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Abstract 
This paper provides a simple dynamic framework for understand

ing the timing of balance-of-payments crises. It presents an asymmet
ric information model that focuses on investors' learning process and 
its crucial interaction with interest rate policy. The model incorpo
rates two basic ingredients: (i) investors have private information; and 
(ii) investors interact in a dynamic setting, weighing the high returns 
they receive while holding domestic assets against the incentives to 
pull out before crises take place. The model shows that the presence 
of private information delays the onset of BOP crises, giving rise to 
large drops in asset prices when crises finally take place. It also shows 
that, even though there is a positive relationship between dornestic 
interest rates and the speed at which investors can learn from each 
other, high interest rates are an effective defense against speculative 
attacks. The effect of interest rates on the timing of crises increases 
with the degree of private information. Finally, I characterize the 
optimal interest rate policy_.for the monetary authority: the optimal 
policy is to raise interest rates sharply as fundamentals become very 
weak. However, this policy is time inconsistent, suggesting a role for 
commitment devices such as currency boards or IMF pressure. 

•Email: fabroner@mit.edu. I thank Daron Acemoglu, Abhijit Banerjee, Ricardo Ca
ballero, Rudi Dornbusch, Paul l(rugman, Roberto Rigobon, Jaume Ventura, and partic
ipants of the MIT International Breakfast, Money Lunch, and Macroeconomics Seminar 
for their helpful comments. Ali remaining errors are mine. 
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1 Introduction 

During the 1990's the world witnessed a large number of balance-of-payments 
(BOP) crises, including the EMS crisis in 1992, the Mexican crisis in early 
1995, the Asían crisis in 1997, and _ the recent crises in Russia and Brazil. 
The large, and rapidly growing, literature on BOP crises has provided many 
insights into the causes behind these crises. A consensus now exists about 
the importance of institutions (e.g. bank supervision, corporate governance), 
debt management, and consistency in the setting of monetary and fiscal 
policy. Despite this progress, however, economists still have a limited under
standing of the dynamics and timing of crises. 

T he main difficulty in studying the timing of BOP crises stems from 
the need to account for two seemingly contradictory characteristics. On 
the one hand, BOP crises are usually "large," in that they involve massive 
asset reallocations, wild swings in asset prices, and heavy output losses. On 
the other hand, BOP crises are often triggered by shocks that seem too 
small to account for these effects. This paper propases a simple dynamic 
framework for studying the timing of BOP crises that accounts for these two 
characteristics. It emphasizes the dynamics of investors' learning process and 
its crucial interaction with interest rate policy. 

This paper models BOP crises as the equilibrium outcome of a game 
between a monetary authority, which attempts to keep a fixed exchange rate, 
and a set of investors that at each point in time decide how much of their 
capital to invest in the country. The model relies on two basic ingredients: (i) 
investors have prívate information; and (ii) investors interact in a dynamic 
setling, weighing the high returns they receive while holding domestic assets 
against the incentives to pull out before the crisis takes place. The crisis 
is triggered by sorne investors selling their domestic assets and starting a 
run on the central bank's reserves, with other investors following suit until 
reserves are exhausted. Investors have prívate information regarding· the level 
of the exchange rate in case the peg is abandoned. The run up to the crisis 
is characterized by a slow learning process, in which the high returns on 
domestic assets more than compensate for the risk of capital losses due to 
devaluation. During the crisis most of the remaining uncertainty regarding 
investors' prívate information is resolved. Furthermore, when the peg is 
abandoned the exchange rate experiences a discrete devaluation. As a result, 
investors' strategies incorporate an incentive to take their capital out before 
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.. the crisis takes place.1 Although the timing of the crisis is unpredictable 
based on public information, the model has a unique equilibrium, in which 
the timing depends on investors' prívate information. 

Two versions of the modelare presented. The first, in which the return on 
domestic assets is taken as exogenous, emphasizes investors' learning process 
and its implications for the timing of BOP crises . . This version provides 
insights into the behavior of asset prices during crises, as well as into the 
effects of interest rates and asymmetric information on the timing of crises. 
First, it shows that even in a model with a single equilibrium, "large shocks" 
are not necessary in order for crises to involve large drops in asset prices. 
Large rnovements in asset prices at the time the peg is abandoned are possible 
as a result of the large amount of prívate information that is revealed during 
crises. Furthermore, an asymmetry exists in that revaluations never take 
place. 

Second, it shows that the presence of prívate information delays the crisis, 
in the sense thal the peg lasts longer for all realizations of investors' prívate 
information. This result follows from two features of BOP crises that are 
captured by the model. As the crisis progresses, investors become more 
informed because they can infer lhe prívate information of the investors who 
take their capital out. The investors who would leave last then know the 
value of the new exchange rate and, thus, would have an incentive to wait if 
they expected a revaluation. As a result, arbitrage can rule out negative but 
not positive devaluations.2 In addition, the high returns on domestic assets 
in episodes of BOP crises create an incentive to wait past the point when 
the expected devaluation is zero. Without prívate information, however, 
investors cannot "coordinate" into staying past t his ·point and leave when 
the size of the devaluation is zero. The delay of BOP crises in the presence 
of prívate information can account for the observation that crises often occur 
long after problems in the affected countries are recognized. It also implies 
that when t he peg is finally abandoned the currency always depreciates. 

Third, the fixed exchange rate lasts longer when domestic interest rates 

LThis contrasts with so-called first generation models of BOP crises, in which the timing 
of crises is determined by the condition that the exchange rate be continuous. In fact, in 
the model presented in this paper crises would also involve a continuous exchange rate if 
prívate information were not present. 

2In other words, if investors start leaving "too soon," they can recognize their mistake 
before reserves are exhausted, which gives rise to probing attacks. If, on the other hand, 
they start leaving "too late" there is a devaluation. 
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.. are high. This result follows from the fact that, conditional on other investors' 
actions, each investor has greater incentives to leave his capital in the country 
when interest rates are high. In addition, an indirect channel exists due to 
the presence of complementarities in investors' actions: if each investor stays 
longer the expected losses from devaluation decrease, further increasing the 
incentives not to pull out. However, in a setup in which the exchange rate is 
continuous at the time of the crisis it is unlikely that an increase in interest 
rates would postpone the abandonment of the peg.3•4 It is the existence of 
positive devaluations as a result of private information that allows interest 
rates to delay the crisis. The model thus provides a rationale far interest rate 
defenses. 5 

To better understand the effect of interest rate policy on the timing of 
BOP crises, the behavior of the monetary authority is endogenized in the 
second version of the model. I assume that the monetary authority controls 
the return on domestic assets in order to minimize a loss function, which 
incorporates a cost of raising interest rates and a cost of having to abandon 
the peg. I also assume that there is an exogenous probability of "turnaround" 
in which case the peg survives and no further interest rate costs need to be 
incurred. The model has a number of implications for interest rate policy 
during BOP crises. 

First, the optimal interest rate policy is to raise interest rates sharply 
when fundamentals become very weak, rather than raising interest rates by 
a smaller amount for a longer period of time. This result follows from the fact 
that raising interest rates when fundamentals are very weak is both "more 
effective" and "cheaper." For any interest rate path, the effect of increasing 
the interest rate at sorne point increases the equilibrium probability that the 

3 Calvo (1995) presents such an argument. He argues that high interest rates could 
induce capital inflows in the run up to the crisis, but these would be compensated by a 
larger portfolio reallocation when the peg is abandoned. He also argues that, since the 
fiscal deficit (or expected future deficits) likely increases when interest rates are raised to 
defend a peg, it is possible that the .'.'defense" actually hastens the end of the peg. 

4This paper concentrates on the' effect of interest rates before the peg is abandoned. 
Lahiri and Végh (1999) and Salant and Henderson (1978) show that, even if no private 
information exists, the value of interest rates after the peg is abandoned affects the desired 
portfolio reallocation and, as a result, the timing of the crisis. Drazen (1999) argues 
that interest rates can affect the timing of crises by providing information about the 
government's objectives. 

5 Stiglitz (1998) argues that only unrealistically high interest rates would be effective in 
defending a peg. In this paper this is not the case. 
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crisis will occur at that point. 6 Correspondingly, the amount of learning 
that takes place at that point increases, thereby "shifting back" the crisis 
distribution function far all previous times. As a result, high interest rates 
are more effective in postponing the devaluation if they are expected to take 
place when fundamentals are weal<er. In addition, it is possible that interest 
rate costs will not need to be incurred if the crisis or the turnaround take 
place earlier. 

Second, a problem of time inconsistency arises. The monetary authority 
would be better off if it could commit to raising interest rates as fundamentals 
deteriorate. This result fallows from the fact that the benefits of high interest 
rates at a point in time are partly "sunk" when that time is reached. This 
time inconsistency problem suggests a role far international organizations 
such as the IMF, or far commitment devices such as currency boards. 

Third, empirical studies on the effectiveness of interest rate defenses 
should be ca.reful in interpreting episodes in which interest rates a.re sharply 
raised but the peg is abandoned. In the model presented in this paper, al
though interest rates are an effective instrument far defending against spec
ulative attacks, crises are more likely while interest rates are high, even con
ditioning on the level of fundamentals. Finally, these results are stronger in 
cases of liquidity crises than in cases of solvency crises. 7 

Related Literature 

The large shifts in asset holdings during crises initially led observers to asso
ciate such episodes with investor irrationality. The so called first-generation 
approach to BOP crises, initiated by Salant and Hend~rson (1978), Krugman 
(1979), and Flood and Garber (1984), provided an alternative explanation. If 
crises mark a switch in regimes, with inflatión higher after the fixed exchange 
rate is abandoned, the desired holdings of domestic currency should likely 
fall during crises. As a result, a "run" on the central banks's reserves could 
be interpreted as a rational p9rtfolio reallocation. These models, though, 
also have the unrealistic implications that the timing of crises should be 
predictable and that crises should not involve large changes in asset prices. 
Flood and Garber (1984) and Dornbusch (1987) develop stochastic models 

6 This corresponds approximately to uncovered interest parity. 
7In the context of this paper, a "liquidity crisis" is a crisis in which the probability that 

the peg survives increases when the attack is postponed. 
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of BOP crises that address these shortcomings by assuming the existence of 
large shocks. 8 

A different approach to explain the unpredictability of crises and the 
drops in asset prices is to assume the existence of multiple equilibria. Start
ing with Obstfeld (1984), second-generation models introduce the possibility 
that crises be self-fulfilling: if investors expect a crisis, they will act in a way 
such that a crisis occurs. However, these models have little to say about 
the timing of BOP crises, as a wide range of results can be obtained by as
suming different expectational dynamics. Furthermore, as Morris and Shin 
(1998) show in a generic second-generation model, the existence of multi
ple equilibria might not be very robust, as adding even a small amount of 
noise to investors' perceptions about a country's fundamental eliminates the 
multiplicity of equilibria. 

