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Abstract

Polarization of opinions after public announcement is widely observed, but often con-
sidered to be inconsistent with Bayesian learning. I show that this is not the case in
environments where higher-order expectations play a role. I characterize informational
structures where public announcement leads to polarization in all higher-order expecta-
tions, but not in first-order expectations. To illustrate the economic consequences, I modify
two workhorse models of asymmetric information. I show in a Morris-Shin(1998) model
that more disclosure of public information can increase the chance of successful currency
attacks. I show in a dynamic Grossman-Stiglitz(1980) model that hectic trading around
public announcements is consistent with common priors and Bayesian learning.

1 Introduction

Decisions are often determined by higher-order expectations (agents’ opinion about other

agents’ opinions), rather than the agents’ own opinions about the fundamentals of the econ-

omy. Public information, in such environment, aside from providing information about the

uncertain fundamentals, has an important secondary role in helping each agent to guess the

private information of other agents. In this paper, I focus on the economic consequences of

the effect of public information on the dispersion of higher-order expectations.
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It is widely observed that new public information frequently polarize decision makers’

opinions about a particular issue instead of decreasing their disagreement. This phenomenon

was highlighted in various contexts.1 It has been well known since Milgrom (1981) that under

general conditions, Gaussian information structures with Bayesian learning are inconsistent

with polarization if agents form expectations about the fundamental. The main observation

of this paper is that this is not the case with higher-order expectations. When agents worry

about the opinion of others about the fundamental, or about the opinion of others about

the opinion of others about the fundamental, and so on to the infinite degree, then public

information can increase the dispersion of these higher-order expectations. I characterize the

Gaussian-Bayesian information structures where public announcement leads to polarization

in all higher-order expectations and argue that many of these structures are plausible. To

illustrate the economic relevance of this observation, I modify two standard workhorse models

of informational economics. First, I show that in a Morris-Shin-type speculative attack model

the central bank’s commitment to release new information can increase the ex ante probability

of speculative attacks. Second, I show that public announcement can significantly increase

trading volume in a Grossman-Stiglitz type asset market.

The main result is that if the correlation among agents’ private information sets is suffi-

ciently low, a public announcement increases the dispersion of all higher-order expectations. In

particular, consider T groups of agents. Each agent observes private and public signals about

the value of a fundamental. Agents of the first group form expectations about the fundamental

value. Agents of the t-th group, t = 2, 3..T, form expectations about the expectation of one

of the agents of group t − 1. All signals and the fundamental value are jointly normal and
agents share the same prior.2 As a consequence of Milgrom (1981), disagreement in the first

group will decrease after the announcement under general conditions. In contrast, dispersion

of expectations in any of the t-th group, t > 1, increases due to the public announcement if the

pairwise correlation between signals of any two agents in different groups is sufficiently low.

To see the intuition, let us consider the simplest example. Suppose that the fundamental

is a sum of two independent factors and a decision maker observes a noisy signal on the first

1Polarization was observed in political economy in the context of voters reaction to news, in finance in the
context of increasing trading volume around public announcements, and in behavioral economics in relation to
experiments where subjects are asked to evaluate new evidence about socially sensitive issues. See Rabin and
Schrag (1998) and Dixit and Weibull (2007) for examples.

2Allen, Morris and Shin (2006) uses the same structure to demonstrate that the low of iterated expectations
does not hold with dispersed information.
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factor. In contrast, each agent in a group observes a noisy signal on the second factor. The

public signal is a noisy version of the fundamental. Before the public announcement, agents

in the group agree in their expectation of the expectation of the decision maker, because their

private signals do not reveal any information on the decision maker’s signal. However, there is

disagreement after the public announcement. As the public signal is correlated to any private

signals, the decision maker’s signal and any other private signal cease to be independent after

the observation of the public signal. Intuitively, even if the private signal is useless on its own

for the forecast of the forecast of others, it helps the agent to interpret the public signal. Thus,

even if each agent observes the same public signal, her inference will differ from other agents

with different private signals.

To illustrate that the result has economically important consequences, I modify two stan-

dard models with learning. First, I modify the speculative currency attack model of Morris

and Shin (1998). As in the original version, speculators receive private signals about the state

of the economy. Based on their information, they decide whether to attack the fixed exchange

rate system of the central bank. If the size of the attack is sufficiently high compared to the

state of the economy, the central bank abandons the peg. As attacking is costly for speculators,

they profit from an attack only if the central bank abandons the peg. The main difference

between the modified version and the original one is that I do not allow the central bank to

observe the state of the economy. Instead, central bank receives a signal about the state of the

economy and abandons the peg if its posterior is low relative to the size of the attack. Thus,

speculators have to second guess the expectation of the central bank. That is, speculators’

second-order expectations matter.

I show that polarization in higher-order expectations implies that generating and disclosing

more public information can destabilize the exchange rate system. In particular, if speculators

have little private information on the central bank’s information and the central bank decides

to gather and disclose public information on the state of the economy, this increases the chance

of successful currency attacks. The idea behind the result is that if public information polarizes

speculators’ opinion about the central banks’ evaluation of the state of the economy, then it

also polarizes speculators’ forecast about the probability of devaluation. As speculators with

sufficiently large forecast attack, polarization leads to more speculative attacks and, eventually,

larger ex ante chance of devaluation.

The result highlights the interaction between different notions of transparency of central
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banks. In general, the central bank lacks transparency if agents in the economy "knows little"

about a particular element in the central bank’s private information set. Firstly, this might

refer to an environment with large uncertainty, that is, where each agents’ posterior about

that particular element has a large variance. Secondly, this might refer to an environment

with severe confusion, that is, where the variance of agent’s guesses about that particular

element is large. The result implies that if the central bank decreases uncertainty by disclosing

more information, this might increase confusion leading to a larger chance of a currency crisis.

As a second application, I consider a Grossman-Stiglitz model of asset pricing under asym-

metric information. Similarly to Allen, Morris and Shin (2006), I use a version with overlap-

ping generation of traders. There are early traders and late comers. After trading among each

other, early traders sell all their assets to late-comers. Thus, early traders are interested in the

valuation of late comers, which implies that second-order expectations matter.

I show that polarization in higher-order expectations implies that public announcement can

increase trading volume. This is a success given the difficulty of Grossman-Stiglitz type of mod-

els to explain the well established stylized fact of large trading volume around announcements.

The idea behind the result is that polarization among early traders about the expectation of

late comers implies increasing disagreement about how much they should pay for the asset.

This results in hectic speculative trading around annoucements.

This paper fits in the recent flow of papers analyzing the effect of higher-order expectations

in various contexts. One branch of this literature concentrates on whether imperfect informa-

tion of decision makers leads to a unique equilibrium in coordination games (e.g. Morris and

Shin, 1998, Goldstein and Pauzner, 2004, Angeletos and Werning, 2006, Hellwig, Mukherji

and Tsyvinski, 2006 ). In these environments higher-order expectations matter only through

the coordination motive of agents. Applications include speculative currency attacks, provi-

sion of public goods, bank runs and pricing of corporate debt3. Another branch concentrates

on "Beauty contest" environments. That is, environments where the pay-off of agents is a

weighted sum of the deviation of their actions from an optimal level and of the deviation of

their actions from the average action of others (e.g. Woodford, 2002, Hellwig 2002, Angeletos

and Pavan, 2007,Adam, 2003, Amato and Shin 2006). These papers focus on questions of

monetary policy and social value of public information. This paper belongs to a third branch

of this literature where various group of agents act sequentially and the pay-off of early actors

3See Morris and Shin (2001) for an overview on applications of global games for further references.
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depends on the action of groups acting later. Thus, early actors has to guess the information of

agents acting later (e.g. Allen, Morris and Shin, 2006, Makarov and Rytchkov, 2006, Banerjee,

Kaniel and Kremer, 2008, Goldstein, Ozdenoren and Yuan, 2008, Angeletos, Lorenzoni and

Pavan, 2007 ). Applications include financial markets, currency attacks and the interaction

between stock prices and real investment. The main departure of this paper from the existing

literature is that this is the first one to consider the possibility and consequences of polarization

of higher-order expectations due to public announcement.

The structure of this paper is as follows. In the next section I present a statistical obser-

vation which describes conditions for polarization in higher-order expectations due to public

announcements. In section 3, I show in a Morris-Shin type model that more disclosure of public

information can increase the chance of successful currency attacks. In section 4, I show that

in a Grossman-Stiglitz type of model, this observation generates large trading volume around

announcements. Finally I conclude.

2 Increasing disagreement in higher-order expectations

In this section, I analyze the effect of public announcements to expectations of different order

in a general Bayesian-Gaussian model of learning. This is a statistical exercise, where the only

action of agents is to form expectations and their only objective is to make these expectations

as accurate as possible. I leave the economic consequences to the rest of the paper where

I will build up two economic models to analyze the implications of the presented statistical

observation.

Let us consider a continuum of agents divided in T groups. In each group there is a unit

mass of agents. There is a fundamental variable of interest, θ. The public information on θ is

represented by the public signal y, while the the private information of agent i in group t is

represented by private signals xi,t.4 All signals and θ are jointly normally distributed, all signals

are pairwise positively correlated to θ, and, for simplicity, let us assume that the covariance

4For incorporating a larger number of private and public signals redifine xi,t ≡ E(θ|Sxi,t) and y ≡ E(θ|Sy)
where Sxi,t is the collection of all private signals of agent i in group t and S

y is the collection of all public signals.
Assume that θ follows a difuse prior. Then all the results and proofs in this section are also valid for that more
general case.

5



structure is symmetric in the sense that

var (xi,t) = σ2x > 0

corr(x1,t, θ) = ρx,θ > 0

corr (xi,t, y) = ρx,y ≥ 0

corr (xi,t, xj,t) = ρx,x ≥ 0

corr (xi,t, xj,u) = ρx,x0 ≥ 0

for all t and u 6= t and i 6= j. That is, each private signal have the same variance, each private

signal in group 1 has the same correlation to θ, and we have a single correlation coefficient for

signals within each group and another one for the correlation between signals across groups.

I am interested in the effect of the public signal y on the dispersion of expectations of

different order. For this purpose, I require agents in group 1 to form expectation on θ,

f̂i,1 ≡ E (θ|xi,1) = âθxi,1

fi,1 ≡ E (θ|xi,1, y) = aθxi,1 + cθy

before and after the observing the public announcement, respectively. Throughout the paper,

whenever it is important to distinguish between objects corresponding to the cases of no

announcement and announcement, I distinguish the object for the case with announcement by

a hat. The objects fi,1 and f̂i,1 are first-order expectations.I require agents in group t > 1 to

form expectations on the expectation of an agent in group t− 1,

f̂i,t ≡ E
³
f̂j,t−1|Si,t

´
fi,t ≡ E (fj,t−1|Si,t, y) .

Thus, an agent in group t forms an expectation of order t.

