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Introduction This thesis is composed by three papers, each one of them corresponding to
one chapter. The �rst and the second chapters are essays on international �nance appraising default
and in�ation as equilibrium outcomes for crisis time, in particular, for con�dence crisis time that
leads to speculative attack on the external public debt issued by emerging economies. With this
background in mind, welfare effects from adopting common currency (chapter 1) and welfare effects
from increasing the degree of economic openness (chapter 2) are analyzed in numerical exercises,
based on DSGE framework. Cross-countries results obtained are then presented to be compared with
empirical evidence and to help on understanding past policy decisions. Some policy prescriptions
are also suggested. In the third chapter we look to the in�ation targeting regime applied to emerging
economies that are subject to adverse shocks, like the external debt crisis presented in the previous
chapters. Based on a more theoretical approach, we appraise how pre commitment framework should
be used to coordinate expectations when policymaker announcement has no full credibility and self
ful�lling in�ation may be possible.

1 Monetary Arrangements for Emerging Economies
In this paper we look at various alternatives for monetary regimes: dollarization, monetary union and
local currency. We use an extension of the debt crisis model of Cole and Kehoe ([7], [8] and [9]),
although we do not necessarily follow their sunspot interpretation. Our focus is to appraise the welfare
of a country which is heavily dependent on international capital, due to low savings, for example, and
might suffer a speculative attack on its external public debt. We study the conditions under which
countries will be better off adopting each one of the regimes described above. If it belongs to a
monetary union or to a local currency regime, a default may be avoided by an in�ation tax on debt
denominated in common or local currency, respectively. Under the former regime, the decision to
in�ate depends on each member country's political in�uence over the union's central bank, while, in
the latter one, the country has full autonomy to decide about its monetary policy. The possibility that
the government in�uences the central bank to create in�ation tax for political reasons adversely affects
the expected welfare for both regimes. Under dollarization, in�ation is ruled out and the country that
is subject to an external debt crisis has no other option than to default. Accordingly, one of our
main results is that shared in�ation control strengthens currencies and a common-currency regime is
superior in terms of expected welfare to the local-currency one and to dollarization if external shocks
that member countries receive are strongly correlated to each other. On the other hand, dollarization is
dominant if the room for political in�ation under the alternative regime is high. Finally, local currency
is dominant if external shocks are uncorrelated and the room for political pressure is mild. We �nish
by comparing Brazil and Argentina recent experiences which resembles the dollarization and the local
currency regimes.

1.1 Introduction
In this paper, we describe the conditions under which a country chooses one of the following monetary
regimes: common currency, local currency or adopt unilaterally a strong currency as in dollarization.
This country is an emerging economy whose government takes loans in the international �nancial
market. According to the level of its external debt, the country is vulnerable to the willingness of the
external creditors to keep rolling its debt. If the country is in the crisis zone and if an adverse shock
hits the economy that makes the international bankers less con�dent that the government will pay its
debt, then they suspend their credit and the government defaults.
Actually this is the description of an economy of the Cole and Kehoe ([7], [8] and [9]) model on

self-ful�lling debt crisis. We use it to characterize an economy under dollarization. According to our
de�nition, a country that dollarizes �nances its public debt by issuing bonds denominated in dollars

1



or some other strong currency and passively follows its monetary policy.
We follow the Cole-Kehoe methodology, but do not use the interpretation of sunspot equilibrium

and rely more on the possibility of a shock that affects the fundamentals of an economy. Perhaps,
for a country that has a very high saving rate, the best is to drive the economy away from the crisis
zone since there is some obvious bad consequences in terms of welfare related to a speculative attack.
However, in an economy where the saving rate is low and therefore there is a high value to absorb
foreign capital (both in terms of direct investment and also in terms of bank loans) the best is to remain
in the crisis zone. Possibly, this is another reason why countries like Brazil and Argentina have been
historically in the crisis zone, as shown in the history of serial default reported by Reinhart, Rogoff
and Savastano ([10]). With this background in mind, such countries have to look for an optimal
monetary arrangement of the type described here.
We present three alternatives for the country to choose from: in the local currency case, public

debt denominated in local currency is added to the Cole-Kehoe model to describe a government that
controls its monetary policy. This ability, which is absent under dollarization, consists of imposing
changes in the real return on local-currency debt. The revenues collected through a in�ation tax, for
example, can be employed to avoid a default on the dollar denominated debt. On the other hand,
the decision to in�ate brings a fall in productivity. In the case of local currency we also consider the
adverse possibility that the government in�uences its central bank to create in�ation tax for political
purposes in the absence of an external crisis.
Furthermore, we also describe a country in a common currency area. As in local-currency regime,

an external default may be avoided by means of an in�ation tax on public debt denominated in the
common currency. The decision to in�ate must be taken jointly. Therefore, the decision to join a
monetary union depends on the correlation of external shocks among member countries and on the
decision process for monetary policy. The stronger the correlation is, the higher is the possibility
to use monetary policy for the purpose of smoothing shocks under common currency. The way that
the decision to in�ate is chosen in the monetary union also affects each member ability to smooth
disturbances. A country which suffers an adverse external shock would like to have some power to
pressuring the union's central bank towards in�ation in order to avoid its external default. We explore
two types of voting systems: either each member country can veto in�ation, or has some political
in�uence over the union's central bank. In both, the credibility of the union's monetary policy is
enhanced relative to the local-currency one, since the possibility of a politically motivated central
bank decreases when the decision to in�ate is shared among its member countries, and not from just
one.
Traditionally, the issue of an optimum currency area is based on the theoretical underpinnings

developed in the 1960s by McKinnon [8], Kenen [7] and mainly Mundell [9], who is concerned with
the bene�ts of lowering transaction costs vis-à-vis adjustments to asymmetrical shocks. In this paper
our focus is to address �nancial aspects of an optimum currency area from the perspective of emerging
economies. In this case, gains in credibility of the common currency relative to the loss in �exibility
of monetary policy to face asymmetrical disturbances are as relevant as reduction in transaction costs.
Table 1 shows the effects of �exibility in conducting the monetary policy versus currency credibility,
according to the three alternative monetary regimes.
Greater autonomy in exercising monetary policy and consequently, in choosing in�ation tax, has

costs and bene�ts in terms of welfare. On one hand, welfare gains are associated to in�ation as means
of avoiding an external default when the indebted economy is hit by an adverse shock. On the other
hand, welfare costs are related to the possibility of in�ation being used as an instrument to increase
public spending in the absence of shock.
One of the advantages of the Cole-Kehoe methodology is to do welfare analysis. We use their

approach to evaluate the expected welfare of a member country of a monetary union. The parameters
used in the model represent, in a stylized way, the Brazilian economy during the period 1998-2001.
We compare the results from common currency and local-currency regimes to dollarization, in order

2



to appraise why Brazil and Argentina adopted different monetary arrangements between 1998 and
2001. The need to restore con�dence in local currency induced both the governments to use stabi-
lization plan that pegged their local currency to the dollar in the beginning of the 90s. However, each
country were under different monetary arrangements at the end of the decade. Argentina maintained
the currency-board regime, which is similar to dollarization, while Brazil adopted a �oating exchange
rate regime since January 1999, which resembles our local currency model. This fact led to a moderate
in�ation in Brazil as of 1999 and caused de�ation in Argentina. The possibility of the Argentine gov-
ernment to obtain revenue with the devaluation of its currency would have been a valuable instrument
to the �nancing of the international liquidity restriction caused by the Russian moratorium, occurred
in August 1998. Note in Figure 1 that along with a restriction to the international credit, the current
account de�cit had to be reduced in both countries, but only in Brazil in�ation was used to smooth the
impact of the adjustment. The analysis that the absence of in�ation may have worsened the Argentine
crisis is aligned with Sims ([11]) who stressed advantages associated with an unexpected in�ation as
a means to smooth tax tightening events.
Our main result is that for a country with a highly credible currency, the local-currency regime

is the best choice. Under local-currency, autonomy to in�ate produces higher welfare than under
common-currency, since the union's decision may be opposite to the member country choice. How-
ever, for a low credible currency, local currency is not the best choice anymore. The country will
prefer dollarization or common currency depending on the correlation of external shocks.
This result refers to common currency created by emerging market economies. According to our

model, the country decision of adopting the euro is more likely to the decision of adopting the dollar-
currency regime. Note that the European Central Bank is uniquely independent and even if several
of member countries face similar debt problems, it may be unwilling to create the requisite in�ation.
In the union considered here, the ability of imposing an in�ation tax does give for its members an
additional degree of freedom in dealing with a run on its external debt. Although it may be hard to
engineer some controlled in�ation tax in a country with a fairly recent history of high in�ation, zero-
in�ation may not be desired. The recent bad experience of emerging economies with pegged exchange
rate regimes has led them to search for alternative institutional framework in order to achieve currency
credibility, as in�ation target regime. We argue that monetary union can be another option to enhance
this credibility by changing the decision process for in�ation.
On a more methodological ground, the possibility that default can be welfare enhancing is in

accordance with the current bankruptcy literature, which says that it is optimal to have some bank-
ruptcy in equilibrium, contrary to conventional wisdom (see Geanakoplos, Dubey and Shubik [12],
for penalties on the utility function, and Araujo, Páscoa and Torres-Martínez [1], for in�nite horizon
economies). Although, the risk of default should be kept under control. Accordingly, the introduc-
tion of common currency can give rise to the possibility of a better bankruptcy technology through
in�ation than just the repudiation of external debt, which can be quite costly.

1.2 The model with local currency
Cole and Kehoe developed a dynamic stochastic general equilibrium model in which they consider
the possibility of a self-ful�lling crisis of the public debt held by international bankers occurring.
We modify the original model in order to assess the welfare of an economy with two currencies
and two periods. Besides the dollar currency, the local currency is added with the subterfuge that the
government carries public debt in local money. The in�ation tax is extracted from consumers when the
government decides on the maturity date to reduce the real return of local currency bonds. This partial
moratorium on local currency debt can be employed to avoid a default on the dollar denominated debt
or to create in�ation tax for political purposes in the absence of an external crisis. Next, we describe
the economy with local currency.
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1.2.1 Economic agents

The economy comprises three sectors: government, international bankers and consumers. There are
in�nite periods and a single good that can be consumed or saved in form of capital. Production utilizes
capital and, implicitly, inelastically supplied labor.
The population of consumers is continuous and normalized to unit. Each consumer lives for

in�nite periods, pays a fraction (� 2 (0; 1)) of his income on taxes and allocates (1 � �) between
consumption, government bonds denominated in local currency and investment so as to maximize his
preferences subject to his budget constraint:

max
fct;kt+1;bt+1gt

E

" 1X
t=0

�t(ct + v(gt))

#
s:t: : ct + kt+1 � kt + qtbt+1 �
[at:f(kt)� �kt] (1� �) + bt � bt (1� #t) ; 8 t

ct is private consumption and gt is public expenditure. v(:) is a continuous function, differentiable,
strictly concave and increasing1. kt is the capital stock. bt is the government debt denominated in local
currency, consisting of zero-cupon bonds maturing in one period and acquired in (t � 1): #t is the
government's decision variable on whether or not to in�ate. When purchasing a local-currency bond,
an investor pays qt in t to receive 1 or � units of good in (t+ 1), depending whether the government
exercises in�ation or not. If the government decides to in�ate, then # = �; otherwise, # = 1: In�ation
rate is given by

�
1�#
#

�
; bt (1� #t) is the revenue that government raises by lowering the real value

of its common currency debt, at is the productivity measure that is depreciated, if the government
produces in�ation or if it does not pay its dollar denominated debt. It takes one of the following
values2, depending on the occurrence of default or in�ation previously, or in the current period:

(atjin�ation) = ��

(atjdefault) = �

at = 1; otherwise,
where : 0 < � < �� < 1

At last, f(:) is the production function of the economy: continuous, concave, differentiable and
strictly increasing3. Each consumer is endowed with ko units of capital and with bo units of bonds in
the initial period.
The population of bankers is also continuous and normalized to unit. Each banker is risk neutral

and has an endowment x of consumer goods in each period to be allocated between consumption
xt and government bonds denominated in dollars b�t+1. When bankers purchase a dollar-bond, he
pays q�t units of the consumption good in t to receive 1 or 0 units of that good in t + 1, whether the
government exercises default or not. Banker's decision to purchase government bonds is made based
on his preferences as well as on his budget constraint:

max
fb�t+1gt

E

1X
t=0

�txt

s:t: : xt + q�t b
�
t+1 � x+ ztb

�
t ; 8t

1v0(0) =1
2This is due to empirical data. See Simonsen and Cysne ([12]) and Cole and Kehoe ([7]).
3f(0) = 0; f 0(0) =1; f 0(1) = 0
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where zt is the government's decision variable on whether or not to exercise default. International
bankers are endowed with b�o units of bonds in the initial period: x is greater enough so that the supply
of credit from all international bankers meets the demand for loans.
The government is benevolent and maximizes consumers' preferences. At each period it chooses

public expenditures gt and debts of the coming periods, B�
t+1 and Bt+1. It also chooses whether it

would exercise default or in�ation (z; #) according to the following budget constraint:

gt + ztB
�
t + #tBt � q�tB

�
t+1 + qtBt+1 + �: [at:f(Kt)� �Kt]

zt 2 f0; 1g ;#t 2 f�; 1g and � 2 (0; 1)
gt � 0

(zt + #t) � 1

The last restriction show that it is not possible to default and to in�ate at the same time.
A dollarized economy is regarded as a speci�c case of the economy with local currency described

above. We consider that to dollarize an economy means to follow passively the monetary policy
implemented by a country with a sound currency4. Then, to dollarize means to equalize to one the
exchange rate and to zero future in�ation rates.
Next we will make some simpli�cations so that the economy may be represented in two periods:

the �rst one where the monetary regime is selected, the public debt is renewed and the investments
decisions take place and the second, where uncertainty is solved.

Economy in Two Periods In the initial period, t = 0, the economy has public debt denominated
in dollars, B�

o ; public debt denominated in local currency, Bo; and its productivity, ao, is equal to
one. Furthermore, there has been no shock and the public debt is renewed at the same level. The
rollover cost per unit of debt, (1� q�o ; 1� qo) ; and the investment level k1; depend on monetary
regime previous selected.
In the next period, t = 1, the economy is subject to two shocks: political in�ation and speculative

attacks on its external debt. When uncertainty is disclosed the government chooses #; a new level
for its debts, decides on whether or not to exercise default and consumers choose the new level of
investments. Uncertainty refers to the possibility of bankers not being willing to purchase new dol-
lar debt from the government and to the possibility of political in�ation occurs. Assuming that the
government maintains constant its debt levels chosen when uncertainty is solved, and that zt and #t
remain unchanged as from t = 1, the economy with in�nite periods can be described by only two
periods, in which the second one is a perpetuity with public debt represented by a �ow of interest rate
over this amount.

1.2.2 Uncertainty under local currency

In the model presented here, as in the Cole-Kehoe model, the adverse shock is a restriction to foreign
credit caused by a self-ful�lling debt crisis associated with a speculative attack on external public
debt. The occurrence of an attack depends on a sunspot variable � , that is supposed distributed
with uniform [0; 1] and describes the bankers'(speculators) con�dence that local government will not
default on its external debt. This variable can be viewed as a fundamental that drives con�dence and
de�nes the equilibrium in the crisis zone: all speculators refuse to purchase new dollar bonds and
default is the optimal decision or they purchase the new external debt and there is no default5. Next,
we will introduce two additional shocks to the original model.

