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Abstract
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countries from exiting. The first exit can resolve the uncertainty, which is why the
union might bail out a troubled country. As the bailout is meant to prevent an exit
from the union, it does not exclude subsequent defaults. The model motivates the
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insufficient to resolve the debt crisis.
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1 Introduction

The European debt crisis has challenged the common perception that sovereign debt crises

are only a feature of emerging economies. It has also raised the issue of sovereign defaults

within a monetary union, and how a default might interact with an exit from the union.

At the same time, we have witnessed unprecedented examples of regional country solidar-

ity, where countries within the Eurozone took on the role of lender-of-last-resort to other

sovereigns, an international position traditionally occupied by the International Monetary

Fund.

It is not only uncommon that the European countries provided financial aid directly (or

through EU institutions) to the crisis-hit countries, but the composition and terms of the aid

differed substantially from the support typically provided by the IMF (see e.g. Corsetti et al.

(2017)). Emergency loans provided by the IMF are actuarially fair, without a fiscal transfer

component. Loans extended by the Eurozone countries, in contrast, included substantial

implicit transfers as seen in Figure 1, though these varied across beneficiaries.
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Figure 1: Total discounted value of implicit transfers within the bailout programs (as % of
beneficiary’s 2010 GDP). Calculations based on Gourinchas et al. (2020).

A common perception in the debate on the Eurozone crisis is that bailouts were necessary

to prevent default within a monetary union as default could lead to either exit or substantial
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spillovers to other countries (see e.g. Ardagna and Caselli (2014), Tirole (2015)). This idea

is challenged by the Greek experience, as presented on the timeline in Figure 2. Greece

received in total three bailout packages over the course of the crisis. Nevertheless, in March

2012, Greece partially defaulted on bonds held by banks, which is commonly referred to as

PSI (private sector involvement). PSI led to spillovers, but did not cause a breakup of the

Eurozone. The Greek crisis clearly shows that bailouts do not always prevent default, nor

does default automatically imply exit.

Therefore, I set up a model to understand bailouts, and exemplify motivations different

from the existing default literature. I explore explicitly the risk of a country exiting the

union and a potential breakup of the union. Understanding the nature of the risk and the

resulting spillovers makes it also possible to establish how large can a potential bailout be.

Furthermore, I allow bailouts to interact with default, to study the dynamic consequences

of bailouts for the union members.
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Figure 2: Timeline of the Greek debt crisis. Source: European Stability Mechanism.

I address these issues in a model of a monetary union where membership is a voluntary

decision. Each member decides optimally each period whether to remain in the union by

comparing the costs and benefits of exiting. On the one hand, exiting the union implies

regaining control over monetary policy. On the other hand, exiting may be a disruptive

event that brings large economic and political costs. A key feature of the model is the

uncertainty related to the cost of exit, which is a consequence of the lack of exit procedures

and precedent. The uncertainty will be resolved with the first country exiting. This creates

a spillover with substantial long-term consequences. If exiting the union turns out to be
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accompanied by low cost, the union will unravel over time, as countries hit by bad shocks

will choose to exit.

The information revelation associated with the first exit creates an incentive for the

other member countries to bail out the potential first exiter. Since the potential exit affects

the survival prospects of the whole union, the willingness to save an exiting partner can

substantially exceed the marginal value that the union assigns to the country being bailed

out. In particular, I show that it might be proportional to the value the other members

assign to the existence of the union.

The above findings are consistent with the Eurozone experience. Firstly, out of the

countries receiving bailouts, Greece was the only one to receive substantial fiscal transfers

(see Fig. 1), a result that goes in line with Greece being the only country that was posing

a credible exit threat.1 Secondly, the transfers received by Greece are above 40% of its 2010

GDP, arguably exceeding the marginal value of Greece to the union, as the country itself is

not a substantial financial or trading partner within the EMU. Finally, it also explains why

the bailouts were so ill-equipped to deal with issues of long-term debt sustainability; the

main aim of the bailouts was preventing an exit, and not necessarily solving the debt crisis.

The model is also extended by embedding the exit decision within the framework of

a sovereign default model in the tradition of Eaton and Gersovitz (1981) and Arellano

(2008). This allows me to model exit and default as two separate but interrelated deci-

sions. A quantitative analysis of the model captures several salient features of the European

bailout experience. Similarly to the timeline presented in figure 2, the first bailout is likely

to be followed by further transfers in the following periods, and a substantial fraction of

bailout episodes result in a default. Despite the substantial total size of the fiscal transfers,

they do not resolve the crisis but merely prevent the bailed out country from exiting.

The possibility of a bailout in case of exit does not increase the average debt level, nor the

average unconditional default frequency. These results contradict the concerns raised during

the Eurozone Crisis that country bailouts will lead to substantial moral hazard effects. In

fact, bailout guarantees slightly reduce default probabilities by eliminating the risk premium

associated with a potential exit.

As far as welfare is concerned, the bailouts in the model are optimal from the point of

view of the union. The bailed out country in this model, however, does not directly benefit

from the bailout, as the fiscal transfer granted is the lowest transfer sufficient to make the

1For a quantitative evaluation of the exit risk of different European countries, see Kriwoluzky et al. (2019),
De Santis (2015), or Bayer et al. (2018).
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country indifferent between exiting and remaining. It benefits indirectly, though, as the

bailout guarantee eliminates the exit risk premium on sovereign bonds and, thus reduces

borrowing costs. This is especially important in periods of binding nominal rigidities, when

additional fiscal space can be used to reduce unemployment. The other member countries

benefit from the bailout, as it prevents the first exit, which would bring losses from losing

the partner country. More importantly, they benefit from preventing the revelation of the

true exit cost, and thus avoiding further exits.

Related literature. My work contributes to three strands of existing literature. The

first contribution is to the literature on international bailouts and liquidity assistance in

a monetary union, spurred by the policy response to the Eurozone crisis. Tirole (2015)

and Gourinchas et al. (2020) explore conditions under which countries within a monetary

union may optimally engage in bailouts. Ardagna and Caselli (2014) provide a narrative

discussion of the actual Greek bailout arrangements. Dovis and Kirpalani (2020) study the

usefulness of fiscal rules in a federation where fiscal transfers between regions are possible.

I complement this line of work by providing microfoundations for the externalities that the

existing literature takes as given.2 I also highlight that the sovereign bailouts in the European

context were related to a potential exit, and not a default decision. A distinction that has

profound consequences but has not been discussed in the bailout literature. I also revisit the

moral hazard effects of international bailouts.3

The second strand of research that this paper relates to is the large literature studying

sovereign default as a strategic decision (Eaton and Gersovitz (1981)). I follow the quanti-

tative tradition of Arellano (2008) and Aguiar and Gopinath (2006). In this literature, my

work is the closest to the growing body of studies that use the framework to investigate the

dynamics of the Eurozone Crisis (see Aguiar et al. (2015), Farhi and Tirole (2017), Bocola

et al. (2019)). The recent work of Na et al. (2018) sheds light on the link between defaults

and devaluations by incorporating nominal rigidities in the model and providing a role for

exchange rate regimes. They provide an explanation for the high unemployment levels ob-

served in the Eurozone. I extend their work by considering membership in a monetary union

and studying not only strategic default, but also strategic exit from the union.

Finally, my research is related to other studies that consider the possibility of exiting

2Azzimonti and Quadrini (2018) provide microfoundations for default externalities that could motivate a
bailout. Their focus is on studying portfolio choices of international investors, and therefore is not specific
to a monetary union.

3Other important contributions on country bailouts include i.a. Roch and Uhlig (2018), Fink and Scholl
(2016), and Corsetti et al. (2018). Hatchondo et al. (2017) considers the introduction of non-defaultable
debt as an alternative policy option.
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a monetary union. Fuchs and Lippi (2006) analyze the consequences of the possibility of

exit on the optimal monetary policy in a monetary union. They show that the threat of

exit generates history-dependent policy rules and time-varying country weights. Kriwoluzky

et al. (2019) study default and exit within one framework, but in their model the decisions

are exogenous. My model builds on the framework of Eijffinger et al. (2018), who study

default and exit as two separate, but related decisions and show that exit rumors might lead

to contagion within a monetary union. This paper studies the long-run consequences of exit

and introduces international bailouts motivated by an informational friction at the union

level.

The remainder of the paper proceeds as follows. Section 2 discusses the monetary union

in more detail and analyzes the possibility of bailouts within a union, providing the main

results of this paper. Section 3 presents the model of a small open economy in a monetary

union. Section 4 is devoted to the quantitative analysis of the model and its implications.

Section 5 concludes.

2 Monetary union and bailouts

In this section, I develop a stylized model of a monetary union that rationalizes the occur-

rence of large fiscal transfers in a monetary union. This model highlights the role of exit

from a monetary union as the main incentive to bail out a country and, in particular, the

losses associated with the first exit. On top of losing a union member, the first exit reveals

information about the cost of exiting the union, which affects the probability of future exits.

