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Abstract

We study a model where the aggregate trading of currency speculators reveals new

information to the central bank and affects its decision on whether to abandon a fixed

exchange rate regime. We show that the learning process gives rise to informational

complementarities among traders, which generates coordination motives in their trad-

ing and reduces the informational content of the market signal and the efficiency of the

central bank’s decision. We analyze the tradeoff between information and coordination

and derive comparative statics regarding the efficiency of the central bank’s decision.

We show that by committing to overweight its own beliefs, the central bank can im-

prove the ex ante efficiency of its decisions. We also find that transparency may reduce

the ability of the central bank to learn from the aggregate action of the speculators.

Overall, our results apply to a wide range of problems, where decision makers learn

from the actions of heterogeneously informed agents.
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1 Introduction

Many decision makers inspect the events in financial markets to gather information. Firm

managers learn from the market about the profitability of proposed investments and use this

information when making real investment decisions (Luo (2005) and Chen, Goldstein, and

Jiang (2007)). Providers of capital use the information in the market to decide whether to

finance investment projects (Baker, Stein, and Wurgler (2003)). Policymakers use market

information when setting interest rates and making other decisions (Piazzesi (2005)). Fi-

nancial markets are known to provide useful information because they aggregate opinions

from many different speculators, who trade on their own money and are too numerous to

be communicated with outside the trading process. Roll (1984) and Wolfers and Zitzewitz

(2004) provide evidence that demonstrate the accuracy of financial-market information.

We show that when using the information aggregated in the market, decision makers

adversely affect the trading incentives of speculators in a way that reduces the informational

content of the market signal. Hence, learning from market events can be self-defeating. In

our model, since the aggregate action of speculators affects a decision that changes the value

of the traded security, strategic complementarities arise among speculators and make them

want to trade like others. As a result, the signal that comes from the aggregate action of

speculators reflects not only information about asset fundamentals, but also coordination

among speculators. We model these forces and analyze the equilibrium outcomes in the

context of a central bank that tries to learn from the size of a speculative attack about the

optimal exchange rate regime.

Speculative attacks in currency markets lead central banks to change their exchange rate

policies and even to abandon a fixed exchange rate regime. Existing models of speculative

attacks offer one common mechanism that centers on the fact that a large speculative attack

causes a substantial loss of reserves (see Salant and Henderson (1978), Flood and Garber

(1984), and Krugman (1979) for first-generation models, and Obstfeld (1996) and Morris

and Shin (1998) for second-generation models). In our model, speculative attacks affect the

central bank’s decision because of the information they contain. In particular, we study a

situation where the central bank is only partially informed about the fundamentals of the

economy. Speculators in the currency market also have pieces of information that guide their

decision whether to join a speculative attack. By observing the aggregate size of the attack,

the central bank gets an aggregate picture of the pieces of information held by speculators.
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Seeing a large attack against the currency, the central bank may come to believe that the

fundamentals are bad and thus that it should abandon the regime.1

In the specific context of speculative attacks, the motivation for this approach is twofold.

First, the relevance of the traditional approach in capturing the real-world environment

has decreased over time. Losing reserves does not seem to be as costly as postulated by

the traditional approach. This is because central banks, especially those in the developed

countries, often have access to large short-term borrowing facilities for foreign reserves from

other central banks or multilateral agencies. In addition, other defensive mechanisms such as

raising short-term interest rates or implementing differential credit controls and restrictions

on currency speculators also are available.2 Finally, the traditional approach is suited to

explain only speculative attacks against an over-appreciated currency, since reserves do not

pose a problem when the currency is over-depreciated. Our approach can be used to analyze

attacks against an over-depreciated currency, such as the Chinese Yuan.

Second, the idea that the central bank is not fully informed about the state of the

economy and that it can gain additional information by observing market outcomes is very

natural. Trading in the currency market aggregates private information of speculators. This

private information can simply be speculators’ private interpretation of public news about

various aspects of the economy. It also can be information that is not publicly observed.

For example, take the model of Burnside, Eichenbaum, and Rebelo (2001). They argue

that prospective deficits associated with implicit bailout guarantees to failing banks were

the reason for the crises. Relating this to our paper, one can argue that the currency

market aggregates market participants’ heterogeneous understanding of the severity of the

impact of implicit bailout guarantees. Indeed, existing empirical literature documents the

informational content of currency trading.3 Moreover, in a recent paper, Piazzesi (2005)

documents that in the US, the Federal Reserve Bank is affected by market developments

when setting monetary policy. Finally, it is important to note that the notion that central

banks are fully informed before a speculative attack erupts seems inconsistent with anecdotal

1The regime change decision in the model can be interpreted more broadly to capture other central bank

policy decisions such as intervention in a managed-float exchange rate environment.
2Drazen (2000) has a detailed description of these defensive tools.
3For example, Ito, Lyons, and Melvin (1998) show that foreign exchange trading contains private infor-

mation; Lyons (2001) and Evans and Lyons (2002) show that order flows forecast changes in exchange rates;

and Danielsson and Saltoglu (2003) show that institutional order flows are informative about exchange rate

changes.
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evidence from real-world episodes. In these episodes, it is often the case that a central bank

defends the currency regime for a period of time, and then abandons it. Such behavior can

be rationalized only if the central bank learns something during the course of the attack.4

Our analysis shows that, by using the information captured in the size of the speculative

attack, the central bank is able to improve the efficiency of its decision on whether to

maintain the exchange rate regime. Yet, learning from the currency market comes with

a cost. Assuming that there is some commonality in the pieces of information observed by

market participants, we find that market participants put excessive weight on the common

information when deciding whether to participate in a speculative attack. As a result, the

aggregate attack reflects both information and coordination, and the efficiency of the central

bank’s policy decision is reduced. Hence, the information aggregated in the process of a

speculative attack provides a double-edged sword to the central bank.

The reason behind this result is that when the central bank learns from the aggregate

action of multiple speculators, strategic complementarities emerge among them. That is,

speculators have an incentive to do what other speculators do, so they put excessive weight

on the common signal, which is informative not only about the fundamentals but also about

the action of other speculators. Thus, speculative attacks in our model have some similarity

to those in Morris and Shin (1998) and other related papers in that they come as a result of a

coordinated action among speculators, and they lead the central bank to take an inefficient

action. Importantly, however, unlike in other papers where strategic complementarities

are assumed to exist, in this paper they emerge endogenously as an inherent feature of

information aggregation and learning. We thus refer to the complementarities in our paper

as informational complementarities.

What causes informational complementarities to emerge? The idea is that if many spec-

ulators are going to attack even when the fundamentals are not bad, then the aggregate

attack may fool the central bank to think that the fundamentals are bad and to abandon the

regime. Knowing this, it is optimal for each individual speculator to join the attack as well.

Thus, informational complementarities come solely due to the fact that the central bank is

learning from the aggregate action of speculators.5 The irony is that by learning from the

4Angeletos, Hellwig, and Pavan (2007) consider learning in the other direction. They consider a dynamic

model where speculators learn about the fundamental by observing the actions of the central bank over

time. Angeletos and Werning (2006) and Hellwig, Mukherji, and Tsyvinski (2006) study learning among

speculators when they all observe prices.
5Note that the informational complementarities here are different from the complementarities in the
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aggregate action of speculators the central bank reduces the informational content in this

action. Morris and Shin (2005) note that the central bank is an active shaper of events

and an observer of events at the same time. Our model demonstrates that these two roles

interfere with each other.

Our analysis shows that the informational complementarities considered in our paper

generate quite different implications from the usual direct complementarities (as in Morris

and Shin (1998)). For example, while a decrease in the transaction cost of attacking the

currency increases the probability that speculators will participate in a speculative attack,

it has no effect on the probability that the central bank will abandon the regime. This is

because the central bank cares only about the informational content of the attack, and thus

filters out the effect that transaction costs have on its size. This may be an explanation to

the empirical puzzle that some speculative attacks are defended but some, equally strong,

are not (Rebelo (2000)).

Based on this logic, variables that characterize the quality of information turn out to have

the most substantial effect in our model. We are particularly interested in the effect of these

variables on the efficiency of the central bank’s policy decision. Quite expectably, we find

that the quality of the central bank’s private information increases the efficiency of its policy

decision. On the other hand, the effect of the quality of the speculators’ information turns

out to be more complex. When the idiosyncratic elements of their information sets become

more precise, the central bank is more likely to take the efficient decision. This is because

speculators’ information gets transmitted via the trading process and guides the central

bank in its policy decision. But the precision of the common element in the speculators’

information sets may have the opposite effect: When the common signal held by speculators

gets more precise, their ability to coordinate on misleading the central bank into taking

the wrong action improves. This result is reminiscent of Morris and Shin (2002), where an

improvement in the precision of a public signal can reduce efficiency. The stark difference,

however, is that in their model there are assumed strategic complementarities that lead to

this result, whereas here strategic complementarities emerge endogenously due to learning.

