
oV (v,v)
v
ov(v,v

T) < 0 in the relevant region of parameters. Hence, since
v

= —60° + v (161> +2) — 8° — 8v° + 2.
It can be shown that
U (4° —1,v) =v*(2v — 1) (7—160%) > 0

and
U (0.5,v) = v (2 —1) >0,

the ex ante joint profit of M and R is higher without information sharing. Wl

Proof of Proposition 1.17. Let p be the price for information about 6#,, that Mg pays to M.
M is willing to buy information if and only if

p < M7 — Y.
M is willing to sell information if and only if

p > 1Y — 115
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Hence, M and Mg are willing to trade at price p > 0 if and only if
my — 115 < 1135 — 112,
Under Assumption 3, this inequality simplifies to

q“ (0) (2v° —v? (8v —2) — 7 (=100 + 2v + 1) — 82 + 6v — 1)
(3—47) (2 —7v—1)

AG >0, (A7)

The sign of this expression depends on the numerator
k(T,v) 220" —7* (8u —2) — v (—100% + 20 + 1) — 8% + 6v — 1,

with
Ok (T,v)

ov
k(T,v

It can be shown that in the relevant region of parameters 2 W”) > (. Hence, since

=602 — U (16v —4) + 1002 — 2v — 1.

k(42 —1,v) = -2 (T—160%) 2v — 1) < 0

and 5
k(0.5,0) = -5 (v 1)" <0,
inequality (A17) is never satisfied. Bl

Proof of Proposition 1.18. Mg, M and R have a joint incentive to trade information if and
only if
gN - 7 <1 - 1.

Under Assumption 3, using the results of Proposition 1.14, this inequality simplifies to

“ (0)20° —7* (B2 +4v —2) — v (-8 —dv* + v+ 1) — 60 + v? + 3v — 1]
(B3—4p) (2 -7 —-1)

AG>0. (Al8)

The sign of the this expression depends on the sign of the numerator
w (W) 220 -7 (8 +4r —2) — v (-8 -4’ +v+1) -6 + 12 +3v — L.
First, let v < 0.6, so that 7* = 4v? — 1. In this case,

@ (0,r)=—(2v—1)(v+3° 1) <0,
w (422 — 1,2) =1 2u—1) (7— 1622) >0,
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and
9o (7
% :652—5(16y2+8g—4) +8 + 4P —rv—1=0
1%
Uiin = 2V + 2v2/3204 + 83 — 2002 — 5u + 5+ 42 — 1 > 0,
<~
Umax = 20— $v/24/3201 + 813 — 2002 — By + 5+ 212 — 1 > 0.
Since
2 —
lim % = 2V/2y/—5v — 2002 + 83 4+ 3204 + 5 > 0,
V—Vmin 1%
. Pw(7,p)
lim ——2= = —2v/2y/—5v — 2002 + 83 4+ 32w + 5 < 0,

Vo Umax  OD°

w (7, v) has a relative minimum at 7 = 7T, and relative maximum at ¥ = Ty,.,. The relative
minimum is outside the interval of interest — i.e.,

Pin = (4% = 1) = =2 (—u — 1v2y/~5y — 2002 + 807 + 327 + 5+ 4° 1) > 0.

Hence, by the mean-value theorem, there exists a unique 7; such that w (7,r) > 0 if and only if
U1 <.

Second, let v > 0.6, so that 7 < 5. Notice that

1
5

@w(05,v) =120 -1)(3-4%) <0 & v>v 2087

When v > vy, w (7,v) has two critical points Dy, and 7p,.c and is always negative because

S R T e e FEV I B

N |—=

Vmin

Pex = = 2 (v = $v2y/ =B = 207 + 87 + 32T 154+ 27— §) > 0.

Therefore, condition (A18) is not satisfied and players do not have incentive to sell information.
When v < vy, w (0,7) < 0 and w (0.5, ) > 0. Hence, the function @ (7, v) crosses the 7 axis
at least once. This point is unique because the relative minimum is outside the interval of interest
— 1.e., Unmin > %
Summing up, there exist a unique 7 (v) such that Mp, M and R have a joint incentive to
trade information if v < v; and 7 > 71 (). The region of parameters where M and R sell
information to Mg is illustrated in Figure 1.2 by numerical approximations. W

Proof of Proposition 1.19. Using numerical approximations of the implicit functions defined
by w (7,v) = 0 and x (7,v) = 0, Figure 1.3 shows that 7; (v) < 7y (v) for v < vy, which proves

the result. (The coding for the numerical approximations is available upon request.) W

Proof of Proposition 1.20. Differentiating M’s objective function, it is easy to show that
o (9, 0y, 0) =qg (9, J) =q¢ (6) for every 0; and o. While, for every o € {7, o} we have

Py, (0.Q5 (0,0,0)) 42 (0,0,0) + P (0.Q5 (6,0,0)) = 0, (A19)
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and
Py (0,05 (0.0, )) 45 (6,0,0) + P (8,05 (6, 0,0)) — 20 =8 €:0), (A20)

v

Solving (A19) and (A20) together with E’s first-order conditions,

1-p
3(1-F=-3(al-v)+v(1-7)
B
3B-0=3(a(l-v)+v(1-5))

3(1—v)(1 —a)+4pv

Ad

Al

¢ (0.0,0) = q° (0) 3B—F-3(l—v)+v(1-p )))AQ
B 3a(1—v)+4v(1—p)
Q2(9,97‘7)—qc(9)+3y(1_5—3(a(1—u)+v(1— )))AQ
and
20
w00 = O+ 3555w T r a2
15 (6.5) = ¢ (0) — 2(1-5) Ad.

730 =p=3(a(l=v)+v(1-5))

Substituting these quantities into M’s expected profit, maximizing with respect to o and £,
respectively, and assuming that Af — 0, in an interior solution we have

(a+B8-1)B1-v)286—-1a+(1-8)B(1—-v)—25(1-3v))) =0, (A21)

and
(a+B8-1)(68r—9v—=28+T)a—(1-3v)(1-8)—6(1—v)a?) =0. (A22)

Solving with respect to a and 3, the system of equations (A21)-(A22) features two critical
points (¢ = 0,8 =1) and (o« = 1,8 = 0). Let M’s expected profit in the second period be

1—v

II(a, B) = [0@ (6,6, 5)2 +(1—a)q (6.6, Q)Q] +

2
+ 2 [B0(6.6.0)" + (1~ 5)q(6.6.9)"

Notice that these two solutions are payoff-equivalent since they both imply an uninformative
experiment — i.e.,

Ha=0,=1)=(a=1,=0).
Moreover, it can be shown that

2(1—-v)

A
930 —1) 0 =0

Ma=1,=1)-I(a=1,=0)~ —

Hence, M prefers not to disclose information since v > % by Assumption 1.
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Consider now R’s incentive to share information. R’s second-period expected rent is

a1-8

Ua,f) 2=

[A0 — (¢°(0) — 4 (0,7))] ¢ (0,0,7) +

+ g (20— (4% (0) — (8. 0)] a2 (8.0, 0).

Maximizing with respect to o and 3, respectively, and assuming Af — 0, in an interior solution,
we have

(a+B8-1)B(1-1)(1-28) - (1-B)BL-v)-28(1-3)=0,  (A23)

and
(a+B8-1)(Br-1)1-8)-6(1-v)a®+ (7T—9—28(1-3v))a) =0. (A24)

The system of equations (A23)-(A24) features two payoff-equivalent solutions (o =0, 5 = 1) and
(o = 1,8 =0). Notice, however, that

U(a=1,ﬁ=1)—U(a=0,5:1):%Mba

Hence, U (o, B) has a global maximum at a« = § = 1, so that R would like to share information
perfectly.

Finally, consider the effect of information sharing in consumer surplus. As before, it can be
easily shown that for A# small, the effect on consumer and total welfare is equivalent to the effect
on aggregate quantity — i.e.,

Al—y

Qe 8) 2 =

(a(q2(8,0,7) +q(0,7)) + (1 — ) (92(8,0,2) +q(0,2))) +
+5 (8@ (0.6.0) +4(0.2) + (1-5) (@(6.0.7) +4(8.7))).

Maximizing with respect to a and f3, respectively, in an interior solution for A — 0 we have

(@+8-1)BA-v)(1-28)a-(1-5)B(1-v)=-25(1-3v)) =0, (A25)

and

(a+B8-1)(Br—=1)1-8)+(68vr—9v—28+T)a—6(1—v)a*) =0. (A26)

The system of equations (A25)-(A26) features two payoff-equivalent solutions (o =0, 5 = 1) and
(e =1,5 =0). Moreover,

11—
Qa=18=1)-Qa=18=0)~—c

A < 0,

so that consumer surplus is maximized by an uninformative experiment. Hl

Proof of Proposition 1.21. Consider first the outcome without information sharing character-
ized in Section 1.4.1. In order to show that it is not robust to ex-post renegotiation, consider R
and suppose that: (i) 6; = 6, and (ii) m; = 6. Then, R has an incentive to disclose m; to E if



and only if

7 [A0 - (¢° (0) - q (0)] a3’ (6,9) <

~
Second-period equilibrium rent
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Notice that, by definition
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R’s incentive to disclose m; then rewrites as

0<(1-7)g (6,0) (g5 (0) — g5 (6.9)) . (A27)
It can be shown that
. 0—¢Y(0.0) o (14+Av)(3(1 —Av) +v)
so that
1+ Av

ap (0) — gz (6,6) = 11— 2A0)

which is positive under Assumption 1. Hence, (A27) holds.

The equilibrium with information sharing is robust to ex-post renegotiation because M cannot
improve its profit from concealing information to F since, by assumption, the second period
transfer cannot be reneged on. Hence, M does not deviate. This implies that, by the intertemporal

incentive compatibility constraint, R cannot deviate either. H

Large uncertainty. We derive the functions plotted in Figures 1.4 and 1.5. Under the parametric
restrictions imposed in Section 1.7.4, the first-order conditions without information sharing imply

1 1 1 1

1 1 — 1 1 1 3+v
M) ==+ -A0 N(8,0) = = — =Ad N(0,0) = = — Ad.
dg (—) 3 + 3 ) ds (_7 ) 3 6 ) ds (_7 _) 3 Gu

Similarly, the first-order conditions with information sharing imply

_ 1 1 - 1 1
qg (9,91) = g + §A9, QQS (9,91) = § + §A¢9, V@l S @,
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Notice that ¢5 (6,6) < ¢ (6,6) for v > 1. Hence, we need to impose A§ < Afy (v) = 2= to

guarantee that the incumbent does not shut down production when demand is repeatedly low.
Consider now R’s expected rent. With no information sharing, R’s second-period rent is
strictly positive since
Uy (0,6,) = A0 — Ag™ = A6 > 0.

R’s first-period rent with no information sharing is

U @) =5 - a0

which is strictly positive for A§ < Afy (v), where Af, (v) > 0.
With information sharing, R’s second-period rent is strictly positive since, by Assumption 1,

US (8.8) = 20— Ag® (8) = 220> 0,

_ 2
US (8,0) = A6 — Ag® (8) = ?W—ZlAe >0,

R’s first-period rent is

(9307 — 580 4+ 9) A — (12902 — 54v + 9) AG?

UL e) 18 (3v — 1)°

The sign of this expression depends on the numerator
o (v, Af) & —A0 (1290° — B4v + 9) + Af (93v° — B8V +9)

with
do (v, AG)
0Af

in the relevant region of parameters. Hence, since o (v,0) = 0, and

= —Af (2580° — 108w 4 18) + 931° — 580 + 9 > 0

3w—1\ 1 ,
o(l/, 1 )—1—6(31/—1) (45 — 43v) > 0,

R’s first-period information rent with information sharing is positive.
We now compare R’s ex ante rent with and without information sharing. For any d € {S, N}
R’s ex ante rent is

V4= "Prioy] |UF(61) + > Pr [0, =0l6:] U (6,61) | . (A28)
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Using the first and second period information rents just derived, it can be shown that

(1—v) (92 +14v — 3) A0 + (1 —v) (2v — 61/%)

5 Af.
12v (3v — 1)

VN—VS:

Setting the numerator equal to 0 and solving for Af yields

2v(3v —1)
Ab, & 7 7
v W e L

which is positive in the relevant region of parameters. Figure 1.4 plots the threshold A#, (v) such
that R’s ex ante rent is the same with and without information sharing — i.e., V¥ = V%,
Second, we compare M’s expected profit with and without information sharing. Without loss
of generality, we focus on the second period, since production in the first period is the same with
and without information sharing. For any disclosure policy d € {S, N}, M’s expected profit is

Hd = Z Pr [91] Z Pr [62’91] qg (02, 91)2 .
01 02

Hence,
(1 —v)(9— 6302 —38v) Af + (48v% — 16v) (1 — v))

5 A6.
2v (3v — 1)

HN_HS:

Setting the numerator equal to 0 and solving for Af yields

16v (3v — 1)
38y 4+ 6302 — 9’

Ab, (v) &

which is positive in the relevant region of parameters. Figure 1.5 plots the threshold Af, (v) such
that M’s expected profit is the same with and without information sharing — i.e., IIV = II°.
Finally, showing that A6, (v) > A6, (v) is immediate. W
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Chapter 2

Terrorism, Counterterrorism and

Optimal Striking Rules

2.1 Introduction

After September 11, the war on terror has became a primary objective of the western world. Since
then, a wide campaign against religious terrorism (primarily Al-Qaeda) has been undertaken, in-
volving open and covert military operations, new security legislation, efforts to block the financing
of terrorism, etc. Yet, despite remarkable efforts, the problem seems far from being solved. After
the death of Osama bin Laden in 2011, the rise of the ISIS (Islamic State of Iraq and Syria) and
the recent dramatic attacks to the heart of Europe have increased again the alert, and thrown
serious doubts on the way the risks associated with the new threat have been assessed. After more
than 15 years, the major obstacle to the implementation of timely and effective measures is still
the ‘hidden face’ of terror. When will they strike? Where? And, how aggressively?