2.1 Benefits of a monetary union

Consider a union consisting ofN+1 symmetric small open economies as in Gaĺı and Monacelli

(2008). In every period, each country i derives gains from participating in the monetary

union, which depend on the number of fellow countries in the union. Denoting by M i(·) the

discounted flow of benefits country i is enjoying from an infinite membership in a monetary

union, it can be expressed as

M i
(
k + 1; pE

)
=
∑
j 6=i

∞∑
t=0

βt(1− pEj )tmi
j =

∑
j 6=i

mi
j

1− β
(
1− pEj

) , (1)
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where k+1 is the number of countries currently in the union, mi
j is the one-period flow utility

that country i enjoys due to membership of country j, and the probability pEj takes into

account the possibility that country j might exit at any period. I allow k ≤ N , as countries

might exit over time, while I assume that N + 1 is constant over time and represents the

initial size of the union.4

One argument for a positive mj is the substantial gain from trade associated with being

in a monetary union, as estimated by e.g. Glick and Rose (2016).5 An indirect way to argue

for the existence of the positive mj is the fact that countries entering the union have given

up independent monetary policy in order to join. This has negative welfare consequences,

which need to be at least offset by the gains of participation for countries to make a rational

entry decision.

Let us assume that the countries are fully symmetric, i.e. the value each country generates

for the union is the same and does not differ across the beneficiaries, mi
j = m, and that the

unconditional exit probability pEj = pE is equal across countries. Then equation (1) can be

simplified to

M i
(
k + 1; pE

)
=

km

1− β (1− pE)
,

and by summing up over all k+ 1 union members, I can calculate the aggregate value of the

monetary union, i.e. the sum of the individual values of the union over all its members

M
(
k + 1; pE

)
=

k+1∑
i=1

M i(k + 1; pE) =
(k + 1)km

1− β (1− pE)
. (2)

2.2 Individual exit decision

The state of the economy of country i is described by Si,t. In this section, I assume that Si,t
is exogenous and follows an IID process, which allows me to obtain analytical results for the

stylized model.6 The state of the monetary union, on the other hand, is denoted by Mt,

and it consists of the number of members in the union in a given period k + 1, and the cost

of exiting the union, C.

Let Ṽ U
i (Si,t;Mt) denote the welfare of country i that is a member of the union. Then,

4I exclude expansions of the monetary union. Allowing for new membership would not change the analysis
of this paper, but would complicate notation.

5Their work is especially relevant in the current analysis as they show, using historical data, that the
trade losses associated with exit are comparable with the gains from entering the union.

6I relax this assumption in the next section, where it includes not only an autoregressive productivity
shock, but also public debt, and nominal wages.
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Ṽ U
i (·) can be decomposed into

Ṽ U
i (Si,t;Mt) = V U

i (Si,t) +M i
(
k + 1; pE

)
, (3)

where V U
i denotes the part of the welfare that does not depend on the state of the union.

Similarly, the welfare of country i outside the monetary union is denoted by V E
i (Si,t).

I assume that after country i leaves the union, its welfare is independent of the state of the

union.

Therefore, the decision of an individual country to exit the monetary union boils down

to comparing the difference in expected welfare inside and outside the union with the cost

of exiting the union. In particular, country i exits the union whenever

V E
i (Si,t)− Ṽ U

i (Si,t;Mt) > C, (4)

where C is the cost of exiting the union. The cost includes potential disruption resulting

from the exit, such as capital flight, the cost of temporary capital controls, trade disruptions,

or the cost of setting up a new currency. It might also include political consequences, such as

exclusion from other international organizations. I assume that the exit decisions are made

sequentially, such that every country takes the decision of the other members as given.7

Lemma 2.1 For every country i the probability of exit pEi is a non-increasing function of

C.

The proof of this lemma is provided in the appendix. Lemma 2.1 formalizes the idea that

a higher exit cost leads to less exits. Intuitively, for a country to make the exit decision under

a higher cost, ceteris paribus, it would need to face larger losses from the lack of monetary

independence. More precisely, a higher exit cost has not only a direct effect on the decision,

but also an indirect one through higher M i(·), as other countries are also less likely to exit.

The two effects amplify each other.

2.3 Optimal bailouts

According to equation (1), whenever a member of a monetary union exits, all the other

members suffer a loss from having a smaller union. To facilitate the description of the loss,

7This assumption is made to avoid the risk of multiple equilibria. Multiple equilibria could arise if it is
optimal for a group of countries to remain within the union if the other members of the group remain, and
exit if the other members of the group exit. In reality, it is unlikely to observe the exit decision being taken
simultaneously by several members.
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let us define M−g(·) as the value of the union aggregated over all its members except for

country g. This allows me to calculate the total loss triggered by country g’s exit and

incurred by the remaining countries

M−g (k + 1; pE
)
−M

(
k; pE

)
=

∑
i 6=g

∑
j 6=i

mi
j

1− β
(
1− pEj

) −∑
i 6=g

∑
j 6=i,g

mi
j

1− β
(
1− pEj

)
=

∑
i 6=g

mi
g

1− β
(
1− pEg

) . (5)

The loss is simply a sum of the gains the other countries enjoy from country g participating

in the union, discounted properly for the possibility of a future exit. The loss depends only

on the economic importance of the country for the union, which is represented by the mi
g

terms, but not on the economic importance of the other countries.8

In the special case of fully symmetric mi
j’s, the loss boils down to a fraction 1

k
of the total

value of the union to all the other members prior to the exit

M−g (k + 1; pE
)
−M

(
k; pE

)
=

1

k
M−g (k + 1; pE

)
.

The above result indicates that the other union members can experience a loss from

country g exiting the union. Since country g does not take this loss into account when

making an exit decision, this decision is not Pareto-optimal. In particular, there is room for

a Pareto-optimal transfer, conditional on country g refraining from exit, that corrects for

this externality. The conditions for the existence of such a welfare-improving transfer are

captured in Proposition 2.2.

Proposition 2.2 For all states of an economy g, Sg,t, and all states of the monetary union,

Mt, in which it is optimal for country g to exit the union

V E
g (Sg,t)− C ≥ Ṽ U

g (Sg,t;Mt) , (6)

there exists a utility transfer Ft from the remaining members of the monetary union to

country g granted conditionally on country g remaining within the union that can be welfare

8This abstracts from the fact that the lower utility from union membership enjoyed by country j, M j(k) <
M j(k+1), may increase the country’s probability of exiting, pEj (C, k+1) ≤ pEj (C, k). A more general version
of equation (5) is presented in the appendix.
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improving for all union members, if and only if

M−g (k + 1; pE
)
−M

(
k; pE

)
≥ V E

g (Sg,t)− C − Ṽ U
g (Sg,t;Mt) , (7)

the union’s loss is larger than the exiting country’s gain.

The minimal utility transfer that achieves the Pareto-optimal outcome is

Fmin
t ≡ V E

g (Sg,t)− C − Ṽ U
g (Sg,t;Mt) . (8)

The proof of this and other propositions is provided in the appendix. Inequality (6)

guarantees that exit is optimal for country g by requiring the value function under the EXIT

regime, corrected by the exit cost C, to be higher than the value function under the UNION

regime. Condition (7) requires the loss experienced by the remaining union members to be

higher than the net gain obtained by country g. It is the key constraint of the proposition as

it is necessary for the optimal decision of country g to differ from the optimal decision of a

social planner who would take into account the welfare of all union members. If inequality (7)

is violated, then it is optimal for country g to exit, even if it fully internalizes the externality

this decision imposes on other countries. Finally, equation (8) specifies the minimal utility

transfer that achieves a Pareto-optimal outcome. This transfer makes country g indifferent

between exiting and remaining, and assigns all the surplus from country g remaining to the

other union members.

2.4 Losses from first exit and optimal bailouts in the presence of

uncertainty

The results presented so far implicitly rely on the assumption that an exit by country g

does not affect the probability of other countries exiting, pEj . This probability, however, is

endogenous and depends crucially on the exit cost, as shown in Lemma 2.1.

Let us consider the case of uncertain exit cost. In particular, I assume that the exit cost

can be either low, CL, or high, CH . Let π denote the probability of the low exit cost. All

agents in the economy share the same beliefs over the exit cost.

I assume that the uncertainty comes from the lack of exit precedent, and that the first

country exiting resolves this uncertainty. In particular, it is useful to consider a monetary

union where the expected exit cost is high enough to prevent any country from exiting,

and allow for a rare disaster type of event hitting country g, which pushes it towards an
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exit.9 Moreover, let us assume that the unconditional exit probability under low cost is

country-invariant, i.e. ∀jpEj (C) = p̄E. The loss from the first exit then becomes

M−g(N + 1; 0) − E
[
M(N ; pE(C))

]
=

=
∑
i 6=g

∑
j 6=i

mi
j

1− β
−

[
(1− π)

∑
i 6=g

∑
j 6=i,g

mi
j

1− β

+π
∑
i 6=g

∑
j 6=i,g

mi
j

1− β
(
1− pEj (CL)

)]

=
∑
i 6=g

mi
g

1− β
+ π

∑
i 6=g

∑
j 6=i,g

[
mi
j

1− β
−

mi
j

1− β (1− p̄E)

]

=
∑
i 6=g

mi
g

1− β
+ π

[
M(N ; 0)−M(N ; p̄E)

]
. (9)

Comparing the above result with equation (5), it is clear that there is an extra term related

to the change of the unconditional exit probability of the remaining countries in case the low

exit cost gets revealed. Thus, the loss is a sum of the direct loss from country g exiting and

an indirect loss associated with information revelation.10

To judge the magnitude of the two loss components, it is useful to consider once more

the case of symmetric gains, mi
j = m,

M−g(N + 1; 0) − E
[
M(N ; pE(C))

]
=
N2m

1− β
−
[
(1− π)

N(N − 1)m

1− β
+ π

N(N − 1)m

1− β(1− p̄E)

]
= M−g (N + 1; 0)

[
1

N
+ π

βp̄E

βp̄E + (1− β)

N − 1

N

]
. (10)

The direct loss from country g exiting is represented by the first term in the brackets; losing

one of N union partners decreases every country’s valuation of the union by a share 1/N .