I say that for the given information structure public announcement increases disagreement

or causes polarization in the t-th expectation, ifZ 1

0

¯̄̄
f̂i,t − f̂t

¯̄̄
di <

Z 1

0

¯̄
fi,t − ft

¯̄
di,

where f̂t,ft is the avarage forecast in the given sample before and after the announcement

respectively. That is, there is polarization if the dispersion of forecasts in group t increases

after the announcement.
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It is a well known result that under weak conditions, there cannot be polarization in first-

order expectations in a Gaussian information structure. It is a general property of distributions

with the monotone likelihood ratio introduced by Milgrom (1981).5 For completeness, in the

next proposition I provide a version of the proof for the informational structure used in this

paper.

Proposition 1 (Milgrom) Let

aθ, cθ ≥ 0 (1)

then the public signal does not cause polarization in the first order of expectations.

Proof. Using the Projection Theorem6 gives

fi,1 = E (θ|xi,1, y) = E (θ|xi,1) +
Cov (y, θ|xi,1)
V ar (y|xi,1)

(y −E (y|xi,1))

which, together with the assumptions of the proposition, implies

aθ = âθ − cθ
ρx,yσy

σx
< âθ

for all n. The linearity of conditional expectations of jointly normal variables gives the result.

Conditions in (1) require that the private and the public signal remain positively related to

the fundamental even conditionally on the rest of the information structure. This is an almost

trivial consequence of the concept of a signal.

In the remaining of this section I show that polarization in higher-order expectations is

consistent with a Gaussian information structure. Intuitively, polarization in higher-order

expectations differs from polarization in first-order expectations, because of the critical role of

the strength of connection between private signals of agents in different groups. The forecasts

of agents in group t vary only to the extent that their forecast on the private signals of an

5See, for example, Dixit and Weibull (2007) for the argument.
6The Projection Theorem states that if vθ and vs are vectors of variables which are jointly normally distrib-

uted with the vector of expected values μθ,μs, respectively and covariance matrix

Σθ Σθ,s

Σs,θ Σs
,

then
vθ|vs˜N μθ +Σθ,sΣ

−1
s (vs − μs) ,Σθ −Σθ,sΣ

−1
s Σs,θ

(see Brunnermeier, 2001).
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agent in group t− 1, xi,t−1 is sensitive to their private signals xj,t.The next proposition shows
that if the connection between private signals across groups is relatively weak, the public

announcement will increase the dispersion of forecasts in all groups.

Proposition 2 Suppose that condition in (1) hold. If and only if

ρx,x0 <
ρ2x,yaθ¡

âθ
¡
1− ρ2x,y

¢
+ aθ

¢
there is polarization in expectations of any order of t > 1.

Proof. Let

ax ≡ ∂E (xt−1|xt, y)
∂xt

=
σx,x0σ

2
y − σ2x,y

σ2xσ
2
y − σ2x,y

âx ≡ ∂E (xt−1|xt)
∂xt

=
σx,x0

σ2x
.

Note that ¯̄̄̄
¯∂f̂t∂xt

¯̄̄̄
¯ =

¯̄̄̄
¯(âx)t−1 ∂f̂1∂x1

¯̄̄̄
¯ and

¯̄̄̄
∂ft
∂xt

¯̄̄̄
=

¯̄̄̄
(ax)

t−1 ∂f1
∂x1

¯̄̄̄
As ∂f̂1

∂x1
> ∂f1

∂x1
> 0,

¯̄̄
âx

∂f̂1
∂x1

¯̄̄
<
¯̄̄
ax

∂f1
∂x1

¯̄̄
implies |âx| < |ax| and

¯̄̄
(âx)

t−1 ∂f̂1
∂x1

¯̄̄
<
¯̄̄
(ax)

t−1 ∂f1
∂x1

¯̄̄
for all t. Note also that

¯̄̄
∂f̂t
∂x̂t

¯̄̄
<
¯̄̄
∂ft
∂xt

¯̄̄
implies polarization in the t-th order of higher-order

expectations. Substituting in the definition of âx and ax into
¯̄̄
âx

∂f̂1
∂x1

¯̄̄
<
¯̄̄
ax

∂f1
∂x1

¯̄̄
and simple

algebraic manipulation gives ρx,x0 <
ρ2x,yaθ�σθρθ,x

σx
(1−ρ2x,y)+aθ

� , which concludes the proof.
In our applications, we will be interested in second order expectations. It is easy to see

that polarization of the forecasts of the second group depends only on the effect of the public

announcement on the term |ax1aθ| asZ 1

0

¯̄
fi,1 − f1

¯̄
di =

¯̄
ax1aθ

¯̄ Z 1

0

¯̄
xi1 − x̄

¯̄
di (2)Z 1

0

¯̄̄
f̂i,1 − f̂1

¯̄̄
di =

¯̄
âx1 â

2
θ

¯̄ Z 1

0

¯̄
xi1 − x̄

¯̄
di

This term is the sensitivity of a second group agent’s forecast on her private signal and depends

crucially on the correlation between the private signals of agents in different groups. To see

better the intuition why, let us consider the following extreme example where this correlation

is zero.
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Example 1 Suppose θ stands for the performance of the economy and it has two components:

θ = θ1 + θ2, where θ1 is the performance of the public sector and θ2 is the performance of the

private sector. Suppose that θ1 and θ2 are independent and have zero mean. Assume that group

1 contains only one agent, the central bank. The central bank observes a private signal on the

performance of the public sector: x1 = θ1 + ε. Group 2 contains a unit mass of speculators,

each observing a private signal about the performance of the private sector, x2 = θ2 + εi. We

are interested in the change in the dispersion of the forecasts of group 2 after the announcement

of the public signal y = θ + η.

Observe that before the public announcement, speculators have no private information on

the private information of the central bank, so their forecast of the forecast of the central bank

is

f̂2 = E (E (θ|x1) |x2) = Ej (âθx1|x2) = 0.

Thus, there is no dispersion in the forecast of the second group at all:

V ar
³
f̂2

´
= 0.

However, after the announcement of y, a speculators’ forecast, f2 changes to

E (E (θ|x1, y) |x2, y) = Ej (aθx1 + cθy|x2, y) =

= aθEj (x1|x2, y) + cθy = aθax1x2 + cθy,

where aθ =
∂f1
∂x1

, cθ =
∂f1
∂y and ax1 =

∂E(x1|x2,y)
∂x2

. It is easy to check that ax1aθ 6= 0. Thus, the
dispersion of speculators’ forecasts changes to

V ar (f2) =
¡
ax1aθ

¢2 ¡
σ2θ1 + σ2εi

¢
> 0.

In the example, the public announcement increases the disagreement among speculators

because the public announcement connects the private signals of speculators with the private

signal of the central bank. Before the public announcement, a speculator with a high private

signal on the performance of the private sector has the same forecast of the performance of

the public sector than a speculator with a low private signal. Hence, the two speculators have

the same forecast of the central bank’s forecast. After the public announcement, a speculator

who is pessimistic about the performance of the private sector has a higher estimation on the

performance of the public sector than a speculator who is optimistic about the performance
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of the private sector. The reason is that the public signal gives information on the sum of the

two sectors. Thus, the dispersion of the forecasts of the two speculators increases after the

announcement. Proposition 1 showed that the sensitivity of first-order expectations to private

signals decreases after an announcement. Proposition 2 shows that this do not have to be the

case with higher-order expectations.

One might wonder why this property has not got any attention in the previous literature.

There are two likely reasons. The first one is that interest in models where higher-order

expectations play an important role is relatively recent. The second one is that even in such

models the information structure is virtually always assumed to be the form where both private

and public signals are noisy observations of the fundamental: xi,t = θ + εi, y = θ + η. This

structure imposes a rigid structure on the correlation structure of signals and θ. In particular,

cov (xi,t, xj,u) = cov (xi,t, xj,t) = cov (xi,t, y) = var (θ)

for any agent. It is easy to see that this structure is inconsistent with the assumptions of

Proposition 2.

In this section, I highlighted a statistical property of normally distributed variables. In

the next section, I argue that the statistical property highlighted in this section has impor-

tant economic consequences by modifying two standard workhorse models of economics with

learning.

3 Application I: Speculative currency attacks and transparency

The necessary degree of central bank’s transparency has been in the forefront of monetary

economics in the last decade. Transparency is commonly defined as the degree of asymmetry

of information between the public and the central bank.7 In the following application, I dis-

tinguish between two aspects of transparency. First, one can think of the lack of transparency

as large uncertainty of the public about some variables in the private information set of the

central bank. Second, one might think of the lack of transparency as large dispersion of opinion

among the members of the public about the same variables. Although in many frameworks

these two concepts are very similar, I show that the distinction is important. In particular, let

7The literature distinguished many different types of transparency refering to the objectives of the central
bank, the information of the central bank, the followed proceeders or the future policy. In this paper, I focus on
asymmetry of information about the state of the economy. See Geraats (2002) for a detailed literature review
on the transparency of central banks.
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us suppose that transparency is low in the first sense. I show that if the central bank decides

to gather and disclose information to increase transparency in the first sense, this will reduce

transparency in the second sense. Furthermore, if the public information is not sufficiently

precise, the new public information destabilizes the economy by increasing the probability of

speculative attacks.

I modify the currency attack model of Morris and Shin (1998). I use elements of variants

of this model introduced by Angeletos and Werning (2006), Hellwig, Mukherji and Tsyvinski

(2006) and Goldstein, Ozdenoren and Yuan (2008). The main point of departure from Morris

and Shin (1998) is that I do not allow the central bank either to directly observe the state of

the economy or to perfectly infer it from the size of the speculative attack. Instead, the central

bank observes a private signal about the state and observes the size of the attack with noise.

Thus, speculators have to guess the central banks’ guess about the economy when they assess

the chance of devaluation.8

The closest paper in terms of the focus of the analysis is Heinemann and Illing (2002)

who stick to the original version of Morris and Shin (1998) and show that disclosing public

information always decreases the chance of speculative attacks. My conclusion oqH (ω)urns

this result.

3.1 The set up

There is a unit mass of risk-neutral speculators who decide whether to attack the currency

regime for cost 1 > κ > 1
2 . Attacking is advantageous if and only if the central bank decide to

devalue the currency. Their pay-off is summarized by the following table.

devaluation no devaluation

attack 1− κ −κ
do not attack 0 0

Risk-neutrality implies that a speculator attacks only if she estimates the probability of deval-

uation larger than κ.

Defending the exchange rate regime is costly for the central bank. If A fraction of specula-

tors attack,the cost of defence is Φ−1 (A) where Φ−1 (·) is the inverse of the standard normal
cumulative distribution function. In addition there are some noise traders who might buy or

8Goldstein, Ozdenoren and Yuan (2008) also assumes that the central bank has imperfect information of the
fundamental. The main difference between my model and theirs is that in their model the central bank cost’s
function of defending the peg does not depend directly on the size of the attack.
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sell the domestic currency. The cost of defending the peg from the attack of the noise-traders

is u˜N
¡
0, 1δ

¢
. Thus, the total cost of defending the peg is C ≡ Φ−1 (A) + u.