Answering these questions is difficult, especially in the absence of reliable information on
terrorists’ activities, network, strength, equipment, etc. This is why, in many cases, it could be
useful to collaborate with the local communities hosting the terrorists. Noncombatants, indeed,
are likely to own insider knowledge that would hardly be acquired by intelligence agencies — see,
e.g., Kalyvas (2006). According to Berman et al. (2011), noncombatants are responsive and active
actors. Popkin (1979) argues that they make rational decisions regarding the direction and degree
of their cooperation, while Galula (1964) and Petersen (2001) show that their propensity to do so

varies at the individual level and shifts across space and time.

Joint work with S. Piccolo, University of Bergamo and CSEF, and with G. Immordino, University of Naples
Federico IT and CSEF. We are indebted to Giacomo Calzolari, Nenad Kos and David Martimort for their insightful
comments and suggestions. Comments received by an anonymous referee are gratefully acknowledged. The audience
attending the Mannheim Graduate Students Seminar and the conference in honor of David Martimort (Paris, 2017)
provided useful suggestions to improve the paper.

o8



59

Hence, the interaction between target countries, terrorists, and the communities whose coop-
eration they compete for can be best understood by accounting for their preferences and incentives
(Nagl, 2002; Sepp, 2005; Petraeus, 2006; Fridovich and Krawchuk, 2007; Cassidy, 2008; McMas-
ter, 2008). To investigate these incentives we study a stylized mechanism design problem that
describes the optimal behavior of a country targeted by a foreign terrorist group. The country is
uncertain about the terrorists’ strength (measured by the magnitude of the damage produced by
an attack) and may decide to acquire such information from the community hosting the terrorists.
As a prize for collaboration, the target country provides the community with basic public goods,
infrastructures, technological knowledge, etc.

We highlight a novel trade-off between target hardening, which requires the country to invest
public funds to mitigate the incidence of the attack — e.g., by strengthening internal controls and
improving citizens’ protection — and preemptive attacks aimed at eradicating the problem at its
root. Specifically, we show that, conditional on being informed about the terrorists’ strength, the
country engages in a preemptive attack only when the threat that it faces is sufficiently serious —
i.e., the potential damage to civilians and public infrastructures is relatively large — and when the
community norms of noncombatants favoring terrorists are weak — i.e., when the terrorists are not
very much rooted in the country hosting them. The key point hinges on the mechanism design
approach we adopt: in order to elicit truthful information about the strength of the terrorist
group, the target country has to grant an information rent to the noncombatants, who would
otherwise have an incentive to overstate the strength of the terrorists in order to amplify the
risk of retaliation (which occurs when the strike fails) and induce the country to provide larger
provisions of public goods to guarantee their collaboration.

Hence, in order to reduce these rents, the country is forced to engage in preemptive attacks
relatively more often than in the first-best (i.e., the scenario in which the terrorists’ strength is
common knowledge) when facing strong terrorist groups. Indeed, ceteris paribus, being aggressive
to strong terrorist groups mitigates (or even nullifies) the incentive of the noncombatants to
overstate the risk of retaliation: a rent saving effect. Yet, a preemptive strike is also costly because
a military intervention would encroach on the community’s internal norms, whose members might
either be resilient to foreign interference with their territorial sovereignty, or have ties with the
terrorists: a morm breaching effect. The optimal policy trades off these two effects. Clearly,
although the county has an incentive to strike strong terrorist groups, it does less so as the
community features stronger norms.

Building on this insight we then turn to characterize the country’s information acquisition
decision. The benchmark against which we compare the country’s expected payoff from acquiring
information is that in which there is no interaction with noncombatants, and the policy is chosen
behind the wveil of ignorance — i.e., without knowing the terrorists’ strength. We show that
acquiring information is optimal only when: (i) the community features strong enough internal

norms or non-negligible ties with the terrorist group; (i7) the target country’s prior information
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about the terrorists’ strength is sufficiently poor. Intuitively, the country’s decision between
acquiring information and remaining uninformed is shaped by the following trade-off. On the
one hand, by not acquiring information the country bears the risk of making a decision that is
inefficient ex-post. On the other hand, when the country decides to remain uninformed, whatever
decision is taken, it saves on the cost of acquiring information, which as argued above depends on
the strength of the community norms and the rent that the community has to be granted in order
to truthfully report its private information.

Surprisingly, when the community of noncombatants features sufficiently weak internal norms,
the country prefers not to acquire information. The intuition is straightforward. In this case, con-
ditional on acquiring information, the country is most likely to strike. Yet, when it does so, its
ex post payoff is lower than the payoff it obtains when a preemptive strike is conducted behind
the veil of ignorance: no public good has to be provided to the community since no information
is transmitted. By contrast, as the community norms become stronger, the country is relatively
less likely to strike upon acquiring information. Indeed, the value of acquiring information lies in
the ability of the informed country to tailor its target hardening choice to the terrorists’ damage
because this eliminates the risk of making a wrong decision (as opposed to the case of no infor-
mation acquisition). As a result, the larger is the set of contingencies (states of nature) in which
the country decides not to strike, the higher is the value of information. Since it is relatively more
appealing for the country to invest in target hardening as the community norms become stronger,
the value of information increases too.

Hence, the model delivers an inverse relationship between the incentive to acquire information
about the strength of terrorist groups and the norms featured by the communities hosting these
terrorists. This result contrasts with the equilibrium characterization offered by Berman et al.
(2011) who find that norms favoring rebel control reduce incentives to disclose information in
a model where information is not elicited through incentive compatible mechanisms but it is
spontaneously disclosed by the community in a ‘cheap talk’ fashion. Their model features an
equilibrium in which communities disclose information if and only if norms are sufficiently weak.
By contrast, in our environment countries have an incentive to acquire this information if and
only if norms are sufficiently strong.

Finally, notice that although our model is very stylized, we believe that it captures some salient
aspects of reality and provides a few novel insights that might help designing future empirical work.

First, the distinction between defensive and offensive strategies and their optimal use contin-
gent on the severity of the terrorists potential damage, is a natural aspect of the problem in real
life. The way these instruments are used in real life seems to vary a lot over time and across coun-
tries. In a recent report by the NATO, it is argued that countering strategies need to develop a
wider range of responses commensurate with each threat type, blending military, law enforcement

and other civilian agencies where appropriate.! In spite of this, it is reported that while some

Thttp://www.coedat.nato.int /publication/researches/04-FutureTrends.pdf
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nations have been engaged in countering insurgencies in Iraq and Afghanistan in recent years, the
overwhelming response by other civil and military leaders since then is to avoid such conflicts,
and refocus mostly on conventional target hardening measures. Although this evidence might be
driven by decreasing returns to scale (both on target hardening and offence level) our model offers
an alternative explanation for it, that does not necessarily rely on decreasing returns.?

Second, allowing the target country to decide not to acquire information — i.e., the extensive
margin of the information acquisition problem — complements the cheap talk approach featured
in earlier contributions, and seems more compelling when there is a substantial imbalance between
the bargaining power of the country and the community of noncombatants.

Third, our simple set-up is flexible enough to accommodate additional aspects of the problem
that will be discussed in Section 2.4 and that we hope to address in future research.

The paper is organized as follows. In the next section (Section 2.2) we relate our paper to the
existing literature. In Section 2.3 we set up the model. In Section 2.3.1, we analyze the first-best
benchmark. The analysis under asymmetric information is developed in Section 2.3.2, where we
characterize the optimal behavior of the uninformed country and the informed one. In Section
2.3.3, we identify the incentive of the target country to get informed and the relevant comparative
statics. Section 2.4 discusses possible extensions of the model, traces a research agenda for future

work and concludes.

2.2 Related Literature

There exists a fairly developed literature in economics studying terrorism and counterterrorism,
to which our paper relates. The closest contribution is Berman et al. (2011), who provide a model
that captures a three-way interaction between insurgent organizations, government forces and a
local community. As already said, an important difference between our model and Berman et
al. (2011) is that we take a mechanism design approach, while they analyze a game in which
the community decides how much information to disclose in a ‘cheap-talk’ fashion. Hence, in this
sense the two models are complementary. Nevertheless, while we make a formal difference between
target hardening and military measures, they model the country’s counterterrorism activity as a
unidimensional decision variable. In contrast with our results, in their model norms favoring rebel
control reduce the community incentive to disclose information.

Many historians and political scientists who study war have recognized that states know that
war will entail costs, and even if they expect offsetting benefits they still have an incentive to
avoid the costs. The central question, then, is what prevents states from reaching an ex ante

agreement that avoids the costs will be paid ex post if they go to war? In his important article

2Besides its benchmarking role, which we discuss in Remark 1 below, substitutability may for example emerge
when either defense or offense display high (unmodeled) fixed costs that might make hard for a capital constrained
country to invest in both instruments.
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Fearon (1995) recognizes three answers to this puzzle. First, private information about relative
capabilities and incentives to misrepresent such information. Second, commitment problems, i.e.
situations in which mutually preferable bargains are unattainable because states might have an
incentive to renege. Third, issue indivisibilities. This article focuses on private information and
does not consider other mechanisms.

Some relevant contribution to the asymmetries of information strand of the literature are the
highly acclaimed study on the causes of war by Blainey (1988) and the two papers by Morrow
(1992 and 1994) on the possibility of solving crises by the parties trading concessions on different
issues “linkage” and the formalization of cooperation in the face of problems of distribution and
information. Closer to this paper is the work by Wang and Bier (2011) who consider a model
of incomplete information in which the defender is uncertain about the attacker’s weights on
which target to attack. They consider a dynamic game with incomplete information in which
the defender first chooses how to allocate his defensive resources, and then an attacker chooses
which target to attack according to his preferences. The defender’s uncertainty about attacker’s
preferences is modeled by a subjective distribution representing both defender uncertainty about
the attacker weights on the various known attributes and also defender ignorance about any
unobserved attributes. In our model there is only one target, and the uncertainty is about the
potential harm produced by the attack. Yet, while they allow only to defend the target, we also
consider the possibility of a preemptive attack (on uncertainty about preferences see also Lapan
and Sandler, 1993; Brown et. al., 2006; Bier et al., 2007; Farrow, 2008).

Like us, Powell (2006) considers a model where a target country can engage in preemptive
attacks. He adopts a bargaining approach and focus on commitment problems to argue that even
if violence occurs in equilibrium, it is inefficient in some cases. In our model, this is not the case
when the country acquires information, while it can well be the case with an uninformed country.
The main trade-off between acquiring information and acting behind the veil of ignorance hinges
precisely on this tension (on preemptive strikes, see also Powell, 1991 and Fearon, 1995). Powell
(2006) also proposes a distinction about which types of war can be interestingly accounted for by
asymmetries of information versus difficulty to commit. An informational approach may explain
the early phases of some conflicts but does not provide a convincing description of long conflicts.
The reason being that informational asymmetries are unlikely to persist for a long conflict.

As for target hardening, Hastings and Chan (2013) develop a simple cheap-talk model that
highlights the relationship between target hardening and the value that a terrorist group derives
from attacking it (but see also Arce and Sandler, 2003; Berman and Laitin, 2005; Enders and
Sandler, 1993 and 2004). They compare how the expected value of attacking a hardened target
varies depending on whether terrorists just maximize the physical damage inflicted to the target,
or if they also attach a symbolic value to the attack (even when it fails). They find that there
are some benefits in hardening a target since it decreases the probability of an attack and, almost

by definition, raises the loss of the terrorist group. Differently, they also stress that the marginal
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benefits of hardening the target decreases because of the significant rise in the symbolic value of
the target to terrorist group. We do not model this interaction and assume that terrorists always
attack in order to produce the most harmful damage to the target. However, we focus on the

information acquisition aspect that is neglected by Hastings and Chan (2013).

2.3 The Model

In order to capture in the simplest possible way the basic trade-off between target hardening and
offensive measures, as well as the pros and cons of acquiring salient information about terrorists
from non-combatants, the model that we will develop is highly stylized. A country is targeted by
a foreign terrorist group whose attack produces an harm (damage) H (0, d) < 0, with Hy (6,d) < 0
and Hy(0,d) > 0. The parameter # is a random variable, distributed on the compact support
© £ [0,0] C R* with cdf F(f) and pdf f(6), which measures (other things being equal) the
severity (incidence) of the harm. As a convention, we assume that the higher 8, the more harmful
the attack, which explains why H (-) is decreasing in 6. The interpretation of  is that it reflects the
military strength (violence) of the terrorist group. In order to shield against the attack, the country
can invest public funds in counterterrorism activities d > 0 (target hardening) that mitigate the
incidence of the attack, which explains why # () is increasing in d — e.g., introduction of metal
detectors, mandatory passenger screening, fortification and protection of government buildings,
etc. For simplicity, we assume that the monetary cost of defense is linear, and it simply equals d.

In addition to counterterrorism activities, the country can also engage in a preemptive attack
striking the terrorists in the hosting country. We denote by s € {0, 1} the striking decision: s = 1
if a strike occurs, s = 0 otherwise. Again, we assume that the monetary cost of conducing a
military campaign abroad is linear and equal to \. We posit that A is larger than 1 to capture
the idea that — differently from the cost of defense — the actual cost of the military campaign
weights also non-pecuniary aspects such as political dissent stemming from the possible loss of
lives during the campaign, and so on.

The country has no a priori information about the strength of the terrorist group. Yet,
this information can be acquired by dealing with the community of noncombatants hosting the
terrorists. These people own private information about 6 and are willing to disclose it as long as
the target country provides public goods g as a prize for collaboration.

Following the mechanism design approach developed by Myerson (1981) it is convenient to

model the choice of a strike as a mixed strategy and denote by o = Pr[s = 1] € [0, 1] the probability

3Indeed, this ‘convexification’ allows us to deal with a smooth maximization problem for the Government that is
relatively easier to solve than the problem where o € {0, 1}. However, as shown in Proposition 2.3, in equilibrium
the Government will always play a pure strategy.
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of a strike.?> The community is risk neutral and has a utility function
u(g,0,0) = g—ar—0(1—a).