4There is no possibility of in�ation.
5The attack may be triggered without warning in response to change in the economic fundamentals that are not ex-

plicitly described in the model, such as: change in the price of commodities that intensively take part in exports, change
in the government preferences (election), reduction in international liquidity, among others.
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First, it is not realistic to assume that each speculator knows in equilibrium exactly what other
speculators will do. So we consider two critical values for con�dence instead of one. A low value,
�d; and a high value, �up: If � < �d; then the price of new dollar debt is zero, since the speculator's
con�dence is quite low. All of them refuse to renew their loans. Because of this, default is the optimal
decision for the government whose debt is in the crisis zone. If � � �up then all speculators are willing
to purchase new external debt at a positive price and default is not optimal. But if �up > � � �d then
a partial rollover takes place. In the occurrence of this moderate attack, few bankers are willing to
purchase new external debt at a positive price, and so the government can renew only a fraction, ',
of its external debt. We set ' less than one but suf�cient large so that government prefers to in�ate
than to default during moderate attack. Although we are not interested in modeling the information
structure, one can think that international bankers are divided in two groups. The �rst and better
informed one can identify three states of nature: no attack, intense attack and moderate attack. The
second one can identify only two states: attack and no attack.
The second type of shock occurs when public debt is in�ated away for political reasons in the

absence of attacks. Political means that in�ation is not an optimal decision. The probability that this
shock occurs, given that there is no attack, is denoted by  . Therefore a political in�ation shock
occurs with unconditional probability equal to  (1� �up):
The model provides that under certain debt levels the intensity of default is proportional to the

external debt crisis, that is, moderate and intense speculative attacks are respectively responded with
in�ation and default. Moreover, in the absence of attacks, it is optimal for the government to respect
debt contracts. These critical debt levels are de�ned as the crisis zone in Section 4. Hereinafter we
suppose that public debt is in the crisis zone.
In order to avoid creating another sunspot variable, we assume that � also drives consumer's

actions. Accordingly, if � < �d; then consumers are sure that the government whose debt is in the
crisis zone will not in�ate. If �up > � � �d; then they know that the government will in�ate. If
� � �up neither default nor in�ation is optimal and they are aware that there may be political in�ation
with probability  : De�ning �up as �up +  (1 � �up); we conclude that political shock occurs if
�up � � < �up : There is no shocks with probability

�
1� �up 

�
:

Therefore, the candidate country that elects the local-currency regime instead of the dollarization
may be in one of the four possible states, s; described in Table 2.
In the beginning of period t = 1 uncertainty is solved with the drawing of the sunspot variable.

The state s occurs if � 2 �s; where �d � [0; �d); �i � [�d; �up); �p � [�up; �
up 
); and �c �

[�
up 
; 1]: De�ning �i � �up��d; �p � �up ��up; and �c � 1��up ; the probability of occurrence

of state s is given by �s. All the economy sectors know the critical values and the distribution of �:

1.3 The model with common currency
Now, we consider a third alternative for monetary regime: a monetary union. We de�ne a monetary
union as an association of n countries plus the union's central bank. We denote each member country
as member j; where j 2 f1; 2; :::; ng :When they decide to create the union their debt denominated in
local currency are replaced by debt denominated in common currency. We consider that each one of
them has some in�uence over the union's central bank, the decision-making body for in�ation. The
decision variable # for the union will be denoted by #u; and the decision variable # for each member
will be denoted by #j and indicates if the member j is voting for in�ation or not. Then, to join a
monetary union means to share with other countries the control over in�ation. We also rede�ne the
Banker's budget constraint in order to consider the debt level from all member countries:

xt +

nX
j=1

qj�t b
j�
t+1 � x+

nX
j=1

zjt b
j�
t ;8t

Now, in order to estimate the welfare of country j under common currency, we must de�ne its
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in�uence over the union's central bank. Next, we describe two different possibilities for the decision
process at the union's central bank.
In the �rst case, we assume that every member of the union has the right of veto over the union's

decision to in�ate. Then, in�ation over common currency takes place only if each member votes for
it. If any member prefer to default than to in�ate, it votes for not to in�ate. Considering the right of
veto, when a country joins a monetary union, its decision to default is not changed in comparison to
the local-currency regime. However, its decision to in�ate may not take place if the union's decision
is against it. In this case, a country has to choose between default and respect debt contracts. Note
that, a dollarized economy can be regarded as a speci�c case of a union between an emerging market
economy and a country which hypothetically always vetoes in�ation.
Instead of the right of veto, we also consider an alternative voting system where each member j

has some political in�uence on the union's central bank. In this case, when members do not agree
about the decision to in�ate, we assume that each member j will succeed in implementing its decision
with probability pwj: The variable pwj is the political weight of j in the union, and the greater the
value of pwj , the greater the in�uence that it has on the union's central bank. Note that in this case,
when a country joins a monetary union, its decision to default may be changed in comparison to
the local-currency regime. If some member decide for default but the union decides for in�ation,
then in�ation takes place. As we ruled out from the model the possibility of default and in�ation at
the same time, the member can not to default. Just for this case, if the public expenditure becomes
negative because default is avoided, we consider that member country can default and in�ate at the
same time. For such situation, the productivity measure at turn to be

�
� � ��

�
:

Therefore, it is taken into account that, given a monetary union of n emerging market economies
available, each economy might adopt one of the following monetary regimes: local currency, dollar-
ization, and common currency. Under local currency, the economy does not share its currency with
any country and its in�ation decision is always possible to implement. Under dollarization, in�ation
is ruled out. Under common currency, the in�ation decision is shared.

1.3.1 Uncertainty under common currency

We have already described uncertainty under local currency. Now, consider a country that elected
the common-currency regime instead of the local-currency one. We assume that �j has the same
distribution and critical values for each member j and that all members know the correlation between
events related to sunspots

�
�11; :::; �

n
1

	
realization. We consider the following structure of correlation

between events related to speculative attacks: the probability of occurrence of an intense attack in one
country j

�
Prob(�j � �d)

�
does not depend on events occurred in other members j0 6= j. If there is

no occurrence of intense attack at the union, the events with symmetry of attacks between members
are positively correlated by �. Thus, if � value is minus one and there is no occurrence of intense
attack, then there is no symmetrical attacks, like �moderate attack in all members�. If its value is zero
the attacks occur independently and if its value is one there is no asymmetrical attacks.
Thus, if candidate countries choose to create a monetary union with the right of veto for each

one of them, they will be subject to �ve possible states, instead of four. This happens because the
voting system adds a further uncertainty to the economy. The additional state u is de�ned as the one
where the country suffered a moderate attack but can not practice the desired in�ation since at least
one country voted against that. If country j votes for in�ation in the absence of attack but another
member vetoes its choice, then j visits state c and moves out from state p: Country j actually visits
state p when decision for political in�ation is aligned with the other members' vote. The probability
of state d is not altered by the voting system when veto is allowed.
Table 3 sums up the �ve relevant events (from 16) for a member of a monetary union formed by

two identical countries (A and B); as well as the probabilities of occurrence. Column sAu informs the
state of the country A; conditional to its being part of the monetary union. The calculation of these
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probabilities is detailed in the Appendix, that also presents the relevant events for a member country
when the union involves three identical members and 64 possible events.
Now, if candidate countries choose to create a monetary union without the right of veto and believe

that each one of them has political in�uence pwj over the union's central bank, then each member
j will be subject to six possible states, instead of �ve. This happens because the new voting system
adds a further uncertainty to the economy. The new state denoted by w is de�ned as the one where the
country suffered an intense attack, but can not practice the desired default since the union's central
bank had decided for in�ation. In this case, if the total tax (including in�ation) is not enough to pay
the external debt, we assume that this country practice default and in�ation. Table 4 sums up the six
relevant events (from 16) for a member of monetary union of this type and formed by two identical
countries (A and B); as well as the probabilities of occurrence. The last column of Table 4 shows the
probabilities of occurrence of each state, if country A prefers to maintain local currency instead of
common one.
In both types of monetary union, with right of veto or without, the possibility of in�ation to

avoid an external default is reduced, but not ruled out as in dollarization. In�ation to avoid default is
prevented by the union when sj changes from i to u: On the other hand, political in�ation in country
j is also prevented when sj changes from p to c:

1.3.2 Sequence of events

In the period t = 0; taking n as given, each government j chooses its monetary regime,m, among lo-
cal currency;common currency and dollarization6. Besides, public debts is rolled over and consumers
from each member choose cj0; b

j
1 and k

j
1.

In the period t = 1; the events have the following order:

1. Variable �j is realized, the aggregate state of economy j is Sj = (Kj
1 ; B

j�
o ; B

j
o; a

j
o = 1; �

j) and
the aggregate state of the union of n members is S; S = fS1; :::Sng :

2. Government j chooses #j 2 f�; 1g ; taking S as given:

3. Government j, taking S; #u; and the price qj�1 as given, chooses the new dollar debt
�
Bj�
1+�

	
�>0
.

4. International bankers, taking S; #u; and qj�1 as given; choose whether to purchase
�
bj�1+�

	
�>0

for each j:

5. Government j, taking S; #u and the price qj1 as given, chooses the new common-currency debt�
Bj
1+�

	
�>0
.

6. Investors from country j, considering S, qj1; q
j�
1 and #

u as given, choose whether to purchase
common-currency bonds issued by their own country

�
bj1+�

	
�>0
.

7. Knowing #u; Bj;and Bj�; government j chooses zj1:

8. Consumers from country j, taking aj1 as given, choose c
j
1 and

�
kj1+�

	
�>0
.

1.3.3 An Equilibrium

Following Cole-Kehoe we de�ne an equilibrium where market participants choose their actions se-
quentially, starting with consumers who chooses last. Consumers from each country j take as given
the aggregate state S, the union's decision #u; their government's decisionsGj � (mj; #j; zj; gj; Bj; Bj�),
and their own decisions regarding capital kj; and debt level bj: In equilibrium, their choices Cj �

6In the �rst case, j chooses #u � #j 2 (�; 1) and n turn to be one. In the last case, j chooses #u = #j = 1:
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(cj; kj; bj) coincides with the aggregate capital and debt level (:; Kj; Bj). The consumer maximizes
his utility function and chooses kjt+1 that solves:

1

�
= (1� �j)f 0(kjt+1)Et[a

j
t+1]

Furthermore consumers act competitively and are risk neutral, so they purchase public debt de-
nominated in common currency whenever its price is equal to the expected return 1=� :

1=� = Et[#
u
t+1]=q

j
t

International bankers take as given the aggregate state S, the offer of new debt (Bj; Bj�) ; and the
debt (bj; bj�) to be received in such period. As bankers act competitively and are risk neutral too, they
purchase public debt denominated in dollar from country j whenever its price is equal to the expected
return at 1=�:

1=� = Et[z
j
t+1]=q

j�
t

Government chooses at two different times: in t = 0, it decides on the monetary regimem; and in
t = 1; after uncertainty is solved, it makes decisions at three different moments. First, in the beginning
of the period, knowing the aggregate state S; it announces its vote for in�ation, #js. After knowing
union's decision, #us ; it chooses new public debt (Bj

s ; B
j�
s ). At last, it chooses zjs and gjs . At the

beginning of period, the government is capable of anticipating capital accumulation as productivity
expectation and the price that makes bankers and investors indifferent to purchasing public debt. Its
optimization problem is

max
Gjt;s

E
1X
t=0

�t
�
cjt;s + v(gjt;s)

�
s:t: #js 2 f�; 1g ;8s 2 S
gjt;s � �

�
ajt;sf(K

j
t;s)� �Kj

t;s

�
�Bj�

t;s(z
j
t;s � qj�t;s)�Bj

t;s(#
u
t;s � qjt;s);8s; t

zjs 2 f0; 1g; zjs + #us � 1 ;8s; j

Then, for each country j; an equilibrium can be de�ned as a list of choices Gj
t;s, C

j
t;s, b

j�
t+1;s, , an

equation of accumulation of aggregate capital Kj
t+1;s and prices q

j�
t;s; q

j
t;s so that, for every t, s and j:

(i) Given S;Gj
t;s; q

j�
t;s; q

j
t;s : C

j
t;s solve the consumer's problem.

(ii) Given S;Cj
t;s; q

j�
t;s; q

j
t;s : G

j
t;s solve the government problem.

(iii) qj�t;s and q
j
t;s solve: 1=� = Et[#

u
t+1;s]=q

j
t;s = Et[z

j
t+1;s]=q

j�
t;s:

(iv) Given S; Bj
t+1;s = bjt+1;s:

(v) Given S; B�j
t+1;s = bj�t+1;s:

(vi) Given S; Kj
t+1;s = kjt+1;s:
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1.4 Debt Crisis Zone
The payoff for government j conditional to decisions zj and #u is denoted by U(zj; #u): The debt
crisis zone is de�ned as the local-currency and dollar debt levels for which it is optimal for the gov-
ernment to respond with in�ation to a moderate attack, to respond with default to an intense attack
and to honor contracts in the absence of an attack. Moreover, if government debts are in the crisis
zone and in�ation can not be implemented during an moderate attack, then default will be the second
best option. Thus, (Bo; B

�
o) will be in the debt crisis zone if the following conditions are satis�ed:

�j 2 �d ) U(0; 1) � max fU(1; �); U(1; 1)g
�j 2 �i ) U(1; �) � U(0; 1) � U(1; 1)

�j 2 �c [ �p ) U(1; 1) � max fU(0; 1); U(1; �)g

To construct this equilibrium, we consider the local currency debt �xed at level Bj
o for all t: The

choice of parameters � and ' is somewhat arbitrary but essential to obtain the crisis zone. Given ';
we can choose � so that in�ation is the best response only against to a moderate attack. Note that for
a different moderate attack (different value of '), the government may set a different value of � in
order to avoid an external default. In the numerical exercise we consider only one type of moderate
attack, and thus only one value for '.
Government's preferences also affects the crisis zone. If the government is suf�ciently concerned

with current public expenditures, then it would rather respond to attacks with default. Conversely,
a government suf�ciently concerned with private consumption would rather fully pay its debts in all
states. We construct this equilibrium to obtain an intermediate and more realistic case for government
preferences, where both incentives to default and to in�ate are present in this crisis zone.

1.5 Numerical Exercises
In this section, we present numerical exercises where we attempt to outline under which conditions
emerging economies would be better off, in terms of welfare, by joining their currencies than being
on their own. We consider a monetary union between two and three countries, where each one of
them can veto the union's decision to in�ate. Different political in�uences that members have on the
union's central bank are also taken into account.
The parameters used in the simulations have been chosen to portray the Brazilian economy during

July 1998 to August 2001. The de�nition of period length is based on the Brazilian government
debt whose average length varied as indicated in Table 5. The government discount factor, �, is
approximated by the yearly yield on government bond issued by the US, whose values �uctuated
between 4.8 and 5 percent7. Based on these �gures, we interpret a period length as being one year
and a yearly yield on risk free bonds, r; as being 0:05; which implies a discount factor � of 0:95(=
(1 + r)�1). The tax rate, �, varied between 0:30 and 0:35 in the period and we set it equal to 0:30: The
choice of the functional form was the same used by Cole and Kehoe [7], that is, v (g) = ln(g); which
implies a coef�cient of relative risk aversion of one. The results are very sensitive to this parameter
which, besides determining the coef�cient of risk aversion, de�nes the relative importance of public
expenditure. The production function, f(k), is given by (k)� ; where capital share � is established
at 0:4. The yearly depreciation rate, �, is equal to 0:05. The parameter � equals 0:95; assuming that
default causes a permanent drop in productivity of 0:05; as in the Cole-Kehoe model. This drop
is equivalent to a net present loss relative to GDP of 1:058. We set ' as 0:62 and � as 0:85: The
correspondent in�ation rate, (1� �) =�; is equal to 0:18. The permanent welfare cost of in�ation,

7Considering U.S. government bond yield. Using the U.S. discount rate reported by IMF (International Financial
Statistics), the yield varies between 4.5 and 6 percent.

