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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.! 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 ¢-th group, t = 2,3..T, form expectations about the expectation of one
of the agents of group ¢ — 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, ¢ > 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

! Polarization 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.

? Allen, Morris and Shin (2006) uses the same structure to demonstrate that the low of iterated expectations
does not hold with dispersed information.



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



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 debt?. 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.



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, §. The public information on @ is
represented by the public signal y, while the the private information of agent ¢ in group t is
represented by private signals z; ;.* All signals and  are jointly normally distributed, all signals

are pairwise positively correlated to 0, and, for simplicity, let us assume that the covariance

For incorporating a larger number of private and public signals redifine z;;, = E(6|S7,) and y = E(0]SY)
where S, is the collection of all private signals of agent ¢ in group ¢ and SY is the collection of all public signals.
Assume that 6 follows a difuse prior. Then all the results and proofs in this section are also valid for that more
general case.



structure is symmetric in the sense that

var (zip) = O'i >0
corr(z14,0) = py9>0
corr (Tig,y) = Ppy =0
corr (Tig, Tjt) = Pygp >0
corr (Tit, Tju) = Pgpar >0

for all t and u # ¢ and ¢ # j. That is, each private signal have the same variance, each private

signal in group 1 has the same correlation to 6, 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 6,

fir = E(0lzi1) = aemia

fir = EO|zi1,y) = apziy + coy
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 f;1 and fi,l are first-order expectations.I require agents in group ¢ > 1 to

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

fit
fit

E (fj,t—ﬂsi,t)
E(fji-11Sit:y) -

Thus, an agent in group t forms an expectation of order ¢.
I say that for the given information structure public announcement increases disagreement

or causes polarization in the t-th expectation, if

/

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

_ 1 B
fz',t—ft’di</0 | fix — f2| di,

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

after the announcement.



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).> 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
ag,co > 0 (1)

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

Proof. Using the Projection Theorem® gives

Cov (y,0|z; 1)

fz,l ( ‘xz,lvy) ( ’x%l)—i_ Var (y’xz,l)

(y — E(ylzin))
which, together with the assumptions of the proposition, implies

PzyOy .
el < agy
Ox

ag = ag — Cy

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

?See, for example, Dixit and Weibull (2007) for the argument.
®The Projection Theorem states that if vy and v, are vectors of variables which are jointly normally distrib-
uted with the vector of expected values p,, pt,, respectively and covariance matrix

Yo 2o
25,0 Zs ’

VB‘VS~N (I—LQ + 20,32;1 (Vs - I“l’s) 329 - 29,32;123,8)

then

(see Brunnermeier, 2001).



agent in group t — 1, x;;_1 is sensitive to their private signals x;;.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

Prat < pgj’yae
o (&9 (1 - p?w) +ap)

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

Proof. Let
“ _ OF (.’Et71’$t,y) _ Og a:’o'g?, - U?c,y
v Ozy o2 05 — o2 2y
a _ 8E (xt_1’$t) _ Jx,m’
T aa:t 0’% '
Note that . .
0 40 0 4 0
i — (dx)t 1 i and i — (ax)t 1 i
Oxy Oxq Oxy 01
As % > a—fl > 0, % < axggl implies |Gz < |ag| and ’(&x)tflg—ﬁ < ’(ax)tflg—ﬁ
for all t. Note also that dft < g—ﬁ implies polarization in the ¢-th order of higher-order
expectations. Substituting in the definition of a, and a, into |a, gj; L < lag gf L1 and simple
2
algebraic manipulation gives p, v < Z=577 xp“” = which concludes the proof. m
’ ( (1 pyy)-‘rae)

In our applications, we will be interebted 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 |a,, ag| as
1 .
/ fia =Tl di = Jaan| [ |o}~a]di (2)
0
1

A

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

le_fl

| — 2| di

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.



Example 1 Suppose 0 stands for the performance of the economy and it has two components:
0 = 601 4 02, where 01 is the performance of the public sector and 02 is the performance of the
private sector. Suppose that 01 and 0- 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: ©1 = 01 + €. Group 2 contains a unit mass of speculators,
each observing a private signal about the performance of the private sector, xo = 05 + ;. We
are interested in the change in the dispersion of the forecasts of group 2 after the announcement
of the public signal y = 0 + n.

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

fo = E(E (0|z1) |x2) = Ej (491 |22) = 0.

Thus, there is no dispersion in the forecast of the second group at all:
Var ( fg) =0.
However, after the announcement of y, a speculators’ forecast, fa changes to

E (E (0|$1,y) |$2ay) = Ej (aafﬁl + cey|$2,y) =

= apLj (71]72,y) + coy = aga,, v2 + cyy,

where a, = oh Cp = %—];l and a,, = 9B@ilvay) pp g easy to check that a, ay # 0. Thus, the

ox1’ Ox2

dispersion of speculators’ forecasts changes to
2/ 2 2
Var (fy) = (ag,a9)” (05, +02,) > 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



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: z;; = 0 + ¢;,y = 6 + n. This

structure imposes a rigid structure on the correlation structure of signals and 6. In particular,
cov (Tit, Tju) = cov (Tig, Tjp) = cov (T4, y) = var (0)

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.” 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

"The 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.

10



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.®

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 ogy (w)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 > Kk > % 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—k —K
do not attack || O 0

Risk-neutrality implies that a speculator attacks only if she estimates the probability of deval-
uation larger than k.

Defending the exchange rate regime is costly for the central bank. If A fraction of specula-
tors attack,the cost of defence is ® ! (A) where ®~! (-) 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
isu™N (0, %) . Thus, the total cost of defending the peg is C' = &~ (A) + u.

