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Abstract

Using the rational expectations approach, we study signaling in
Cournot models, in which each oligopolist sets quantity, and, thus,
partially controls the price-signal. We show that the quality of a ho-
mogeneous good is signaled by the market-clearing price. Moreover,
our applications illustrate the tractability and usefulness of the ratio-
nal expectations approach to signaling in complex economic settings.
Indeed, the rational expectations equilibrium yields simple expressions
for price, quantity, profit, and consumer surplus. Moreover, the ratio-
nal expectations approach allows the model to specify posterior beliefs

(including out-of-equilibrium beliefs).

Keywords: Asymmetric information, Cournot, Learning, Oligopoly,
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1 Introduction

Using rational expectations, information flows (or signaling) through prices
have been studied in perfectly competitive markets (Kihlstrom and Mirman,
1975; Grossman, 1976, 1978; Grossman and Stiglitz, 1980) as well as mo-
nopolistic markets (Matthews and Mirman, 1983; Judd and Riordan, 1994;
Mirman and Santugini, 2009b).! While firms in a perfectly competitive envi-
ronment have no control over the price-signal, a monopolist does have some
control of the price (or its distribution) through the market. There exist
many situations in which the market is not competitive with several firms
interacting strategically and, thus, having even more restricted control over
the price, e.g., Cournot oligopoly.

In this paper, we study signaling in two Cournot models, in which each
oligopolist sets quantity, and, thus, partially controls the price-signal. Ex-
tending the monopolistic model of Mirman and Santugini (2009b) to Cournot
oligopoly, we show that the quality of a homogeneous good is signaled by the
market-clearing price.2 Moreover, both applications illustrate the tractability
and usefulness of the rational expectations approach to signaling in complex
economic settings. The first application is signaling in the classical Cournot
market structure where firms have different cost functions. In the second ap-
plication, asymmetric information and learning is embedded in an economy
with several strategic firms making real and financial decisions. Both appli-
cations share the same environment of information flows. There is a market

for a good whose quality is known to the oligopolists, and only to some of

!Both Matthews and Mirman (1983) and Judd and Riordan (1994) consider informa-
tion flows in a noisy environment, while Mirman and Santugini (2009b) studies signaling
without noise. Note that a noiseless environment isolates one of the two important but
distinct effects of the informational externality due to information flows. Specifically, in
a noiseless environment, the monopolist reacts to the informational externality, but has
limited control over the flow of information. In other words, either the unknown param-
eter is not revealed and learning (uninformed) buyers revert to their prior beliefs, or it is
fully revealed in equilibrium. However, in a noisy environment, the monopolist reacts to
the informational externality and is also able to affect the flow of information, i.e., the
information contained in the price-signal depends on the monopolist’s decision.

2Although Mirman and Santugini (2009b) consider a quantity-setting monopolist, a
price-setting monopolist would yield the same result. Moreover, the rational expectations
approach can be used to study Bertrand models with differentiated goods.



the buyers. The remaining buyers are uninformed, but acquire information
by observing the market-determined price. In particular, these uninformed
buyers anticipate learning about the quality by updating their beliefs from
observing the price.

For each Cournot application, we derive and characterize the unique linear
separating equilibrium (fully revealing rational expectations equilibrium).?
In a fully revealing rational expectations equilibrium (REE), the expectations
of the learning buyers are consistent with the behavior of the oligopolists. We
then compare the fully revealing REE with the benchmark full information
equilibrium (FIE). The benchmark full information equilibrium refers to the
standard maximization problem in which every buyer is informed about the
quality and the oligopolists do not face an informational externality. In both
of these applications, we show that signaling occurs in the presence of several
strategic firms selling a homogeneous good, i.e., without vertical or horizontal
differentiation.* Moreover, each oligopolist reacts to the learning process on
the demand side for any level of quality and independently of the number of
sellers and buyers. Consequently, the fully revealing REE is different from
the FIE.