Overall, given the importance of the informativeness of the trading process, potential tests of

decision to produce information studied in papers like Froot, Scharfstein, and Stein (1992); Hirshleifer, Sub-

rahmanyam, and Titman (1994); Bru and Vives (2002); Veldkamp (2006a and 2006b); and Dow, Goldstein,

and Guembel (2007). Here, speculators want to trade in the same direction as others, while in the other

papers they want to produce information if other speculators produce information.
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our model can be based on market microstructure measures as in Easley and O’Hara (1987).

We also study the desirability of two policy tools in our framework. First, we show that

the central bank can improve the ex ante efficiency of its policy decision by committing

to put a lower weight on the information conveyed by the speculative attack than is ex-

post efficient. While this generates ex-post inefficiency, it changes the ex ante incentives

of speculators in a way that makes them put a lower weight on their common information.

This, in turn, increases the informativeness of their aggregate action. Second, we analyze

the effects of central bank transparency.6 We find that the impact of transparency is quite

delicate. We discuss two related notions of transparency. In the first, speculators commonly

observe a noisy signal of the central bank’s information. We show that this reduces efficiency

because it provides common information to the speculators about the action that the central

bank is likely to take, and this enables the speculators to coordinate on their common

information more effectively. In the second notion, speculators heterogeneously interpret

the central bank’s communication. In this case, more transparency is always good, because

giving speculators better heterogeneous information reduces their ability to coordinate and

leads them to reveal more accurate information through the attack.

As emphasized in the beginning of the paper, our model applies to a wide range of

problems, where decision makers learn from the actions of heterogeneously informed agents.

In this, our paper belongs to the growing literature on the feedback effect from trading in

financial markets to the real economy. Earlier papers by Fishman and Hagerty (1992); Leland

(1992); Khanna, Slezak, and Bradley (1994); Boot and Thakor (1997); Dow and Gorton

(1997); Subrahmanyam and Titman (1999); and Fulghieri and Lukin (2001) analyze models

where the information revealed in the trading process affects decisions in the real economy.

Our paper brings a new angle to this literature. It shows that the fact that a decision

maker in the real side of the economy learns from the trading process may generate strategic

complementarities among traders and lead to equilibria where they act as if they coordinate

to manipulate the beliefs of the decision maker. Our paper is closely related to two recent

papers in this literature. Ozdenoren and Yuan (2007) show that the feedback effect from

asset prices to the real value of a firm generates strategic complementarities. In their paper,

however, the feedback effect is modeled exogenously and is not based on learning. Goldstein

6There is a large literature on transparency. Some recent works include Morris and Shin (2002, 2005),

Heinemann and Cornand (2004), Woodford (2005), Svensson (2005), Hellwig (2005), and Angeletos and

Pavan (2007).

5



and Guembel (2007) do analyze learning by a decision maker, and show that this might lead

to manipulation of the price by a single potentially informed trader. So the manipulation

equilibrium is not a result of strategic complementarities among heterogeneously informed

traders.7

Finally, in a concurrent and independent paper, Angeletos, Lorenzoni, and Pavan (2007)

analyze how learning by Wall Street traders from aggregate investments of “Silicon Valley”

firms can lead to endogenous complementarities. Our paper is different from theirs in the

context of the study and in the modeling device. Hence, the two papers yield different results

and implications.

The remainder of this paper is organized as follows. In Section 2, we present the model

setup. Section 3 characterizes the equilibrium of the model. In Section 4, we describe the

notion of informational complementarities that emerges in our model. Section 5 analyzes

the implications of the model for the efficiency of the central bank’s decision on whether to

abandon the exchange rate regime. In Section 6, we analyze the desirability of two policy

tools in our model. Section 7 concludes.

2 The Model Setup

The players in our model are a central bank and a continuum of currency speculators.

Initially, there is a currency peg in place. The central bank has to make a decision whether to

maintain the currency peg or not. The value of maintaining the currency peg is characterized

by a random state of the fundamental θ. The regime outcome is given by δ ∈ {0, 1} where

δ = 1 indicates that the central bank defends the status quo and δ = 0 indicates that the

central bank abandons the status quo. The regime outcome δ is controlled by the central

bank. The central bank’s payoff is given by

U = δθ. (1)

The central bank optimally chooses the regime δ to maximize U . When the central bank

is perfectly informed about the fundamental, the optimal decision is to simply set δ = 1 if

θ > 0 and set δ = 0 if θ < 0. In reality, the central bank is likely to be imperfectly informed,

and our analysis focuses on the central bank’s exchange rate policy in this case.

7See also Khanna and Sonti (2004), where manipulation happens as a result of the feedback effect. In

their paper, feedback is exogenous and not based on learning.
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A continuum of speculators of measure one, indexed by i and uniformly distributed over

[0, 1], decide whether to attack (i.e., take an action that favors regime change) or abstain from

attacking (i.e., take an action that favors the status quo). We assume that speculators are

wealth constrained and can only short-sell up to one unit of the currency. The opportunity

cost of attacking, i.e., short-selling one unit of the currency, is given by c ∈ (0, 1). The payoff

of a speculator who does not attack is normalized to zero. The payoff from attacking the

currency is 1− c if the status quo is abandoned (i.e., if the central bank sets δ = 0) and −c

otherwise.

The central bank and the speculators play the following game. First, both the central

bank and the speculators receive information regarding θ. Then the speculators indepen-

dently and simultaneously decide whether to attack the currency or not. Finally, after ob-

serving the size of the aggregate attack from speculators, the central bank decides whether

to maintain the status quo or not.

We assume that the central bank and the speculators have a common prior about θ which

is an improper uniform over R, and the central bank receives a private signal sc = θ + σcεc

about the fundamental, where εc is normally distributed with mean of zero and standard

deviation one. We denote the p.d.f. and the c.d.f. of the standard normal distribution by

φ and Φ respectively. We assume that the central bank observes the size of the attack from

informed speculators denoted by A. Equivalently, the central bank observes T = Φ−1 (A) ,

which we use in the rest of the paper to simplify the exposition. We assume that speculator

i ∈ [0, 1] receives a signal si = θ+σsεi about the fundamental, where εi is normally distributed

with a mean of zero and a standard deviation of one. Notice that we are not assuming that

speculators individually are better informed than the central bank. In fact, each speculator’s

information might be much noisier than the central bank’s information.

Finally, we assume that speculators receive a common noisy signal about the fundamental,

in addition to their private signals. We denote the common signal by sp = θ + σpεp where

εp is normally distributed with a mean of zero and a standard deviation of one. We assume

that this signal is not observed by the central bank. (We will elaborate on the role of this

assumption and different possible justifications in Section 4.) The payoff and information

structure are common knowledge. All error terms – εc, εp, and εi – are independent of each

other; the εi terms are also independent across investors.

Before we proceed with solving the model, a few comments about the setup are in order.

First, the value to maintaining the currency regime, θ, in our model, may be interpreted
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as related to the economic and political fundamentals of the economy, consistent with the

level of the economy’s sustainable exchange rate. Second, in our model, the central bank

does not face an exogenously given cost in defending the currency regime. Specifically, the

size of the speculative attack does not enter the central bank’s payoff function in Equation

(1). By comparison, the existing literature assumes that the cost of defending the currency

regime is increasing in the size of the currency attack, and hence strategic complementarities

among speculators in attacking the fixed exchange rate regime are exogenously given. We

demonstrate in the later sections that even though there are no such built-in strategic com-

plementarities in our model, a speculator may prefer to attack when others are attacking

in equilibrium. That is, strategic complementarities may arise endogenously. Third and

finally, while the existing literature assumes that the central bank knows the state of the

fundamentals, θ, perfectly, we assume that the central bank observes θ imperfectly, which

is empirically relevant. In our model, currency trading aggregates information. The central

bank, in turn, does not ignore the aggregate information revealed in the speculative attack

and takes it into consideration in making currency policy decisions.

3 Equilibrium

We now formally define an equilibrium in our model. Let g(si, sp) denote the action of a

speculator given private signal si and common signal sp, T (θ, sp) the size of the aggregate

attack from speculators for given fundamental θ and common signal sp, and δ(T, sc) the ac-

tion of the central bank as a function of the size of the attack and its signal.8 Furthermore,

let ν(θ|T, sc) denote the posterior distribution of θ conditional on the central bank’s infor-

mation, and let µ(θ|si, sp) denote the posterior distribution of θ conditional on a speculator’s

information.

Definition 1 An equilibrium consists of a strategy for the central bank, δ(T, sc), a symmetric

8Recall that T = Φ−1 (A) where A is the realized size of the attack.
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strategy for the agents, g(si, sp), probability measures, ν (·|T, sc) and µ (·|si, sp), such that

δ(T, sc) ∈ argmaxδ∈{0,1}

∫ ∞

−∞
δθdν(θ|T, sc),

g(si, sp) ∈ argmaxa∈{0,1}a ·
[∫ ∞

−∞

∫ ∞

−∞
1[δ(T (θ,sp),θ+σcεc)=0]dµ(θ|si, sp)dΦ (εc)− c

]
,

T (θ, sp) = Φ−1

(∫ ∞

−∞
g(θ + σsε, sp)φ(ε)dε

)
,

ν(θ|T, sc) is obtained using Bayes’ rule for any T and sc,

µ(θ|s, sp) is obtained using Bayes’ rule for any si and sp.