The model presented in this paper is complementary to a number of 
asset-pricing models that present alternative amplification mechanisms for 
the effects of shocks on asset prices ( Gennotte and Leland (1990), Romer 
(1993), Caballero and Krishnamurthy (1999), Hong and Stein (1999), and 
Yuan (1999)) . These models emphasize asymmetric information, liquidity, 
and financia! constraints considerations. 

There are models in the social learning literature that share many in
gredients with the one presented here. (Caplin and Leahy (1994), Gul and 
Lundholm (1995), and Chamley (1998) present models with "informationally
driven" crises or clustering.) Although these models provide the basic intu
ition for why small shocks can give rise to large crises in the presence of 
prívate information, they do not provide an adequate framework for under
standing the timing of BOP crises. The most important difference between 
the model in this paper and those in the social learning literature is given 
by the trade offs investors face in choosing their actions. In social learning 
models, which are usually concerned with industry dynamics or problems 
that give rise to similar "reduced-form" models, investors have an incentive 
to wait to observe other agents ·áctions and face a cost of waiting. In episodes 
of BOP crises, on the other· hand, investors have an incentive to move first 
( take their capital out of the country before the crisis takes place) and receive 
a flow benefit of waiting in the form of high returns on domestic assets. In 
addition, in episodes of BOP crises investors care about other investors' ac-

8 Rigobon (1999) presents an alternative argument: "small shocks," if unexpected, can 
give rise to large reassessments about a country's fundamental. 

5 

• 



.. 

tions not only because they reveal t heir private infarmation, but also because 
in case of a crisis those who leave first have a higher probability of doing so 
befare the devaluation takes place.9 Finally, during BOP crises there is a 
"terminal condition," given by zero reserves at the central bank, which wíll 
play an ímportant role in this paper but <loes not have a counterpart in social 
learning models. 

Although there are no syst,ematic studies of whether asymmetric informa
tíon exists in the context of BOP crises, suggestive evídence exists. Evans and 
Lyons (1999) find a strong positive correlation between arder fl.ow10 and price 
movements in the US$/DM exchange rate market, which is consistent with 
investors' trades revealing price-relevant prívate infarmation. Garber (1998) 
argues that the existence of derivatives "obscures true risk positions and un
dermíne the usefulness of balance-of-payments capital account categories." 
Por example, according to IMF's International Capital Markets (1995), pub
lished 8 months after t he Mexícan devaluatíon, most of the Tesobonos out
standing at the t,ime of the devaluation were held by fareigners (page 62). 
However, according to Garber, all of the US$ 16 billion worth of Tesobonos 
held by foreigners were involved in swaps with Mexican banks, so that all 
the risk was actually held by domestic banks. Furthermore, international 
investors do not share infarmation on these types of trades, far they are 
considered proprietary. There exists an account of the events that led to 
the collapse in Mexico's bond market in which the crisis was triggered by 
investors' realization of the size of the total Tesobono swaps. ll Johnson, 
Boone, Breach, and Friedman (1999) find that measures of corporate gover
nance have a significant explanatory power far the size of devaluations and 
drops in local stock markets in a cross-section of countries during the Asian 
crisis. Under the assumption that investors have prívate ínfarmation regard
ing the extent of corporate governance problems in the firms they ínvest , ít 
is plausible that prívate infarmation played a role in the crisis. Other "ev-

9In social learning models tha(.incorporate non-informational externalities, such as 
Chamley (1998), complementarities give agents an incentive to move simultaneously. These 
models do not capt ure the incentive to pull out first. 

10 Evans and Lyons define order flow as "a measure of buying/selling pressure. Jt is the 
net of buyer-initiated orders and seller-initiated orders." 

11 Another piece of evidence that suggests that investors learned about the situation of 
the Mexican banking system during the crisis is given by the fact that, in January 1995, 
the stock prices of the banks fell much more than that of other companies, even though 
banks' stock prices closely followed the stock market index throughout 1994. 
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idence" includes the fact that, in many cases, crises are triggered when an 
identifiable group of investors "pulls out," such as when domestic investors 
refused to roll over Russia's debt in August 1997. 

The paper is organized as follows. Section (2) describes the model un
der the assumption that the interest rate on domestic assets is exogenous. 
Section (3) salves and analyzes this simpler model. Section ( 4) focuses on 
interest rate policy by endogenizing the behavior of the monetary authority. 
Section (5) describes the robustness of the results under alLernative assump
tions. Section (6) concludes and suggests sorne speculative applications of 
t he theory presented in this paper for contagian, asset-market bubbles, and 
banking crises. 

2 The Model 

To simplify the analysis, the model is based on a linear first-generation-type 
framework, with the additional assumption that investors have prívate infor
mation regarding the level of the exchange rate in case the peg is abandoned. 
Time is cont inuous and t here are two kinds of players; a monetary authority, 
which attempts to keep a fixed exchange rate, and a set of investors, who 
at each point in t ime decide how much of their capital to invest in domestic 
assets. The state of the economy is summarized by a fundamental that de
teriorates monotonically. While the peg lasts, investors receive a return on 
domestic assets which is higher than the international rate of return. If there 
is a speculative attack, the investors who are able to convert their holdings 
of domestic currency into foreign currency befare re~erves are exhausted do 
not suffer any capital losses. Others suffer losses equal to the size of the 
devaluation. The interplay between the benefit of being able to pull out be
fare others and the high returns on domestic assets provides the main forces 
affecting the behavior of investors. 

Monetary Authority 

The monetary authority follows a simple rule: buy and sell foreign currency 
at the fixed exchange rate while reserves last.12 Without loss of generality, 

t 21n Section ( 4) the behavior of t he monetary a uthority is endogenized, allowing it to 
set interest rates in order Lo delay, and possibly avoid, the crisis. 
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the exchange rate is fixed at 1. Once reserves are exhausted, the currency is 
floated. 

Investors 

Investors are risk-neutral. They initially have sorne capital invested in the 
country, for which they receive a riskless, constant, and exogenous return 
r > O, unless a crisis occurs. At each point in time, investors decide how 
much of their capital to invest in the country, and how rnuch to invest abroad. 
The international rate of return is O. There are no transaction costs associ
ated with capital rnovements. I also assurne that investors have a maximum 
amount of capital ( equal to their initial holdings for simplicity) and that 
there are no other investors who could invest in the country. 13 

Investors are heterogeneous and have prívate information regarding their 
idiosyncratic characteristics. The specific dimension of heterogeneity is not 
crucial for the qualitative predictions of the model but, for concreteness, I 
assume that investors differ in the amount of investments in domestic liquid 
assets. In the context of this model, liquid assets ( e.g. short-term local
currency bank deposits) are assets which can be sold instantaneously and at 
a price which is fixed in local currency, while illiquid assets cannot be sold 
at any price. 14 

There are two groups of atomistic investors of mass 1 each. ,All investors 
within each group have the same amount of liquid assets or "type," denoted 
ai for í = 1, 2. 

Assumption 1 Each investor knows his own type ( a_nd that of the rest of hís 
group), but does not know the type of the other group. The ai 's are dístríbuted 
with density function g( ·) and support [am, aM]. g( •) has no atoms and is 
common knowledge. 

The proportion of liquid assets invested in the country by investor j E 

[O, 1] of group i E {1, 2} at tirr{e t is denoted by x(í,j, t) . 

L
3This assumption can be justified by assuming that investors are capital-constrained 

"specialists." In section (5) I will argue that if a pool of uninformed investors existed 
who could bring their capital to take advantage of the high returns, the results would be 
stronger. 

L
4 At least in principie, it, is possible to determine the amount of foreign investment by 

looking at capital flows. However, information regarding the types of investments and 
off-balance sheet operations is much scarcer, e.g. Garber (1998). 
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Environment 

'Time is continuous. Investors observe capital movements by all other in
vestors.15 The state of the economy at time t is summarized by a fundamen
tal J (t), which affects both the level of reserves and t he value of the exchange 
rate if the government were to abandon the peg (i.e. the "shadow" exchange 
rate).16 

Assumption 2 Reserves at lime t are given by 

R(t) = J(t) - ¿ ai ¡1 
(1 - x(i, j, t)) dj. 

i= l,2 O 

Assumption 3 The shadow exchange rate at time t is given by 

Es(t) = 1 + f (t) + eo - a1 - a2 

where eo E (O, am) is a constan t. 

(1) 

As a result, the size of the devaluation, which is given by a1 +a2 - J(t) - e0 , 

is increa.sing in the amount of liquid assets. 17 

The fundamental f ( t) deteriorates monotonically at speed µ. Time is 
defi.ned such that J(O) = 2am - e0 . I a.ssume that the game starts at a time 
f < O early enough such that there is an initial period when a devaluation 
cannot occur. 

Assumption 4 The fundamental f ( t) f ollows 

J(t) = (2am - eo ) - µt 

In addition, f(Ü > 2aM - eo {i.e. ~ < -2(ªM~am) ). 

Since f(t) falls at speed µ, ·"the peg cannot la.st forever. Let f be the t ime 
at which the peg is abandoned, which is given by 

LSJt <loes not make any difference if I assume investors only observe net flows. 
L6For example, the fundamental could be domestic credit, as in Krugman (1979) and 

Flood and Garber (1984). 
L7 Equation (1) implies that t he size of t he devaluation is increasing in the amount of 

liquid assets that cannot be covered by existing reserves, which equals a1 + a2 - f(t). 
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f=sup{l:VrE (tt)R(r) >0}, (2) 

i.e. when reserves at the central bank reach zero. If investors decide to pull 
out and reserves are not enough to cover all liquid assets, reserves are paid out 
according to a sequential servicing constraint. The investors who initiated 
the attack are able to exchange their domestic currency before others, and 
reserves are assigned randomly if they are not sufficient to cover a group that 
moves simultaneously. • 

A few technical assumptions are needed to rule out sorne forms of unreal
istic behavior. Sorne of these assumptions will only be used in the appendix, 
where a formal treatment of the game is presented. 

Technical Assumption 1 The game is the limit, as E -t O, of the game in 
which the strategies x( i, j, t) can be conditioned on flows only up to time t - E. 

Technical Assumption 2 Strategies must be "well-behaved." For all flow 
histories, x-(i,j,t) _ limT_,t- x(i,j,r) exists, x+(i,j,t) - limT_,t+x(i,j,r) 
exisls, and x(i,j,t) = x - (i,j,t). 

In equilibrium, investor i in group j chooses strategy x(i,j,t), taking 
strategies x(i', j', t) as given, to maximize 

E [l x(i,j,t)rdt- x+(i,j,t)(l - E,(t))-

. . + . . (A(l) -· R(l)) ] (x(i,J, f) - x (i,J, t)) A(t) (1 - Es(t)) 

where f is given by equation (2), and A(t) is the amount of desired outfiows 
at time t 

A(t) = ¿ ai ¡1 

(x(i,j, t) - x+(i,j, t)) dj. 
i=l,2 O 

The first term in the maximization problem accounts for the returns on 
liquid capital while the peg survives. The second term accounts for the 
devaluation losses from the capital that the investor <lid not attempt to take 
out at f. The third term accounts for the devaluation losses from the capital 
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that the investor attempted to take out, which incorporates the fact that this 
capital can be taken out with probability ~m .18 

Technical Assumption 3 The model is the limit of a model with transac
tion cosls as these costs lend to zero. 