As mentioned earlier, both applications illustrate the tractability and
usefulness of the rational expectations approach to signaling in complex eco-
nomic settings. In particular, the rational expectations equilibrium yields
simple expressions for price, quantity, profit, and consumer surplus. This is
in sharp contrast to the signaling literature which cannot easily character-
ize a separating equilibrium.® Moreover, out-of-equilibrium beliefs must be
imposed in order to characterize a separating equilibrium and the equilib-
rium depends on the refinement used. In contrast, the rational expectations
approach used in this paper does away with the arbitrary selection of out-of-

equilibrium beliefs and allows the model to specify posterior beliefs. In other

3As in Mirman and Santugini (2009b), it can be shown that there are no pooling
equilibrium (non-revealing rational expectations equilibrium).

4See Daughety and Reinganum (2007, 2008) and Janssen and Roy (forthcoming).

°See Wolinsky (1983); Milgrom and Roberts (1986); Bagwell and Riordan (1991);
Daughety and Reinganum (1995, 2005, 2007, 2008); Janssen and Roy (forthcoming) for
price-setting behavior. See also Harrington (1987) for a Cournot oligopolistic limit-pricing
model.



words, beliefs (including out-of-equilibrium beliefs) come directly from the
structure of the economy, i.e., consistent with the market-clearing condition
and the behavior of the oligopolists. Specifically, learning buyers form expec-
tations about the relationship between the price-signal and the quality of the
good. These expectations yield an updating rule that specifies the posterior
beliefs about the quality for any price. The updating rule, in turn, enters
the demand function faced by the firms, and constitutes an informational
externality to each oligopolist, which affects optimal behavior.

Before proceeding with a discussion of our applications, we make a final
comment on the learning process. We assume that the learning buyers have a
restricted ability to observe all market variables, i.e., they observe the price,
but not quantities. Moreover, the learning buyers are limited in forming ex-
pectations, i.e., they use their knowledge of the economic structure under full
information to form expectations in the case of asymmetric information. In
the two Cournot applications, the benchmark FIE yields optimal strategies
of the firms that are linear in the quality. Therefore, in the rational expec-
tations environment, the learning buyers are assumed to form expectations
about the firms’ behavior that are consistent with their behavior under full
information. Under these conditions, there exists a unique fully revealing
REE, in which the firms’ optimal strategies are linear in the quality.®

Our first application is a direct extension of Mirman and Santugini (2009b)
from the monopoly to Cournot oligopoly, in which the quality of the good
affects both the demand and cost functions. Although there are several het-
erogeneous firms, the rational expectations approach yields a unique linear
signaling equilibrium in which the price conveys information to the learn-

ing buyers. Unlike the monopolistic case, signaling might be beneficial to

6The linear formation of expectations is further motivated in two ways. First, in Mir-
man and Santugini (2009b), we prove that there exists a unique fully revealing REE in the
monopolistic case. The unique equilibrium is such that the optimal quantity supplied of
the monopolist is linear in the quality. Second, the characterization of a rational expecta-
tions equilibrium in the literature has generally focused on linear equilibrium. Grossman
and Stiglitz (1980) characterize a linear REE in a perfectly competitive market. Simi-
larly, Judd and Riordan (1994) also derive a linear REE in order to study noisy signaling
in a monopoly, in which the price provides partial information about the quality of a new
product. Finally, Kyle (1985) characterize a linear REE to study information flows with
strategic behavior in a noisy insider trading model.



the firms in a Cournot game. Here, under certain conditions regarding the
number of sellers, and the composition of informed and learning buyers, the
informational externality reduces the market externality so that the outcome
is closer to the monopolistic outcome, and profits increase with signaling.
The reason is that signaling induces each firm to decrease the quantity sup-
plied, which increases the equilibrium price compared to the full information
Cournot solution, and is therefore closer to the full information monopolistic
solution.

The second application presents an economy with both real and finan-
cial sectors. This model is the Cournot game and signaling extension of the
market microstructure model of Mirman and Santugini (2009a). Specifically,
information flows are integrated in a market microstructure model, in which
several entrepreneurs (firms) invest in a project and share the risk with in-
vestors by issuing a risky asset whose shares are claims to the project’s profit.
Each strategic entrepreneur decides on the level of investment as well as the
amount of risk shared with investors. The good is a risky asset whose payoff
is unknown to some investors. The learning investors’ expectations affect
the entrepreneurs’ behavior in terms of the level of real investment as well
as the number of shares issued. Although firms act in several markets, there
is a unique linear signaling solution. While Mirman and Santugini (2009a)
show that, without asymmetric information, financial access enables each en-
trepreneur to increase the level of real investment through risk sharing, it is
shown in this paper that asymmetric information and the use of the price as
a signal reduces the effect of financial access. In other words, there is less real
investment and less risk sharing, since the equilibrium price of the risky asset
increases under the informational externality. Therefore, although signaling
might increase the financial profits of the entrepreneurs, it is detrimental to
the real sector by reducing the scale of the real projects.

