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Abstract

Internal agency conflicts distort firms’ choices and reduce social welfare. To
limit these distortions, principals dealing with privately informed agents often ac-
quire information from specialized intermediaries, such as auditing and certification
companies, that are able to ascertain, and credibly disclose, agents’ private informa-
tion. We study how the structures of both the information provision and the final
good markets affect information accuracy. A monopolistic information provider may
supply imprecise information to perfectly competitive firms, even if the precision of
this information can be increased at no cost. This is due to a price effect of in-
formation: while more accurate information reduces agency costs and allows firms
to increase production, it also results in a lower price in the final good market,
which reduces principals’ willingness to pay for information. The result hinges on
the assumption that firms are competitive and it exacerbates when principals can
coordinate vis-a-vis the information provider. In an imperfectly competitive infor-
mation market, providers may restrict information by not selling to some of the

principals.
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1 Introduction

Firms’ internal conflicts affect industry performance, even in perfectly competitive mar-
kets (Legros and Newman, 2013). When ‘neoclassical black-box’ firms are replaced by
vertical organizations whose members have diverging objectives, information asymmetries
between principals and agents generate distortions that reduce profits and social welfare.
Since the severity of these distortions depends on the verifiable information possessed by
principals, in order to implement proper incentives in their organizations principals often
acquire information from specialized providers, such as auditors or certification companies,
that are able to discover, and credibly disclose, agents’ private information[!] The quality
of this information affects firms’ production choices and, through the market mechanism,
impacts equilibrium prices and, hence, industry performance. In this paper, we analyze
the interplay between firms’ incentives to acquire information, endogenous information
quality, and the structure of the markets in which information is supplied and used.

Information acquisition and information disclosure are two aspects of the information
management problem that, in recent years, has become central to the mechanism design
literature (see the survey by Bergemann and Vilimiki, 2006). The emergence of endoge-
nous information structures provides both theoretical insights for mechanism design, and
policy implications for market design and regulation. Little is known, however, about the
role of information providers in competitive environments, and about the effect of market
competition on the quality of the information that they supply.

We show that, although more accurate information enhances efficiency by reducing
agency costs and improving production, it also affects firms’ profits and welfare indi-
rectly, through its impact on equilibrium market prices and quantities. Our key insight is
that, when buyers of information compete in a product market, their production choices
generate a (general equilibrium) price effect that influences a provider’s choice of the
aggregate amount of information to supply.

How much are then competitive firms willing to pay for information? How much
information do providers supply? What is the difference between firms’ individual and
collective incentives to acquire information? Do firms in competitive markets acquire
too much or too little information? To address these questions, we begin by analyzing an
environment in which a monopolistic information provider sells an informative experiment

to a large number of perfectly competitive firmsf] each composed by a principal and an

! Alternatively, providers may supply information technology that makes information processing less
costly and facilitates decentralized decision making (Argyres, 1999).

2Considering a monopolistic information provider provides a useful benchmark. A concentrated market
structure in the certification industry often arises due to economies of scale or specialization — see, e.g.,
Lizzeri (1999) and Bergemann et al. (2015) who also considers a monopolistic market for information.



exclusive agent who is privately informed about his cost of production | Principals take the
market clearing price as given, simultaneously choose whether to acquire information and
offer incentive compatible mechanisms to agents. The information provider designs the
accuracy of the experiment (which is the same for all firms) that produces an informative
signal (which is specific to each firm) about the agent’s cost. This signal allows the
principal to better screen the agent, thus reducing agency costs and distortions.

Our main result is that, even if information is costless for the provider (and even if
the provider has the same information as the principal ex ante), the optimal experiment
is not fully informative and does not maximize social welfare when aggregate demand
is inelastic — i.e., in industries that face low competition from other markets where
substitute products are sold — and agents are likely to have high costs — i.e., in industries
far from the technological frontier. In this context, the provider supplies less precise
information in order to reduce competition in the product market.

A key role in the analysis is played by a firm’s incremental value of acquiring informa-
tion. This represents the price that a principal is willing to pay for the experiment, and
is equal to the difference between the profit of a firm that acquires information, and his
outside option — i.e., the profit of a firm that does not acquire information, when all other
firms do. Increasing the experiment’s accuracy has two effects on the incremental value
of information. First, a more informative experiment increases principals’ willingness to
pay because, holding the market price constant, it reduces agents’ information rent and
increases production and profits: an incentive effect of information. Second, since a more
informative experiment increases the aggregate quantity produced, it also reduces the
market clearing price, which (ceteris paribus) reduces both principals’ equilibrium profit
and their outside option: a price effect of information.

If the price effect is negative and dominates the incentive effect of information, the
provider prefers to offer an experiment that does not fully reveal agents’ cost. This hap-
pens when aggregate demand is relatively price inelastic because, in this case, increasing
the experiment’s accuracy greatly reduces the market price and, hence, principals’ will-
ingness to pay for information. Moreover, the price effect is stronger when the agent is
likely to have a high cost because, in this case, the informativeness of the experiment has
a large impact on aggregate supply and, hence, on the market price.

Our analysis suggests the existence of a positive relationship between competition,
transparency and efficiency. In very competitive markets (where aggregate demand is
very responsive to prices), firms purchase accurate information, minimize agency conflicts

and produce on the first-best frontier. By contrast, in industries that face relatively low

3The production cost may be interpreted as a measure of the manager’s efficiency or of the extent to
which his preferences are aligned to those of the firm’s owner.



competition from other markets (where aggregate demand is less responsive to prices), less
accurate information is produced, which results in higher information rents that distort
production and increase prices, thus harming final consumers.

Although our main model analyzes a monopolist selling information to competitive
firms, we also consider alternative market structures both in the product market and in
the information market. When firms explicitly collude or coordinate production decisions
and act as a monopoly in the product market, the optimal experiment is fully infor-
mative. Similarly, perfect competition between information providers (with each firm
independently choosing its provider) induces them to offer the fully informative experi-
mentE] In imperfectly competitive information markets, however, information providers
may still restrict the total amount of information disclosed, by exploiting their market
power to exclude some firms from the market, in order to increase profits. Finally, if
firms can jointly commit to acquire information from a single provider (i.e., they form a
monopsony in the information market) but lack market power in the product market, the
equilibrium experiment is less informative than with a monopolistic provider. Hence, a
monopsony in the information market may be worse than a monopoly for final consumers.

A natural interpretation of our theoretical framework is auditing. Like our information
provider, in addition to performing standard certification activities, auditing companies
advise firms by providing so-called ‘assessments’, which are evaluations of firms’ organiza-
tional and technological characteristics, like financial conditions, production efficiency and
business risk (see, e.g., Gray and Manson, 2011). Indeed, the purpose of an assessment is
to analyze whether the processes of a business are managed effectively, in order to high-
light inefficiencies and to provide recommendations for fixing problemsE] For example, an
assessment that results in a specific production recommendation can be interpreted as an
experiment that induces the principal to adjust production depending on the signal that
he observes on the efficiency of his agent. Similarly, our model captures relevant features
of ‘internal auditing’ [

The existence of a positive relationship between variables reflecting the intensity of
agency costs and auditors’ quality is a well documented phenomenon. For example, Chow
(1982) shows that prior to the legislation making auditing mandatory in the United States,

demand for auditing services depended on indicators directly related to the degree of con-

4See Lizzeri (1999) for a similar result.

®More generally, the information provider can represent a business consultant that produces detailed
information on a firm, which are used to advice managers on how to optimize the firm’s activities.

6 According to the Institute of Internal Auditors’ definition, internal auditing is “an independent, ob-
jective assurance and consulting activity designed to add value and improve an organization’s operations.
It [...] is a catalyst for improving an organization’s governance, risk management and management con-
trols by providing insight and recommendations based on analyses and assessments of data and business
processes.”



flict between management and shareholders. Moreover, the auditing market features high
barriers to entry, often attributed to large specialization costs. There are, in fact, four
large international service networks in the auditing market (the Big 4) that are highly
specialized in offering their services to specific industries. Craswell et al. (1995), among
many others, argue that auditees voluntarily contract with expensive industry specialists
that offer quality-differentiated audits, even though any licensed auditor can legally per-
form audits (see also Eichenseher and Danos, 1981). An important component of audit
pricing is an industry-specific premium that provides positive returns to investment in
industry specialization. This is consistent with our model’s implication that informa-
tion providers have an incentive to monopolize an industry and suggests that antitrust
authorities should worry about industry-specific auditors that may reduce welfare. A
policy implication of our analysis is that, even in the absence of litigation issues (see, e.g.,
Dye 1993), the enforcement of binding auditing standards may increase the amount of
information provided and hence welfare.

More generally, our analysis offers an example of information as “a source of produc-
tivity” (Arrow, 1994). Information in our model is costly and valuable, like a standard
commodity, because it reduces agency costs and allows a more efficient use of manage-
rial inputs. Of course, information may also be a technical input in firms’ production
functions, which reduces costs by allowing firms to achieve a more efficient combination
of labor and capital, for example (Arrow, 1987). In this perspective, the scope of our
contribution goes beyond the specific agency framework that we focus on, because our
analysis suggests that the quality of any type of productive information obtained by firm
may not be socially optimal, whenever this information imposes a price externality in the
final good market.

Moreover, while we cast our model as an analysis of the quality of information supplied
to a firm that suffers from inefficiencies due to an agency relationship, other interpretations
are also possible, and our insights apply to any market for cost reducing technologies or
innovations. For example, Katz and Shapiro (1985, 1986) analyze innovation development
and licensing, and show that an innovator that has access to a cost-reducing technology of
a given quality may want to restrict the number of licenses he sells to direct competitors,
thus reducing welfare, so as not to erode the value of the license and/or to soften compe-
tition. One may interpret our model as endogenizing the quality of such innovation: even
if a regulator requires mandatory licensing, the innovator may still have an incentive to
distort quality. Therefore, regulating access to licenses may not be sufficient to maximize
welfare.

The rest of the paper is organized as follows. After discussing the related literature, we

describe the model in Section [2| Section [3| characterizes the equilibrium and presents the



main results. We analyze extensions and how our results depend on the market structure
in Section [4l Section [5] concludes. All proofs are in the Appendix.

Related Literature Our paper contributes to the literature on selling information. The
closest paper is Bergemann et al. (2015), that analyzes a monopolist selling informative
experiments to buyers facing a decision problem, who have different prior information
and, hence, willingness to pay for the experiment. When the monopolist offers a menu
of experiments to screen buyers’ types, a rent-extraction/efficiency trade off may lead to
a distortion in the experiment’s accuracy and require flat or discriminatory pricing. Our
analysis complements Bergemann et al. (2015) because it focuses on competing firms and
shows that a monopolist may undersupply information even when buyers have no private
information.