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

AC > E (0]Sw), (3)

where 0 is the fundamental of the economy and S is the information set of the central bank
and A is a constant controlling for the trade-off.

The information structure is as follows. The fundamental of the economy contains three
factors, 6 = 0, + 0y + 0., where 6, is a factor specific to the speculators information set, 0y is a
factor specific to the central bank’s information set, while 6. is a common factor. Consistently
with this notation, the central bank observes a private signal z = 0 4+ 0. + €4, and each
speculator observes a private signal z; = 0, + 0. + €;. There might be a public announcement
of y = 0 +n. The cost of defence C' is also public information. I assume that all factors and

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

1 1 1
busty ~ N (0.2) 0 8 (0.2 ) i N (0.7
K w «
1 1
Ecb ~ N<07_>777NN(0a_>
v B

Observe that the parameter w controls the degree of uncertainty of speculators about the
private information of the central bank. When w 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 w.

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 w to keep the structure of information

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

This 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.

12



they have to forecast only one element (the private signal) of central banks’ information set.!?

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 z* and chooses the other action otherwise.
Both thresholds, z*, * 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 z* that the speculators

attack if and only if z; < x*. The later implies that the aggregate demand for dollars is
A= (z" -0 —0)) (4)

T}Jrl is the standard deviation of the private signal of each speculator. Using

oY

the assumption that the cost of the attack, C' is C = ®~! (A) + u, the cost of the attack is

where ¢ =

informationally equivalent to the cost signal, ¢, where

1 1
g=z"*——-C=0,+6.— —u. 5
" 7 (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
AC = E(8]z=2"q.y). (6)

Third, by definition, if a speculator has a signal of z*, she must be indifferent between

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

""Letting 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).

13



information set of speculator 7 is

*_E i Yy
Pr<z<z*rxi,y,q>—<1>(“” Gl “))

O zlwi,y.q

where 0,4, o = /Var (z|xi,y,q). Consequently, z* must satisfy

(I><z*—E(Z‘ZL‘i:$*;yaQ)) . (8)

O zlzi,y.q

Finally, substituting in the definition of ginto (6) and (8) and some simple algebra, equa-
tions (6) and (8) give a system of two equations with the two unknowns z*, 2* of the following

form

Qg

*

. 2* — &1 (k) O lwiyq — C2Y — b2q
Ay

where I used the notation of

E (0|zi,q,y) = agz; + bgq+ coy

E (Z|J:i7 q, y) = a,x;+ bzq + c.y.

Note, that both equations (9) and (10) are linear in * and z*. Hence, there is a unique intercept
. A
of the two lines as long as ;192 # a,.
The derived equilibrium is consistent with our conjecture that a speculator attacks if x < z*
only if expression (7) is increasing in z;. This is true if and only if a, > 0. Otherwise, we should

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

A = O(—t(z" —0s—0.)) (11)
qg = x*—&—%C:HS—&—QC—i—%u, (12)

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

of the sign before the constant 1. Hence, the derivation of the equilibrium incorporates both

—1) otherwise

cases if we substitute

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

The following proposition summarizes this subsection.

14



Proposition 3 As long as % % a,, there is a unique finite monotone equilibrium described

by

0601 (K) 0oja, g q + (a0C= + o) y + (aabz v <bg + w)) q
)\{b —a,ag
Mpz* — <<bg + 1}5\) q-+ 09y>

7]

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 a, > 0 and
2. if and only if x > x* as long as a, < 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 w, 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 <d ' (k K) Oz yq T 020" + (be + 721)\) q+ Czl/)) =

z)
azb9 + az +b )¢A _ a,cy + Cz)\1L < q)il (H) O-z‘xhy,q)\qz —
e (il S rawre) Kb vaowa b

AY 9z|x;,y,9

=d |0 (x =0 (' (w)K).
( ) /\w — ’az‘ ag 027 azb9+(az+bz)171)\ _ azcg+cz)\121 ( ( ) )
()\'szazae) a )\'szazao Y
where
K = Adj Uz|xi7y7q
A'¢ — ’CLZ| ag Uz— azb9+(az+bz)12)A _ aZCG+cZA17;
(Afb—a,zag) a )ﬂ'b—a,zag v

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

_ )\w O o\ws _ -

oK\ 1 zlzi,q _ 1

Pr(z < ) =@ | @7 () g | =0 (@ () K) .
Z_< (\p—azag) )q
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Thus, if K > K then more public information increases the probability of a successful attack.
Observe, that both K and K 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, W—)\ﬁmp_agv
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 w, 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 w 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 T,,Tg, that if w > T,,, and B < T then

~

K>K

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 (w 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 k. 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 x. 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

) () +u  if ot (A) <7 (¢
C = LA +u if L <d (A <19 (13)
O (1-&+u if e (1-¢g <o (4)

instead of C, where £ is a small positive constant. It is apparent that as £ goes to zero, the
system converges to the original framework. In the next proposition, I show that as long as ¢ 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 T¢ threshold that if
§ < T, there is a unique monotone equilibrium. Furthermore, as & — 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.!! To see why, let us consider the static Grossman-Stiglitz model'? where the
optimal demand function of a trader ¢ is given by

E(6S;) —
g - E15) —p

" 4y Var (0]S;) (14)

where 6 is the true value of the asset, S; is the information set of trader ¢ including the
equilibrium price p and ~ 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, fz |d;|di, positively depends both on the
average disagreement among traders and the precision of their estimation, m. A public

announcement related to 6, will unambiguously increase the precision of traders’ estimation.