Technical Assumption 4 Investors within ea.ch group have access to a "cor
relating device" that allows them to follow "mixed-like" strategies. The two 
groups have independent correlating signals thal cannot be observed by in
vestors in the other group ( as in mixed strategies). In addition, strategies 
must be individual best responses since there are no commitment devices ( as 
in correlated equilibria) .19 

3 Analysis 

As a benchmark, it is helpful to start by analyzing the model when there is 
no private information: 

Proposition 1 IJ a1 and a2 are common knowledge there is a unique Nash 
equilibrium. Investors stay in the country until time 

- ( a 1 - am) + ( a2 - am) t = -------- ---, 
µ 

which satisfies Es(f) = l. At that point they all try to leave, the peg is 
abandoned, and the size of the devaluation is zero. 

Proof: It is trivial to show t hat the proposed solut ion is an equilibrium. 
To prove uniqueness note that, since J(t) falls at speed µ, the peg must 
be abandoned, at the latest, when J(t) = O. In pure strategies, investors 
cannot stay past E in equilibrium, since the crisis would involve a predictable 
depreciation. Mixed-strategy equilibria are not possible either, because they 
must involve randomizations over exit times up to the t ime when the crisis 

l 8 Returns on illiquid assets are not included in the maximization problem because these 
assets cannot be sold. 

19 Alternatively, I could assume that investors' types have infini te dimensions, with t he 
first d imension being the liquidity of their investments, and the other dimensions being 
characteristics that are not pay-off relevant but on which investors can condition t heir 
actions. 
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is inevitable. As a result, the "crisis hazard rate" would approach infinity at 
a point at which E 8 (t) < 1, which cannot occur in equilibrium. O 

This example shows that, in the rnodel presented in this paper, the tim
ing of crises is independent of the interest rate r when there is no private 
information.20 The rest of this section studies the dynamics of crises and the 
effect of interest rates on their timing when prívate information is present. 

For a formal analysis of the model, the reader should see the appendix. 
Here, I take the following proposition as a starting point, and present a more 
heuristic approach. 

Proposition 2 There is a unique and symmetric Nash equilibrium. The 
equilibrium is symmetric both between the two groups and between different 
investors in a single group. Symmetry within groups means that investors 
"move together," i. e. for all j, j' E [O, 1] and i E {O, 1}, and for all histories 
of capital fiows, x( i, j, t) = x( i, j', t). In addition, investors always want to 
have either all their capital in the country, or all out, i.e. x(i,j,t) E {O, l} . 

Proof: See appendix. 

The analysis is greatly simplified by two features of the model. First, since 
investors are atomistic, they do nol act strategically, i.e. they take the actions 
of other investors as given, as opposed to only their strategies. Together with 
the absence of transaction costs, this irnplies that the investors' max:irnization 
problem can be solved pointwise. 

The equilibrium of the game is composed of several "stages." In the 
first stage, investors' types are private information and their strategies can 

20Salant and Henderson (1978) and Lahiri and Végh (1999) show t hat raising interest 
rates can delay the timing of BOP crises by increasing t he demand for domestic assets 
after the devaluation thereby "shifting up" the shadow exchange rate schedule. On the 
other hand, raising interest rates a lso has negative effects on the shadow exchange rate by 
accelerating the accumulation of gov_ernment liabilities through higher debt service costs, 
bailouts of banks in distress, or a f~ll in revenue due to lower activity. Lahiri and Végh 
present a framework that combines these two effects. However, in these papers only post;. 
devaluation interest rates have an effect on the t iming of crises. As Calvo (1995) argues, 
raising interest rates before the devaluat,ion likely has only negative effects on the shadow 
exchange rate, which prompts the question of why interest rate defenses often include 
raising interest rates prior to the devaluation. This paper provides a possible answer, 
focusing on the effects of interest rates on investors' learning proccss rather than on the 
shadow exchange rate. Drazeri (1999) provides an alternative explanation based on the 
idea that in\,erest rates can actas a signa! about the government's objectives. 
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be summarized by a function J(a), which indicates at which value of the 
fundamental they would leave, conditional on their type. The first stage ends 
when a group of investors starts taking their capital out, thereby revealing 
their type. The other group then either leaves or stays, depending on their 
type. If the amount of their investments in liquid assets is high enough, 
investors in the second group leave, exhausting the government's reserves 
and ending the game; otherwise, they stay, the first group returns, and the 
second stage begins. In the second stage, the type of the group that initiated 
the first attack (type 2 without loss of generality) is thus known, but the type 
of the other group is only known to be below sorne value Q, consistent with not 
having pulled out. The equilibrium in this stage is characterized by a function 
f1 (a1; a2), which indicates at which value of the fundamental investors in · 
group 1 would leave conditional on their type and that of group 2, and a 
hazard rate h(f; ª-, a2 ), which indicates the probability of group 2's leaving 
when the fundamental is J, conditional on their type and the maximum 
possible group 2's type. If group 1 leaves first, group 2 follows, reserves 
are depleted, and the game ends. If the attack is again initiated by group 2, 
investors in group 1 follow if the amount of their investments in liquid assets is 
high enough, or stay and stage 3 begins. Each stage thereafter is identical to 
stage 2, and the same functions J1 (·) and h(•) apply. In general, the functions 
J ( ·), !1 ( ·), and h(-) would depend on the information investors acquire during 
each stage. However, it is not necessary to include this information separately 
because it is uniquely determined by the value of f. 

Since investors' salve their maximization problem pointwise, each stage 
of the equilibrium can be solved independently. I start by describing the first 
stage, where most of the insights become clear, and briefly analyze the rest 
of the game later. 

With sorne abuse of notation, let us define a(t) = J-1(J(t)), where J-1 

denotes the in verse of J. 21 a( t) is then the "marginal type" or type that would 
leave exactly at time t. For t such that J(t) > J (aM ), we define a(t) = aM, 
since J-1(J(t)) is not defined. Bimilarly, for t such that f(t) < f(am), we 
define a(t) = ªm · We can sólve for a(t) by noting that, in equilibrium, the 
marginal type must be indifferent between staying or leaving when the crisis 
hazard rate is positive. 

21 That such inverse exists follows from the fact that if ](a) where not strictly increasing, 
there would be a point in time with positive mass in the crisis probability distribution, 
which cannot occur in equilibrium since returns are only of order dt. 
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Proposition 3 In the unique and symmetric Nash equilibrium of the game, 
the equilibrium in the first stage is characterized by the "marginal type" func
tion a( t). Investors take all their capital out of the country when a( t) reaches 
their type. a( t) satisfies the differential equation 

r = g(a(t)) (-a(t)) ( 2a(t) - J(t)) (2a(t) - f(t) - e ) 
G(a(t)) a(t) 0 (3) 

and the boundary condition 

Proof: Even though the equilibrium is symmetric, the intuition is more clear 
if we start by assuming it is not. Let us define a1 ( t) and a2 ( t) as the marginal 
type functions for groups 1 and 2 respectively. In equilibrium, the marginal 
investor must be indifferent between sLaying or leaving. The returns outside 
the country are O, while the returns inside the country consist of the sum of 
r and the expected losses from devaluation. 

The expected losses from devaluation arise because when an investor in 
group 1 is in the country, t here is a positive hazard rate for group 2's pulling 
out, in which case the investor would suffer devaluation losses wit h positive 
probability.22 The hazard rate for group 2's pulling out is given by 

g(a2(t)) . 
12(t) = G(a2 ( t)) ( -a2(t)) 

where G(-) is the cumulative distribution of g(•), and 2}<::~w) is the density 
of a2 at a2(t), conditional on a2 ::::; a2 ('l). The probability of an investor in 
group 1 noL being able to take his capital out conditional on group 2 pulling 

out is given by ( ª1 (t)-1:
1

2/tf-J(t)), since after investors in group 2 take their 

22To make this step rigorous, TAl is needcd. Otherwise, there could be other equilibria 
in which a group leaves even though r is higher than the expected devaluation losses due 
to attacks initiated by the other group. If one group left at such a time, and the reaction 
time were zero, the other group would follow immediately with positive probability. An 
invcstor would then have no incentive to deviate from this strategy, because no time elapses 
between the time at which he is supposed to leave and the possible crisis time. A more 
formal treatment of this point can be found in the appendix. 
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capital out only J (t) - a2(t) reserves are left. Finally, the new exchange rate 
would be given by equation (1). As a result, a1(t) and a2(t) must satisfy23 

r 

r 

~~:11~~~ (- a1(t)) ( ai(t) + ::g¡- J(t)) (a1(t) + a2(t) - J(t) - eo) 

~~::~;/) (-a~(t)) ( ª2
(t) + :

1
\~} - f(t)) (a2(t) + a1 (t) - J(t) - ea). 

Since the solution is symmetric, these equations are equivalent to equa
tion (3), a·1(t) = a2(t) = a(t), and 11 (t) = 12(t) = ,(t). Finally, let T be such 
that a( T) = am, Then, since 1 (t) -+ oo as t -+ T, it must be the case that 
E 8 (r) = 1; otherwise, sorne investors could suffer predictable capital losses 
by staying too long or miss predictable capital gains by leaving too early. 
This is equivalent to a(O) = am.24 O 

Figure 1 shows the marginal type a(t) for different interest rates r. 25 It is 
clear that, for any values of a1 and a 2 , the first attack occurs later the higher 
r is. The intuition behind this result is that, although "learning" ( which 
is related to a(t)) can be faster when interest rates are high, the moment 
at which this learning starts is determined by the terminal condition. As a 
result, faster learning implies that more of it can take place closer to t = O. 

Let t 1 be the time at which the first stage ends, i.e. a(t1 ) = max{ a1 , a2 }. 

After the initial attack either the peg is abandoned or the second stage of 
the game begins. Without loss of generality, let us assume a2 > a1, so group 
2 is the first to leave. 

23 Actually, if there are no transaction costs these differential equations must be satisfied 
only if a1 (t) < O and a2 (t) < O. However, this problem does not arise under TA3. In the 
appendix I show that if a;(t) = O for sorne t, then ai(t') = ªM for ali t' ~ t. 

24 For equaLion (3) to be va lid, ( 2ª(~(~{ (t)) E (O, 1) is needed. This is satisfied at t = O 

iff eo E (O, am), which I assumed in A3. For earlier times, it is also satisfied if I assume 
eo < a,,. - (aM - am), However, A3 is enough unless r is extremely high. In addition, 
even if the constrain were not sa"tisfied by the solution described in the proposition, the 
qualitative behavior of the model would not change: the path of a(t) would be less "steep" 
than the one proposed, but the effects of interest rates and the information structure on 
the timing of the crisis would be the same. 