In the auction literature, Milgrom and Weber (1982) consider the incentives of an
auctioneer to disclose public information about the characteristics of the object on sale
and show that transparency increases the seller’s revenue when signals are affiliated (the
linkage pm’nciple)[] In a price discrimination environment, Ottaviani and Prat (2001)
show that a monopolist wants to acquire and commit to reveal information affiliated
with the buyer’s information. Similar results are obtained by Johnson and Myatt (2006),
Es6 and Szentes (2007), Bergemann and Pesendorfer (2007), and Li and Shi (2013) in
models where the seller commits (simultaneously or sequentially) to disclosure and pricing
policies. We extend this literature by: (i) highlighting the effect of information disclosure
on the market clearing price (which is typically neglected in mechanism design); (ii)
considering an endogenous information structure, as in Bergemann et al. (2015), while
in other papers the information provider only chooses whether to disclose his exogenous
information.

As in our analysis, the effect of accuracy on market prices also plays an important role
in Admati and Pfleiderer (1986, 1990), who analyze the sale of information to traders in
financial markets. They show that the seller may prefer to supply noisier information, in
order to reduce the information revealed to competing traders by prices. In our model, this
dilution problem is absent since agents’ costs are independent, so that principals cannot
infer them from prices. Moreover, our model highlights how agency conflicts alone may
induce a seller to offer an experiment that is not fully informative to soften competition
(see Remark 1 below).

Lizzeri (1999) shows that a monopolistic certification intermediary can benefit from
manipulating information about the quality of a seller’s product and extracts all the in-

formation surplus by only revealing whether quality is above a minimal standard. Again,

"See also Abraham et al. (2014) who study vertical information disclosure in auctions.



while Lizzeri (1999) considers a single buyer of information, in our model principals (i.e.,
firms organized as vertical hierarchies) compete in the product market so that their pro-
duction choices create negative externalities through the price mechanism.

More recent papers, among which Balestrieri and Izmalkov (2014), Celik (2014),
Koessler and Skreta (2014), Mylovanov and Troger (2014), and Piccolo et al. (2015)
take an informed-principal perspective: privately informed sellers choose the amount of
information on the product’s quality to disclose to buyers. By contrast, in our model
principals and the information provider are different players. A similar approach is devel-
oped in the growing literature on Bayesian persuasion — e.g., Rayo and Segal (2010) and
Kamenica and Gentzkow (2011) — where, however, there are no monetary transfers. In
all these models buyers in the information market do not compete in the product market.

By highlighting the link between firms’ internal conflicts and information acquisition,
our model also contributes to the literature studying how firms’ organization design affects
the efficiency of competitive markets. In particular, while Legros and Newman (2013)
examine the trade off between private and social costs of coordination, we analyze the
related trade off between private and social benefits of information provision.

Finally, the idea that people may choose to obtain imprecise information echoes the
Diamond paradox in the search literature. In particular, buyers may choose not to search
for products’ prices because they do not internalize the ‘search externality’ that would
intensify competition among sellers. Relatedly, Eliaz and Spiegler (2011) show that an
information intermediary that selects the pool of sellers among which buyers search may
find it optimal to degrade the quality of the pool in order to reduce competition among

sellers and charge them higher fees.

2 The Model

Market and Players. A perfectly competitive market has a continuum of unit mass of
risk-neutral firms that produce a homogeneous good f| There is a representative consumer

with a smooth quasi-linear utility function
u (l’) - DT,

where x > 0 represents the quantity consumed and p the market price, with /() > 0
and u” (-) < 0 (see, e.g., Legros and Newman, 2013). Since consumers take the price p
as given, the first order condition for utility maximization, v’ (z) = p, yields a standard

differentiable downward-sloping demand function D (p) = v~ (p).

8In Section we consider a monopolistic market.



Firms also take the (correctly anticipated) market price p as given when choosing how
much to produce. Each firm owner (principal) relies on a self-interested and risk-neutral
manager (agent) to run the firm. A firm’s production technology depends on the agent’s
(private) marginal cost of production 6; € © = {¢,0}, with § > § and Pr[f; = 6] = v. In
Appendix through an example, we show that our main qualitative results also hold
with more than two types. Agents are privately informed about their cost of production,
and are protected by limited liability[]

For tractability, we assume that each firm either produces 1 unit of the good, or it does
not produce at all — i.e., a firm’s supply is y; € {0,1}. A binary production technology
can be interpreted as an approximation of symmetric firms’ production decisions in a
perfectly competitive market, since firms are price takers and can either produce zero or
a fixed share of the total quantity demanded Hence, aggregate supply is foly,»di and the

market clearing condition requires that

p=1u <f01yidz'> .

If a firm produces, given a price p and a transfer ¢; paid by the principal to the agent,
the principal obtains Bernoulli utility equal to p — ¢; and the agent obtains Bernoulli

utility equal to t; — ;.

Information Acquisition. A principal can acquire information on his agent’s cost from
a monopolistic information providerE] We assume that the information provider commits
to an anonymous disclosure policy { £, pg}, which specifies an experiment E and its price
pp — see, e.g., Bergemann et al. (2015)@ Hence, the provider offers the same disclosure
policy to all firms, and all principals acquire the experiment if this is profitable. In

Appendix [A.3 we show that all our results hold even when the information provider uses

9For related models of vertical contracting with downstream competition, but exogenous information,
see, e.g., Boyer and Laffont (2003), Caillaud et al. (1999), Gal-Or (1991, 1999), Hart (1983), Hermalin
(1992), Martimort (1996), Martin (1993), Pagnozzi et al. (2015), and Raith (2003), among many others.

10Since firms may be ex post asymmetric and have different marginal cost of production, binary produc-
tion implies that firms are capacity constrained, so that no firm can supply the whole market. This may
reflect un-modelled technological constraints that prevent firms from arbitrarily increasing the quantity
produced (as, for example, in the shipping and transportation industries, and in electricity markets). Oth-
erwise, a low-cost firm would always be able to reduce the market price up to the point where production
is unprofitable for a high-cost firm.

1Tn Section we consider competitive information providers.

12With full commitment and public offers, the information provider has no incentive to offer more than
one policy: since firms are ex ante symmetric and price takers, all principals purchase the same policy
in equilibrium. Moreover, full commitment eliminates the “opportunism problem” that arises when a
principal contracts with multiple competing agents, whose solution depends on off-equilibrium beliefs
(see, e.g., Dequiedt and Martimort, 2015, Hart and Tirole, 1990, O’Brien and Shaffer, 1992, McAfee
and Schwartz, 1994, and Segal and Whinston, 2003). Even without full commitment, an anonymous
policy may arguably arise because firms are ex ante identical and, hence, discrimination may be legally
impossible.



stochastic rationing and does not sell the experiment to all principals.

An experiment F = {Sg, fr} is an information structure consisting of a set of signals
Sg C R, with generic element s;, and a likelihood function fr : © — A (Sg) mapping
states into signals. Signals are independent conditional on the agent’s cost. Slightly
abusing notation, we denote by FFg (s;]0;) the cumulative distribution function indicating
the probability that experiment E yields a signal lower than s; when the agent’s cost is
0;, with corresponding density fg (s;]0;). As a convention, s; = & indicates that principal
¢ has not acquired information.

The provider can produce any information structure at no cost. Essentially, the
provider does not know the agent’s cost, but he can improve upon each principal’s original

information with arbitrarily precise and costless signals.

Contracts. Agents need to be induced by principals to truthfully reveal their infor-
mation. Their outside options are normalized to zero without loss of generality. For
simplicity, we assume that the outcome of an experiment purchased by a principal is
observed by his agent[”] but not by other players.

Principals offer a direct revelation mechanism

{a; (mi, si) , ti(mi, $i) }onsco siesm0t0) »
which specifies the probability of production
gi(+,):©x Spu{a} —[0,1]
and the transfer paid to the agent
ti(-,1) : © x SpU{@} — R,

both contingent on the agent’s report about his cost (m;) and on the signal produced by
the information provider (s;)[]
Contracts between principals and agents are secret. This is a standard assumption in

the literature because public contracts are typically not robust to secret renegotiations.

Timing. The timing of the game is the following:

e Agents learn their marginal costs.

13Howeover, all our results hold even if agents do not observe the signal produced by the information
provider, since an agent’s choice only depends on the actual menu of quantities and transfers offered by
the principal contingent on his report.

4We assume that principals have the bargaining power to offer a mechanism to the agent. This is
consistent, for example, with a situation in which there is a continuum of competing identical agents of
mass greater than the mass of principals.



The information provider announces an information disclosure policy.

Principals decide whether to acquire the experiment from the information provider

and then offer contracts to agents.

Each firm that has acquired the experiment observes a signal and then agents choose

whether to accept contracts.

Firms produce, transfers are paid, and goods are traded.

Our results are robust to alternative timings — see the discussion at the end of Section

3.3 and Section [4.4]

Equilibrium. A (symmetric) Perfect Bayesian equilibrium in which agents truthfully
report their costs and the product market clears specifies a disclosure policy {E¢, p%}
that is acquired by principals and maximizes the information provider’s expected profit;
an individual supply function y°(6;, s;) € {0, 1} that maximizes principals’ expected profit
and depends on the individual draw (6;, s;) € © X Sge U{@}; an aggregate supply function
that (because of the continuum of firms and the law of large numbers) is almost surely

equal to

y(E°) = Z Pr (6] / y© (0, 8;) dFge (84]0;) ,

0,0 si€SpeU{@}

and an equilibrium price p¢ = ' (y(E°)) that equalizes demand and aggregate supply.
As in Legros and Newman (2013), the aggregate supply y(-) should be interpreted as a

“short run” supply curve, when there is no entry of new firms in the market.

Assumptions. Following the adverse selection literature, we assume that with complete
information — i.e., if the experiment fully reveals the agents’ costs — it is always profitable

for principals to produce, even when the cost is high.
Assumption 1 u' (1) > 0.
We also assume that the information provider’s maximization problem is strictly concave.

Assumption 2 The function ® (z) = zu” (v + (1 —v)x)+2u' (v + (1 — v) x) is decreas-

mg in T.

We denote by P = [u/ (1), (v)] the set of admissible equilibrium prices[”]

15The lowest possible quantity produced is v since by Assumptionﬁrms always produce in equilibrium
when the cost is low.

10



3 Equilibrium Analysis

Consider a symmetric equilibrium in which all principals acquire information. Given
an experiment F offered by the information provider, for any expected market price
p, let Vi (p) be a principal’s equilibrium indirect profit function when he acquires the
experiment, and let V5 (p) be his indirect profit function when he does not acquire the
experiment and all other principals do, ceteris paribus.