"'See Evans and Lyons (2003), Love and Payne (2003), Fleming and Remolona (1999).

"2Tn 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 6 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 x; = 6 4+ &; and
the public announcement is y = 8 +n where 6, £;, 7 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.'?

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 U; (W;) = —e™"Wi, where W; is monetary wealth at the time of the exit, v 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:

- 1
Ut N <0, 5—?> .

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, p;, are determined by market clearing

in each period.

131n 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 6 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

0 =05+ 0+ 0,

where 0, 0, 0,, 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: z; = 0y + 0,, + &;, while
the private signals of New Yorkers contain information on the US factor and the world factor,
but not on the UK factor: z; = 05 + 0, + €. 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 = 84 1. I assume that all factors and noise terms are i.i.d. and normally

distributed:

1 1 1 1
Qk,es NN(O,—) ,Gw NN(O,—) ,Ei,sj ~ N <O,—> ,T]NN<0, —> .
K w « B

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
K, 09 — 0O Ow+ei | Ow+n| Oy ~ Oy Brown-Jennings(1989),
Kim-Verrecchia(1991,1994)
K — 00 Ow+cei | Ow+n| Oy ~ 0, + ug | He-Wang (1995)
w — 00 Or+e |0s+n | O+ 0 ~ 05 + ug | 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 = az(0s+60y)+ 2y + hagi + g2qo — eaus (15)
p1 = a1 (0p+0y) +cry+ higo —e1ua (16)
po = ag (0 + 0u) — eouo, (17)

where ¢, by, e, f1, f2, g2 are undetermined coefficients, while ¢, qo are specified as follows.
Prices together with past prices and the public information are informationally equivalent with

the following price signals

]. 62
@@ = — (p2—c2y — haq1 — g2qo) = (0s + 0) — —u2 (18)
az a2
1 e1
1 = — (p1—cy—higo) = (O +0u) — —w1
a1 ai
1 e
G = —po= (0 +0u) — —up.
ag ag
I define 72 as the precision of ¢;:
6% Tt %

1

— =—5or —=—.
2 252

T;  a?d;  Or  e

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 (0|zj,v,q2,q1,9) = aazj + beqz + coy + hoq1 + goqo (19)
E(0s + 9w|xz‘7 Y, 41, QO) = asw; +bsq1 + csy + hsqo- (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

E92'7725170_2
djs = (012, ¥, 92, 91,90) — P (21)
’YUCLT(9|Z]‘»@/,€]27Q1,QO)
E (p2|l'i»@/,Q1>C]0) — D1

yvar (p2|xi, v, q1,q0)

(22)
respectively. In period 0, Londoners maximize the following expected utility :

max E (—exp (—a (p1 — po) dio — di;1 (p2 — p1)) |24, qo) -

di0
In the appendix, I show that the demand function of Londoners in period 0 has the form of

E (pi|zi, q0) — po n E (diq|zi, qo)

d; o =
o V1 V2

(23)

where V7 and V5 are functions of the variances and expectations of 8, y, g1, g2 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

ag (0s + bw) + bogz + coy + hoqr + gogo —p2 _

Dy =
yvar (0|Z]7 Y,P2,4q1, QO)

Ug.
Using (18) gives
ag (0s + 0w) + bogz + coy + hoqr + goqo — yvar (0125, ¥, g2, @1, Qo) u2 = a2q2 + c2y + haqu + g2qo-
Setting the coefficients of random variables on the two sides of the equation to equal gives

ca =cp, ha=hg, and g2=gp (24)

and

ag (98 + Qw) — yvar (szjv.%(h;(h; q0) U = (a2 - b@) q2.

Substituting in g0 = 05 + 6, — %ug and collecting the coefficients of 05 + 0, and uo give
as = ag + by (25)
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and
ag as

yvar (9|Zja Y,q2,41, QO) B €2 '

We can write the latter as

ag T9
=< 26
yvar (9’2j7y7q27QI7q0) 62 ( )

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

precision of the price signals, T%, 72 73. Thus, the market clearing condition in period 2 implies

that the undetermined coefficients ey, a;, t = 0,1, 2 has to satisfy
T2 = Fy (7—277—177—0)7 (27)

where F (+) is a function determined by equation (26).

Turning to the market clearing condition in period 1

E@ﬂxu%‘lla%) — p1 = yvar (p2‘$iay7QI7q0) U,

we get

a2 (05 + 0|z = 0k + 0, Y, 1, q0)+c2y+hog1+92q00—(a1q1 + c1y + hiqo) = yvar (p2|xi, v, q1, o) U1
(28)

which implies
c1 = azcs +c2 = (ag +bg) cs + cg, ..h1 = azags + ga = (ag +bg) gs + go (29)
and, after substituting in ¢ = 0 + 0, — Z—im and collecting the coefficients of 6 4 0,, and u;,
a1 = az (as + bs) + ha = (ag + by) (as + bs) + hy (30)

and
E — a2a8 — aS (31)
51 yvar (pQ’wivya Q1>(JO) ’Y(GQ +b9) var (08 + 9w‘%‘>y7Q1;QO)

Thus, the market clearing condition in period 1 imposes the condition that 7, = 0, 1,2 has to

satisfy the equation

’7'1:F1(T2,7'1,7'0) (32)

where Fj (+) 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, 7 = 0, 1,2 which has the
form of

To = Fo (72,71, 70). (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 5 = 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 8 = 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. m

