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Abstract 

We derive the optimal fiscal policy for a government which is committed to honoring 
its debt but faces investors which fear a sovereign default. We assume that investors are able 
to learn form new evidence, as in Marcet and Sargent (1989), so that they can gradually 
correct their overly pessimistic view about government’s creditworthiness. We show that in 
an economy with these features, contrary to the prescriptions of more standard models, a 
frontloaded fiscal consolidation after an adverse fiscal shock is optimal.    
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"The only thing we have to fear is fear itself"
F. D. Roosevelt

1 Introduction1

To counter the severe global recession of 2009, governments in most advanced
countries implemented expansionary �scal policies. These interventions have
led to a steep increase in debt levels. According to the IMF, in the advanced
economies of the G20 the debt-to-GDP ratio is expected to rise from 78% in
2007 to 118% in 2014. While it is clear that ever-increasing debt-to-GDP ratios
are inconsistent with government solvency and must be avoided, a critical policy
choice confronting policy makers is whether to stabilize debt ratios at current
levels, or bring them down to pre-crisis levels. On this issue, the counsel of
international institutions and that of mainstream economic theory are at odds.
On the one hand, international institutions have called for a substantial and

fast debt reduction. For example, the ECB (2009) calls for adjustment mea-
sures which "succeed in putting debt ratios on a declining trajectory", to be
implemented in 2011 at the latest; the ECOFIN Council (October 2009) agrees
that "beyond the withdrawal of the stimulus measures, substantial �scal consol-
idation is required in order to halt and eventually reverse the increase in debt";
the European Commission (2009), while recognizing that "a one-o¤ increase
in the stock of government debt need not put sustainability at risk", stresses
that "while, prior to the crisis, the three prongs of the Stockholm strategy [i.e.:
de�cit and debt reduction, increases in employment rates and reforms of so-
cial protection systems] were options from which countries could choose, each
of these pillars is now indispensable for most EU countries"; the IMF (2010)
argues that "stabilizing debt ratios at post-crisis level would be insu¢ cient".
On the other hand, a surprisingly robust result in optimal �scal policy theory

is that public debt should on average be constant.2 This has been demonstrated
to be true both in a complete market framework (i.e. in a framework in which
the government has access to a full array of bonds for each maturity and for
each contingency3) and in a more realistic incomplete market framework. In this
second setup, Aiyagari et al. (2002) rigorously con�rm Barro�s (1979) intuition
that negative shocks should have a permanent e¤ect on public debt.4 These
results are also robust to the introduction of capital (see, e.g., Chari et al.
(1994) and Scott (1999)).

1The authors wish to thank Daniele Franco, Sandro Momigliano, Martino Tasso, seminar
participants at Universitat Pompeu Fabra, University of Padua, the Bank of Spain, the Bank
of Italy, the Annual Meeting of the European Economic Association and the Bank of France
conference on "New Challenges for Public Debt in Advanced Countries". Any remaining
errors are our own. The views in this paper are those of the authors alone, and should not be
interpreted as re�ecting the views of the Bank of Italy.

2See Barro (1979,1995,1997), Bohn (1990), Kydland and Prescott (1980), Lucas and Stokey
(1983), Chari et al. (1994), Aiyagari et al. (2002), Zhu (1992) among others.

3Lucas and Stokey (1983).
4See also Marcet and Scott (2009).
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In summarizing this wide body of literature, Scott (2009) concludes that
economic theory suggests that "in the wake of large adverse shocks (...) the
optimal response is to use debt as a bu¤er stock. Debt should show large and
long term shifts and there is no presumption that governments need to reduce
debt to pre-crisis levels". And that in any case "�uctuations in government debt
after such adverse shocks are long lasting. (...) Debt stabilization occurs over
decades, not within a decade".
Is it possible to make sense of the policy advice of international institutions

and practitioners in a model which has most of the features of the neoclassical
real business cycle model (which is the workhorse of standard optimal �scal
policy theory)? The aim of this paper is to answer this question.
We consider a highly stylized, closed, production economy, with no capi-

tal and in�nitely lived agents. Public spending follows an exogenous stochas-
tic process. The government is benevolent: it chooses the level of debt and
distortionary taxes on labor income to maximize households�expected utility.
Moreover, the government acts under full commitment, i.e. it always ful�lls its
promises. In particular, it always pays back its debts fully.
Nevertheless, we also assume that households believe: (a) that there is a

positive probability the government will default on its own debt, and (b) that
there is a positive relation between the probability of default and the amount
of outstanding debt.
These assumptions about beliefs are quite realistic. For example, �gure 1

points to a positive relation between the amount of government debt and the
yield spread, a proxy for the sovereign risk premium required by investors, for ten
euro area countries in the period 2000-2009. This link has been also con�rmed
by several econometric studies, for example, by Bayoumi et al. (1995), Codogno
et al. (2003), Sgherri and Zoli (2009), and Attinasi et al. (2009).
On the contrary, we fully acknowledge that the assumption that the gov-

ernment will never default is quite unrealistic for most countries. However, our
aim is to explore to what extent even very small departures from the rational
expectation assumption, which is standard in the optimal �scal policy theory,
imply signi�cant changes in the policy prescription of the theory itself, bringing
these prescriptions closer to those often proposed by international institutions.
This is why we prefer not to question the standard assumptions of no-default
and full commitment.
Our main �ndings are the following. First, when agents fear government