The second term is connected to the effect of information revelation. With probability π,

the revealed cost is low and the union becomes more fragile, which affects the expected gains

9The fact that the shock is a rare disaster allows me to reconcile the zero exit probability with an actual
exit decision taking place. It allows me also to analyze the exit decision in isolation from other, simultaneous
or future, exit decisions.

10The analysis presented in equation (9) neglects the individual benefit any union member might experience
from learning the true exit cost. This relies on the assumption that all members are myopic about their
own exit risk, i.e. all member countries assign a probability zero to themselves facing a negative shock that
pushes them to consider exit. This assumption is relaxed in the appendix, where I state the conditions under
which union members prefer late resolution of the exit cost uncertainty.
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associated with the membership of every single country. The next proposition establishes

the result formally.

Proposition 2.3 For a union consisting of a continuum of small open economies, i.e.

N →∞, where the beliefs about the exit cost are such that

C =

{
CL with probability π

CH with probability 1− π
(11)

where

pE(C) =


p̄E for C = CL

0 for C = E[C] ≡ πCL + (1− π)CH

0 for C = CH

(12)

where p̄E > 0, the loss from a first exit can be represented as

lim
N→∞

{
M−g (N + 1; 0)− E

[
M
(
N ; pE(C)

)]}
= π

βp̄E

βp̄E + (1− β)
M−g (N + 1; 0) . (13)

For large values of N , the informational effects can substantially exceed the direct effect

of a first exit. As shown in Proposition 2.3, in the extreme case of a union consisting of

a continuum of small open economies, the direct effect becomes negligible. Nevertheless,

the union still suffers a substantial loss from the first exit, and this loss is associated with

information revelation.

To interpret the result even further, in a union of extremely patient members (β → 1),

the first exit has the potential to eliminate a share π of the value of the union. However,

even for more conventional values of β, the informational externality dilutes a substantial

part of the value of the union. The size of the effect depends on the probability of exit under

low exit cost, and the probability of the exit cost turning out low.

In Proposition 2.2, the maximum bailout available to country g was directly linked to its

value to the other countries, i.e. to the sum of mi
g’s. This implies that large fiscal transfers,

such as those to Greece shown in Figure 1, would require a high valuation of the receiving

country. Such an interpretation might be controversial in the case of the Eurozone, given

the limited financial and trade linkages of Greece with the remaining countries.

In the presence of uncertainty, however, the assumption of a high valuation of the benefi-

ciary country is no longer needed. Instead, the bailout decision might be driven by informa-

tion frictions, as is apparent in equation (10). The following proposition captures the result

by describing the optimal bailout decision under uncertainty.
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Proposition 2.4 Consider a monetary union where the exit cost C is uncertain, with the

beliefs about the exit cost described by equations (11) and (12), and with no previous history

of exits, such that Mt = {N + 1,E[C]}. Thus, for all states of an economy g, Sgt , in which

it is optimal for country g to exit the union

V E
g (Sgt )− E[C] ≥ Ṽ U

g (Sgt ;Mt) , (14)

there exists a utility transfer Ft from the remaining members of the monetary union to

country g granted conditionally on country g, remaining within the union, that can be welfare

improving for all union members, if and only if

M−g (k + 1; pE (E[C])
)
− E

[
M
(
k; pE(C)

)]
≥ V E

g (Sgt )− E[C]− Ṽ U
g (Sgt ;Mt) . (15)

The minimal utility transfer that achieves a Pareto-optimal outcome is

Fmin
t ≡ V E

g (Sgt ;Mt)− E[C]− Ṽ U
g (Sgt ;Mt) . (16)

In general, Proposition 2.4 is a small modification of Proposition 2.2 with substantial im-

plications. The key difference is that after the first exit, the unconditional exit probability

of the remaining countries might change due to the information revelation. How large the

expected welfare effect is depends on the beliefs about the exit cost and the relationship

between exit cost and exit probabilities. In particular, in the limit case of a union consisting

of a continuum of small open economies, in which the assumptions on exit cost beliefs and

exit probabilities captured by equations (11) and (12) are satisfied, the welfare effects are of

the magnitude of the value of the union to all its members. This means that the expected

welfare loss from the first exit is infinitely larger than the size of the exiting economy, imply-

ing the availability of unlimited bailout funds, as expressed relative to the size of the exiting

small economy.

3 A small open economy in a monetary union

The previous section concentrated on the problem of the monetary union, taking the dy-

namics of the small open economies as given. This section concentrates on the economy of a

small open economy, which is a member of the union. In particular, I provide a relatively rich

framework, which lets me distinguish between exiting the monetary union and defaulting on
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foreign debt.

Let us consider a world with incomplete financial markets, in which a small open economy

can issue non-state contingent bonds on international financial markets, as well as make a

decision whether to repay its debt or not, in the tradition of Eaton and Gersovitz (1981) and

Arellano (2008). The model is extended with nominal frictions in the form of a downward

nominal wage rigidity, as introduced by Schmitt-Grohé and Uribe (2016) and Na et al. (2018).

Moreover, membership of the monetary union implies a fixed exchange rate. The country

chooses each period whether to remain in the union, or exit it in order to regain control of

its nominal exchange rate, as first modeled by Eijffinger et al. (2018). A flexible exchange

rate policy can alleviate the consequences of the nominal rigidity.

3.1 Domestic economy

The small open economy is populated by a continuum of identical households whose prefer-

ences can be described by the utility function

E0

∞∑
t=0

βtu(ct, lt), (17)

where ct is consumption in period t, lt is labor supply in period t, u(·) is a strictly in-

creasing and strictly concave period utility function, and β ∈ (0, 1) is the discount factor.

Consumption is a composite index consisting of tradable cT and non-tradable cN goods

ct =
[
a
(
cTt
) ε−1

ε + (1− a)
(
cNt
) ε−1

ε

] ε
ε−1

, (18)

where ε > 1 is the elasticity of substitution between the two types of goods, and a ∈ (0, 1)

is the weight of tradable goods in total consumption.

Households do not have access to international financial markets. Instead, the government

accesses financial markets and provides a transfer to the households Tt. The household’s

budget constraint takes a simple form, where the households purchase the two types of

consumption goods (adjusted by their respective prices, P T and PN), and finance those

purchases with their endowment of tradable goods ỹT , the labor income earned in the non-

tradable sector Wtlt, government transfer, and firm profits Φ.

P T
t c

T
t + PN

t c
N
t = P T

t ỹ
T
t +Wtlt + Tt + Φt. (19)
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Households also supply l̄ hours of labor inelastically. They might be, however, unable to

sell their full labor supply due to a nominal rigidity xt affecting the non-tradable sector. In

particular, the labor employed in equilibrium is equal to

lt
l̄

= xψt , (20)

where x ∈ [ 0, 1 ), with x = 1 indicating that the nominal rigidity is not binding, and lower

values of x represent a stricter nominal rigidity, which comes with a higher slackness in the

labor market.

The nominal friction xt is the result of a downward nominal rigidity in wages as first

proposed by Schmitt-Grohé and Uribe (2016). The relationship between the two follows

xt ≡
W ∗
t

Wt

,

where W ∗
t is the optimal wage set in period t in the absence of nominal rigidities and Wt is

the actually set wage. A wedge between the two can arise as the nominal wage is limited from

below by Wt ≥ γWt−1, where γ represents the limit to the one-period downward adjustment

of wages.

Non-tradable goods are produced by perfectly competitive firms using labor as their only

input

yNt = F (lt), (21)

where F (l) = lα.

Equations (20) and (21) jointly determine the non-tradable output as a function of the

nominal friction

yNt = xαψt
(
l̄
)α
, (22)

i.e. the actual non-tradable output is below the potential level of non-tradable output when-

ever the downward nominal wage rigidity is binding, and the actual output is proportional

to the ratio of optimal and actual wages, xαψt .

3.2 Government

The government of the small open economy participates in international financial markets

on behalf of the households and transfers the available resources to them, or imposes a

lump-sum tax on them in case of current account surpluses. In particular, in period t the
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government issues bonds bt+1 at the market price qt. However, it cannot commit to repay

the bonds. Instead the government faces a choice between repaying the bonds and keeping

its good financial standing, or defaulting and losing access to the markets.