25Equation (3) can only be solved analytically for r = O, in which case a(t) = am - ~t. 
For r > O, it can be shown that a(t; r1) < a(t; r 2 ) for ali t if r 1 < r2. In addition, 
a(O) = - ~ - ~ ~, which is useful for the numerical simulation. 
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Figure 1: Marginal type a(t) for different interest rates. a111 = 0.5, ªM = 1.5, g(a) is 

uniform, µ = 0.1, and eo = 0.2. Solid line: r = O. Dashed line: r = 0.05. Dotted line: 

r = 0.2 . 

Proposition 4 If E 8 (t1 ) = l+f(t1)+e0 -a1 - a(t1) < 1, investors ingroup 
1 also leave and the peg is abandoned immediately. Otherwise, investors in 
group 2 return and the second stage begins. The equilibrium is characterized 
by a marginal type function a1 (t), which denotes the type of investors in 
group 1 that would take lheir capital out at time t, and h( t), which denotes 
the hazard rate of investors in group 2's pulling out. The function a 1(t) 
satisfies the differential equation 

r = g ( a 1 ( t)) ( - á I ( t)) ( a I ( t) + a2 - J ( t) ) ( a 1 ( t) + ª2 - J ( t) - eo) ( 4) 
G(a1 (t)) a2 

and the boundary condition 

1 ( a2 - ªm) 
a - = ªm• µ 

(5) 

The hazard rate h( t) salves 

r = h(t) ( ª
1

(t) :
1
~;)- J(t)) (a1(t) + a2 - J(t) - eo) (6) 
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far a1 (t) ~ J(t1 ) + e0 - a(t1) and equals zero olherwise. 

Proof: See appendix. 

To understand the second stage of the game, consider the case when 
r is small. In this case, investors pull out in the first stage even when the 
expected devaluation losses are small, i.e. when t is such that 2a(t)- f(t)-eo 
is clase to zcro. As a result, unless a1 and a 2 are very similar, the first attack 
occurs earlier in the case with prívate infarmation. However, there is a low • 
probability that the group that did not initiate the attack has a type clase 
enough to a(t) so that the shadow exchange rate E8 (t) < 1, which implies that 
the currency will likely not be devalued in the first attack. Figure (2) shows 
this point graphically. Assuming group 2 attacks first, the salid line displays 
the learning process by investors in group 2, and marks the ma.ximum possible 
type a 1 . The dashed line is the marginal type a(t) when no attack has taken 
place, and the dotted line is the marginal type a 1 (t) far group 1, conditional 
on group 2's type being known.26 The marginal type a(t) falls until it reaches 
max { a 1 , a2 } at sorne time t1 . At that point, the peg is abandoned if the other 
type is such that the shadow exchange rate E8 (t1 ) is lower than l. If the 
second group <loes not follow, the second stage begins, with an initial period 
of time when a crisis cannot take place. When the ma.ximum type consistent 
with the peg having survived intersects the marginal type function a 1 (t), 
investors start learning again. At sorne point, either a 1 (t) reaches the type 
of investors that did not initiate the first attack, which triggers a successful 
attack, or the group that initiated the first attack pulls out again. (Not 
described in the figure.) A sequence of "probing" attacks can ensue, until one 
takes place when E 8 (t) < 1, in which case the attack"is successful. However, 
the size of the devaluation is small since investors do not take high risks far 
small r.27 

The model provides a number of results regarding the effects of asym
metric information and interest rates on the timing of BOP crises, and the 
behavior of asset prices during ·such episodes. First, once we account far the 
presence of prívate information, interest rates_ have a significant effect on the 
t iming of crises, in contrast with the case presented at the beginning of the 
section. 

26The path a 1(t) depends on which value a2 takes. 
27 An empirical prediction of the model is that, when a éountry deíends its peg very 

strongly, attacks should be less frequent but more likely to be successful. In addition, the 
devaluation should be larger. 
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Figure 2: Second Stage: Probing Attacks. a111 = 0.5, ªM = 1.5, a1 = 1.1, a2 < a1 , g(a) 

is uniform, r = 0.005, µ = 0.1, and eo = 0.2. Dashed line: a(t). Dotted line: a1 (t). Solid 

line: max{ a 1 : a1 is consistent with group 1 not having left}. 

Second, for any interest rate r, the presence of prívate informat ion de
lays the crisis, in the sense that the peg lasts longer for all realizations of 
investors' prívate information. The presence of prívate information has two 
main effects. On the one hand, it introduces "noise," so that investors do 
not know precisely when the other investors are going to start leaving. As 
a result, investors can "coordinate" into staying in the country for a longer 
period of time and receiving the high returns.28 This effect is illustrated in 
figure (1), as high interest rates "push back" the distribution of initial attack 
times. 

On the other hand, prívate information makes investors "too optimistic" 
when the types are high (large amount of investments in liquid assets), and 
"too pessimistic" when the _types are low (small amount of investments in 
liquid assets). The first (second) effect tends to make the first attack take 
place later (sooner) than under symmetric information. Although this seems 

28
The term coordination can be misleading, since investors are b etter off in the asym

metric information case only if µ is not large compared to r. If µ is not too large, though, 
one can think of the symmetric information case as a problem of coordinatio11 failure, since 
investors would like to commit to staying longer. 
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to imply that the peg should last less under asymmetric information when 
types are low, this is not the case because there is an asymmetric arbitrage. 
When one group leaves, the second group learns whether E

8
(t1 ) < 1, and 

would not leave unless this would cause the exchange rate to devalue. Namely, 
the second group can "correct" the mistake introduced by the first group's 
leaving too early, but it cannot correct the mistake if the first group left too 
late. 

Third, in the context of BOP crises, prívate information gives rise to dis
continuous drops in asset prices and, hence, complementarities in investors 
actions. 'I;'he asymmetry in the movement of the exchange rate is due to 
the high returns inside the country, the fact that investors learn as the crisis 
progresses, and the existence of an agent (the monetary authority) which is 
willing to buy domestic currency even if a depreciation is e:x:pected. In addi
tion, the model shows that a simple change in a conventional first-generation 
model can give rise to crises with characteristics similar to those of multiple
equilibria models. 

Fourth, the model also sheds light onto the positive relationship between 
the rate of return and the speed at which learning occurs.29 The reason is 
that the faster investors learn, the higher the crisis-hazard rate is and, thus, 
the higher the risk premium demanded by investors. However, in equilibrium 
an increase in the interest rate implies that the learning process starts later, 
as less time is needed to do the same amount of learning. As a result, it is 
the expectation of high interest rates in the future, with a correspondingly 
high learning speed, that makes investors stay now. Namely, high interest 
rates at a point in time push back the marginal type functions for all earlier 
times. This indicates the possibility of time inconsistency in the setting of 
interest rate policy. 

To better understand the role of interest rates in the learning process, 
and in order to obtain implications for optimal interest rate policies during 
BOP crises, the next section endogenizes the behavior of the monetary au
thority. In addition, I will also show that the results presented in this section 
are not due to the assumption that crises are inevitable. In fact, they are 
strengthened if we introduce the · possibility that there is a turnaround and 
fundamentals stop worsening. 

29
Stock (1987) found that, empirically, the business cycle evolves on an "economic time 

scale" rather t han on a "calendar time scale." Interestingly, he also found that the most 
important determinant of the economic time scale is the short-term interest rate, which 
has an accelerating effect. 
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4 Interest Rate Policy 

The model in the previous section revealed the existence of a significant rela
tionshi p between interest rates, the speed at which investors learn from each 
other, and the timing of BOP crises. This section focuses on the implications 
of these results for optimal interest rate policy during crises. I also include 
the possibility that crises be avoided if pegs last long enough. As a result, 
the model sheds light on how the results presented in this paper depend on 
whether crises are "solvency" or "liquidity" crises. 30 

Interest rate policy is endogenized by introducing an objective function 
for the monetary authority. 

Assumption 5 The monetary authority minimizes the loss function 

L ~ E [ 1[peg is abandoned]D + 1[deviate]<P + J,' c(r(t)) dt] 

where D > O is the cost associated with abandoning the peg, q, > O is the 
cost associated with deviating from a pre-announced interest mte policy, and 
e(·) ~ O is the fiow cost associated with mising interest mtes. In addition, 
c(O) = O, e'(·) > O, ande"(-) > O. 

Without further changes, the equilibrium of the model would be trivial, 
since the crisis would take place regardless of interest rate policy. As a result, 
the monetary authority would set r = O, and the peg would be abandoned 
as soon a~ the shadow exchange rate Es ( t) = l. 31 · 

However, most crises have sorne liquidity component associated with 
them. For example, governments can implement policies to take a country 
out of an unsustainable path (such as increasing taxes or cutting government 
spending) . In addition, the situation in international capital markets can 

3ºThe model presented in the previous section was one of solvency crises, since crises 
occurred with probability l. In this section, crises are less likely if the monetary authority 
delays the learning process by increasing interest rates. 

3
t Note that 1 assume a zero discount rate. This is notan unreasonable assumption, since 

episodes of BOP crises usually only last a few rnonths. However, the monetary authority 
might be interested in postponing the crisis for political reasons, which might imply a 
higher discount rate. In any case, the "turnaround" hazard introduced below can also 
account for a discount rate, without affecting the equilibrium of the game. 
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improve and allow the country to find new sources of financing, or a positive 
terms-of-trade shock can take place. Usually, though, these developments 
take time and are not in the hands of the monetary authority. To capture 
such features of crises, I modify the model slightly to allow far the possibility 
of a turnaround in the economy. 

Assumption 6 With hazard rate p (or "turnaround" hazard rate), the game 
ends, the peg survives, and the monetary authority is spared all further in
terest rate costs. 

To salve the model, we first note that, although the equilibrium in the 
previous section was obtained far constant r, a similar equilibrium exists 
when r is not constant. The only difference is that r is replaced by r(t) in 
equation (3). Let 

to= sup {t: a(t) = aM} 

be the time at which the learning process starts. It is clear that the monetary 
authority <loes not need to set r > O far t < t0 • In addition, the monetary 
authority will not announce an interest rate policy that is not credible. Then, 
far t < to, the loss function is given by 

where D(s, a) equals the expected losses, as of time s, conditional on the 
first attack being initiated at time s by a group witb type a. Interest rate 
costs incurred befare time s are not included in D(s, a).32 The other terms 
in the expression are the hazard rate of having an initial attack at time s, 
conditional on not having had a previous attack or a turnaround befare time 
s, which equals 21 (s) = 2b~:<(:))(-a(s)), the interest rate flow cost at time 
s, conditional on the same event, c(r(s)), and the probability that neither a 
turnaround nor an .attack t ake place befare times, G(a(s))2e- p(s-t)_33 

32 D(s, a) = D if the peg is abandoned at time s. If the type of the group that did 
not initiate the attack is low enough such that the peg is not immediately abandoned, 
D(s, a)< b . 