The Central Bank abandons the peg if the cost,C is large relative to the central bank’s

estimate of the fundamentals

λC > E (θ|Scb) , (3)

where θ is the fundamental of the economy and Scb is the information set of the central bank

and λ is a constant controlling for the trade-off.

The information structure is as follows. The fundamental of the economy contains three

factors, θ = θa+ θb+ θc, where θa is a factor specific to the speculators information set, θb is a

factor specific to the central bank’s information set, while θc is a common factor. Consistently

with this notation, the central bank observes a private signal z = θb + θc + εcb, and each

speculator observes a private signal xi = θa + θc + εi. There might be a public announcement

of y = θ + η. The cost of defence C is also public information. I assume that all factors and

noise terms are i.i.d. and normally distributed:

θa, θb ∼ N

µ
0,
1

κ

¶
, θc ∼ N

µ
0,
1

ω

¶
, εi ∼ N

µ
0,
1

α

¶
εcb ∼ N

µ
0,
1

υ

¶
, η ∼ N

µ
0,
1

β

¶
Observe that the parameter ω controls the degree of uncertainty of speculators about the

private information of the central bank. When ω is large, the covariance between the private

information set of a speculator and the private information set of the central bank is small.

Thus, speculators know little about the private information of the central bank. Our main

question of interest is that whether the existence of a public signal increases or decreases

the unconditional probability of a successful attack conditional on the level of uncertainty

parametrized by ω.

Apart from the main point of departure of imperfect information of the central bank, all

the other modifications compared to Morris and Shin (1998) are only for analytical tractability.

Namely, the cost C is a particular function of A and u to keep the structure of information

normally distributed.9 I let speculators to observe C and form strategies conditional on C, so

9This modeling trick has become standard in the literature (e.g. Dasgupta, 2007, Angeletos, Hellwig, and
Pavan, 2006 (online supplement) ). However, in our particular case, this normalization has some consequences
on the uniquness of equilbrium which we discuss in subsection 5.
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they have to forecast only one element (the private signal) of central banks’ information set.10

None of this modifications plays a role in the mechanism of the main result of this application.

3.2 Equilibrium and existence

As it is usual in the literature, I am looking for monotone (threshold) equilibria where the

central bank chooses the same action as long as her signal is below a certain threshold, z∗,

and chooses the other action otherwise. Similarly, each speculator chooses the same action

as long as her signal is below a certain threshold x∗ and chooses the other action otherwise.

Both thresholds, z∗, x∗ can depend on public information only. If z∗ and x∗ is finite, I call the

equilibrium a finite monotone equilibrium. I derive all expressions for the case when the public

signal is released.

Solving for the equilibrium consists of four steps.

First, we conjecture the form of the optimal strategy and derive the information content of

the cost of the attack under the conjecture. Let us conjecture that there is a threshold z∗ that

the central bank devalues if and only if z < z∗ and there is a threshold x∗ that the speculators

attack if and only if xi < x∗. The later implies that the aggregate demand for dollars is

A = Φ (ψ (x∗ − θs − θc)) (4)

where ψ ≡
q

1
1
ω
+ 1
κ
+ 1
α

is the standard deviation of the private signal of each speculator. Using

the assumption that the cost of the attack, C is C = Φ−1 (A) + u, the cost of the attack is

informationally equivalent to the cost signal, q, where

q ≡ x∗ − 1

ψ
C = θs + θc −

1

ψ
u. (5)

Second, by definition, if the central bank has a signal z∗, the central bank must be indifferent

between abandoning the exchange regime or defending it. Thus, z∗ must satisfy

λC = E (θ|z = z∗, q, y) . (6)

Third, by definition, if a speculator has a signal of x∗, she must be indifferent between

attacking the exchange rate regime or not attacking. The probability of devaluation under the

10Letting agents to submit demand curves conditional on a contemprenous endogenous signal (typically the
market price) is standard in finance as a short cut for modelling a sequential mechanism in a one-shot game. In
the context of the Morris and Shin set-up, this method was followed by Hellwig, Mukherji and Tsyvinski (2006).
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information set of speculator i is

Pr (z < z∗|xi, y, q) = Φ
µ
z∗ −E (z|xi, y, q)

σz|xi,y,q

¶
(7)

where σz|xi,y,q =
p
V ar (z|xi, y, q). Consequently, x∗ must satisfy

Φ

µ
z∗ −E (z|xi = x∗, y, q)

σz|xi,y,q

¶
= κ (8)

Finally, substituting in the definition of q into (6) and (8) and some simple algebra, equa-

tions (6) and (8) give a system of two equations with the two unknowns z∗, x∗ of the following

form

z∗ =
λψx∗ − ((bθ + ψλ) q + cθy)

aθ
(9)

x∗ =
z∗ − Φ−1 (κ)σz|xi,y,q − czy − bzq

az
(10)

where I used the notation of

E (θ|xi, q, y) = aθxi + bθq + cθy

E (z|xi, q, y) = azxi + bzq + czy.

Note, that both equations (9) and (10) are linear in x∗ and z∗. Hence, there is a unique intercept

of the two lines as long as λψ
aθ
6= az.

The derived equilibrium is consistent with our conjecture that a speculator attacks if x < x∗

only if expression (7) is increasing in xi. This is true if and only if az > 0. Otherwise, we should

conjecture that speculators attack if and only if x > x∗. In this case, (4) and (5) modify to

A = Φ (−ψ (x∗ − θs − θc)) (11)

q ≡ x∗ +
1

ψ
C = θs + θc +

1

ψ
u, (12)

respectively. Note that the difference between expressions (4)-(5) and (11)-(12) is the change

of the sign before the constant ψ. Hence, the derivation of the equilibrium incorporates both

cases if we substitute

ψ̃ =

½
ψ if az ≥ 0
−ψ otherwise

¾
instead of ψ in expressions (4), (5) and (9).

The following proposition summarizes this subsection.
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Proposition 3 As long as λψ̃
aθ
6= az, there is a unique finite monotone equilibrium described

by

x∗ =
aθΦ

−1 (κ)σz|xi,y,q + (aθcz + cθ) y +
³
aθbz +

³
bθ + ψ̃λ

´´
q

λψ̃ − azaθ

z∗ =
λψ̃x∗ −

³³
bθ + ψ̃λ̃

´
q + cθy

´
aθ

.

The central bank abandons the peg if and only if z ≤ z∗ and the speculators attack

1. if and only if x < x∗ as long as az ≥ 0 and

2. if and only if x > x∗ as long as az < 0..

3.3 Probability of successful currency attacks

I am interested in the effect of public information on the probability of a successful attack

given ω, the degree of uncertainty of speculators about the information of the central bank.

For a given information structure, the probability of a successful attack is the unconditional

probability that the private signal of the central bank is smaller than her threshold, z∗. If the

public signal is released, this is

Pr (z < z∗) = Pr
³
z < Φ−1 (κ)σz|xi,y,q + azx

∗ +
³
bθ + ψ̃λ

´
q + czy)

´
=

= Pr

Ã
z −

Ã
azbθ + (az + bz) ψ̃λ

λψ̃ − azaθ

!
q −

Ã
azcθ + czλψ̃

λψ̃ − azaθ

!
y <

Φ−1 (κ)σz|xi,y,qλψ̃

λψ̃ − azaθ

!
=

= Φ

⎛⎝Φ−1 (κ) λψ

λψ − |az| aθ
σz|xi,y,q

σ
z− azbθ+(az+bz)ψ̃λ

(λψ̃−azaθ)
q− azcθ+czλψ̃

λψ̃−azaθ
y

⎞⎠ ≡ Φ ¡Φ−1 (κ)K¢ .
where

K ≡ λψ

λψ − |az| aθ
σz|xi,y,q

σ
z− azbθ+(az+bz)ψ̃λ

(λψ̃−azaθ)
q− azcθ+czλψ̃

λψ̃−azaθ
y

is a coefficient which depends only on the parameters of the model. Observe that the probability

of a successful attack is increasing in K. Similarly, if there is no announcement the probability

of a successful attack is

Pr (z < ẑ∗) = Φ

⎛⎝Φ−1 (κ) λψ

λψ − |âz| âθ
σz|xi,q

σ
z−

âz b̂θ+(âz+b̂z)ψ̃λ
(λψ̃−âz âθ)

q

⎞⎠ ≡ Φ³Φ−1 (κ) K̂´ .
15



Thus, if K > K̂ then more public information increases the probability of a successful attack.

Observe, that both K and K̂ are products of two components. From our observation (2) it

is apparent that the first term is highly related to polarization. If and only if the release

of the public signal increases polarization in second-order expectations, the term, λψ
λψ−|az |aθ ,

will increase due to the announcement. From Proposition 2, we already know that there is

polarization due to the announcement if the correlation between the private signals of the

central bank and speculators is small. That is, when ω, the degree of uncertainty is high. The

second term is harder to interpret. It is the fraction of the precision of speculators’ estimate

of the central bank’s signal and the standard deviation of a linear combination of z.and the

public signals. The effect of an announcement on this component is ambiguous. Still, in the

next proposition I show that if ω is large and the precision of the public signal is sufficiently

low, the announcement will increase the probability of a successful speculative attack.

Proposition 4 There are finite positive thresholds Tω, Tβ, that if ω > Tω, and β < Tβ then

K > K̂

and the release of the public information increases the probability of a successful speculative

attack.

Proof. The proof is in the appendix.

This result emphasizes the interaction between two notions of transparency we discussed

at the beginning of this section: uncertainty and polarization of opinions about the private

information of the central bank. The Proposition shows that if transparency is low in the

first sense (ω is high), then more public information can decrease transparency in the second

sense. That is, if the central bank decides to generate and publish new public information, this

increases polarization of opinions about the central banks’ private information which increases

the chance of a currency crisis.

Why polarization is connected to the probability of successful currency attacks? The intu-

ition is based on the fact that always those speculators attack who think that the probability

of devaluation is high relative to the cost of the attack κ. If there is more dispersion in specula-

tors’ assessment about the probability of devaluation, there will be more mass on the tails and

more speculators with an assessment larger than κ. The form of central bank’s cost function,

(3), implies that the dispersion in speculators’ assessment on the probability of devaluation is
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proportional to the dispersion in speculators’ assessment on the forecast of the central bank.

Thus, if the public announcement polarizes speculators second-order expectation regardless of

the content of y, then the ex ante probability of a sufficiently large attack is higher in a regime

with public announcement. Proposition 4 shows that this basic intuition remains valid in our

equilibrium where the cost of the attack reveals information about the average signal both for

the speculators and for the central bank.

3.4 Uniqueness

Compared to Morris and Shin (1998), the modification of the form of central bank’s cost

function changes the properties of the equilibrium regarding the issue of uniqueness versus

multiplicity. The changes are two fold. First, as it is stated in proposition 3, there is a unique

finite monotone equilibrium regardless of the precision of private and public signals. This

is in contrast to the standard Morris and Shin (1998) model where there are multiple finite

monotone equilibria if the public signal is too precise relative to the private signal. This source

of multiplicity is absent in my framework. The reason is mainly technical: in the original

Morris and Shin model the best response functions corresponding to equations (9)-(10) are

non-linear and might intersect more than once. In my framework, there is always exactly one

intersection.