Given the equilibrium market price p (E) induced by experiment E, (when all prin-
cipals acquire F) the highest price that the information provider can charge a principal

reflects the incremental value of acquiring information and is equal to

p(E)=Ve(p(E) Vs (p(E)).

Since this price makes each principal indifferent between acquiring £ and not['9] the
information provider offers the experiment that maximizes p (E). The functions Vg (p (E))
and Vy (p (E)) determine the impact of the experiment’s informativeness on the provider’s

profit. In the next two sections, we are going to separately analyze these two functions.

3.1 Uninformed Principal

Consider a principal who does not acquire experiment F, while all other principals do.

Agent i’s expected utility is
Uz (0:) = q; (0:,2) (t:i(0:, ) — 0;) .

It is straightforward to show that the relevant incentive compatibility constraint for agent
1 is
Us(0) > Uy (0) + qi(0, 2)AB,
where ¢;(0, @)Af is the information rent of a low-cost agent; while the relevant partici-
pation constraint is U (6) > 0, by limited liability.
Since it is optimal to choose Uy () = 0, for any expected equilibrium price p € P, by

a standard change of variable a principal who does not acquire information solves

2)€(0,1]

max {Z Pr (0] ¢; (0:, @) (p — 0;) — vqi(0, @)AQ} : (1)

16 Notice that, with a continuum of firms, the production choice of a single principal does not affect the
market price. Hence, if a principal unilaterally deviates from a candidate equilibrium with price p (E),
the market price remains p (E).

11



Differentiating this objective function with respect to ¢; (9, @) and re-arranging yields the

principal’s virtual surplus when his agent has high cost

v

Ad.

Fz(p)zp—g— 1

— VUV

This is positive if and only if

Hence, if a principal expects his agent to have low cost with a sufficiently low probability,
he induces a high-cost agent to produce; otherwise, he shuts down production of a high-
cost agent.

The following result characterizes the solution to problem .

Proposition 1 For any expected market price p € P, the optimal contract offered by a

principal who does not acquire information features q; (6, @) = 1 and

n _ 1ZfV§Z(p>;
(6. 2) _{ 0ifv>up).

A principal who does not acquire information always produces when his agent has low
cost (the “no distortion at the top” property); while he induces a high-cost agent not to
produce if the expected rent that he has to pay to a low-cost agent in order to induce
him to reveal his information (when the high-cost agent produces), vA#, is large relative
to the expected price-cost margin when the agent has high cost, (1 — v) (p — 5). In this
case, the profit obtained by producing with high cost is so low that the principal prefers
to reduce the information rent of a low-cost agent to zero by inducing a high-cost agent
not to produce. Hence, the principal’s profit is v (p — @) when the high-cost agent does
not produce, and p — 6 otherwise.

Therefore, the principal’s expected profit if he does not acquire experiment £ when

all other principals do is

Vo (p(B) =v(p(E) —0) + (1 —v)max {0;Tx(p (E))}, (2)

where p (E) is the equilibrium market price when all principals acquire information.

12



3.2 Informed Principal

Suppose now that all principals acquire experiment F. In Appendix we show that
we can restrict attention to binary experiments without loss of generality[”’| Binary ex-

periments consist of two signals only, s and s, and can be represented as

s S

a 11—«

1-6] B

I <l

where, slightly abusing notation, the precision parameters a = Pr [§|§] and 3 = Pr|[s|6]
measure the informativeness, or accuracy, of the experiment. As a convention (and with-
out loss of generality), we assume that o + 3 > 1{1—_8] An experiment with a« = § =1 is
fully informative.

Similarly to the case of an uninformed principal: (i) by limited liability the high-cost
agent obtains no utility, regardless of the signal produced by the experiment, and (i) the
relevant incentive-compatibility constraint is the one of the low-cost agent, which has to
hold for any signal[”]

Using a standard change of variable, given a binary experiments offered by the infor-
mation provider and an expected market price p, a principal who acquires information

solves
max S Pr6)] Y Prisil0i]q; (0is:) (p—0:) —vA0 Y Pris;|0] ¢:(0, s;)
ail-)eld 0;€c0 si€{s,5} si€{s,5}

Differentiating and rearranging yields the principal’s virtual surplus when his agent has

a high cost and he observes signal s;

— Pr[f]s]
.5 (s;, = p—0— —— Al
4 (i, p) p Pr (65
o p—0—2A0 ifsi=s
p—0— ﬁ%AH if s, =3,

where % > 125 and, hence, Lap(5,p) >Tas(s,p)-

«

1"Notice that, even if production is a binary choice, it is not obvious that restricting to binary exper-
iments is without loss of generality. The reason is that the contract offered by a principal specifies a
probability of production, which is not a binary choice, and depends on the agent’s report about his type.

"This is just a labelling of signals that ensures that Pr [s|6] > Pr[s|¢] and Pr[s|¢] > Pr [s|6]: upon
observing signal 3 (resp. s), the principal assigns higher probability to the agent having high (resp. low)
cost.

19See the Appendix for details.
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Asin the case of an uninformed principal, whether a principal who acquires information
chooses to shut down production of a high cost-agent depends on the ratio between his
posterior beliefs about the agent’s cost, given the signal produced by the experiment —i.e.,
Pr[0|s;] / Pr [5]52} If this ratio is large, the principal assigns a relatively high probability
to state § (rather than @) when he observes signal s;. In this case, I'n (s;,p) < 0 and
the principal prefers to induce a high-cost agent not to produce in order to eliminate the
information rent of a low-cost agent, because he expects to pay this rent with a relatively
high probability. By contrast, if the ratio is small relative to the price-cost margin when
the agent has high cost, then I', s (s;, p) > 0 and the principal prefers to induce a high-cost
agent to produce and pay the information rent.

The principal’s virtual surplus is decreasing in o and 5 when s; = s: with a more
informative (precise) experiment, a principal who observes signal s assigns a higher prob-
ability to the agent having low cost and, hence, increases production distortion in the
high-cost state to reduce the information rent. By contrast, the virtual surplus is increas-
ing in o and B when s; =5, because in this case a more informative experiment induces
a principal who observes signal s to reduce production distortion in the high-cost state.
Clearly, when the experiment is fully informative, in the high cost-state a principal always

observes 5 and always produces (by Assumption [I]).

Proposition 2 For any expected market price p € P, the optimal contract offered by a

principal who acquires a binary experiment features q¢; (0,s) = ¢; (6,35) =1 and

i (?, 5) =q (0.s) :_1 @f% < 1_7”2;5
q; (9,5) =1 m_qui (9,§) =0 if% <7%”7’A;99<%
¢:(0,5) = ¢ (6,s) =0 if ek < 28

Hence, a principal always produces when his agent has low cost, and produces if and
only if his virtual surplus is positive when his agent has high cost. Distorting production
of an inefficient agent when the principal observes signal s is optimal if « is high so that
the experiment is informative, holding 3 constant. In this case, the principal prefers to
eliminate the information rent of an efficient agent, since he expects the agent to have
low cost with a high probability. By contrast, distorting production of an inefficient agent
when the principal observes signal s is optimal if « is low, holding [ constant, because
in this case the signal is not informative enough about the agent’s cost. Of course, since
qi (5, §) > q; (@, §), the principal is “more likely” to distort production of an inefficient

agent after observing signal s/

20More precisely, if the principal distorts production of an inefficient agent when he observes signal
5, then he also distorts production of an inefficient agent when he observes signal s, but not vice versa,
because observing signal 5 indicates that the agent is relatively more likely to be inefficient.
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If all principals acquire a binary experiment with precision a and 3, by Proposition

aggregate supply is

1 if To s (s,p () >0,
yl@) =< v+(1-v)a ifTas(E,p(a) 20>Tas(s,p(a)),
v if 'y 5(5,p(a)) <0,

where p (a) = v/ (y («)) is the market clearing price. Hence, a principal’s expected profit

Vs (p(@)) =v(p(a) =) + (1 —v) Y Pr[s]f] max{0,Tas(sip(a))}. (3)

s;€{s,5}

Notice that aggregate supply and the market clearing price only depend on «, and not on
[, because principals always produce in the low-cost state. In particular, when « increases
— i.e., the experiments becomes more accurate — expected production increases and, as

a consequence, the equilibrium price decreases.

3.3 Optimal Experiment

If the information provider offers a binary experiment, the price that each principal is
willing to pay for the experiment is the difference between a principal’s expected prof-
its with and without information acquisition, if all other principals acquire information.
Hence, using and , the information provider chooses the experiment’s precision «

and (§ to maximize

p(a, )

Vo (p () = Vo (p (@)

= (1-v) Z Pr [5;6] max {0, T (si,p (@)} — max {0, Ty (p(a))}

si€{s,s}

This objective function does not depend on the principal’s surplus in the low-cost state,
because the principal always produces when the agent has a low cost, regardless of whether
he acquires the experiment or not.

Through its effect on the market price p («), the experiment’s precision affects both
the equilibrium profit with information acquisition and the deviation profit of a principal
who does not acquire information. Moreover, the experiment’s precision also directly
affects the principal’s virtual surplus when his agent has high cost I', 5 (-, -), and hence
his production choice.

In order to characterize the solution to the provider’s problem, it is useful to establish
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the following facts. First, it is never optimal for the information provider to always induce
shut down of the high-cost agent because, in this case, p («, 3) < 0. Second, it is never
optimal to offer an experiment that never induces shut down but is not fully informative.

The reason is that a fully informative experiment yield{*!]

p(1,1) = (1—v) {p(l)—@—max{(),p(l)—@—1iVA9}]
= min {vAf,(1—v) («' (1) —0)} >0,

while an experiment that never induces shut down (but is not fully informative) yields
p(a,3) = 0 because a principal obtains the same profit p — 6 regardless of whether he
acquires information or not{?] Therefore, by Proposition , the optimal experiment for
the information provider is either the fully informative one, or the best experiment that
induces shut down only with signal s.

Let & be such that

14

lo(p(@)=0 & uw+(1-v)a)=0+ Af. (4)

o 1—v

Since the price function is decreasing in «, if @ > & then I'; (p () < 0 and the profit of
a principal when his agent has high cost and he does not acquire information (given that

his competitors do) is equal to zero.