Our focus will be on linear threshold equilibria. These are equilibria where speculators

attack the currency if and only if their private signal si is below a threshold ŝ(sp), which

is a linear function of the common signal sp. In addition, the central bank abandons the

regime if and only if the aggregate size of the attack T is above a threshold T̂ (sc), which is

a function of its private signal sc. The next proposition shows that there is a unique such

equilibrium and characterizes it.

Proposition 1 There is a unique linear threshold equilibrium where the speculators’ thresh-

old strategy is:

g(s, sp) =

{
1 if si ≤ ŝ(sp)

0 if si > ŝ(sp)
,

and the central bank’s strategy is

δ(T, sc) =

{
1 if T ≤ T̂ (sc)

0 if T > T̂ (sc)
.

Here,

ŝ(sp) = ŝ(0)− ksp, (2)

where k > 0 is the unique real root of the cubic equation:

−τcτs

τp

k3 + (τc + τp) k2 + 2τpk + τp = 0, (3)

and ŝ(0) satisfies

c = Φ




− (
(1 + k) τc

τ T
+ 1

)
τs

τs+τp
ŝ(0)

√(
(1 + k) τc

τT
+ 1

)2
1

τs+τp
+ (1 + k)2 τc

τ2
T


 ,
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and

T̂ (sc) =
1

σs

[
ŝ(0) + (1 + k)

τc

τT

sc

]
, (4)

where

τT = τp

(
1 +

1

k

)2

(5)

is the precision of the attack as a signal of the fundamental.

PROOF OF PROPOSITION 1:

Suppose an agent attacks if and only if si + ksp ≤ ŝ(0) where k > 0. The size of the attack

from speculators given θ and sp is A(θ, sp) = Φ
(

ŝ(0)−ksp−θ

σs

)
. The central bank observes

T (θ, sp) = Φ−1(A), or equivalently, it observes

T =
ŝ(0)− ksp − θ

σs

,

which can be rewritten as

ŝ(0)− σsT

1 + k
= θ +

kσp

1 + k
εp.

Thus, the precision of the attack as a signal of the fundamental is

τT =
τp (1 + k)2

k2
,

and

E[θ|T, sc] =
τT

τT + τc

(
ŝ(0)− σsT

1 + k

)
+

τc

τT + τc

sc.

This implies the status quo is abandoned if and only if

T ≥ ŝ(0)

σs

+
1 + k

σs

τc

τT

sc = T̂ (sc) ,

which is Equation (4). For a speculator, θ is distributed with mean τs

τs+τp
si + τp

τs+τp
sp and

precision τs + τp. The posterior belief of the regime change for a speculator with signal si
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and sp is expressed as follows:

Pr

(
T ≥ ŝ(0)

σs

+
1 + k

σs

τc

τT

sc|si, sp

)
(6)

= Pr

((
(1 + k)

τc

τT

+ 1

)
θ + (1 + k)

τc

τT

σcεc ≤ −ksp|si, sp

)

= Φ



−

(
(1 + k) τc

τT
+ 1

)
τs

τs+τp
si −

((
(1 + k) τc

τT
+ 1

)
τp

τs+τp
+ k

)
sp

√(
(1 + k) τc

τT
+ 1

)2
1

τs+τp
+

(
(1 + k) τc

τT
σc

)2




In equilibrium the threshold strategy must satisfy the following equation for all sp:

c = Φ



−

(
(1 + k) τc

τT
+ 1

)
τs

τs+τp
ŝ(0)−

((
(1 + k) τc

τT
+ 1

)(
τp

τs+τp
− τs

τs+τp
k
)

+ k
)

sp

√(
(1 + k) τc

τT
+ 1

)2
1

τs+τp
+

(
(1 + k) τc

τT
σc

)2


 .

Thus, for a linear equilibrium to exist the coefficient of sp must be zero. In other words, k

must satisfy:

−k
τs

τs + τp

+
τp

τs + τp

+
k(

1 + (1 + k) τc

τT

) = 0.

Substituting for τT and rearranging the above equation we obtain:

−τcτs

τp

k3 + (τc + τp) k2 + 2τpk + τp = 0. (7)

The above cubic equation has a single real root since the discriminant ∆ given below is

strictly positive:

∆ = τc

(
4τ 3

p + 8τ 2
p τc + 4τ 2

p τs + 4τpτ
2
c + 36τpτcτs + 27τcτ

2
s

)
> 0.

To complete the construction of a linear equilibrium, we need to show that this root is strictly

positive. Note that the left hand side of Equation (7) goes to ∞ as k goes to −∞ and −∞
as k goes to ∞. Moreover, it is positive at k = 0. Since the equation has a single real root,

it must cross zero at some k > 0. ¥

In equilibrium, the optimal strategy for a speculator who receives a signal si is to attack

if and only if si falls below a threshold value, ŝ(sp), which is decreasing in the common noisy

signal sp. That is, when the common signal indicates a sound fundamental, speculators

attack only if their private signals are very pessimistic. The weight k that the speculator

puts on the common signal is derived endogenously. For the central bank, the attack provides
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an additional signal about the fundamental. This signal has precision τT which is decreasing

in the weight k that speculators put on the common signal. The optimal strategy for the

central bank is to abandon the exchange rate regime if and only if the observed signal of

aggregate attack, T , is greater than or equal to the threshold, T̂ (sc), which is increasing in

the central bank’s private signal sc.

4 Informational Complementarities

An important element of our equilibrium is k – the weight that speculators put on the

common signal sp in their decision whether to participate in a speculative attack. In general,

speculators put a positive weight on sp because for them sp provides additional information

about the realization of θ, and thus on the probability that the central bank will abandon

the exchange rate regime. It turns out, however, that in equilibrium speculators put too

much weight on sp. The reason is that speculators care about sp, not only because of the

information it provides about θ, but also because of the information it provides about what

other speculators are going to do – i.e., since speculators know that other speculators observe

sp they know that sp affects other speculators’ actions. Due to the presence of strategic

complementarities, speculators want to do what they believe other speculators are going to

do, and thus the weight they put on the common signal is higher than what it should be on

the basis of pure informational content.

It is important to stress that, unlike in Morris and Shin (1998, 2002), strategic comple-

mentarities in our setting arise endogenously. They result from the fact that the central bank

learns from the aggregate size of the attack about the fundamental θ. Seeing a large attack,

the central bank is more likely to believe that θ is low and to abandon the regime. Thus,

when a speculator thinks that other speculators are more likely to attack, his incentive to

attack also increases. We refer to these endogenous strategic complementarities as informa-

tional complementarities and distinguish them from the exogenous direct complementarities

that are usually studied in the literature.

To demonstrate formally that informational complementarities increase the weight k that

speculators put on the common signal sp, we now compare k in our equilibrium (implicitly

defined in Equation (3)) with a benchmark level kBM that would be obtained if the central

bank did not use the size of the attack to infer information about the fundamental θ. Intu-

itively, if the central bank did not learn from the size of the attack and used only its private
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signal, informational complementarities would disappear, since speculators would have no

incentive to do what other speculators do. In such a model, the weight put by speculators on

the common signal would be determined purely by the information that this signal provides

about θ. Thus, if informational complementarities have a bite, k – defined in Equation (3)

– should be greater than kBM . The next proposition shows that this is indeed the case.

Proposition 2 The weight k put by speculators on sp in the unique linear threshold equilib-

rium characterized by Proposition 1 is greater than the weight kBM that would be put on sp

in a game where the central bank does not attempt to get information about θ from the size

of the attack.

PROOF OF PROPOSITION 2:

We start by computing kBM . When the central bank does not update its belief about θ

based on the size of the attack, it will abandon the regime if and only if its private signal

sc = θ + σcεc is negative. Then, based on the logic used in the proof of Proposition 1,

speculators will attack the currency if and only if Pr (θ + σcεc < 0|si, sp) > c.

In a linear threshold equilibrium, speculators attack if and only if their private signal si

is below the threshold ŝBM(sp) = ŝBM(0) − kBMsp. Thus, the speculator who observes the

threshold signal has to be indifferent between attacking and not attacking:

Pr (θ + σcεc < 0|ŝBM(sp), sp) = c.

Since θ and εc are independently normally distributed, this implies that:

Φ


− τs

τs+τp
ŝBM(sp)− τp

τs+τp
sp√

1
τs+τp

+ σ2
c


 = c.

Plugging in ŝBM(sp) = ŝBM(0)− kBMsp, we get:

Φ


− τs

τs+τp
ŝBM(0)−

(
τp

τs+τp
− τs

τs+τp
kBM

)
sp

√
1

τs+τp
+ σ2

c


 = c.

Since this equation has to hold for every sp, we get:

kBM =
τp

τs

.

Now, we show that k (defined in Equation (3)) is greater than kBM . To do this, we need to
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evaluate the left side of Equation (3) at k = kBM = τp

τs
. This yields:

−τcτ
2
p

τ 2
s

+ (τc + τp)
τ 2
p

τ 2
s

+ 2
τ 2
p

τs

+ τp

=
τp

τ 2
s

(
τ 2
p + 2τpτs + τ 2

s

)
> 0.