Following Berman et al. (2011), the parameter x can be interpreted as a measure of the weight
that the community assigns to its territorial sovereignty or, in other words, as the strength of the
norms against foreign control of their territory. Alternatively, x could simply reflect a measure
of how rooted the terrorist group is within the community: the higher z, the more rooted in the
community the terrorists are. This cost is paid when the strike occurs — i.e., with probability
a. By contrast, when the country decides not to strike, the terrorist group exerts retaliation over
the community who bears a loss equal, for simplicity, to the strength 6 of the terrorist group.
Indeed, obvious reputation concerns may induce terrorists to discipline the community when it
collaborates with the country.?

As we will explain below, acquiring information allows the country to always take the best

(interim) decision. The country’s payoff is
V(&adagae) = (1 _&)H(ead) —d- )\Oé—g,

Hence, the country must first decide whether to acquire information about # or not, and then it
chooses the intensity (probability) of the strike and how much to invest in counterterrorism.
Without loss of generality we assume that, if the country decides to acquire information, it

offers by the Revelation Principle (Laffont and Martimort, 2002) a direct mechanism

M= {g(m),a(m)},co

which specifies an amount of public goods ¢ (-) and a probability of strike « (-) both contingent
on the community report m about the strength of the terrorist group #. Of course, given g ()
and « (+), the country will optimally set the counterterrorism activity d () so as to maximize its
(expected) payoff. As we will explain below, since d has no direct impact on the community’s
payoff, there is no loss of generality in restricting attention to mechanisms where the country does
not commit to a defense level vis-d-vis the community.’

For tractability, and without loss of insights, throughout we assume that

e (A1) The harm is quadratic
1
H(h,d) £ —5[9—d]2.

A quadratic loss function is typically used in the literature to obtain (tractable) closed form

4Kalyvas (2006) argues that rebels and terrorist groups typically engage in violence against noncombatants to
discourage their collaboration with target countries.

®Considering such an extended mechanism would also seem unrealistic since the country’s actual choice of d is
hardly verifiable by the community.



65

solutions. In our context, this specification has a two important implications. First, it allows
to obtain results that depend only on the first two moments of the distribution of 8. Second, a
quadratic harm also guarantees concavity of the country’s objective function and hence uniqueness
of the optimal policy. Notice that this quadratic function also captures the idea that Governments
want to properly match the target hardening effort to the actual threat imposed by the terrorist
— e.g., because providing too much defense might impose unnecessary costs on society. Hence,

despite the simple structure, a quadratic harm is coherent with a matching game.®

e (A2) F (f) exhibits an increasing (inverse) hazard rate — i.e., h(6) = F () /f () is in-

. . . . . A A
creasing in 0. Moreover, it features mean p and variance o2, with A =60 — 6 > 0.
Assuming an increasing (inverse) hazard rate is standard in most screening models.

e (A3) The harm is not too strong in expectation — i.e., u < %+ A. Moreover, o > v/2) and
0> max{\/Q)\, V2@ + N +1- 1} .

Altogether, these parametric restrictions simply guarantee that there exist a non-empty region
of the model parameters such that the country strikes regardless of whether it is informed or not.
The complementary region of parameters in which there is no strike, or the country prefers neither
to strike nor to defend, is uninteresting for our purposes.

The solution concept is Subgame Perfect Nash Equilibrium (SPNE).

Remark 1. As it will be clear soon, the fact that H (-) only depends on d and that the strike
always succeeds — i.e., it eradicates the problem at its root with certainty — de facto imply that
the utility of the country is such that defense and attack are substitutes rather than complements.
But, one could imagine that a preemptive strike increases the terrorists’ cost of attacking the
target, or that striking displays decreasing returns.” In both cases, which are equally plausible,
many results of the paper would change since it could be optimal for the country to employ both
measures at the same time (especially when the harm is very high). Yet, substitutability seems
to provide a useful benchmark to understand the basic trade off between attack and defense, and
hence it seems the very first step to make in order to understand the problem. We hope to address

the complementarity issue in future research.

2.3.1 The First-Best Benchmark

As a benchmark, consider first the case in which the country knows 6. In that case, there is no

need to waste funds in providing public goods to the community since the strength of the terrorist

6We thank an anonymous referee for suggesting this interpretation.
"E.g., the cost of striking is convex in the intensity of the strike or the probability of defeating the terrorists is
concave with respect to the intensity of the strike.



66

group is common knowledge. Hence, for every 6 the optimal d and « solve

max V(a,d,0) 2 max (1—a)H(0,d)—a)—d,
a€l0,1],d=0 a€l0,1],d>0
where, abusing slightly notation, we have defined V (o, d,6) £V (a,d, g = 0,0).

Differentiating with respect to o we have

Wladb) 4 0.4)-r<0. (2.1)
o ————

Harm avoidance

Clearly, a higher probability of striking lowers the harm since, by assumption, the attack
eradicates the terrorists’ threat (harm avoidance). Hence, it is optimal to strike if and only if the
benefit that the country obtains from the avoidance of the harm is larger than the cost A of the
military campaign.

Differentiating with respect to d we have

W-\(l—a}%ﬂ&,dl—lgo. (2.2)

TV
Target hardening

The optimal defense level trades off two effects: the cost of investing public funds in coun-
terterrorism activities against the reduced incidence of the harm due to these activities (target
hardening). The < sign comes from the fact that H (0, d) is strictly concave in d. Then, the
solution is either 0 — i.e., (2.2) holds with a strict inequality — or interior — i.e., (2.2) holds
with equality.

Combining (2.1) and (2.2), we can establish the following result.

Proposition 2.1. When the country knows 0 (complete information), the optimal policy is such
that o¥B (0) =1 and dP (0) = 0 if and only if

9>NBé%+x

Otherwise, for every 0 < 0P it is a'P (0) =0 and d¥8 (0) =6 — 1 > 0.

The solution of the first-best problem is clearly ‘bang-bang’ since the country’s payoft is linear
in «. As intuition suggests, when there is no uncertainty about the terrorists’ strength, it is
optimal to strike only when the harm is sufficiently large, namely when the terrorists are strong
enough. Clearly, other things being equal, as the harm becomes more severe — i.e., as 6 grows
large — the country has more incentive to strike, while it has less incentive to do so as the cost
of the military campaign rises — i.e., as A grows large. Of course, when the strike does not take

place, the optimal level of public funds invested in target hardening is increasing with harm.
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2.3.2 Asymmetric Information

Suppose now that the country has no information about 6. As explained before, there are two
viable options. The country can either base its strategy on the prior information it owns about
0, or it can acquire information from the community and make a decision that is ex post optimal.
Yet, in order to ensure participation of the community to the deal and elicit a truthful report, the
country has to give up an information rent to the community, which might either not accept the
contract or misreport ¢. In what follows we characterize the optimal counterterrorism policy for

each information acquisition choice and then compare the two outcomes.

Uninformed country. If the country decides to be uninformed, its optimization problem is
similar to that solved in the complete information benchmark with the difference that the harm
has to be taken in expected value. Hence, the optimal policy under no information acquisition

solves the following maximization problem:

max V(a,d) £ max /V(a, d,0)dF (0).
a€l0,1],d=0 a€l0,1],d=0 J,
Differentiating with respect to a we have again a trade off between the harm avoidance effect (in

expectation though) and the cost of striking — i.e.,

IV (a,d)

T:—/@’H(Q,d)dF(@)—A§O.

Differentiating with respect to d we have a trade off between the target hardening effect (again in

expectation) and the cost of defense — i.e.,

IV («a,d)

la :(1—&)/9Hd(9,d)dF(6)—1<0.

Hence, it is not difficult to guess that the solution of the uninformed country’s maximization
problem has a structure that is similar to that of the first-best. The difference being that, since
the terrorists’ strength is unknown, the costs and benefits associated with the use of each policy
instrument must be taken in expected terms. Because the country is risk averse — i.e., the harm

H (+) is quadratic — this means that the variance of  now plays an important role in the analysis.

Proposition 2.2. When the country is uninformed about 8, the optimal counterterrorism policy
is such that o™ =1 and d¥ = 0 if and only if

o?>o0 21 -2(u—N).

and o =0 and d~ = p — 1 otherwise.
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The behavior of an uninformed country is rather simple, and is shaped by the following trade-
off. On the one hand, investing in defense only entails some risk for the country because defense
is costly and it does not completely neutralize the harm. To see why, notice that the expected

harm evaluated at dV is

/ H(0,d") dF (0) & — / wm‘? 0)

2
= _/wdp(g)
0 2
_02—|—1
2 )

which is decreasing in o2 since the country is risk averse (i.e., the harm is quadratic in §). On the
other hand, a strike completely neutralizes the harm, but the military campaign is costly. Hence,
the higher o2 relative to )\, the more appealing the strike.

Finally, we can compute the expected payoff of the uninformed country:

VNé{ F-n—% ©0’ <o
- oo > 03 7
which is weakly decreasing in A, p and o2

As explained before, the uninformed country strikes, and completely eradicates the threat, if
and only if there is enough uncertainty about the terrorists’ strength (02 > 02) — e.g., because
the group of terrorists is new and very little is known about them. In this case, the country’s
expected payoff is simply equal to the expected cost of the military campaign. Differently, when
the uncertainty about the strength of the terrorist group is low (02 < 02), the country prefers to
take the risk of being attacked and invests only in defense to reduce the incidence of the attack.
Hence, the expected payoff falls with the average strength of the terrorists p and with its variance,

which measures the risk to which the country is exposed when there is no strike.

Informed country. Suppose now that the country acquires information from the community
before deciding whether to strike or not. The information released by the community is truthful

if and only if the mechanism M is incentive compatible. Let
w(0,m) 2 g (m) — za (m) — 0 (1 - a(m)),

denote the community’s expected payoff when it reports m and the true state of nature is . And,

abusing slightly notation, denote by

u(f) = u(d,m=0)
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the community’s information rent when it truthfully reveals the terrorists’ strength. An incentive

compatible policy requires the following standard implementability conditions

Ou (6, m) B o 0 _
P 0 = u =)+ /9 (1-a(2))dz, (2.3)
and 9
8%u (0, m) <0 = &8 >0. (2.4)
om? m=60

Condition (2.3) simply reflects the local incentive compatibility constraint: it guarantees
that the community has no incentive to misreport locally the strength of the terrorist group.®
Essentially, this condition delivers the information rent that the country has to give up to the
community in order to elicit truthful information. Notice that the community’s rent is decreasing
with the strength of the terrorist group — i.e., @ (f) < 0 — which means that communities hosting
weaker terrorist groups are able to extract higher rents when collaborating with target countries.
The intuition is that stronger terrorists retaliate more harshly. Hence, the community has an
incentive to overstate the risk of retaliation in order to be offered a better deal (i.e., more public
good provision). In addition, it is useful to observe that the rent enjoyed by the community
is decreasing in the probability of a strike. Indeed, the larger is « (-), the more protected the
community feels against the risk of retaliation, and the less costly it is for the country to elicit
truthful information.

Condition (2.4), instead, reflects the so called ‘monotonicity’ constraint which states that any
incentive feasible mechanism must be such that the stronger is the terrorist group, the more likely
it is that a strike will occur. This requirement is equivalent to the standard Spence-Mirleess
single-crossing condition.

The country’s maximization problem is

MY 0),d(0),q(0),0)dF (0),
g / (o (8),d(8),9(8),6)dF (6)
subject to (2.3), (2.4) and
w(@) =0 Voeo. (2.5)

Neglecting the monotonicity condition (2.4) and using a standard change of variable — i.e.,
optimizing with respect to u () instead of g (-) — simple integration by parts of the rent in (2.3)

(see, Laffont and Martimort, 2002) allows to rewrite the country’s maximization problem as

max /{v (@ (0),d(0),0) —a @)z —(1—a®)]0+h0)}dF (6). (2.6)

a(-)€0,1],d(-)=0 Jg

81t can be easily shown that incentive compatibility is satisfied also globally if it holds locally (see, e.g., Laffont
and Martimort, 2002).
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Notice that, as usual in these models, we have optimally set u(f) = 0 because the community
hosting the most violent terrorists can only under-report its retaliation loss, but this is clearly not
optimal. As a result, the 6-type is left with no rent.

Again, the objective function of the country is linear in «/(-) and its structure reflects the
standard trade off between efficiency and rent-extraction. Essentially, in order to elicit truthful
information, the country must give up an information rent to the community, which will in turn
affect the optimal striking rule. Yet, relative to the first-best benchmark, dealing with the commu-
nity is costly and the structure of this cost depends on the probability of a strike. Differentiating

with respect to a/(+) we have

HOAO) A~ o +0+hO)s0 (2.7)
First-best rule Norm breaking  Rept saving

The new trade off that the country faces when it acquires information is essentially between
the cost of breaching the community’s norms and the information rent that it has to pay when
deciding to invest in target hardening only. First, since the community is averse to hosting a
foreign army, the level of public good that has to be provided by the country when it strikes
must compensate the community for the loss due to the breach of its norms. Second, when
the country does not strike, retaliation by the terrorist group occurs. Hence, the public good
that has to be provided in this case exceeds the participation level 6, because it also takes into
account the rent that is necessary to pay in order to induce the community to report truthfully
the terrorists’ strength. Other things being equal, the higher 6 the more willing the country is to
strike because a relatively higher probability of striking in state 6 mitigates the incentive to mimic
of the community with type below 6, as reflected by the increasing inverse hazard rate h (f) that
measures the mass of types below 6.

Differentiating with respect to d (-) it is easy to show that the same condition as in the first-best
obtains. This echoes the dichotomy result in Laffont and Tirole (1993, Chapter 3). Essentially,
since counterterrorism does not affect the community’s payoff, only the striking decision is used
as a screening device, while the defense level is set at its first-best rule. Notice that this same
outcome would occur if the community committed to an extended mechanism that includes also
the defense level as a screening instrument, which explains why it is without loss of generality to
exclude d from the mechanism M.