33
Note that p enters in the loss function L[t, {r(s)}] in the same way a discount rate 

would. As a result, p can be taken as the sum of the turnaround hazard rate anda discount 
rate. 
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In arder to determine D(s,a(s)), one would need to salve a similar min
imization problem. However, this introduces sorne additional difficulties be
cause D ( s, a( s)) is defined recursively. 34 To keep the problem simple, I as
sume that r = O after an initial attack.35 The function D(s, a(s)) is then 
given by 

D(s, a(s)) 
jj [G(a(s)) - G (f (s) + eo - a(s)) + 

G(a(s)) 

1-a(a);a~ • g((Jm - µT) + eo - a(T)) - p(r- s)d ] 

s µ G(a(s)) e T 

The first Lerm is t he probability that the second group has a type such that 
the shadow exchange rate E 8 (s) < O, i.e. the probability that the devaluation 
occurs immediately. The second term takes into account the fact that, if 
the second group has a type such that the devaluation occurs later, t he 
probability that the turnaround tal<es place is higher. Note that, since I 
assume r = O, there are no further interest rate costs. 

To simplify notation, let 

k( _ G(a(s)) ( a(s) ) ( 1 ) 
s, a(s)) = g(a(s)) 2a(s) - J(s) 2a(s) - f(s) - eo 

Then, from proposition (3), a(s) is given by 

a(s) - r(s)k(s, a(s)) (7) 
a(O) - am 

I first ignore issues of time inconsistency by assuming <P = oo. The 
monetary authority's problem is then to choose to and { r( s)} ~:?

0 
to minimize 

34 Minimization of D(s, a(s)) invoÍves an initial period with r = O, followed by an in
creasing path for r. 

35 This assumption <loes not a ffect the qualitative results of the model bccause the peg 
is abandoned after the first attack with high probability. The reason for this is that the 
optima! interest rate policy involves postponing the learning process and, as a result, after 
the first attack takes place i he type of the group that did not initiate the attack is likely 
large enough such that E. < l. On the other hand, the "unconstrained" D(s,a.(s)) is 
steeper than the one assumed here, so t he incentives to postpone the learning would be 
slightly lower without this assumption. 
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L[t, {r(s)}] - lº [c(r(s)) + 2 ~~:~;/) r(s)k(s, a(s))D(s, a(s))] x 

G(a( s) )2e-p(s- t)ds 

subject to equation of motion (7), a(t0 ) = aM, and a(O) = ªm· 
Proposition 5 The solution to lhe monetary authority 's problem when <I> = 
oo is characterized by 

a(s) - -r(s)k(s, a(s)) 

r(s) -
1 { g(a(s)) 

c"(r (s) ) [pD(s , a(s) ) - Dt(s, a(s))] 2 G(a(s)) k(s, a(s))+ 

c'(r(s)) [p + r (s)2~~:~;/)k(s,a(s))] - · 

c(r(s))2 g(a(s)) k(s, a(s)) + c'(r(s)) kt(s, a(s))} 
G(a(s)) k (s, a(s)) 

(8) 

r(to) - o 
a(to) - aM 

a(O) - am 

where a subscript t denotes the partial derivative with respect to time. 

Proof: See appendix. 

T he solution is more intuit ive than it looks. The a(s) equation has been 
described above. The equation for r(s) is composed of four terms and a 
scaling factor. T he first term captures the fact that it is desirable to postpone 
the expected cost D so that t he peg has more chances of survival, and also 
if D is expected to fall. The 'second term is associated with t he fact t hat the 
monetary authority would like to post pone raising the interest rate since there 
is a higher probability that tbe crisis or a turnaround take place earlier and 
the cost be saved. The t hird term is due to the fact that, by postponing the 
increase in t he interest rate, and thus the crisis distribut ion , it is more likely 
that the interest rate cost in the future will be incurred. The fourth term 
is associated with the fact that if the "effectiveness" of raising interest rates 
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1s mcreasing, the monetary authority has an incentive to postpone raising 
them. Finally, the larger the smoothing incentives (i.e. the higher the second 
derivative of the cost function) the less the previous four effects matter.36 

The condition that determines t0 comes from the desire to smooth r(s). 
The solid lines in figure (3) show paths for r(s), a(s), and the probability 

density of time of first attack, corresponding to the solution to the mone
tary authority's problem when <I> = oo.37 The paths of r(s) and a(s) are 
conditional on not having had an attack or turnaround prior to time s. The 
solution is characterized by a long initial period of "tranquility," in which 
r = O and the probability of a crisis is zero. Towards the end, however, inter
est rates must be raised sharply at the same time that the probability of crisis 
increases. The figure clearly illustrates the results described in the previous 
section. First, the positive relationship between the interest rate and the 
speed of learning is point by point. Namely, along the optimal path of r(s), 
times of high interest rates are times in which the probability of observing 
an attack is high. This is true for both the conditional probability (given by 
the slope of a(s) divided by G(a(s))) and unconditional probability (given by 
the density function) . In addition, it is optimal to have a sharply increasing 
path for the interest rate rather than keeping it at a low constant value. This 
is because interest rates push back the a(s) schedule for all earlier times; as 
a result, it is more "efficient" to raise them late. In addition, the probability 
that interest rate costs are incurred decreases with the time at which they 
are raised since it is possible that the game ends before that t ime. 

However, the fact that the benefits from raising interest rates at a point 
in time is in postponing the crisis for earlier times suggests that a problem 
of time inconsistency might exist. As a result, I next consider the case in 
which <I> = O. To analyze this case, I need to make an assumption regarding 
the point at which the monetary authority sets interest rates for times close 
to t = O. 

Technical Assumption 5 The model is the limit, as flt -t O, of a model in 
which interest rates are constant within (-flt, O), (-26.t, -flt), (-36.t, -26.t], 

36 Note that partial t ime derivatives are present instead of total time derivatives. The 
reason for this is that the effect of r(s) on t he path of a exactly cancels out the term 
corresponding to the partial derivative with respect to a. 

37T here are two initial conditions and one final condition for system (8). To carry out 
the s imulation, I iterated over different t0 until a(O) = ªm• It should be possiblc to prove 
(I have not done it yet) that a(O) is an increasing function of to and, as a result, there 
exists only one path that satisfies ali conditions. 
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Figure 3: Optima} path for r( s), corresponding marginal type a( s), and density function 

of times of first attack. ª"' = 0.5, ªM = 1.5, g(a) is uniform, µ = 0.1, eo = 0.2, p = 0.1, 

D = 1, and c(r) = 0.5r + r2 . Solid line: with ful} commitment. Dashed line: with no 

commitment (r = O) . 

and so for. In addition the interest ratefor s E (-(n+ 1).0.t, -n6t] is set at 
time -n.0.t. 

Proposition 6 If 4) = O and TAS holds, the monetary authority cannot 
commit to any interest rate policy different from r(s) - 0. 38 

Proof: The proposition follows 'from a simple backward induction argument. 
Regardless of previous play, the monetary authority will set r = O for s E 
(-.0.t, O] at time O. As a result, the peg must be abandoned at the latest at 
time -.0.t if E 8 (- 6t) < l. Assume that r = O for s E (-n.0.t, O] and that 
the peg must be abandoned at the latest at time -n.0.t if E 8 (-n6t) < l. 

38 Jt, can be shown that if c'(O) > e¡.f;':; the proposition is true even if the interest rate 
for s E (-(n + 1).6.t, -n.6.t] is set at time -(n + 1).6.t. 
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The monetary authority then does not have any incentive to set r > O for 
s E (-(ñ + 1)6t, -n6t] at time -n6t. By induction, r(s) = O. □ 

The dashed line in figure (3) shows paths for r(s), a(s), and the prob
ability density of time of first attack, corresponding to the solution to the 
monetary authority's problem when <I> = O. The rnonetary authority cannot 
cornmit to raising interest rates and, as result, r(s) = O. The case of low 
interest rates was discussed in the previous section, and involves investors' 
leaving as soon as a devaluation is possible. This can be seen in the a(s) 
schedule, which satisfies J(s) + e0 - 2a(s) = l. The no-commitment case is 
then characterized by low interest rates, small devaluations, and vulnerable 
pegs. 

In order to highlight the problem of time inconsistency, figure ( 4) illus
trates the incentives to deviate from the optimal full-commitment interest 
rate policy. The solid line shows the expected fulure costs faced by the mon
etary authority as the crisis progresses, condit ional on no previous attacks 
or turnaround. For early times the expected costs are an increasing func
tion of time, since as time passes the probability that the turnaround takes 
place decreases. The expected costs eventually becorne larger than fJ = 1, 
sil)ce they include both the likely devaluation and interest rate costs. As the 
interest rate costs becorne sunk, the expected future costs start decreasing. 
As s --t O, the costs tend to fJ = 1 since the crisis is irnminent but no fur
ther interest rate costs need to be incurred. This is in sharp contrast with 
the behavior of the expected futurc costs if the monetary authority deviated 
from its pre-announced policy. The dashed line shows the expected costs, 
as of time s, assuming the monetary authority deviates at s and sets r = O 
thereafter.39 The reputation cost <I> is not accounted for in the schedule. For 
early times, while f(t) + e0 - 2aM > 1, this path coincides with the expected 
costs under <I> = O, which are much higher than under full commitment. As 
the crisis progresses, though, the benefits from high future interest rates be
come sunk, and the two schedules start approaching each other. Eventually, 
the schedule becomes lower than that under commitment, and the monetary 
authority has an incentive to deviate.40 

As a result, in order for the pre-announced full-commitment interest rate 
policy to be credible, <I> needs to be larger than the maximum distance be-

39 Once the monetary authority deviatcs, cJ> is sunk and it becomes impossible to credibly 
announce any policy different from r(s) = O. 

40 Note that the schedule with deviation can never be larger than f> = l. 
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tween the L wo sched u les in figure ( 4). For intermediate <P, the monetary 
authority can only credibly commit to an interest rate defense which is less 
"aggressive." 

Figure 4: Solid line: L(t), as of t, conditional on reaching t before the first attack. 

Dashed line: Idem, but assuming r = O thereafter. 