Hence, k > kBM .¥

In sum, despite the fact that our model does not assume direct strategic complementar-

ities among speculators, we get the result that speculators pay too much attention to the

common signal and too little attention to their private signals. The fact that the central

bank learns from speculators’ actions creates endogenous informational complementarities

that generate this result. In the next section, we will see that these informational com-

plementarities have an important effect: They reduce the efficiency of the central bank’s

decision on whether or not to abandon the exchange rate regime.

Before turning to the next section, it is important to understand the subtlety of the

notion of informational complementarities in our paper and the difference from the notion of

direct complementarities in Morris and Shin (1998, 2002) and the rest of the literature. Under

direct complementarities, the incentive of a speculator to attack the regime changes with any

change in other speculators’ strategies. This is because the actions of other speculators have

a direct effect on the viability of the regime, and thus change the profitability of attacking it.

On the other hand, in our framework a change in speculators’ strategies affects the incentives

of other speculators only if it affects the central bank’s belief about θ. A key insight is then

that strategic complementarities arise only if there is a piece of information that is shared by

speculators, but not known to the central bank. Speculators can then coordinate on changing

their behavior based on the realization of this piece of information and essentially act as if

they ‘manipulate’ the central bank’s belief. In our model, they coordinate on attacking more

(less) aggressively when the common signal they observe is low (high). Since the central bank

does not observe the common signal, it does not know if a large attack is due to coordination

or information, and so it can be “fooled” to take the wrong action.

The assumption that the central bank does not observe a signal that is commonly ob-

served by all speculators may seem a bit extreme. It may be justified by the fact that in

these settings speculators usually do not operate in the domestic market, and thus may have

information that is not available to the central bank. More importantly, we wish to stress

that this assumption is not crucial to our model, but it greatly simplifies the exposition.
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The essential element of the model is that the speculators are able to coordinate their ac-

tions through some commonality of their information and the central bank does not fully

observe this commonality. For our results to go through, this commonality does not need

to be extreme and it can be achieved with alternative information structures. For example,

our results can be preserved in a symmetric information environment where both the cen-

tral bank and the speculators observe the common signal with some given probability less

than one. In this case, since there are a continuum of speculators, a fixed proportion of the

speculators always observe the common signal. Moreover, the speculators know that with a

positive probability the central bank has missed this signal; hence, there is still room for the

coordination motive to play a role, and the basic insights of our analysis continue to hold.

This setup is attractive because the central bank and the speculators are symmetrically in-

formed. Alternatively, our results will go through in an information environment where the

common signal is observed with some idiosyncratic noise by all agents including speculators

and the central bank. In this framework, speculators can still coordinate their actions by

putting excess weight on the noisy common signal, and the central bank cannot filter it

out completely since it is not fully informed about the common component of the signals.

Finally, in Appendix B, we show that a very similar result holds even when the speculators

receive a common signal which is not fundamental related.9 That assumption is empirically

plausible since speculators may share some common information regarding random shocks

to the institutional environment or to the workings of the currency market, which are not

known to the central bank (for example, traders may know other traders personally, and

thus expect changes in their appetite for risk).10

We close this section by analyzing the determinants of k in equilibrium.

Proposition 3 The equilibrium value of k decreases in τc and τs, and increases in τp.

PROOF OF PROPOSITION 3

9In that case, we assume that the central bank observes the size of the attack with noise and the speculators

are able to observe the noise component of the size of the attack.
10Related to this, one may ask whether the central bank can construct a mechanism to reveal the common

signal by directly contacting speculators. While addressing this point formally is beyond the scope of our

paper, we wish to point to the difficulty of implementing such mechanism in the real world. A key feature of

financial markets is the anonymity of most speculators. This implies that it may be difficult for the central

bank to identify the speculators who are active in the market at a particular point in time.
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By taking the total derivative of Equation (7) with respect to τc we obtain:

∂k

∂τc

=

τs

τp
k3 − k2

−3 τcτs

τp
k2 + 2 (τc + τp) k + 2τp

(8)

To see the sign of the denominator of Equation (8) in equilibrium, we use the equilibrium

condition given by Equation (7) to obtain:

−3
τcτs

τp

k2 + 2 (τc + τp) k + 2τp =
−(τc + τP )k2 − 4τP k − 3τP

k
< 0.

Similarly, to see the sign of the numerator of Equation (8) in equilibrium, we once more

use Equation (7) to obtain:

τs

τp

k3 − k2 =
τpk

2 + 2τpk + τp

τc

> 0.

Thus, ∂k
∂τc

< 0. Similarly,

∂k

∂τp

=

τcτs

τ2
p

k3 + k2 + 2k + 1

3 τcτs

τp
k2 − 2 (τc + τp) k − 2τp

> 0,

∂k

∂τs

=

τc

τp
k3

−3 τcτs

τp
k2 + 2 (τc + τp) k + 2τp

< 0.¥

In other words, if the central bank’s or the speculators’ private information is less precise,

or the common signal is more precise, speculators coordinate better in equilibrium so that

the weight they put on the common signal increases. Intuitively, if the central bank holds

a precise signal, it relies less on the information revealed in the aggregate actions of the

speculators. In equilibrium, this forces the speculators to reduce the weight they put on the

common signal and to reveal more information to the central bank. If each speculator holds

a very sharp private signal about the fundamental, each bases the decision to attack mostly

on the private signal rather than the noisy common signal, and hence there is less incentive

to coordinate. Finally, the incentive to coordinate is largest when the common signal is very

precise. In this case, the speculators put a larger weight on the common signal and the

central bank cannot ignore the information revealed in the aggregate attack.

5 The Efficiency of the Central Bank’s Decision

We now examine the relationship between informational complementarities and the efficiency

of the central bank’s policy decision. We measure inefficiency using the probability of aban-
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doning (maintaining) the status quo given that θ > 0 (θ < 0) and before any signal is

observed. If θ > 0 (θ < 0), abandoning (maintaining) the status quo is a policy error. Thus,

our measure captures the probability of making policy mistakes. The following proposition

characterizes the probability of making a policy mistake and studies its properties.

Proposition 4 The ex ante probability of abandoning the status quo for a given θ is

Φ
(−√τc + τT θ

)
. (9)

Hence, when θ > 0, the probability of making a policy mistake is Φ (−√τc + τT θ), while when

θ < 0, it is 1− Φ (−√τc + τT θ). Then,

1) The probability of making a policy mistake is positive as long as τc and τp do not

approach ∞ and k does not approach 0.

2) The probability of making a policy mistake increases in k.

PROOF OF PROPOSITION 4:

The ex ante probability of abandoning the status quo given θ is:

Pr

(
T ≥ ŝ(0)

σs

+
1 + k

σs

τc

τT

sc|θ
)

= Pr

(
εc +

1

σc

√
τT

τc

εp ≤ − 1

σc

(
1 +

τT

τc

)
θ|θ

)

where the equality follows by plugging in for T , sp, sc and rearranging Equation (6). The

term εc + 1
σc

√
τT

τc
εp is the weighted sum of two independent normal random variables, so

this term itself is normal with mean 0 and variance 1 + τT

τc
. Thus the ex-ante probability of

abandoning the status quo for a given θ is given by:

Pr

(
εc +

1

σc

√
τT

τc

εp ≤ − 1

σc

(
1 +

τT

τc

)
θ|θ

)
= Φ

(−√τc + τT θ
)
.

The rest of the proposition follows directly from the definition of τT in Equation (5) where

τT = τp(1 + 1/k)2.¥
Intuitively, the probability of making a policy mistake is a function of the precision of the

two pieces of information that the central bank has: the precision of the information conveyed

by the size of the attack τT and the precision of the central bank’s private information τc.

As long as these two precisions do not approach ∞, the central bank makes mistakes in its

policy decision with a positive probability. Inspecting the expression for the precision of the

size of the attack in Equation (5), we can see that the attack is not fully revealing unless

the precision of the common signal τp approaches infinity, or the speculators put no weight

on the common signal in their attack decision, i.e., unless k approaches 0. Moreover, the
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probability of making a policy mistake is increasing in k. This result demonstrates the real

effect of informational complementarities. In Proposition 2, we showed that informational

complementarities contribute to an increase in the weight k that speculators put on the

common signal. Now we say that the inefficiency in the central bank’s decision increases

in k. Taken together, these results imply that informational complementarities reduce the

efficiency of the central bank’s policy decision.11

To see the intuition behind this result, it is useful to consider what would happen in a

model where the common signal played no role. It turns out that such a model is in fact a

limit case of our model which is obtained by letting τp approach 0. As the next Proposition

shows, in this case, the common signal becomes too noisy and the speculators can no longer

coordinate on it, i.e., k → 0. The result is that the attack becomes fully revealing of the

fundamental and the central bank does not make policy mistakes.

Proposition 5 In the limit as τp approaches 0, ŝ(sp) = ŝ(0) = σsΦ
−1 (1− c), T̂ (sc) =

Φ−1 (1− c) , and the attack becomes fully revealing of θ.