Lemma 1 An experiment that is not fully informative and induces shut down only with

signal s yields

I-vaWr+1-v)a)—0 —v(1-B)AI ifa>a

BrA—(1—a)1l—v) [ v+ (1-v)a)—0] ifa<a. ©)

p(a,ﬁ)z{

When « > @&, the incremental value of information in Lemmal[I]is equal to the expected
profit when the agent has high cost and the signal is § (since in this case information

induces the principal to produce),
1-v)a(v+(1-v)a)-10],

minus the rent of a low-cost agent, v (1 — 5) Af. By contrast, when o < &, the incremental

value of information is equal to the rent saved by the experiment when the signal is s,

2 Tf the experiment has o = B8 = 1, agents obtain no information rents and firms always produce, so
that the market price is p (1) =’ (1).
221t is straightforward to show that I'y, g (s,p () > 0 implies I'y (p («)) > 0.
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BrAf, minus the loss due to shut down of production,

l-a)Q-v)[v+(1-v)a)—10].

The next result characterizes the experiment that maximizes the information provider’s
profit, by comparing the experiment that maximizes with the fully informative one.
Welet e (1) = ‘;‘,l,% denote the elasticity of demand with respect to price at ¢ = 1, which

is the inverse of the elasticity of price with respect to quantity.

Proposition 3 For any pair (v,0) and any utility function w (-), there exists a threshold
2(v,0) such that the optimal experiment features o* < 1 if and only if ¢ (1) < &(v,0), and

% = 1. The threshold (v, 0) is decreasing in v and increasing in 0.

The optimal experiment features 8 = 1 because, holding « constant, a higher
increases the informativeness of signal s and allows principals to reduce information rents
(see ) Hence, the optimal experiment always produces a “low cost” signal s when
the agent’s cost is indeed low or, equivalently, it fully reveals when the agent’s cost is
high through the signal 5. The intuition is that leading the principal to believe that the
agent may be inefficient when in fact he has a low cost does not affect the actual quantity
produced, but it increases the information rent of a low-cost agent, because it induces the
principal to reduce the distortion in the quantity of an inefficient agent, which is never
optimal.

By contrast, the optimal experiment may feature a* < 1, so that observing a signal s
does not fully reveal that the agent’s cost is low, because an increase in the informativeness
of signal 5 has two contrasting effects on the value of information. First, a higher «
increases principals’ willingness to pay for information because, holding the market price
constant, it increases expected production (since it increases the probability of signal 5
when the cost is high): an incentive effect of information. Second, however, by increasing
production a higher « also reduces the market price which, ceteris paribus, reduces both
the principals’ equilibrium profits and their deviation profit: a price effect of information.
This has an ambiguous effect on principals’ willingness to pay for information.

The price effect is negative and dominates the incentive effect of information when
price is elastic with respect to quantity (or, equivalently, when demand is inelastic with
respect to price), which is typically the case for markets that face weak competition from
other industries where substitute products are sold. In this case, a higher o induces a large
reduction in the market price which reduces principals’ willingness to pay for information.

The price effect is stronger when v, the probability of the agent having a low cost, is
low because, in this case, the informativeness of the experiment has a large impact on

aggregate supply and, hence, on the market price. Similarly, an increase in 8, the agent’s
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highest possible cost, reduces principals’ profit and induces the information provider to
offer a less informative experiment, because a higher market price is required (other things
being equal) in order to induce the agent to produce when his agent has high cost.

Let & be the accuracy of the experiment that maximizes principals’ (expected) profit

in the high-cost state — i.e., the solution of the first-order condition
u v+ (1-v)a)—0+a(l—v)u" (v+(1—-v)a) =0, (6)

which is unique by Assumption [2] The next proposition analyzes the factors that affect

the informativeness of the optimal experiment when it is not fully informative.

Proposition 4 If ¢ (1) < &(v,0), the optimal experiment features o* = max {a,a}.
Moreover, there exists a threshold A such that o* = & if and only if A0 > A6.

To maximize principals’ willingness to pay for information p(a, 1), the information
provider would like to offer an experiment that: (i) induces an uninformed principal to
shut down production by a high-cost agent, because this reduces the principal’s deviation
profit, and (ii) maximizes the profit of a principal who acquires information in the high-
cost state — i.e., that solves condition @ When & is higher than &, the experiment
that solves @ also induces an uninformed principal to shut down production by a high-
cost agent, because a high & results in a low market price p(&) = /(v + (1 —v) &).
By contrast, when & is lower than &, the experiment that solves (@ does not induce
an uninformed principal to shut down production by a high-cost agent. In this case,
the information provider prefers to offer an experiment with accuracy & to minimize the
difference between production with and without information acquisition (as explained in
the discussion following Lemma . Finally, ceteris paribus, @ is low and the information
provider chooses & when the adverse selection problem is particularly severe — i.e., when

A# is relatively large (see ) and it is thus expensive to screen agents.

Remark 1. Our analysis is based on the assumption that agents are privately informed
about their costs. How crucial is the presence of asymmetric information and the resulting
agency costs for our results? Consider a model without agents, where firms can acquire
information about their own marginal cost (which they do not know) from an informa-
tion provider. In this case, in our framework (by Assumption 1) firms always produce
regardless of their marginal cost and, hence, their willingness to pay for information is
equal to zero. Therefore, without agency costs, an information provider plays no role in
our environment.

Moreover, even with alternative assumptions about marginal costs, the presence of

asymmetric information crucially affects the scope for information provision. To see why;,
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consider an environment where costs may be so high that firms do not produce if they
do not acquire information, regardless of the choice of their competitors/| In this case,
when there are privately informed agents (as in our model), principals never produce when
their agent has a high cost to avoid obtaining negative profit (since u’ (0) < ). Hence,
with asymmetric information, agents obtain no information rent and principals have no
incentive to acquire information from an information provider.

By contrast, in a model without agents, firms do have an incentive to acquire informa-
tion from a provider in order to avoid producing when the cost is high. The information
provider does not distort information when the marginal cost is #: offering an experiment
with o < 1 reduces firms’ willingness to pay for information because production is never
profitable when the cost is #. The information provider may only distort information
when the marginal cost is # to restrict firms’ aggregate production and increase the mar-
ket price. Therefore, although the rationale for not offering a fully informative experiment
is similar to our model, information distortion may arise in exactly the opposite state of

the world than in our model.

Remark 2. We focus on disclosure policies that do not discriminate principals. In
Appendix [A.3] we show that the optimal policy of an information provider who offers the
fully informative experiment to some, but not necessarily all, principals is equivalent to
the optimal policy described in Proposition [3] The reason is that the provider’s profit
depends on aggregate production in the market, and the provider is indifferent between
achieving the optimal level of production through providing “imperfect” information to
all principals or “perfect” information to some principals only. In our model, however,
total demand for information is fixed (because the number of firms is fixed and they are
ex ante identical). Therefore, preventing some principals from acquiring the experiment
requires stochastic rationing, which is difficult to implement, and randomization devices,

which are hardly verifiable in practice.

Remark 3. Our qualitative results also hold with more than two costs. Specifically, in
Appendix we develop an example showing that the information provider may have
an incentive to offer an experiment that is not fully informative even when the agent has
three different possible types, under a condition that is similar to the one in Proposition
Bl Exactly as in our main analysis, restricting principals’ information reduces the market

price and allows the provider to obtain higher profit.

Remark 4. If agents learn their costs after accepting the contract and are not protected

by limited liability, by standard results the principal can completely solve the adverse

Z3Formally, this requires that v’ (0) < E [#]. Moreover, 8 < u’ (1) so that firms always produce if they
have a low marginal cost.
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selection problem without acquiring information from the provider. However, if agents
are protected by limited liability, they obtain information rents even if costs are observed
after accepting the contract (see, e.g., Laffont and Martimort, 2002). Therefore, principals
are still willing to acquire information from the provider and the optimal experiment is

identical to the one characterized in Proposition

3.4 Welfare

Consider, without loss of generality, a binary experiment with precision a and 5. Given an
optimal contract offered by the principal, social welfare is equal to the difference between
consumers’ gross utility and total production costs (since all other payments are simply

transfers among players) — i.e., by the law of large numbers,

W(OZ,B) = U(y (aaﬁ)) - VQ_ (1 - V) [quz (575) + (1 - O[) q; (éaﬁ)} ga
where ¢; (5, 5,-) is the production of a representative firm with cost  and signal s;.

Proposition 5 Social welfare is maximized by the fully informative experiment.

Therefore, a social planner always chooses an experiment with = = 1 in order to
maximize the total quantity produced. In contrast to Lizzeri (1999) and Bergemann et
al. (2015), full efficiency requires a fully informative experiment in our environment, and
social welfare is not maximized when the optimal experiment offered by the information
provider features o* < 1.

Notice that a regulation that forces the information provider to offer the fully infor-
mative experiment would not restore full efficiency, since the provider would respond to

this policy by not selling the experiment to all principals (see Remark 2).

3.5 Example

To gain further insights on the optimal policy, consider a linear example that allows to

obtain closed form solutions. Let # = 0, § = 1, and let the utility function be

2
x

— 9 b
u(x) T 5

so that € (1) = 2 — 1 is decreasing in b. By equation (4)),

I—-v(2+0b(1—-v))
b(1—v)’

a=

24 Assumption [1| requires b < 1 while Assumption [2|is always satisfied.
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which is decreasing in v and b (when it is positive).
First, if b < 11__2;, then @ > 1 and

pla)=v—(1—-a)Ql—-v)[1-br+(1-v)a) Yael0,1].

Since this function is increasing in «, the optimal experiment is fully informative in this
case.

Second, if b > 1 2”) then & < 0 and

pla,])=(1—-v)a[l=br+(1-v)a)] Yael0,1].
This function is maximized at

!

. 1 1—bv
e ST

which is (weakly) increasing in v and decreasing in b. Hence,

1
2—v

A

a<l & b>b(v)=

Third, if =2 < b <

( (0,1) and the optimal experiment features

o =
1 ifa=1
Moreover,
d_d:by(l—y)—kiiz—lzo o b 1—31/.
20(1—v) v(l—v)
Finally: ilf;/> 1 — f’ then b* (v) > =22 and b* (v) > Vl(l—_y; if v < 1—7 then
b()gv(l v)®

Summing up, if v <1 — \/Li’ then the optimal experiment features

1 1fb< V)
af =< o fyl(12z <b< 1(131”/)
a ifb> 1 v_.

—v)’

while if v > 1 — \%, then the optimal experiment features

O =
a ifb>0b*(v).

. { 1 ifh< b (v)
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Hence, when demand is relatively unresponsive to price, the information provider offers
an experiment that does not fully reveal the agent’s cost in order to increase the market
price. The optimal informativeness of the experiment a* is decreasing in b, while it is

decreasing (resp. increasing) in v for intermediate (resp. large) values of b.

4 Extensions

In this section we consider various extensions and show how the results of Section [3|change
under alternative assumptions on the degree of competition in the product market and in

the information market.