The paper is organized as follows. Section 2 studies signaling in a stan-
dard Cournot oligopoly with heterogeneous firms. Section 3 studies informa-

tion flows in a market microstructure model with real and financial sectors.



2 Cournot

In this section, we extend Mirman and Santugini (2009b) to the classical
Cournot market structure with heterogeneous firms, i.e., with different cost
functions. We first describe the application. We then derive and characterize
both the FIE and the fully revealing REE. We finally study the combined

effects of the informational and market externalities.

2.1 Environment

Consider a market for a good with quality # > 0 and price P. The demand
side is composed of two types of price-taking buyers. There are \; informed
buyers who know 6. An informed buyer’s demand is z; = 6 — P. There
are also A\p learning buyers. A learning buyer does not know 6, but infers
the quality from observing the price. Specifically, a learning buyer uses the
updating rule x(P) to learn about #. Thus, a learning buyer’s demand is
zp, = x(P)—P.

The supply side is composed of J heterogeneous oligopolists who know 6.
The objective of each oligopolist is to maximize the profit m; = Py; — ¢;0y
over the quantity supplied y;, where ¢;6 € [0,0) is the marginal cost specific

to oligopolist j and P is determined by the market-clearing condition

A0 = P)+ AL(x(P) = P) =) ;. (1)

j=1

Condition (1) characterizes the expectations demand faced by the oligopolists.
Here, the updating rule influences profit and constitute an informational
externality to the oligopolists.

The updating rule x defines the posterior beliefs of the learning buyers
for any price P. Posterior beliefs are consistent with their knowledge of the

structure of the economy. Specifically, the updating rule is consistent with

J

the market-clearing condition and the strategies of the oligopolists {g;(€) };_,-

Formally, from (1), for all P, the inferred unknown parameter v = x(P)



satisfies

Ar(¥ — P) + Ap(¢ — P) =Zgj(w>, (2)

with ¢(0) = 0, and, thus, x(0) = 0.

2.2 Equilibrium

Having described the environment, we now derive the FIE and the fully
revealing REE. The benchmark equilibrium of full information refers to the
standard maximization problem in which every buyer is informed about the
quality and the oligopolists do not face an informational externality. In a

full information environment, the maximization problem of oligopolist j is

max Py; — ¢;0y;, (3)
Yj

where the demand is derived from (1) and x(P) is replaced by 0, i.e.,

J
p_g__Yi L
A+ A+

(4)

Proposition 2.1 provides the optimal quantity supplied by each oligopolist
and the equilibrium price under the FIE.

Proposition 2.1. From (3) and (4), in a FIE, oligopolist j supplies

S A+ A)1 = (L4 D)o+ 55 )

i 1+J f (5)
and the price is
1+ ZJ_ Cp
PFI — k=1 9 6
1+J (6)

We next turn to the rational expectations environment. In order to find
the equilibrium values, we first solve for the updating rule. Given the updat-
ing rule, the monopolist’s maximization problem is solved via the first-order
condition and rational expectations are imposed. Finally, the price is deter-

mined from the market-clearing condition.



Consistent with the oligopolists’ supply functions in a full information
environment, the learning buyers’ expectations retain linearity, i.e., g;(0) =

3,0 for all j. Therefore, the updating rule defined in (2) is rewritten as

. Ar+ AL
Ar+ AL — ZZ=1 B

X(P) (7)

Plugging (7) into (1), and solving for P yields

Ar+ AL =202, Br) <)\10 - yk)
p= § . (8)
(Ar+AL) (A = > 51 Br)

Using (8), oligopolist j’s maximization problem under rational expectations

1S

(A\r+ AL — ZZ=1 Br) </\19 — Y — Zg;éj ?Jk)
max = y;j — ¢;0y; 9)
ui (Ar+AL)(Ar = 22521 Br)

Proposition 2.2 provides the optimal quantity supplied by each oligopolist

and the equilibrium price under the fully revealing REE. Proposition 2.2 is
a direct extension of Proposition 3.4 in Mirman and Santugini (2009b) from

monopoly to oligopoly.