PROOF OF PROPOSITION 5:

We start with the following lemma:

Lemma 1 (i) limτp→0k (τp) = 0, (ii) limτp→0k (τp) /τp = ∞, and (iii) limτp→0k (τp)
2 /τp = 0.

PROOF OF LEMMA 1 To see that k (τp) approaches zero as τp approaches zero, first recall

that ∂k/∂τp is positive. Thus as τp approaches zero, k (τp) has a limit that is less than

infinity. Suppose that this limit is strictly positive. Then it is easy to see that

−τcτs

τp

k3 + (τc + τp) k2 + 2τpk + τp < 0

for τp small enough which is a contradiction, establishing that limτp→0k (τp) = 0.

By letting z = k
τp

, Equation (3) can be rewritten as

−τcτsz
3 + (τc + τp) z2 + 2z +

1

τp

= 0.

11It is useful to note that informational complementarities are not the only source of inefficiency in the

model. As long as the precision of the common signal is bounded from zero, speculators will put a positive

weight on it (see the definition of kBM above), and this will generate policy mistakes. Yet, the presence of

complementarities amplifies the weight they put on the common signal, and thus increases the inefficiency.
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From the above equation we see that as τp approaches zero, z = k
τp

approaches ∞. Moreover,

from Equation (3),
(

k2

τp

)
=

(2k + 1)

τcτs
k
τp
− (τc + τp)

and the right side approaches zero as τp approaches zero, establishing limτp→0k (τp)
2 /τp = 0.¥

Using Lemma 1, we see that as τp approaches zero,

c = Φ




−
(

τc

(1+k)
k2

τp
+ 1

)
τs

τs+τp
ŝ(0)

√(
τc

(1+k)
k2

τp
+ 1

)2
1

τs+τp
+ τc

k̂2

τp


 → 1− Φ (

√
τsŝ(0))

and

T̂ (sc) =
1

σs

[
ŝ(0) +

k2τc

τp (1 + k)
sc

]
→ 1

σs

ŝ(0) = Φ−1 (1− c) .

To see that the limiting equilibrium is fully revealing, note that a speculator attacks if

and only if s ≤ ŝ (0). The size of the attack from speculators is A(θ) = Φ
(

ŝ(0)−θ
σs

)
, and

the central bank observes T (θ) = Φ−1(A) or T = (ŝ (0)− θ) /σs. Hence, in equilibrium, the

central bank infers θ perfectly which is given by:

θ = ŝ− σsT.¥

Inspecting Proposition 4 and Proposition 5 together, we can see that if speculators put

weight only on their private signals, then their aggregate action enables the central bank to

learn θ perfectly. This is because the idiosyncratic noise terms in the speculators’ private

signals cancel out with each other and end up having no effect on the aggregate size of the

attack. On the other hand, once speculators put weight on the common signal, the noise

in the common signal has an effect on the aggregate size of the attack. This prevents the

central bank from perfectly learning θ. Intuitively, the problem becomes more severe once

the weight on the common signal becomes larger, which happens as a result of informational

complementarities.12

Taken together, the two propositions also generate a puzzling result. Even though spec-

ulators are better informed about the fundamental when they observe a common signal in

12In Appendix C, we study the other limit where the common signal becomes infinitely precise and hence

the speculators commonly know the fundamental. We show that in this limit the linear equilibrium disap-

pears, and there are multiple equilibria. In these equilibria, speculators coordinate their actions perfectly by

either all of them or none of them attacking for a given value of the fundamental.
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addition to their private signals, the central bank, paradoxically, becomes less informed when

this signal is introduced. This suggests that adding a source of information reduces the ef-

ficiency of the policy decision taken by the central bank. We now explore this aspect of

the model more fully by analyzing the effect that the precision of the various signals in our

model have on the efficiency of the policy decision. The following proposition provides the

main result.

Proposition 6 Conditional on θ, the ex-ante probability of making a policy mistake de-

creases in τc and τs, increases in τp if 0 < τp < τc

√
1+16 τs

τc
−1

8
and decreases in τp if τp >

τc

√
1+16 τs

τc
−1

8
.

PROOF OF PROPOSITION 6: See Appendix A.

The results regarding τs and τc are straightforward: Improving the precision of the spec-

ulators’ private signals or of the central bank’s private signal generates an increase in the

efficiency of the central bank’s policy decision. But the effect of increasing the precision τp

of the common signal can go in both directions. On the one hand, increasing the precision of

the common signal implies that speculators have access to more precise information, which

can be revealed to the central bank via the trading process. On the other hand, increasing

the precision of the common signal implies that speculators will rely more on the common

signal, partly because of the presence of informational complementarities – that is, the abil-

ity of speculators to coordinate on the common signal and convey a misleading message to

the central bank improves. Our result shows that the first effect dominates when τp is above

a certain cutoff and the second effect dominates when τp is below the cutoff. Thus, an in-

crease in the precision of the common signal enhances efficiency if and only if this precision

is above a certain cutoff. This result is related to the one in Morris and Shin (2002). The big

difference is that in our model there are no assumed strategic complementarities. Rather,

strategic complementarities arise endogenously as a result of the learning process.

We conclude this section by pointing to another interesting aspect of our model, which

stands in stark difference to existing models of currency attacks. This is summarized in the

next corollary.

Corollary 1 The level of the opportunity cost, c (as well as the wealth level of speculators)

affects the size of the attack but does not affect the information content of the attack and,

hence, does not affect the probability of devaluation occurring for a given θ.
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Corollary 1 offers an explanation to an empirically puzzling fact that some speculative

attacks are defended by the central banks while some, that are even stronger, are not.

According to the findings in our model, if the opportunity cost is low or speculators have more

wealth, attacks will be larger, but their information content remains unchanged. Therefore,

the status quo will be defended when large attacks result from the fact that there is more

hot money or that it is less costly to short sell. This result offers some testable implications

regarding governments’ policy decisions and the information content of currency trading,

which distinguish this paper from the existing literature. Market microstructure papers,

for example, typically use measures of informativeness constructed from frequencies and

directions of trades, which are not perfectly correlated with trading volumes or proxies for

size of speculative attack (Easley and O’Hara (1987); O’Hara (1995)). Bid-ask spreads

and dispersion of analysts’ forecasts also can be used as a measure of informativeness in

currency trades. One can test whether these market microstructure measures are related to

the government’s decision to defend its exchange rate regime or not, or the length of the

defense if it chooses not to abandon.

6 Policy Implications

We now analyze the effect of two policy tools on the efficiency of the central bank’s decision

in our model.

6.1 Commitment

Knowing that the central bank uses the information in the size of the attack, speculators

put a too large weight on the common signal. This, in turn, reduces the informativeness of

the size of the attack and harms the efficiency of the central bank’s policy decision. The first

policy tool that we explore is commitment by the central bank to reduce the weight it puts

on the information in the size of the attack below what is ex-post optimal. There are two

effects to consider in evaluating this policy tool. First, there is obviously a cost in deviating

from the ex-post optimal decision. When doing that, the central bank does not fully use

the information available to it, and this entails an efficiency loss. Second, by committing

to put a low weight on the size of the attack, the central bank affects the ex-ante trading

motives of speculators. In particular, under such policy, speculators will find it less valuable

to coordinate on the common signal, and this will improve the quality of the information
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conveyed by the attack. The next proposition analyzes the overall desirability of such a

commitment policy.

Proposition 7 Suppose that speculators follow linear strategies, then the central bank can

always increase the ex-ante efficiency of its policy decision by committing to put a slightly

lower (higher) weight on the information in the attack (on its private signal) than is ex-post

optimal.

PROOF OF PROPOSITION 7: See Appendix A.

The proposition says that it is always optimal for the central bank to commit to a slight

deviation from the ex-post optimal weights, and in particular to increase (decrease) the

weight given to its private signal (to the information in the size of the attack). The reason

is that the cost of deviating from ex-post efficiency approaches 0 when it is evaluated at a

point that is close to ex-post efficiency. On the other hand, the benefit from the increased

informativeness of the attack is always strictly bounded from 0. As a result, slight deviations

from ex-post efficiency are always desirable. Of course, large deviations are not desirable.

For example, it is never optimal for the central bank to completely ignore the attack as a

signal for the fundamentals. This can be seen by comparing the probability of devaluation

for a given θ when the central bank ignores the attack which is given by Φ
(−√τcθ

)
and the

probability of devaluation when the central bank learns from the attack which is given by

Φ (−√τc + τT θ). The latter probability is smaller when θ > 0 and larger when θ < 0. Finally,

note that the feasibility of the policy tool analyzed here depends critically on the central

bank’s commitment power. This is because this policy tool entails time inconsistency: Ex

post, once the attack is realized, the central bank would always be tempted to pay more

attention to the attack.

6.2 Transparency

Next, we discuss the issue of central bank transparency, in other words, whether and how

clearly the central bank should communicate its information to the public. The issue of

central bank transparency is receiving a lot of attention in research and policy circles. The

positive aspects of transparency are often emphasized. Recently, Morris and Shin (2005)

demonstrate a cost associated with transparency. Building on the insight in Morris and

Shin (2002), they show that in the presence of direct complementarities among market

participants, transparency can be bad because it provides a public signal, and thus reduces
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the extent to which speculators use their private information. This, in turn, reduces the

ability of the central bank to infer new information from the market.