Let us define dt = 1 if the government defaults in period t, and dt = 0 otherwise. In

addition, I will denote the default history of the government, Dt, to be 1 if the government

ever defaulted on its debt, and 0 otherwise. Thus, the government budget constraint that

determines the transfers to the households, can be written as

Tt = (1−Dt) (qtbt+1 − bt) . (23)

The above equation shows that whenever the government has no access to financial markets,

it cannot make any transfers to the households.

Additionally, default triggers an output loss, L(yTt ), that persists for every period the

government is in default. The tradable good endowment available to the households can be

then defined as

ỹTt = yTt −DtL(yTt ),

where yTt is the tradable endowment that follows an exogenous AR(1) process.

Next to the repayment/default decision, the government decides each period whether to

remain within the monetary union, or exit it. Exit comes with two benefits: an independent

exchange rate policy that can alleviate the nominal friction, and a re-denomination of debt

into a new domestic currency. The latter, if followed by a devaluation of the new currency,

reduces the burden of external debt in the same way a partial default would. The exchange

rate policy, as well as the legal and empirical motivation for the re-denomination assumption,

are described in detail in Eijffinger et al. (2018). However, with exiting the monetary union,

the country also suffers an exit cost, C̃. This cost is a sum of the lost benefits of participating

in a monetary union, M i(N + 1; pE), and the disruption or penalty resulting from an exit,

C.

The interaction of the default and exit decisions produces four possible regimes in which

the economy could find itself. I refer to the benchmark regime in which the economy starts

as the UNION regime. In this regime, the economy has access to international financial

markets and remains a member of the monetary union. After defaulting on its external

debt, the economy enters the DEFAULT regime (as shown in Figure 3). Similarly, after

exiting the monetary union, the country transitions to the EXIT regime. Finally, after both

defaulting and exiting the union (either simultaneously, or sequentially), the economy moves
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Figure 3: Possible regime switches in the economy

to the AUTARKY regime.11

3.3 External lenders

The sovereign bonds are issued on international financial markets. Let us assume that

investors on those markets are risk-neutral and have access to a risk-free asset with a constant

interest rate r∗. Equilibrium in international financial markets thus implies

qt
(
yTt , xt, bt+1

)
=

Et
[
(1− dt+1)

(
1− et+1

ε̃t
ε̃t+1

)]
1 + r∗

, (24)

where et indicates whether exit happens in period t, and ε̃t the nominal exchange rate in

period t.

The above equation indicates that the higher the expected default probability, the lower

the bond price. Similarly, the higher the expected exit probability, or the higher the expected

devaluation that follows the exit, the lower the bond price.

11A formal definition of the value functions associated with the different regimes can be found in the
appendix.
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3.4 Default and Exit in equilibrium

Before the discussion of the features of a monetary union, let us establish some general

qualitative and quantitative results concerning exit and default. To start off, I consider a

special case of the model, to provide some general intuition for the model and the relationship

between the state variables and the two binary decisions. I complement the analytical results

with numerical examples of default and exit sets, which shows the conditions under which

the two decisions can be substitutes.

3.4.1 Analytical results

Let us first concentrate on a special case of the model where the downward nominal wage

rigidity is exogenous; it takes on the form Wt ≥ Ŵt, where Ŵt is independently drawn every

period. Moreover, Ŵt and yTt are IID.12 This strong assumption allows me to establish two

analytical propositions concerning the default and exit sets, respectively.13

Proposition 3.1 If DEFAULT is the preferred regime for some point in the state space

(y0, b0, Ŵ 0), then DEFAULT is also the preferred regime for the point (y0, b1, Ŵ 0), for any

b̄ ≥ b1 ≥ b0 ≥ b.

Proposition 3.1 establishes a property that is typical for this type of models; the default

set is an interval along the dt dimension. In other words, if it is optimal to default under

certain conditions, it is also optimal to default under the same conditions but with a higher

debt level. For standard Eaton-Gersovitz models, the same is true along the yt dimension.

In this model, however, it does not need to be true, as exiting is an alternative option that

might be preferred if the current endowment level is lowered.

An analogous property holds for the exit decision along the xt dimension, as stated

formally in the following proposition.

Proposition 3.2 If EXIT is the preferred regime for some point in the state space

(y0, b0, Ŵ 0), then EXIT is also the preferred regime for the point (y0, b0, Ŵ 1), for any

Ŵ 1 ≥ Ŵ 0.

The two propositions are an attempt to characterize the default and exit sets, similarly

to how the default set is established in models without exit. Numerical explorations of the

12The auxiliary variable Ŵt replacingWt−1 disconnects the current debt choice from future nominal rigidity
issues; the channel is quantitatively weak, but makes formal proofs more complex.

13Proofs of both propositions are available in the appendix.
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model show that similar propositions along other dimensions do not hold, indicating that the

interplay between default and exit decisions is a non-trivial one. This is presented graphically

in the next subsection.

3.4.2 Default and Exit sets

Complementary to the analytical results in the previous subsection, I explore the default

and exit sets numerically. Figure 4 provides examples of such sets for a calibrated model.

Since the state space is three-dimensional, the figure presents the sets for a given tradable

endowment level, allowing the nominal friction and debt levels to vary.

The upper panel (a) of the figure shows a calibration with a high exit cost that effectively

prevents the economy from exiting the union. In this case, the only two regimes that are

chosen in equilibrium are UNION and DEFAULT, which are similar to the good and bad

financial standing in a model without nominal frictions and exits. As expected, default is

more likely for higher debt levels. Surprisingly, the threshold debt level at which the country

chooses to default changes over the severity of the nominal friction, even though default

cannot relieve the nominal friction per se. The intuition behind this result comes from

the CES aggregation function in the utility function, which implies that the lower the non-

tradable goods production due to a more binding nominal friction, the lower the marginal

value of tradable consumption. This affects the trade-off between repaying the debt and

defaulting.

The lower panel (b) of Figure 4 presents a calibration with a moderate exit cost. All other

parameters are kept the same as in the calibration in the upper panel of the figure. Higher

attractiveness of the EXIT regime does not affect the regime choice for low past wages. At

this part of the parameter space an exit decision is not very likely. The exit set takes over

the upper right corner of the state space in the figure, where the nominal friction becomes

important, while debt ranges from moderate to high. When past nominal wages are very

high, implying a strongly binding nominal friction, the country prefers to exit, even if it is

running a positive net foreign asset position. There is also a part of the state space where

default and exit are similarly attractive, when the nominal friction is severe and the debt

level is moderately high. The fact that exiting triggers an implicit partial default makes it

a good alternative to an outright default, but only up to some level of external debt.

The precise border between default and exit depends on the calibration of the model and

the choice of the state space. The intuition behind the trade-offs is common across different

calibrations.
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(b) Moderate exit cost calibration (C = 1.5)

Figure 4: Default and Exit regions as a function of debt b and slackness of the nominal
rigidity x (for a given level of tradable output yT < ȳ).

4 Quantitative analysis of the model

This section describes the parametrization and numerical strategy used to analyze the effects

of bailouts and implicit bailout guarantees on the dynamics of a small open economy (SOE

hereafter) within a monetary union.

To distinguish between different channels through which bailouts affect the economy, I
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consider different levels of the exit cost, which represent monetary unions where exits are

likely, unlikely, or even do not occur in equilibrium. I also impose a monetary union history

such that (i) there were no exits from the union in the past, and (ii) exit is never considered

by two countries at the same time. Analyzing the behavior of an economy without past

exits and no expectation of another country exiting this period allows the study of decision

making solely based on the SOE’s country-specific shocks. Thus, I concentrate on tradable

output, past debt decisions and the level of nominal wages in the SOE, and abstract from

issues of short-term spillovers or contagion; which are analyzed in detail by Eijffinger et al.

(2018).

I first analyze the baseline dynamics of the model without bailouts, and then introduce the

possibility of bailouts. Under the bailout scenario, whenever a country would find it optimal

to exit the union, a bailout takes place preventing the exit. The transfer is calibrated to

make the exiting country indifferent between exiting and remaining in the union. For this

experiment, I consider the special case of a union consisting of a continuum of small open

economies, with the potential for substantial first exit effects, as specified in Proposition 2.3.

4.1 Functional Forms and Calibration

Table 1 provides the details of the benchmark parametrization of the model. My parametriza-

tion largely resembles that of Na et al. (2018). I follow their calibration as EMU countries,

which are the natural calibration target, have no modern history of defaults, nor exits from

a monetary union.

One of the key parameters of the model is the degree of nominal wage rigidity, γ. Fol-

lowing Na et al. (2018), I fix it at γ = 0.99. This value implies that nominal wages cannot

fall more than four percent per year, an assumption in line with the evidence provided in

Schmitt-Grohé and Uribe (2016).