Proposition 2.2. From (9), in a fully revealing REE, oligopolist j supplies
yit =B, (10)

and the price s

VR ) DY
Ar+ AL '

PRE (11)

where

(A1 + AL — BRE _ (A1 + )\L)Cj)()\] — BRE)
A1+ Ay — BREE ’

and BTE = Zgzl BRE € (0,\r) is the smallest oot of the second-order

polynomial

RE
/Bj =

(12)

A+ D)2 = (142 =)\ +(1+ T =C) X))z + A1+ M) (J—C) =0,
(13)



J
where C' =) 5, .

Proof. To derive the equilibrium values stated in Proposition 2.2, take the

first-order condition of (9),

(A1 + AL — Zg:1 Br) <)\10 - ZZ;&]‘ Yk — 2yj)
A1+ AL) (A = Xy Be)

Imposing rational expectations implies evaluating (14) at 8y = BfE, y =
BEEG, and y; = BfF. Solving (14) for Bf*¥ yields (12), where Bf¥ =
S BEP. Summing (12) over j and rearranging yields the second-order
polynomial for BR? = Y7 BEF defined by (13). The left-hand side of (13)
is convex in x and both roots are positive. If x = A, then the left-hand side
of (13) is negative. Therefore, the smallest root of (13) is the only solution
for BE that is consistent with an increasing updating rule and a decreasing
demand. See (7) and (8). Since B®¥ exists and is unique, so do {5;""}7_,.

Plugging y** = gff#0 for j = 1,..., J into (8) yields (11). O

2.3 Market and Informational Externality

Next, we study the combined effects of informational and market externali-
ties on the oligopolists’ behavior. Proposition 2.3 generalizes Proposition 4.1
in Mirman and Santugini (2009b) regarding the effect of the informational
externality for J firms. Specifically, the direction of the effect is maintained
from the monopolistic case to a Cournot game with J > 2 heterogeneous
firms, that is, the informational externality induces each oligopolist to de-
crease the quantity supplied, which increases the price. Indeed, from (5), let
il = OrAL) A= D)o 35y ). Then, the left-hand side of (13) evaluated

J 117
at x = ijl BT is negative, which implies that the total quantity supplied

under rational expectations is less than the total quantity supplied under
full information. Applying this result to (10), (11), and (12), Proposition 2.3

follows.

Proposition 2.3. Forj=1,...J, yf*¥ <yf’, and P** > P*I.

10



The market externality changes the strength of the effect of the informa-
tional externality on the price. To simplify the analysis, we focus on the case

of zero cost. Formally, from Proposition 2.2,

Proposition 2.4. Ifc; =0 for j =1,...,J, then

{y", P} = {()‘f A0 0 } (15)

1+J "1+4+J

,while

{y°, pRE) _ { MO (s + (1 + J)AL)Q}' (16)
1+ J" (14 J)(A\r+ Ap)

Under zero cost, the market externality has no real effect on the informa-
tional externality through optimal policies. Indeed, regardless of the number
of firms, under an informational externality, each oligopolist sells the same
fraction ¢ = A;/(A; + Ar) of the full information quantity. However, the

equilibrium price ratio depends on J, i.e.,

PEE N4+ (1+ )X\
PFI Ar+Ap

> 1. (17)

The equilibrium price ratio increases with competition because more com-
petition steepens the demand through the updating rule, which, in turn,
intensifies the reaction of each oligopolist closer to the full information mo-

nopolistic quantity. Formally,

Proposition 2.5. From (17), the strength of the informational externality

creases as J increases.