4.1 Downstream Monopoly

The result of Proposition [3| on underprovision of information hinges on the assumption
that there is competition in the product market. In fact, when there is a single informa-
tion buyer that produces in a monopolistic downstream market, he internalizes the price
externality of its production decisions, exactly like a monopolist operating in multiple
locations that compete with each other. Hence, the information provider has no incentive
to offer an experiment that is not fully informative to a monopolist, or to principals acting

as a cartel in the product market.

Proposition 6 The information provider offers a fully informative experiment to a mo-

nopolist.

A less informative experiment reduces the monopolist willingness to pay for two rea-
sons. First, an imperfectly informative experiment reduces production efficiency due to
the standard trade-off between rents and efficiency. Second, when the monopolist is un-
certain about the agent’s cost, he must provide a rent to induce truthful information
revelation. Both of these effects reduce the surplus that the information provider can be
extracted from the monopolist.

Note, however, that the main trade-off described in Proposition [3| does not necessarily
require the product market to be perfectly competitive, since it would still arise with
imperfect competition. Essentially, as long as more accurate information allows principals
to reduce information rents but also increases the market price, there is a tension between
the price effect and the incentive effects described in Section

25 An important caveat is that Lemma [3] may not hold when firms’ production choice is a continuous
variable — e.g., when firms choose quantities or prices (Cournot or Bertrand or differentiated products)
— because the optimal experiment may require more than two signals.
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4.2 Competing Information Providers

Consider now the case in which both the product and the information markets are com-
petitive — for example, a market with multiple competing rating agencies or auditing
companies.

In order to capture the effect of competition in the information market on the amount
of information supplied, we consider the ‘linear city’ model of Hotelling (1929). Principals
are uniformly distributed with density 1 over the interval [0, 1]. There are two identical
information providers located at the extremes of interval: provider A is located at 0 and
provider B at 1. Principals pay a quadratic transportation cost to reach an information
provider. Specifically, a principal located at € [0,1] pays cz? to buy from A and
c(1- 33)2 to buy from B, where ¢ > 0 is a measure of the cost of transportation.

Each information provider j € {A, B} simultaneously announces an anonymous infor-
mation policy {Ej, pj} that consists in an experiment F; with precision «; and 3; and a
price pjm Principals observe the offers and decide whether and from which provider to
buy information. Principals cannot coordinate their decisions — i.e., they cannot commit
to buy from the same information provider.

For simplicity, we impose the following assumption which implies that, when no infor-
mation is provided, only low-cost agents produce.

Assumption 3 ' (v) < {5 A6,

We first consider symmetric equilibria with full coverage, in which all principals acquire
information and information providers offers the same policy {(a*, 3*), p*}. The principal

that is indifferent between buying from A or B is such that

Vile,B) —py—ca® = Vg (a,B) — pp — c(1 — )

. 1 — Vala,B) — Ve (a, 3
o T (p,a,,6>z§+szcpA+ A( )2C B( )’

where P = (pA7pB)? o = (Q’A,OéB), ﬂ = (BA’BB) and

Vila,B)=v(p(a,8)—0)+ (1 —v) Z Pr [sj@ maX{O,Fijﬁ (sj,p(a,ﬁ))} .

j
s;€{s,5}

When ap = o and Bz = 57,

p(aa, B, f7) =u' (v + (1 =v) (@7 (Jaa+ (1 =27 () a")),

20Tt can be shown using the arguments developed above that we can restrict attention (without loss
of generality) to binary experiments. In fact, holding constant the policy offered by his competitor, each
information provider weakly prefers to offer a binary experiment rather than a more complex one.
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where, if it exists, the cut-off z* (-) is implicitly defined by

1 p*_pA VA (aA76A>a*7ﬁ*)_VB (a*aﬁ*aaAaﬁA)
~+ + .
2 2c 2c

[\

ZL'* (OéAaﬁAvaap*aa*7B*) =

J/

Vertical differentiation

Hence, when B behaves according to equilibrium, A’s expected profit is

TA (pA,QAaBAap*7O'/*7/6*> = () Pa-

Notice that, compared to a standard Hotelling game, our model also involves a form of
(endogenous) vertical differentiation between information providers, which derives from
the accuracy of the experiments offered. Clearly, other things being equal, principals are
willing to pay a higher price to acquire a more informative experiment. Hence, apart from
competing in prices, information providers also compete through the accuracy of their ex-
periments. However, competing along this dimension might not be in their individual and
joint interest because the equilibrium market price is decreasing in the amount of infor-
mation provided, and so does the surplus that providers can extract from inframarginal
principals.

Does the equilibrium features underprovision of information? Will providers exploit

both dimensions of differentiation to attract principals?

Proposition 7 There cannot exist a symmetric equilibrium with full market coverage
and imperfect information provision. An equilibrium with full market coverage and full
information provision exists if and only if ¢ is sufficiently low. In this equilibrium, the

price charged by the information providers is p* = c.

If the market is fully covered in a symmetric equilibrium, it is always profitable for
a provider to offer a slightly more informative experiment in order to attract marginal
principals from the rival, without changing the price of the experiment. This is because,
holding the experiment offered by the rival constant, a provider gains by selling to an
additional principal, whose production choice does not affect the market priceFj] Hence,
to avoid this free-riding problem, in a symmetric equilibrium with full market coverage
providers never offer an experiment that is not fully informative.

When transportation costs are sufficiently small, there is an equilibrium in which both
providers offer the fully informative experiment at price p* = ¢, following the standard

‘Hotelling’ rule. In this case, competition between providers bites both horizontally and

2TOf course, the change in the informativeness of the experiment must be arbitrarily small to have a
negligible effect on the market price — i.e., a second order effect on provider’s profit compared to the
effect of an increase in the number of principals served.
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vertically. To understand why, consider the case of perfect competition in the informa-
tion market — i.e., ¢ = 0. A straightforward undercutting logic implies that information
providers charge a price equal to zero, p* = 0, and make no profit in equilibrium, re-
gardless of the experiment they offer. Moreover, if a provider offers the fully informative
experiment at price zero, it is clear that his competitor cannot gain by offering a different
experiment and/or a different price (because, when there is no transportation cost, by
doing so he cannot attract any principal). A similar logic applies to the case of small c.

Hence, when competition in the information market is relatively strong, full infor-
mation is provided in equilibrium to all principals. When c¢ is large, however, are there
equilibria in which providers limit the amount of information?

By Proposition 7], if full information is not provided to all principals in a symmetric
equilibrium, this must be because the market is not fully covered — i.e., each provider
sells to a mass of principals smaller than % In this case, some principals acquire no
information and shut down production in state s. In the next proposition we show that,
indeed, when c is relatively large there exists an equilibrium in which providers offer the

fully informative experiment, but price some principals out of the market.

Proposition 8 If ¢ is is sufficiently high, there exists a symmetric equilibrium in which
each provider offers the fully informative experiment and sells to a mass of principals
5 — k*, with k* € (0,3) such that

2

c

4

1 —2k*

-2k =1-v)[/(1-2(1-v)E) 0] + 5

(1-v)’u" (1-2(1-v)k").
(7)

In this equilibrium, the price charged by the information providers is p* > c. Moreover,

k* s increasing in c.

When competition in the information market is not too strong — i.e., when products
are sufficiently differentiated — competition between providers along the ‘horizontal di-
mension’ becomes less intense: providers still offer the fully informative experiment (to
undercut each other along the ‘vertical dimension’), but they charge a price higher than
¢ in order to exclude some principals from the information market, thereby increasing
market price and proﬁtsF_g] This may be interpreted as a situation where some firms can-
not find a rating agency that understands their business well enough to provide a reliable

rating.

280f course, in addition to the symmetric equilibrium characterized in Proposition |8 with competing
providers there may also be asymmetric equilibria in which only one provider offers an experiment that
is not fully informative (which also benefits the competitor). Characterizing the full set equilibria is
outside the scope of the paper, however, since our purpose is simply to show the robustness of the results
obtained in the monopoly case.
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Therefore, our qualitative result that the maximal degree of information may not be
provided, even if information is costless, holds both in a monopolistic and in an imperfectly
competitive information market.

Notice that, with competing providers, information may be limited for two reasons.
First, as in the case of a monopolistic information provider, supplying less information in-
creases the market price because it reduces the total quantity produced (see the right-hand
side of condition (7))). Second, each provider exploits its monopoly power with respect
to firms which are close to its location by increasing the price of the experiment and
reducing the number of firms to which it sells information (see the left-hand side of condi-
tion @))[7_9] As intuition suggests, this effect becomes stronger when transportation costs
increase, implying that information underprovision becomes more severe as competition
in the information market weakens.

Of course, in addition to the symmetric equilibria characterized in Propositions [7] and
B}, with imperfect competition there may also be asymmetric equilibria in which only one
provider offers an experiment that is not fully informative and/or exclude some principals
(which also benefits the competitor)ET] This potential multiplicity of equilibria echoes
Lizzeri (1994), who in a different context shows that competition between information
intermediaries may generate different types of equilibria, with and without full information
disclosure. Characterizing the full set equilibria is outside the scope of our analysis,
however, since our purpose is simply to show the robustness of the results obtained in the

monopoly case.

4.3 Monopsony in the Information Market

In the previous sections, we have assumed that principals do not coordinate their infor-
mation acquisition decisions — i.e., each principal buys the experiment that maximizes
his own profit. Suppose now that principals behave as a single buyer and can commit to
purchase information from the same provider, although they are still price takers in the
product market. What is the experiment that principals jointly offer to the information
provider(s)? Will they acquire more or less information than in the baseline model?

By the same logic of Lemma [3], we can consider binary experiments without loss

of generality. If principals commit to deal exclusively with one information provider,

29 As discussed at the end of Section a monopolistic provider may also want to sell to fewer firms
and increase the price of the experiment but, in our model with fixed demand for information, he can
only do this by stochastic rationing.

30For example, asymmetric equilibria may arise for intermediate values of ¢, when there is no symmetric
equilibrium with full coverage (because a relatively high transportation cost induces providers to ration
principals to exploit their monopoly power), and no symmetric equilibrium without full market coverage
(because a relatively low transportation cost induces providers to compete aggressively by either reducing
the price of the experiment or increasing its accuracy).

26



they choose the experiment that maximizes their expected profits — i.e., Vo5 (p(a)) in
equation (3) — rather than the incremental value of information. The reason is that the
willingness to pay for information only depends on firms’ equilibrium profit, and not on
the outside option. As before, it is easy to show that: (i) it is never optimal to offer an
experiment that always induces shut down of the high-cost agent; (i7) if the experiment
distorts production with only one signal, then this must be s; (i) it is optimal to set /3

equal to 1; (iv) for any a < 1 such that I', 1 (s,p) > 0,

Voa (p(a)) =p(1) —E[0] —vAl <p(1) —E[0] = Vi, (p(1)).