Second, even if in the current framework there is always a unique finite monotone equilib-

rium, there is never a unique monotone equilibrium. In particular, both of the following two

strategy profiles form equilibria: (1) all speculators attack regardless of their signals and the

central bank devalues regardless of her signal (2) none of the speculators attack regardless of

their signal and the central bank keeps the peg regardless of her signal. In Morris and Shin

(1998), none of these strategy profiles forms an equilibrium. The reason is that in Morris and

Shin, the cost function of the central bank maps the size of the attack to the unit interval,

while in my version the cost function maps the size of the attack to the real line. Thus, in my

version the cost of defending the peg might be unboundedly low or unboundedly high which

validates the new equilibria.

In the rest of this section, I show that only the finite monotone equilibrium is robust to

a simple perturbation of the system. Let us suppose that the cost of defending the peg from

speculators is bounded from above and from below. In particular, let us suppose that the cost
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of defence when A proportion of speculators attack is

C̃ =

⎧⎨⎩
Φ−1 (ξ) + u if Φ−1 (A) ≤ Φ−1 (ξ)
Φ−1 (A) + u if Φ−1 (ξ) < Φ−1 (A) < Φ−1 (1− ξ)
Φ−1 (1− ξ) + u if Φ−1 (1− ξ) ≤ Φ−1 (A)

⎫⎬⎭ (13)

instead of C, where ξ is a small positive constant. It is apparent that as ξ goes to zero, the

system converges to the original framework. In the next proposition, I show that as long as ξ is

sufficiently small, this perturbation eliminates all monotone equilibria, but the one presented

in proposition 3.

Proposition 5 Under perturbed system characterized by (13), there is a Tξ threshold that if

ξ < Tξ, there is a unique monotone equilibrium. Furthermore, as ξ → 0, the equilibrium

converges to the one defined in Proposition 3.

Proof. The proof is in the Appendix.

4 Application II: trading volume in a Grossman-Stiglitz model

In rational expectation models of asset pricing under asymmetric information has difficulties

to generate the well established empirical fact that trading volume increases around public

announcements.11 To see why, let us consider the static Grossman-Stiglitz model12 where the

optimal demand function of a trader i is given by

di =
E (θ|Si)− p

γV ar (θ|Si)
(14)

where θ is the true value of the asset, Si is the information set of trader i including the

equilibrium price p and γ is the absolute risk aversion of the trader. As the aggregate de-

mand has to equal to the noisy supply, the equilibrium price is a noisy average of the best

guesses of traders. Consequently, the numerator of (14) is a noisy measure of disagreement

among traders. Hence, traders’ aggregate position,
R
i |di|di, positively depends both on the

average disagreement among traders and the precision of their estimation, 1
V ar(θ|Si) . A public

announcement related to θ, will unambiguously increase the precision of traders’ estimation.

11See Evans and Lyons (2003), Love and Payne (2003), Fleming and Remolona (1999).
12 In the discussed form, this model was developed in steps in Grossman and Stiglitz (1980), Hellwig (1980)

and Diamond and Verrecchia (1981). For simplicity, I refer to the this class of models with CARA-normal
framework, differential information and noisy supply as Grossman-Stiglitz type of models.
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As we established in the previous section, disagreement about θ decreases after the announce-

ment under general assumptions. Thus, the two effects work in the opposite direction and the

aggregate change in position and the resulting trading volume tend to be small. In particular,

in the basic Grossman-Stiglitz model where traders receive the private signal xi = θ + εi and

the public announcement is y = θ+η where θ, εi, η are normally and independently distributed

with zero mean, the two effects exactly cancel out and there is no trading volume at all after

the announcement. Similarly, dynamic versions of the Grossman-Stiglitz model as Brown and

Jennings, (1989), Kim and Verrecchia, (1991), He and Wang (1995) do not deliver polarization

of opinions either. Consequently, they have problems explaining the empirical regularities.

The information structure of these models are nested in the current set up.13

In the rest of this section, I analyze a version of the dynamic Grossman-Stiglitz model

where some traders has to liquidate their position early. This early traders are interested in

the liquidation price instead of the fundamental value. As these early traders are interested

in the expectation of other traders, the disagreement among them might increase due to the

announcement as Proposition 2 stated. In this case, the two effects work in the same direction

which leads to large trading volume around announcements.

4.1 The set-up

I modify a standard, dynamic, CARA-Normal, rational expectations model with differential

information (e.g. He and Wang, 1995, Brown and Jennings, 1989). Preferences of traders

are given by Ui (Wi) = −e−γWi , where Wi is monetary wealth at the time of the exit, γ is

the absolute risk-aversion parameter and in each period traders submit demand curves to an

auctioneer to buy up the random supply of assets:

ut˜N

µ
0,
1

δ2t

¶
.

Traders base their portfolio decision on the private signal which they receive at the moment of

their entry and all available public signals, i.e., past and present prices and public announce-

ments. They update their beliefs by Bayes’ Rule. Prices, pt, are determined by market clearing

in each period.

13 In contrast, models with non-Gaussian priors and/or boundedly rational agents (Varian, 1986, Harris and
Raviv, 1993, Kandel and Pearson, 1995, Evans and Lyons, 2001) can produce disagreement and volume, but at
the expense of giving up some of the standard assumptions.
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I introduce two non-standard assumption. First, I assume overlapping groups of traders

similarly to Allen, Morris and Shin (2006). In particular, I will have three groups of traders

with continuum of traders in each group, who trade in 3 periods (t = 0, 1, 2). Traders in the

first group trade among themselves in period 0 and 1 and sell all of their remaining assets in

period 2. Traders in the second group take all positions of the first group, trade among each

other in period 2 and liquidate for the uncertain value of θ at the end of the period. I assume

that if there is a public announcement, y, then it will be released at the beginning of period

1. Hence, I will focus on the differences in trading patterns of early traders with and without

an announcement. For expositional purposes, one can imagine the set-up in the context of a

24-hour period in the USD/GBP market, where early traders are based in London and late

comers are based in New York. In this context periods 0 and 1 would correspond to the trading

hours in London and period 2 would correspond to the trading hours in New York.

The second departure from the standard assumptions is a more general information struc-

ture. I assume that the fundamental value of the asset — the exchange rate in this interpretation—

is given by

θ = θs + θk + θw

where θs, θk, θw are the US factor, the UK factor and the world factor respectively. I assume

that the private signal that Londoners receive contains noisy information on the UK factor and

the world factor, but does not contain information on the US factor: xi = θk + θw + εi, while

the private signals of New Yorkers contain information on the US factor and the world factor,

but not on the UK factor: zj = θs + θw + εj . Hence, the world factor simply represents the

common element in the information set of agents in different groups, while the US factor and

the UK factor represent group-specific information. The public signal contains information on

fundamental value: y = θ+η. I assume that all factors and noise terms are i.i.d. and normally

distributed:

θk, θs ∼ N

µ
0,
1

κ

¶
, θw ∼ N

µ
0,
1

ω

¶
, εi, εj ∼ N

µ
0,
1

α

¶
, η ∼ N

µ
0,
1

β

¶
.

The presented model nests the information structures of many versions of the Grossman-Stiglitz
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model. The next table summarizes the connections.

our parameter private public fundamental p2 (·) model

κ, δ2 →∞ θw + εi θw + η θw ≈ θw Brown-Jennings(1989),
Kim-Verrecchia(1991,1994)

κ→∞ θw + εi θw + η θw ≈ θw + u2 He-Wang (1995)
ω →∞ θk + εi θs + η θk + θs ≈ θs + u2 independent information sets

as in Example 1

4.2 Equilibrium and existence

Finding the linear rational expectation equilibrium consists of three fairly standard steps.

First, I conjecture that prices are given by the functions

p2 = a2 (θs + θw) + c2y + h2q1 + g2q0 − e2u2 (15)

p1 = a1 (θk + θw) + c1y + h1q0 − e1u1 (16)

p0 = a0 (θk + θw)− e0u0, (17)

where ct, bt, et, f1, f2, g2 are undetermined coefficients, while q1, q0 are specified as follows.

Prices together with past prices and the public information are informationally equivalent with

the following price signals

q2 =
1

a2
(p2 − c2y − h2q1 − g2q0) = (θs + θw)−

e2
a2
u2 (18)

q1 =
1

a1
(p1 − c1y − h1q0) = (θk + θw)−

e1
a1
u1

q0 =
1

a0
p0 = (θk + θw)−

e0
a0
u0.

I define τ2t as the precision of qt:

1

τ2t
≡ e2t

a2t δ
2
t

or
τ t
δt
=

at
et
.

Second, given the conjectured price functions, I derive the optimal strategies of traders. To

ease on the notation, I define the following coefficients of variables in traders’ information sets

in different conditional expectations of New Yorkers and Londoners:

E (θ|zj , y, q2, q1, q0) = aθzj + bθq2 + cθy + hθq1 + gθq0 (19)

E (θs + θw|xi, y, q1, q0) = asxi + bsq1 + csy + hsq0. (20)
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From the first order conditions of the maximization problem of New Yorkers in period 2 and

Londoners in period 1 are

dj,2 =
E (θ|zj , y, q2, q1, q0)− p2
γvar (θ|zj , y, q2, q1, q0)

(21)

di,1 =
E (p2|xi, y, q1, q0)− p1
γvar (p2|xi, y, q1, q0)

, (22)

respectively. In period 0, Londoners maximize the following expected utility :

max
di,0

E (− exp (−α (p1 − p0) di,0 − di,1 (p2 − p1)) |xi, q0) .

In the appendix, I show that the demand function of Londoners in period 0 has the form of

di,0 =
E (p1|xi, q0)− p0

γV1
+

E (di,1|xi, q0)
γV2

(23)

where V1 and V2 are functions of the variances and expectations of θ, y, q1, q2 conditional on the

information set of Londoners in the first period. Intuitively, the first part in the nominator of

expression (23) represents the short-term demand component, while the second part represents

the hedging component for period-1demand.

Third, let us impose the market clearing conditions and find the undetermined coefficients

which simultaneously satisfy all three market clearing conditions. From (21) and (19), the

market clearing condition in period 2 is

D2 =
aθ (θs + θw) + bθq2 + cθy + hθq1 + gθq0 − p2

γvar (θ|zj , y, p2, q1, q0)
= u2.

Using (18) gives

aθ (θs + θw) + bθq2 + cθy + hθq1 + gθq0 − γvar (θ|zj , y, q2, q1, q0)u2 = a2q2 + c2y + h2q1 + g2q0.

Setting the coefficients of random variables on the two sides of the equation to equal gives

c2 = cθ, h2 = hθ, and g2 = gθ (24)

and

aθ (θs + θw)− γvar (θ|zj , y, q2, q1, q0)u2 = (a2 − bθ) q2.