8Considering ks;t = ko;8t; s: Considering the optimal investment level the drop is equivalent to 1:7.
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��; is estimated to be 0:998: This drop is equivalent to a net present loss relative to GDP of 0:039.
The probability of default, �d, and the probability of in�ation, �i + �p, under the crises zone and
the local-currency regime is calculated on the basis of risk premium practiced in the �nancial market
according to the following expression:

1

�
=
�
1 + rBRD

�
(1� �d) =

�
1 + rBRLC

�
(1�

�
�i + �p

�
(1� �))

where rBRD and rBRLC are yearly yields on Brazilian public debt denominated, respectively, in dollar
and in local currency (discounting expected in�ation of Brazilian currency).
Data for rBRD is available for the whole period of analysis, while rBRLC only since January 2002,

when its value was about 0:1210. Therefore, values for �d varied between 0:04 and 0:11 and for
(�i + �p) is evaluated at 0:42. In the simulation, �d and �i were �xed at 0:04; and �p varied from 0
to 0:9. Analogous to �p; the correlation � is somewhat arbitrary and varied between�0:3 and 1 in the
simulation.
Second column of Table 6 sums up debt levels, investment, private consume and public expen-

diture used in numerical exercises. The last column also indicates the range of the actual economic
variables observed in Brazil during the period 1998-2001.

1.5.1 Results

Debt Crisis Zone Following Cole and Kehoe approach, we present in Figure 2 the debt crisis zone
as a function of the maturity structure of the debt for a dollarized economy subject to speculative attack
(only intense, that is, �up = �d). Henceforth, lengthening the maturity structure means converts an
initial quantity B of one-period (one year) bonds into equal quantities Bn of bonds of maturity 1,2,. .
. ,N. Then, the government redeems B�

n bonds every period and sells B�
n n-period bonds, where B�

n is
given by B�

n(1��n) = B�(1��): Results presented in Figure 2 consider the stationary participating
constraint, which gives the highest debt level under which not to default is better than to default when
there is no speculative attack. The no-lending condition gives the highest debt level under which not to
default is better than to default when the government can not renew its old debt. For a suf�cient long
maturity, no-lending condition and no-stationary participation constraint coincide11. In our exercise
we consider the external debt as 0:45 of GDP. As the maturity gets longer, the debt required for the
economy being in the crisis zone is greater. If maturity was greater than three years, for debt levels
considered here, the economy would be out of the crisis zone.

Monetary Arrangements Between Two Countries with Right of Veto According to the model,
the possibility to in�ate depreciates the economy welfare in two ways. At �rst, the government may
in�ate even if it is not optimal to do so. Secondly, it reduces national investors' con�dence in advance
and, consequently, interest rate on local-currency debt rises and investment is reduced.
Our results establish conditions under which to reduce monetary autonomy is better than to main-

tain local-currency regime. The preferred regime depends on the risk of political in�ation and on the
correlation of external shocks that members are subject to. This correlation determines the likelihood
of suboptimal states u; w and p occurring.
Considering a two-identical-country union, Figure 3 shows that, by changing the external shocks

correlation, we obtain the optimal monetary regime for each level of the risk of political in�ation,
which is represent by the probability �p: When the correlation is low and there is no risk of politi-
cal in�ation; investors have full con�dence that the government will not in�ate for political reasons

9In estimation of welfare cost of in�ation we use Bailey's approximation and the money demand speci�ed as kr�a;
where r is the logarithmic annual in�ation (see Simonsen and Cysne [12]). We consider k and a equals to 0:04 and 0:6;
respectively.
10Yearly yield on LTN minus in�ation.
11As from 45 years in our simulation.
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(�p = 0) ; then it is better not to give up monetary autonomy. Conversely, when the risk is very high
(�p = 0:9), the economy is dollarized and monetary policy decision is transferred to the US Federal
Reserve Bank. In the last case, the result is independent of correlation. Note that for high levels
of political in�ation the union is not desirable because it loses its in�ation-inhibiting function. In
such cases it is likely that both governments would vote for in�ation even in the absence of attacks.
For mid-risk levels, the correlation is important to de�ne the most appropriate currency-regime. The
higher the correlation, the greater the interval of risk of political in�ation for which a common cur-
rency would be selected. At last, the results show how the common currency area changes in relation
to the presence of an arbitrary cost associated to the creation of the union. We do this exercise, by
�xing cost at one percent of GDP, only to show the sensitivity of the common currency option. In the
presence of this cost, more correlation is necessary for the government to choose common currency
instead of local currency.

Alternative Monetary Arrangements Figure 4 present results for a three-identical-country union
and compares the results with a two-identical-country union. The addition of a newmember with right
of veto makes in�ation less likely in the monetary union. Thus, the area of preference for a common-
currency regime moves towards to higher values of external shocks correlation. This conclusion is
based only on �nancial aspects of monetary unions and should not be taken as an optimum currency
area approach since issues as international trade and factor movments are not considered in the model.
The hypothesis of identical members is convenient since it enables the conclusion that if there

is an incentive to one country to join the monetary union (greater expected welfare under common-
currency) there is an incentive to all, and thus the union is feasible. Relaxing such hypothesis, in the
next exercises, we analyze incentives for country A to join an already established monetary union,
which is de�ned as country B. At �rst, the risk of political in�ation of B, �pB; is �xed, while the risk
of political in�ation of A varies as in the previous exercises. Secondly, we consider that members
have different in�uences over the union's decision to in�ate, instead the right of veto.
Figure 5 reports results for two different values for the risk of political in�ation of country B. They

are �xed at �pB = 0:7 and �pB = 0: As expected, with the reduction of risk of political in�ation in
B, in�ation in the union becomes less likely, and the region's preference for common currency over
dollarization is increased while the region's preference for common currency over local currency is
decreased. With no risk of political in�ation in B, this country will vote for in�ation only when it
suffers a moderate attack. Therefore, country A will have less chance to in�ate and common currency
is less attractive for low levels of risk of political in�ation. As the risk of political in�ation in A and
correlation rises, country A chooses common currency to improve monetary discipline.
Figure 6 shows the results when we consider that country A has some political in�uence over the

union's central bank, instead of the right of veto. With this hypothesis, there may be in�ation on
common currency even if some member does not vote for it. The variable pw indicates the possibility
that country A will succeed in changing the union's decision. The greater pw is, the stronger is its
in�uence on the union's central bank. Results in Figure 6 considers �pB �xed at 0:7 and pwA as being
0, 0:4 and 0:8.
Note that over the line that separates the common-currency and the local-currency regions, welfare

level is the same for both regimes. Its locus does not depend on the value of pw. Thus, if the
government is indifferent about both regimes it will be indifferent about pw value.
Moreover, Figure 6 shows again that at high levels of risk of political in�ation, �PA > 0:7,

country A looks for monetary discipline. For correlation below to 0:55; dollarization is the best
monetary arrangement, because correlation is not high enough for common-currency regime to be
chosen. Increasing the correlation a little (around 0:1), country A joins the monetary union as pw
decreases. In this way, it attains the desired monetary discipline without having to dollarize and to
discharge in�ation.
In �gure 7, we compare monetary regimes for member A when it can join a union where each
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member has the right of veto and when it can join a union where it has no political in�uence over
the decision for in�ation. The value of �PB is �xed at 0, thus in both unions there is no in�ation for
political reasons. In the former case, the union's central bank will in�ate when both member vote for
it, and in the last case when B votes. The decision of the union's central bank will depend on the
decision process only whenB votes for in�ation butA does not12. There are only two possibilities for
this event: or

�
zA; #A; zB; #B

�
is equal to (1; 1; 1; �) or to (0; 1; 1; �) : Country B suffer a moderate

speculative attack in both cases, an event with low probability of occurrence. In the �rst case, country
A does not suffer any shock, an event with low probability of occurrence when its risk of political
in�ation is high. For a low level of risk of political in�ation, but high level of correlation this event
is rare again, due to asymmetry with the event in country B. In the second case country A suffer an
intense attack, another rare event. Concluding, these two events, drawn from twelve possibilities, are
very rare if we consider the region where common currency is the best option. This is the reason for,
in �gure 7, both pictures seems to be equal for pwA = 0. In fact, if common currency is the best
choice for A when veto is not allowed, then it is also the best choice when member A has the right of
veto over the in�ation decision.
Although these results refer to a zero-political-in�uence for country A, if its in�uence gets bigger,

then the above conclusion would still be the same13. Monetary union with right of veto is always
preferable to one with political in�uence decision process, because in the last one it is possible that
a member decides not to in�ate but the union prefers to in�ate. When the union's decision prevails
the forced in�ation decreases the welfare or in the worst state (default with in�ation), or in the best
state, in�ation under no-shock. Thus, according to this model, forced in�ation decreases the value of
common currency under political in�uence decision process relative to the value of common currency
under the union where members have the right of veto.
Both type of union, with members having the right of veto and some political in�uence over

in�ation decision, could be described at once, with the following structure. When the union member
country votes for in�ation its decision is accepted by the union with probability p: When the union
member country votes for no in�ation, its decision is accepted by the union with probability q: If
q = 1, we have the �rst type union. If q = p < 1 we have the second type union. We separate
types descriptions for two reasons. First, for didactics purposes since in the second type additional
uncertainty is considered. Second, to argue that having the right of veto (or not) is not a decisive
factor to decide if adopt common currency or not, as shown in Figure 7.

Brazil and Argentina: different monetary arrangements The results obtained with the numerical
exercise are aligned with the preference for dollarization by both countries in the beginning of the 90s,
when to reduce in�ation was the main target for monetary policy. It is also possible to appraise why
different monetary regimes were adopted in Brazil and Argentina between 1998 and 2001. Brazil
did not adopt a monetary arrangement similar to dollarization14, while Argentina did and suffered a
default. A trivial explanation is that Argentine government erroneously thought that the adoption of
foreign currency would bring economic stability, an idea largely debated in Latin America. Next, we
discuss another two possible reasons for the difference in monetary arrangements: differences in risk
of political in�ation and differences in relative coef�cient of risk aversion.
One reason for the different choice might be that the risk of political in�ation of Argentina was

higher than the Brazilian one. According to the results of Figure 3, the Argentinian choice would be
located in the dollar region, which is characterized by higher levels of risk of political in�ation rela-
tive to the local-currency one, which was the Brazilian monetary choice15. A higher risk of political
12Under local currency country A is subject to four possible states (c; p; i; d) and country B to three possible states

(c; i; d). Under common currency, country A will be subject to twelve possible states.
13Note that if we change pwA from 0 to 0:9; the common currency area shrinks. It is also true if we increase �pB :
14In the sense of the dollar-currency regime described here.
15In a very preliminary version of Araujo and Leon ([2]), written before the 2001 Argentinian crisis, the debate about
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in�ation can be explained by the dif�culty in controlling public expenditure in Argentina where each
province would have incentive to maximize the local expenditure with no commitment to sustainabil-
ity of the aggregate expenditure. In Brazil, on the other hand, the institutional environment favored a
little more the public expenditure control. The �scal responsibility law completed in May 2000 is an
example of political efforts towards ensuring the equilibrium of public �nances.
Another reason concerns government preferences which is captured by the utility function v(g).

In the following exercise, we investigate different speci�cations for this function (for Argentina) in
order to conclude how the relative coef�cient of risk aversion affects the preferences for monetary
arrangements. With a few exceptions, the parameters used in the simulation for the Argentine econ-
omy were the same as for Brazil. The following parameters were changed: � = 0:25; v(g) = g0:01;
B

GDP
= 0:516. According to the new speci�cation for v(g) the coef�cient of relative risk aversion

is 0:99 instead of one. With these new parameters, the government is indifferent between the local
currency regime and dollarization: If the coef�cient of relative risk aversion were less than 0:99; then
dollarization would be preferred. If it were greater than 0:99; then local currency would be preferred.
Thus, for such parameters, the region where dollarization is preferable grows along with the reduction
in the risk aversion.

1.6 Conclusions
The paper brings into discussion the �nancial aspect about monetary regimes for countries heavily
dependent on international lending and subject to political in�ation. This task is accomplished by
means of a macroeconomic model that incorporates microfundamentals, rational expectations and
credit risk of local and foreign currency-denominated debts.
The results obtained with the numerical exercise are aligned with the preference for dollarization

by economies under very high risk of political in�ation. It also argued that when the risk of political
in�ation is moderate and external shocks correlation are high between countries, a monetary union
can be an effective arrangement to increase con�dence in the currency, without losing in�ation as an
additional instrument to smooth external shocks.
Traditionally, research on monetary union arrangements do not address the political in�ation or

default risk as variables of decision on adopting common currency. Such issues does not have appeal
to developed economies that have strong currencies and minor risk of default. However, they are
extremely relevant for emerging economies.
At last, we would like to emphasize that even though reasonable results were obtained in the

numerical exercises, many aspects related to the theme were not considered, such as international
trade and different types of goods.

local-currency regime versus dollarization was brought about. They argue that the local currency improves default tech-
nology and welfare is higher relative to dollarization as long as political pressure over the central bank is not to strong.
16The local currency debt was about �ve percent of GDP between 1998 and 2001. We consider a greater value for

debt level to increase local-currency regime payoff. We also �xed the risk of political in�ation at 0:53 and changed the
parameter � from 0:85 to 0:5: With such changes, the government is indifferent between the local currency regime and
dollarization:
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1.7 Appendix
Next table presents the events at monetary union between two identical countries (A+B), given no
occurrence of intense shock.

Event A - Vote Decision State Symmetry Probability
(sA; sB) #A #u sA;u Attacks Prob((sA; sB))
(c; i) 1 1 c n �cA�

i
B(1� �)�

(c; p) 1 1 c y �cA�
p
B(1 + �)�

(c; c) 1 1 c y �cA�
c
B(1 + �)�

(p; c) � 1 c y �pA�
c
B(1 + �)�

(i; c) � 1 u n �iA�
c
B(1� �)�

(i; p) � � i n �iA�
p
B(1� �)�

(i; i) � � i y �iA�
i
B(1 + �)�

(p; p) � � p y �pA�
p
B(1 + �)�

(p; i) � � p n �pA�
i
B(1� �)�

Where�
PNS
PS

�
�
� �cA�

i
B+�

i
A�

c
B+�

i
A�

p
B+�

p
A�

i
B

�cA�
p
B+�

c
A�

c
B+�

i
A�

i
B+�

p
A�

p
B+�

p
A�

c
B

�
; and � � PNS+PS

PNS+PS+�(PS�PNS) :

if � 2 [�1; 1]) PNS + PS + �(PS � PNS) � 0) � � 0:
PNS + PS = PNS (1� �)�+ PS (1 + �)�
PNS + PS = �cA (�

i
B + �cB + �pB) + �iA (�

c
B + �iB + �pB) + �pA (�

i
B + �pB + �cB)

PNS + PS = (�
i
B + �cB + �pB) (�

c
A + �iA + �pA)

PNS + PS =
�
1� �d

� �
1� �d

�
=
�
1� �d

�2
PS � PNS = PNS + PS � 2PNS =

�
1� �d

�2 � 2PNS
PS � PNS =

�
1� �d

�2 � 2�iB (�cA + �pA)� 2�iA (�cB + �pB)

PS � PNS =
�
1� �d

�2 � 2�iB �1� �d � �iA
�
� 2�iA

�
1� �d � �iB

�
�iA = �iB = �i ) PS � PNS =

�
1� �d

�2 � 4�i �1� �d
�
+ (2�i)

2

PS � PNS =
��
1� �d

�
� 2�i

�2
> 0

� =
(1��d)

2

(1��d)
2
+�[(1��d)�2�i]

2 :

If � value is -1 and there is no occurrence of intense attack then there is no occurrence of symmet-
rical attack. If its value is 0 the shocks occur independently and if its value is 1 there is no occurrence
of asymmetrical moderate attack. Table 3 sums up the �ve relevant events (from 16) for a member A
and n = 2. If n = 3 we have:

sAu Probability
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c �c
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�d
�2
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�2
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...(1� �)�
h
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2
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i
+(1 + �)�

�
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�
u 2�c�d�i + �i

�
�d
�2
+ 2�p�d�i + 2�d (�i)

2
+ (1� �)�

h
2�c (�i)

2
+ �i (�c)2 + 2�c�p�i

i
i (1� �)�

h
2�p (�i)

2
+ �i (�p)2

i
+ (1 + �)� (�i)

3

p (1� �)�
h
�p (�i)

2
+ 2�i (�p)2

i
+ (1 + �)� (�p)3

Where,
�
PNS
PS

�
=
�3�c(�i)2+6�c�p�i+3�i(�c)2+3�p(�i)2+3�i(�p)2

(�p)3+(�c)3+(�i)3+3�c(�p)2+3�p(�c)2

�
:
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Tables and Figures
Table 1: Monetary Regimes Tradeoffs

Regime Flexibility Credibility

Local Currency total low

Common Currency partial medium

Dollarization null high

Table 2: States Under Local Currency in the Crisis Zone
States Shocks Actions

c none respect contracts

p political inflation inflation

i moderate attack inflation

d intense attack default

Table 3: Monetary Union Between Members With Right of Veto (n=2)

su
A Probability

d ^ d

c ^ dÝ^ c + ^ p Þ + ^ cÝ1 + _ÞWß2^ p + ^ cà + Ý1 ? _ÞWß^ c^ ià

u ^ i ^ d + ^ cÝ1 ? _ÞW

i ^ iWÝ^ pÝ1 ? _Þ + ^ iÝ1 + _ÞÞ

p ^ pWÝ^ pÝ1 + _Þ + ^ iÝ1 ? _ÞÞ

where W ¯
1?^d 2

1?^d 2+_Ý1?^d?2^iÞ2
.