Hence, as in our main model, if it is optimal to offer an experiment that is not fully

informative, then it must be
Fa1(5,p) >0>T41(s,p).
In this case, principals’ objective function is
Vor(lp(@)=vi v+ (1-v)a)—0l+(1-v)a|u(v+(1-v)a)—6],
whose derivative with respect to « is

y’(u—i—(l—y)a)—5—1—\(1/%—(1—V)a)u"(l/+(1—u)oz). (8)

J/ J
~ —~

>0 <0

The first term represents the incentive effect, which is identical to the one in our main
model, while the second represents a modified (stronger) price effect, which also takes
into account the effect of information when the agent has a low cost (since this affects

principals’ expected profit but not the incremental value of information).

Proposition 9 Suppose that principals act as a single buyer in the information market.
There exists a threshold £(0) : Rt —R™* such that the optimal experiment features a** < 1
if and only if £ (1) < Z(), and 3* = 1. Moreover, o** < o* and 2(0) > Z(v,0), with

equality at v = 0.

Hence, a coalition of principals acquires less accurate information than each principal
does because the experiment that maximizes their expected profit does not depend on the
outside option, which strengthens the price effect of information. As a result, contrary to
what may be expected, a monopsony in the information market reduces the equilibrium

level of information provided.
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4.4 Selling Information Ex Post

In our model, principals acquire information before contracting with agents, which is in
line with the literature on ex ante information gathering — see, e.g., Crémer and Khalil
(1992) and Crémer, Khalil and Rochet (1998).

By contrast, the literature on costly state verification considers principals who may
acquire information after the agent has reported his type, and information providers that
can verify whether the agent’s report is truthful ex post — see, e.g., Townsend (1979)
and Border and Sobel (1987). This verification relaxes incentive constraints and reduces
agency costs when principals can commit to punish untruthful reports. Because (with
two types) the Revelation Principle still guarantees that agents truthfully report their
costs in equilibrium, ex post verification perfectly solves the adverse selection problem if
verification can be provided at no cost and the provider cannot ration principals, as in
our model, and ensures that principals always produce, yielding an equilibrium market
price equal to u’ (1) ]

Therefore, the ex post information supplied by a provider has no effect on the market

price. The highest profit of the information provider in this case is
min {vAf, (1 —v) («' (1) —0)},

because principals’ willingness to pay for information is equal to their willingness to pay
for a fully informative experiment in our model — i.e., p (1,1).

However, since this profit is lower than the information provider’s profit when he sells
an experiment ex ante as in our model (see Proposition , the provider always has an
incentive to commit to provide information ex ante rather than verification ex post. Of
course, if the information provider can commit ex ante to an ex post verification rule —
e.g., to discover an untruthful report only with some probability lower than one — he has

the same incentive to restrict information as in our model.

5 Conclusions

Building on the recent literature on selling information, we have examined the decision
problem of a monopolist who sells an informative experiment to a large number of per-
fectly competitive firms in which principals contract with privately informed agents. We
have shown that, even if information is costless for the provider, the optimal experiment

is not fully informative when demand is inelastic to price and agents are likely to be

31See, e.g., Laffont and Martimort (2002, Section 3.7) for a model with two types that can be easily
adapted to our perfectly competitive framework.
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inefficient. In this case, the provider obtains a higher profit by limiting the amount of in-
formation supplied to principal, due to the negative price effect generated by information
when firms compete in the product market. This result hinges on the assumption that
firms are competitive and exacerbates when principals can coordinate vis-a-vis the infor-
mation provider. In an imperfectly competitive information market, underprovision of
information may still occur through the exclusion of some principals from the information
market.

The analysis suggests a positive relationship between competition, transparency and
efficiency. In very competitive markets where demand is very responsive to prices, firms
purchase accurate information in order to solve agency problems and produce on the first-
best frontier: the equilibrium experiment is fully informative about the agents’ cost. By
contrast, in industries where demand is not very responsive to prices, firms do not obtain
full information. This lack of transparency generates information rents that further reduce
production and increase prices, at the expense of final consumers.

Following Arrow’s idea that information should be considered a standard commod-
ity whose market may be subject to regulatory intervention, our results offer testable

predictions on the relation between agency costs, market structures, and auditing quality.
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A Appendix

A.1 Binary Experiments

We show that we can restrict attention to binary experiments without loss of generality.
Given an experiment F offered by the information provider and an expected market price
p, the expected profit of a principal who acquires information is

S Pr(o / 6 (005 [p — 1:(605, 5:)] dF (51]63)

0,€0 $i€5E
For any signal s;, incentive compatibility for the agent requires
Ug (0i,5:) = qi (03, 50) ti(03, 81) — @i (03, 8:) 0 > i (05, 50) (05, 55) — i (0, 50) 0; VO, # 0.
Hence, the agent’s relevant incentive compatibility constraint is
U (0, ) > Ug (0,5:) + @:(0, 1) A0,
where ¢;(0, 5;)Af is the information rent of a low-cost agent. Moreover, Ug (5, si) =0 for

every s; due to limited liability.
Substituting into the principal’s objective function yields

> Prio)] / (9i (0i, 5:) (p — 0:) — Ug(0;, 5:)] dF (si0:)

0,0 $i€Sp
= Y Pl / 4 (0:,5) (9 — 0) dF (s:10) — vUR(0).
6,€0 5i€5p

where
Ug(0) = AH/ %(97 si)dFg (si]0)
S;€ESE
is the expected information rent of a low-cost agent.
Maximizing the principal’s objective function with respect to ¢ (-, -) yields: (i) ¢; (6, s;) =

1 since p > 0 for any p € P by Assumption ; and (i7) ¢ (5, s;) = 1 if and only if the prin-
cipal’s virtual surplus when his agent has high cost and he observes signal s; is positive
—i.e.,

_\1_VfE (sil0) — —

J/

_ Prfo]s;]

= Pefols]

Hence, we have the following result.

Lemma 2 Let Sg (p) = {s; € Sg : 'p(si,p) > 0}. For any expected market price p € P,
the optimal contract offered by a principal who acquires information features q; (0, s;) =
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1 Vs;, and

3 B 1z'f3i€S’E(p)7

If all principals acquire information, then by the law of large numbers aggregate supply
is
yE)=v+(1—v)Pr [si e Sp (pE)] :

where the equilibrium market price is pp = v’ (y(E)), and the principal’s expected profit
is
Vi (pp) =v(pe —0) + (1 - V)/ ) Ug (si,pe) dFpg (si]0) .
SiESE(pE)

Since experiment E' only affects the equilibrium price and the principals’ expected
profit through Sg (pr), the subset of signals that do not induce shut down of a high-cost
agent, we can simplify the analysis through the following result, which echoes the findings
of Calzolari and Pavan (2006) and Bergemann et al. (2015).

Lemma 3 The optimal experiment offered by the information provider consists of only
two signals.

Proof of Lemma Let E be a generic experiment with S C R. Denote by pg the
equilibrium price induced by that experiment. Recall that Sg (p) is the subset of signals
that induce a principal to produce when the agent’s cost is high and that Assumption
guarantees that production always occurs when the cost is low.

Suppose first that Sg (pg) # @ and that Sp\Sg (pg) # @. Then

p(B) = 1-0)| [ e =0 1 IR ar (58) - wax 0.1 ().

Notice that

Next, consider a new experiment E’, with Sp C Sk, such that

Spr = SE\SE (pp) U argmlnM
s:€Sp(pE) JE Sz|9)

and )
[ (si]0) & 5, € Sp\Se (pE)
: 1 fE(sil0)
i (S; = < §; € argmin =
frr (s4]0) fs cinton) TE (si]0) ds T )
0 otherwise.

Note that pp = ppr because y (E) = y (E') by the law of large numbers. Hence, p (E) <
p(E"). Using the same logic we can show that for any E such that Sg(pg) = Sg or

31



Sg (pg) = @ the information provider cannot be worse off by offering a simpler experiment
that implements the same price. The result then follows immediately. Bl

Given a generic experiment F, since the market price when all principals acquire infor-
mation only depends on the probability of production in the high-cost state, the informa-

tion provider can offer a simpler experiment E’ that assigns probability Pr |:Si e Sk (pE)]

only to the signal that minimizes the agent’s information rent. In other words, the provider
can always group all signals leading to production by the high-cost agent as one signal,
and group all signals leading to no production by the high-cost agent as another signal, in
a way that minimizes agency costs. Principals strictly prefer experiment E’ to experiment
E, since E' increases principals’ profits and results in the same production decision and
market price.

A.2 Proofs

Proof of Proposition [I} Using standard techniques, it can be shown that the maxi-
mization problem of a principal who does not acquire information and expects a market
price p € P is

max {ZPI‘ q; (0;,2) (p—0;) — vy (9, @) AG} )

QZ( @ 6[0 1]

Differentiating with respect to ¢; (8, @) it follows that v (p — 8) > 0 for any p € P. Hence,
¢; (8, ) = 1. Differentiating with respect to g; (5, @), it follows that ¢; (5, @) =1 if and
only if p — 6 — =A0>0—ie,v<v(p). A

Proof of Proposition 2 By Lemma [2]

_ 1 if L < vpt

g (0,s) = o af
0 otherw1se

_ 1 f]. B < 1— l/p 5

5 (0.5) = e
0 othervvlse.

The result follows immediately. B

Proof of Lemma [1} Consider an experiment such that

Lo (3:0() 20> Tap(s,p()).

Then, by definition,

pla,f)=(1-v)alp(@)-0] —v(1—-p5) A0~ (1 -r)max{0,Ts(p(a))},

where p(«) is the market clearing price when all principals acquire information. By
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concavity of u (-), there exists a unique & that solves

v
1—v

u v+ (1-v)a) =0+ A0,

such that

14
1—

maX{O,u/(V—i-(l—u)oz)—@— A0}>0 & a<a
v

This yields equation (5). W

Proof of Proposition [3 By Lemma [l], it immediately follows that for any experiment
such that

Lap(s,p(a) <0< Top (5 p(a)),

it is optimal for the information provider to set 5 = 1. Hence,

p(a,l)z{(1_”)0‘[“'(”+(1—V)a)—9] if a > a,

VA —(1—v)(1—a)[v v+ (1 -v)a)—0] ifa<a
In order to characterize the precision a that maximizes p («, 1) three cases must be con-

sidered. B
First, if 7~Af <’ (1) — 0, then & > 1 and

pla,1)=vAl—(1—a)(1—v) [ (v+(1-v)a)—0] <p(l,1)=vAb.

Hence, in this case the information provider chooses o* = * = 1.
Second, if *>Af > u'(v) — 0, then concavity of u(-) implies *>Af > u' (1) — 6.