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:

djz = (2~ a) (34)
2

din = %($i_Q1) (35)
1

dio = %(ﬂﬁz‘—fm)- (36)
0

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 g—z 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, 5+ determines
how intensively the trader uses her private information to bet against the others. I will label

the fraction 5t as the trading intensity in period ¢.
t
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Using the definition of 7, and ¢;, we can rewrite expressions (34)-(36) as

dis = “2e;+up (37)
02

dii = e+ (38)
01

dio = ~e;+u. (39)
o

The expressions show that in each period, total positions consist of two parts. There is a
risk-sharing part, u:, which is purchased by each agent regardless of her information, and there
is a speculative part, 5te;, which depends on the difference between the agent’s signal and the
true value of the factor, €; or ¢;, and the coefficient 3+. 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 ¢ in period 1 is given by
vi =diy —dig = <% - %) i — up + u1.
1 0
Just as total positions, the total amount of trade of individual 7 consists of two parts. There
is an information-independent risk-sharing part, u; — ug, and there is a speculative part
(g—i — g—g) g;. 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:

1 ) 1 T T
Vltotal i / ’di,l _ dz‘,0| di = _/ a0 € +uir —up (b <C¥€z‘) dEZ‘_
2 2 (%—E—%)apuo—m o1 do

1 T1 T0
-3 — < |gtu—u ag;) de; =
2 /(%l%&>€i<’u40“1 <<51 60) ' 0> ol

1 0
1 T1 T0

ﬁgb(T) + sgn (5—1 - 6_()) (u1 — o) % (1-29(K))

T1 To
o1 do

with K = a+#2=% ,where I used the result that if ¢ ~ N (p1,0?), then

51_50

¢ ()
¢ d¢=E (> L) =p+oX(a)
¢>L @ ()

with A () = % and o = L—;H

Hence, aggregate volume depends only on the realization of u; — wug, the precision of the

private signals «, and the distance between trading intensities, . As the first one is

71 70
01 00
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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:

1
Va2r

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

1 70

Vl — Vtotal _ —_|L ‘Y
1 ’UO Ul (51 50

(40)

change in trading intensities in the announcement case, % — 21 and the no-announcement

70
00

case, % — g—g . 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, 6,,, and the
individual factors 6, 0. 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 do,k — o0

To T To To @ T1 T0O o

PR T T S T A
hence ‘71 = V1 =0 in this limit.

Proof. The proof is in the appendix. m

In contrast, the next proposition shows that if the importance of the common informa-
tion element, 6,,, 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.

iti , 1 T . 1 7 - ~
Proposition 8 If w is large enough D1 = 5 f 5—;@- di > 5 f 5—(1)@- di = Dy and V1 > V1 and
as w — o0 72:" — 00 ,Ql — 00 . Furthermore, Y .
Dy Dg i

Proof. The proof is in the appendix. m

This result is based on the same intuition as the one illustrated by the Example in section
2. In the limit, when w is very large, the importance of the world factor, 6,,, 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 ps which is not part of the public
information set — apart from the noise, us — is 65. But first period traders have no information
on 05, they have information only on ;. Hence, each traders’ guess on g 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 p; and ps, but they
have minimal information either on p;, as it is dominated by noise, or on ps, because they do
not know anything about 6. 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 ~ 05 + 0 + n, if 6,, is insignificant. So Londoners will have some
information on the sum of #; and 6. But together with their private information on 6, it
gives them some information on 6. What is more, as they have different guesses on 6y due
to their different private signals, their guesses on 0, will also be different. Therefore, public
announcement increases disagreement. In particular, an early trader with a high private signal,
will overestimate 6, so for a given y ~ 05 + 0 + 1, will underestimate 6. This is why, the

14

observation of the public signal motivates her to sell assets."* 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-

Y4 The fact that after the public announcement, if w 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 § and w and continuously differen-

tiable in 8 around 8 = 0 and w — oo, it is sufficient to show that

0 I oK
<\ Jm, 55 ) ls=o-
Because of the simpler algebra, I will show instead that
KZ
0< (JL“;O 8@7) ls=0-

Let us define first the constants

E = aby + (az + bz) P H— a,Ccp + Cz)\’(L
N )\{b — a,ag ’ )\1,7) —asap
Then
2
)ﬂ/) o—z\xi,y,q
ok? 9 <w—|az\ae) il
o op N
2 2
80§‘£i,y7Q()\¢*>‘\rz‘ae) o2 002 _pe_ny Ui\zivyv4<>\w*A|'lz|’10>
B z—Eq—Hy op Ui—dqfey

9 2
(O—szquy>

Note that all constants, cg, ag,a;,c,,b,,bg, o are continous in w and § and continuously

2
zlzi,y,q
differentiable in § if S is sufficiently small and w is sufficiently large and

) B (2k + P20 + v)
lim ¢p = 5 3 5 5
w—00 K2 4+ 260 + K“6 + kv + BY*S + fu + v
e — B (a+ K+ %)
wooo T K24 ak+ af + 268 + k26 + P30
. v (k+ @Z)Qd)
lim ap = 5 3 3 )
w—00 K? 4 2k6 + kv + kY 5 + Bu + P20 + v d
Iim a, = —« 3 b 2 2
W00 K2 4+ ak + aff + 260 + k2 + Pyd
+v
lim by = %6 "
i v K2 + 268 + KPS + kv + BY?S + Bu + o
. 26
lim b, = -0 5 3 3
W00 K%+ ak 4+ af + 258 + k=6 4+ BYd
lim o2 K2+ ak 4+ aff + 268 + av + k%6 + kv + BY26 + B + dv
o = .
w—oo ATy v (/62 + ak + af + 2k6 + mﬂzé + B¢25)
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Thus,

v ’ 24208+ R+ 25+ B0+ BY264+0020) 901425

by  (az+b:) y2o(stv) [~ ot
lim B = lim 2 TR CRTOT (Kt 0%0) oY
e VIR 0 o

aag v(r+129) o B
rcz+2rc,8+m)+m/125+[311+ﬁw25+1Jw26 n2+an+a6+2r@ﬁ+mﬁ26+ﬁw25

where the right hand side is proportional to [, so

. 9( E? O(limy— 00 E?
(o}lﬁgo (ag )> lp=0 = (%) [s=0 = 0.