We analyze the effect of transparency in our framework, where there are no direct com-

plementarities among speculators, but rather speculators care about each other’s strategies

because they know that their collective action reveals information that affects the central

bank’s policy decision. We discover a new negative effect of transparency. When the central

bank becomes more transparent, it reveals information about the course of action that it

is likely to take in the future. Knowing this, the speculators can better coordinate on con-

veying a misleading signal. To see this, consider the extreme case where the central bank

perfectly reveals its information, and suppose that speculators know that solely on the basis

of this information, the central bank would devalue. In this case, it is an equilibrium for

all the speculators to attack. Since the attack reveals no information the central bank will

indeed devalue, and completely miss the opportunity to learn from the market to shape its

policy decision. The next proposition analyzes the more interesting case where the central

bank releases its information with some noise. It shows that as long as this information is

commonly observed by the speculators, the central bank’s decisions become less efficient.

Proposition 8 Suppose central bank releases a public signal sa = sc + σaεa where εa ∼
N (0, 1). The weight ktr put by speculators on sp in the unique linear threshold equilibrium

is bigger than that characterized by Proposition 1.

PROOF OF PROPOSITION 8: See Appendix A.

The proposition indicates that the central bank may inadvertently strengthen the coordi-

nation incentive by releasing more information that becomes common to the speculators. In

fact, the more precise such information is, the stronger the coordination among speculators

(i.e., the higher k). As discussed above, this result is due to the fact that speculators can

coordinate more efficiently when they have common information about the central bank’s

signal, since this information is very revealing about the central bank’s action.

Finally, we would like to stress that the negative effect of transparency on efficiency is

due to the fact that the central bank releases information which becomes common knowledge

to all speculators. One could imagine a different form of transparency, by which the central

bank releases information that is interpreted differently by different speculators. In such

a case, transparency increases the precision of speculators’ private signals and the above
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conclusion is overturned. Thus, our model has strong implications regarding the optimal

form of transparency.

The next proposition analyzes the second case and shows that if the additional signal

provided by the central bank has a noise term that is specific to each speculator, then

transparency improves the precision of private information for each speculator and weakens

the incentive for them to coordinate.

Proposition 9 Suppose central bank releases a public signal sa = sc + σaεai where εai ∼
N (0, 1) and drawn independently across speculators. The weight that the speculators put

on sp in the unique linear threshold equilibrium is smaller than the one characterized in

Proposition 1.

PROOF OF PROPOSITION 9:

The variance of the speculator’s private information about θ (that is, two combined private

signals) is 1/τsa = 1/(τs + τa), smaller than 1/τs, the variance of their private information

as characterized in Proposition 1. The result then follows from Proposition 3.¥

7 Conclusion

We analyze a model where the information revealed in the course of a speculative attack is

used by the central bank in its policy decisions. On the one hand, this information enhances

the efficiency of the central bank’s policy decisions. On the other hand, the fact that the

central bank uses the information gives rise to endogenous strategic complementarities –

which we call informational complementarities – due to which speculators wish to coordi-

nate on similar trading actions even if they conflict with their private information. These

coordination motives reduce the informational content of the speculators’ collective action

and the efficiency of the central bank policy decisions. We analyze the tradeoff between

information and coordination in speculative attacks, and derive comparative statics regard-

ing the behavior of speculators and on the efficiency of the central bank’s policy decisions.

We also analyze the effect of different policy measures that the central bank may adopt to

improve the efficiency of its decisions.

Our paper contributes to three different literatures. First, we introduce an important

channel to the literature on currency attacks – namely, the learning by the central bank

from market activities. We show the positive and negative aspects of such learning and
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study the nature of speculative attacks that it generates. Second, we provide a new angle

to the literature on the feedback effect from financial markets to the real economy. We

show that the fact that a decision maker learns from the trading process and takes an

action that affects the value of traded securities gives rise to coordination problems among

market participants, which result in destabilizing trading and reduced efficiency. Thus,

the analysis here can be used to study other settings where decision makers learn from

the aggregate trade in financial markets. Examples include learning by firm managers and

providers of capital when deciding whether to go ahead with an investment project. Finally,

by endogenizing strategic complementarities to be a result of information aggregation and

learning, we provide micro foundations for the presence of strategic complementarities, and

thus contribute to the literature on coordination games (and in particular, global games)

that considered complementarities to be exogenous. We show the differences between the

endogenous informational complementarities in our framework and the exogenous direct

complementarities studied previously in the literature.
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Appendix A

Proofs

PROOF OF PROPOSITION 6:

Inspecting the expressions for the probability of a policy mistake in Proposition 4, we see

that in order to prove the current proposition, we need to show that τT increases in τc and

τs, decreases in τp if 0 < τp < τc

√
1+16 τs

τc
−1

8
and increases in τp if τp > τc

√
1+16 τs

τc
−1

8
.

From Equation (5), note that

∂τT

∂τs

= −2τp
(1 + k)

k2

1

k

∂k

∂τs

> 0 and
∂τT

∂τc

= −2τp
(1 + k)

k2

1

k

∂k

∂τc

> 0.

Next note,

∂τT

∂τp

=
(1 + k)

k2

[
(1 + k)− 2τp

1

k

∂k

∂τp

]

and from Equation (3),

∂k

∂τp

=

τcτs

τ2
p

k3 + k2 + 2k + 1

3 τcτs

τp
k2 − 2 (τc + τp) k − 2τp

.

Substituting and rearranging we obtain:

∂τT

∂τp

=
(1 + k)

k2

[
3 τcτs

τp
k4 + τcτs

τp
k3 − 2 (τc + τp) k3 − 2 (τc + τp) k2 − 4τpk

2 − 6τpk − 2τp

3 τcτs

τp
k3 − 2 (τc + τp) k2 − 2τpk

]
.

We know that k > 0. Moreover, we know from the proof of Proposition 3 that 3 τcτs

τp
k3 −

2 (τc + τp) k2 − 2τpk > 0. So the sign of ∂τT

∂τp
is the same as the sign of

3
τcτs

τp

k4 +
τcτs

τp

k3 − 2 (τc + τp) k3 − 2 (τc + τp) k2 − 4τpk
2 − 6τpk − 2τp.

We can rewrite this expression as:

3
τcτs

τp

k4 − 3 (τc + τp) k3 − 6τpk
2 − 3τpk

+
τcτs

τp

k3 + (τc + τp) k3 + 2τpk
2 − 2 (τc + τp) k2 − 3τpk − 2τp.

The first line of this expression is zero from Equation (3). We can rewrite the second line as:

τcτs

τp

k3 − (τc + τp) k2 − 2τpk − τp

+ (τc + τp) k3 + 2τpk
2 − (τc + τp) k2 − τpk − τp.

Once again the first line is zero by Equation (3). The second line can be rewritten as:

(k − 1)
(
τck

2 + τp (k + 1)2) .
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Thus the sign of ∂τT

∂τp
is the same as the sign of (k − 1). To determine the sign of (k − 1), we

evaluate the left side of Equation (3) at k = 1 which is

4τ 2
p + τcτp − τcτs

τp

.

If the value of the above expression is positive then k > 1, and if it is negative then k < 1.

(This is because the cubic function on left side of Equation (3) crosses zero only once and

from above.) It is easy to see that the above expression is negative if

0 < τp < τc

√
1 + 16 τs

τc
− 1

8

and positive if

τp > τc

√
1 + 16 τs

τc
− 1

8
.

Thus the sign of ∂τT

∂τp
is negative if 0 < τp < τc

√
1+16 τs

τc
−1

8
and positive if τp > τc

√
1+16 τs

τc
−1

8
.¥

PROOF OF PROPOSITION 7:

Suppose that speculators follow linear strategies, that is, a speculator attacks if and only

if his signal si is below s(0)− ksp. As before, the central bank observes:

s(0)− σsT

1 + k
= θ +

kσp

1 + k
εp.

Suppose that the central bank abandons the status quo if and only if
(

τT − β

τT + τc

)(
ŝ(0)− σsT

1 + k

)
+

(
τc + β

τT + τc

)
sc ≤ 0

or

T ≥ 1

σs

s(0) +
(1 + k)

σs

(τc + β)

(τT − β)
sc

for τT > β > 0 where τT = τp
(1+k)2

k2 . Here, β is the deviation from ex-post optimal weights.