In terms of functional forms, I choose a standard CRRA utility function

U(c) =
c1−σ − 1

1− σ
, (25)

with σ = 2 and β = 0.85.14 The production funtction takes the familiar form

yNt = hαt

14This value of β is low for standard macroeconomic calibrations, but typical for quantitative sovereign
default models.
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Table 1: Benchmark Parametrization of the model

Parameter Value Description

γ 0.99 Degree of downward nominal wage rigidity
σ 2 Inverse of intertemporal elasticity of consumption
yT 1 Steady-state tradable output
h̄ 1 Labor endowment
a 0.28 Share of tradables
ε 0.44 Elasticity of substitution between tradables and non-tradables
α 0.59 Labor share in the non-traded sector
β 0.85 Quarterly discount factor
r∗ 0.01 Quarterly net world interest rate
δ1 -0.42

Parameters of the output loss functions
δ2 0.46
ρ 0.932 Serial correlation of ln yTt
σy 0.037 Standard deviation of innovation to yTt

Discretization of the state space

ny 31 Number of tradable output grid points (equally spaced in logs)
nd 201 Number of debt grid points (equally spaced)
nw 151 Number of wage grid points (equally spaced in logs)

[yT , ȳT ] [0.65, 1.53] Grid for tradable output

[d, d̄] [-0.5, 0.5] Grid for external debt
[w, w̄] [0.9, 5.15] Grid for nominal wages

with α = 0.59.

I use the Na et al. (2018) OLS estimates of an AR(1) process for the tradable endowment

process, i.e. ρ = 0.932 and σy = 0.037. The process is discretized, as the tradable endowment

is one of the dimensions of the state space.

I specify the output loss function that is relevant in states of default as

L(yTt ) = max
(
0, δ1y

T
t + δ2(yTt )2

)
and set δ1 = −0.42 and δ2 = 0.46. The loss function parameters here differ from the ones in

Na et al. (2018), as I exclude the possibility of re-entry. This assumption implies that the

country remains in bad financial standing forever after defaulting. I calibrate δ1 and δ2 to

match the default frequency and average debt level targets of Na et al. (2018). As can be

expected without re-entry, the output loss at the steady state level of endowment is lower

than the one chosen by the authors.
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Another key parameter of the model is the exit cost C̃, specified in this section as a

sum of the utility from being in the union M i
(
N + 1; pE

)
, which is lost upon exit, and the

dead-weight loss exit cost C. This parameter is difficult to calibrate as no country has ever

exited the EMU. Instead of relying on one parameter value, I explore different values of C̃.

Whenever not mentioned explicitly, I use C̃ = 1.6 as a benchmark value. This value allows

for some exits in simulations, albeit with a very low probability.

I solve the model by value function iteration and approximate the equilibrium using a

discrete state space by assuming 31 grid points for tradable output, 201 grid points for debt,

and 151 grid points for nominal wage. Assuming no re-entry after default simplifies the

computations, as the model can be solved sequentially for the different regimes.

4.2 Equilibrium dynamics without bailouts

A key challenge in the calibration exercise is the cost of exit, which is not directly observable

as there has been no exit incident until now. Independent of the applied calibration strategy,

it is interesting to examine how sensitive the model is to expected exit cost, and what the

properties of the probability of exit are with respect to the expected exit cost. In this

section I abstract from the uncertainty about the exit cost and the potential of information

revelation, as well as from any possibility of bailout.

Figure 5 presents the unconditional exit probability for a number of possible values of

the exit cost, ranging from 0.7 to 3.0. The probabilities are estimated based on 10,000

simulation series of 1,000 periods each, for each of the potential values. The figure suggests

weak monotonicity of the exit probability on exit cost, similar to the result obtained for a

simpler economy in Lemma 2.1. This is a very intuitive result as higher exit cost makes the

exit decision less attractive. Additionally, if exit is more costly, the dynamic behavior of the

economy may adjust to make exit less frequently needed.15 The line becomes flat around

the exit cost of 2 as there were no exits observed in the simulations beyond the threshold

C̃ = 2.2.

The simulation results presented in Figure 5 also suggest that the unconditional exit

probability is a convex function of the exit cost. Even though this does not necessary hold

for all possible setups of the model, there are reasons for the exit probability to behave

this way. Abstracting from the effect of exit on sovereign debt decisions, the unconditional

exit probability measures the frequency with which the welfare cost of the nominal rigidity

exceeds some threshold value. As the welfare cost of the nominal rigidity is proportional to

15At this point, there is no distinction made between those two effects.
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Figure 5: Unconditional exit probability as a function of the exit cost (the case of no uncer-
tainty about C̃).

the severity of the friction, i.e. γ·Wt−1

W ∗t
, for many standard (continuous) distributions of the

shock, convexity should be guaranteed.16

The model without bailouts is equivalent to the benchmark model of Eijffinger et al.

(2018); my simulations are fully in line with the dynamics reported there. Thus, I focus on

analyzing the effects of bailouts.

4.3 Dynamic effects of bailouts

The previous subsection considered the dynamics of an economy without bailouts, and con-

centrated on the differences under alternative exit cost parametrizations, thus setting the

stage for the analysis of the dynamic effects of bailouts.

Here the focus is now on a monetary union consisting of a continuum of small open

economies, with uncertainty about exit cost. As described in Proposition 2.3, the unknown

exit cost is important for maintaining the size of the union. Therefore, information revelation

may generate substantial welfare losses. Given that the exiting country is infinitesimal, no

matter the size of the transfer necessary to prevent the exit, the union finds it optimal to

grant the bailout. This can be thought of as the limit case of a monetary union’s bailout

16Convexity of pE(·) with respect to C̃ is a relevant feature of the model, as Proposition 2.3 can be
generalized by relaxing the assumption in equation (12) and replacing it with convexity.
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policy.

Introducing bailouts affects the dynamics of the economy in two ways. Firstly, there is

the direct effect of a bailout; whenever the economy chooses to exit, the union bails it out.

This happens in the form of a fiscal transfer that makes the country indifferent between

staying and exiting. A bailout of this form reduces the current debt level and prevents the

economy from exiting.17

Figure 6 gives an overview of the actual bailouts taking place in the simulations. Panel

(a) of figure 6 shows the distribution of the number of bailout transfers during a single crisis

episode. A single bailout transfer is sufficient to keep the country in the union in less than

40% of the crises episodes. At the same time, in almost one-third of the episodes the country

requires more than three separate fiscal transfers. The large number of transfers is also

reflected in the probability of follow-up bailouts in the periods following the first bailout -

presented in panel (c). In almost half of the simulated crises episodes, the second bailout

transfer follows in the quarter immediately after the first transfer. This is in line with the

perception that the bailout is merely meant to keep the country in the union, instead of

resolving the crisis.

The multiple bailouts result in large total transfers as can be seen in panel (b). Over 45%

of the crisis episodes result in transfers exceeding 10% of the beneficiaries quarterly GDP,

and one in six episodes leads to transfers exceeding 50% of GDP. The large transfers are a

reflection of the severity of the nominal friction. When binding, it can lead to substantial

involuntary unemployment levels, just as observed in the Eurozone countries.

Despite the large transfers, almost one in four bailout programs is directly followed by a

default in the first year after the last bailout transfer, as can be seen in panel (d). Nearly

another one in four of the bailed out economies does not default in the first year, but does so

in the next nine years. The result highlights the contrast between exit- and default-driven

bailouts, where the former are only meant to prevent countries from exiting the union.

The above results are all in line with the bailout experience during the Eurozone Crisis.

The country which received the highest implicit transfers as part of the bailout program

is Greece, which is arguably also the only Eurozone country realistically considering an

EMU exit. The country received three different bailout programs over a period of six years,

which were accompanied by several maturity and interest rate adjustments in the meantime -

leading to additional implicit fiscal transfers. The total size of the implicit transfers exceeded

17The direct effect is only applicable to the states of the world where EXIT is the preferred regime, which
constitute a small fraction of the simulated periods in the vast majority of the parametrizations. Nevertheless,
the results might be relevant for analyzing the usefulness of the model in replicating the Eurozone Crisis.
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Figure 6: Summary statistics of the bailout programs in the simulations. (a) Number of
bailout transfers within one crisis episode. (b) The sum of all bailout transfers received by
the country during one crisis episode expressed as a share of its GDP. (c) Probability of
the first bailout being followed by further bailouts in the following years. The period of the
initial bailout is normalized to t = 0. (d) The occurrence of defaults in the ten years directly
following the last transfer in the bailout program.

40% of Greece’s 2010 GDP, as estimated by Gourinchas et al. (2020). Despite the large

transfers, Greece defaulted on private bond holders in 2012. The bailouts did not resolve

the crisis, but ensured that Greece remains within the EMU.

Figure 7 presents the average dynamics of the economy around a crisis episode which

results in a bailout. The red line presents the simulation results for the economy with

bailouts and is plotted against simulations for a benchmark economy without bailouts (blue

line). The figure includes twenty periods prior to the bailout, which happens in t = 0, and

forty periods following the first bailout.

The economy requesting a bailout is in a recession which comes after a strong expansion.