We can thus establish the following result:

Proposition 2.3. Define

0<z220—-—-A<TZ22+2A0+h(0).

DN | —

When the country acquires information, the optimal policy is such that:
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o Ifr<xthenal (0)=1,d (0) =0 and g' (§) = x for every 6 € ©.

o Ifx € (z,T) then: o (0) =1, d' () =0 and g* () = x when 0 > 6*. Otherwise, o' (6) =0,
d'(0) =60—1 and

g (0) =6+ /9 (1—a'(0))dz = 6" (2.8)

The threshold 6* € (Q, 5) 15 the unique solution of

1
20+ h(0) =5 +a+A

and it is increasing in x and \.
o Ifx>7, thena! (0) =0 and d* (0) = 0 — 1 for every 6 € ©.

The intuition behind this result is rather simple. As in the first-best, linearity of the country’s
payoff implies a bang-bang solution also when getting informed is costly. Yet, with asymmetric
information, the optimal strategy depends not only on the terrorists’ actual strength, but also on
the extent of the community norms. More precisely, depending on the magnitude of x either a
pooling or a separating outcome may occur. Notice that, in both cases, the monotonicity condition
(2.4) is satisfied.

First, when the community’s internal norms are sufficiently weak (r < z) — e.g., because
its members are not too resilient to host a foreign army or because they have weak ties with
the terrorists — the optimal policy requires a pooling outcome in which the country strikes no
matter how strong the terrorist group is. As intuition suggests, the threshold z is decreasing in
A and increasing in 6. Intuitively, as A grows large it becomes more costly to strike and therefore
a pooling outcome such that the country always strikes regardless of 6 becomes less appealing.
Differently, as the harm becomes more severe — i.e., as the support of @ shifts to the right (higher
values of #) — the information rent enjoyed by the community when a strike does not occur
increases, and this makes the country (other things being equal) less willing to take the risk of
investing only in target hardening.

Second, when the community norms are not so weak to induce the country to strike no matter
what, but neither so large to make a strike not worth at all —i.e., x € (z,7) — the optimal policy
is such that the country intervenes militarily if and only if the terrorists are sufficiently strong.
That is, a strike occurs when 6 exceeds the threshold 6* that is determined endogenously to trade
off the cost that the country has to pay in order to compensate the community members for
violating their norms and the information rents, induced by the risk of retaliation, that it would
have to give up when the information received by the community is used to fine tune defense only.
As intuition suggests, the threshold 6* is increasing in z and A since is relatively less profitable
to strike if the community features stronger internal norms and/or if the military cost of the

campaign is higher.
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Third, when the community norms are very strong — i.e., x > T — striking becomes exces-
sively costly, and the optimal policy is such that the country prefers a strategy based on target
hardening only. The threshold ¥ is increasing with the width of the terrorists’ types A# since
a wider support of types is associated with larger rents, and it is increasing with the (inverse)
hazard rate function which is also a direct measure of rents as explained above.

Interestingly, the level of public goods provided by the country is increasing in the norms’
severity = and (weakly) increasing in the cost of the strike A\. That is, the more the terrorists are
rooted in the local communities that host them, the larger is the public goods provision requested
in order to reveal truthful information. Similarly, the investment in public goods is higher when
the target country faces a higher military cost to implement a successful strike because, in this
case, it is more likely that it will invest only in target hardening leaving the community exposed
to retaliation by the terrorists.

Finally, by inspecting (2.7) we can compare the first-best with the behavior of an uninformed
country which decides to acquire information. Letting 6y be the value of the terrorists’ strength

at which the solution of the second- and first-best problems are equivalent, that is, the solution of
r=60+h(0),

it can be immediately shown that

Corollary 2.4. For any 0 > 0y (resp. <) in the second-best striking becomes more (resp. less)
appealing than in the first-best.

Hence, when the country acquires information, weak terrorist groups are attacked relatively
less often than in the first-best, while the country behaves more aggressively wis-d-vis stronger
and more violent groups. Obviously, although these distortions will not affect the defense level on
the intensive margin, they affect the extensive margin — i.e., the extent to which each instrument
is used.

Summing up, we can compute the country’s expected payoff from acquiring information. The
result stated below will turn quite useful when we will provide the interpretation for the comparison

between the country’s expected payoff with and without information acquisition.

Proposition 2.5. When the country acquires information, its expected payoff is

9*
yrae )\ +/ F(0)dd + F (0*)h(6*) — z,
) ; (0) (6%) 1 (67)

Striking cost o

~~
Rent saving

which is increasing in 0*.

Hence, the country’s expected payoff from acquiring information can be written as the cost of

striking, plus the expected rent-saving effect that a strike brings about. That is, the community’s
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expected information rent

/Q*F(Q)d9+F(9*)h(9*),

minus the cost x of breaching its internal norms. Of course, the larger is the set of states in which
it is optimal to invest in target hardening only, the stronger is the rent saving effect, whereby

increasing the benefit that the country obtains when it acquires information.

2.3.3 Optimal Information Acquisition Rule

Now we turn to analyze the information acquisition decision of the country. The comparison
between V! and V¥ yields (see the Appendix):

Jy F(0)do+F (0")h(0) —x & o
<~

| ,
Jy F(0)do+F (0 )h(0") = (x+A)—5+n+%

Hence, we can establish the following result:

Proposition 2.6. The optimal information acquisition rule has the following features:

e For 0® > o acquiring information is optimal — i.e., VI > VN — only if 0 < 02/2, and if

x = x*, with x* € (x,T) being the unique solution in x of
o+
/ F(0)d0+ F (0" h(6") — 2 — 0.
0

Otherwise, it is never optimal to acquire information.

e For 0% < o2 acquiring information is optimal — i.c., VI > VN — only if < 02/2 and

x =¥, and if

0*
02> 02— 2 [/ F(6)do+ F (0°)h (6°) — x
0
Otherwise, it is never optimal to acquire information.

The country’s decision between acquiring information and remaining uninformed is shaped
by the following trade-off. On the one hand, by not acquiring information the country bears the
risk of making a decision that is inefficient ex-post. On the other hand, when the country decides
to remain uninformed, whatever decision is taken, it saves on the cost of acquiring information,
which as argued above depends on the strength of the community norms and the rent that the
community has to be granted in order to truthfully report its private information.

Surprisingly, when the community’s norms are sufficiently weak the country prefers not to
acquire information. To see why recall that 6* is increasing in x. Hence, for low values of x the

country strikes relatively more often and, when it does, its ex post payoff is — (x + \). Therefore,
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conditional on striking, the country is always worse off when it acquires information — i.e.,
—A > — (A + x) — which is the case also in expectation when z is low enough to induce 6* being
close to #. This suggests that acquiring information should be optimal if the rent saving effect
discussed above is strong enough —i.e., if x > x*. Yet, x sufficiently large is not the only condition
that is needed in order for the country to be willing to acquire information:  must also be not too
large. The reason is simple: strong norms (high ) imply that the set of contingencies in which
the informed country invests in target hardening only is large, and in these contingencies a rent is
paid to the community. Now, if f is large, these rents are large too (see, e.g., equation 2.3), hence
acquiring information becomes costly. In the region of parameters where the uninformed country
does not strike, the condition for the country to acquire information becomes even stronger: in
addition to a sufficiently high = and a not too large € it must also be o not too small. The reason

2 small) about the terrorists’ strength, then acquiring

is simple: if there is little uncertainty (o
information becomes too costly relative to being uninformed because in the latter case the risk to
which the country is exposed when it invests in target hardening only is small.

Turning to the comparative statics, we can show the following result.
Proposition 2.7. x* is decreasing in \.

Intuitively, as A grows large, there is more incentive to acquire information (other things
being equal) because by not doing so, the country is more exposed to the risk of making the
wrong choice.

Summing up, the model delivers an inverse relationship between the incentive to acquire
information about the strength of terrorist groups and the norms featured by the communities
hosting these terrorists. This result contrasts with the equilibrium characterization obtained by
Berman et al. (2011) who find that norms favoring rebel control reduce incentives to disclose
information. Their model features an equilibrium in which communities disclose information if
and only if norms are sufficiently weak. By contrast, in our model countries have an incentive to
acquire this information if and only if norms are sufficiently strong. As explained before, what
makes the difference is the rent saving effect and the fact that in our model the target country can
use two alternative instruments in order to shield against the terrorists’ violence. In addition: (%)
conditional on striking, the country would like to be uninformed because by so doing it would save
the cost it has to pay in order to compensate the non-combatants for breaking their norms; (i7)
as x becomes smaller, #* becomes smaller too, so that when the country acquires information it is
relatively more likely to strike, which is however an ex-post inefficient strategy. Hence, the country

has a weaker incentive to acquire information when the community features weaker norms.
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2.4 Concluding Remarks

In this paper we have developed a mechanism design approach to study the relationship between
terrorism, counterterrorism and information acquisition. By so doing, we have highlighted a novel
tension between target hardening and preemptive attacks. Specifically, we showed that a country
targeted by a group of terrorists engages in preemptive attacks, which eradicate the threat at its
root, only when it faces sufficiently strong terrorists and when the community of noncombatants
from which information about terrorists is elicited features weak norms, or if these people have
poor connections with the terrorists. Yet, in contrast with the existing literature, in our model it
is optimal for the target country to acquire information about the strength of the terrorists only
when noncombatants feature strong enough internal norms and when there is enough uncertainty
about the terrorists’ strength. This suggests that using public goods provision as a way to attract
communities of noncombatants in order to elicit from them information about terrorists is not
always ex ante efficient.

Although the model is highly stylized, we believe it captures some basic aspects of reality and
that, in addition, it provides a solid basis for a broader research agenda. First, the distinction
between defensive and offensive strategies and the fact that each of these instruments is used
depending on the severity of the terrorists’ potential damage, seem to be natural aspects of the
real life problem. Second, allowing the target country to gather information about the terrorists’
strength — i.e., the extensive margin on the information acquisition decision — seems in some
cases more realistic than the cheap-talk approach featured in earlier contributions, especially when
the community hosting terrorists is relatively smaller than the target country. Finally, the model
also provides a flexible framework to address — in future research — related issues that have not
been addressed here. Namely, how results would change with complementarty between the two
instruments, the decision making problem of a country targeted by more than one terrorist group,
the introduction of violence as one of the terrorists’ decision variables, the design of a coalition

against terror and the related common agency problem, the effects of dynamics, etc.
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2.5 Appendix

Proof of Proposition 2.1. Differentiating the objective function V () with respect to o we have

%w—ﬂ2—x (B1)

Differentiating with respect to d we have
(I1—a)[0—d —1. (B2)

First, notice that if a« = 1, then (B2) is negative, so that d = 0. Hence, a = 1 is admissible if and
only if
92

5 = A=0 V0o, (B3)
which is always true as long as 6 > v/2\ as imposed in assumption A3.

Next, we show that if d > 0, then o = 0. Suppose, by contradiction, that this is not the case.
For given o < 1, the objective function is strictly concave in d. Hence, if d > 0 it must be equal
to

1—a

3%m3W%9%=55%;3—9—Aw (B4)

Moreover, notice that if d > 0 then o > 0 if and only if (B1) is positive. Therefore,

Maximizing (B4) with respect to o subject to (B5) we have

1
ain=o, B6
2(1—oz)2 " (B6)

where 1 > 0 is the Lagrangian multiplier associated to (B5). If » > 0 then (B5) binds and (B6)
implies 7 = 0: a contradiction. Moreover, if n = 0 and « > 0, the first order condition (B6) yields
another contradiction since o =1 — % Hence, a = 0 whenever d > 0.

Finally, to show the result we need to sign the difference

1
V{a=1,d=006)-V(@=0d=0-10=0-\—,

which yields immediately the result.

Proof of Proposition 2.2. Differentiating the objective function V (a, d) with respect to o we
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have
1

- /(9 —d)?dF (0) — \, (B7)

2.y

while differentiating with respect to d we have

(1—04)/9(9—d) dF (0) — 1. (BS)

First, notice that if & = 1, then (BS8) is negative, so that d = 0. Hence, o = 1 is admissible if

and only if
o? + 2
2

which is true as long as 02 > 2\ as imposed in assumption A3.

In what follows, we show that if d > 0, then o = 0. Suppose, by contradiction, that this is
not the case. Then for given o < 1, the objective function is strictly concave in d. Hence, if d > 0
it must be equal to

A0, (B9)

~

1
q2y——
" 11—«

Substituting for d into the objective function, we have

V(a, c/l\) = ﬁ —da — . (B10)

Next, notice that if d > 0, then o > 0 if and only if (A4) is positive. Hence, if the following holds
a>1l——. (B11)
Now, maximizing (B10) with respect to « subject to (B11), one gets

1
L — B12

where > 0 is the Lagrangian multiplier associated to (B11). If » > 0 then (B11) binds and
(B12) implies that n = 0: a contradiction. Moreover, if n = 0 and « > 0, then the condition (B12)
implies that o =1 — \/% Hence, o = 0 whenever d > 0.

Finally, to show the result we just need to sign the following difference

o2 1
V(a:1,d:0)—V(oz:O,d:,u—1):u+7—>\—§,

which yields immediately the result. In fact,
Via=1d=0)=2V(a=0d=p—1) & o*>00=21-2(u—N),

where it is immediate to verify that o2 > 0 under Assumption A3. B
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Proof of Proposition 2.3. Optimizing pointwisely the objective function in (2.6) with respect
to a(+), we obtain
[0 —d(6)
2

while optimizing with respect to d (-), we have

— @+ N +0+h(0), (B13)

(1— () (0 —d(9) —1. (B14)

Again, if a(f) = 1, then (B14) is negative, so that d (f) = 0. Hence, a (§) = 1 is admissible

if and only if
2

0 _
5_4x+n+ﬂ+hw)>aee[@ﬂ, (B15)
which is true as long as 6§ > /2 (z + A) +1 — 1 as implied by assumption A3.