We make a final comment on the oligopolist’s profit and consumer wel-
fare. The negative effect of the informational externality on the consumer
surplus remains in the game extension, i.e., OS%F < CS*! for all J. How-
ever, the effect of the informational externality on profit becomes ambiguous
in a Cournot environment. Indeed, the informational externality is always
detrimental to a monopolist. However, in a Cournot environment, the in-
formational externality increases quantities and decreases the price, which
may or may not increase the oligopolist’s profit. The effect depends on the

number of firms and the composition of buyers. Formally,

11



Proposition 2.6. From Proposition 2.4, 7 > «i" if and only if J >
(AL + A1)/

3 Choice and Allocation of a Risky Asset

We now study information flows in a market microstructure environment
introduced by Mirman and Santugini (2009a). We first describe the applica-
tion. We then derive and characterize both the FIE and the fully revealing
REE. We finally study the combined effects of risk sharing and the informa-

tional externality.

3.1 Environment

The original model of Mirman and Santugini (2009a) integrates real and
financial sectors and studies the effect of financial access and risk sharing
on firm behavior. Specifically, we consider an economy with firms called
entrepreneurs and buyers called investors. The objective of each agent is to
maximize the expected utility of final wealth. Here, agents’ preferences on
final wealth exhibit constant absolute risk aversion. On the one hand, each
entrepreneur has no endowment, but has the ability to undertake a risky
project in the real sector, as well as issue shares of a risky asset. These
shares constitute claims on the profit derived from entrepreneurial activities
in the real sector. The proceeds from the sale of some shares via the financial
market are invested in a risk-free asset. Investors, on the other hand, do not
have entrepreneurial prospects, but do have some initial wealth. Investors
may purchase shares of the risky asset with some of their initial wealth,
while the remainder is invested in a risk-free asset. All agents have access to
a risk-free asset with a rate of return normalized to one.

Here, Mirman and Santugini (2009a) is extended to the case of asym-
metric information and learning, i.e., some investors are informed about the
distribution of the risky asset’s payoff, while others are not, and extract in-

formation from observing the price of the risky asset. On the demand side,

12



the demand of an informed buyers is

60— P
= — 18
21 CL]O'2 ; ( )
while the demand of a learning buyer is
= 7 19
2L CLLO'2 ) ( )

where x(P) is the updating rule and ar, ay, > 0 are the informed and learning
investors’ coefficients of absolute risk aversion, respectively.” On the supply
side, there are J entrepreneurs undertaking a risky business. For 7 =1,..., J,
entrepreneur j’s stochastic revenue on the project is vg;, where v = 0+¢, € ~
N(0,0?) is the stochastic payoff per unit of investment and g; is the level of
investment.® Entrepreneur j decides not only the level of investment, but also
the level of ownership. Specifically, entrepreneur j retains the revenue of w;q;
units of investment, while selling the revenue of the remaining (1—wj;)g; units,
where w; € [0, 1] is the entrepreneur j’s level of ownership. In other words, as
entrepreneur j produces g; units of investment, ¢; shares of a risky asset are
issued, of which w;g; shares are retained and (1 — w,)g; shares are sold. By
selling a share of the risky asset, entrepreneur j earns P, but relinquishes v.
Entrepreneur j’s decision is the pair {wj, ¢;}, the quantity of shares supplied
is thus y; = (1 — w;)g;, and profit is m; = w;fg; + P(1 — w;)q; — apo’wiq;/2,
where agp is an entrepreneur’s coefficient of absolute risk aversion.’

Before proceeding with the fully revealing REE, and FIE, the optimal

"These are standard linear demand curves that arise from agents maximizing the ex-
pected utility of final wealth over risky and risk-free assets with exponential utility and a
normal distribution of the payoff of the risky asset with mean # and variance o2. See Gross-
man and Stiglitz (1980) for the use of these demands in a noisy and perfectly competitive
rational expectations environment.

8Note that entrepreneurs have access to the same type of investment, i.e., the distribu-
tion of the risky asset’s payoff is identical across entrepreneurs.

9Entrepreneur j’s profit is the certainty equivalent of the final wealth’s distribution,
W} ~ N(w;fgq; + P(1 — wj)gj, 02wqu]2-). Here, w;0q; is entreprencur j’s expected share of
profit, P(1 —w,)q; is the wealth generated from selling (1 — w;)q; shares of the risky asset
at price P, and investing P(1—wj)g; in a risk-free asset with a rate of return normalized to
one, and aEJ2w]2»qj2- /2 is the risk premium. Given entrepreneurs’ preferences, maximizing
the expected utility of final wealth is equivalent to maximizing certainty equivalent.