The large fall in tradable output leads to nominal wages substantially exceeding their optimal

level, i.e. the nominal rigidity is binding. The severity of the friction can be seen in the level

of non-tradable consumption, which is around 0.7 - substantially below the full employment

level of 1. It can be also seen in the abrupt fall in nominal wages in the benchmark economy,

where in approx. 80% of the simulation series the economy exits the union and resets its
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Figure 7: Average dynamics of the economy around a crisis episode with bailouts. The
figure contains the simulation series in which a bailout takes place in the bailout economy
(red line). Time is normalized such that the first bailout takes place in t = 0. Variables are
plotted against the benchmark economy with no bailouts (blue line). The sample has been
constrained such that the benchmark economy has to be in the UNION regime in period
t = −1.

wages optimally (through an exchange rate devaluation). The competitive devaluation allows

the non-tradable sector to bounce back quickly.

This stands in stark contrast to the bailout economy in which the nominal rigidity is still

binding. It is temporarily relaxed by the increase in tradable consumption, which pushes up

demand for non-tradable goods and, hence, optimal wages in the non-tradable sector. The

higher tradable consumption is an effect of the bailout transfers in period 0 and the following

periods for some of the simulations.

The bailout guarantee allows the economy to issue higher debt levels at high bond prices,
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Table 2: Summary of 10,000-simulation series (T = 1, 000) for economies with and without
bailouts.

No bailouts Unlimited bailouts

C̃ = 1.6
Default probability (annual, %) 1.40 1.33
Exit probability (annual, %) 0.004 0.004
Average debt-to-GDP (quarterly, %) 0.77 0.78

C̃ = 1.7
Default probability (annual, %) 1.37 1.35
Exit probability (annual, %) 0.002 0.002
Average debt-to-GDP (quarterly, %) 0.75 0.73

C̃ = 2.0
Default probability (annual, %) 1.38 1.37
Exit probability (annual, %) 0.000 0.000
Average debt-to-GDP (quarterly, %) 0.71 0.71

C̃ = 3.0
Default probability (annual, %) 1.38 1.38
Exit probability (annual, %) 0 0
Average debt-to-GDP (quarterly, %) 0.70 0.70

In the table 0.000 indicates probabilities smaller than 0.001, but positive. 0, on the other hand, indicates zero-probability, i.e.

an exit did not take place in the simulations.

which reflect the lack of devaluation risk. Thus, the bailout economy increases debt levels

before entering a long period of slow austerity. In contrast, the benchmark economy reduces

its debt level by exiting and after that increases debt holdings. Such that a year after the

bailout period, the benchmark economy records on average higher debt levels. This coincides

with the benchmark economy overtaking the bailout economy in tradable consumption. The

fall in the debt level of the bailout economy reflects also partially the high default rates,

as 13% and 27% of the simulation series observe a default in the bailout economy within

one year and five years from the first bailout, respectively. The equivalent numbers for the

benchmark economy are just 2% and 7%.

On top of the direct effect, there is also an indirect one. As a bailout prevents an exit, it

shields investors from the losses an exit generates, thus eliminating the exit risk premium.

Even if exit is rarely chosen by a country, it may be perceived as a possible outcome in the

future and affect the current bond prices. The indirect effect will be referred to as the effect
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Table 3: Comparison of the timing of default in economies with and without bailouts. Sum-
mary of 10,000-simulation series (T = 1, 000) with C̃ = 1.6.

Fraction of simulation series

T default|bailout > T default|no bailout 11.5%

T default|bailout = T default|no bailout 82.9%

T default|bailout < T default|no bailout 5.6%

of a bailout guarantee, as it does not require a bailout to take place.

During the Eurozone Crisis, some economists and policymakers opposed the idea of Eu-

ropean bailouts, arguing that they will create substantial moral hazard. According to those

arguments, union members and financial markets would internalize the possibility of bailouts

and overborrow, increasing the risk of future defaults. If present in this model, the moral

hazard effects should be part of the indirect effect.

Table 2 provides an overview of possible moral hazard effects of exit-driven bailouts. It

presents a summary of simulations carried out for different values of the exit cost parameter,

C̃. First, I simulate a benchmark economy in which there is no possibility of bailout. I repeat

the simulations, keeping the previous shock realizations and introducing unlimited bailouts

into the framework. Whenever the economy chooses to exit, it receives a fiscal transfer,

making it indifferent between exiting and staying in the union.

For all the parametrizations presented in Table 2 bailouts do not seem to substantially af-

fect the dynamics of the economy. Neither default, nor exit probabilities change significantly.

Similarly, the average level of debt remains unchanged.18

The unchanged default probabilities hide richer dynamic effects of bailouts, as presented

in Table 3. In a vast majority of the simulation series the timing of the first default is

not affected by the presence of bailout guarantees. In two-thirds of the remaining series

the bailout guarantees postpone a default, while in 5.6% of all series the bailout guarantees

speed up a default.

The effect of the bailout guarantees on the timing of the first default suggests that the

model may feature moral hazard effects, but that they are on average offset by the elimination

18The low average debt levels are a result of lower debt limits in a pegged economy. This quantitative
feature of the model was first pointed out by Na et al. (2018). The low average debt levels hide large
variations in debt levels over time; debt takes on highly positive and negative values.
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of exit risk premia. The resulting lower interest rates on sovereign bonds make it easier for

the economy to service its debt, reducing the incentives to default.

5 Conclusion

This paper presents a model of bailouts within a monetary union. In the model, members of

a monetary union might decide to bail out a troubled country to prevent it from leaving the

union, and not from defaulting. I study the conditions under which international bailouts

can be optimal. In particular, the paper shows that the maximum available transfer can be

independent of the economic importance of the supported country. An important reason for

preventing an exit might be the fear of information revelation when exit cost is uncertain.

I provide microfoundations for spillovers within a monetary union that do not require

large cross-border sovereign and private bond holdings. This suggests that the efforts to

reform the EMU should not be limited to setting up a banking union, as the spillovers would

prevail even with no cross-border portfolio exposure.

The model captures the co-existence of bailouts and defaults in the Eurozone, and gives

a potential explanation for the large implicit fiscal transfers received by Greece. Under the

interpretation of this model, the financial aid was provided to prevent Greece from exiting

the union. This also explains why the other troubled countries did not receive any substantial

implicit fiscal transfers as part of their bailout agreements; no other country was expected

to exit the union, at least, before the first exit of Greece.

The distinction between default- and exit-driven spillovers and bailouts has further im-

portant policy implications. This paper shows that the size of moral hazard effects with

bailouts motivated by exit is substantially lower when compared to bailouts preventing de-

fault. This finding might be relevant to consider in discussions about permanent financial

assistance arrangements in the Eurozone.

This paper also opens several opportunities for future research. The model of default

and exit is necessarily simplistic, leaving substantial room for extensions that could give

quantitatively reliable predictions. Moreover, the existence of uncertainty about exit cost is

assumed as given here; it is meant to reflect the institutional setup of the Eurozone, and not

explain it. This leaves open the question of why members of the union would choose to keep

the exit cost uncertain, or what the optimal exit cost is. The model of exit shown here can

also be used to study the optimal setup of a monetary union, when exit is possible.
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Appendix A - proofs of propositions in Section 2

Proof of Lemma 2.1 The probability of exit is defined as

pEi (C) = P
(
V E
i (St)− Ṽ U

i (St) > C +M i
(
k + 1, pE

))
.

Let us denote by Fi(x) the cumulative distribution function of the welfare losses from the

union rigidity

F (x) = P
(
V E
i (St)− Ṽ U

i (St) < x
)
.

Then,

pEi (C) = 1− Fi
(
C +M i

(
k + 1, pE

))
Since Fi(·) is a cdf, it is non-decreasing. Hence, 1− Fi(·) is a non-increasing function of its

argument, C + M i
(
k + 1, pE

)
. This implies that for pEi to be a non-increasing function of

C, we need C +M i
(
k + 1, pE

)
to be a non-decreasing function of C. The effect of C on the

term of interest is

∂

∂C

[
C +M i

(
k + 1, pE

)]
= 1 +

∑
j 6=i

∂M i(k + 1, pE)

∂pEj
·
∂pEj
∂C

.

The lemma is trivial if one disregards the effect that the exit cost C has on the value

of the union M i(·) through the exit probability of the other members. The difficulty lies

within the feedback loop between the exit probabilities of the union members. In particular,

if there exists a bad coordination equilibrium, where all the members believe that the others

will exit with high probability and so are also likely to exit, it could also show up here. In

Section 2.2, I exclude this equilibrium by assuming sequential decision-making. To introduce

sequential decision-making here, I will follow the k-level thinking approach for the members

of the union.

1. Let us first consider country i being a level-1 thinker, while all the other countries are

level-0 thinkers, implying they do not change their exit probability in response to a

change in C. Hence, ∀j 6=i
∂pEj
∂C

= 0. Then

∂

∂C

[
C +M i

(
k + 1, pE

)]
= 1 +

∑
j 6=i

∂M i(k + 1, pE)

∂pEj
·
∂pEj
∂C

= 1,
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which implies
∂pEi
∂C

< 0.

2. Let us now consider country i being a level-2 thinker, while all the other members are

level-1 thinkers. This means that ∀j 6=i
∂pEj
∂C

< 0. Moreover, notice that, independent of

the level of thinking

∀j 6=i
∂M i(k + 1, pE)

∂pEj
= −

βmi
j(

1− β
(
1− pEj

))2 < 0.