Table 4: Monetary Union Between Members With Political Influence
sA Probability Under Common Currency (n=2) (n=1)

d pwA 6^d+Ý1 ? pwA Þ6ß^d^d + ^d^c à ^d

c pwA 6^c+Ý1 ? pwA Þ6á^dÝ^c + ^p Þ + ^cÝ1 + _ÞWß^p + ^càâ ^c

u pwA 60 +Ý1 ? pwA Þ6ß^iÝ^d + ^cÝ1 ? _ÞWÞà 0

w pwA 60 +Ý1 ? pwA Þ6ß^i^d + ^p^d à 0

i pwA 6^ i+Ý1 ? pwA Þ6ß^iWÝ^pÝ1 ? _Þ + ^iÝ1 + _ÞÞà ^i

p pwA 6^p+Ý1 ? pwA Þ6ßWÝß^p^p + ^c^p àÝ1 + _Þ + Ý1 ? _Þß^p^i + ^c^i àÞà ^p

Table 5: Brazilian Public Debt Length (Years)
Length Model Brazil (9801)

Average Maturity 1 [0.4 , 2.2]

Average Duration 1 [0.2 , 0.9]
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Table 6: Economy in the Crisis Zone
Variables relative to GDP Model Ýt = 0Þ Brazil (9801)

External debt ÝBDÞ

fÝKÞ
= 45 [31 , 45]

External public debt ÝBDÞ

fÝKÞ
= 45 [9 , 24]

Local currency public debt ÝBÞ

fÝKÞ
= 30 [27 , 31]

Capital outflow
BDÝ1?qDÞ

fÝKÞ
= 4 

Investment NK
fÝKÞ

= 16 [20 , 22]

Private consumption c
fÝKÞ

= 60 [61 , 62]

Public expenditure
g

fÝKÞ
= 20 [19 , 19]
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Figure 1: In�ation versus Current Account Adjustment

Figure 2: Debt Crisis Zone and Average Maturity of the External Debt
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Figure 3: Optimal Monetary Regime (veto allowed, n=2)

Figure 4: Optimal Monetary Regime (veto allowed, n=2 and n=3)
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Figure 5: Optimal Monetary Regime (n=2, veto allowed, Different �pB)

Figure 6: Monetary Union of Members With Different pw
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Figure 7: Right of Veto versus Political In�uence
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2 Speculative Attacks, Openness and Crises
In this paper we propose a dynamic stochastic general equilibrium model to evaluate �nancial ad-
justments that some emerging market economies went through to overcome external crises during the
latest decades, such as default and local currency devaluation. We assume that real devaluation can
be used to avoid external debt default, to improve trade balance and to reduce the real public debt
level denominated in local currency. Such effects increase the government ability to deal with exter-
nal crisis, but also have costs in terms of welfare, related to expected in�ation, reductions in private
investments and higher interest to be paid over the public debt. We conclude that openness improves
expected welfare as it allows for a better devaluation-response technology against crises. We also
present results for 32 middle-income countries, verifying that the proposed model can indicate, in a
stylized way, the preferences for default-devaluation options and the magnitude of the currency de-
preciation required to overcome 48 external crises occurred as from 1971. Finally, as we construct
our model based on the Cole-Kehoe self-ful�lling debt crisis model ([7]), adding local debt and trade,
it is important to say that their policy alternatives to leave the crisis zone remains in our extended
model, namely, to reduce the external debt level and to lengthen its maturity.

2.1 Introduction
Both currency and external-debt crises occurred in the latest decades gave new strength to the acad-
emic debate on the best exchange rate regime and alternative policies for emerging market economies,
which were strongly affected by sudden reductions in the international capital in�ows. Studies have
associated unexpected �nancial shocks with currency crises, current account adjustments and default.
Cole and Kehoe ([7];[8]; and [9]) developed a model where an indebted country was vulnerable to
the willingness of the external creditors to keep its debt rolling, and applied it to the Mexican cri-
sis. Calvo, Isquierdo and Talvi ([5]), based on the Argentina crisis, linked the sudden stop events
with current account adjustments, currency devaluation and default. They also suggest that the dam-
age associated with the sudden stop and the effectiveness of those responses vary between countries,
depending on the previous degree of dollarization17 and openness.
Dollarization mechanisms were large used by emerging economies, specially as from the end of

the 80's. The supply of international capital available and the low credibility of the local currencies
favored the adoption of price stabilization policies based on the �xed exchange rate, as the currency
board in Argentina and Real-Dollar pegged in Brazil. Some economists have pointed out that emerg-
ing economies should sustain a really �xed exchange rate regime because their dif�culty in conducting
appropriate monetary policy with credible local currency ([4],[11], [14]). Other studies have argued
that �xed exchange rates do not improve fundamentals and so, it may be just a delay mechanism for
intense crises ([6], [15], [19]). Finally, there are studies suggesting that different monetary policies
can be adequate to different realities and that each country must �nd its own solution according to its
peculiarities ([1], [2], [13], [16]).
Although there was some disagreement about the best exchange rate regime for emerging coun-

tries in the past, now there is some agreement that the more indebted, dollarized and closed the
economy is the greater is its vulnerability to sudden reversals in the capital in�ows. Reversals induce
balance of payments crisis that may be solved by adjustments in the local currency price. This way, a
higher degree of openness helps the economy to react through local currency devaluation which im-
proves net exports and consequently smooths the sudden stop. But depending on the intensity of the
crisis and on the effectiveness of the currency devaluation, even default can be desired to overcome
the external constraint.
This paper aims at evaluating these issues considering 48 crises, occurred in 32 middle-income

17To be �dollarized� means to be exposed to the exchange rate movements, which can increase obligations in foreign
currency assumed previously.
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countries, as from 1971. We follow Reinhart, Rogoff and Savastano ([18], tables 3 and 13) to se-
lect 31 middle income countries which with Singapore complete our sample18. Such economies had
a signi�cant portion of their external debt denominated in foreign currency when they found them-
selves in trouble because their inability to obtain new credit in the international market. We can
also say that big currency devaluation was used during most of their crises, if we consider �big� a
two-digits monthly exchange rate devaluation. All the 48 devaluations considered take place next to
default event or after reasonable �at exchange rate period. Finally, the high risk premium observed in
the transactions involving their foreign currency indexed bonds suggests that markets are aware that
default could be occasionally used.
To study such currency crises including issues as the risk of default, the risk of devaluation and

the degree of openness, we extend the self-ful�lling debt crisis model of Cole and Kehoe ([7]). Our
model takes into account the effect of a real devaluation on the trade balance of goods. We suppose
that, during times of intensive borrowing in the international �nancial markets, the indebted country
imports heavily and, at times of scarce international credit, it makes adjustments to its trade balance to
pay for previous indebtedness. Then, we consider that a real devaluation can avoid default on external
debt, improve trade balance and reduce the real public debt denominated in local currency through
in�ation. Such effects increase the government ability to deal with external crises. The magnitude of
the optimal devaluation and its effectiveness depend on the intensity of the shock, on the degree of
openness and on the pass-through coef�cient. The openness affects the response of the trade sector
to a change in the relative prices, and the pass-through affects the in�ation rate. We also consider
that the possibility of a real currency depreciation generates costs in terms of welfare, related to
expected in�ation, reduction in private investments and higher interest to be paid over the public debt
denominated in local currency.
In order to estimate the effect of the openness and debt levels over the past currency crises, we

present in Figure 1 the currency depreciation19 observed versus the degree of openness20 and versus
the external debt related taxes for the selected countries. We also present the best linear proxies for
both relations. Looking to this plot, we can guess that in most open countries the devaluation required
tends to be lesser, even without considering many other important variables in such an analysis.
The following �gures present results of the model simulation which are detailed in section 3. They

are divided into two blocks. In the �rst one we use Brazil as a benchmark economy to evaluate some
qualitative results from the model, like the optimal �scal policy function; the crisis zone; how the
degree of openness can affect this zone and the devaluation-response; how much degree of openness
is required to compensate the negative welfare effect of more vulnerability (more risk premium and/or
more external debt); what should be the shock required for the default to be better than the devaluation;
and how the degree of openness affects this requirement. In the second, we show aggregate results
for all countries, verifying that our model can indicate, in a stylized way, the preferences for default-
devaluation options and the magnitude of the currency depreciation required to overcome external
crisis.
On a more methodological ground, the possibility that default can be welfare enhancing is in

accordance with the current bankruptcy literature, which says that it is optimal to have some bank-
ruptcy in equilibrium, contrary to conventional wisdom (see Geanakoplos, Dubey and Shubik [12],
for penalties on the utility function, and Araujo, Páscoa and Torres-Martínez [3], for in�nite horizon
economies). Although, the risk of default should be kept under control. Accordingly, the introduction
of local currency and tradable goods can give rise to the possibility of a better bankruptcy technology
through devaluation of the local currency than just the repudiation of the external debt, which can be
18See Table 3. Iran, Lebanon, Panama, Peru and Poland are not considered in our sample because some of their

information was not available.
19We present details of these calculations and plot in the numerical exercise section and in the Table 3. Note that only

devaluations bigger than 30% are selected.
20The degree of openness is de�ned as (Imports+Exports)/(GDP).
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quite costly.
In the next section we describe the model and an equilibrium. Section 3 presents the numerical

exercises and section 4 concludes them.

2.2 The Model with Tradable
The self-ful�lling debt crisis model of Cole and Kehoe ([7]) including debt denominated in local
currency is the basis to develop the model with trade. There is only one good in the economy produced
with capital, k, inelastic labor supply and price normalized to one; three participants � national
consumers, international bankers and the government; public external debt denominated in dollars or
indexed to this currency, B�, and public internal debt denominated in local currency, B. The external
public debt is only acquired by international bankers, and there is a positive probability of no rollover
whenever its level is in the crisis zone. We consider that any suspension in its payment is permanent
and total, as in the original model. On the other hand, public debt B is only taken up by national
consumers, which are always prone to rolling it over, charging the price associated with the positive
probability of partial repayment due to currency devaluation.

2.2.1 Uncertainty

To characterize uncertainty, we suppose that sunspot variables give a representation of real shocks and
not just psychological ones. The model contains two sunspots: one representing the local investors'
con�dence, � , and another portraying external investors' con�dence in the government, ��; which is
supposed to be distributed with uniform [0;1]. Even though these shocks are not explicitly modeled,
the fear of a sudden fall in a commodity price that represents a big share of exports, of changing in
the government preferences about public expenditure, or a political turmoil which contributes to the
reversal of international capital �ows are examples of shocks that the sunspot variables �� and � aim
at representing. To generate extra revenues in response to a reversal of capital in�ows the government
can default on the dollar debt or else, it might devalue the local currency. Therefore, the realization ��
indicates the con�dence that international investors have that the government will not default on the
dollar debt. Likewise, the sunspot � describes the national investors' con�dence that the government
will not devalue the local currency.
We consider that the sunspot � realization is conditional on �� realization. The probability that the

international bankers' con�dence is below the critical value �� is de�ned as ��, i.e. P (�� � ��) = ��:
If �� � ��, � is supposed to be distributed with uniform [0;1], but if �� > ��, � is supposed to be one.
The probability that the consumers' con�dence is below the critical value � given that international
bankers are not willing to renew their loans is �, i.e. P [� � � j �� � ��] = �. Then, in the model with
debt in local currency, the probability of a self-ful�lling external debt crisis occurring is ��(1 � �),
which is equal to [P (�� � ��)] � [P (� > � j �� � ��)]. In this case, there is a suspension of foreign
credits and the price that the international bankers are willing to pay for the new dollar debt, q�, is
zero. The fear of default is self-ful�lling. With probability ��� there is an external crisis, q� = 0,
but the government devalues its currency in order to avoid the default. In this case both national and
foreign creditors have very low con�dence that the government will honor its debt obligations. Figure
2 sums up the three possible states in the crisis zone.
We rule out from the model the possibility that both default and devaluation can be used together.

Instead, we consider that during a crisis each one of them can be used with some positive probability,
given by sunspot, � . These probabilities can be inferred from the spreads of the interest rates on local
currency public debt and on dollar currency public debt over the free risk rate. The results presented
in the numerical solution (Figure 7) show that for low levels of the external debt, devaluation is the
best response in the crisis zone and, for high levels, default is preferable. We also assume that the
commitment to no-devaluation (no-in�ation) is enforceable when there is no external crisis (q� > 0).
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This way, devaluation can be used only to avoid default, when the economy is hit by a shock.

2.2.2 Crises responses and trade openness

The decision to default on the dollar debt is characterized by the government's decision variable,
z�, being equal to zero from default decision on, or being otherwise equal to one. We assume that
default causes a permanent fall in national productivity, a, from 1 to �, with �� (0; 1). Meanwhile,
the decision whether or not to devalue the local currency is described by the government decision
variable, z, with z�(0; 1]. On one hand, when international creditors do not renew their loans and
the government chooses to default, the local-currency bond pays one good, z = 1, and the dollar
bond pays nothing, z� = 0. The productivity of the economy falls to �. On the other hand, if the
government decides for devaluation, then local-currency bond delivers � goods, z = �; there is no
default on the dollar debt, z� = 1, and the productivity turns to be ��. The cost of devaluation is
described by a permanent fall in productivity, a, from 1 to ��, with ���(0; 1] for all �: Note that �
corresponds to the best in�ation response against the crisis and conditional on z� = 1:21 Therefore,
devaluation of the local-currency also brings a cost in terms of lower productivity and a bene�t of
extra revenue that helps to avoid an external default. Finally, provided that there has not been either a
default or an in�ation tax, previously or at present, then a is equal to one and the government decision
variables are z� = 1 and z = 1. Figure 2 shows the three possible government decisions and implied
productivity, depending on the realization of the sunspots and considering external debt in the crisis
zone. The crisis zone is de�ned as the interval of the external debt for which the government prefers
to default if (q� = 0); and not to default if (q� > 0). Both equilibria are possible and the selected one
is given by the sunspot variables.