In what follows, we show that if d (6) > 0, then « (f) = 0. Suppose, by contradiction, that
this is not the case. Notice that for given « (0) < 1, the objective function is strictly concave in
d (0). Hence, if d(0) > 0, strict concavity of the objective function implies that it must be equal

to
1

E(Q)ée—l_—aw).

Substituting for d (#) into the objective function, we have
/{V(a (6),d(8),0) — a(8) — (1= (8)) [0+ A (0)]} AF (6). (B16)
o
Next, we notice that if d (6) > 0, then « (¢) > 0 if and only if (B13) is positive — i.e., if

1
a(e)<1—\/2($H_(9+h(9))), Vo € ©. (B17)

Maximizing pointwisely (B16) with respect to « () subject to (B17), we have

1
m—/\—x—l—e—kh(@)—nw):o. (B18)

where 7 (6) > 0 is the Lagrangian multiplier associated to (B17). If n (¢) > 0 then (B17) is binding
and (B18) yields 7 (#) = 0: a contradiction. Moreover, if 1 (f) = 0 for some ¢ and « (6) > 0, then
the condition (B12) implies that

1
V2@ + A= (0+h(0))

a@)=1-

which is again a contradiction. Hence, « (#) = 0 whenever d (6) > 0.
Finally, to show the result we need to sign the following difference

V(a®) =1,d0)=0,0) —V(a(@) =0,d0) =0—1,0) = — (z + ) — B_<29+h(9))]’
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which yields «(0) =1 and d (#) = 0 if and only if

1
20+ h(0) > 5+t (B19)

Notice that as admits a solution 6* € (Q, 5) if and only if

1
2Q<§+x—|—)\ = T>r220—-—)\,

DN | —

which is always positive by Assumption A3; and
_ _ 1 _
20+h(0) 25 +e+X = T>T2x+200+h(0) >0.

Hence, the optimal policy is such that: (i) «(f) = 1 and d (#) = 0 for every § € © when z < z;
(1) a(f) =1 and d(f) = 0 if and only if 8 > 6* € int®, while a(f) = 0 and d () = 6 — 1
otherwise, for = € (z,7); (7ii) a(§) =0 and d(#) =60 — 1 for every 6 € © when z > 7. R

Proof of Corollary 2.4. The proof of this result is straightforward and will be omitted.

Proof of Proposition 2.5. To begin with notice that, with information acquisition, the country’s
expected payoff writes as

vfé_/ee* {0—%+9*}dF(9)—/:[)\+x]dF(0).

Simple integration by parts imply

0 0*
/ 0dF (0) = 0" F (07) —/ F(0)do. (B20)
2] 0
Hence, using (B20) together with the definition of #*, simple algebraic manipulations imply
9*
VI :/ F(0)do+ F (67 h(6%) — (\+2).
0
Differentiating with respect to 6* we have

I .
=2 (8) P h(6),

which immediately proves the result since A (#*) > 0 by assumption A2. B

Proof of Proposition 2.6. Suppose first that 0% > o2, so that the uninformed country always
chooses to strike. Hence,

-
VI—VN:/ F(0)df + F (0°)h(0) — .
]
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Notice that VI — VN = —z when = < z so that §* = 6. Instead,

0
Vg = VY = /9 F(0)d0+h(0) —.

for x > T since #* = 6. Integrating by parts, this yields

0
V! —VNZEF@)—/ 9dF(9)+h(§)—f:—5—u+%+)\,
6

0*=0

which is positive if and only if 26 < 02. In addition, notice that V' V¥ is increasing in 0*.

~ 0+=0
Therefore, if 20 < o2, then there exists a unique z* that solves

/G*F(G)d9+F(9*)h(9*)—sz,

and is such that V! > V¥ as long as > z*. Clearly, if 20 > 03 then V!
T.

gg < VN regardless of

Next, suppose that 0? < 2. In this case,

2

9*
1
Vf—vN:/ FO)d0+F @) h(07) ~ (43— 5 +ut D
0

rearranging we have
9*
ViV & 02203—2{/ F(0)do+ F (0*)h(6") — x| . (B21)
0

Hence, for 02 < o, we have V! > VN only if 20 < 02 and > z*, and if (B21) holds; V! < VN
otherwise. W
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Chapter 3

Cheap Talk with Multiple Experts and

Uncertain Biases

3.1 Introduction

Conventional wisdom suggests that getting a second opinion is helpful for decision making and is
common in many real-life situations. In healthcare markets, for instance, patients often seek a sec-
ond advice to find the right diagnosis. Universities often ask more than one recommendation letter
before making tenure decisions, and customers often talk to several salesmen to find the product
that better fits their needs. All these examples suggest that decision makers may wish to consult
more than one expert in order to make sound decisions. However, experts often have different
preferences vis- a- vis the decision maker and this makes communication difficult.! In particular,
when the talk is cheap and unverifiable, biased experts may have incentives to strategically alter
their advice in order to push the decision maker towards a certain direction.

Many existing models explain why, and under which conditions, an uninformed decision maker
benefits from consulting multiple experts before making a decision (See e.g., Sobel, 2013, for a
survey). However, most of these models assume that the experts’ biases are known, whereas little
is known about the communication when the bias of the expert is private information. Do experts
have incentives to share their private information with the decision maker? What is the effect of
this information asymmetry on the decision maker’s behavior? Is it better to consult two experts
or just one?

We address these issues by analyzing a simple cheap talk model adopted from Austen-Smith

I am particularly grateful to Giacomo Calzolari, Nenad Kos, Salvatore Piccolo and Giovanni Ursino for their
constructive criticism and useful suggestions. I would like to thank to Koray Aktas, Simone Boccaletti, Diogo
Britto, Ferdinando Colombo, Ginevra Gallassi and Aldo Pignataro for insightful comments and suggestions. All
remaining errors are my own.

IFor instance, a salesman may promote a specific product in order to get a higher commission.

84



85

(1993). We consider an environment in which an uninformed decision maker seeks advice from
either one or two partially informed experts before taking a payoff relevant action. Each expert
receives a private binary signal about the state of the world and provides information to the
decision maker through simultaneous cheap talk. The decision maker and the experts have different
preferences (or biases) over actions. The decision maker’s bias is common knowledge across players,
while each expert is privately informed about his bias. Two different types of bias are considered:
an expert is either moderately biased (hereafter moderate expert), whose bias is small, or extremely
biased (hereafter extreme expert), whose bias is large in absolute terms. More precisely, an expert’s
bias measures how distant his preferences are relative to those of the decision maker. In other
words, a moderate expert is less biased than an extreme expert.

Building on this insight, we focus on two informative equilibria in which the decision maker can
learn some information from the experts’ messages. First, we consider a fully-revealing equilibrium
in which experts of either type truthfully reveal their privately observed signals about the state of
the world and the decision maker believes them. Second, we consider a semi-revealing equilibrium
in which a moderate expert is willing to send informative messages to the decision maker depending
on his privately observed signal, while an extreme expert reports the same message independent
of his private information, so no information can be inferred from his message.

We first examine the effect of uncertain biases on the decision maker’s action and on the
experts’ truth-telling incentives. We show that in a fully-revealing equilibrium the conditions for
the existence of such equilibrium are not different from those one would obtain if the biases were
known. By contrast, in a semi-revealing equilibrium the fact that the decision maker is uncertain
about the experts’ biases affects the incentives to disclose information. In particular, the interval
that supports truth-telling as an equilibrium is small compared to that of the fully-revealing
equilibrium. The reason is that in a semi-revealing equilibrium the decision maker knows that
with some probability each expert reports a message which does not necessarily reflect the privately
observed signal and the decision maker updates his/her beliefs accordingly. As a consequence, this
makes incentives to lie stronger and the truth-telling condition tighter.

After characterizing the conditions for the existence of fully-revealing and semi-revealing equi-
libria, we go on to make welfare comparisons. In order to make a welfare comparison, we use the
ex-ante expected utility of the decision maker as a welfare measure. Interestingly, we find that the
fully-revealing equilibrium with one expert may be informationally superior to the semi-revealing
equilibrium with two experts. Specifically, uncertainty over biases allows experts to lie relatively
more often as compared to fully-revealing case, whereby reducing the information content of the
messages. With two experts, however, the decision maker has a higher chance to get truthful infor-

mation from one of the experts which, in turn, may provide more information than the one-expert

2In Section 3.4, the informational properties of these equilibria with experts are compared to single expert.
Specifically, we show that both in a fully-revealing and semi-revealing equilibria, the ex-ante expected utility of the
decision maker with two experts is higher than that with a single expert.
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communication does.? The net effect on the decision maker’s ex-ante expected profit depends on
the probability that the decision maker believes the expert to be moderate — i.e., whether the
expert’s report is informative or not.

The rest of the paper is organized as follows. After discussing the related literature, Section
3.2 describes the baseline model. Section 3.3.1 characterizes the conditions under which a fully-
revealing equilibrium exists. In Section 3.3.2, we characterize the conditions under which a semi-
revealing equilibrium exists. Section 3.4 discusses the welfare. The last section concludes. All
proofs are in the Appendix.

Related Literature. We build on and contribute to two strands of literature. First, this
paper relates to the literature on cheap talk with multiple experts. Gilligan and Krehbiel (1989)
first characterized cheap talk model with two perfectly informed experts in a one-dimensional en-
vironment. Krishna and Morgan (2001) considers a cheap talk model with two perfectly informed
experts to show that when the decision maker consults two experts are who are biased in the same
direction, the most informative equilibrium is obtained by consulting the less biased expert alone.
Gick (2006) studies a cheap talk model in which an uninformed decision maker seeks advice from
two perfectly informed experts. He shows that having a second expert, even if he is more biased
than the first one, improves the information structure when the communication is simultaneous.?
The analysis in this paper is related to that in Austen-Smith (1993), who considers a uniform
state space, and assumes that the experts are partially informed about the underlying state, as
this paper does. However, we allow the decision maker to be uncertain about the experts’ bi-
ases. Specifically, Austen-Smith (1993) shows that simultaneously consulting two experts leads
to higher welfare than consulting only one expert, while in this paper we find that there exist
circumstances under which two-expert communication is not necessarily superior to one-expert
communication.

Second, this paper is related to cheap talk literature with uncertain individual preferences.
There is a growing literature that considers experts’ reputational/career concerns as a source of
uncertainty. For instance, Sobel (1985), Bénabou and Laroque (1992), Morris (2001), Gentzkow
and Shapiro (2006), Ottaviani and Sgrensen (2006) consider uncertainty about expert types and
focus on the reputational incentives which this paper does not address. Few papers focus on the
informativeness of the communication with uncertain biases. In particular, Morgan and Stocken
(2008) and Dimitrakas and Sarafidis (2005) show that revelation of the expert’s bias weakens the
communication when the magnitude of the bias is uncertain. Interestingly, Li (2004) and Li and
Madarasz (2008) characterize cheap talk equilibria with uncertain (and exogenous) biases in one
expert mechanism.* Both these papers consider uniform state space and allow two values of the
bias as this paper does. However, they assume the expert can perfectly observe the state. They

show that the revelation of the bias always weakens the communication when there is uncertainty

3See also Li (2004) for a cheap talk model with multiple experts with sequential communication.
4Hence, they do not provide welfare comparison between one and two-experts mechanisms.
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on the direction of the bias. In this paper, however, we show that transparency of biases enlarges
the truth-telling interval, and, hence improves the incentives to truthfully communicate with the

decision maker.

3.2 The Model

Players and Environment. Consider a decision maker (female), D, who seeks advice from two
(male) experts, A; and Ay. The decision maker takes an action y € R that affects the payoffs of
all players. The state of the world, 6, is a random variable and uniformly distributed on [0, 1],
with density f (0) = 1. The decision maker has no further information about 6, while each expert
privately observes a binary signal about the state. The parameter s; € S ={0,1} denotes the
signal observed by A; such that each signal is equally likely Pr[s;] = %, s; €85,i=1,2.

Following Austen-Smith (1993), we assume that the signals are conditionally independent

across experts given the underlying state 6. Each signal s; has the following conditional probability
Pris;[0] =6 (1—-6)"% s €8 (3.1)

Conditional on the state 0, therefore, the joint probability distribution of the signals is such
that

Prs;, 5;|0] = 655 (1 — §)* 7% i, 5; €S. (3.2)

Based upon the realized signal, each expert simultaneously reports a message to the decision
maker. Let m; be A;’s message, and, for simplicity, we consider a binary message space such that
m; € M £{0,1}°.

Based upon the received messages, the decision maker takes an action y (m;, m;) that affects
the payoffs of all players.

All players have quadratic loss utility functions. Specifically, D’s utility is

Z/ID(y?Q?bD) é_(y_e_bD)Q)

and A;’s utility is
Ui (y,0,b) 2 —(y—0-0b), i=1,2

The quadratic loss utility function is commonly used in the cheap talk literature (e.g., Crawford
and Sobel, 1982; Austen-Smith, 1993; Farrell and Gibbons, 1996; Morgan and Stocken, 2008;

5The use of binary messages is without loss of generality because the state of the world is uniformly distributed
on the unit interval and the signal space is assumed to be binary. Hence, the decision maker’s uncertainty is just
relative to these binary signals about the state so that a binary message space available has enough elements to
transmit any information available for the experts. See, e.g., Kawamura (2011) for a formal proof.
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among many others) since it allows to obtain (tractable) closed form solutions. The quadratic loss
utility function has an important implication because it guarantees the concavity of D’s objective
function and hence uniqueness of the optimal action. Hence, given quadratic loss specification,
in state 6, the decision maker’s most preferred action is # + bp and A;’s most preferred action is
0+ b;.