Hence, B o
pla)=1-v)au(v+(1-v)a)—10].

This function is single peaked by Assumption (1| and is maximized at a € (0, 1) such that
W (v+(1—-v)a)—0+au" v+ (1-v)a)(l—-v)=0,

if and only if

u (D) —0+u"(1)(1-v)<0 < e(1)= (1) <z(0,v) +1—v.

IAD]

Otherwise, p (o, 1) is maximized at a = 1. Since p(1,1) = (1 —v) (¢/ (1) — ), the result
follows immediately.
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Third, if o' (1) — 0 < Z=A0 </ (v) — 0, then & € (0,1) and

0 1) — 1-v)a[u(v+(1-v)a)—0] if a > a,

p(a,1) {yA@—(l—V)(l—a)[ul(l/—i—(l—y)a)—@] if v < a.

Note that
8péi’1>:<1_V>[u/(y+(1_y)a)_§]+(1_V)2(1—CM)UN(V—i-(l—V)a)>O Vo < &,

which means that max,<s p (o, 1) = arAf. Suppose that

0 , _
8—aa(u v+ (1-v)a)—0)

o=«

Assumption[2|implies that p (a, 1) is maximized at o*. Hence, as before, p (a*,1) > p(1,1)
as long as € (1) < € (,v). By contrast, if

0 , _
%a(u (v+(1—-v)a)—10)

o=
then Assumption [2| implies that p («, 1) is maximized at &. But, by definition,

v

afWv+1-v)a)—0) = A)—(1—a)(W(v+(1-v)a)—10).

1—v

Hence, p(&,1) > p(1,1) as long as e (1) < € (5, 1/). In this case, Assumption [2[ implies
that the optimal experiment features " =1 and o* < 1. R

Proof of Proposition @ Suppose that ¢ (1) < € (5, 1/). The fact that o* = max {&, a}
follows immediately from the proof of Proposition (3. Moreover, by concavity of u (), &
is decreasing in Af and & — 0 as Af becomes large enough; while (other things being
constant) & does not vary with Af (see condition [6]). Hence, by continuity of u (-) there
exists a threshold A6 such that & > & if and only if A6 > A6. R

Proof of Proposition [5. Recall that aggregate supply is

y(a,8)=v+(1-v)[ag (6,5) +(1-a)g (§,§)l.

N

=Y

Suppose that « and 3 are such that y (o, ) < 1 and consider an alternative experiment
with precision o/ and 3’ that increases aggregate supply to y (o/, ') = v +ye < 1, where
¢ > 1. Then

W (', B) =W(a,B) = uly(,p)) —uly(a,B)) —7ed + 70
= u(v+ye)—uv+y) —yl(e—1).
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This function is equal to 0 at € = 1 and

5 V(0 8) = W(a, B)] =7 (v (v +72) = 6)

which is strictly positive by Assumption [I] Hence, choosing an experiment that increases
aggregate supply always increases social welfare. Since the experiment that maximizes ag-

gregate supply is the fully informative one, this experiment also maximizes social welfare.
[ |

Proof of Proposition [6. Consider a fully informative experiment. The agent obtains
no rent and, in every state ;, the monopolist produces the output ¢™ (6;) that solves

o (g™ (0:)) + ¢ (0:)u” (¢™ (6;)) = 6.

Denote the full information profit

= Z Pr(0;]¢" (6;) [ (¢™ (6,)) — 6:] .

0,€0

Consider now an experiment E that is not fully informative. Let ¢ (6;,s;) be the
monopolist’s production in the state (0;,s;) € © x Sg. For any information policy, the
monopolist’s maximization problem is

q(-)€[0,1]

max {Z Pr [0 /SZES (05,55) (W (q(05,5:)) — 0;)] dFg (54]0;) — vAO q(0, s;,)dFg (sl-|Q)} :

(9)

$; €S

The first-order conditions imply ¢% (8, s;) = ¢™ (8) for every s; € Sp and

u'(q%(0,5:) + ¢ (0, s:)u” (¢% (0, 55)) = 0 + ﬁ;ﬁg?:%; AD,

with ¢ (9 S; ) v (9) for every s; € Sg. By Assumptlonl the value function associated
to the max1mlzat10n problem (9] is

0,0 si€S
< Y _Pr(oi]q" (0, [/ (¢ (6;)) — ;] = V™.
0,€0

Hence, the result follows. B

Proof of Proposition [7 Consider a symmetric equilibrium, in which the information
providers share the market equally (i.e., each sells to a mass % of principals) and offer an
experiment (o*, 5%) that is not fully informative (a* + * < 2) and induces principals to
shut down production only in state s. (Since a + 3 > 1, if there is shut down in state s,
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there must be shut down also in state s.) If provider B behaves according to equilibrium,

1 p*—pA+VA(aA,5A7 o, 3°) = Vg (a*, B, CYA,ﬁA)
2 2c 2c

where

Va () —Vz () = (1 — 1/) Z Pr [SA|T max {0 FQA Ba (SA,]?(OKA, Oé*uﬁA?B*))}

sa€{s,5}

-(1-v) Z Pr [33@] max {O,Ff*ﬂ* (SB,p(aA,a*,ﬁA,B*))} ,

sp€{s,5}

and
plaa,a” By B%) =u (v+(1—v) @ (Jaa+ (1—2"())a’)).

Since w4 (-) = x* () p4, the equilibrium experiment is

*

B7) € a(rgr;la)x{VA (a, By, 0", %) = Vi (a®, 8%, aa,84)} -

(o

First the equilibrium features 8* = 1. Indeed, if 3* < 1, then a provider, say A, can
strictly increase his profit by choosing 5, = 5* + ¢ (¢ > 0), since

Va(a®, 8" +e,a",0%) = Vg (a*, " a", 0" +e) = (1 —v)eAbd > 0.

Second, following the same logic of the monopoly case, if a* < 1 then principals cannot
always produce in equilibrium.

Third, it is not possible that a* < 1 and * = 1. The reason is that, in this case, a
deviation oy = a* + ¢, with ¢ arbitrarily small, is profitable if

Va(a® +¢,1,a"1) = Vg (a*,1,a" +¢,1) > 0.

Differentiating with respect to ¢,

Sop() = 5p ()| ¢

OWVal)=Va(-
[A()é?s <)]50:(1_I/> max {0,I5., (5.0 ()} + Loay

g

=0

which is strictly positive since max {0,I'%. ; (5,p(-))} > 0 in equilibrium.

Fourth, a deviation by a provider, say A, with z*(-) > % is not profitable. In fact,

since A cannot charge a price higher than p*, this deviation can be profitable only if

z* (a*>ﬁ*7p*) = % > % + VA (aAv 17 1a 1) - VB (]-7 1,()4A, 1) )
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where, by definition,
Va (aA7 17 17 ]-) — Vs (]—7 17 a4, 1) =
L=v)¢ Y Prlsalf]max{0,T2 , (sa.p(-))} — [p(-) — 0]
sa€{s,5}
However:

e If a4 induces shut down in both states,

Z Pr [s4|0] max {O,Ffml (sa,p(1)} =0,

sa€{s,s}
implying that V4 (-) < Vg (+).
e If oy < 1 never induces shut down,
_ _ U _
> Prlsalf] max {017, (sap ()} =p() =0 - —20<p() -0,
sA€{s,s}
implying that V4 (1) < Vg (+).

e If vy < 1 induces shut down only is state s,
Va()=Ve() =1 =v){aalp() -0 —p() -0} <0

Hence, in a symmetric equilibrium with full market coverage, both providers offer
the fully informative experiment — i.e., a* = " = 1 — and p* = ¢ the standard
Hotelling’s pricing rule (which follows from differentiation of a provider’s expected profit
and symmetry).

By Assumption , such an equilibrium requires that, for every = < 1/2,

v (1) =)+ (1—v) (W (1)—0) —ca®—p* >v(u(1)—0).

Substituting p* = ¢ yields

(1-v) (v (1)—0) >maxc(1+2°) < c<c 4(1_V)(U/(1)_0).

xﬁ% )

Proof of Proposition In Proposition [7] we have shown that for ¢ > ¢ there is no
symmetric equilibrium with full market coverage. Hence, if a symmetric equilibrium exists
in this case, it must be such that some principals do not buy information. Accordingly,
we now characterize sufficient conditions for an equilibrium without full market coverage
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— i.e., such that, for some k* € (0, %) () principals in the interval [O,% — k;*] buy from

Aj; (ii) principals in the interval [% + k*, 1} buy from Bj; (7ii) principals in the interval
[% — k*, % + /{:*] do not buy information. Following the logic of the proof of Proposition
[7, it can be shown that there is no loss of generality in considering equilibria such that
g =1.

We first show, by contradiction, that such equilibrium cannot feature k* € (0, %),
a* < 1 and informed principals shutting down production only in state s. To characterize
A’s best response when B behaves according to equilibrium notice that, if A offers (a4, p,)

and a mass % —ka < % of principals acquires the experiment from him, then it must be

VA (OéA,Oé*, kA7k*) —C (% - kA)2 —PA = V® (p (OZA,OZ*, kA7k*))’
where
plaa,a® ka, k) =u (3 —ka) v+ (1 —v)aa)+ (G —k)(v+a (1 -v))+v(ea+eY)),

and Vy (aa, a*, k4, k*) is the gross profit of a principal who buys from A (which depends
on k4 and k* through their effect on the market price). For any k4 that provider A wants
to implement, he must charge

PA (OéA,OZ*,k*,kA) = \AVA (OéA,Oé*,k?A,k*) _C<% _kA)Qa

~

Valaa,a* ka,k*)—Vg (p(oa,a*,ka,k*))

where, by Assumption [3]

AV (g, ka, k") = (1 —v) Z Pr [sA@ max {0,y 1 (54,0 (4, 0", ka, k*))}.

sa€{s,s}

Note that AV, (+) is increasing in k4 because u” () < 0. Hence, for any a4, p4 (+) is
a monotone function of k4. This implies that we can analyze (without loss of generality)
an equivalent game in which information providers choose the fraction of principals they
wish to serve rather than prices (which are determined to make the marginal principal
indifferent between buying information and not). Note that this change of variables does
not affect the nature of the strategic interaction among players because in the equilibrium
that we consider information providers do not compete directly and hence, as monopolists,
they can either choose prices or quantity, if demand is well behaved.

Therefore, provider A’s problem can be written as
1-2ks

5

* *
max p 4 (aAv at ka, k )
kasaa
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The first-order conditions are (imposing symmetry)
—a* [u/ (v + (1 - 2K") (1 —v)a®) — 0] + 2 (1 — 2k*)*
= %(1—2/{:*)04 21—v)u" (v+(1-2K)(1—-v)a").

and

V(w+(1=-2k)1-v)a")—0=—31-v)(1-2k")a"u" (v+ (1 -2k (1—-v)a").
Substituting the second condition in the first and rearranging yields
% (1-2k")° =0,

which cannot be true if £* < %: a contradiction.