� Real devaluation

The international market is the place to settle dollar-denominated debt, while the domestic market
is the one to settle local-currency obligations. The indebted country produces goods locally and
pays the maturing external debt according to the price of the good exchanged abroad, which we call
tradable. There is only one good but with different prices depending on the place it is traded. This
trade could be thought of as occurring through an exchange rate market. The government budget
constraint in each period (t), in units of the domestic goods, is given by:

gt � �: [atf(Kt)� �Kt] + TBt �Rt�1z
�
tB

�
t +Rtq

�
tB

�
t+1 �Btzt +Bt+1qt (1)

with g being the public expenditure, � being the tax rate, f(:)22 being the production function, K
is the capital stock of the economy, R is the amount of domestic goods per unit of tradable, � is the
depreciation factor, TBt is the trade balance and q, q� are the prices of the local currency-denominated
bond in unit of domestic goods and the dollar-denominated bond in units of tradable, respectively.
We suppose that every country's international transaction occurs through the government budget

constraint (1). This way, the imbalances in the current account, (�TBt) ; plus the imbalances in the
nonreserve capital account,

�
Rt�1z

�
tB

�
t�Rtq

�
tB

�
t+1

�
, are compensated by of�cial reserve transactions,

which cause a reduction in the public expenditure (g). We also assume that the nominal exchange rate
is �xed or pegged to another currency, but might suffer a signi�cant devaluation after the realization
of an external shock. National governments may choose to devalue the local-currency in order to
make local goods cheaper, impacting the trade balance, TBt, and the return of its debts. As long as
21We consider that this best-response is also permanent, i.e. if zt = � < 1 then zt+i = � 8i � 0: Then, there is a

permanent and constant in�ation rate equal to
�
1��
�

�
after devaluation. Real effects over local public debt return and

real exchange rate is present in the �rst period after devaluation. From the second period on, in�ation is predictable and
affects only nominal variables.
22Continuous, concave, differentiable and strictly increasing; f(0) = 0; f 0(1) = 0; f 0(0) =1
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the pass-through coef�cient from nominal exchange rate to prices, � ; is less than one, the devaluation
is followed by a rise in the real exchange rate, R, and a rise in the domestic in�ation, which implies
that z is less than one, i.e. z = �(�). In this case, the government pays �B to local investors, reducing
the real return on the local-currency debt. Furthermore, the real devaluation increases the volume of
exports and decreases the demand for both imports and new dollar debt. We consider that it does not
increase the price to be paid for the old external debt as the government can pay it before changing R.
Then, the advantages of the devaluation-response embrace avoiding an external default, reducing

the local-currency debt to GDP ratio; since �B, instead of B, is settled from the moment of the
devaluation on; and improving the trade balance. All these gains should be weighed up in terms of
welfare. On the other hand, there are costs related to the in�ation tax and to the rise in the value of
the foreign obligations.
To compute such effects in the trade balance, we consider that its value, TB(R); depends on the

real exchange rate. At times of no external crisis, R is equal to one and the trade balance enters as
a constant term in the government budget constraint. We are only interested in the revenue that the
government obtains from an improvement in the trade balance after a real devaluation, D(R)23. This
revenue depends on the intensity of the real devaluation, the trade volumes, and the real-exchange-
rate elasticities of exports and imports, � and ��, respectively24, as developed in the Appendix. We
set D(R) as

D(R) = (R� 1) (�� + ��R� 1) Imp(1)
where (R� 1) is the rate of devaluation, � is the export-import ratio and Imp(1) is the initial level of
imports when R = 1. Then, a devaluation produces a positive change in the trade balance as long as
(�� + ��R) is greater than one, which means that the trade account is improved when the response
of export-import ratio to a change of the real exchange rate is preponderant. In this case, the more
price-elastic the trade volumes are, the greater the improvement will be. Note that the devaluation also
may worsen the trade account because of the negative wealth effect on the import volumes ordered
before the change in the real exchange rate.

2.2.3 Market participants

At any time t, the representative consumer maximizes the expected utility

max
fct;kt+1;bt+1gt

E
1X
t=0

�t [ct + v (gt)]

subject to the budget constraint, given by

ct + kt+1 � kt + qtbt+1 � [at:f(kt)� �kt] (1� �) + bt � bt (1� zt)

given k0 > 0 and b0 > 0. At time t; the consumer chooses howmany goods to save for the next period,
kt+1, to consume at present, ct, and the amount of new local-currency debt to buy, bt+1, which consists
of zero-coupon bonds maturing in one period. The utility has two parts: a linear function of private
consumption, ct, and a logarithmic function of government spending, v (gt) � ln(gt). The right-hand
side of the budget constraint corresponds to the sum of consumer's income from production, after
taxes and capital depreciation, plus the return on the local-currency debt acquired in the previous
period. If there is no devaluation, zt equals to one and this return equals to bt domestic goods.
Analogously, at any time t, the problem of the representative international banker is

max
fxt;b�t+1gt

E
1X
t=0

�txt

23TB(R > 1)� TB(1)
24� > 0 and �� < 0:
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subject to the budget constraint

xt +Rtq
�
t b
�
t+1 � x+Rt�1z

�
t b
�
t

given b�0 > 0. At time t, the bankers choose how many goods to consume, xt, and the amount of
new government bonds denominated in dollar to buy, b�t+1. The expenditure on new government debt
is Rtq

�
t b
�
t+1, where q�t is the price of the zero-coupon bond that pays one unit of tradable good at the

maturity (t+1) if the government does not default. The right-hand side includes the revenue received
from the bonds purchased in the previous period, Rt�1z

�
t b
�
t ; and the �xed endowment �ow, x. The

decision variable z� indicates whether the government defaults (z� = 0) or not (z� = 1). If it defaults,
then the bankers receive nothing.
The government is assumed to be benevolent in the sense that it maximizes the welfare of national

consumers, with no commitment to honor its obligations. Its budget constraint is given by (1), where
the left-hand-side is the government's consumption and the right-hand-side includes the following
terms: the income tax, the trade balance and the interest paid both on the dollar debt and on the
local-currency debt.
In order to obtain the real exchange rate as a function of the government in�ation decision, we

de�ne the real exchange rate devaluation as:

�R

R
=
�E

E
+
�P �

P �
� �P

P

Assuming that the foreign price level P � is constant, we obtain the local-in�ation rate {:

�P

P
=

�

1� �

�R

R

with the pass-through from nominal exchange rate change to local prices, � ; being equal to
�
�P
P

�
=
�
�E
E

�
:

The value of z; which corresponds to the units of domestic goods that a local-currency bond actual
pays at maturity, is de�ned as

z =
1

1 + {
Because we consider only the devaluation possibility, i.e. Rt+1 � Rt; we have z�(0; 1]: Accordingly,
we arrive at an expression that relates z to the change in the real exchange rate:

z =

�
1 + (R� 1) �

(1� �)

��1
(2)

where the devaluation rate is given by (R� 1); since R0 = 1.
The government is assumed to behave strategically as it can foresee the optimal decisions of all

market participants; including its own, z�t , zt and gt; given the initial aggregate state of the economy
and its choices of B�

t+1 and Bt+1. To match aggregate and individual variables it is assumed that, in
the initial period, the supply of dollar debt B�

0 is equal to the demand for this debt, b�0; the supply of
local currency debt B0 is equal to its demand, b0; and the aggregate capital stock per worker, K0, is
equal to the individual capital stock, k0. The population of both consumers and bankers is continuous
and normalized to unit.

2.2.4 A recursive equilibrium

The de�nition of a recursive equilibrium follows the same procedure developed by Cole and Kehoe
([7]). The actions of the participants are taken backwards according to the timing in each period.

Timing of actions within a period
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� the sunspot variables �� and � are realized and the aggregate state of the economy is s � (K,
B�, B, a�1, ��, �);

� the government, taking the dollar-bond price schedule q� = q�(s,B�0) as given, chooses the new
dollar debt, B�0;

� the government, taking the local-currency bond price schedule, q = q(s, B�0) as given, chooses
the new local-currency debt, B0;

� international bankers, taking q� and z� as given, choose whether to purchase B�0;

� local investors, considering q�, q and z as given, decide whether to acquire B0;

� the government decides whether or not to default on dollar debt, z�;

� the government decides whether or not to devalue the local currency, z, and chooses its current
consumption, g;

� consumers, taking a (s; z�; z) as given, choose c and k0.

Given this timing of actions, we can work backward in each period to de�ne the value functions
and the states variables for each market participant, starting with consumers who move last. For
simplicity, from now on, we refer to consumers and government decisions as C andG; respectively25.
Each consumer knows the stock of capital saved, k, the stock of local-currency debt purchased, b,

the aggregate state of the economy s, and the new dollar and local-currency debts offered by the gov-
ernment,B�0 andB0. Given s andB�0, consumers take as given the price that international bankers are
willing to pay for the new dollar debt, q�(s; B�0), and the price that turns them indifferent to accept-
ing or not the new local-currency debt, q(s; B�0): They are also able to anticipate the government's
decisions for the coming period, G(s0). Therefore, when consumers choose the amount of new local-
currency debt, b0, their state is sc � (k; b; s;G(s)). The value function for the representative consumer
is given by:

Vc(sc) = max
c;k0;b0

fc+ v (g) + EVc (s
0
c)g (3)

s:t: : c+ k0 � k + qb0 � (1� �) [af (k)� �k] + zb ; ( c; k0) > 0:

Each international banker decides how much public debt b�0 to buy, knowing the amount of dollar
debt purchased in the previous period, b�, the aggregate state, s, and the government's decision G(s).
They also take prices as given, q (s; B�0) and q� (s; B�0), and the government decisions for the coming
period G(s0): Accordingly, their state is sb � (b�; s; G(s)) and their value function is de�ned by:

Vb(sb) = max
x;b�0

x+ �EVb(s
0
b) (4)

s:t: : x+Rq�b�0 � x+R�1z
�b�; x � 0

The subscript (�1) indicates that when q� = 0 and the government choose to devalue, it can pay
the old debt �rst.
Finally, the government makes decisions twice within a period. When it chooses its new debt

levels, it knows the state s. Moreover, it takes price schedules q�(s; B�0) and q(s; B�0) as given, as
well as its optimal choices induced by the new debts, G(s0jB0; B�0). Likewise, the government also
recognizes that it can affect the optimal choices of consumers, C(sc), the price schedules q�(s; B�0)
and q(s; B�0), and the productivity a(s; z�; z) of the economy.
25C = (c; k0; b0) , G = (z; z�; g; B0; B�0)
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Then, in the beginning of each period, the government chooses B�0 and B0, and its value function
is de�ned by

Vg (s) = max
B�0;B0

c(sc) + v(g) + �EVg (s
0) (5)

s:t: : g = g(sg) ; z
� = z�(sg) ; z = z(sg)

where the last three restrictions indicate that the government chooses the best actions given its pre-
vious choices about the debt level. sg is de�ned as the state of the government, (s; B�0; B0). There-
fore, after national and international investors decide about buying new debt, the government decides
whether or not to default and whether or not to devalue the local currency. By comparing welfare lev-
els according to repayments decisions, and taking all debt levels as given, the policy functions z�(sg),
z(sg) and g(sg), are solutions for:

max
z�(s);z(s);g

c(sc) + v(g) + �EVg (s
0) (6)

subject to,

g + z�R(�1)B�+zB � � [a (s; z�; z) f(K)� �K] +TB(R) + q�RB�0+ qB0

g � 0; z�(0; 1]

0 = (R� 1) (1� z�)

where the last restriction indicates that default and devaluation cannot be implemented at the
same time. We de�ned z and z� as function of s because when to default is better than not to default
(z� = 0 �g z� = 1jz = 1), then the actual government response to the crisis, namely devaluation
or default, depends on the sunspot-� realization. We also consider that when devaluation is used to
avoid the default, z is chosen to maximize the welfare conditional to z� = 1:

De�nition of an equilibrium

An equilibrium is de�ned as a list of value functions Vc for the representative consumer, Vb for the
representative international banker, and Vg for the government; policy functions C for the consumer,
b�0, for the international banker, and G for the government; price functions for the dollar debt, q�, and
for the local-currency debt, q; and an equation for the aggregate capital motion, K 0, as follows:

(i) given G; q; q�; Vc is the value function for the solution to the problem of the consumers (3), and
C are their optimal choices;

(ii) given G; q; q�; Vb is the value function for the solution to the problem of the international
bankers (4), and b�0 is their optimal choice;

(iii) given C; q; q�; Vg is the value function for the solution to the problem of the government (5 and
6) and G are its optimal choices;

(iv) B�0(s) 2 b�0(sb);

(vi) B0(s) 2 b0(sc);

(vii) K 0(s;G(s)) = k0(sc)
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2.2.5 Equilibrium Analysis

The behavior of consumers and bankers depends on their expectations regarding whether or not the
government will default on the dollar debt or create in�ation tax on the local-currency debt through
devaluation. On the other hand, the government actions also depend on these expectations which have
real effects through the debt prices and investment levels.
When making their decisions about capital accumulation, consumers compute the expected pro-

ductivity for the economy according to their beliefs about the possibility of a crisis occurring in the
next period, and to the possibility that this crisis results in a default or a currency devaluation. Then,
the optimal capital accumulation, kt+1, depends on the consumers' expectations about productivity,
Et [at+1] ; as follows:

1

�
= 1 + (1� �) [f 0(kt+1)E(at+1)� �]

Furthermore, consumers act competitively and are risk neutral, so they may purchase new public
debt denominated in local-currency if its price equals the expected return to 1=�:

1

�
=
Et [zt+1]

qt

The more closed the economy is the greater is the devaluation (in�ation) required during the crisis
and the smaller is the expected value for zt+1: So, interpreting 1

qt
as being the interest factor over the

local currency debt we can say that the interest rate is decreasing in the degree of openness.
Analogously, international bankers act competitively and are risk neutral, so they may purchase

new public debt denominated in dollar-currency if its price equals the expected return to 1=�:

1

�
=
Et
�
z�t+1

�
q�t

During a crisis (&� < ��) they are convinced about default on the next period and so they set
q�t = 0:
Finally, to complete the equilibrium analysis we must �nd which are the government actions.

Letting Vg(sjz; z�; q�) denote the payoff to the government conditional on its decisions, z and z�; and
conditional on the price q�; and also considering that the public debt level denominated in the local
currency cannot change over time (Bt = Bo 8 t)26; it is possible to construct an equilibrium with the
crisis zone de�ned by the external debt level as in the Cole Kehoe model ([7]).
Next, we de�ne the participation condition which ensures that the government will want to honor

the current external debt given it is able to sell new one:

Vg(sj1; 1; q� > 0) > Vg(sj1; 0; q� > 0) (7)

Analogously, we de�ne the no-lending condition which ensures that the government will want to
default during a crisis:

Vg(sj1; 0; q� = 0) > Vg(sj1; 1; q� = 0) (8)

The crisis zone is de�ned as the interval for the current external debt level, (b; B]; where b is the
greatest external debt level so as equation (8) does not hold with (b; kn) �s; and B is the greatest ex-
ternal debt level so as equation (7) holds for

�
B; k�

��
�
�s:When the economy is out of the crisis zone,

i.e. B� � b; there is always external credit available. Since the bankers know that the government
would not to default even if the price were zero, they do not refuse to rollover new bonds. In the crisis
26From now on we consider that this assumption holds. Otherwise, there would be no external crisis since the absence

of new external credit could be compensated by greater local currency debt level.
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zone the bankers are aware of the possibility of default, and may refuse to sell new bonds (q� = 0).
In this case, default is desirable, but with probability � the government devalues to avoid the default.
Although we do not compare the payoffs of devaluation versus default to characterize the crisis

zone (we maintain the possibility of both responses occur), we compute in the numerical exercises,
presented in the next section, the level of external debt, eb, for which government would be indifferent
between default and devaluation. We also verify thateb�(b; B) and that devaluation is the best response
in the crisis zone if B� < eb: If B� > eb; default is the best response in the crisis zone.
Table 1 presents the four possible equilibrium capital accumulation and prices, according to the

expectations. In the �rst line of the table we consider that the external debt is out of the crisis zone.
In the second one we consider that the external debt level is in the crisis zone and the two last present
the values for the after-crisis economy. Each one of the three last lines corresponds to the three states
characterized in Figure 2.

2.3 Numerical Exercises
In this section, we �rst present numerical exercises for the Brazilian economy to show some qualita-
tive results from the model. Secondly, we present aggregate results for 58 currency crises and attempt
to outline some of the factors that make countries adopt different crisis responses, with more or less
devaluation, and choosing default or not.