The parameter bp > 0 represents the decision maker’s bias and is common knowledge across
players. The parameter b; € B £ {by;,bg},i = 1,2, represents A;’s bias and measures how distant
his preferences are relative to those of the decision maker. Crucially, A;’s bias is his own private

information and is drawn from the following distribution

Prib;=by| 2 v=1—Prb =bg i=1,2.

Hence, A; knows his own bias, while D and A; have only a prior about that.® Specifically, if
b; = by, the bias is moderate and A; is said to be a moderate expert, while if b, = bg, the bias
is extreme and A; is said to be an extreme expert where a moderate expert is assumed to be less
biased than an extreme expert — i.e., |by; — bp| < |bg — bp|. Finally, all players are expected
utility maximizers.

Timing. The timing is as follows.

e Nature randomly chooses 6 according to a uniform distribution on [0, 1].
e Each expert observes s;.
e Fach expert simultaneously sends m; to the decision maker.

e Based upon the received messages, D takes an action y € R.

Equilibrium. The solution concept is Perfect Bayesian Equilibrium (PBE). For simplicity,
we consider only pure strategies for the experts (See e.g., Austen-Smith (1993), Li (2004) among
many others).”

As it is common in cheap talk models, multiple equilibria exist. In particular, a babbling
equilibrium always exists, in which the messages do not depend on the experts’ private information
about the underlying state. Indeed, given such strategy, it is optimal for the decision maker to
ignore the messages, but then babbling is actually a best response for the experts. However, we
focus on two informative equilibria: (i) fully-revealing equilibrium in which experts of either type
truthfully report their signals about the underlying state and the decision maker believes them:;
(ii) semi-revealing equilibrium in which a moderate expert truthfully reports his private signal
while an extreme expert reports the same message regardless of his private information about the

state.

For a similar approach, see Morris (2001), Morgan and Stocken (2003) and Li (2004).
"Notice that, all messages fall on the equilibrium path. Hence, no off-equilibrium path beliefs are required.
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Without loss of generality, in the analysis that follows we assume that the extreme expert is
rightward biased — i.e., bp < bg. Assuming a rightward biased extreme expert is with no loss
of generality because experts’ payoffs are symmetric and the message space is binary.® As it will
be clear soon, in a semi-revealing equilibrium, a rightward biased extreme expert always reports,
with a slight abuse of notation, mg = 1 independent of his signal — i.e., such that he wants as
high action as possible relative to the decision maker. In fact, when he observes a signal equal to
1, he wants to report mp = 1 instead of 0 because, by doing so, he is able to shift the decision
maker’s action rightward. Moreover, we do not impose any restrictions on the direction of the
moderate bias. This is due to the fact that a moderate expert, in equilibrium, is willing to send
both messages (both 0 and 1) depending on his privately observed signal. Therefore, he wants as

high (resp. low) action as possible if bp < by (resp. bp > byy).

3.3 Equilibrium Analysis

We now characterize the decision maker’s optimal action after receiving any messages then analyze
experts incentives to communicate in fully-revealing and semi-revealing equilibria with one and

two experts.”

3.3.1 Fully-Revealing Equilibrium

To gain intuition about the central result of the paper, we first analyze a simple case in which
the experts simultaneously and truthfully report their private signals — i.e., such that m; = s;
and m; = s; in equilibrium — and the decision maker believes them. Since the experts’ messages

reflect the true realizations of the signals, D’s best response to such strategy is

y" (8i,85) = argmax/— (y—0— bD)2 f(0]s;,;)d6,

yeR 0

= bD—FE[e’Si,Sj] V<SZ’,SJ') € 82, (33)

where, abusing slightly notation, we define yg 5 2y (s, s;) and the superscript F' denotes the
optimal action taken by the decision maker after being truthfully informed about the signals. The
expression in (3.3) simply reflects that when D receives truthful messages from the experts, her
optimal action is just the conditional expectation of the state shifted by her own bias bp.

The following lemma characterizes the decision maker’s optimal action after being truthfully

informed by one or two experts.

8Hence, the equilibrium in which the extreme expert is leftward biased expert is just the mirror image of the
equilibrium with the rightward biased extreme expert.

9Tt is worth pointing out that the model with one expert is identical to the model with two experts. A detailed
equilibrium analysis with one expert can be found in Appendix.
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Lemma 3.1. In a fully-revealing equilibrium, when D consults only one expert, her optimal actions
are

1 2
ngbD-i‘g, yf:bD+§7

while when D simultaneously consults two experts, her optimal actions are
s 1 P 1 3

yo():bD‘f‘_» yo,1:y50:bD+§, yf1sz+1-

Hence, in a fully-revealing equilibrium (both with one and two experts) uncertainty about
the expert’s types has no consequence on the optimal actions because D believes that experts
truthfully report their private signals regardless of their type. Moreover, the optimal actions are
such that yé”j 0 < yé‘? 1 < yf: 1- The reason is simple: when D receives two different signals, she takes
an action based on her prior beliefs about the state. Instead, when D receives two identical signals
from the experts, she has a more precise idea regarding the state because both experts report their
signals truthfully. As a result, this shifts the decision maker’s action rightward when she receives
(siysj) = (1,1), and shifts it leftward when she receives (s;, s;) = (0,0) from the experts. A similar
logic applies when D consults one expert.

Consider now the experts’ incentives to reveal the observed signals. Without loss of generality,
we focus on the truth-telling incentives of A; because the experts are ex-ante symmetric. Notice
that from A;’s perspective A; truthfully reports his signal — i.e., in equilibrium m; = s;. Hence,
there exists a fully-revealing equilibrium if there is an incentive for A; to report truthfully m; = s;

instead of false message m; = 1 — s; along the equilibrium path. This condition is

Z/ ysz,s] —0— b) f(Sj,9|8i) do 2

s;€S

Z/ U —e—b) f(s;,0s)d0, b € B. (3.4)
s;€S
Let
AyF (Si’ 8]) é y].F—Si,Sj - y5,8j7
be the difference between D’s action after receiving false and correct signal from A; given that A;

reports his signal truthfully in equilibrium. Taking into account D’s optimal action after hearing

the truthful messages (3.3), integrating and rearranging terms the above constraint simplifies to

2
(b; — bp) ZPr [si1s1]  Ay* (si, 55) ZPI 33|3Z (S“S]) : (3.5)

5j€S Overshooting Effect 55€S

Condition (3.5) reflects that A;’s incentive to report his private signal is shaped by D’s reaction
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to receiving false information from A; — i.e., the overshooting effect (highlighted in Morgan and
Stocken, 2008): a deviation from a truthful message may shift the decision maker’s action too far
from the expert’s ideal action. More specifically, an expert with rightward bias (resp. leftward
bias) may prefer a higher (resp. lower) action than the decision maker, but the displacement in
decision maker’s action caused by an undetectable lie might be too large relative to the case of
truth-telling, which is not desirable for either the expert or the decision maker. As we shall explain
below, this makes truth-telling an optimal strategy for an expert who has preferences close to the
those of the decision maker. Other things being equal, the sign of the overshooting effect depends
on A;’s privately observed signal. More precisely, if Ay* (s;,s;) > 0, the overshooting effect is
positive and an expert with leftward bias b; < bp has no incentive to misreport because sending
false message shifts the decision maker’s optimal action rightward. Similarly, if Ay (s;, s;) < 0,
the overshooting effect is negative and an expert with rightward bias has no incentive lie because,
in this case, reporting a false signal to the decision maker cannot be incentive compatible.

The following proposition characterizes a fully-revealing equilibrium with one and two experts.

Proposition 3.2. (i) When D consults one expert, a fully-revealing equilibrium exists if and only
if
1
|by — bp| < 6 by € B.

(i) When D simultaneously consults two experts, a fully-revealing equilibrium exists if and only if

|bz—bD|< b;e B,i=1,2.

1
g
There are two key aspects to note about Proposition 3.2. First, the maximal distance in
preferences (both with one expert and two experts) compatible with full information revelation
does not depend on the parameter v because D believes that an expert of either type truthfully
reports his private signal. Accordingly, the impact of each message on D’s optimal action is very
high. This, in turn, makes truth-telling an optimal strategy for an expert who has preferences
close to the those of the decision maker because he cannot do better than report his true signal due
to the overshooting effect. Since the information asymmetry has no impact on the equilibrium, the
conditions for its existence are not different from those that would obtain if biases were known.
Second, when D consults one expert, the magnitude of the overshooting effect is }AyF (31)| =
5, 51 € S, while when D consults two experts it is ‘AyF (si,sj)| £ 1 (s, s;) € 8% This tells us,
when D consults one expert, the displacement in decision maker’s action caused by an undetectable
lie is large compared to the case with two experts. This, in turn, increases A;’s incentives to
misreport. Hence, A;’s preferences should be even more close to those of decision maker’s (as
compared to one expert) in order to reveal his private information. As a result, having multiple
experts makes the truth-telling conditions tighter relative to the case where D consults only one

expert.
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3.3.2 Semi-Revealing Equilibrium

Consider now a semi-revealing equilibrium, in which the moderate expert truthfully reports his
signal, while the extreme expert (rightward biased) reports mg = 1 independent of his private
signal. The structure of D’s maximization problem is similar to that solved in a fully-revealing
equilibrium with the difference that she must form beliefs about the signals (s;,s;) given the
message pair (m;,m;) because the messages may not necessarily reflect the privately observed

signals. The Bayes rule then implies the following posterior

a Pr[m;, mj|si, s;] Prs;, s;]

D (ssyyes? Pr[mi, mylsi, 5] Pr[s;, 5] ’

Pr[s;, sj|m;, m;]

where Pr [s;, s;] is the joint probability of the signals.
To understand the updating process, notice that when D receives (m;,m;) = (0,0) from the
experts, she will be sure that these messages come from two moderate experts who tell the truth.

As a consequence, the messages convey full information about the signals — i.e.,
Pr{s; =0,s; =0[0,0] =1 and Pr[s; =1,s; = 1]0,0] = 0. (3.6)

When, instead, the decision maker receives (m;, m;) = (1, 1) from the experts, she is uncertain
about the types/biases of the experts. As a consequence, she must update beliefs discounting the
possibility of receiving uninformative message(s). In this case, by Bayes’ rule D’s posterior beliefs

are

(1—v)? 1

PI'[SZ':O,SJ‘:OH,H = PI’[Sizl,Sj:Hl,l] :m (37)

Notice that

dPr[s;=0,s; =0|1,1] <0 q dPris;=1,s; =1/1,1]
an

dv dv > 0.

Hence, when D receives (m;,m;) = (1,1), an increase of the probability of being moderate
makes her more confident that the signals are (s;,s;) = (1,1) and vice versa. Similar reasoning
applies (See the Appendix) for the mixed messages and signals.

Hence, D’s problem is

y° (mi,m;) = arg max/— (y—0— bD)2 f(Bmi,my)do,

yeR Jq

whose solution yields,
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y¥ (mi,my) =bp+ Y Prisi,s;lmi,m;| E0]s;, 5], (3.8)
(Si,Sj)GSQ

(. J/
~~

£E, [B]m; 7mj]

where, abusing notation, we define y;flmj 2 95 (my, m;) and the superscript S denotes the optimal
actions taken by the decision maker in a semi-revealing equilibrium.
The following lemma describes the decision maker’s optimal actions in a semi-revealing equi-

librium.

Lemma 3.3. In a semi-revealing equilibrium, when D consults only one expert, her optimal actions

are
S 3_V

1

S
- - - 7
Yo D+ U D+3(2 1/)7

ga
while when D consults two experts, her optimal actions are

2—v
2(3—2v)’

V2 —4v +6
4(v?—3v+3)

Yoo =bp + —, y&lzyiOZbD+ yilsz+

Hence, even with uncertain biases, we have yfio < yé 1 < yf ;. Clearly, when D receives
(mi,m;) = (0,0) from the experts, she will be sure that the messages are sent by two moderate
experts who tell the truth because the extreme expert is rightward biased and has no incentive
to report 0. In this case, the decision maker’s optimal action in a semi-revealing equilibrium
coincides with her optimal action in a fully-revealing equilibrium — i.e., y@g’ 0= y(‘f o — as expected.
By contrast, when D receives any other messages that contains at least one message equal to 1,
she discounts the possibility of receiving false information and hence the experts’ messages have a
lower impact on the action taken by the decision maker. This implies that D’s optimal action in a
semi-revealing equilibrium is lower than the one in a fully-revealing equilibrium — i.e., yf 0> yi 0
and yf > yls , for all v € (0,1). Notice also that the higher are the chances of being moderate,
the more ‘accurate’ the inference that D can make on the messages given the signals. Hence, the
optimal actions converge to those found in a fully-revealing equilibrium as v tends to 1.

A similar reasoning applies when D consults single expert. More precisely, when D receives
my = 0 from the expert, she will be sure that the expert is moderate and is reporting truthfully.
Hence, the decision maker will assign probability 1 to by = bys. In this case, not surprisingly, D’s
optimal action in a semi-revealing equilibrium with one expert coincides with her optimal action
in a fully-revealing equilibrium — i.e., y&" = y35. By contrast, when D receives message m; = 1,
she discounts the possibility that the expert is extreme (in which case the message reveals no
information), and hence the expert’s message has a lower impact on the final decision than the
one in a fully-revealing equilibrium. An important point here is to note that the optimal actions
are yy < yﬁ , and yf o <y for all v € (0,1). The first inequality follows from the fact that, when

D consults two experts she has a higher chance to get truthful information from one of the experts.
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The second inequality follows from observing that, when D receives any messages that contains at
least one message equal to 0, she can infer with certainty that the message is sent by a moderate
expert. Hence, the decision maker’s optimal action is lower when she receives (m;, m;) = (1,0)
than receiving only one message m; = 1.