Then, for the level-2 thinker country i

∂

∂C

[
C +M i

(
k + 1, pE

)]
= 1 +

∑
j 6=i

∂M i(k + 1, pE)

∂pEj︸ ︷︷ ︸
<0

·
∂pEj
∂C︸︷︷︸
<0

> 1.

3. Finally, consider that country i is a level-κ thinker, where κ ≥ 3, while all the other

countries are a level-(κ − 1) thinkers. And assume that for any country j who is a

level-(κ− 1) thinker
∂pEj
∂C

< 0, then

∂

∂C

[
C +M i

(
k + 1, pE

)]
= 1 +

∑
j 6=i

∂M i(k + 1, pE)

∂pEj︸ ︷︷ ︸
<0

·
∂pEj
∂C︸︷︷︸
<0

> 1.

This proves that the above is true for any κ > 0.

Hence, for the limit case κ→∞, which approximates a rational expectations equilibrium,

it is also true that C+M i
(
k + 1, pE

)
is a non-decreasing function of C. This, in turn, implies

that pEi is a non-increasing function of C.

This proof can serve to provide more intuition, as the additional levels of thinking can be

viewed as next order effects. The direct effect goes through simply increasing the exit cost

for country i, which leads to exit being less likely. The first indirect effect goes through the

fact that the other countries also face a higher exit cost, so they are less likely to exit, which

means that the value of the union goes up, and increases the threshold for country i to exit.

Every next increase in threshold again increases the threshold at which countries exit and

so the effect of a higher C gets amplified through its effects on M i(·).
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Proof of Proposition 2.2 For country g to choose exit, inequality (6) must hold. When-

ever inequality (6) holds, country g requires a utility transfer equal to V E
g (St) − C −

Ṽ U
g (St;Mt) to remain in the union. The minimum transfer is defined as Fmin

t in equa-

tion (8).

The maximum amount of the transfer any partner country i is willing to finance is equal

to M i
(
k + 1; pE

)
−M i

(
k; pE

)
. The sum of all those maximum transfers is∑

i 6=g

M i
(
k + 1; pE

)
−M i

(
k; pE

)
= M−g (k + 1; pE

)
−M

(
k; pE

)
.

Therefore, for a voluntary, exit-preventing bailout to be feasible it must hold that

M−g (k + 1; pE
)
−M

(
k; pE

)
≥ Fmin

t .

Since any member country i suffers a loss from the exit of country g, equal to

M i
(
k + 1; pE

)
− M i

(
k; pE

)
, country i gains from any transfer smaller than that, which

prevents country g from exiting.19

The utility transfer Fmin
t conditional on no-exit, makes country g indifferent between

exiting and remaining, while it is welfare improving for the other countries, hence it is a

Pareto-optimal outcome.

Proof of Proposition 2.3 It follows immediately from taking the limit of equation (10)

lim
N→∞

{
M−g (N + 1; 0)− E

[
M
(
N ; pE(C)

)]}
=

= lim
N→∞

{
M−g (N + 1; 0)

[
1

N
+ π

βpE

βpE + (1− β)

N − 1

N

]}
= π

βp̄E

βp̄E + (1− β)
M−g (N + 1; 0) ,

as M−g(·) is finite.

Proof of Proposition 2.4 It follows directly from the proof of Proposition 2.2, with the

modification of the loss from the first exit under uncertainty as described by equation (9).

19I do not explicitly define a rule for sharing the cost of the utility transfer, and I ignore strategic inter-
actions, which might lead to lack of coordination, or free-riding issues.
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Appendix B - extensions of the monetary union model

in Section 2

B.1 More general calculation of the total loss from exit

In section 2.3, I calculate the total loss triggered by country g’s exit assuming that the exit

does not alter the exit probability of the other members. This abstracts from the fact that

the lower utility from union membership enjoyed by country j, M j(k) < M j(k + 1), may

increase the country’s probability of exiting, pEj (C, k + 1) ≤ pEj (C, k). The formula below is

a more general version of equation (5)

M−g (k + 1; pE
)
− M

(
k; pE

)
=

=
∑
i 6=g

∑
j 6=i

mi
j

1− β
(
1− pEj (C, k + 1)

) −∑
i 6=g

∑
j 6=i,g

mi
j

1− β
(
1− pEj (C, k)

)
=

∑
i 6=g

mi
g

1− β
(
1− pEg (C, k + 1)

) +

+
∑
i 6=g

∑
j 6=i,g

βmi
j

[
pEj (C, k)− pEj (C, k + 1)

][
1− β

(
1− pEj (C, k)

)] [
1− β

(
1− pEj (C, k + 1)

)] .
B.2 Optimal bailouts in the presence of individual gains from in-

formation revelation

The analysis in section 2.4 relies on the assumption that countries are myopic and do not

internalize their individual gains from information revelation. Here, I relax the assumption,

and show the conditions under which uncertainty is the preferred outcome, even with fully

rational union members.

For convenience, let us focus on the case described by assumption (11) and (12). Any

country i, which is a member of the monetary union faces the risk of making a suboptimal

regime choice because of the uncertainty surrounding the exit cost. The source of this

inefficiency stems from the fact that the country is considering an exit decision evaluating it

against the expected exit cost E[C], whereas the true exit cost is either CL or CH .

In particular, a country may either exit inefficiently and discover the exit cost is high, or

suboptimaly remain in the union while the exit cost is low. The two cases are presented in
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the two sets of inequalities below

inefficient exit decision : E[C] < V E
i (St)− Ṽ U

i (St;Mt) < CH ,

inefficient remain decision : CL < V E
i (St)− Ṽ U

i (St;Mt) < E[C].

The expected gain from avoiding an inefficient decision consists of two factors: the ex-

pected size of the inefficiency and the probability of making the decision. Following assump-

tion (12) the probability of taking an exit decision against the expected exit cost E[C] is

zero. Therefore, inefficient exit decisions do not happen in this framework.

The probability of making an inefficient remain decision can be calculated by comparing

the probability of exit under the exit cost CL against the exit probability under the expected

exit cost E[C]. If the true exit cost is CL, then the exit decision should happen with a

probability p̄E. Since it does not happen at all, it implies that a fraction p̄E of the remain

decisions is inefficient. The true exit cost is equal to CL with probability π, hence, the

probability of an inefficient remain decision is π · p̄E.

The welfare loss associated with an inefficient remain decision depends on the shape of the

value functions Ṽ U(·) and V E(·), as well as the distribution of the state space St. Without

making further assumptions, I can limit the size of the inefficiency from above by E[C]−CL.

A loss larger than that would imply that it is optimal to exit also under the expected exit

cost E[C], hence, there would be no inefficient remain decision.

The above analysis implies that a sufficient condition for a country i to prefer for uncer-

tainty to remain unresolved is

π
βp̄E

βp̄E + (1− β)
M i (N ; 0) ≥ πp̄E

1− β
(
E[C]− CL

)
,

which boils down to

M i (N ; 0) ≥ 1− β + βp̄E

β(1− β)

(
E[C]− CL

)
. (26)

The above requires the gross benefit of participating in a monetary union being higher than

the spread between expected and low exit cost by a factor 1−β+βp̄E

β(1−β)
.

Whenever condition (26) is satisfied, union members (even if fully rational) prefer a late

resolution of uncertainty. The necessary condition for a given parametrization of Ṽ U(·),
V E(·) and a distribution of St is most likely substantially milder than condition (26).
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Appendix C (For Online Publication) - Value Functions

and Government’s Optimization Program

In this section I outline the optimization program of the government in the SOE model of

section 3. As long as the economy is in the UNION regime, the government makes two

discretionary decisions each period: (i) it decides whether to stay within the monetary union

and (ii) it chooses between repaying and defaulting on its external debt. Conditional on

exiting the union, the government sets the nominal exchange rate. Conditional on repaying

its debt, it issues new external debt to be repaid next period.

The above decisions are made taking the state of the monetary union, Mt, and the

state of the country, St, as given. The former includes the current size of the union

and the beliefs about the exit cost, Mt =
{
k + 1, C̃

}
. The state of the country,

St = {ỹTt ,Wt−1, bt,Dt−1,Xt−1}, encompasses a number of state variables: the tradable en-

dowment, past nominal wages, and debt level, as well as the history of the country’s exit

and default decisions.

If the SOE is in the AUTARKY regime at the beginning of period t, its value function

takes the form

V A(St) = max
ct,εt

{
u(ct) + βEt

[
V A(St+1)

]}
. (27)

subject to (19) and (23). The decision set of the government in the AUTARKY regime is

reduced to choosing a nominal exchange rate, such that the nominal rigidity is not binding.

I assume that once the economy exits the monetary union, its welfare does not depend on

the state of the monetary union. Hence, the value functions of being in the AUTARKY and

the EXIT regime do not depend on Mt.