Similarly,
Ce o 1 B(26+920+0) | k212084 ru+rb26+Bu+BY2 5+ vib28 atrfib?s A
. . + az ag A@Z) (/1+'¢)25)'u v(ﬁ+1p25) o
lim H = lim = 3
w—00 w—00 M\ 1 Y -1
azag v(r+126) 8
WZ 2Bt rut R 2oL ButBYRotoRs k2 tantaBt2nBtrgRo1 P2
SO

. o(H?) _ [ 0(timew—oo H?) _ (9Qlimy oo EH) _
(L}gfolo a—5> l3=0 = <T l3=0 = (T) |5=0 = 0.

Consequently,

802_ _
(JL“go #) =0 =

. < lim 8(1}(17"(z)+E2var(q)+H2var(y)+2(EHcov(q,y)—Hcov(z,y)—Ecov(q,z)))> |5—0 _

w—00 op

. OH . OF
= —2 lim cov (z,y) (WILII;O %> ls=0 — 23220 cov (g, 2) ( lim 3_5) |8=0

__21 Olimy, oo H __21 Olimy 0o HY
Tk op Tk op N

where I used

2
ﬁ(ZH_H/} 5+U) w2 42kB+rvtrp264ButBy2stuy?s a+n+¢25)\,¢

8 (H+w25)u U(H+w25)
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Also,

2
2 Y
99 124 (W—\ame)

s o5 ls=0 =
2
. 2 . A
hm Adj 2 8hmw_)oo O-Z‘Z'hy,q 4 llm 0_2 ahmw*)OO (/\’(ﬁ—|az‘a9) | -
w—oo \ A\ — |a,| ag op oo ZlTiy,a B B=0 =
1 Y
=—— 42
K2 K2X (6%Y* + ak + 2009 + koY)
Thus,
Oo? (¢>2 902 o2 ( Ay )2
9 zlzs,y,g \ Mb—lazlag <0.2 o H ) Y99, _Eq—Hy z\xi7y7q2 Ap—lazlag
hm 8£| — hm oB FRamhy B a-zqufey | —
Ww—00 8/3 p=0 Ww—00 9 2 B=0
<Uz—Eq—Hy>
_1 () 1
- K2 +2ad m2)\(621/)4+a/£+2a6w2+m5¢2) + 252 50
- 1, 1)\2 :
(+2)
||

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

response if each speculator attacks for any x; as

lim E (0]2;,y, 27 (&) +u) > A (27 (€) +u)

z2;—00
for any realized u. Similarly, keeping the peg for any z; is not a best response if none of the
speculator attack for any x; 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

A = E<eyz:z*,é,y> (41)
Kk = Pr <z<z*]wi:x*,6~’,y>. (42)
Note that
E (9|zi,C~',y> -
:E(e\zi,é,y,é—cb—l(g) >u> C’—fb_l(l—g)> Pr (é—cb—l €) >u> C’—fb_l(l—g)\zi,é’,y>+
+E (9|zi, C,y,C—d 1 (€) < u) Pr (é — L (€) < ulz, é,y) +
+E (em,é,y,é —el(1—¢) > u) Pr (é —el(1—¢) > u|zi,C~',y>
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and

Pr (z < z*]xi,é',y> =
— Pr (z < M, Gy, C— L (@) >u>C— oL (1 —g))
Pr (C‘—qu ) >u>C—d1(1—¢) |xi,é,y) +
+Pr (z < My, Gy, O — 7 (€) < u> Pr (é ol (¢) < u|xi,é,y) +
+Pr (z < |2, Gy, C— o (1 —€) > u) Pr (é—qu (1-¢) > u|xi,é,y> .

As
lim Py (é — () < ulz, C, y) = lim P (é — 3718 < ulzi, C, y) =0
lmPr(C -2 (1= >uzCy) = ImPr(C—2(1-8) >ulz.Cy) =0
and
%i_)I%E (0|zi,C~',y,C~' —o ) >u>C—-d (1 - é)) = E(0lz,q,9)
%E%Pr (z < X2, Coy,C =) >u>C—d71 (1 - 5)) = Pr(z<2z"zi,q,9),

if € — 0, equations (42) and (41) converges to (8) and (6) respectively. Thus, for a sufficiently
small &, the best response functions defined by (42) and (41) are arbitrary close to the straight

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

B Appendix: Application II

B.1 Demand in period 0

In period zero traders maximize the expected utility

E p21491,Y,Zi,q0) — P1
E (- exp <—V (p1 —po) dio — (P i» o) (p2 —p1) ) |zi,q0 | =
var (p2|q1, v, %, qo)

E p2141,Y,Zi,q0) — P1
=F <E <— exp <—W (p1 —po) dip — (p2la, y, 21, 4o) (p2 —p1) ) o, ¥ zisq1 | |Ti,q0 | =
var (p2|q1, v, %, Qo)

E » Y, Ti, - 2
& (_exp (—v (b1 po) dso — (E (p2lq1, v, is q0) — p1) ) !xi,qo) _

2var (p2|q1,y, 5, q0)

a

1 2 9
=F(—exp|—v(a1q1 +c1y + h1go — aoqo) dip — = 2 x; — x;,
( p( v (a1q1 + c1y + higo — aoqo) dio 3 var (0 Gw\wi,y,qh%)( i—q1) > |z c10>
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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 forms'® implies that