2.3.1 Qualitative results

The parameters used in the simulations have been chosen to portray the Brazilian economy during
1998, period that precedes the Brazilian currency devaluation, starting in January 99. The de�nition
of period length is based on the Brazilian government debt whose average length was varied from 7
to 10 months between 98-99. The government discount factor, �, is approximated by the yearly yield
on government bond issued by the US, whose values were about 5 percent. Based on these �gures,
we interpret a period length as being one year and a yearly yield on risk free bonds, r; as being 0:05;
which implies a discount factor � of 0:95(= (1 + r)�1). The choice of the functional forms for v(:)
and f(:) were the same used by Cole and Kehoe [7], that is, v (g) = ln(g) and f(k) = Ak� where
capital share � is established at 0:4 and the scale factor at 10. The parameter � equals 0:95; assuming
that default causes a permanent drop in productivity of 0:05. For z = �; the correspondent in�ation
rate is (1� �) =�; which implies the welfare cost of in�ation, ��; estimated according to Simonsen
and Cysne27 ([10]). The probability of default, �� (1� �), and the probability of in�ation, �� (�),
are calculated on the basis of the risk premium practiced in the �nancial market according to the
following expression:

1

�
=
�
1 + rBRD

�
(1� �� (1� �)) =

�
1 + rBRLC

�
(1� (���) (1� �))

where rBRD and rBRLC are yearly yields on Brazilian public debt denominated, respectively, in dollar
and in local currency (discounting the expected in�ation of Brazilian currency), and � is given by the
unexpected yearly in�ation associated with devaluation.
Data for rBRD are available for the period of analysis, while rBRLC only since January 2002, when

its value was about 0:1228. Therefore, considering the values for �; rBRD ; and rBRLC equals to 0:5; 0:14;
and 0:12, respectively, we can compute (��; �) as being equal to (0:2; 0:61). In Table 2 we present the
27In the estimation of welfare cost of in�ation we use Bailey's approximation and the money demand speci�ed as

kr�a; where r is the logarithmic annual in�ation (see Simonsen and Cysne [10]). We set k and a equals to 0:07 and 0:6;
respectively.
28Yearly yield on LTN minus expected in�ation.
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values of parameters and variables used in the simulations for the Brazilian economy, whose results
are described next.
Figure 3 shows that when the external public debt is in the crisis zone the optimal policy is to move

out from it. But it may be dif�cult to reduce public expenditure and Figure 4 shows that an alternative
policy could be lengthening the maturity29. These conclusions remain the same as in the original
model. Figures 5, 6, and 7 present the effects of the degree of openness over the economy. As shown
in Figure 5, if the economy has its imports and exports enlarged without changing the trade balance,
i.e. the gains in the volume of exports (Dexp) equal the gains in the volume of imports (Dimp), then
only the cap of the crisis zone becomes greater. But if the economy can improve its trade technology
and enlarge exports faster than imports, then the international capital in�ow becomes greater and
both the �oor and the cap increases. In �gure 6 it is possible to see that, according to the model,
the devaluation required to response to a crisis is increasing in the external debt level and decreasing
in the degree of openness. Figure 7 also shows that the �devaluation�better-than-default� region is
increasing in the degree of openness. Finally, �gures 8, 9, and 10 correspond to welfare analyses.
They show how much debt must be paid to compensate the welfare loss related to an increase in the
external risk, and how much improvement in the trade is required to compensate the welfare loss
related to an increase in both the external risk and the external debt. Note that in Figure 10 both
expected welfare and welfare after crisis are considered.

2.3.2 Comparative results

The parameters used in the simulations for the other countries are presented in Table 3. To compare
results across countries we change only a few parameters which we consider more relevant to explain
differences between economies and their responses to crisis. The variables that are not presented in
Table 3 are the same for all countries including Brazil (Table 2).
Figure 11 shows that, according to the assumptions of our model, the �countries on the left side�

were more prone to choosing default than the �ones on the right�. Results match 85% of the crises
with �reality� in predicting that default is the best response whenever it actually occurs and it is not
the best response whenever it does not occur. Red marks show where the model failed.
Figure 12 presents the estimated devaluations for different pass-through values. Note that the

results are quite similar to a wide range of this parameter. Devaluation rates change signi�cantly only
when considering that pass-through is very close to one.
Figure 13 compares actual devaluations and those predicted by the model. In the �rst plot the

elasticities (��; �) of 0:6 were considered, and in the second plot we double this value. Note that for
greater elasticity less devaluation is required to overcome the external crisis as expected. Accord-
ingly, most devaluations predicted are overestimated, but not too far from reality. Moreover, we do
not consider that our numerical exercise is a good predictor for actual devaluation, since we have
made simpli�cations to compute after-crisis payoffs as considering

�
z�t+i = 0; zt+i = �

�
for all i > 0;

respectively, in default and devaluation responses. Our aim is to outline the different crisis responses
adopted by countries considering factors as the degree of openness, debt levels in both currencies,
taxes, and risk-premiums. In this sense, we are more interested in comparing the shape of predicted
versus actual devaluations plots.
Figure 14 replicates Figure 13 excluding the devaluations lesser than 30% and separating countries

that experienced default from the others.
Finally, it is also important to note that there are many ways to compute the actual devaluations

of the currencies across countries. We use the exchange rate series published by IMF-Statistics,
29We follow Cole and Kehoe approach for �lengthening the maturity structure�. Henceforth, lengthening the maturity

structure means converting an initial quantity B� of one-period (one year) bonds into equal quantities B�n of bonds of
maturity n (1,2,. . . ,N). Then, the government redeems B�n bonds every period and sells B�n n-period bonds, where
B�n(1� q�n) = B�(1� q�); and q�n = �n(Et

z�
t+n
):
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considering the bilateral price of the dollar related to the local currency, and the mean value for each
month. Sudden and signi�cant devaluations indicate the beginning of the crisis period, whose length
is de�ned as six months for all crises. The new level of the exchange rate is considered as the mean
of the exchange rate for this crisis period and the actual devaluation for each country is computed as
from the exchange rate level immediately before the crisis period.

2.4 Conclusions
As Cole and Kehoe already point out, this type of model differs from most of the literature on debt
and currency crises in using a dynamic stochastic general equilibrium framework with an altruistic
government rather than using a deterministic model or a model with a reduced form for governments.
We extended their debt crisis model, adding trade and local debt, without losing neither the dynamic
stochastic general equilibrium framework nor an altruistic government. Some qualitative results like
the policy recommendations to leave the crisis zone through policy function and lengthening the
maturity of the external debt are the same. Moreover, we can present the welfare effects of the degree
of openness and its in�uence over the crisis zone. The extended model also allows us to study a
more realistic economy, which has its own currency. We can predict, in a stylized way, the relative
magnitude of the local currency depreciation required to overcome external crises and the preferences
for default-devaluation options.
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2.5 Figures and Tables
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Figure 1: Currency Crisis, Degree of Openness and External Debt

Figure 2: Tree of Events
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Figure 3: Policy Function - Brazil

Figure 4: Crisis Zone - Brazil
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Figure 5: Trade Openness and Crises Zone - Brazil
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Figure 7: Trade Openness and Default-Devaluation Indifference - Brazil
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Figure 8: Welfare Sensibility to Shock Intensity- Brazil
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Figure 9: Openness and External Debt Trade-off - Brazil
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Figure 10: Openness and Risk Premium Trade-off - Brazil
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Figure 14: Actual Devaluation Versus Estimated Devaluation (Restricted Sample)

Table 1: Equilibrium Prices and Investment
k0 (E(at+1)) q (Ez) = q� (Ez�) =

kn (1) � �
k�

��
�
����� + ��(1� �)�+ (1� ��)

�
�:f1� ���[1� �]g �f1� ��[1� �]g

k�
�
��
�

�:� �
kd (�) � 0
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Table 2: Brazil(98)-Before Exchange Rate Devaluation
Length of Public Debt (Years) 1
Debt Relative to GDP %
Total Public Debt - B +B� 53
External (Public) Debt - B� 23
Local Currency (Public) Debt - B 30

Flow Relative to GDP %
Exports 7
Imports 7
Trade Balance - TB 0
Financial Cap.-Out�ow - B�(1� q�) 3
Investment - k0 � k(1� �) 16
Private Consumption - c 59
Public Expenditure - g 22
Interest Rate - Local Debt - B(1� q) 2
Tax - � 30

Parameters -
� 0:9524
f(k) = Ak� and � 10:k0:4 and 0:05
� 0:05
� 0:35

��
�
1� a

1�ak ln(1 + {(�))
(1�a)�

� 0:6
�� 0:6
� 0:61
�� 0:20

Sources: IMF, Central Bank, IPEA, Paiva (2003,[17]).
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Table3 : Selected Countries

Albania 1992 7 y 1992 100 11 89 21 67 0 5 15 30 25 y
Argentina 1990 12 n 80 10 5 10 43 17 6 6 87 92 y
Argentina 1989 11 n 417 13 7 10 83 40 3 66 95 90 y
Argentina 2001 12 y 2001 158 12 10 12 39 16 5 5 78 15 n
Bolivia 1989 7 y 1988 9 22 23 13 83 4 5 40 67 16 n
Botswana 1975 7 n 1976 20 44 64 30 39 19 3 3 49 94 y
Brazil 1998 12 n 44 7 7 30 23 30 5 20 61 24 n
Brazil 1993 6 n 1992 158 11 9 26 29 62 5 9 94 96 y
Bulgaria 1992 12 y 1992 100 47 53 36 114 115 12 55 65 90 y
Chile 1984 8 y 1985 30 24 25 29 69 25 5 31 75 26 n
Chile 1982 5 y 1983 47 19 21 29 35 4 8 30 60 26 n
Chile 1971 12 y 1972 100 11 12 15 25 21 8 37 67 12 n
Costa Rica 1987 8 y 1987 8 32 36 21 98 18 5 19 90 25 n
Costa Rica 1980 12 y 1981 98 26 37 17 48 28 8 7 33 82 y
Dominican R. 1984 12 y 1982 223 28 33 11 29 19 9 85 60 80 y
Ecuador 1982 4 y 1982 29 22 24 11 44 0 3 37 65 18 n
Ecuador 1999 9 y 1999 74 32 25 14 88 9 7 15 76 30 n
Egypt 1978 12 n 79 22 37 38 86 62 8 13 60 90 y
Egypt 1989 7 y 1987 57 18 32 29 112 74 7 8 93 8 n
Gabon 1980 9 y 1978 12 65 32 36 35 4 14 23 50 77 n
Guyana 1983 12 y 1982 24 46 65 43 255 193 6 16 60 10 n
Honduras 1990 2 n 101 29 34 15 93 16 8 4 84 89 y
Jamaica 1983 10 n 79 36 43 25 94 54 6 13 67 90 y
Jamaica 1991 8 y 1990 74 50 51 32 111 0 7 6 88 82 n
Jordan 1988 8 y 1989 27 45 67 14 98 52 3 16 25 73 y
Korea 1997 6 n 15 35 36 17 11 1 8 10 67 41 n
Malasya 1985 12 n 5 54 49 27 54 30 8 4 73 112 y
Mexico 1989 1 n 5 20 19 13 51 27 5 6 74 92 y
Mexico 1994 11 n 65 17 22 13 29 8 4 18 70 86 y
Mexico 1982 2 y 1982 83 10 13 14 27 29 9 3 87 11 n
Morocco 1984 11 y 1985 7 24 34 24 108 32 7 7 52 16 n
Morocco 1983 7 y 1983 13 21 30 25 92 35 5 15 61 16 n
Papua N. G. 1994 8 n 22 56 38 23 36 16 9 5 35 56 n
Paraguay 1989 2 y 1987 104 34 37 10 59 2 5 22 66 38 n
Philippines 1986 1 y 1986 8 24 22 12 78 16 3 25 54 20 n
Philippines 1983 9 y 1983 27 22 28 12 63 18 8 4 85 83 y
Romania 1996 1 n 13 28 33 30 20 24 8 6 83 26 n
Russia 1992 12 y 1991 78 62 48 16 31 14 8 72 75 35 n
Russia 1998 7 y 1998 157 31 25 20 57 29 5 60 62 26 n
Singapore 1997 7 n 10 131 139 40 17 59 8 3 66 52 n
Swaziland 1985 7 n 28 57 85 29 64 1 6 21 59 88 y
Thailand 1997 3 n 14 48 47 18 41 0 8 4 27 81 n
Trinidad  T. 1988 7 y 1989 17 39 34 29 47 17 5 19 78 40 n
Turkey 2001 1 n 64 24 32 28 45 27 5 4 75 96 y
Uruguay 1982 11 y 1983 200 14 17 21 27 18 7 5 79 19 n
Venezuela 1989 2 n 157 20 27 19 51 5 4 3 67 92 y
Venezuela 1984 1 y 1982 64 20 11 22 36 0 3 19 58 33 n
Venezuela 1995 11 y 1995 91 27 22 16 43 24 8 25 79 23 n

TAX/GDP
(%)

B*/GDP
(%)

3
bind/GDP

(%) 2
Actual

devaluation (%)
EXP/GDP

(%)
Currency Crises

Start of Episode(y/m)

Debt Default1 ?

To reach comparative results, we set scale factor (A) equals to 15 for all countries, including Brazil. 1: Default or restructuring of the external debt. Many
episodes lasted several years. 2: bind is the debt for defaultdevaluation indifference, and its value split the crisis zone into two. 3: Only to compute the critical
debt levels avoiding empty crises zones, in some countries, we consider that government has constant endowment of 0.75 GDP/year. (n) means no
endowment and (y) means 0.75endowment.

Sources: The World Debt Tables, World Bank Book ; International Financial Statistics, Yearbook / IMF ; World Development Indicators, The World Bank ;
Country Info Base free available in http://www.dbresearch.de ; Central Banks.

B/GDP
(%)

Free risk
rate (%) π

*(%) π  (%)IMP/GDP
(%)Country

Start of Episode
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2.6 Appendix: Effect of Real Devaluation on the Trade Balance
De�ning Exp as exports measured in domestic output units, Imp as imports denominated in units
of tradable, R1 as the initial real exchange rate, and R2 as its new level after devaluation, we can
compute the trade balance change D(:) as:

TB(R) = Exp(R)� Imp(R)R

�TB

�R
=

�Exp

�R
� �Imp

�R
R2 � Imp (R1)

�TB

�R
=

�Exp

�R

R1
Exp (R1)

Exp (R1)

R1
� �Imp

�R

R1
Imp (R1)

R2
Imp (R1)

R1
� Imp (R1)

�TB

�R
=

�
�

�
Exp (R1)

R1 � Imp (R1)

�
+ ��

R2
R1
� 1
�
Imp (R1)

Where � = �Exp
�R

R1
Exp(R1)

and �� = ��Imp
�R

R1
Imp(R1)

: De�ning � as the exports-imports ratio, R1 � 1;
and R2 � R, we obtain

�TB = (R� 1) [�� + ��R� 1] Imp(1)

49



3 In�ation Targeting, Credibility and Con�dence Crises
Considering the in�ation targeting regime, we study the interplay between central bank transparency,
credibility, and the target level for in�ation. Based on a model developed in the spirit of the global
games literature, we argue that over-the-target in�ation of the self-ful�lling type may arise whenever
a weak central bank adopts a high degree of transparency and a low target level. The central bank
is considered weak when good luck (exceptional favorable state of nature) is required to the target
be achieved. On the other hand, if a weak central bank opts for less ambitious goals, namely lower
degree of transparency and higher target level, it may avoid con�dence crises and ensure a unique
equilibrium for the expected in�ation. Moreover, even after ruling out the possibility of con�dence
crises, less ambitious goals may be desirable in order to attain a higher credibility and hence a better
expectation coordination.

3.1 Introduction
To manage an adequate in�ation targeting regime, central banks must consider the trade-off between
the ideal framework and amore defensible one. We argue that it is an important issue since con�dence
crisis30 may arise when central bank adopts a too ambitious framework. By too ambitious we mean
low target level and high degree of transparency when the credibility31 is not compatible.
In this way, less ambitious framework may prevent over-the-target in�ation. Moreover, even if the

economy is not subject to self ful�lling crisis, higher target and less transparency may be required in
order to attain a higher central bank's credibility.
We �rst propose a basic model to appraise how the target level should be set in the presence of

common uncertainty about the commitment strength. We name �common� because the uncertainty
present in the central bank's of�ce is the same as the uncertainty present in the private sector's of�ce32.
We conclude that a higher target for in�ation increases the credibility in the precommitment making
the optimal target higher than the one obtained using models where this increasing credibility effect
is not considered, as in the Cukierman-Liviatan [5].
Second, extending the model to make con�dence crises possible, multiple equilibria become pos-

sible too. In this case, there are three possible self-ful�lling expectations for in�ation: the target level
(�optimistic� equilibrium), the discretionary level (�pessimistic� equilibrium), and an in�ation rate
that is lower than the discretionary one but higher than the target (�not-extreme� equilibrium). As the
target level becomes higher, the �not-extreme� equilibrium converges to the �pessimistic� one. On
the other hand, if the target becomes high enough, multiple (bad) equilibria will be avoided and the
�optimistic� one is ensured. The optimal target depends on the likelihood of each equilibrium to be
selected and on the central bank's willingness to avoid a con�dence crisis33.
Third, we consider the possibility of �no-common� uncertainty about the commitment strength.