Consider now the experts’ incentives to reveal their private signals. As before, we focus on
the truth-telling incentives of A; since experts are ex-ante symmetric. Suppose now that A; is
moderate — i.e., such that b; = by;. Given that A;’s bias is his private information, from A;’s
perspective A; is either moderate with probability v or extreme with probability 1 — v. Hence,
A;’s expected utility when reporting m; = s; is higher than his expected utility when reporting a
false message m; =1 — s; if

S Prl) S [ = (s, 0= tr) £ (50l d0 >

b;eB 5;€S
2
>S5 Prjp] Y /— (yf_mi’mj - bM) £ (s5,0s:) do. (3.9)
b;eB s;es 70
For any m;, let
Ays (mi? m]) é yis;mi,mj - yii,mﬁ

be the difference between D’s action after receiving false and correct messages from A;. Taking
into account D’s optimal action after hearing the signals (3.8), integrating and rearranging terms,
(3.9) simplifies to

— r[b; r(s;|s; S (mi,m;) <
(bm bD)ZP [b]]ZP(J| i) Ay’ (mi,mj) <

b;€B 8;€8 Overshooting Effect

s myg, M, 2
<D Prib] Y Pr(sls) By (M ) | pys (m4, my) (Ey [0]mi, m;] — E[0]s;, ;])

2 ”
b;eB 8;€S goes to 0 as v—>1

(3.10)

In contrast to the case of fully-revealing, the overshooting effect now depends on the parameter
v. Since A;j’s bias is his private information and the other players have only a prior about that,
A;’s report plays an important role on A;’s incentive to truthfully report his private information.

Specifically, the overshooting effect is stronger when A; reports m; = 1 than when he reports

0Ty fact, for v € (0,1), we have

v? —6v+6
4(3—2v) (12 -3v+3)’

1
TGy = 1A 0] < Ay (mi,1)] 2
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m; = 0 — ie., |[Ay%(m;,0)] < |Ay¥(m;,1)['°. This is due to the fact that when D receives
m; = 1, she anticipates the risk that it is an uninformative message and discounts accordingly
A;’s message. This, in turn, puts more weight on A;’s message so that a lie from A; has a stronger
impact on the decision maker’s action.

To complete the characterization of the semi-revealing equilibrium, suppose that A; is extreme
— i.e., such that b; = bg. We need to check that, A; has no incentive to report m; = 0 when
his private signal is s; = 0. Hence, A;’s expected utility from reporting m; = 1 is higher than his

utility from reporting truthfully m; = 0 if

Sopey] Y /0—<y(‘imj—9—bE>2f(sj,9|s,-:0)d9<

b;eB s;€{0,1}

<N eyl Y /0— (yfm - bE>2f(sj,9|si = 0) do), (3.11)

b,eB s;€{0,1}

which, integrating and rearranging terms, simplifies to

(bg —bp) Y _ Prlb;] Y Pr(s;|0) Ay® (0,m;) >
bjeB s;€{0,1}

S (1. m:)?
> Prib] > Pr(SjO){Ay(LJ)+Ays(1,mj)(Ey[9|O,mj]E[Q[O,sj])}. (3.12)

2
bjEB Sj E{O,l}
Clearly, when s; = 1, a rightward biased extreme expert has an incentive to report mg = 1.
The following proposition characterizes a semi-revealing equilibrium with one and two experts.

Proposition 3.4. (i) When D consults only one expert, there ezist two thresholds oy (v) and
b1 (v), with 0 < oy (v) < B1(v), such that a semi-revealing equilibrium in which the extreme

expert reports mg = 1 exists if and only if
—61 (v) <by —bp < aq (V) and bg —bp > oy (V).

(i) When D simultaneously consults two experts, there exist two thresholds ag (v) and By (v),
with as (v) < ai (v) and Po (v) < B1(v), such that a semi-revealing equilibrium in which the

extreme expert reports mg = 1 exists if and only if
—B2 (v) < by —bp < ag (V) and bg —bp > as (V).

Moreover, ay (v) and ag (V) are increasing in v, while 51 (v) and 5 (v) are decreasing in v.

Figure 3.1 illustrates the region of parameters, identified in Propositions 3.2 and 3.4, where
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fully-revealing and semi-revealing equilibria exist with one and two experts.!’ Uncertainty about
the experts’ biases has two effects on information transmission. First, the interval that supports
truth-telling as an equilibrium shrinks as the probability of being moderate tends to zero. The
intuition is straightforward: in a semi-revealing equilibrium D knows that with some probability,
each expert reports a message which does not necessarily reflect the privately observed signal.
Hence, D updates her beliefs discounting the possibility of receiving uninformative messages. This
implies that each message has a lower impact on D’s action in equilibrium. This, in turn, makes
the incentives to lie stronger when an expert observes a signal that would shift the decision maker’s
action in an undesired direction if reported truthfully. Moreover, observe that the thresholds as (v)
is increasing in v and (35 (v) is decreasing in v. That is, when the probability of being moderate
increases, the truth-telling interval in a semi-revealing equilibrium enlarges, and eventually, it

coincides with the truth-telling interval in a fully-revealing equilibrium.!?

bg —bp

by =bg

E

ool

ay (v)

ag (v)

by ~bp

For by > bp and by > bp in the region bounded by black lines there exists a fully-revealing equilibrium with one expert;
in the region bounded by dashed lines, there exists a fully-revealing equilibrium with two experts; in the region bounded
by red lines, there exists a semi-revealing equilibrium with one expert; the region bounded by blue lines, semi-revealing
equilibrium with two experts is an equilibrium.

Figure 3.1: Truth-telling thresholds for fully-revealing and semi-revealing equilibria.

Second, the conditions for truth-telling are tighter when the decision maker consults two

experts rather than just one. To understand why, recall that an expert, say A;, has only a prior

HFor the sake of clarity, we focus on the situation where both types of experts are biased in the same direction
relative to the decision maker — i.e., bp < by < bg.

12Tn the Appendix we derive a closed from solution for the thresholds a; (v) and 3; (v),i = 1,2, as a function of
the bias parameter v. In fact, our model is based on the quadratic-uniform setting and this permits to obtain closed
form solutions for the threshold equilibria. Hence, closed from solutions deliver additional comparative statics to
those mentioned above.
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about the type of the other expert. When A; is consulted alone, D’s optimal action is conditioned
only on his report and this makes him relatively sure of the consequence of the message that he
sends to D. When there are two experts, instead, A; is unsure about the weight of his message
because D’s optimal action depends on A;’s report too. As a result, the presence of another
expert with unknown bias makes incentives to lie stronger relative to the communication with one

expert.

3.4 Welfare Comparison

In order to study the welfare effects, we now turn to compare the decision maker’s ex-ante expected
utility among the types of equilibria defined in Proposition 3.2 and 3.4. First, we compare D’s
ex-ante expected utility with one and two experts within each equilibria. We have the following

result.

Proposition 3.5. Both in fully-revealing and semi-revealing equilibria, consulting two experts is

imformationally superior to consulting just one.

Not surprisingly, in a fully-revealing equilibrium, two experts provide more information to
the decision maker than a single expert. In other words, although two-expert communication
reduces the size of the interval which supports truth-telling as an equilibrium, it induces D to
take an action as a combination of two truthful messages. By doing so, D can have a more
precise idea about the underlying state, allowing her to take a more precise action. Therefore,
the fully-revealing equilibrium with two experts is informationally superior to the fully-revealing
equilibrium with one expert.

The same conclusion holds even when the experts report noisy information to the decision
maker. Although the magnitude of the overshooting effect is attenuated in a semi-revealing equi-
librium relative to a fully-revealing equilibrium, the improvement in information transmission in
two-expert communication is due to the fact that D has a higher chance to get truthful information
from one of the experts.

Figure 3.2 plots the welfare maximizing equilibrium within each interval defined in Proposi-
tions 3.2 and 3.4. For the sake of clarity, we focus on the situation where both types of experts
are biased in the same direction relative to the decision maker — i.e., bp < by; < bg.

We now compare D’s expected utility in a fully-revealing equilibrium with one expert and a

semi-revealing equilibrium with two experts. Hence, we can establish the following result:

Proposition 3.6. There exists a threshold v such that fully-revealing with one expert is informa-

tionally superior to semi-revealing equilibrium with two experts if v < V.

Surprisingly, when the probability of being moderate is sufficiently low, the decision maker

prefers to consult a single expert. To see why, let us first consider the region of parameters where
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Figure 3.2: Welfare maximizing equilibria.

the two equilibria exist — i.e., a fully-revealing revealing equilibrium with one expert and a semi-
revealing equilibrium with two experts (See Figure 3.2). It is immediate to see that these two

equilibria obtain when

e a moderate type has preferences close enough to those of the decision maker to induce
him to report truthfully his signal regardless of the strategy of the other expert — i.e.,

by — bD < Q2 (l/), and

e an extreme expert has distant enough preferences that induces him not to report truthfully if
the other expert does so but close enough that, if consulted alone, he would report truthfully

his signal — i.e., such that % <bg—bp < %.

Now, in the aforementioned region of parameters, if v is low the truth-telling interval in a
semi-revealing equilibrium is small too because the threshold as (v) is increasing in v. Hence,
for low values of v, the moderate expert has lower incentives to report truthfully his signal, and,
hence, the information content of his message decreases. In this case, consulting two experts with
uncertain biases increases the likelihood of receiving false information from the experts, which, in
turn, lowers the ex-ante expected profit of the decision maker. Therefore, when v is sufficiently
low, the decision maker prefers to consult a single expert who report truthfully his signal. By

contrast, when v > v, the decision maker prefers to consult two experts with uncertain biases
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rather than a single expert because the experts distort information less when v is high. In this
case, D has a higher chance to get truthful information from the experts, who provide more
information than a single expert.

Taken together, our result suggests that it may be optimal to consult a single expert rather
than two experts whenever the biases of the experts are not too similar, the extreme expert is not

too extreme and the probability of being moderate is sufficiently low.

3.5 Concluding Remarks and Further Research

It is commonly believed that seeking advice from multiple sources improves the information trans-
mission between the uninformed party and the informed parties. This presumption may be incor-
rect, especially when there is uncertainty about the experts’ biases. Specifically, we showed that
the decision maker may prefer to consult a single expert rather than two experts if the probability
that the decision maker believes the expert to be extreme (resp. moderate) is sufficiently high
(resp. low). The reason is that consulting two experts with uncertain biases increases the like-
lihood of receiving distorted information from the extreme experts, and hence, a semi-revealing
with two experts comes close to a babbling equilibrium. This suggests that talking to multiple
experts in order to elicit information from them about the true state is not always ex-ante efficient.

Some extensions of our analysis would deserve further attention. First, one could generalize
the analysis with one decision maker and three or more experts. Our conjecture is that, in a
fully-revealing equilibrium, experts’ incentives to misreport about their privately observed signals
decrease as the number of experts increases. As a result, as the number of experts becomes larger,
each agent may have less influence on the final decision. On the contrary, in a semi-revealing
equilibrium with three or more experts, uncertainty about the experts’ biases may create additional
and possibly non-monotonic effect on the truth-telling interval. In order to see the net effect of
having three or more experts on the decision maker’s expected profit, however, it is necessary to
study the overshooting effect in a generalized setup with many experts. Second, we focused on
the situation in which experts reveal information only about their private signals about the state
but it could be interesting to introduce the possibility that experts with different biases convey
information about their biases too. One way to do this is to extend our model to multidimensional
cheap talk setup (highlighted in Battaglini, 2002) by considering the uncertainty parameter with
two components and the final decision with a two-dimensional vector. In order to drag the decision
maker towards a certain direction in each dimension, the experts may have even stronger incentives
to disclose their private information with the decision maker relative to the unidimensional case.

This extension is left for future research.
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3.6 Appendix

Proof of Lemma 3.1. (i) One Expert. Suppose that D consults one expert who truthfully reports
his signal. Since the utility function is concave in y, the (expected) utility maximizing action of
the decision maker after receiving m; = s; can be defined as follows

yi = argmax/—(y —0— bD)Qf (0s1) do,
yeR  Jy

=bp + /Hf (0]s1) db, Vs, € S, (C1)
0
2E[0]s1]
where the conditional density of 8 given the signal s; is

~ Pr[s)|0] £ (9)
f<9|51)_f9 Pr [s10] £ (0) b

Using the conditional probability distribution of the signal from (3.1), we obtain
fOlsy=0)=2(1-0), f(O]sy =1) =26. (C2)

Substituting (C2) into (C1), it is immediate to verify that

1 2
~~~ ~~
E[0]s1=0] E[0]s1=0]

as claimed.
(i) Two Experts. From (3.3) we know that D’s optimal action after receiving m; = s; and
m; = 8; 18

yi,sj = bD + /ef (9‘81'78]') d@, (C4)
0

s

g

2E[0)]ss,5;]
where the conditional density of § given the signals s; and s; is

 Pelss 0 0)
I (0]si,55) = fe Pr[s; s;|0] f (6) d6’

Using the conditional probability distribution of the signals from (3.2), we obtain

f(0si=0,5,=0)=3(1—6)", f0si=1,8;=1)=30% (C5)



101

Substituting (C5) and (C6) into (C4) yields the decision maker’s optimal actions
3

1 1
y({O = bD + Z ) y[l)::l = yf{) = bD + 5 ) yfl = bD + Z ) (07)
~~~ ~~~ ~~~
E[6]0,0] E[0]0,1] E[0]1,1]

as claimed.l

Proof of Proposition 3.2. (i) One Ezpert. Consider A;’s incentive to report truthfully his
private signal. A;’s expected utility from reporting m; = s; is higher than his expected utility
from reporting m; = 1 — s if and only if

/— (yE =6 —01)" f (51]0) d6 > /— (yF ., —0—b)" f(s1]0)dd, Vs €8,bi €B,
0 0
which substituting f (s1]0) = f (6]s1) Pr[s1] by Bayes’ rule and integrating yields

2 2
— (ySF1 —E[0]s1]) —b1) Prls1] > — (y1_,, — E[f]s1] — b1) Prsq].
Using D’s best response from (C1) and rearranging terms, we obtain

(bp —b1)* Prlsi] < (bp + E[6]1 — s3] — E[6]s1] — b1)* Pr[su], (C8)

~
£AyF (s1)

Expanding squares and rearranging terms, (C8) further simplifies to

AyF (s1)?