A government of a SOE in the DEFAULT regime cannot choose its nominal exchange

rate, unless it chooses to exit the monetary union and enter the AUTARKY regime. The

value function of the DEFAULT can be, hence, written as

V D(St;Mt) = max
ct,et

{
u(ct) + (1− et)βEt

[
V D(St+1;Mt+1)

]
+et

(
βEt

[
V A(St+1)

]
− C̃

)}
, (28)

subject to (19) and (23). The above takes into account that the SOE might exit the union

in period t, by incurring the exit cost C̃, and enter the AUTARKY regime.

If the SOE exited the union in the past, it is in the EXIT regime. The government
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decisions in this regime include the choice of the nominal exchange rate, the decision whether

to repay its past external debt, and, conditional on repayment, the level of the new debt

issued. Denoting the value function of being in the EXIT regime as V E, I can represent the

problem of the government as

V E(St) = max
ct,bt+1,εt,dt

{
u(ct) + (1− dt)βEt

[
V E(St+1)

]
+ dtβEt

[
V A(St+1)

] }
, (29)

subject to (19) and (23).

Finally, having defined all the other regimes, I can move to describing the value function

of the UNION regime, which I will denote by V U . The government optimization problem in

the UNION regime can be represented as

V U(St;Mt) = max
ct,bt+1,dt,et

{
u(ct) + (1− dt)(1− et)βEt

[
V U(St+1;Mt+1)

]
+(1− dt)et

(
βEt

[
V E(St+1)

]
− C̃

)
+dt(1− et)βEt

[
V D(St+1;Mt+1)

]
+dtet

(
βEt

[
V A(St+1)

]
− C̃

)}
, (30)

subject to (19) and (23).

I present the regimes of the model graphically in Figure 3.
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Appendix D (For Online Publication) - proofs of propo-

sitions in Section 3

Proof of Proposition 3.2

Since exit is the preferred regime for the point
(
y0, b0, Ŵ 0

)
, it must follow that

V E
(
y0, b0, Ŵ 0

)
≥ V A

(
y0, b0, Ŵ 0

)
(31)

V E
(
y0, b0, Ŵ 0

)
− C̃ ≥ V D

(
y0, b0, Ŵ 0

)
(32)

V E
(
y0, b0, Ŵ 0

)
− C̃ ≥ V U

(
y0, b0, Ŵ 0

)
. (33)

After exiting the monetary union the nominal friction is countered by the flexible ex-

change rate policy. Therefore, the net present value under the EXIT regime does not depend

on the level of the wage constraint

V E
(
y0, b0, Ŵ 0

)
= V E

(
y0, b0

)
= V E

(
y0, b0, Ŵ 1

)
. (34)

The same is true for the AUTARKY regime

V A
(
y0, b0, Ŵ 0

)
= V A

(
y0
)

= V A
(
y0, b0, Ŵ 1

)
. (35)

Bringing together (31), (34) and (35) yields

V E
(
y0, b0, Ŵ 1

)
= V E

(
y0, b0, Ŵ 0

)
≥ V A

(
y0, b0, Ŵ 0

)
= V A

(
y0, b0, Ŵ 1

)
. (36)

Under the default regime a higher wage constraint reduces current period utility without

affecting future periods

V D
(
y0, Ŵ 0

)
= u

(
y0, cN

(
y0, Ŵ 0

))
+ βE

[
V D

(
y′, Ŵ ′

)]
≥ u

(
y0, cN

(
y0, Ŵ 1

))
+ βE

[
V D

(
y′, Ŵ ′

)]
= V D

(
y0, Ŵ 1

)
. (37)

The inequality becomes an equality if and only if W ∗ ≥ Ŵ 1, i.e. even the higher wage

constraint is not binding under the considered tradable goods endowment.
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Bringing together (32), (34), and (37) yields

V E
(
y0, b0, Ŵ 1

)
− C̃ = V E

(
y0, b0, Ŵ 0

)
− C̃ ≥ V D

(
y0, b0, Ŵ 0

)
≥ V D

(
y0, b0, Ŵ 1

)
. (38)

Similarly, under the union regime a higher wage rigidity reduces current period utility

and does not improve the utility in future periods:

V U
(
y0, b0, Ŵ 0

)
= max

b′

{
u
(
y0 − b0 + qb′, cN

(
y0 − b0 + qb′, Ŵ 0

))
+ βE

[
V U
(
y′, b′, Ŵ ′

)]}
≥ u

(
y0 − b0 + qb̃, cN

(
y0 − b0 + qb̃, Ŵ 0

))
+ βE

[
V U
(
y′, b̃, Ŵ ′

)]
≥ u

(
y0 − b0 + qb̃, cN

(
y0 − b0 + qb̃, Ŵ 1

))
+ βE

[
V U
(
y′, b̃, Ŵ ′

)]
≡b̃ max

b′

{
u
(
y0 − b0 + qb′, cN

(
y0 − b0 + qb′, Ŵ 1

))
+ βE

[
V U
(
y′, b′, Ŵ ′

)]}
= V U

(
y0, b0, Ŵ 1

)
. (39)

The reasoning is very similar to the case of the default regime, except for the fact that I

am explicitly allowing the wage constraint to affect the debt choice. This is necessary, as a

higher level of tradable goods consumption alleviates the wage rigidity in the non-tradable

sector. Due to the assumed utility function, a higher consumption of tradable goods increases

the marginal utility from non-tradable consumption and, hence, raises the relative price of

non-tradable goods alleviating the contemporaneous nominal friction.

Bringing together (33), (34), and (39) yields

V E
(
y0, b0, Ŵ 1

)
− C̃ = V E

(
y0, b0, Ŵ 0

)
− C̃ ≥ V U

(
y0, b0, Ŵ 0

)
≥ V U

(
y0, b0, Ŵ 1

)
. (40)

Proof of Proposition 3.1

Since DEFAULT is the preferred regime for the point
(
y0, b0, Ŵ 0

)
, it must follow that

V D
(
y0, b0, Ŵ 0

)
≥ V A

(
y0, b0, Ŵ 0

)
− C̃ (41)

V D
(
y0, b0, Ŵ 0

)
≥ V E

(
y0, b0, Ŵ 0

)
− C̃ (42)

V D
(
y0, b0, Ŵ 0

)
≥ V U

(
y0, b0, Ŵ 0

)
. (43)

After defaulting the stock of foreign debt becomes an irrelevant variable. Therefore, the
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net present value under the DEFAULT regime does not depend on the level of debt

V D
(
y0, b0, Ŵ 0

)
= V D

(
y0, Ŵ 0

)
= V E

(
y0, b1, Ŵ 0

)
. (44)

The same is true for the AUTARKY regime

V A
(
y0, b0, Ŵ 0

)
= V A

(
y0
)

= V A
(
y0, b1, Ŵ 0

)
. (45)

Bringing together (41), (44) and (45) yields

V D
(
y0, b1, Ŵ 0

)
= V D

(
y0, b0, Ŵ 0

)
≥ V A

(
y0, b0, Ŵ 0

)
= V A

(
y0, b1, Ŵ 0

)
. (46)

Under the EXIT regime a higher debt level implies less resources for consumption today,

or for future periods.

V E
(
y0, b0

)
= max

b′

{
u
(
y0 − b0 + qb′, c̄N

)
+ βE

[
V E (y′, b′)

]}
≥ u

(
y0 − b0 + qb̃, c̄N

)
+ βE

[
V E
(
y′, b̃

)]
> u

(
y0 − b1 + qb̃, c̄N

)
+ βE

[
V E
(
y′, b̃

)]
≡b̃ max

b′

{
u
(
y0 − b1 + qb′, c̄N

)
+ βE

[
V E
(
y′, b1

)]}
= V E

(
y0, b1

)
. (47)

Bringing together (42), (44), and (47) yields

V D
(
y0, b1, Ŵ 0

)
= V D

(
y0, b0, Ŵ 0

)
≥ V E

(
y0, b0, Ŵ 0

)
− C̃ > V E

(
y0, b1, Ŵ 0

)
− C̃. (48)

Similarly, under the UNION regime a higher debt level reduces overall welfare

V U
(
y0, b0, Ŵ 0

)
= max

b′

{
u
(
y0 − b0 + qb′, cN

(
y0 − b0 + qb′, Ŵ 0

))
+ βE

[
V U
(
y′, b′, Ŵ ′

)]}
≥ u

(
y0 − b0 + qb̃, cN

(
y0 − b0 + qb̃, Ŵ 0

))
+ βE

[
V U
(
y′, b̃, Ŵ ′

)]
> u

(
y0 − b1 + qb̃, cN

(
y0 − b1 + qb̃, Ŵ 0

))
+ βE

[
V U
(
y′, b̃, Ŵ ′

)]
≡b̃ max

b′

{
u
(
y0 − b1 + qb′, cN

(
y0 − b1 + qb′, Ŵ 0

))
+ βE

[
V U
(
y′, b′, Ŵ ′

)]}
= V U

(
y0, b1, Ŵ 0

)
. (49)
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Bringing together (43), (44), and (49) yields

V D
(
y0, b1, Ŵ 0

)
= V D

(
y0, b0, Ŵ 0

)
≥ V U

(
y0, b0, Ŵ 0

)
> V U

(
y0, b1, Ŵ 0

)
. (50)
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