It measures the increase (decrease) in the weight given to the central bank’s private signal

(to the information in the attack) relative to the ex-post optimal level. The posterior belief
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of the regime change for a speculator with signal s and sp is now expressed as follows:

Pr

(
T ≥ 1

σs

s(0) +
(1 + k)

σs

(τc + β)

(τT − β)
sc|si, sp

)

= Φ



−

(
1 + (1 + k) (τc+β)

(τT−β)

)
τs

τs+τp
si −

((
(1 + k) (τc+β)

(τT−β)
+ 1

)
τp

τs+τp
+ k

)
sp

√(
(1 + k) (τc+β)

(τT−β)
+ 1

)2
1

τs+τp
+

(
(1 + k) (τc+β)

(τT−β)
σc

)2




For the proposed linear strategies to be best response, the following equation must hold for

a speculator at the cutoff for all sp:

c = Φ



−

(
(1 + k) (τc+β)

(τT−β)
+ 1

)
τs

τs+τp
s(0)−

((
(1 + k) (τc+β)

(τT−β)
+ 1

)(
τp

τs+τp
− τs

τs+τp
k
)

+ k
)

sp

√(
(1 + k) (τc+β)

(τT−β)
+ 1

)2
1

τs+τp
+

(
(1 + k) (τc+β)

(τT−β)
σc

)2


 .

Thus for the linear strategy to be a best response, the coefficient of sp must be zero. In other

words, k must satisfy:

− τs

τs + τp

k +
τp

τs + τp

+
k

(1 + k) (τc+β)
(τT−β)

+ 1
= 0

Substituting for τT and rearranging the above equation we obtain:

−βτs − τcτs

τp

k3 + k2 (τp + τc) + 2kτp + τp = 0.

For β > 0 close to zero the above equation has a unique positive root and

∂k

∂β
= −3

τsk

βτs + τcτs

< 0.

Furthermore,

∂τT

∂β
= 2τp

(
(1 + k)

k2
− (1 + k)2

k3

)
∂k

∂β
= −6τp

(
(1 + k)

k2
− (1 + k)2

k3

)
τsk

βτs + τcτs

= 6τp

(
1 + k

k2

)
τs

βτs + τcτs

> 0.

Thus increasing β always leads to a more informative attack.

Next, we compute the ex-ante probability of abandoning the status quo for a given θ :

Pr

(
T ≥ 1

σs

s(0) +
(1 + k)

σs

(τc + β)

(τT − β)
sc|θ

)

= Φ


− 1

σc

(
1 + (τT−β)

(τc+β)

)
√

1 + τc(τT−β)2

τT (τc+β)2

θ


 = Φ

(
− 1

σc

(
τcτT + τ 2

T

τcτT + β2

) 1
2

θ

)
.
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Moreover,

∂

∂β

(
τcτT + τ 2

T

τcτT + β2

)
=

τc
∂τT

∂β
+ 2τT

∂τT

∂β

τcτT + β2
− τcτT + τ 2

T

(τcτT + β2)2

(
τc

∂τT

∂β
+ 2β

)

=
1

τcτT + β2

((
τcτ

2
T + 2τT β2 + τcβ

2

τcτT + β2

)
∂τT

∂β
− τcτT + τ 2

T

(τcτT + β2)
2β

)
.

Computing at β = 0,

∂

∂β

(
τcτT + τ 2

T

τcτT + β2

)∣∣∣∣
β=0

=
1

τc

∂τT

∂β

∣∣∣∣
β=0

> 0.

Thus, for θ > 0 (θ < 0) the ex-ante probability of abandoning the status quo decreases

(increases) if the central bank sets β slightly larger than zero. ¥

PROOF OF PROPOSITION 8:

Central bank observes both sc and sa, and speculators only observe sa, sp and si. We

construct a linear equilibrium in which a speculator attacks if and only if si ≤ ŝ(0) −
msa − ktrsp where m > 0, ktr > 0. The size of the attack from speculators given θ, sp

and sa is A(θ, sp) = Φ
(

ŝ(0)−msa−ktrsp−θ

σs

)
. The central bank observes T (θ, sp) = Φ−1(A), or

equivalently, it observes

T =
ŝ(0)−msa − ktrsp − θ

σs

which can be rewritten as:

ŝ(0)−msa − σsT

1 + ktr

= θ +
ktrσpεp

1 + ktr

.

Thus, the precision of the attack as a signal of the fundamental is

τT =
τp (1 + ktr)

2

k2
tr

,

and

E[θ|T, sc, εa] =
τT

τT + τc

(
ŝ(0)−m (sc + σaεa)− σsT

1 + ktr

)
+

τc

τT + τc

sc.

This implies the status quo is abandoned if and only if

T ≥ ŝ(0)

σs

+
1

σs

(
τc

τT

(1 + ktr)−m

)
sc − 1

σs

mσaεa.

The precision of sa as a signal for θ is

τa =
1

σ2
c + σ2

a

.
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Hence, for a speculator, θ is distributed with mean τs

τs+τp+τa
si + τp

τs+τp+τa
sp + τa

τs+τp+τa
sa

and precision τs + τp + τa. The posterior belief of the regime change for a speculator with

signals si, sp and sa is expressed as follows:

Pr

(
T ≥ ŝ(0)

σs

+
1

σs

(
τc

τT

(1 + ktr)−m

)
sc − 1

σs

mσaεa|si, sp, sa

)

= Φ



−msa − ktrsp −

(
1 +

(
τc

τT
(1 + ktr)−m

))(
τs

τs+τp+τa
si + τp

τs+τp+τa
sp + τa

τs+τp+τa
sa

)
√(

1 +
(

τc

τT
(1 + ktr)−m

))2
1

τs+τp+τa
+

(
τc

τT
(1 + ktr)−m

)2

σ2
c + m2σ2

a




The agent with signal ŝ(0)−msa − ktrsp must be indifferent between attacking or not:

c = Φ



−msa − ktrsp −

(
1 +

(
τc
τT

(1 + ktr)−m
))(

τs
τs+τp+τa

(ŝ(0)−msa − ktrsp) + τpsp+τasa

τs+τp+τa

)
√(

1 +
(

τc
τT

(1 + ktr)−m
))2

1
τs+τp+τa

+
(

τc
τT

(1 + ktr)−m
)2

σ2
c + m2σ2

a


 .

Since in a linear equilibrium the coefficients on sp and sc must be zero, we obtain the following

system of equations:

−ktr +

(
1 +

(
τc

τT

(1 + ktr)−m

))
τs

τs + τp + τa

ktr −
(

1 +

(
τc

τT

(1 + ktr)−m

))
τp

τs + τp + τa

= 0

−m +

(
1 +

(
τc

τT

(1 + ktr)−m

))
τs

τs + τp + τa

m−
(

1 +

(
τc

τT

(1 + ktr)−m

))
τa

τs + τp + τa

= 0

To solve for ktr and m, by rearranging the two equations and take the ratio of both sides,

we obtain

m =
τa

τp

ktr.

Substituting this into the first equation gives:

τs

(
τc − τa

τp

)
k3

tr +

(
τs

(
τp − τa

τp

)
− τs − τp − τc

)
k2

tr − 2τpktr − τp = 0. (A1)

Notice that this equation boils down to the cubic equation we had before if we set τa = 0.

Next we compute the discriminant:

∆ =
4

τ 2
p

(τpτc + τaτs)
(
τ 2
p + τcτp + τaτs

)2
+ τs (τc − τa)

(
4τ 2

p + 36τcτp + 9τaτs + 27τcτs

)
> 0.

Thus, there is a unique linear equilibrium. Moreover, in this equilibrium ktr and m are

both positive. To compare the weight ktr with the equilibrium weight k, that we obtained

in Proposition 1, we evaluate equation (A1) at k :

τs

(
τc − τa

τp

)
k3 +

(
τs

(
τp − τa

τp

)
− τs − τp − τc

)
k2 − 2τpk − τp = −

(
τsτa

τp

) (
k3 + k2

)
< 0.

This means that ktr > k.¥
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Appendix B

Common Signal about Noise Trading

We now demonstrate that the central bank’s policy decision is less efficient than the

benchmark case even when speculators receive a common signal that is not about the fun-

damental. To illustrate this point suppose that there is some noise demand for the currency.

Specifically, we assume that the central bank observes a noisy signal of the size of the attack

from informed speculators, T = Φ−1 (A) + σmεm, where A is the size of the aggregate attack

from speculators, and the noise component of this signal, σmεm, is normally distributed with

a mean of zero and standard deviation σm.13

Speculators’ strategies are now functions of their private signals and the commonly ob-

served noise level. Otherwise, equilibrium is defined analogously to the one in Definition 1.

In this case, it is possible for speculators to coordinate on the level of noise demand and

“fool” the central bank. The assumption on speculators’ informational advantage about the

noise trading level is motivated by the fact that although individual speculators may not

know about the fundamental more than the central bank, they understand the institutional

details or the workings of the currency market better. Under this assumption, we show that

currency speculators trade more aggressively on their information when the noise compo-

nent of currency attack is of a high level. As a result, the central bank cannot differentiate

between a high noise attack or a low fundamental, which implies there might be occasions

where the central bank on average abandons the status quo too often. We first state the

result under these circumstances.

Proposition B1 There is a unique equilibrium where the speculators’ threshold strategies

are linear in εm such that

g(s) =

{
1 if si ≤ s̄(εm)

0 if si > s̄(εm)
, (B1)

and δ(T, sc) =

{
1 if T ≤ T̄ (sc)

0 if T > T̄ (sc)
, where s̄(εm) = s̄(0) + k̄εm where k̄ > 0 is the unique

real root of the cubic equation:

k̄3 + 2σsσmk̄2 + (σsσm)2 k̄ − σ2
cσsσm = 0.