13



investment decision of an entrepreneur in a restricted full information (RFI)
environment, i.e., without financial access, is presented in Proposition 3.1.
This benchmark model enables us to study the effect of financial access by
comparing it to the case of full information. Here, for j = 1,...;J, en-

trepreneur j’s maximization problem is

Ba: + P(1 —w.)g: — 20202 /2 20
qj>(€?u?)e([o,1] it ( wj)q] we w]q]/ ’ 20)

subject to the constraint w; = 1, i.e., there is no risk sharing.

Proposition 3.1. The solution to (20) is

0
gt = phe? (21)
Equation (21) is compared to the optimal investment decision correspond-
ing to the fully revealing REE, and FIE in order to study the combined effects
of financial access, due to risk sharing, and of the informational externality,
due to asymmetric information and learning.
Proposition 3.2 lists each entrepreneur’s optimal policies and the price
under both the fully revealing REE, and FIE. The proof is relegated to
Appendix A.10

Proposition 3.2. In a FIE,

[qFT T yFTY = { 0 (1+ J)ar (1- WFI)Q}

) )
apo?wf (1 + Jay + aghr + )‘LZ% apowt!

(22)
and
pri— 9 (23)
1+J’
while, in a fully revealing REFE,
[qRE WRE yREY — 0 (1+ Jar (1—-w")0 (24)
’ ’ apc?whE’ (1+ J)a; +ap); apo?whE

ONote that there is no non-revealing REE, in which learning agents expect that the
price is uninformative about 6.

14



and
. Arag, + (1 + J))\La[ 0

Arag, + Arar 14+ J

phE (25)

From Proposition 3.2, the level of ownership is the key to the comparisons
of the fully revealing REE, and FIE. Here, regardless of the environment, the
optimal level of ownership is determined independently of the level of invest-
ment, but not vice-versa. Specifically, the first-order condition correspond-
ing to the level of ownership is independent of the level of output, while the
first-order condition corresponding to the level of output does depends on
the level of ownership. This is due to the presence of identical entrepreneurs.

See Mirman and Santugini (2009a) for more details.

3.2 Risk Sharing and Informational Externality

Next, the effect of the informational externality on both real and financial
variables is studied. First, we compare the optimal levels of investment
under different environments in order to study the combined effects of the
informational externality and financial access on the real decisions. Second,
we study the effect of the informational externality on the equilibrium price
of the risky asset.

As in Mirman and Santugini (2009a), financial access affects the real
decision. Indeed, from (21) and (22), financial access induces each en-

REL FI - Moreover,

trepreneur to increase the level of investment, i.e., ¢ < q
financial access enables each entrepreneur to undertake a riskier project
without bearing all of the extra risk. In other words, the variance of the
project’s payoff increases, while the variance of each entrepreneur’s share of
the project’s payoff decreases. Here, the variance of the project’s payoff is
Vivg] = aQqJQ-, while the variance of each entrepreneur’s share of the project’s
payoff is V[7,] = 0'2(,0]2»(]]2». Formally, in equilibrium, o?(¢®7)? < o%(¢*'7)? and
o?(g™1)? > g% (w1 ghT)2.11 See Propositions 4.5 and 4.7 in Mirman and San-

tugini (2009a).

"' Note that, without financial access, the variance of the project’s payoff is identical to
the entrepreneur’s share of the project’s payoff because there is no risk sharing.

15



Here, the informational externality induces the entrepreneur to reduce
the level of investment, i.e., from (24), and (22), ¢"*f < ¢'!. However, the
informational externality attenuates, but does not reverse the effect of finan-
cial access. Indeed, from (21), (24), and (22), ¢"'7 < ¢®F < ¢!, In addition,
as entrepreneurs with financial access reduce the level of investment under
the presence of asymmetric information and learning, a less risky project is
FIy?

undertaken, i.e., 0%(¢"F)? < 02(¢"1)?. At the same time, the entrepreneur

increases the level of ownership, wf* > wf! so as to keep his level of risk
unchanged, i.e., 0?(wfFqRF)? = o2 (Wl gl'T)2.