Substituting in q2 = θs + θw − e2
a2
u2 and collecting the coefficients of θs + θw and u2 give

a2 = aθ + bθ (25)
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and
aθ

γvar (θ|zj , y, q2, q1, q0)
=

a2
e2
.

We can write the latter as
aθ

γvar (θ|zj , y, q2, q1, q0)
=

τ2
δ2
. (26)

Note that the undetermined coefficients enter the left hand side of (26) only through the

precision of the price signals, τ20, τ
2
1, τ

2
2. Thus, the market clearing condition in period 2 implies

that the undetermined coefficients et, at, t = 0, 1, 2 has to satisfy

τ2 = F2 (τ2, τ1, τ0) , (27)

where F2 (·) is a function determined by equation (26).
Turning to the market clearing condition in period 1

E (p2|xi, y, q1, q0)− p1 = γvar (p2|xi, y, q1, q0)u1,

we get

a2E (θs + θw|xi = θk + θw, y, q1, q0)+c2y+h2q1+g2q0−(a1q1 + c1y + h1q0) = γvar (p2|xi, y, q1, q0)u1
(28)

which implies

c1 = a2cs + c2 = (aθ + bθ) cs + cθ, ..h1 = a2gs + g2 = (aθ + bθ) gs + gθ (29)

and, after substituting in q1 = θk+ θw− e1
a1
u1 and collecting the coefficients of θk+ θw and u1,

a1 = a2 (as + bs) + h2 = (aθ + bθ) (as + bs) + hθ (30)

and
τ1
δ1
=

a2as
γvar (p2|xi, y, q1, q0)

=
as

γ (aθ + bθ) var (θs + θw|xi, y, q1, q0)
. (31)

Thus, the market clearing condition in period 1 imposes the condition that τ t = 0, 1, 2 has to

satisfy the equation

τ1 = F1 (τ2, τ1, τ0) (32)

where F1 (·) is a function determined by equation (31).
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In the appendix, I show by very similar steps that the market clearing condition in period

0 imposes a third restriction on the noise term of the price signals, τ t = 0, 1, 2 which has the

form of

τ0 = F0 (τ2, τ1, τ0) . (33)

Thus, the existence of the equilibrium is equivalent to the existence of a fixed point of the system

described by equations (27) ,(32) and 33. It is easy to see that setting β = 0 in equations (27)-

(33)check that the corresponding equilibrium intensities when there is no announcement will

be given by the same equations by letting the variance of the public signal to go to infinity,

that is, setting β = 0. As before, when it is necessary, I distinguish between variables with

and without announcement by denoting the no announcement case with a hat. The following

proposition states that the equilibrium exists.

Proposition 6 An equilibrium exists both for the announcement and the no-announcement

cases.

Proof. The proof is in the Appendix.

4.2.1 Trading volume

A side product of the derivation of the existence is that the demand functions turn out to have

very simple forms:

dj,2 =
τ2
δ2
(zj − q2) (34)

di,1 =
τ1
δ1
(xi − q1) (35)

di,0 =
τ0
δ0
(xi − q0) . (36)

We get expression (34) by substituting (19), (24), (15) and (26) into (21). Similarly, substi-

tuting (20), (15), (16), (29) and (31) into (22) gives (34). I show in the appendix that (36)

also holds. Expressions (34)-(36) show that traders’ positions are determined as a product of

the coefficient τ t
δt
and the difference between the private information of the trader and a signal

about the about the average valuation of all traders revealed by the price. Thus, τ tδt determines

how intensively the trader uses her private information to bet against the others. I will label

the fraction τ t
δt
as the trading intensity in period t.
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Using the definition of τ t and qt, we can rewrite expressions (34)-(36) as

dj,2 =
τ2
δ2
εj + u2 (37)

di,1 =
τ1
δ1
εi + u1 (38)

di,0 =
τ0
δ0
εi + u0. (39)

The expressions show that in each period, total positions consist of two parts. There is a

risk-sharing part, ut, which is purchased by each agent regardless of her information, and there

is a speculative part, τ tδt εi, which depends on the difference between the agent’s signal and the

true value of the factor, εi or εj , and the coefficient τ t
δt . So trading activity and volume will

depend how these coefficients change across periods.

I am interested in the change of volume in period 1 due to the announcement. From

equations (35) and (36), the amount of trading of trader i in period 1 is given by

vi1 = di,1 − di,0 =

µ
τ1
δ1
− τ0

δ0

¶
εi − u0 + u1.

Just as total positions, the total amount of trade of individual i consists of two parts. There

is an information-independent risk-sharing part, u1 − u0, and there is a speculative part³
τ1
δ1
− τ0

δ0

´
εi. The latter is determined by the difference of trading intensities in the two peri-

ods and the private information of the trader. Aggregating across traders gives the following

expression for total volume in period 1:

V total
1 =

1

2

Z
|di,1 − di,0| di =

1

2

Z
�
τ1
δ1
− τ0
δ0

�
εi>u0−u1

µµ
τ1
δ1
− τ0

δ0

¶
εi + u1 − u0

¶
φ (αεi) dεi−

− 1
2

Z
�
τ1
δ1
− τ0
δ0

�
εi<u0−u1

µµ
τ1
δ1
− τ0

δ0

¶
εi + u1 − u0

¶
φ (αεi) dεi =

=

¯̄̄̄
τ1
δ1
− τ0

δ0

¯̄̄̄
1√
α
φ (T ) + sgn

µ
τ1
δ1
− τ0

δ0

¶
(u1 − u0)

1

2
(1− 2Φ (K))

with K = α u0−u1
τ1
δ1
− τ0
δ0

,where I used the result that if ζ ∼ N
¡
μ, σ2

¢
, then

Z
ζ>L

ζ
φ
³
ζ−μ
σ

´
Φ (α)

dζ = E (ζ|ζ > L) = μ+ σλ (α)

with λ (α) = φ(α)
1−Φ(α) and α = L−μ

σ .

Hence, aggregate volume depends only on the realization of u1 − u0, the precision of the

private signals α, and the distance between trading intensities,
¯̄̄
τ1
δ1
− τ0

δ0

¯̄̄
. As the first one is
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unrelated to information or announcements, I focus on the speculative volume, which I define

as the volume when there is no risk-sharing trade:

V1 = V total
1 |u0=u1 =

¯̄̄̄
τ1
δ1
− τ0

δ0

¯̄̄̄
1√
α2π

. (40)

Hence, the effect of announcement on speculative volume, we only have to compare the

change in trading intensities in the announcement case,
¯̄̄
τ1
δ1
− τ0

δ0

¯̄̄
, and the no-announcement

case,
¯̄̄
τ̂1
δ1
− τ̂0

δ0

¯̄̄
. I show that the outcome of this comparison depends heavily and systematically

on the information structure, i.e., on the relative importance of the common factor, θw, and the

individual factors θs, θk. The following proposition shows that as individual factors become less

important and the common factor becomes more important, volume disappears. This result

is in line with the observation that in a rational model with one factor trading volume around

announcements is small, because the effects of increasing precision of opinions and decreasing

disagreement balance out each other.

Proposition 7 As δ2, κ→∞

τ̂2
δ2
=

τ̂1
δ1
=

τ̂0
δ0
=

τ2
δ2
=

τ1
δ1
=

τ0
δ0
=

α

γ
,

hence V̂1 = V1 = 0 in this limit.

Proof. The proof is in the appendix.

In contrast, the next proposition shows that if the importance of the common informa-

tion element, θw, is small enough, the position of early traders is larger in absolute terms

after the public announcement. Furthermore, the trading volume is also larger if there is an

announcement in period 1.

Proposition 8 If ω is large enough D1 =
1
2

R ¯̄̄
τ1
δ0
εi

¯̄̄
di > 1

2

R ¯̄̄
τ̂1
δ0
εi

¯̄̄
di = D̂1 and V1 > V̂1 and

as ω →∞ ,D1

D̂1
→∞ ,D0

D̂0
→∞ . Furthermore, V1

V̂1
→∞.

Proof. The proof is in the appendix.

This result is based on the same intuition as the one illustrated by the Example in section

2. In the limit, when ω is very large, the importance of the world factor, θw, diminishes

and there is no correlation between the private information of any Londoner and of any New

Yorker. Traders speculate only on the value of those variables which are not public. From the
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Londoners point of view in period 1, the only variable in p2 which is not part of the public

information set — apart from the noise, u2 — is θs. But first period traders have no information

on θs, they have information only on θk. Hence, each traders’ guess on θs is the a priori mean,

and traders do not take speculative positions against each other. But if Londoners do not trade

on their private information, their private information cannot be channeled into prices. Thus,

p1 is dominated by the noisy supply. In period 0, Londoners should bet on p1 and p2, but they

have minimal information either on p1, as it is dominated by noise, or on p2, because they do

not know anything about θs. Hence, there is no speculative trade in period 0 either. It means

that speculative volume, the difference between individual speculative positions in period 0

and period 1, is also very small. However, the situation changes with public announcement.

Public announcement is y ≈ θs + θk + η, if θw is insignificant. So Londoners will have some

information on the sum of θs and θk. But together with their private information on θk, it

gives them some information on θs. What is more, as they have different guesses on θk due

to their different private signals, their guesses on θs will also be different. Therefore, public

announcement increases disagreement. In particular, an early trader with a high private signal,

will overestimate θk, so for a given y ≈ θs + θk + η, will underestimate θs. This is why, the

observation of the public signal motivates her to sell assets.14 With the opposite logic as in

the no-announcement case, there is trade in all periods and there is volume.

5 Conclusion

In this paper I characterized those Gaussian information structures under which higher-order

expectations are systematically polarized by a public announcement. Furthermore, I modified

two canonical models of learning to illustrate that polarization of higher-order expectations has

interesting economic consequences. In particular, I showed in a Morris-Shin type of currency

crisis model that more public information can increase the chance of a successful currency

attack. I also showed in Grossman-Stiglitz type asset pricing model that high trading volume

around public announcements is consistent with Gaussian information structure, Bayesian

learning and common priors.

This analysis has a double lesson for modeling information and learning. First, the Gaussian-

14The fact that after the public announcement, if ω is large, traders with high private signal will sell the asset
is the symptom of second-order expectations moving against first order expectations. Thus, in this case, traders
have a high estimation of the fundamental value, but still they expect a low interim price. This phenomenon is
not in the focus of this paper, but discussed in detail in Kondor (2004).
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Bayesian framework is less restrictive than it might look. Second, the standard structure which

is routinely used in many models, where the fundamental has a single factor and all signals are

noisy versions of this factor, is more restrictive than it might look. In my simplest example the

fundamental has two factors and some agents observe a private signal on one factor and other

agents observe a private signal on the other factor. In this structure, a public announcement

about the fundamental increases the dispersion of expectations of one group on the expectation

of any member in the other group. In contrast, there is no polarization in higher-order expec-

tations under the standard structure. At the same time, the structure in my example might

be much more reasonable in many environments. After all, private information is typically

about parts and public information is typically about aggregates. For example, if the funda-

mental is the state of the economy, a typical piece of private information can be the future

performance, marginal cost or wage level of a given firm or sector or the political intentions of

the government. While a typical pieces of public information are aggregate data releases. The

paper illustrates that this richer and perhaps more realistic information structure can explain

phenomena which are inconsistent with the most standard Gaussian-Bayesian structure.
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A Appendix: Application I

Proof of Proposition 4. Given that K is continuous in β and ω and continuously differen-

tiable in β around β = 0 and ω →∞, it is sufficient to show that

0 <

µ
lim
ω→∞

∂K

∂β

¶
|β=0.