Finally, note that if investors did not have prívate information, the t iming 
of the crisis would simply be given by the· condition that the size of the 
devaluation be zero. But Lhis is exactly the same condition that determines 
the time of devaluation under the no-commitment s0lution. As a result, as 
was hinted by the model in the previous section, the monetary authority is 
better off in the presence of asymmetric information. Note that this is not 
due to sorne form of transfer from investors, because with perfect information 
investors would get O (r = O), whereas they get, in expectation, a positive 
return under imperfect information. In a s(;!nse, the monetary authority is 
willing to pay investors to stay longer in arder to have a higher probability 
Lhat the peg be saved. In addition, investors would like to "coordinate" into 
staying for longer in order to receive this payment, but they cannot do so 
unless there is private information.41 

41 I cannot make strong claims as to Lhe welfare implications of prívate information, since 
this paper ignores important ingredients of BOP crises, such as moral hazard consider-
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Furthermore, the results presented in this section are stronger when crises 
have a higher liquidity component. The higher p, the larger the incentives to 
pre-announce a strong interest rate defense because it is less likely that their 
associated costs will need to be incurred. Also, it is important to note that 
the effect of future interest rates on the speed of learning <loes not depend on 
p. As a rcsult, it is optimal to have a more aggressive interest rate defense 
when p is high.4 2 · 

5 Robustness and Alternative Scenarios 

Many of the ingredients of the model were introduced in reduced forro. Apart 
from making the model more tractable, t he reduced-form approach allows 
for a fairly general interpretation of the results. However, special attention 
needs to be paid to the question of robustness. This section explains which 
assumptions are essential for the results, and in which scenarios they are 
likely to be valid. 

Monetary authority instruments: 
In a more general setting, the government's decision to float, possibly 

when t here are still sorne reserves left, could be endogenized. If the objective 
function of the monetary authority included a benefit from reserves left after 
the crisis, the problem of time inconsistency would be even more serious, as 
the monetary authority would have an incentive to devalue befare selling its 
reserves. 

Sources of prívate information: 
If I assumed that investors have prívate inforrriation about the post

devaluation exchange rate, without assuming that there is any relationship 
between "types" and holdings of liquid assets, the results of the model would 

ations. The results presented in this paper suggest that, although there might be good 
reasons for monetary authorities to i:equire financia) institutions to provide them with in
formation regarding their activities,· it might not be a good idea to make this information 
public. Howcver, it is possible th¡'lt monetary authoritics that are better informed than 
investors would have even more time consistcncy problems than a n uninformed one. 

42 An aggressive defense in the context of this paper means a commitment to raise interest 
rates sharply when fundamentals are very weak. When pis high, most times crises can be 
avoided by committing to raising interest rates in the few cases in which the turnaround 
<loes not take place. If pis low, it is not worth committing to raising interest rates because 
the peg will have to be abandoned with high probability. 
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not change. However, I prefer to assume that this information is dueto sorne 
characteristic that also affects the size of the outflows because, otherwise, 
I would need to assume that reserves are enough to cover one group but 
not both. In the model presented in this paper, this constraint is satisfied 
without any special assumptions on initial reserves. Other sources of private 
information that would imply similar results include: (i) risk characteristics 
of bank lending, since banks have better information about their own clients 
than about those of other banks; (ii) liquidation value of investments; (iii) 
outside opportunit ies of investors; (iv) margin calls investors would be forced 
to make if a crisis occurs; and (v) investors' assessments about the prospects 
of the country. 

Information structure: 
The assumption of aggregate uncertainty is necessary for the results and, 

as a result, it is important that there be only two groups. However, similar 
results can be obtained with a unimodal distribution if two requirements are 
met: there exist "steep" edges or discontinuities, because if the distribution 
were smooth prívate information would be revealed slowly; in addition, if an 
investor with type a knows that the discontinuity in the distribution is to 
the left of a+ E, he must assign a probability to the discontinuity being in 
[a, a+E] that goes to zero as E goes to zero. A distribution that satisfies these 
requirements is the one used in Chamley (1998): a rectangular distribution 
whose position is unknown, on top of a wider rectangular distribution. In 
addition, these two assumptions can be somewhat relax:ed if one adds obser
vation "noise." I chose to assume the existence of two groups for a number 
of reasons. First, this allows for the existence of "probing attacks," which 
are necessary to illustrate the one-sided arbitrage channel in which private 
information delays the crisis. Second, with the unimodal distribution I would 
ne~d to make an ad-hoc assumption about the order in which investors that 
did not initiate the attack access foreign currency reserves, which might make 
the results suspect. Third, there are actually different types of investors and 
sometimes crises can be traced to the actions of one of them. For exam
ple, sorne researchers believe the behavior of hedge funds was important in 
the onset and spread of the Asian crisis, and versions exist about the Rus
sian crisis being triggered by domestic investors refusing to roll over Russia's 
short-term debt which prompted a similar response from foreign investors. 

Exi,stence of excess returns: 

The assumption that investors cannot bring in more capital is not crucial. 
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What is needed is that the informed investors (or specialists) be capital con
strained in a way that their types are not revealed by how much more capital 
they bring in the run-up to the crisis. A totally inelastic supply of capital 
serves this purpose, but it is not necessary that the ma.ximum amount of 
capital they have access to equal their initial holdings. 43 Adding uninformed 
investors with a more elastic supply of capital actually malees the effects pre
sented in this paper stronger. To see this point, assume that uninformed 
investors bring k(r(t)) capital, where r(t) are excess returns which tal<e into 
account expected devaluation losses for investors who do not lenow a 1 or a 2 . 

In addition, assume that when a group pulls out, the uninformed investors 
have the same probability of taleing their capital out befare the devaluation 
as the group of investors that did not initiate the attack. The only differ-

ence this would malee to the equilibrium comes from the ratio ( 2ª(~(~{(t)) in 

equation (3), which would be replaced by ( ª~~)<:;,:(~m)). This would imply 

that learning could talee place even faster, and the crisis would be postponed 
more than before.44 

Different scenarios: 
There are other possible scenarios that could be associated with the model 

presented in this paper. Most literally, one could thinle that investors have 
their capital deposited in local banles in domestic currency. Or that they 
have to decide whether to attacle the currency by borrowing in domestic cur
rency at the prevailing interest rate. Another possible scenario is that of a 
government which is trying to roll over short-term debt, with investors decid
ing whether the promised returns compensate for the risle of default. Even 
if government finan ces are in order, the prívate sector ( especially domestic 

43 This simplification can be thought of as representing the fact that even though the 
supply of capital is not perfectly elastic, there is enough noise and uncertainty in the 
economy such that investors cannot infer other investors' types perfectly. In the context of 
herding in financia] markets, Avery and Zemsky (1998) show that if there exists uncertainty 
in a large enough number of dimensió.ns, it can take a long time for investors to learn even 
if they observe at which price otlier invest.ors trade. In the context of my model, I could 
make the case that it is possible that investors are unable to determine other investors 
characterisLics even if they observe capital flows. 

44Uninformed investors are atan informational disadvantage. As a result, even if excess 
returns exist from the point of view of specialists, uninformed investors might still find 
it optima( to stay out. In addition, the existence of excess returns for informed investors 
<loes not mean that the free entry condition to become a specialist <loes not hold in the 
first place, since this decision is made earlier and might involve other costs. 
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banks) might face similar liquidity needs. The fundamental could then rep
resent domestic credit, as in first-generation models, the size of government's 
or banks' short-term liabilities, or the size of bad loans in the financia! sector. 
All that is needed is that investors receive high returns while the crisis does 
not occur , that their decisions about whether to invest and receive this return 
have an effect on the timing of the crisis, and that there be an incentive to 
be the first to "leave." 

6 Concluding Remarks 

This paper presents a framework for understanding the dynamics and timing 
of BOP crises. It shows that the presence of prívate information on the part 
of investors in a simple first-generation model can account for important 
features of BOP crises. First, crises can involve large drops in asset prices in 
the absence of large shocks even in a single equilibrium model. Second, even 
countries whose fundamentals are known to be weak can delay the onset of 
crises for long periods of time by raising interest rates. 

The paper shows that the effectiveness of interest rate defenses increases 
with the degree of prívate information. When interest rates are low or there 
is no prívate information, pegs are abandoned at a time such that the ex
change rate is continuous. When interest rates are high and there is prívate 
information, pegs last longer and are abandoned at a point such that the 
exchange rate depreciates by a large amount. 

In addition, the paper shows that the optimal interest rate policy in 
episodes of BOP crises is to sharply raise interest ra~es if fundamentals de
teriorate, rather than raising interest rates by a smaller amount for a longer 
period of time. However, a problem of time inconsistency arises. The mon
etary authority has an incentive to deviate and not to raise interest rates 
once fundamentals become weak enough. This emphasizes the importance 
of commitment devices such as currency boards or a role for international 
financial institutions such as the IMF. 

The model also shows that crises are more likely when interest rates are 
high, even conditioning on the level of fundamentals. This has important 
implications for empirical studies on the effectiveness of interest rate defenses 
against BOP crises (Kraay (1999)). For example, an episode in which interest 
rates are raised but the monetary authority is nonetheless forced to abandon 
the peg could be taken as evidence that raising interest rates is not very useful 
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in defending a currency under attack. However, in the model presented in 
this paper pegs are more likely to survive if interest rates are expected to be 
sharply raised in the future (i.e. strong defense) even though crises are more 
likely while interest rates are high.45 

Finally, when there is a high probability that the peg is "viable;' if the 
crisis can be postponed, these results are stronger. Such episodes can be 
associated with liquidity crises. 

If the dimension along which investors have privaLe information reflects 
sorne "intrinsic" characLeristic, the model can be easily extended to accounL 
for the phenomenon of contagion. In such an extension, crises would only 
be transmitted to countries whose fundamentals are sufficiently weak. 46 In 
addition, an externality would exist between the setting of monetary policy 
in different countries since, by delaying the crisis in one country, monetary 
authorities delay the learning process in ~11 other countries as well. This 
externality implies an important role for the IMF. 

In future research, I intend to apply the framework presented in this paper 
to the areas of asset-markets bubbles and banking crises. The relationship 
between the rate of return on domestic assets and the speed of information 
revelation in the model presented in this paper is analogous to the relation
ship between the high returns to holding an asset with a bubble and the 
probabiliLy thaL the bubble "bursts." Under the assumption that investors 
have prívate information regarding the fundamental value of the asset (i.e. its 
price when the bubble bursts), bubbles could probably exist even if investors 
know that the bubble cannot last forever (for example if the price is limited 
by the size of the economy). In episodes of banking crises, the relationship 
between the interest rate on deposits and the probability that sorne investors 
assign to the bank failing dueto other investors' withdrawals poses a similar 
trade off on investors' actions. 

45 In the aftermath of the Brazilian devaluation in January 1999 t he Argentine peso 
suffered very little pressure. This is likely because investors knew that interest rates would 
be sharply raised in case of a specu-Jative attack due to the strong commitment to the 
currency board. After the Mexican devaluation in December 1994, when this commitment 
had not been previously tested, the pressure on t he Argcntine peso was much greater. 

46 See Tornell (1998) for evidence that crises are more likely to be transmitted to countries 
with weak fundamentals. 
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A Analysis of Model with Constant r 

Here· I present a more formal analysis of the model. Since investors are 
atomistic and there are no transaction costs, investors' actions are taken so 
as to maximize expected returns pointwise. Thus, the model can be divided 
in different "stages," depending on the information investors have about 
each other. At the beginning of the first stage, types are prívate information. 
As the stage progresses, information is slowly revealed until a first "crisis" 
occurs, in which a group of investors pulls out, revealing their type. If the 
attack is not large enough to force the abandonment of the peg, a second 
stage begins, which is similar to the first, except that now the type of one of 
the groups is common knowledge. The "interaction" between the different 
stages is limited, in the sense that the different stages can be analyzed almost 
independently. 