Next, we turn to the effect of the informational externality on the price
of the risky asset by comparing (25) and (23). By increasing the level of
ownership, and decreasing the level of investment, the entrepreneur decreases
the quantity of shares supplied, which, in turn, increases the equilibrium price
of the risky asset. In other words, the informational externality reduces risk
sharing as well as the investors’ return on the risky asset, # — P*¥. Formally,

from Proposition 3.2,
Proposition 3.3. y*f <y and PRE > pFI,

Here, as in the previous models, the effect on the equilibrium price de-
pends on the strength of the informational externality. From (25) and (23),

the difference between the equilibrium prices is

PRE _ pFI _ JArar 4 ‘
Arar, + Apar 1+ J

(26)

Similarly to Proposition 2.5, the difference between equilibrium prices
decreases in the number of informed investors, but increases in the number
of learning investors, due to the strength of the informational externality.
Moreover, as in Proposition 2.5, competition intensifies the effect of the in-
formational externality, i.e., P*¥ — PF'! is increasing in J. Finally, in the con-
text of a market microstructure model with risk-averse agents, the strength
of the informational externality also depends on the investors’ coefficients of
risk aversion. In particular, the more risk averse informed investors are, the

lower their demand for the risky asset, which intensifies the effect of learning

16



buyers’ conjecture on the price. Note that the strength of the informational

externality is independent of entrepreneurs’ risk aversion. Formally,

Proposition 3.4. From (26), the strength of the informational externality

on the equilibrium price is
e increasing in informed investors’ risk aversion, and

e decreasing in learning investors’ risk aversion.

17



A  Proofs

Proof of Proposition 3.2. Solutions to the FIE are derived from a standard
maximization problem. Indeed, (22) and (23) correspond to entrepreneur j’s

maximization problem

2 2 2
qp&?}e([o,l] wiba; + P(1=w;)g; —apo “3% /2 27
where
a/[a/LO-Q CLIGL02 d
P=@0— —" (1_-—w)g — — 1— 28
Arar, + Apar i) Arar, 4+ Apar ;( k) 23

evaluated at wy, = wf! and g, = ¢! for all k # j.

Next, we solve for the equilibrium values given in (24) and (25). Con-
sistent with the optimal supply functions of the entrepreneurs in a full in-
formation environment, for all j g;(6) = 8. Plugging (18), (19), and the
conjecture into (2) yields the updating rule for 6,

(apAr + arAp) P

P) = . 29
X( ) (LL)\[—FCL[)\L—CL[&LO'QJB ( )

Plugging (18), (19), and (29) into (1), and solving for P yields

(agA; + arhp — ajapo®Jp) <aL)\10 —ajapo? Ziﬁ(l — wi)qr — ajapo?(l — wj)qj)

P—
(CLL/\[ - CL[(ILO'2<]6)(CLL)\[ + CL[)\L)
(30)
Therefore, entrepreneur j’s maximization problem is
max w;fg; + P(1 —w;)q; — CLEUQWJQ-QJQ-/Q (31)

¢;>0,w;€[0,1]

where P is defined by (30). The first-order conditions corresponding to (31)
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are

(agAr + ajhp — ajapo®Jp)
((IL)\[ — (IICLLOQJ,B)(CLLA[ + CL[/\L)

g+ w;if +

J
) <aL)\16’ —ajapo’ Z(l —wr)qk — 2azapo®(1 — wj)qj> (1—wj)— aE02w]2-qj
=y
(32)
(agAr + arhp — ajapo®Jp)
(IL)\[ — (IICLLOQJ,B)(CLLA[ + CL[/\L)

wj qu—(

J
. <CLL)\19 —arapo® Z(l — wi)qr — 2arapo’(1l — Wj)qa'> 45 — aE02qu32’ =0
k#j
(33)

evaluated at ¢; = g = ¢"F and w; = wy, = W for all j and k. Solving (32)
and (33) yields ¢®F W and, thus ¥ = (1-wf)¢"¥ asin (24). Plugging
y" into (30) yields PF as in (25). Finally, plugging (25) into (29) with
B = (1+;\7[ yields Y*F = y(PEE) = 0, i.e., there is full revelation.

Jaro?
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