In this case, the central bank and the public compute the same expected commitment-strength, but
the public perceive a wider range for the commitment-strength realization. Our assumption is that
the difference in ranges is decreasing in the degree of the central bank transparency. In addition, if
central bank was fully transparent, the range difference would be zero and the uncertainty would be
30Over-the-target in�ation of the self-ful�lling type.
31Credibility is the extent to which agents believe that central bank will carry out its pre announced plan (the in�ation

target).
32With such assumptions, transparency issue can not be addressed since the public (private agents) and the policymaker

(central bank) have the same information set. The possibility of con�dence crises is also neglected in this �rst approach.
We �rst consider that uncertainty is given by the distribution of the cost of preventing in�ation, which drives but does not
depend on the expectations.
33We avoid �equilibrium selection theory� in this paper. On the other hand, we plot the welfare for each equilibrium

versus policy variables on the same �gure. In this way, the reader can compute the best policy for `max-min' policymaker,
for example.
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�common�. Results indicate that not only higher targets but also less transparency may help central
bank in avoiding con�dence crises.
Finally, when perturbing common-knowledge between private agents, uniqueness is ensured even

considering speculative attacks, as in Morris-Shin[6]. The �rst result is also recovered, i.e. a higher
target for in�ation increases the credibility in the precommitment. Adding a precise public signal,
self-ful�lling actions and equilibrium multiplicity may still exist even for a slightly lack of common
knowledge between private agents (as in Angeletos and Werning[1]). In such case, as the target level
becomes higher, the �not-extreme� equilibrium converges to the �pessimistic� one again. On the other
hand, if the target becomes high enough, multiple (bad) equilibria will be avoided. The optimal target
depends on the likelihood of each equilibrium to be selected and on the central bank's willingness to
avoid a con�dence crisis. Again, results indicate that more precise public information may open the
door to bad equilibrium, contrary to the conventional wisdom that more central bank transparency is
always good when an in�ation targeting regime is considered.

3.2 Basic Model
The framework used as a starting point to our analyze is based on the Cukierman-Liviatan model [5]
and it is similar to the one presented in Barro and Gordon [2]. It has some features that consider the
agent's uncertainty about the commitment enforcement and suggest that the optimal target should be
decreasing in the central bank credibility. On the other hand, the Cukierman-Liviatan model consid-
ers a naive uncertainty approach, based on two central bank types: the �strong� one which always
adheres to the announced policy and the �weak� one which does it only as an ex-post expedient. We
next purpose some extensions. First, their model does not encompass the possibility of a more sophis-
ticated central bank's decision, namely: to ful�ll the target depending on the intensity of an occasional
shock observed after the target announcement. Second, the commitment strength may depend on the
credibility, and the credibility itself should affect the central bank's decision about respecting (or not)
its commitment. Finally, no-common uncertainty about the commitment strength34, as well as public
strategic behavior should be considered. We next describe the Cukierman-Liviatan original model
and further extend it to address the previous comments.
There are two types of agents: the central bank and private agents (public). Actions are taken in

three stages: the central bank announces the target for in�ation (�a), expectations are formed (�e)
by the public and actual in�ation is chosen (�). There are two central bank types i 2 f1; 2g with
different abilities to precommit. The �rst type (�strong�) always ful�lls its commitment while the
second one (�weak�) does it only if it is ex post expedient. Their objective function is positively
related to surprise in�ation and negatively related to actual in�ation, as follows35:

vi(�e; �a) = max
��0

A[� � �e]�
�2

2
� ci(�a; �) where ci(�a; �) =

�
ki; �a 6=�
0; �a=�

	
; i� f1; 2g

k1 = A2; k2 = 0; A > 0; �a � 0; and �e � 0

Note that the central bank best response for actual in�ation (��) is either the target level (�a) pre-
announced or the discretionary in�ation level (A). We can compute the welfare gain (wia) of type (i)
keeping the target (�a) as follows36:

wia = ki + f(A; �a); where f(A; �a) � A(�a � A)� �2a
2
+
A2

2

34Each private agent and the central bank perceive different signals related to the commitment strength.
35We add the �cost of not ful�lling the target� function ci(�a; �) to the original Cukierman-Liviatan model [5] to

formalize that the strong type always ful�lls the pre-announced target while the weak type is not concerned about the
previous announcement.
36From now on, the welfare gain from keeping actual in�ation on the target will be denoted by (wa).
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Since the goal of the in�ation target is to coordinate expectations from the discretionary in�ation level
(A) to socially optimal level (0); it is easy to check that (w1a > 0) and (w2a � 0) for any �a 2 [0; A] ;
and both types of ability are justi�ed for any possible target level.
There is a continuum of private agents without a strategic behavior. Their role is to process

information, to form beliefs concerning the central bank's type and to compute the expected in�ation.
First, it is assumed that the private expectation about the central bank type is formed based on the
exogenous probability (�) of the type being strong (i = 1); which is the same for all private agents:
This probability measures the central bank's credibility. The expected in�ation is given by:

E [�j�; �a] = �e = ��a + (1� �)A

Based on this framework Cukierman and Liviatan [5] answered the following question: �what should
be the optimal announcement ��a for each type (i)?�. For (� = 1) ; the target and the expected in-
�ation are the same. Then, the central bank type 1 promises and delivers zero in�ation rate. If we
consider � 2 (0; 1); the central bank 1 promises and delivers A(1� �) in�ation rate: As (�) tends to
zero the announcement effect on the expectations vanishes and the central bank 1; who always keeps
its promises tends to pre announce the discretionary in�ation level rate. Although type 2 ends up in-
�ating at the discretionary rate, it has an interest to keep itself indistinguishable at the announcement
stage in order to stimulate lower expectations (�e < A) : It follows that ��ia = A(1��) for both types
(i). Accordingly, full credibility (� = 1) is not required for in�ation targeting to be implemented. In
the absence of pre commitment, the result leads to an in�ationary bias (A) that can be reduced when-
ever central banks are able to precommit with some credibility (� > 0) : This bias reduction improves
welfare. To totally eliminate the in�ationary bias and to achieve the socially optimal in�ation rate
(zero), the ability to commit must not be only present but must also be undoubtedly recognized by the
public. Otherwise, a lower in�ationary bias reappears.
Next, we gradually extend this framework to argue that there are some other reasons for the

in�ation target to be higher than the socially optimal level.

3.3 Endogenous Credibility
Considering the endogenous credibility we now compute not only the effect of the credibility on the
target, but also the effect of the target choice on the credibility.
Less ambitious (higher) targets are attained more often when monetary policy is subordinated

to �scal �nancing requirements and the economy is subject to shocks that can make more in�ation
tolerable. In this sense, (�) should not be an exogenous variable because when (�a) is selected (�)
should be affected. Therefore, we consider the uncertainty about the ability to precommit coming
not from some private suspicion related to the central bank type. Perhaps, the cost of being above
the target varies as from the announcement stage if the economy is hit by an adverse shock and the
uncertainty about the future in�ation may be present in the central bank's of�ce too.
The model considered here is the same as the previous one, but with only one type of central bank,

which is common knowledge. Instead of being a real number, the cost of not ful�lling the target (k) is
now uniformly distributed37 on the support

�
K;K

�
and it is drawn after the public's expectations have

been formed. Actual in�ation is chosen at the end of the period. A low realization of k can be viewed
as a shock that decreases the value of keeping the commitment without using in�ation short run
effects. If we set

�
K = 0

�
or (K = A2) the equilibria can be computed as follows: with (�� = 0) and

discretionary in�ation rate, or with (�� = 1) and zero in�ation rate, respectively. To keep attention
on the intermediate case where �� 2 (0; 1); we assume that k is drawn from U [0; B]; with B > 038:

37Further, we also propose a similar framework based on uncertainty described with normal distribution.
38K = 0 andK = B > 0:
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Depending on the values of k and �a the commitment is delivered or not. The credibility is given by:

�(�a) = prob (wa(k; �a) > 0)

�(�a) = max

�
1� 1

B

�
A (A� �a)�

A2

2
+
�2a
2

�
; 0

�
When choosing the target, the central bank understands that the higher is its level, the more credible
its policy tends to be. In particular, only A-in�ation commitment is fully credible.
As in the previous model, because the possibility of the cost of not ful�lling the target being

positive, the commitment is heard. Thus, commitment drives expectations and adds value to the
economy. But now we have a different answer to the following question: �what should be the optimal
target ��a ?�. On the one hand, for a given (�) ; the closer to zero the target announcement is, the
lesser is the expected in�ation since (�a) drives it. This fact increases welfare to any �xed (� 6= 0).
But on the other hand, the closer the target announcement to zero is, the closer to the zero (or equal)
the credibility (�) is:
With this background in mind we de�ne the economy with only one type of central bank; given

by the parameter (A) and the common knowledge distribution of k~U [0; B]; with two positive para-
meters (A;B) : The following proposition characterizes the equilibrium:

Proposition 1 For any economy (A > 0; B > 0), the equilibrium target (��a) exists, it is unique, and
it is in the interior of the set [0; A]. If we use the endogenous credibility obtained � (��a) to solve the
original Cukierman-Liviatan model; we will obtain a new optimal target (���a ) ; which will be always
lower than (��a) :Proof: Appendix.

A less ambitious target improves credibility in the announcement and induces positive welfare
effect for economies where the central bank is not able to set �fully-credible� commitment. Then,
when setting targets, the central bank must be aware that the announcement effect on expectations is
reduced by credibility and that the announcement itself affects credibility. We present in the Figure 1
the optimal target announced when considering the credibility effect versus the one announced when
this effect is neglected. Note that, the weaker the ability in pre commitment (lesser B) is, the higher
the difference between the two announcement values is39.

3.3.1 Self-ful�lling In�ation

One possible reason to assume some cost for not ful�lling the target may come from the fact that the
public may use the central bank's decisions to learn and to compute next expectations. In this sense, to
fail to ful�ll the target may be �punished� by credibility loss in the subsequent target announcement.
With such assumptions, credibility (�) may also affect the central bank's incentive to defend the
target. The value of respecting the target may be increasing in the current credibility whenever bene�ts
from �keeping the target decisions� are computed in a much slower way than the credibility loss
associated with �not keeping the target decisions�. This feature may open the door for con�dence
crises and self-ful�lling in�ations.
Keeping the three-stage framework, we de�ne the economy (�) with the following set of para-

meters f(A > 0) ; (�a 2 [0; A]) ; (� � 0) ; (n 2 R)g plus the increasing function h (�), which are all
common knowledge. The central bank type is unique and is the same as in the �rst-proposition
model except for the cost of �not keeping the target� function, now de�ned as follows: c (� 6= �a) �
h (�)+k and zero if (� = �a) : k is a random variable distributed according to U [n� �; n] ; (�) is the
endogenous credibility that solves � = prob(� = �aj�), and h (:) 40 measures how much the cost of
39On the other hand, as (B) increases the credibility (��) becomes closer to one and the difference between ��a and

���a is smaller.
40In order to reach a simple characterization of the equilibrium we also assume that h : [0; 1]! R is linear.
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not keeping the target depends on the public expectations. The timing of actions is the same: the target
is announced, expectations are formed, uncertainty (k) is solved and actual in�ation is implemented.
With such assumptions, both fundamental and expectations shocks may be important to compute the
central bank's incentives in the choosing actual in�ation, since the welfare gain (wa) from keeping
the target can be computed as follows:

wa(k; �) = k � x (�a) + h(�)

x (�a) � A(A� �a) +
�2a
2
� A2

2

It is always possible to reach an equilibrium for any economy (�) and it may be possible to
reach more than one. When the uncertainty about the future central bank's incentives is high, i.e.
(� > h (1)� h (0)) ; we classify the economy (�) as (�u) type economy; otherwise we classify the
economy (�) as (�m) type economy41: The following proposition characterizes the equilibrium:

Proposition 2 The economy � always admits an equilibrium. For �u type economy it is possible
that: (i) x � (n� �+ h (1)) and only perfect commitment (� = 1) equilibrium is possible, (ii)
x 2 (n� �+ h (1) ; n+ h (0)) and only imperfect commitment ( � 2 (0; 1) ) is possible, (iii)
x � n + h (0) and only discretionary (� = 0) equilibria is possible. For (�m) type economy it
is possible that: (i)x � (n� �+ h (1)) and perfect commitment equilibrium is possible, (ii)x 2
(n+ h (0) ; n� �+ h (1)) and perfect commitment, imperfect commitment and discretionary equilib-
ria are possible, (iii) x � n+ h (0) ; and discretionary equilibria is possible. Proof: Appendix.

According to this proposition, if there is too much uncertainty concerning future central bank's
incentives (� > h (1)� h (0)) ; then the equilibrium is unique: perfect commitment for very strong
central bank, discretionary for very weak central bank and imperfect commitment otherwise. When �
is suf�ciently large, there is no room for self-ful�lling in�ation.
On the other hand, if the region for the possible central bank's incentives shrinks (� decreases),

the uniqueness remains only for a very strong or a very weak central bank. The intuition is that some
economies may be subject to multiple equilibria when the decision about respecting the target or not
depends much on the credibility (�) before the k's assortment. In such case, to relax (to increase)
the target for in�ation may have two welfare effects. First, and the new one, it is possible that only
perfect commitment equilibrium remains when the target is increased: Second, as long as h0 (:) > �;
the critical k�42 becomes greater when the target is increased, and hence the state region for good
expectations shrinks. Then, the announcement credibility may be increasing in the target or not,
whenever (� < h (1)� h (0)).
As we have shown in the Figure 2, when h (�) � �� and multiple equilibria are possible, to

increase the target may be a good deal if it avoids multiplicity. But this decision also depends on
the central bank's willingness to avoid a con�dence crisis and on the probability of each equilibrium
to be selected over the multiple equilibria region. Because of the coordination failure, any of them
could be the one and, unfortunately, this model can not help us to compute their likelihood. Such
dif�culty is usually avoided by the de�nition of an arbitrary sunspot variable43 that would allow us
to compute expected welfare for each target. Obviously, the policy recommendations would be very
different depending on the assumptions about the sunspot distribution and depending on the central
bank's willingness to avoid crises.
An alternative public policy to avoid multiplicity may be related to the availability of the pub-

lic information. In the numerical exercise presented in the Figure 3, we consider that central bank
41u for unique andm for multiple equilibria.
42k� solves: k = x� h

�
n�k
�

�
.

43See Cole and Kehoe [4] for coordination failure in the public debt market.
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can produce some noise (�) in the private information being less transparent. In this case, the k-
distribution perceived by the central bank is uniformly distributed on [n� �; n] ; but the k-distribution
perceived by the public is uniformly distributed on [n� �� �; n+ �] ; with (� � 0): Results show
that less transparency may avoid con�dence crises when the target level considered is equal to 3%.
In the following section, we consider the public as a strategic player to appraise the information

issue in a more sophisticated way. Up to this point public's role has been to process information, to
form beliefs concerning the central bank's incentive and to compute in�ationary expectations. Adding
strategies and payoff structure to private agents and assuming an exogenous information structure, we
can appraise the coordination aspect in a different way. The coordination motive arises from the
strategic complementarity in public actions. Moreover, since the mass of speculators is decreasing
in the endogenous credibility, next section also provides one possible interpretation for the previous
function h (�).