Because of the simpler algebra, I will show instead that

0 <

µ
lim
ω→∞

∂K2

∂β

¶
|β=0.

Let us define first the constants

E ≡ azbθ + (az + bz) ψ̃λ

λψ̃ − azaθ
,H =

azcθ + czλψ̃

λψ̃ − azaθ
.

Then

∂K2

∂β
=

∂
³

λψ
λψ−|az |aθ

´2 σ2
z|xi,y,q

σ2z−Eq−Hy

∂β
=

=

∂σ2
z|xi,y,q

�
λψ

λψ−|az |aθ

�2
∂β

³
σ2z−Eq−Hy

´
− ∂σ2z−Eq−Hy

∂β

σ2
z|xi,y,q

�
λψ

λψ−|az |aθ

�2
σ2z−dq−ey³

σ2z−Eq−Hy

´2 .

Note that all constants, cθ, aθ, az, cz, bz, bθ, σ2z|xi,y,q are continous in ω and β and continuously

differentiable in β if β is sufficiently small and ω is sufficiently large and

lim
ω→∞

cθ =
β
¡
2κ+ ψ2δ + υ

¢
κ2 + 2κβ + κψ2δ + κυ + βψ2δ + βυ + ψ2δυ

lim
ω→∞

cz =
β
¡
α+ κ+ ψ2δ

¢
κ2 + ακ+ αβ + 2κβ + κψ2δ + βψ2δ

lim
ω→∞

aθ =
υ
¡
κ+ ψ2δ

¢
κ2 + 2κβ + κυ + κψ2δ + βυ + βψ2δ + υψ2δ

lim
ω→∞

az = −α β

κ2 + ακ+ αβ + 2κβ + κψ2δ + βψ2δ

lim
ω→∞

bθ = ψ2δ
κ+ υ

κ2 + 2κβ + κψ2δ + κυ + βψ2δ + βυ + ψ2δυ

lim
ω→∞

bz = −β ψ2δ

κ2 + ακ+ αβ + 2κβ + κψ2δ + βψ2δ

lim
ω→∞

σ2z|xi,y,q =
κ2 + ακ+ αβ + 2κβ + αν + κψ2δ + κν + βψ2δ + βν + δν

ν
¡
κ2 + ακ+ αβ + 2κβ + κψ2δ + βψ2δ

¢ .
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Thus,

lim
ω→∞

E = lim
ω→∞

bθ
aθ
+ (az+bz)

azaθ
ψ̃λ

λψ̃
azaθ
− 1

=

ψ2δ(κ+υ)

(κ+ψ2δ)υ
+
(κ2+2κβ+κυ+κψ2δ+βυ+βψ2δ+υψ2δ)

υ(κ+ψ2δ)
2α+ψ2δ

α ψλ

λψ
υ(κ+ψ2δ)

κ2+2κβ+κυ+κψ2δ+βυ+βψ2δ+υψ2δ
α β

κ2+ακ+αβ+2κβ+κψ2δ+βψ2δ

− 1

where the right hand side is proportional to β, soµ
lim
ω→∞

∂(E2)
∂β

¶
|β=0 =

µ
∂(limω→∞ E2)

∂β

¶
|β=0 = 0.

Similarly,

lim
ω→∞

H = lim
ω→∞

cθ
aθ
+ cz

az
1
aθ
λψ̃

λψ̃
azaθ
− 1

=

β(2κ+ψ2δ+υ)
(κ+ψ2δ)υ

+ κ2+2κβ+κυ+κψ2δ+βυ+βψ2δ+υψ2δ

υ(κ+ψ2δ)
α+κ+ψ2δ

α λψ

λψ
υ(κ+ψ2δ)

κ2+2κβ+κυ+κψ2δ+βυ+βψ2δ+υψ2δ
α β

κ2+ακ+αβ+2κβ+κψ2δ+βψ2δ

− 1

so µ
lim
ω→∞

∂(H2)
∂β

¶
|β=0 =

µ
∂(limω→∞H2)

∂β

¶
|β=0 =

³
∂(limω→∞EH)

∂β

´
|β=0 = 0.

Consequently,

Ã
lim
ω→∞

∂σ2z−Eq−Hy

∂β

!
|β=0 =

=

µ
lim
ω→∞

∂(var(z)+E2var(q)+H2var(y)+2(EHcov(q,y)−Hcov(z,y)−Ecov(q,z)))
∂β

¶
|β=0 =

= −2 lim
ω→∞

cov (z, y)

µ
lim
ω→∞

∂H

∂β

¶
|β=0 − 2 lim

ω→∞
cov (q, z)

µ
lim
ω→∞

∂E

∂β

¶
|β=0

= −21
κ

µ
∂ limω→∞H

∂β

¶
= −21

κ

µ
∂ limω→∞H

∂β

¶
=

= −2 1
κ2

.

where I used

µ
∂ limω→∞H

∂β

¶
|β=0 = lim

β→0

∂

⎛⎜⎝ β(2κ+ψ2δ+υ)
(κ+ψ2δ)υ

+κ2+2κβ+κυ+κψ2δ+βυ+βψ2δ+υψ2δ

υ(κ+ψ2δ)
α+κ+ψ2δ

α
λψ

λψ

υ(κ+ψ2δ)
κ2+2κβ+κυ+κψ2δ+βυ+βψ2δ+υψ2δ

α
β

κ2+ακ+αβ+2κβ+κψ2δ+βψ2δ

−1

⎞⎟⎠
∂β

=
1

κ
.
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Also,

lim
ω→∞

∂σ2z|xi,y,q

³
λψ

λψ−|az |aθ

´2
∂β

|β=0 =

=

⎛⎜⎝ lim
ω→∞

µ
λψ

λψ − |az| aθ

¶2 ∂ limω→∞ σ2z|xi,y,q
∂β

+ lim
ω→∞

σ2z|xi,y,q

∂ limω→∞
³

λψ
λψ−|az |aθ

´2
∂β

⎞⎟⎠ |β=0 =
= − 1

κ2
+ 2αδ

ψ

κ2λ
¡
δ2ψ4 + ακ+ 2αδψ2 + κδψ2

¢
Thus,

lim
ω→∞

∂K2

∂β
|β=0 = lim

ω→∞

∂σ2
z|xi,y,q

�
λψ

λψ−|az|aθ

�2
∂β

³
σ2z−Eq−Hy

´
− ∂σ2z−Eq−Hy

∂β

σ2
z|xi,y,q

�
λψ

λψ−|az |aθ

�2
σ2z−dq−ey³

σ2z−Eq−Hy

´2 |β=0 =

=
− 1

κ2 + 2αδ
ψ

κ2λ(δ2ψ4+ακ+2αδψ2+κδψ2)
+ 2 1

κ2¡
1
κ +

1
υ

¢2 > 0.

Proof of Proposition 5. Note that under (13), devaluation for any zi is not a best

response if each speculator attacks for any xi as

lim
zi→∞

E
¡
θ|zi, y,Φ−1 (ξ) + u

¢
> λ

¡
Φ−1 (ξ) + u

¢
for any realized u. Similarly, keeping the peg for any zi is not a best response if none of the

speculator attack for any xi Thus, all monotone equilibria must be finite monotone equilibria.

Following the derivation of the equilibrium in subsection 3, a monotone equilibrium of the

perturbed system must satisfy equations

λC̃ = E
³
θ|z = z∗, C̃, y

´
(41)

κ = Pr
³
z < z∗|xi = x∗, C̃, y

´
. (42)

Note that

E
³
θ|zi, C̃, y

´
=

= E
³
θ|zi, C̃, y, C̃ − Φ−1 (ξ) > u > C̃ − Φ−1 (1− ξ)

´
Pr
³
C̃ −Φ−1 (ξ) > u > C̃ − Φ−1 (1− ξ) |zi, C̃, y

´
+

+E
³
θ|zi, C̃, y, C̃ − Φ−1 (ξ) < u

´
Pr
³
C̃ − Φ−1 (ξ) < u|zi, C̃, y

´
+

+E
³
θ|zi, C̃, y, C̃ −Φ−1 (1− ξ) > u

´
Pr
³
C̃ −Φ−1 (1− ξ) > u|zi, C̃, y

´
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and

Pr
³
z < z∗|xi, C̃, y

´
=

= Pr
³
z < z∗|xi, C̃, y, C̃ − Φ−1 (ξ) > u > C̃ − Φ−1 (1− ξ)

´
· Pr

³
C̃ − Φ−1 (ξ) > u > C̃ − Φ−1 (1− ξ) |xi, C̃, y

´
+

+Pr
³
z < z∗|xi, C̃, y, C̃ − Φ−1 (ξ) < u

´
Pr
³
C̃ − Φ−1 (ξ) < u|xi, C̃, y

´
+

+Pr
³
z < z∗|x, C̃, y, C̃ − Φ−1 (1− ξ) > u

´
Pr
³
C̃ −Φ−1 (1− ξ) > u|xi, C̃, y

´
.

As

lim
ξ→0

Pr
³
C̃ − Φ−1 (ξ) < u|zi, C̃, y

´
= lim

ξ→0
Pr
³
C̃ − Φ−1 (ξ) < u|xi, C̃, y

´
= 0

lim
ξ→0

Pr
³
C̃ −Φ−1 (1− ξ) > u|zi, C̃, y

´
= lim

ξ→0
Pr
³
C̃ − Φ−1 (1− ξ) > u|xi, C̃, y

´
= 0

and

lim
ξ→0

E
³
θ|zi, C̃, y, C̃ − Φ−1 (ξ) > u > C̃ − Φ−1 (1− ξ)

´
= E (θ|zi, q, y)

lim
ξ→0

Pr
³
z < z∗|xi, C̃, y, C̃ − Φ−1 (ξ) > u > C̃ − Φ−1 (1− ξ)

´
= Pr (z < z∗|xi, q, y) ,

if ξ → 0, equations (42) and (41) converges to (8) and (6) respectively. Thus, for a sufficiently

small ξ, the best response functions defined by (42) and (41) are arbitrary close to the straight

lines in the (x∗, z∗) space which are given by (9) and (10). This proves the statement.