The first stage of the game lasts until sorne investors "move" far the first 
time. To be more precise, let 

Ai(t) = f/1- x(i,j,t))dj 

be the proportion of their capital taken out by investors in group i. The first 
stage of the game ends at time 

since that is the first t ime at which sorne investors observe a "movement,, by 
investors in the other group. 

First Stage: 

Let 

{ai: sup {T: \:fT' E (1, Tj Ái(T') = Ü 

if 'lfr' E (1, T] A_i(T') = O} E (t - v, t + 11)} 

be the set of types ai such that, conditional on not having observed any 
movement by investors in the other group, the earliest time a positive amount 
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of capital from investors in group i leaves the country falls in the interval 
(t - v, t + v).47 Let 

ai(t) = n ai(t, v) 
v>O 

be the set of types ai t hat would start pulling out exactly at t, conditional 
on the other group not having pulled out before. Let 

Proposition 7 In equilibrium, :lt0 E ( - 2 (ªMµ-am), O) such that, far i E 

{1, 2}, ai(t) is a canlinuaus strictly-decreasing functian af t far t E [to, O], 
ai(O) = am, ai(to) = aM, and Ai(t) = O far t < to. 

Proaf: The proof contains several intermediate steps: 
(i) Far all t and v, a1(t, v) = 0 ijJ a2 (t, v) = 0. In additian, Vai E ai(t, v) 

:3a_i E ª-i(t, 11) such that ai + ª - i - f(t + 11) - e0 > O. This follows from 
the fact that investors can only condition t heir actions at t on flows up to 
t - E (TAl). As a result, an investor in group i would not pull out at time 
t' E (t - 11, t + 1/) if the probability of the other group pulling out is zero or 
if, even if the probability is positive, the crisis cannot bring about a positive 
devaluation. 

(ii) Far all t, ai(t) = 0 ifJ ª-i(t) = 0. In additian, Vai E ai(t) :3a_i E 

ª - i(t) such that ai + ª - i - f(t) - e0 2". O. This follows from (i) and the 
definition of ai(t). 

(iii) IJ a' E ai(t), a" E ai(t), a"> a', then [a',a"]"~ ai(t). This depends 
on the form of the equilibrium in the second stage of the game, which will 
be analyzed below. For now, I just need that if a group starts pulling out 
and ai + ª-i - f (t) - e0 > O a crisis with positive devaluation takes place 
immediately with probability L As a result, if an investor of type a' finds 

47It is not possible for investors to play mixed-like strat;egies in the first stage of the 
game in equilibrium. The reason is that if investors are indifferent between moving at two 
different times when they are of type a¡, they will strictly prefer to move at the earlier 
(later) time when their type is higher (lower) than a¡. As a result, since the probability of 
investors being of a certain type is zero (i.e. g(a) has no atoms), the mass of investors who 
can play mixed-like strategies is zero. The situation is different in the following stages, 
since the type of one group of investors is common knowledge¡ hence, that group can play 
mixed-like strategies. 
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it optimal to leave ( or is indifferenL between leaving and staying) then an 
investor with more liquid invesLmenLs will strictly prefer to leave. In addiLion, 
if an investor of type a" has not left befare time t, then an investor with less 
liquid assets would have stricLly preferred to stay until t. 

(iv) For i = 1,2 and for all t ai(t) is either empty or a single point. 
First, ai(t) cannot have positive measure. If it did, there would be a positive 
probability of group i reaching its "threshold value" at t. As a result, for all 
ai E ai(t) and ª - i E ª -i(t), ai + ª - i :- f(l) - e0 :::; O since otherwise there 
would be a positive probability of crisis with positive devaluation at t which 
cannot occur in equilibrium. But then there would be a~ E ai(t) such that 
a~ + ª - i - J(t) - eo < O for all ª - i E ª - i(t) which contradicts (ii). Since 
ª-i(l) cannot be empty either due to (ii), I conclude that ai(t) cannot have 
positive measure. This, together with (iii) implies (iv) . 

(v) T is dense in T' = [inf{T},sup{T}). That T is dense at inf{T} and 
sup{T} is obvious. Now assume 3 r1 ,r2 ET' such that [ri,r2] ílT = 0. Let 
rf = sup{ t E T : l < r 1}. Now I use the assumption that takes the model 
to be the limit of a model with transaction costs as these costs tend to zero 
(TA3). For any positive transaction cost, and regardless of how short [r1 , r 2] 

is, 3r f' ET that is so close to r{ that the probability of having a crisis befare 
r1 is low enough so that ai(rn has to be empty.48 This contradicts rt E T. 

(vi) T = T'. Since ai(t) is either empty ora single point, and for every 
a E [am,aM] 3t such that a E ai(t), I can define a function ti(a): [am,aM] --t 

T' as the inverse of ai(t). ti(a) is decreasing and, from (v), its image is dense 
in T'. This implies T = T' .49 

(v ii) For i = 1,2, ai(t) : T --t [am, aM] are conlinuous strictly decreasing 
Junctions. This follows from the fact that ai(t) is 1-to-1 and decreasing. 

(viii) T = [to, O], where to E ( - 2<ªM;ctm), O). If ti(am) < O, as t --t 

ti(am) < O the expected devaluation losses would tend to infinite since the 

48 Investors would compare an arbitrarily small probability of crisis with the transaction 
costs associatcd with lcaving at T{' and coming back right after T{, or t he losses associated 
with being out of the country ata time when a crisis cannot take place (which is aL least 
r(T2 - T1)). 

49This must be a known result but I will present a proof. Assume T E T' but T <f. T. 
Since T is dense, 3{Tt,· .. ,Tn,· .. } such that Tn-+ T, T¡ < · · · < Tn < Tn+1 · · · < T, and 
Vn Tn E T. (For T = inf{T} a symmetric argument applies.) Let, for alJ n, O:n = a¡(Tn), 

Then { a 1 , ... , O:n, ... } is a bounded decreasing sequence. Let a be its limit. If t; ( a) < T, 

then Tn is bounded away from r and T,. -fa T. If t¡ (a:) > T, then it is impossiblc that 
Tn < T Vn. 
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hazard rate of crisis tends to infinite while the size of devaluation does not 
tend to zero. In addition, in equilibrium an investor of type am would not 
leave at ti(am) > O because the devaluation would be negative with probabil
ity 1, and he would prefer to stay longer. Finally, t0 < - ªM- am is impossible 

µ 
because investors would not leave if, even in the case where a 1 = a 2 = aM, 
liquid investment are not large enough to exhaust all reserves. D 

Proposition 8 The first stage of the game has a unique and symmetric 
equilibrium. The equilibrium is chamcterized by a function a(t), which de
notes the type of investors that would take their capital out at time t. a(t) is 
continuous, strictly-decreasing, differentiable, and is the unique solution to 
differential equation 

r = g(a(t)) (-á(t)) ( 2a(t) - .f(t)) (2a(t) - J(t) - eo) (9) 
G(a(t)) a(t) 

that satisfies the boundary condition 

(10) 

Note: The function a(t) is only defined far t E [t0 , O], where t 0 satisfies 
a(to) = ªM • 

Proof: The proof contains severa! intermediate steps: 
(i) Far i = 1,2, ai(t) : T -+ [am, aM] is differentiable. Since ai(t) is 

monotone it must be differentiable almost everywhere. (See Kolmogorov and 
Fomin (1970) page 321.) Thus, if ai(t) is not differentiable at T, :lv > O such 
that ai(t) is differentiable at all points in [T - v, T + v] except at T. I want 
to show that ai(t) must be differentiable from the left and from the right at 
T. Assume it is not differentiable from the left . This means that =IE¡ such 
that \/1/ > O, [max{ái(t): t E (T - 1/,T)} - min{ái(t): t E (T- v',T)}] > E¡. 
But this is not possible becausé, since ª - i(t) is monotone, the hazard rate 
of group 1 's reaching its threshold value (which equals µ(-ái(t))) cannot 
decrease arbitrarily fast. As a result, the derivatives from the left and from 
the right must exist at T. But they cannot be different because ª-i(t) is 
continuous at T, which implies ai(t) is differentiable at T. 

(ii) Far i = 1,2 all investors in group i move simultaneously and take all 
their capital out at ti ( ai). This follows from the fact that, for all t > ti ( ai), 
:la~ < ai such that investors would leave at t = ti(a~) if their type were a~. 
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But that means t hat for all t > ti(ai) investors of type ai are strictly worse 
off staying in the country than outside and, as a result, they would leave at 
ti(ai)-

(iii) a1(t) and a2(t) are solutions to the system of differential equations 

r - ~\:
1
1
\t;/) (- a1(t)) ( ª1(t) + ::g;- f(t)) (a1(t) + a2(t) - f(t) - ca) 

r = ~\::\t;/) (-á2(t)) ( ª2(t) + ::g;- J(t)) (a2(t) + a1 (t) - f(t) - ea) 

and salisfy 

a1(ta) = a2(lo) = aM 

far sorne lo E ( - ªM~a.n, O). The boundary conditions were obtained in 

proposition 7. The form of the differential equations is derived in the main 
text. 

(iv) Vt a1(t) = a2(t). The system of differential equations that determine 
a1(t) and a2(t) is symmetric and, in addition, a1(t) and a 2(t) must satisfy 
the same initial condition. As a result, a1 (·) = a2 (-). O 

Later Stages: 

Without loss of generality, I assume that group 2 is the one that started 
pulling out at the end of the first stage and, as a result, a2 is common 
knowledge. In addition, agents in the second group know that a1 E [am, a2]. 
I start the analysis of the second stage assuming that f(t) is high enough 
when the first stage ends, so that a crisis cannot occur irnrnediately, i.e. 

f (t1) > 2a2 - ea. 

This is impossible in equilibriurn, but it is easier to start with this case. 
Let 

a1(t,11) - {a1 : sup{T: VT' E (t1,T] A1 (T') = O 

if \;/7' E (t1, Tj A2(T1
) = O} E (t - 11, t + 11)} 
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be the set of types a1 such that, conditional on not having observed any 
movement by investors in group 2, the earliest time a positive amount of 
capital from investors in group 1 leaves the country falls in the interval (t -
v, t + 11).

50 Let 

a1(t) = n a1(t, 11) 
v>O 

be the set of types a1 that would start pulling out exactly at t, conditional 
on group 2 not having pulled out befare. 