E » Y, Tq, - 2
> (_exp (-’Y (71 — po) dio — (E (p2lq1,y, i, qo) — p1) ) m’qo) _

2var (p2|Q17y737j7q0)
1 a? 2
=FE | —exp | —v(a1q1 + c1y + h1go — aoqo) dip — 2— (i = a1)” | |i, 4o
g +0w|xzyy q1,90

wich equals to

1 a2 2
—37————x; — v (h1 — ao) qodio
95"!’911)‘11 Y,491,90
0,2
_ + < —yeidio  —vardip + —————u; ) .
B exp *%-ﬁ-ﬂwl"cZ Y,41,490 q1 |$’L’ 9o

— 1 a2 00 Y
( y ql ) <2 Ugs+0wmi,y,q1,qo> ( 0 1 ) ( ql )

The last expression is a monotonic function of

1_112;_
—37 z? — (h1 — ao) qodi o+
0s+9w|93; Y,91-490

, a—§ . Fy
+( —vadio | —yaidip + T +
e+9w\wz Y,91,90 /J’q
0
0

1 a—2 0
A —yadio (—yardip + —2 zi) ) =2(py py) S S
9+8w\m2yq1 0 9+91U|T7,yq1 qO’y

-1
0 0 —vc1dio
a? o2
0 w——— 'Yaldz o+ —5371‘
093+9w\17;7@/7¢Z17¢Z0 0s+0wlzi,9,91,90
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+ Uylxi,qo Uy2Q\Ii,CI0 -9 0 1 a2 ( Fry >
Tyqlzi,q0 O-q|xi7q0 202 Hq

0s+0wlz;,v,91,90

()5

9.>+9w\11 Y,41,90

MI»—A

5 - - . . . .
15Tf ¢ is constant scalar, L is a nzl constant vector, N is an nzn constant matrix and M is an nxl stochastic
matrix and [ is an information set, then

E(—exp(c+L'M—-MNM)I|I)=

—1

— W2 2N + W P exp <c+ L'Q-QNQ+ % (L' —2Q'N)) 2N + W) " (L - 2NQ))

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

Ky = E(y|$17QO)

py = El(alzi,q)-
Maximizing the expression in the bracket gives

a2 2 a2 2
((hlfao)qo+cluy+a1,uq) Qﬁ oo+l ++02 (claqeraqal)(xif,uq)
d'O _ 0s+0wlzi,9,91,90 0s+0wlz;,9,91,90
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)
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2 2, .2 2 2( .2 2 2
o ay+o ct+2aic10 ) cilo o —0o
7( alzga01T 17201619 gy[a;,q9 1( qlz;,90" vlzi,90 qyfcq;,q()))

T0s+0w|x;,y.q1,90
(hl—ao-‘rclby-‘r(llbq) 02—50'(14-1 —gg—s(cla'qy'f'a'qal)bq
0s+0wlx;,9,91,90 0s+0wlz;,y,91,90

N qo +
2 2 2 2 as 2 2 2 2
o ad+o ci+2ai1c10 ) e — =l Weg o —0o
v qlz;,90 it ylzi,q0 it2aic qy‘zl‘q0+o2 1( qlzi.90  ylzs,90 qy\%wqo)
0s+0w|z;,y,91,90

2 2

a a

(cray+aiaq) 02—503—1—1 +02—S(cloqy+a§a1)(1—aq)
0s+0wlxi,y,91,90 0s+0wlxi,y,91,90

_l’_

ZT;
2
2 2, 2 2 ag 2(.2 2 2
o at+o c{+2aicio ) cilo o —0
T\ %4leia0 1t ylzi,q0 11201610 4y|2;,99 T2 1( qlz;,q90" ylzi,q0 qylwi7q0>
0s+0w|z;,9,91,90

where I used or the definition
E(y|zi,q0) = ayxi +byqo
E(qi|zi,q0) = aqxi + bgqo.

using the market clearing condition for period 1, substituting in ¢o = 0 + 0,, — %uo and

collecting the coefficients of 0y, + 0, and ug implies that in equilibrium

2 2
a a
(h1—a0+01by+a1bq)<02—S‘73+1>—02—5(010qy+03‘11)bq
0s+0wl|z;,9,91,90 0s+0wlz;,y,91,90 —
2
2 2, 2 2 ag 2(.2 2 2
o at+o ci+2aic10 ) cilo o —o
’Y< qlz;,q90 1t ylzi,q0 1t2a1c1 qy‘mz=q0+a2 1( alzi,q0 vlzi,q0 qy%‘»qo))
0s+0wl|zi,y,91,90
(cray+araq) | — = gitl |+ = (clo'qerUqal)(lfaq)
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2 2, 2 2 ag 2( .2 2 2
o at+o ct+2aici10 ) cilo o —0o
v qlz;,q90 1t ylz;,90 12014 qy|7‘z"10+02 1( alzi.q0 vlz;,90 qy%wqo))
0s+0wlz;,v,91,90

(cray + arag) | —S5——02 4 1) + —5% (104 + 02a1) (1 — ay)
C10y a10q 2 Jq 3 C10qy anl %
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must hold. Thus, in equilibrium



and, using (29),

Fy(19,71,79) =

2 a2 ((a +b cgo +(72(a +bs) )+cgo +o‘2h l1—a
((ag+b9)(csay—|—(as+bs)aq)+ceay—|—h9aq)((72 ag 0.2+1>+ b(( 0 9)( s (”22 glas+bs ) 099y T9q 9)( Q)
0s+0wlzi,y,91,90 0s+0wlxi,9,91,90