(b1 = bo) Ay” () < 20 (©9)

where we have used the fact that Prs;] = 1, Vs; € S. Solving (C9) jointly with D’s optimal
actions from Lemma 3.1, it is immediate to verify that when s; = 0 truth-telling by A; requires

1
bl_bD<6>

while, when he observes s; = 1, truth-telling condition is
by —bp = ——

where b; € B. The result follows immediately.

(ii) Two experts. Without loss of generality, we focus on A;’s incentive to report truthfully
his signal, because experts are ex-ante symmetric. A;’s expected utility from reporting m; = s; is
higher than his expected utility from reporting a false message m; = 1 — s; if and only if

S [~ (vt =0 =) (55005 a0 Z/ U ey — 0= 00) [ (s 0ls)db. (C10)

5;€S

which, substituting f (s;,0|s;) = f (0]s;, s;) Pr[s;|s:] by Bayes’ rule and following the same steps
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as we did above, simplifies to
2
(b; — bp) Z Pr [s;]si] Ay" (s4, ;) ZPr s]|sZ (s,,sj) . (C11)
s;€S s;€S

In order to compute Pr [sj|s;], notice first that conditional probability distribution of the signals
can be written as follows

Pr(s;, s;]0) = % (C12)

Then, using (C12) together with the fact that f (#) = 1, we obtain
f SZ7SJ7
Prs;|s;] = f (s,0]s;)d dG = Pr[s;] [ Pr(s;,s;|0)de. (C13)
0
Using (3.2) together with Pr(s;] = 1,s; € S, it can be easily verified that

Prs; =0|s; =0 =Pr[s; =1|s; = 1] = (C14)

col»—ooll\o

Pris; =1|s;, =0] =Pr[s; =0|s; = 1] = (C15)

Finally, substituting (C14), (C15) into (C11) and using D’s optimal actions from Lemma 3.1,
when s; = 0, truth-telling by A; requires

1
bi_bD<_7

oo

while, when s; = 1, truth-telling by A; requires
bi—bp =2 —1

where b; € B,i = 1,2. The result follows immediately. l

Proof of Lemma 3.3. (i) One Ezpert. In a semi-revealing equilibrium, D’s maximization
problem after receiving m; € M is

yfn = arg max/—(y — 0 —bp)f (0lmy) do,
yeR 0

=bp+ > Prlsilmi]E[f]s1],  Vm; € M. (C16)
f16$ |
éE:erml]

Bayes rule implies that D’s posterior beliefs about s; can be written as follows
Pr [mq|s1] Pr [s4]
Z Pr [m1|31] Pr [81]

s1€S

(C17)

Pr [81 ]ml] =
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When D receives m; = 1, her posteriors beliefs are

1 1—v
Pr[slzlfmlzl]zm, Pr[slz()]mlzl]: 2_1/, (Clg)
while when she receives my = 0, her posterior beliefs are
Prs; =1|m; =0] =0, Prs; =0|m; =0] = 1. (C19)

Substituting the posterior beliefs (C18) and (C19) into (C16), and using the conditional expecta-
tions E[f|s;, s;] from the proof of Lemma 3.2, we have

1 3—v
S S
b - — b+ —
Yo D+ 3 ) Yo D+3(2—y)’
~ ——
E, [6]m1=0] E,[0lm1=1]

as claimed.
(1) Two Experts. From (3.8) we know that D’s optimal action after receiving m; and m; is

yml m; = bp + Z E [0]s;, sj] Pr[si, sjlmi, m;], Y (my,m;) € M. (C20)

(si,85)€S?

J/

-~

By [0]m;,m;]
Bayes’ rule implies that D’s posterior beliefs about the signals can be written as follows

Pr[m;, mj|s;, s;| Pr[s;, s]

D (ss)es2 T [mi,mylsi, s;] Prsi, s;]

Pr[s;, sj|m;, m;] = (C21)

Given that the extreme expert’s babbling strategy is to report mg = 1, when D receives (m;, m;) =
(1,1), her posterior beliefs about (s;, s;) are

1 (1—v)?
Pris,=1,s; =1|1,1| = ————, Pris;=0,s;, =0|1,1| = —+——, C22
and ]
—v

Pr(s; =0,s; =1|1,1] =Pr[s; = 1,5, = 0|]1,1] = T30 +3) (C23)

By the same token, when D receives (m;,m;) = (0,1), the posteriors are

2(1—v) 1

PI'[SZ':O,S]':O|0,1] :——2y7 PI‘[Si:O,Sj: 1‘0, 1] = 3—2y7 (C24)

and zero, otherwise. Since the message space is binary, symmetric argument applies to the case
where decision maker receives (m;, m;) = (1,0). Finally, when D receives (m;,m;) = (0,1) the
posteriors are

Pr(s;, =0,s; =0[0,0] = 1, (C25)

and zero, otherwise. Next, we need to compute the joint probability of the signals. Notice that,
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Bayes rule implies that Pr[s;, s;] can be written as follows:
Pr(s;, s;] = Prs;|s;] Prsi]. (C26)

Then substituting Pr[s;|s;] from equations (C14) and (C15) into (C26), it follows that
Pris;=1,s;=1]=Pr[s; =0,s; =0] = =, (C27)

Pr(s; =0,s;, =1 =Pr[s; =1,5; =0] = —. (C28)

| =W =

Finally, substituting E[f|s;, s3] from the proof of Lemma 3.1 and the joint probability of the signals
(C27) and (C28) into (C20), it is immediate to verify that

1 2 —v V2—4V+6
S S S S
Yoo= ot 7 You= Vo= 055 Y= 0t T, T 1
~~ —_——— ~ -

E, [6]0,0] B, [010.1] E,[0]1,1]
as desired. l

Proof of Proposition 3.4. (i) One Ezpert. Suppose that A; is moderate — i.e., such that
by = byr. Then Ay has an incentive to report truthfully if and only if

/¥«w;—e—befwnmde>/¥wmnm—e—bef@umda
0 0

which following the same steps as we did in the proof of Proposition 3.2 and rearranging terms,
simplifies to

Pr [81} (bM — bD) Ays (ml) <
<P”M{éi§@L+Af0mmemm—Ewmn}, (C29)

where Ay (my) £ 47 ) —y3 .- Now substituting the optimal actions from Lemma 3.1 and Lemma
3.3 into (C29), it follows that whenever s; = 0, truth-telling by the moderate expert requires

a 1

bM—bD <Oz1 (V) m

Similarly, when s; = 1 is observed, truth-telling by the moderate expert requires

by —bp = =51 (v),

where 5_9
a 32w
h) = 565
Moreover, a; (v) is increasing in v and 5 (v) is decreasing in v — i.e.,
d 1 d 1
= - >0, = S S—
dv [al (V)] 6 (2 B I/)2 > U, dv [ﬁl (V)] 6 (2 _ I/)2 <V,
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as expected. To complete the proof, we need to check that the extreme expert has no incentive
to report m; = 0 when his signal is s; = 0. Adopting the same logic used above, this required

condition is )
Ay® (0)
2

Substituting the optimal actions from Lemma 3.1 and Lemma 3.3 into (C30), whenever s; = 0,
babbling condition required by the extreme expert is

(bs — bp) Ay® (0) > + Ay (0) (B, [0]0] — E [0]0]). (C30)

bE—bD>CY1(V).

Finally, when s; = 1, a rightward biased extreme expert has a strict incentive to report m; = 1.

(i) Two Ezperts. Without loss of generality, we focus on A;’s incentives to disclose his private
information, since experts have symmetric payoffs. Consider first that A; is a moderate such that
b; = bys. Given that A;’s type is his private information, A;’s incentive compatibility constraints
writes as

SSPrb) Y [ = (sm, = 0=t (syo01s0) a6 >

b;eB 5,€S

S [ (i, —0 =) (50500 (1)

> Prb
B S]‘ES

bje

Following the same steps as we did in the proof of Proposition 3.2, the above constraint can be
rewritten as follows

(v —bp) Y Prb] > Pr(s;ls:) Ay® (ms,m;) <
b;eB Sje{o,l}

Ay (mg,m;)*
< Prlpl ) Prisils) {(2j) + Ay® (mg, my) (B, [6lmi, my] — E[H\Sz‘asj])}‘
b;eB SjG{O,l}
(C32)

Using the optimal actions from Lemma 3.1 and Lemma 3.3 and Pr [s;|s;] from equations (C14)
and (C15) , when s; = 0, truth-telling by the moderate expert requires

b — by < 13 (1) 2 54 — 340 4 8412 — 90v + 36
— XS Qo V) = .
MoTPS TR 8(3—2v) (v —3v +3) (3v% — 8v + 6)

By the same token, when s; = 1, truth-telling by the moderate expert requires
by —bp = =52 (v),

where
A vt —3303 +80v% — 87v + 36

falv) = 8SB—20) (12 —3v+3)(2—v)
Moreover, it can be shown that
d (o (V)] 3008 — 40807 + 232900 — 73741° 4 14 2620 — 1731613 + 1290612 — 54000 + 972 _
— |X 1% — = 9
dv 8(3—20)% (12 — 3v + 3)% (302 — 8v + 6)°



106

and
V8 + 100° — 1120* + 38412 — 62712 + 504 — 162

T

To complete the proof, we need to check that extreme expert has no incentive to report m; = 0
when his signal is s; = 0. Adopting the same logic used above, A;’s expected utility from reporting
mpg = 1 is higher than his expected utility when reporting truthfully m; = 0 if

(bar —bp) Y _Prib] > Pr(s;]0) Ay® (0,m;) >
b;eB S]'G{O,l}

Ay® (0, m; 2
> Pl YD Pr(syl0) 2 S (0m) B, (910,m,] ~ 610, 5,).
b]'GB SjG{O,l}

Using the optimal actions from Lemma 3.1 and Lemma 3.3, when s; = 1, babbling by the
rightward biased extreme expert requires

bE—bD>a2(V),

while when s; = 1, the rightward biased extreme expert has an incentive to report truthfully his
signal. W

Proofs of Propositions 3.5 and 3.6. We first compare D’s expected utility from consulting
one and two experts within each equilibrium. Let EUf i = 1,2, be the decision maker’s ex-ante
expected utility in a fully-revealing equilibrium. More precisely, in a fully-revealing equilibrium,
D’s expected profit from consulting one expert is

BUT 2 [ 3~ (h — 0= o) Prlsale) £ 0) o (C33)

8168
which using (3.1) and using the results of Lemma 3.1 yields

1

EU = s (C34)

Similarly, in a fully-revealing equilibrium, D’s expected profit from consulting two experts is

EUF 5/ Y o- ysz - bD> Pr [s;, 5,10 £ (6) 6. (C35)

(si,85)€S?
Using (3.2) and using the optimal actions from Lemma 3.1, we have

1

EUL = 50 (C36)

Comparing this with (C34),
1
EU, —EU{ = — > 0.
2 1 7
Therefore, in a fully-revealing equilibrium, D’s ex-ante expected utility is higher with two experts.
Now let EU? i = 1,2 be the decision maker’s ex-ante expected utility in a semi-revealing equilib-
rium. More precisely, in a semi-revealing equilibrium D’s ex-ante expected profit from consulting
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one expert is

EUS & / S = (y5, —0— bp) Prlm|0] £ (6) do, (C37)
O miem
where
Prm4|0] = Z Pr [my|s1] Pr[s1]0]. (C38)

Substituting the conditional probability distribution of s; from (3.1) and the corresponding prior
beliefs into (C38), we have

Prim; =10 =0+ (1—-v)(1—-86) and Prim; =110 =v(1-6).
Hence,
3—2v
18(2—v)

where we have used the optimal actions from Lemma 3.3. Similarly, in a semi-revealing equilibrium
D’s ex-ante expected profit from consulting two experts is

EUS = — (C39)

EUS 3/ S~ (4m, — 0~ bo) Prlmimyl6) £ (6) do,
(mg,mj)eM?
where
Pr [m;, m;|0] = Z Pr [m;, my|s;, s;] Pr [si, 5;]0] . (C40)
(Si,Sj)GSQ

Substituting the conditional probability distribution of (s;,s;) from (3.2) and the corresponding
prior probabilities into (C40), we have
Pr[m; = 1,m; = 119]—(1—y(1—9))2, Pr[m; = 0,m; = 0[0] = v* (1 — 6)*
Prim; =0,m; =0[0]=Pr[m; =1,m; =0/fl=v(1—-60)(1 —v(1—-0)),

Then using the optimal actions from Lemma 3.3, we obtain

36 (1 —v)* 4+ 1302 (1 — v) + 202

EUS = —
2 48 (3 — 2v) (V2 — 3v + 3)

(C41)

Comparing (C39) and (C41),

B-v)(WP+6r(2-—v)(1l-"r))
1442 —-v)(3—2v) (2 —=3v+3)’

EUS — EUY =

which is positive. Therefore, in a semi-revealing equilibrium, D’s ex-ante expected utility is
higher with two experts. Finally, we compare D’s ex-ante expected utility in a semi-revealing
equilibrium with two experts with her ex-ante expected utility when she consults one expert who
reports truthfully his signal. Direct comparison of (C34) and (C41) yields

1 96v — 812 + 2313 — 36
144 (3—2v) (v? —3v+3)

BUS — EUF = (C42)
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Since the denominator is positive, the sign of (C42) depends on the sign of
p(v) £ 96v — 8112 + 23v° — 36.

Notice that

Moreover,
dys (v)
dv
Hence, by mean value theorem there exists a unique 7 £ 0.74 such that p(v) < 0 (so that the

decision maker’s ex-ante expected utility is higher with one accurate expert) if and only if v < 7.
|

=3 (23° — 54v 4 32) > 0.
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