The characterization of group 2's play is different from that of group 1, 
because a2 is known and, as a result, investors in group 2 can play mixed-like 
strategies. Let 

d(t , 11) Pr [sup { T : "h' E (t1, T] A2(T1
) = O 

if 'v'T' E (t l , T l A] ( T 1
) = o} E ( t - V ' t + V) l 

be the probability that, conditional on not having observed any movement 
by investors in group 1, the earliest time a positive amount of capital from 
investors in group 2 leaves the country falls in the interval (t - v , t + 11). Let 

d(t) = lim d(t, v) 
V-+Ü 21/ 

be the probability density of investors in group 2's starting to pull out exactly 
at t, conditional on group 1 not having pulled out before.51 Let 

and 

T = { t : a 1( t) =/= 0 or d ( t) > O} 

a2- ªm tm=----. µ 

50 As in the first stage, group 1 cannot play a mixed-like strategy in equilibrium beca use 
the are no points with positive mass in the distribution of types a¡. 

SL If lim11_, 0 d(t , 1/) > O, I can define d(t) like a dis tribution with positive mass at t , i.e. a 
"delta function." But it is not necessary to worry much about this because in equilibrium, 
as will be shown below, the limit always exists. 
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Proposition 9 In equilibrium, 3t5 E ( - 2<ª2~ªm),tm) such that a1 (t) is a 

continuous strictly-decreasing function of t and d(t) > O far t E (tb, tm), 
a1 (tm) = am, a1(tb) = a2, ft~m d(t) dt = l, and A(t) = O far t < lf)• 

o 

Proof: It is not necessary to present it because it is very similar to the proof 
of proposition 7. 

Proposition 10 Whcn a2 is common knowledge, a1 E [am, a2], and time 
starts at t < - 2<ª2~am), the game has a unique equilibrium in which all ,~ 
investors in each group share the same strategies. The equilibrium is char-
acterized by a function a 1 

( t), which denotes the type of investors in group 
1 that would take their capital out at time t, and d( t), which denotes the 
probability density of investors in group 2's pulling out. The function a1(t) 
is continuous, strictly-decreasing, differentiable, and is the unique solution to 
diff erential equation 

that satisfies the boundary condition 

a
1
(tm) = ªm· 

The funclion d(t) is given by 

d ( eft\ h(r)dr ) 

d(t) = dt efi'i"' h(r)dr 

where h(t) is the hazard rate of investor 2's pulling out, which satisfies 

(
a

1 (t) + a/- J(t)) 1 
r = h(t) al(t) (a (t) + a2 - J(t) - e0) . 

(12) 

(13) 

Note: The function a1(t) is only defined far t E [t1 , lml, where t1 satisfies 
a
1(t1) = ªM· 

Proof: lt is not necessary to present it because it is very similar to the proof 
of proposition 8. The only difference is in step (ii) of the proof. In this case, 
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it is not necessary that investors in group 2 move simultaneously if there 
is a positive response time. However, only the equilibrium in which they 
move simultaneously survives in the limit as the response time goes to zero 
(TAl). Also, note that although in the proofs I used d(t), h(t) 1s a more 
useful characterization of the equilibrium. D 

Now consider·a. case when 

J(t1) < 2a2 - ea. 

In this case there are multiple equilibria; however, one of them strongly 
dominates the others. Let 

(14) 

be the lowest a1 such that Es(t1) S 1 (or am if no such a1 exists). Also let 

Proposition 11 When a 2 is common knowledge, a1 E [am, a 2], and time 

starts at t 1 > - 2<ª2:ªm), the game has multiple equilibria. The equilibria 

are characterized by a* E [.ª(ti;a2),a(t1;a2)]. Investors in group 2 try to 
take their capital out immediately. Investors in gro11,p 1 do the same if a1 E 

(a*, a2]. If a1 E (a*, a 2], reserves are exhausted and the peg is abandoned 
immediately. Otherwise, investors in group 2 learn that a1 s a* and bring 
their capital back. After that poinl the game f ollows the unique equilibrium 
described in proposition (10}. Namely, there is a per.iod in which no attack 
can occur, which lasts until time tó(a*) such that a1(tó(a*); a2) =a*. After 
tó(a*) the learning process starts, following a 1 (t; a 2 ) and h(t, a 2). 

Proof: In the proposed equilibria no investor has an incentive to deviate. 
First, at the beginning of the game investors in group 2 have an incentive 
to leave because there is a positive probability that group l's type is such 
that a crisis immediately follows. In addition, an investor in group 1 also 
has an incentive to leave immediately if a 1 > a* because he knows that all 
other investors will leave and, as a result, he would suffer devaluation losses 
if he stayed. After that point, the proposed strategies constitute a unique 
equilibrium as proved in proposition (10). That no other equilibria exist 
follows from the fact that, if a1 < J(t 1 )-a2 +e0 , there would be a revaluation 
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if the peg were abandoned immediately and, as a result, investors in group 
1 would not leave. D 

Out of the continuum.of possible equilibria, the one that corresponds to 
a* = g(t1; a2) dominales the others. For example consider an equilibrium 
corresponding to a* > g(t1 ; a2). Imagine, though, that an investor in group 1 
thinks there is an arbitrarily small probability E > O that the equilibrium is 
actually the one corresponding to a*' E [g,(t1 ; a2 ), a*). Then if that investor · 
hada type a1 E [a*',a*), he would think there is a positive probability E 

that the devaluation tákes place immediately. As a result, he would have 
an incentive to deviate and leave for a brief moment, to return only after 
observing that, in fact, the other investors in group 1 did not leave. The 
equilibrium corresponding to a* should then not be expected to be played. 
Note that the equilibrium corresponding to a* is dominated not only by 
the one corresponding to g(t1 ; a2), but also by all intermediate equilibria. 
In addition, investors would deviate even if they assign an arbitrarily small 
probability of deviation by other investors. The equilibrium corresponding 
to a* = g,(t1; a2 ) then strongly dominates all others.52 

I can now give a full description of the equilibrium of the game when both 
types are prívate information. 

Proposition 12 When both a1 and a2 are prívate information, a1, a2 E 

[am, aM], and time starls at t. < -2(ªM;:ªm, the game has a unique and 
symmetric equilibrium, with a multi-stage structure. In the first stage, in
vestors stay in the country until time t1 such that max{ a 1 , a2 } = a(t1 ), where 
a(t) is determined by equations (9) and {10). Witho_ut loss of generality, I 
assume a 2 > a1 . At time t1, investors in group 2 leave. If a1 > g( t1; a2), 
where g(t1; a2) is defined in equation (14), investors in group 1 also leave, 
reserves are exhausted and the peg is abandoned. Otherwise, investors in 
group 2 return and the second stage begins. Investors stay in the country 
until investors in group 1 pull o_ut when a1 = a1(t), where a1(t) is determined 
by equations {11) and {12), . or until investors in group 2 pull out, which 
occurs with hazard rate h( t), where h( t) is determined by equation ( 13). Jf 
the "attack" is initiated by investors in group 1, investors in group 2 fol
low, reserves are exhausted, and the peg is abandoned. Jf it is initiated by 
investors in group 2 and a 1 > g,(t; a 2) investors in group 1 follow, reserves 

52This is an extreme form of r'isk dorninance. See Harsanyi and Selten (1988) for an 
introduction to the concept of risk dominance. 
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are exhausted, and the peg is abandoned. Otherwise, investors in group 2 re
turn and stage 3 begins. The game then continues with all other stages being 
identical to stage 2. 

B Government's Problem with Commitment 

In arder to salve the problem, I find the first arder condition with resped to 
changes in r at a particular point in time, taking into account the fact that 
t0 needs to change accordingly in arder for the boundary conditions to be 
satisfied. For any functional F, let, 

where 

8F[{r(s )}] = lim ~ dF[{r(s; v, r , E)}] 1 

8r(v) e-+O E dr r=r(v) 

r(s;v,r, E) = 

o 
,(to) 
r(s) 
r 
r(s) 

for s < tO(v, r, E) 
for s E [ tO ( v, r, E) , to) 
for s E [ to , v - ½ ) 
for s E [ v - ½, v + ½] 
for s E ( v + ½, 0] 

and tü(v, r , E) is such that the boundary conditions are satisfied. This defini
tion is just a way of formalizing the simple intuition that I look at the effect 
of changes in the interest rate at times clase to v, tracking their effect on t0 . 

I start by determining how changes in r(v) affect a(r). It can be shown 
that 

where 

8a(r) = _ 8á(v) cp(r v) 
8r(v) 8r(v) ' 

,P(r,v)-{ 

_ ¡v 8a(l) dl 
e T 8a(I ) 

1 
2 
o 

far T < V 

for T = V 

for T > V 

Then, I can obtain the effect of changes in r(v) on t0 :53 ,54 

53 Note that ~;~~~ = -k(v,a(v)). 
54

This expression is well defined only if r(to) > O. This problem can be solved by 
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c. 

8l0 k(v, a(v)) cp(to, v) 
8r(v) = k(t0 , a(to)) r(to) 

The effect of r(v) on L[t , {r(s)}] is calculated by taking into account the 
direct effects on c(r( V)) and the indirect effects through the path { a( T)} ~:r 
It is given by 

e- pt BL[t, {r(s)}] = 
8r(v) 

_ \(v, a~v)j) <P(~o, ~) e- pto [c(r(to)) + 2g(a(t0 ))D(to, a(to))r(to)k(to, a(to))] + 
k to, a to r to . 
e-pv [G(a(v))2c'(r(v)) + 2g(a(v))G(a(v))D(v, a(v))k(v, a(v))] + (15) 

r [2g(a(T))G(a(T))c(r(T)) + 2g(a(T))2 D(T, a(T))r(T)k(T, a(T))+ 
ltº 

2g'(a(T))G(a(T))D(T, a(T))r(T)k(T, a(T))+ 
2g(a(T))G(a(T))D(T, a(T))r(T)ka(T, a(T))+ 
2g( a(T) )G( a( T) )Da(T, a( T) )r( T )k( T, a( T) )] k( v, a( v) )<P( T, v )e- pr dT 

where the subscript "a" means partial derivative with respect to a. 
I then set élL[t,{r(s)}l = O use ,1,(T v ) = </>(to,v) and -º-[k(v a(v)),1,(t v)] = · 8r(v) ' 'f' ' <f>(to,r) dv ' 'f' O, 

kt(v,a(v))</J(t0 ,v), and. take the derivative with respect to v. After a few 
cancellations and rearrangements, I obtain 

1 { g(a(s)) 
r(s) = c"(r(s)) [pD(s, a(s)) - Dt(s , a(s))] 2 G(a(s)) k(s, a(s))+ 

c'(r(s)) [p+r(s)2~~:~;//(s,a(s))] -

g(a(s)) , kt(s,a(s))} 
c(r(s))2G(a(s)/(s,a(s)) + e (r(s)) k(s,a(s)) . 

Finally, setting v = t0 in equation (15) and equating to zero, I obtain55 

c(r(to)) = r(to)c'(r(t0 )). 

assuming r(to) or r(O} rather than t0 are adjusted to satisfy the boundary conditions. The 
solution presented here is right nonetheless. 

55Since c(O} = O, this condition is equivalent to r(to) = O. 
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