((ag + bg) (as + bs) + h9)2 + 2 ((ag + bg) (as + bs) + hg) ((ag + bg) cs + co) Tqylziqot

a2 2 2 2 2
+((ag + bg) ¢s + ¢) <02 <O—Q‘$i7q00—y‘$i7q0 Taylzigo ) T Tyleigo

0s+0wlz;,y,q91,90

2
UQ|$z'7QO

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

« H+T(2)+T% (k4w)
IS 1)
b - T%(R-FT%-&-Tf)(m—&-w)
6 = B
co = 5(Kz+TST§+T%T§+am+aw+2mw+a7%+/¢T(2)—|—on'%—|—m’%+fs7’%—|—w7’%+w7’%+w7’%)
- B
n+w a+K+T
hy = Hstollabein)
/-c+w a+K+T5
g6 = ( 2)
241212 42w+ ar2+ar?+awtratk2+H2kwH KT+ wri 41272412042k
var (9|zj7QQ,q17q0>y) = . E— ¢ ! B 2 E—— !
where
B = w (52 — 7'(2)7'% — T%T% — ozTO — 047'%) +
2 2 2 2 2 2
+(r+w) ((k+75+77) (a+73) + (5 +71) (a+ K+ 73)) +
+8 (K2 + 7272 + 7272 + ak + aw + 26w + QT2 + KT + aT? + K72 4+ K72 + WTE + wTs + wr3
0’2 112 0 0 1 1 2 0 1 2
and
_ a(HZwa)
as = K272+ R2T3 k2 +K2 B+ K2wHKBTE+RBTI+RwTa +KwT T+ BwTa+BwTs+akB+akw+aBw-+2kBw
b . T%(I{ —,Bw)
ST R2TEHR2TI bk 42 B+ R2WHKBTEHKBTI + wTE +RwT 4+ BwT 3 +BwT i +akB+akw+ofwt2kBw
N ,B(n+w)(a+/1+‘ro+7'l)
Cs = R2TEHR2T+ar? + k2 B+ K2w+KBTE+RBTI+KwT3+HRwT? 4+ BwTE+BwT2+akB+akw-+afw+2kBw
72 (K2 —Bw
b 3250

K272 +R2TIHak?+K2 B+ K2wHRBTEHRBTI+hwTa +HRwT 1 +BwTa+BwTs+akB+akw+aBw-+2kBw
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a(ktw) ;

ay = Q¢ = aktaw+kw+rT3+wTs

b — b = (Ii+w)T(2)
Y 97 aktowtrwtrTitwrd’

Furthermore,

. T%w+2’r% ktwp+r2 +Hw+aw+2al€+’7’%5+aﬁ+27’gH+T(2)W+BH+T%B
+0uw|Ti,q1,90,y K2wA2kwB+kwT2+73 K2 +K2B+akr?+rwatkwTi+T K2 +T3KB+ 13w+ KB+T3wl+akB+owf

2
0'93

0.2 _ 2kwB+k2 B+BawtBak+BriwtBrEktrawtrZatrriwtr?Ti+r2w
ylzi,q0 (ot rort 73+ w3 ) B
2 T2w4TIktawtkat+Tiw+kTE 4w
g =
qlzi,q0 (ow-trot T3t RT3 +rw)r?
0-2 — Wtk
yalzi,qo awtka+TiwHRTE+REw

B.3 Proof of existence

I show the existence in three steps.

Lemma 1 Let us fiz 1o = To at any arbitrary level. The system 7o = F5(T2,71,70), T1 =
Fy (12,71,70) has at least one fix point, (75 (7o), 75 (T0)). Additionally, T5'"< 75 < dria
where Trznin is the single root of

1 Kw + K2
¢ 2 2 2
a ow+ Ko+ K2+ 2w + KT5 + wTh

:T2

Iisz
and % < (>)11 < (=)0 if and only if k? < (>)wpB. Furthermore, the functions 75 (7o)

and 735 (To) are continuous.

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

and (32) give

2 2 2
Ty = F2(72,71,T0):
1 7242w+ kwHT2R+T2 K+ K2
= 4 0 1 0 1
- 2_a7—2/s+7'27'2+7’2w+a7'2+o¢7'2+o¢w+ma+fc2+2mw+m‘2+w7’2+7—27'2+7—2w+7'2m
0 072770 0 1 2 2TTIT2T Ty 1
2 2
2 2 2 (n 7w5)617'2a
T = Fi(715,71,75) =
1 1( 2D O) 7(&7%7%+Hw‘r§+7§n2+wﬂ'%‘r§+2aw‘r§+/€7%7§+2na7%+T%w‘r§+an2+nwa)

Notice first, that 71 = F (7‘%,7‘%,7"3) is a third degree polynom in 71, which is monotone

increasing so it gives a single root for every 79 and 7. Similarly,7o = Fp (T%, 73 %(2]) is also a

39



monotone increasing third degree polynom in 79 which gives a single root for every 79 and 7.
It is also apparent that 77 (7o) and 75 (7o) are continuos in 7.