B Appendix: Application II

B.1 Demand in period 0

In period zero traders maximize the expected utility

E

µ
− exp

µ
−γ (p1 − p0) di,0 −

E (p2|q1, y, xi, q0)− p1
var (p2|q1, y, xi, q0)

(p2 − p1)

¶
|xi, q0

¶
=

= E

µ
E

µ
− exp

µ
−γ (p1 − p0) di,0 −

E (p2|q1, y, xi, q0)− p1
var (p2|q1, y, xi, q0)

(p2 − p1)

¶
|q0, y, xi, q1

¶
|xi, q0

¶
=

= E

Ã
− exp

Ã
−γ (p1 − p0) di,0 −

(E (p2|q1, y, xi, q0)− p1)
2

2var (p2|q1, y, xj , q0)

!
|xi, q0

!
=

= E

µ
− exp

µ
−γ (a1q1 + c1y + h1q0 − a0q0) di,0 −

1

2

a2s
var (θs + θw|xi, y, q1, q0)

(xi − q1)
2

¶
|xi, q0

¶
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where I used (28)-(31) for the last equality.

Writing the expression in the inner bracket into matrix form and using the standard result

for the expectation of exponentials with quadratic forms15 implies that

E

Ã
− exp

Ã
−γ (p1 − p0) di,0 −

(E (p2|q1, y, xi, q0)− p1)
2

2var (p2|q1, y, xj , q0)

!
|xi, q0

!
=

= E

Ã
− exp

Ã
−γ (a1q1 + c1y + h1q0 − a0q0) di,0 −

1

2

a2s
σ2θs+θw|xi,y,q1,q0

(xi − q1)
2

!
|xi, q0

!

wich equals to

E

⎛⎜⎜⎜⎜⎜⎝− exp
⎛⎜⎜⎜⎜⎜⎝

−12
a2s

σ2
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+
³
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´µ y

q1

¶
−
¡
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1
2
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¶µ
0 0
0 1

¶µ
y
q1

¶
⎞⎟⎟⎟⎟⎟⎠ |xi, q0

⎞⎟⎟⎟⎟⎟⎠ .

The last expression is a monotonic function of

−12
a2s

σ2
θs+θw|xi,y,q1,q0

x2i − γ (h1 − a0) q0di,0+

+

µ
−γc1di,0

µ
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σ2
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¶ ¶µ
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μq

¶
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1
2
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¶ ¶
− 2
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¢Ã 0 0

0 1
2
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0 0
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!

+

Ã
σ2y|xi,q0 σyq|xi,q0
σyq|xi,q0 σ2q|xi,q0

!−1
⎞⎟⎟⎟⎟⎠
−1⎛⎜⎜⎜⎜⎝

Ã −γc1di,0
−γa1di,0 + a2s

σ2
θs+θw|xi,y,q1,q0

xi

!

−2
Ã
0 0

0 1
2

a2s
σ2
θs+θw|xi,y,q1,q0

!µ
μy
μq

¶
⎞⎟⎟⎟⎟⎠

−
¡
μy μq

¢Ã 0 0

0 1
2

a2s
σ2
θs+θw|xi,y,q1,q0

!µ
μy
μq

¶
.

15 If c is constant scalar, L is a nx1 constant vector, N is an nxn constant matrix and M is an nx1 stochastic
matrix and I is an information set, then

E − exp c+ L0M −M 0NM 0 |I =

− |W |−1/2 2N +W−1 −1/2 exp c+ L0Q−Q0NQ+
1

2
L0 − 2Q0N ) 2N +W−1 −1

(L− 2NQ)

where Q = E (M |I) and W = var (M |I) (see Brunnermeier, 2001, page 110).
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where

μy = E (y|xi, q0)

μq = E (q1|xi, q0) .

Maximizing the expression in the bracket gives

di,0 =
((h1−a0)q0+c1μy+a1μq)

#
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q+1

$
+

a2s
σ2
θs+θw|xi,y,q1,q0

(c1σqy+σ2qa1)(xi−μq)

γ

#
σ2
q|xi,q0

a21+σ
2
y|xi,q0

c21+2a1c1σqy|xi,q0+
a2s

σ2
θs+θw|xi,y,q1,q0

c21

�
σ2
q|xi,q0

σ2
y|xi,q0

−σ2
qy|xi,q0

�$ =

=
(h1−a0+c1by+a1bq)

#
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q+1

$
− a2s
σ2
θs+θw|xi,y,q1,q0

(c1σqy+σ2qa1)bq

γ

#
σ2
q|xi,q0

a21+σ
2
y|xi,q0

c21+2a1c1σqy|xi,q0+
a2s

σ2
θs+θw|xi,y,q1,q0

c21

�
σ2
q|xi,q0

σ2
y|xi,q0

−σ2
qy|xi,q0

�$q0 +

+
(c1ay+a1aq)

#
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q+1

$
+

a2s
σ2
θs+θw|xi,y,q1,q0

(c1σqy+σ2qa1)(1−aq)

γ

#
σ2
q|xi,q0

a21+σ
2
y|xi,q0

c21+2a1c1σqy|xi,q0+
a2s

σ2
θs+θw|xi,y,q1,q0

c21

�
σ2
q|xi,q0

σ2
y|xi,q0

−σ2
qy|xi,q0

�$xi.

where I used or the definition

E (y|xi, q0) = ayxi + byq0

E (q1|xi, q0) = aqxi + bqq0.

using the market clearing condition for period 1, substituting in q0 = θk + θw − δ0
τ0
u0 and

collecting the coefficients of θk + θw and u0 implies that in equilibrium

(h1−a0+c1by+a1bq)
#

a2s
σ2
θs+θw|xi,y,q1,q0

σ2q+1

$
− a2s
σ2
θs+θw|xi,y,q1,q0

(c1σqy+σ2qa1)bq

γ

#
σ2
q|xi,q0

a21+σ
2
y|xi,q0

c21+2a1c1σqy|xi,q0+
a2s

σ2
θs+θw|xi,y,q1,q0

c21

�
σ2
q|xi,q0

σ2
y|xi,q0

−σ2
qy|xi,q0

�$ =

=
(c1ay+a1aq)

#
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q+1

$
+

a2s
σ2
θs+θw|xi,y,q1,q0

(c1σqy+σ2qa1)(1−aq)

γ

#
σ2
q|xi,q0

a21+σ
2
y|xi,q0

c21+2a1c1σqy|xi,q0+
a2s

σ2
θs+θw|xi,y,q1,q0

c21

�
σ2
q|xi,q0

σ2
y|xi,q0

−σ2
qy|xi,q0

�$

(c1ay + a1aq)

µ
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q + 1

¶
+ a2s

σ2
θs+θw|xi,y,q1,q0

¡
c1σqy + σ2qa1

¢
(1− aq)

γ

µ
σ2q|xi,q0a

2
1 + σ2y|xi,q0c

2
1 + 2a1c1σqy|xi,q0 +

a2s
σ2
θs+θw|xi,y,q1,q0

c21

³
σ2q|xi,q0σ

2
y|xi,q0 − σ2qy|xi,q0

´¶ = τ0
δ0

(43)

must hold. Thus, in equilibrium

di,0 =
τ0
δ0
(xi − q0)

37



and, using (29),

F0 (τ0, τ1, τ2) ≡

((aθ+bθ)(csay+(as+bs)aq)+cθay+hθaq)

#
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q+1

$
+
a2s((aθ+bθ)(csσqy+σ2q(as+bs))+cθσqy+σ2qhθ)(1−aq)

σ2
θs+θw|xi,y,q1,q0

γ

⎛⎜⎜⎝
σ2q|xi,q0 ((aθ + bθ) (as + bs) + hθ)

2 + 2 ((aθ + bθ) (as + bs) + hθ) ((aθ + bθ) cs + cθ)σqy|xi,q0+

+((aθ + bθ) cs + cθ)

µ
a2s

σ2
θs+θw|xi,y,q1,q0

³
σ2q|xi,q0σ

2
y|xi,q0 − σ2qy|xi,q0

´
+ σ2y|xi,q0

¶ ⎞⎟⎟⎠
.

B.2 Expectations, variances and coefficients in the price-functions

The following coefficients are needed to analyze the equilibrium and all are obtained by the

projection theorem

aθ =
α(κ+τ20+τ21)(κ+ω)

B

bθ =
τ22(κ+τ20+τ21)(κ+ω)

B

cθ =
β(κ2+τ20τ22+τ21τ22+ακ+αω+2κω+ατ20+κτ20+ατ21+κτ21+κτ22+ωτ20+ωτ21+ωτ22)

B

hθ =
τ21(κ+ω)(α+κ+τ22)

B

gθ =
τ21(κ+ω)(α+κ+τ22)

B

var (θ|zj , q2,q1, q0, y) =
τ20κ+τ

2
0τ
2
2+τ

2
0ω+ατ

2
0+ατ

2
1+αω+κα+κ

2+2κω+κτ22+ωτ
2
2+τ

2
1τ
2
2+τ

2
1ω+τ

2
1κ

B

where

B = ω
¡
κ2 − τ20τ

2
2 − τ21τ

2
2 − ατ20 − ατ21

¢
+

+(κ+ ω)
¡¡
κ+ τ20 + τ21

¢ ¡
α+ τ22

¢
+
¡
τ20 + τ21

¢ ¡
α+ κ+ τ22

¢¢
+

+β
¡
κ2 + τ20τ

2
2 + τ21τ

2
2 + ακ+ αω + 2κω + ατ20 + κτ20 + ατ21 + κτ21 + κτ22 + ωτ20 + ωτ21 + ωτ22

¢
and

as =
α(κ2−βω)

κ2τ20+κ
2τ21+ακ

2+κ2β+κ2ω+κβτ20+κβτ
2
1+κωτ

2
0+κωτ

2
1+βωτ

2
0+βωτ

2
1+ακβ+ακω+αβω+2κβω

bs =
τ21(κ2−βω)

κ2τ20+κ
2τ21+ακ

2+κ2β+κ2ω+κβτ20+κβτ
2
1+κωτ

2
0+κωτ

2
1+βωτ

2
0+βωτ

2
1+ακβ+ακω+αβω+2κβω

cs =
β(κ+ω)(α+κ+τ20+τ21)

κ2τ20+κ
2τ21+ακ

2+κ2β+κ2ω+κβτ20+κβτ
2
1+κωτ

2
0+κωτ

2
1+βωτ

2
0+βωτ

2
1+ακβ+ακω+αβω+2κβω

hs =
τ20(κ2−βω)

κ2τ20+κ
2τ21+ακ

2+κ2β+κ2ω+κβτ20+κβτ
2
1+κωτ

2
0+κωτ

2
1+βωτ

2
0+βωτ

2
1+ακβ+ακω+αβω+2κβω

38



ay = aq =
α(κ+ω)

ακ+αω+κω+κτ20+ωτ
2
0

by = bq =
(κ+ω)τ20

ακ+αω+κω+κτ20+ωτ
2
0
.