Moreover, since a symmetric equilibrium cannot feature £* = 0, then it must be
o = 1. We now characterize sufficient conditions for this outcome to be an equilibrium.
When ay =1, A’s problem is

max pA(kA,k:)%,
e(03)

where

pa(ka, k%) = (1—v) [p(kak*) — 0] — £ (1 — 2ka)®
= 1-v) [ (1—Q=v)(ka+k))—0] —<(1—2ka).

Differentiating A’s profit with respect to k4
—(1=v) [ (1= (1 —v)(ka+k"))—0] + ¢ (1~ 2ka)°
+ 2 T (1= 2ka) — (1 — )" (1= (1 —v) (ka + k%)) = 0.
In equilibrium,

Q-2 =1-v) [/ 1 -2(1-)k) = 0] + =22 (1 —v)*u" (1 - 2(1 —v) k")
(10)

i
If the solution of this equation exists, it pins down the candidate equilibrium. Let
d(r)=—(1-v) [ (1-2(1-v)a)— 0]+ (1 —22)° -2 (1 —v)* " (1 - 2(1 —v) ).

2

Note that ® (0.5) = — (1 — v) (¢ (v) — §) < 0 by Assumption |1 and

©0)=—(1-v) (1) -0)+§-51-v)u" (1),
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which is positive if and only if
c>e=2(1-v)2( (1) —0)+(1—v)u"(1)].
Moreover, at an optimum k, = k*, A’s profit is concave — i.e.,

2[(1—v)* " (1= (1 —v)(ka+ k")) —c(1—2ka)]

12 (1 )P (1= (=) (ka + K) = 20] <0,

which is always true if u"” (x) < n for every z € [0,1], with n > 0 and small enough.
Hence, if a symmetric equilibrium in which the market is not fully covered exists, then £*
must solve (10)).

To complete the proof we show that A cannot profitably deviate from this candidate
equilibrium because A’s best deviation features a4 = 1 and, hence, his profit is maximized
by k4 = k*, as shown above. This is done in the following three steps.

Step 1. For any k4, a conceivable deviation in a4 such that a4 < 1 must induce
principals who buy from A to shut down production in state s only. In fact, as argued
before, A has no incentive to offer a4 < 1 if principals who buy the experiment produce
in both states.

Step 2. Provider A’s optimal deviation cannot feature both vy < 1 and k4 € (—%, %)

To see this, note that if the optimal deviation is such that a4 < 1, then principals buying
from A must shut down production in state s only. Otherwise A strictly gain by setting
aa = 1, a contradiction. Hence, provider A’s maximization problem is

max Pa (aAvaa) #7
kA€<—%,%),aA<1

where

Pa (aAva) =
(1 — V) A [u' ((% — k?A) (l/—|— (1 — V) OéA) + (% - k*) + V(I{JA —f-k’*)) —5]—2 (1 — QkiA)2.

The first-order conditions for an interior solution are

~(I=v)aa [ (3 —ka) v+ QA =v)aa)+ (= k) +v(ka+E)) = 0]+3 (1 — 2ka)°
- %(1 —v)? o (A—ka) v+ (1 —v)aa)+ (3 —k) +v(ka+ k")) =0.

and

W((E—ka)v+(Q—v)aa)+ (3 —K)+v(kat k) —0
+ 12 1 —v)aad” (3 —ka) v+ (L —v)aa)+ (3 — k) +v(ka+ k%)) = 0.
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Substituting the second condition in the first and rearranging yields a contradiction:

%(1—2]@4)2:0 = kA:%.
Step 3. A deviation with k4 = —% and a4 < 1 is not optimal if ¢ is large. To see why,
recall that A’s objective function is concave in a, if u” (-) is small. At ky = —1, the
derivative of this function with respect to a4 is
u v+ (1—v)as)—0+ 1 —v)asu” (v+ (1 —v)as) =0, (11)
while the derivative with respect to k4 is
—(l-v)aa [ v+ (1 —v)as)—0] +3c— 642Au"((y+(1—y)ozA)). (12)

Substituting in (12),

Q620" (v + (1 — v) da) + e,

which is positive if

¢> 2 sup [u" (z)].
z€[0,1]

Since by steps 1, 2 and 3 A’s best deviation features a4y = 1 and k4 € (O, %) and
yields at the most the equilibrium profit, the result follows.
Finally, it is easy to show that

pr=1 (1 -y W (1 -2(1—v) k).

p* > c follows from the fact that in the equilibrium with full market coverage the fully in-
formative experiment has price c. In addition, the first-order condition and concavity
of providers’ objective function imply that £* is increasing in c¢. B

Proof of Proposition [9} A coalition formed by principals maximizes
Var(pl@)=@w+ (1 -v)a)u' v+ (1 —-v)a)—vl — (1 —v)ab.
Differentiating with respect to « yields
v+ (1-v)a)—0+v+(1-v)a)u" (v+(1-v)a).

Since

_ 0 3
avl,g(f(l)) =u(1)—0+d" (1) <0 & (1)< =£(0),
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the optimal experiment features a** < 1 if £ (1) < £(f). Finally, since £(v,0) < e (1),
a* < 1 implies that o™ < 1. R

A.3 Stochastic Rationing

Consider an information provider who sells the fully informative experiment to a mass
x < 1 of principals, through a stochastic rationing rule. What is the optimal choice of x
for the provider?

Suppose, for simplicity, that a principal who does not acquire information shuts down
production in the high cost state — i.e., v’ (v) < #;Af. Since a principal who acquires
information always produces by Assumption [I], in equilibrium aggregate supply is

y)y=z+1—-2)v=v+(1—-r)z,
so that the equilibrium market price is
p=u v+ (1l-v)z).
Therefore, a principal’s willingness to pay for information is
p@) = (1—v) [/ v+ (1= v)a) = 7],
and the information provider’s profit is
zp(z)=1—v)z v (v+(1-v)z)—10].

This is equivalent to the provider’s profit in our model when o = z (see equation
when g =1).
Maximizing this function with respect to = yields

u(v+(1-v)z)—0+x(1—v)u" (v+(1—-v)x)=0,

which is identical to condition (@ that characterizes the optimal choice of o when the
provider cannot discriminate principals. Hence, compared to our main model, when the
provider can discriminate principals the optimal choice of x is identical to the optimal
choice of «v (so that the provider has the same incentive to restrict the information provided
to principals in order to reduce aggregate supply) and the provider obtains the same profit.

A similar result can be obtained when v’ (v) > %> A6 and when the provider offers an
experiment that is not fully informative to some of the principals only (because principals
always produce when agents have low cost).

A.4 Three or More Types

In order to show that our main results do not hinge on the assumption of two types, we
analyze an example with more than two types in which the information provider still finds
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it profitable to restrict information in order to increase the market price. Suppose that
0 c {Q,é,é},withpr [0=8] =Pr [e:é} —Prl0=0=landi—0=0-0=A0>0,
for simplicity. Note that the monotone hazard rate property is satisfied — i.e.,

Pr[9<é}
pelo=d Prlo=9]"

Hence, for a given market price p, the optimal contract offered by an uninformed
principal is such that only local incentive constraints bind — i.e., ¢;(6, &) = 1 and

~ ~ A

(0,2)=1 < T(l,p)=p—0-—2A0>0,

so that ¢;(0, @) > qi(é, @) > qi(0, @) as required by the monotonicity condition (see, e.g.,
Laffont and Martimort, 2002, Ch. 3).

Without loss of generality, consider the fully informative experiment with S =
{s, 3,5} and associated probabilities

5 5 s
111|010
610 |10
610 |0 |1

Assuming that principals buy the experiment in equilibrium, the provider’s profit is

=P > 0-5.00 — D g_gamax{0,T(0,p)}
B 3

Now consider an experiment E’ with the same signals and probabilities

5 S S
n 11—« 11—«
0| a | 5% 5"
N 1-8 18
9 2 5 2
61 0 0 1

Similarly to the binary case, without loss of generality, assume as convention that 2ax >
1—pFand 28 >1—a.
A principal’s willingness to pay for experiment £’ is

pla, B) = Z Pr 6] Z Pr[s]0] max {0,T', 3(6,s,p)} —max{0,I'(0,p)} ¢,

0=0,0 5=8,5,5
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where, if only local incentive constraints bind, virtual surpluses are

A ~ Prls|d p—é if s=3,8
Faﬁ(e?S?p):p_e_ [|A] 0= A 2 .
Pr[s|d] p—0— 15400 ifs=s
Pr [s/6) + Pr]s|?) p=0- g0 ifs s
— — s rfs _ ' R
Lop(t,s,p) =p—0— P_r[s@ Af = p—@—%AQ ifs=3s
p—@—?jA@ if s=3

When 2o > 1 - and 28 > 1 — q,

Pr[s|6] Pr [s]6]

Pr(s|) _ Pr[s|) + Pr|s]6] Ve

monotonicity is preserved, and q(@, s) > q(f, s) for every s.
Suppose, only for simplicity, that an agent produces only in the low-cost state when
the principal does not acquire information — i.e.,

o (%) <O0+A0<O+27N0 = maX{O,F(é,p)} = max {O,F(@,p)} =0.

Restricting attention to 5 = 1, which may be suboptimal, the provider’s profit is

0 1-a
p(aal):p—+

2 oz(p—g)
3 3 '

Af
1 -« }+ 3

If « = 1, the experiment is fully informative and p (1,1) = pfl. If a < 1, aggregate
supply is

max{O,p—@—

y (@) = itg ifp—0< LA,
1 if p— 0 > $2-A0.

11—«

Therefore, if p — 0 < ﬁAG, the equilibrium market price is

plo = (25,

and the provider solves

max p(a,1) = max {(1+a)u’ (2?‘) —é—aé}.

ac(a,1] ac(a,1]

where @ is uniquely determined by

u,<2—13—a) —0= Q_AQ.




Neglecting the constraint a > @, the first-order condition for an interior solution a* is

2+ o - 1+4+af 24+ a*
’ —0 " = 0.
¢ (B5%) o e ()

This solution is lower than 1 if and only if

u/(1)—§+§un<1)<o & 5(1)§E(G)E§+

This condition, whose interpretation is similar to the one in Proposition [3 guarantees
that the provider never chooses the fully informative experiment since there always exists
an o < 1 that yields a profit higher than p (1, 1).

It can be shown that a similar argument extends to the case with a finite number of

types.
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