For the existence of the fix point (77 (7o), 75 (7T0)), it is sufficient to show that there is a
solution of

1 _
Ty = F5 (12,71 (72,70),70) = ;045217270 (12) =

where FJ° (-) continuously maps 79 to the unite interval. As

1 1 2
1 — 0 — _ KWK
TIQIE}O 7a52F2 (TQ) 52,Ya‘rf(O,‘T‘o)n+m2+‘r%(O,‘T’o)w+73m+an+7%w+aw+2nw >0,

where 77 (0, 7¢) is finite and

1 - 1
0< —Oé(SQFQTO (Tz) < 52—0&,
~ a

there has to be a fixed point. The rest of the lemma comes from observation. m
Lemma 2 The denominator of Fo (73,73, 75) is positive.

Proof. Note that the matrix

0 0 -
a§s+9w\xivy»qlvq0 va T

is positive definite as s > 0. Consequently
0 < zQaz’

for all z. The lemma comes from the choice of

T = <( —acidiy (—abidig 4+ swi) ) —2( py 1y ) < 8 Os >>

as then

a2(c%o'y+c%soyaqfc%sozq+aqb%+2cla'yqbl)d2_
ogs+1 1

2ac10yqsT;—20qab1p,s—2ac10yq iy s+20qabisT;

- oot di1
q

9 2

oy (rim,)
ogs+1

0 < zQz’ =
+

which implies the lemma. m

Proposition 9 An equilibrium exists.
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Proof. Let us define Fp (19) = Fo (75 (10) , 75 (70) , 7o) 1 show that the expression 79 =

Fy (7o) has at least one fix point. First, I show that lim, ., Fo (70) = 0. I use the form (43). As

2

as

2 _ay
%,00° 02
ylzisqo 0s+0wlzi,91,90,Y

goes to infinity

To — 00, T5 goes to a constant, 7] goes to 0 by the order of T—lg, hence ¢y, 0
0

converge to constants, o and ay, aq goes to 0 by the order of T—12
0

2
yq|Ti,q0 ' Tqlasqo

by the order of 7§ and a; goes to 0 by the order of T—lz . So the numerator of Fp (1),
0

2 2
Qg 2 asg 2
(cray + aray) (2—0q + 1) + 5 (c10gy + 05a1) (1 — ay)
T0s 40w zi,.q1.90 T 05+, |21,9,91,90

goes to infinity by the order of 73 . The denominator,

2
2 2, 2 2 s 2( 2 2 2
(Uqlm,qoal F Oylas,q0C1 T 201€10 gy | g0 T o2 1 <Jqlxi,qoay|xi,qo qul%t}o))
0s+0w|Ti,y,q1,90
2
. . 4 - ag 2 2 2
also goes to infinity but by the order of 7; given by the term of — 1O a0 ylwino”

i‘es-&-Bw\xi,y,quo
Hence, lim; ;o0 go (70) = 0. Second, by Lemma 2 , the functionFj (7¢) is continuous in 7¢.and

Fy(10) = Fy(—70), as 7o enters in the form of 7'8. Hence, Fjj(19) will cross the 45° line
necessarily, because it is continuous and goes to 0 as 79 — oo or 79 — —oo. Therefore, there

will be a fixed point with 7§ > (<) 0 if F}(0) > (<)0. =

B.4 Other proofs

Proof of Proposition 7. For g—;, %, ;—; and %, the result comes from the simple observation

that the ordered limit

o'
lim lim fg (7‘2,7‘177'0) = —

02— 00 K—00 ot
and, after substitution of 75 = £,

lim lim f1 (7’2,7’1,7’0) = g
Y

do—00 K—00

The result for %01 and 2401 can be obtained in a similar way, if we take the limit of Fy (72,71, 70).
|
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 w. For the second half of the

statement, it is sufficient to show that lim,_,s ;401 — % % — 0

= lim, 00 )%01) = limy, 00

while

0 _ T1
00 01

— C1,|#| — Cy and |22 | — C3 , where C1, Cy and C3 are non zero constants.
01 4o ’ 9
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In the no-announcement

case, the equilibrium is characterized by the following equations:

F5 (72,71,70) |p=0

5ad a(i’%w—&-’r%w—&-nw—&-%%ﬁ—l—%%n—&-n

TOK+TOT2 +7’0w+o¢70 +a7'1 +ow+tra+k? +2/€w+/§7—2 +w

51?‘%0&

7o = Fo (T2,71,70) [s=0 = do

)

ST w TR

Fy (T9,71,70) |3=0 =

12

a(ni’2‘?‘2 +nw7‘2 +7'2 K2 +w7‘1 T5 +2aw7’2+m'1 T5 +2/10m'2 +7'0w7'2 +ak? +/1wa)

ag

Gy +

o2
05+9w|x7 141,590 |

arye qlr 190

It is apparent, that for any 71, 7g, lim,, .o 72 is a finite, positive constant, and for any finite,

positive 72 and any 7¢, limy,_, 71 = 0. Consequently,

Hence,

In the announcement

expressions as w — 00 :

T2

T1

70

hm O'q‘x 0 lB=0 hm oq|m 0 lB=0 = 00.
2
ayg
ay + =
. Do t0uleiar,
lim 6000 s 211)‘11 41,90 | - 0.
wW—00 a1yo
qlzs,q0

case, our equilibrium determining equations converge to the following

1 (/-z + T% + 7'%)
2775 2. 2
v (TO+2/€+7'2+7'1+04)
B
¥ (T%T% + m’% + T%T% + 2047% + /ia)

Fo (7_07 T1s 7_2) ’wﬂoo;

—61730

By the observation of the coefficients defining Fy (70,7, 75), it is apparent that all of them

are converging to finite,

equilibrium where all 79,71, 79 are finite and non-zero. Thus, lim, ..

perhaps for a zero subset of parameter values.

non-zero constants as w — oo. Hence, there must be at least one

> 0, except

70 _ T1
00
||
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