13This specification is introduced by Dasgupta (2005).
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s̄(0) satisfies

c = Φ




−
(
1 + τc

τ̄T

)
s̄(0)

√(
1 + τc

τ̄T

)2

σ2
s +

(
τc

τ̄T

)2

σ2
c


 , (B2)

and

T̄ (sc) =
1

σs

[
s̄(0) +

(
k̄ + σsσm

)2

σ2
c

sc

]
, (B3)

where τ̄T = 1

(k̄+σsσm)
2 is the precision of the attack as a signal of the fundamental.

PROOF OF PROPOSITION B1:

Suppose an agent attacks if and only if si ≤ s̄(εm) = s̄(0) + k̄εm. The size of the attack from

speculators is A(θ, εm) = Φ
(

s̄(εm)−θ
σs

)
. The central bank observes T (θ, εm) = Φ−1(A)+σmεm,

or equivalently, it observes

T =
s̄(0) + k̄εm − θ

σs

+ σmεm,

s̄(0)− σsT = θ − (
k̄ + σsσm

)
εm,

and

E[θ|T, sc] =
τ̄T

τ̄T + τc

(s̄(0)− σsT ) +
τc

τ̄T + τc

sc, (B4)

where τ̄T = 1

(k̄+σsσm)
2 . This implies the status quo is abandoned if and only if

T ≥ 1

σs

[
s̄(0) +

τc

τ̄T

sc

]
= T̄ (sc),

which is Equation (B3).

The posterior belief of the regime change for a speculator with signal si and εm is expressed

as follows:

Pr

(
T ≥ 1

σs

[
s̄(0) +

τc

τ̄T

sc

]
|si, εm

)
= Φ




(
k̄ + σsσm

)
εm −

(
1 + τc

τ̄T

)
si

√(
1 + τc

τ̄T

)2

σ2
s +

(
τc

τ̄T

)2

σ2
c


 .

Hence, s̄(εm) = s̄(0) + kεm must solve

c = Φ



−

(
1 + τc

τ̄T

)
s̄(0) +

(
σsσm − k̄ τc

τ̄T

)
εm

√(
1 + τc

τ̄T

)2

σ2
s +

(
τc

τ̄T

)2

σ2
c


 . (B5)
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To solve this equation for all εm, the coefficient of εm must be zero. In other words,

σsσm − k̄
τc

τ̄T

= 0.

Rearranging we find that k̄ must solve:

k̄3 + 2σsσmk̄2 + (σsσm)2 k̄ − σ2
cσsσm = 0. (B6)

To see that this equation has a unique real root we compute the discriminant ∆ of the cubic

equation:

∆ = 4 (σsσm)4 1

τc

+ 27

(
σsσm

τc

)2

> 0.

Since ∆ > 0 the equation has a unique real root. Moreover, the left-hand side of equation

(B6) goes to −∞ as k̄ goes to −∞ and it is negative at k̄ = 0. Since the equation has a

single real root, it must cross zero at some k̄ > 0. Given k̄, we obtain s̄(0) as the solution to

Equation (B2). ¥
In other words, the equilibrium strategy for the central bank is to abandon the exchange

regime if and only if the observed signal of aggregate attack, T , is greater than or equal

to the threshold, T̄ (sc), a function of the central bank’s private signal, sc. The equilibrium

strategy for a speculator who receives a signal, s, is to attack if and only if s falls below a

threshold value, s̄(εm), which is a linear increasing function of the noise trading level in the

currency market.

Proposition B2 The weight k̄ put by speculators on εm in the unique linear threshold equi-

librium characterized by Proposition B1 is greater than the weight k̄BM that would be put on

εm in a game where the central bank does not attempt to get information about θ from the

size of the attack.

The proof is straightforward since k̄ is strictly positive and if the central bank does not

infer the fundamental from T , k̄BM = 0.

Empirically, it has been difficult to explain the fact that speculative attacks tend to be

contagious even though the fundamentals of the countries under attack are quite different.

Our finding in this section offers an explanation. Since the noise trading level tends to be high

across countries during the periods of market upheavals such as the ERM debacles (1992),

the Asian crisis (1997), and the Russian default (1998), currency speculators, knowing so,

coordinate their attacks across countries around these times. Given this finding, central
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banks should adjust their behavior during contagious speculative attacks – they should rely

less on market information to make policy decisions.

Appendix C

Speculators Observe Fundamental Perfectly

We begin by defining equilibrium in this setting. Let A(θ) denote the size of the aggregate

attack given θ, g(θ) the action of an agent given θ, and δ(A, sc) the action of the central

bank as a function of the size of the attack and its signal. Furthermore, let ν(θ|A, sc) denote

the posterior belief by the central bank conditional on A and sc.

Definition C1 An equilibrium consists of a mapping A from the fundamental to the size of

the attack, a strategy for the central bank, δ(A, sc), a symmetric strategy for the agents, g(θ)

and a probability measure, ν (·|A, sc), such that

δ(A, sc) ∈ argmaxδ∈{0,1}

∫ ∞

−∞
δθdν(θ|A, sc),

g(θ) ∈ argmaxa∈{0,1}a ·
[∫ ∞

−∞
1[δ(A(θ),θ+σcεc)=0]dφ(εc)− c

]

ν(θ|A, sc) is obtained using Bayes’ rule for any A, sc,

A(θ) = 1 if g(θ) = 1 and A(θ) = 0 otherwise.

Since speculators have information that is valuable to the central bank, in equilibrium,

the central bank would make its policy decision based on the information revealed through

speculators’ actions as well as its own noisy private signal. When the fundamental is common

knowledge among them, speculators may coordinate in various ways leading to different

inferences by the central bank, resulting in multiple equilibria. In particular, speculators

may be able to convince the central bank to abandon the fixed exchange rate regime even

when it is not optimal for the central bank to do so. Our next proposition shows that

multiplicity may arise when the speculators follow symmetric cut-off strategies.

Proposition C1 There exists θ∗ > 0 such that for all θ ∈ [0, θ∗] there is an equilibrium

where g(θ) = 1 if θ ≤ θ and g(θ) = 0 if θ > θ.

PROOF OF PROPOSITION C1:

Suppose g(θ) = 1 if θ ≤ θ and g(θ) = 0 if θ > θ. Hence, the expectation of θ conditional on
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observing A = 1 and sc is

E
[
θ|θ ≤ θ, sc

]
=

∫ θ

−∞ θφ( θ−sc

σc
)dθ

Φ( θ−sc

σc
)

.

Next, we show that E
[
θ|θ ≤ θ, sc

]
is increasing in sc. To see this, note that E

[
θ|θ ≤ θ, sc + ∆

]
=

∆−E
[
θ|θ ≤ θ −∆, sc

]
. Subtracting E

[
θ|θ ≤ θ, sc

]
from both sides, dividing by ∆ and let-

ting ∆ go to zero, we obtain:

∂E
[
θ|θ ≤ θ, sc

]

∂sc

= 1− ∂E
[
θ|θ ≤ θ, sc

]

∂θ
.

By Proposition 1 in Burdett (1996), we know that
∂E[θ|θ≤θ,sc]

∂θ
∈ [0, 1]. Thus,

∂E[θ|θ≤θ,sc]
∂sc

≥ 0.

Suppose θ ≥ 0. Since
∂E[θ|θ≤θ,sc]

∂sc
≥ 0, there exists a ŝc(θ) > 0 (possibly infinite) such

that

E
[
θ|θ ≤ θ, sc

]
=

{
≥ 0 if s ≥ ŝc(θ)

< 0 if s < ŝc(θ)
. (C1)

Therefore, the central bank’s strategy is

δ(A, sc) =

{
1 if A = 1 and sc > ŝc(θ) or A = 0

0 o.w.
. (C2)

Moreover, ŝc(θ) is decreasing in θ.

Given the central bank’s strategy and given the strategy of the other speculators, it is

optimal for any speculator to set g(θ) = 0 if θ > θ. Now, fix some θ ≤ θ. We want to show

that if θ < θ∗ for some θ∗ > 0 then it is optimal for the speculators to set g(θ) = 1. Since in

this case, A = 1 and the probability that the central bank abandons the regime is Φ( ŝc(θ)−θ
σc

).

Note that this probability is decreasing in θ, so if it is optimal for speculators to attack at

θ, it is also optimal to attack at all smaller θ. Now note that Φ( ŝc(θ)−θ
σc

) is one at θ = 0, is

continuous and decreases as θ increases. Therefore, there is a threshold θ∗ > 0 such that

Φ( ŝc(θ)−θ
σc

)− c T 0 if θ S θ∗. Thus it is optimal to attack for the speculators if θ ≤ θ where

0 ≤ θ ≤ θ∗. This proves the proposition.¥
In other words, this proposition shows that there are multiple equilibria in which the

speculators follow a cut-off strategy: They attack the currency regime when their signal is

below θ̄ and do not attack otherwise. The cut-off value could be any θ between [0, θ∗]. This

means that the central bank may devalue when the fundamental, θ, is positive, which is not

first-best optimal for the central bank.
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