3.4 Self-Ful�lling In�ation with Imperfect Information
The economy (�) is de�ned as a one-shot game with two stages, the function h (�) = �� and the fol-
lowing set of parameters f(A > 0) ; (� > 0) ; (�a 2 [0; A]) ; (c > 0) ; (� > 0) ; (�p > 0)g. The
last two of those de�ne information structure as we describe next. In the last stage of the game the
central bank chooses the actual in�ation after observing the speculative actions (1 � �). The central
bank keeps the in�ation equal to the target (�a) if and only if (wa � k + ��� x(�a) � 0) 44: Other-
wise it in�ates at level A: k is drawn in the beginning of the game from the support of the improper
uniform (over the entire real line), but its value is not observed directly by the public (speculators).
The population of speculators is continuous and normalized to unit. Each speculator (j) may set

�j equal to one or zero. If he sets �j equal to zero he believes that the target will probably45 not be
reached. With some cost, he speculates based on his beliefs (buying foreign currency, for example).
If he sets �j equal to one he believes that the target will probably be reached. In this case, he does
not bet against the central bank (keeping savings denominated in local currency, for example). Then,
the size of the attack (1� �) is given by (1� prob (�j = 1)) : Each (j) payoff is de�ned as being
equal to (1� �j) (gs � c) : The speculative gain gs depends on the central bank's response. If the
target is sustained, then gs = ga; otherwise gs = gA; where (gA > c > ga) :With this payoff structure,
to speculate is a good deal only when the target is abandoned since (gA � c > 0) and (ga � c < 0) :
The incentive to attack tends to be increasing in the size of the attack. As we have argued, in some
economies, the target may be abandoned when credibility is low. Note that, the greater the size of the
attack is, the lower the credibility is.
To keep our framework as close as possible to the one proposed in Angeletos and Werning [1] we

de�ne gA � 1 and ga � 0 and consider that the strength of the status-quo k is not common knowledge.
Instead of observing the realization of the k-value, each player (j) observes the public signal (sp) and
the private signal (sj),

sj = k + �"j ; � > 0 and "j ~N(0; 1)
sp = k + �p"p ; �p > 0 and "p ~N(0; 1)

("j) is assumed to be independent of (k) and ("j0) for all j0 6= j. ("p) is also assumed to be independent
of (k) and ("j). N(0; 1) denotes the standard normal distribution.

44x is given by A(A� �a) + �2a
2 �

A2

2 and the no-attack-mass de�ned by (�) is increasing in the aggregate credibility:
prob(� = �ajpublic information)
45With probability higher than (c) :
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3.4.1 The Equilibrium

Results are based on monotone equilibria de�ned as perfect Bayesian. For each public signal, the
agent (j) attacks if and only if its private signal (sj) is less than some threshold s� (sp) : The mass of
agents that ends up attacking is given by:

prob(sj < s� (sp; �a) jsp; k; �a) = �(
s� (sp; �a)� k

�
) = 1� �

where � (:) denotes the cumulative distribution function for the standard normal. The central bank
will sustain the target if and only if k is greater than k�, which is given by:

k�(sp; �a) = x (�a) + �:�(
s� (sp; �a)� k�(sp; �a)

�
)� �

The expected payoff from attacking must be equal to zero whenever sj = s� (sp; �a)
46, which implies

the following indifference condition:

p
� :��1 (c) = k�(sp; �a)�

�s�(sp; �a)

�2
� �sp

�2p
; where � =

�2p�
2

�2p + �2

Which after replacing s�(k�) becomes:

��1
�
k� + �� x (�a)

�

�
=

�

�2p
[k� � sp] +

�p
�
��1 (1� c)

It is always possible to �nd at least one k� 2 [x� �; x] that solves this equation and this solution will
be unique for every public signal (sp) if and only if � 2 (0; �

2
p

p
2�

�
].

For any (positive) doubt related to the public signal, �p, uniqueness is ensured by a suf�ciently
small (positive) doubt related to the private signal, �: That is the �rst proposition from Angeletos-
Werning [1] and states that the multiplicity may vanish when the common knowledge is perturbed, as
in Morris and Shin [6]. This result always holds for some exogenous information structure because
precise private information anchors individual behavior and makes it dif�cult to predict the actions
of others. Under the reasonable assumption that the improvement in the private signal implies im-
provement in the public signal, it is possible that public information becomes more precise faster
than the private one, and so multiplicity may still exist even for small common knowledge perturba-
tion (� ! 0). In this case, the public signal drives individual behavior more than the private signal,
motivating mass movements.
Keeping the exogenous information structure it is possible to set multiple-equilibria economies

(�m) assuming that � > �2p
p
2�

�
and unique-equilibrium economies (�u) assuming that � 2 (0; �

2
p

p
2�

�
]:

Proposition 3 For (�u) type economy, higher target increases the commitment credibility. For (�m)
type economy, higher target may turn the commitment more credible or not. The effect on the credi-
bility will depend on the likelihood of each equilibrium k�(sp) to be selected. Proof: Appendix.

The key intuition is that when the target is increased two effects are observed. First, the shock
required for the commitment to be abandoned becomes greater (smaller k�realization), for any �xed
(� 2 (0; 1)). This fact inhibits attacks and adds credibility. Second, as the central bank sets a higher
target for in�ation, new attack-strategies (or beliefs) are settled and this fact may increase the attack
mass (decrease the credibility)47. In this case, a higher target gives more room for over-the-target
in�ation. The �rst effect is always preponderant for (�u) type economy.

46 s� (sp; �a) = �:�
�1
�
k�(sp;�a)+��x

�

�
+ k�(sp; �a)

47�� (�a) may be decreasing in �a.
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For (�m) type economy, the �rst effect tends to be preponderant when extreme equilibria are
selected ( the k�(sp) closest to x (or to x � �) ). Note that, when strategies are too optimistic or
too pessimistic, the size of an attack is closer to zero or to one, respectively. For more pondered
strategies, based on the not-extreme equilibrium k�(sp); the attack-mass and the no-attack-mass are
both signi�cant. Then, enlargement in the attack size induced by more aggressive strategies is more
relevant and critical k becomes greater for higher targets (see Figure 4). If not-extreme equilibrium
tends to be the selected one in (�m) type economy, to relax the target in order to get more credibility
is a good idea only if multiplicity is avoided in many states (sp). Otherwise, the result would be more
strength to speculative movement and the commitment enforcement would be reduced. In the Figure
5 we show extremes k-equilibria as a function of the public signal realization (sp). The parameters
used are the same as those used in the Figure 4 and the target level considered in the benchmark case
(black line) is equal to 2%. Note that either a higher target level (pink line) or a less transparency
level (red line) may be used by central bank to eliminate multiple equilibria region.

3.4.2 Central Bank Transparency and Welfare Analyses

A lower (�p) value may be viewed as more central bank transparency. According to our results,
more precise public information may open the door to bad equilibrium, contrary to the conventional
wisdom that more transparency is always good in an in�ation targeting framework. Some other papers
have argued in the same direction, but based on different models. In Metz [3], more precise public
information increases the likelihood of currency crises in case of bad fundamentals. Morris and Shin
( [7] and [8] ) have pointed out that welfare effect of increased public disclosures is ambiguous and
that there is a dilemma between managing market prices and learning from market prices. They also
conclude that when a Central Bank cannot actually control in�ation48, the in�ation targeting regime
could fail and undermine credibility. In this sense, it would be better for the central bank to simply
forecast in�ation and point out the extent to which its forecasts are contingent on �scal policy. Our
results suggest that in�ation targeting may be a good set-up whenever the central bank can actually
control some level of in�ation in some states of nature.
In the Figure 6 we present the combined welfare49 effect of a higher target and less transparency,

considering that central bank knows its commitment strength in the beginning of the game, which is
given by (ko = 3%). We plot in the vertical axis the expected welfare cost for in�ation only for the
extreme equilibria cases. Note that as central bank becomes less transparent the welfare associated
with the optimistic equilibrium is reduced, but the welfare associated with the pessimistic equilibrium
is increased. Results also indicate that less transparency may be welfare improving out of the multi-
plicity region. Finally, for a lower target level (blue line) this welfare effect is present over a wider
�unique-equilibrium-region�, but on the other hand, it is �atter than the effect observed under a higher
in�ation target level (red line).
48Sargent and Wallace [9] is one of the many papers that have pointed out the limitations of the central cank's control

over in�ation:
49For any given �a 2 [0; A] ; the expected welfare is computed in the following way:

E max
�(sp)

"
A (� (sp)� �e (sp))�

� (sp)
2

2
� c (�;�a; sp)

#
�e � � (sp�) �A+ [1� � (sp�)] � �a

c (�;�a) =

�
k + � � (�� (sp)) ; � 6= �a

0 ; otherwise.
and all uncertainty is given by (sp) :
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3.5 Concluding Remarks
Using different theoretical approaches, we appraise how the target level for in�ation should be set in
the presence of uncertainty about the ability in precommiting.
First, ruling out con�dence crises, we conclude that higher target for in�ation increases the cred-

ibility in the precommitment. This effect makes optimal target bigger than the target level selected
when considering the same economy, except for the fact that the credibility effect is not computed50.
When con�dence crises are possible, multiple equilibria may arise. In this case, to set higher

targets for in�ation may stimulate over-the-target in�ation and reduce the central bank credibility.
On the other hand, multiple (bad) equilibria may be avoided. The optimal target will depend on
the likelihood of each equilibrium to be selected and on the central bank's willingness to avoid a
con�dence crisis.
We restore uniqueness breaking common knowledge with exogenous information structure, as

in Morris and Shin [6]. In this case, it is possible to ensure again that a higher target for in�ation
increases the credibility in the precommitment.
Finally, adding a precise public signal, con�dence crises and equilibrium multiplicity may still

exist even for a small lack of common knowledge, as in Angeletos and Werning ([1]). Precise public
information may open the door to bad equilibrium, contrary to the conventional wisdom that more
central bank transparency is always good news when considering the in�ation targeting regime. In
multiple equilibria case, to set higher targets for in�ation may stimulate over-the-target in�ation and
reduce the central bank credibility. On the other hand, multiple (bad) equilibria may be avoided.
Depending on the characterization of the target strength uncertainty, it may be optimal to have an
ideal status-quo (socially optimal target for in�ation under fully transparency) or a more defensible
one (higher target and less central bank transparency). The optimal policy will also depend on the
central bank's willingness to avoid con�dence crises.
50As in Cukierman and Liviatan ([5]).
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Figure 3: Multiplicity and Transparency
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3.7 Appendix
Proof. Proof of proposition 1: The central bank from economy (A;B) solves the following problem:

��a = arg max
�a�[0;A]

E [v (�a; k)] ; k ~U [0; B]

v (�a; k) = max
��0

�
A (� � �e(�a))�

�2

2
� c (�a; �; k)

�
c (�a; �; k) =

�
0 if �a=�
k if �a 6=�

and it is easy to check that,

�e = ��a + (1� �)A

� (�a) = max

�
1� 1

B

�
A (A� �a)�

A2

2
+
�2a
2

�
; 0

�
E [kj�a 6= �] =

A (A� �a)

2
+
�2a
4
� A2

4
� (��a) > 0

It follows that:

��a = argmax
�a

1

B

�
B + A�a �

�2a
2
� A2

2

��
3A2

4
� A�a

2
� �2a
4

�
� 3A

2

4
� �2a
4
+
A�a
2

The equilibrium, ��a, must solve:

u (��a) = v (��a)

u (�a) � B

2
(A� �a)

v (�a) �
�
A+ �a
2

��
B + A�a �

�2a
2
� A2

2

�
�
�
3A2

4
� A�a

2
� �2a
4

�
(A� �a)

Since
�
AB
2
� A3 = v (0) < u (0) = AB

2

�
; [AB = v (A) > u (A) = 0] and [u0 (:) < 0; and v0 (:) > 0 8 (�a � A)],

then the equilibrium ��a 2 (0; A) exists and is unique for any (A > 0; B > 0) :Now, de�ningD(��a) �
��a�A (1� � (��a)) ; it is easy to check that sign (D(��a)) = sign

�
2B��a + 2A

2��a � A3 � A (��a)
2� :

D(:) is positive for �a = A and negative for �a = 0: Next we will show that sign (D(��a)) is al-
ways positive, since ��a is lower bounded by some positive value and D0(:) is positive for �a� [0; A].
From sign (u(�a)� v(�a)) = sign

�
(�a)

3 + 2A3 � �a (3A
2 + 2B)

�
we conclude that ��a solves

(��a)
3 + 2A3 � ��a (3A

2 + 2B) = 0: Then, we can set ��a =
2A3+(��a)

3

(3A2+2B)
: Since D(��a) is positive

whenever ��a � A3

2B+A2
; we must check if

�
2A3+(��a)

3

(3A2+2B)
� A3

2B+A2

�
holds: It is easy to check that it holds

for any
�
B � A2

2

�
: Now, if we set �a = A3

B
; we have sign (u(�a)� v(�a)) = sign

�
A4

B2
� 3
�
: We

conclude that A3
B
is a lower bound to ��a whenever

�
B < A2p

3

�
: In this case, ��a � A3

B
� A3

2B+A2
and

D(��a) > 0 again: Since
�
A2p
3
> A2

2

�
;we conclude that ��a � A (1� � (��a)) for any (A > 0; B > 0) :

Proof. Proof of proposition 2: The target is ful�lled whenever wa = k + h (�) � x � 0; with
x (�a) �

h
A(A� �a) +

�2a
2
� A2

2

i
. The region for which the target (�a) may induce multiple equi-
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libria expectations is given by the interval [Kd; Ku], where:

Ku(�a; �) = inf fk 2 Rj (�x+ k + h (�)) � 0g = x(�a)� h (�)

Kd(�a; �) = sup fk 2 Rj (�x+ k + h (�)) � 0g = x(�a)� h (�)

� = min

�
n�Kd

�
; 1

�
if [Kd; Ku] \ [n� �; n] 6= �

� = max

�
n�Ku

�
; 0

�
if [Kd; Ku] \ [n� �; n] 6= �

� = � = 0 if Kd > n

� = � = 1 if Ku < n� �

There are �ve possible cases for the �[Kd; Ku]-position� related to the support [n� �; n], as fol-
lows:

Case Exist, Kd Ku Equilibrium
1 x 2 [n+ h(0); n� �+ h(1)] 2 [n� �; n] and Ku = Kd � 2 [0; 1]
2 x 2 [n+ h(0); n� �+ h(1)] 2 [n� �; n] > n � 2 [0; 1]
3 x 2 [n+ h(0); n� �+ h(1)] < n� � 2 [n� �; n] � 2 [0; 1]
4 n� �+ h(1) > x Ku < n� � � = 1
5 n+ h(0) < x Kd > n � = 0

;

considering (h(1)� h(0) � �) : Otherwise, cases 2 and 3 do not exist and for cases 1, 4 and 5 we
set x 2 [n� �+ h(1); n+ h(0)] instead of setting x 2 [n+ h(0); n� �+ h(1)].
Proof. Proof of proposition 3:
Since

�
dx
d�a

�
= �a � A; to relax (to increase) target means to reduce x. From 	(k�; x) �

��1
�
k�+��x

�

�
� �

�2p
[k�] = � �

�2p
sp + ��1 (1� c) �p

�
we conclude that 	(:; x) is increasing in k�

for every sp if ��
�2p
�
p
2�: Reduction in x must be compensated by reduction in k� in order to keeph

� �
�2p
sp + ��1 (1� c) �p

�
= 	(k�; x)

i
valid. The region over the ek�support where the target is ful-

�lled increases for all (sp) and the size of attack decreases with the decreasing in s�(sp).
	(:; x) will be decreasing in k� for some possible equilibrium k

�
(sp) whenever ��

�2p
>
p
2�: In this

case, reduction in xmust be compensated by an increasing in k� in order to keep
h
� �
�2p
sp + ��1 (1� c) �p

�
= 	(k

�
; x)
i

valid. So, an increase in the target may imply an increasing in k�, s�
�
k
�
�
; and an increase in the size

of attack.
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