Furthermore,

σ2θs+θw|xi,q1,q0,y =
τ21ω+2τ

2
1κ+ωβ+κ

2+κω+αω+2ακ+τ21β+αβ+2τ
2
0κ+τ

2
0ω+βκ+τ

2
0β

κ2ω+2κωβ+κωτ20+τ
2
0κ

2+κ2β+ακ2+κωα+κωτ21+τ
2
1κ

2+τ20κβ+τ
2
1ωβ+τ

2
1κβ+τ

2
0ωβ+ακβ+αωβ

σ2y|xi,q0 =
2κωβ+κ2β+βαω+βακ+βτ20ω+βτ

2
0κ+καω+κ

2α+κτ20ω+κ
2τ20+κ

2ω

(αω+κα+τ20ω+κτ20+κω)κβ

σ2q|xi,q0 =
τ21ω+τ

2
1κ+αω+κα+τ

2
0ω+κτ

2
0+κω

(αω+κα+τ20ω+κτ20+κω)τ21

σ2yq|xi,q0 = ω+κ
αω+κα+τ20ω+κτ

2
0+κω

.

B.3 Proof of existence

I show the existence in three steps.

Lemma 1 Let us fix τ0 = τ̄0 at any arbitrary level. The system τ2 = F2 (τ2, τ1, τ0) , τ1 =

F1 (τ2, τ1, τ0) has at least one fix point, (τ∗1 (τ̄0) , τ
∗
2 (τ̄0)). Additionally, τ

min
2 ≤ τ∗2 < δ2

1
aα

where τmin2 is the single root of

δ2
1

a
α

κω + κ2

αω + κα+ κ2 + 2κω + κτ22 + ωτ22
= τ2

and (
κ2−ωβ)
a2κ < (>)τ∗1 ≤ (≥)0 if and only if κ2 < (≥)ωβ. Furthermore, the functions τ∗1 (τ0)

and τ∗2 (τ0) are continuous.

Proof. Substituting out the coefficients of conditional expectations and variances in (27)

and (32) give

τ2 = F2
¡
τ22, τ

2
1, τ

2
0

¢
=

= δ2
1

γ
α

τ20ω+τ
2
1ω+κω+τ

2
0κ+τ

2
1κ+κ

2

τ20κ+τ
2
0τ
2
2+τ

2
0ω+ατ

2
0+ατ

2
1+αω+κα+κ

2+2κω+κτ22+ωτ
2
2+τ

2
1τ
2
2+τ

2
1ω+τ

2
1κ

τ1 = F1
¡
τ22, τ

2
1, τ

2
0

¢
=

(κ2−ωβ)δ1τ22α
γ(κτ20τ22+κωτ22+τ22κ2+ωτ21τ22+2αωτ22+κτ21τ22+2κατ22+τ20ωτ22+ακ2+κωα)

Notice first, that τ1 = F1
¡
τ22, τ

2
1, τ̄

2
0

¢
is a third degree polynom in τ1, which is monotone

increasing so it gives a single root for every τ0 and τ2. Similarly,τ2 = F2
¡
τ22, τ

2
1, τ̄

2
0

¢
is also a
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monotone increasing third degree polynom in τ2 which gives a single root for every τ0 and τ1.

It is also apparent that τ∗1 (τ̄0) and τ∗2 (τ̄0) are continuos in τ0.

For the existence of the fix point (τ∗1 (τ̄0) , τ
∗
2 (τ̄0)), it is sufficient to show that there is a

solution of

τ2 = F2 (τ2, τ1 (τ2, τ̄0) , τ̄0) =
1

γ
αδ2F

τ̄0
2 (τ2) =

where F τ̄0
2 (·) continuously maps τ2 to the unite interval. As

lim
τ2→0

1

γ
αδ2F

τ̄0
2 (τ2) = δ2

1

γ
α κω+κ2

τ21(0,τ̄0)κ+κ
2+τ21(0,τ̄0)ω+τ

2
0κ+ακ+τ

2
0ω+αω+2κω

> 0,

where τ21 (0, τ̄0) is finite and

0 <
1

γ
αδ2F

τ̄0
2 (τ2) ≤ δ2

1

a
α,

there has to be a fixed point. The rest of the lemma comes from observation.

Lemma 2 The denominator of F0
¡
τ21, τ

2
2, τ

2
0

¢
is positive.

Proof. Note that the matrix

Q =

ÃÃ
0 0

0 a2s
σ2
θs+θw|xi,y,q1,q0

!
+

µ
σy σyq
σyq σq

¶−1!−1

is positive definite as s > 0. Consequently

0 < xQxT

for all x. The lemma comes from the choice of

x =

µ¡
−ac1di,1 (−ab1di,1 + sxi)

¢
− 2

¡
μy μq

¢µ 0 0
0 1

2s

¶¶
as then

0 < xQxT =

⎛⎜⎜⎜⎝
a2(c21σy+c21sσyσq−c21sσ2yq+σqb21+2c1σyqb1)

σqs+1
d21−

−2ac1σyqsxi−2σqab1μqs−2ac1σyqμqs+2σqab1sxiσqs+1
di,1

+
s2σq(xi−μq)

2

σqs+1

⎞⎟⎟⎟⎠
which implies the lemma.

Proposition 9 An equilibrium exists.
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Proof. Let us define F̄0 (τ0) ≡ F0 (τ
∗
2 (τ0) , τ

∗
1 (τ0) , τ0). I show that the expression τ0 =

F̄0 (τ0) has at least one fix point. First, I show that limτ0→∞ F̄0 (τ0) = 0. I use the form (43). As

τ0 →∞, τ∗2 goes to a constant, τ
∗
1 goes to 0 by the order of

1
τ20
, hence c1, σ2y|xi,q0 ,

a2s
σ2
θs+θw|xi,q1,q0,y

converge to constants, σyq|xi,q0 and ay, aq goes to 0 by the order of 1
τ20
, σ2q|xi,q0 goes to infinity

by the order of τ40 and a1 goes to 0 by the order of 1
τ20
. So the numerator of F̄0 (τ0) ,

(c1ay + a1aq)

Ã
a2s

σ2
θs+θw|xi,y,q1,q0

σ2q + 1

!
+

a2s
σ2
θs+θw|xi,y,q1,q0

¡
c1σqy + σ2qa1

¢
(1− aq)

goes to infinity by the order of τ20 . The denominator,Ã
σ2q|xi,q0a

2
1 + σ2y|xi,q0c

2
1 + 2a1c1σqy|xi,q0 +

a2s
σ2θs+θw|xi,y,q1,q0

c21

³
σ2q|xi,q0σ

2
y|xi,q0 − σ2qy|xi,q0

´!

also goes to infinity but by the order of τ40 given by the term of a2s
σ2
θs+θw|xi,y,q1,q0

c21σ
2
q|xi,q0σ

2
y|xi,q0 .

Hence, limτ0→∞ g0 (τ0) = 0. Second, by Lemma 2 , the functionF̄0 (τ0) is continuous in τ0.and

F̄0 (τ0) = F̄0 (−τ0) , as τ0 enters in the form of τ20. Hence, F
0
0 (τ0) will cross the 45

◦ line

necessarily, because it is continuous and goes to 0 as τ0 → ∞ or τ0 → −∞. Therefore, there
will be a fixed point with τ∗0 ≥ (<) 0 if F 00 (0) ≥ (<) 0.

B.4 Other proofs

Proof of Proposition 7. For τ2
δ2
, τ1δ1 ,

τ̂2
δ2
and τ̂1

δ1
, the result comes from the simple observation

that the ordered limit

lim
δ2→∞

lim
κ→∞

f2 (τ2, τ1, τ0) =
α

γ

and, after substitution of τ2 = α
γ ,

lim
δ2→∞

lim
κ→∞

f1 (τ2, τ1, τ0) =
α

γ
.

The result for τ0
δ0
and τ̂0

δ0
can be obtained in a similar way, if we take the limit of F0 (τ2, τ1, τ0).

Proof of Proposition 8. The second half of the statement implies the first half as both

the aggregate holdings and the volume are continuous functions of ω. For the second half of the

statement, it is sufficient to show that limω→∞
¯̄̄
τ̂0
δ0
− τ̂1

δ1

¯̄̄
= limω→∞

¯̄̄
τ̂0
δ0

¯̄̄
= limω→∞

¯̄̄
τ̂1
δ1

¯̄̄
→ 0

while
¯̄̄
τ0
δ0
− τ1

δ1

¯̄̄
→ C1,

¯̄̄
τ1
δ1

¯̄̄
→ C2 and

¯̄̄
τ0
δ0

¯̄̄
→ C3 , where C1, C2 and C3 are non zero constants.
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In the no-announcement case, the equilibrium is characterized by the following equations:

τ̂2 = F2 (τ̂2, τ̂1, τ̂0) |β=0

=
δ2

1
a
α(τ̂20ω+τ̂21ω+κω+τ̂20κ+τ̂21κ+κ2)

τ̂20κ+τ̂0τ̂
2
2+τ̂

2
0ω+ατ̂

2
0+ατ̂

2
1+αω+κα+κ

2+2κω+κτ̂22+ωτ̂
2
2+τ̂

2
1τ̂
2
2+τ̂

2
1ω+τ̂

2
1κ

τ̂1 = F1 (τ̂2, τ̂1, τ̂0) |β=0 =

= δ1τ̂
2
2α

κ2

a(κτ̂20τ̂22+κωτ̂22+τ̂22κ2+ωτ̂21τ̂22+2αωτ̂22+κτ̂21τ̂22+2κατ̂22+τ̂20ωτ̂22+ακ2+κωα)

τ̂0 = F0 (τ̂2, τ̂1, τ̂0) |β=0 = δ0

ay +
a2s

σ2
θs+θw|xi,q1,q0

a1γσ2q|xi,q0
|β=0.

It is apparent, that for any τ̂1, τ̂0, limω→∞ τ̂2 is a finite, positive constant, and for any finite,

positive τ̂2 and any τ̂0, limω→∞ τ̂1 = 0. Consequently,

lim
ω→0

σ2q|xi,q0 |β=0 = lim
τ1→0

σ2q|xi,q0 |β=0 =∞.

Hence,

lim
ω→∞

δ0δ0

ay +
a2s

σ2
θs+θw|xi,q1,q0

a1γσ2q|xi,q0
|β=0 = 0.

In the announcement case, our equilibrium determining equations converge to the following

expressions as ω →∞ :

τ2 = δ2
1

γ
α

¡
κ+ τ20 + τ21

¢¡
τ20 + 2κ+ τ22 + τ21 + α

¢
τ1 = −δ1τ22α

β

γ
¡
τ21τ

2
2 + κτ22 + τ20τ

2
2 + 2ατ

2
2 + κα

¢
τ0 = F0 (τ0, τ1, τ2) |ω→∞,

By the observation of the coefficients defining F0 (τ0, τ1, τ2), it is apparent that all of them

are converging to finite, non-zero constants as ω → ∞. Hence, there must be at least one

equilibrium where all τ2, τ1, τ0 are finite and non-zero. Thus, limω→∞
¯̄̄
τ0
δ0
− τ1

δ1

¯̄̄
> 0, except

perhaps for a zero subset of parameter values.
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