default, a �scal consolidation after an adverse �scal shock becomes optimal.
The intuition is that the interest rate on government debt is too high due to
distorted expectations about government default; therefore the marginal cost
of higher distortionary taxes today is more than compensated by the expected
future marginal bene�ts of lower distortionary taxes tomorrow. The incentive
to reduce debt is stronger: �) the more pessimistic agents are about government
solvency and ��) for a given degree of pessimism, the higher the post-crisis debt
level. Second, the state of agents� initial beliefs has an e¤ect on the long-run
mean value of the tax rate and debt. In particular, the more pessimistic agents�
initial beliefs, the lower the long-run mean value of debt. The intuition is that
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the more pessimistic the agents are, the stronger the incentive to change their
expectations.
This paper adds to a very small theoretical literature which argues, in a gen-

eral equilibrium framework, that reducing debt can be advisable. In particular,
Hiebert et al. (2009) study an economy with �nitely lived individuals, which
follow simple rules of thumb. The �scal authority does not maximize social
welfare (it only takes into account the welfare of currently living generations)
and chooses among an exogenously �xed set of policy options (in particular, it
is constrained by an exogenous de�cit constraint). In this framework, Hiebert
et al. (2009) show that current generations accept a �scal consolidation because
this increases the room for �scal stabilization. Adam (2011) studies an econ-
omy which is analogous to ours, with two main di¤erences. First, agents have
rational expectations; second, there are exogenous technology shocks. These
shocks are crucial, as their occurrence requires changes in the tax rate (in order
to satisfy the inter-temporal government budget constraint), and these changes
are larger the higher the initial debt level. This higher volatility of tax rates
implies in turn higher welfare costs. This is why in his model a benevolent plan-
ner has a rationale to undertake �scal consolidation. In our view, both papers
highlight interesting mechanisms, which should be seen as complementary to
the one discussed in the present study.
The paper proceeds as follows. Section 2 spells out the model and character-

izes the optimal �scal policy, both under rational expectations and under fear
of government default. In section 3 we solve the model numerically. Section 4
concludes.

2 The Model

We consider an in�nite horizon economy with an in�nitely lived representative
household and a benevolent �scal authority. The government �nances an exoge-
nous stream of public consumption, levying a proportional tax on labor income
and issuing a one-period non state-contingent bond, which is the only �nancial
asset in the economy. The government has a full commitment technology and
always repays its debt. There is only one source of aggregate uncertainty rep-
resented by a government expenditure shock, gt, realized at the beginning of
each period (g0 is taken as given). We de�ne the history of events up to time t
as gt = (g0; g1; :::; gt), the conditional probability of gr given gt as �(grjgt) and
the set of all possible histories of length t as Gt. Time is discrete and indexed
by t = 0; 1; 2:::.
There is only one non-storable good, produced by a representative price-

taker �rm with a linear production technology which uses labor (nt) as the only
input:

yt = nt:

Output (yt) can be used either for private consumption (ct) or public con-
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sumption (gt). Equilibrium in the good market and in the labor market requires:

yt = ct + gt (1)

and that the wage rate (wt) is always equal to 1.
The government �nances the exogenous sequence of government expendi-

tures levying taxes on labor income (� t) and issuing debt (bt). Its policy
(� t(g

t); bt(g
t))t>0 satis�es the period-by-period budget constraint:

bt�1 + gt = � twtnt + ptbt:

where pt is the price of the government bond. The initial level of debt b�1 is
given. A representative household is endowed with one unit of time which can
be used for leisure, lt, or labor, nt, so that:

nt + lt = 1: (2)

In subsection 2.1 we brie�y review optimal �scal policy under the assumption
that households are at any moment fully con�dent about government solvency,
as in Aiyagari et al. (2002). In subsection 2.2 we modify this benchmark
model assuming that households assign a positive probability to the event of
government default.

2.1 The rational expectations benchmark

The household chooses contingent plans for consumption ct(gt), leisure lt(gt)
and bond holdings bt(gt) to maximize his lifetime discounted expected utility

E0

1X
t=0

�tu(ct; lt) =
1X
t=0

X
gt

�tu(ct(g
t); lt(g

t))�(gtjg0) (3)

where � is the discount factor and the utility function satis�es the usual
standard assumptions, i.e. uc;t > 0, ul;t > 0, ucc;t < 0, ull;t < 0. The household
is subject to the constraint (2) and to the period-by-period budget constraint

bt�1(g
t�1) + (1� � t(gt))wt(gt)(1� lt(gt)) = ct(g

t) + pt(g
t)bt(g

t). (4)

The household�s optimality conditions are

ul;t
uc;t

= wt(1� � t) (5)

ptuc;t = �Etuc;t+1 (6)

where ul;t and uc;t are the marginal utility of labor and consumption at
the optimum. Aiyagari et al. (2002) show that, under rational expectations,
the dynamic optimal taxation problem of the government is equivalent to the
problem of maximizing:
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E0

1X
t=0

�tu(ct; lt) (7)

under the following constraints:

bt�1 = Et

1X
j=0

�j
�
uc;t+j
uc;t

ct+j �
ul;t+j
uc;t

(1� lt+j)
�
; (8)

M < Et

1X
j=0

�j
�
uc;t+j
uc;t

ct+j �
ul;t+j
uc;t

(1� lt+j)
�
< M (9)

1� lt = ct + gt (10)

8t > 0, 8gt. Constraints (8) require that for any period and any state the in-
herited level of debt is equal to the stream of expected future primary surpluses.
That is, they correspond to the intertemporal budget constraint with both prices
and taxes replaced using the household�s optimality conditions (equations (5)
and (6)). If �nancial markets were complete, constraints (8) would be satis�ed
by choosing the vector of state-contingent bonds appropriately, so they would
not constrain the optimal choice of taxes. However, under incomplete markets,
the government cannot make the start-of-the-period stock of debt a function of
the current realization of the shock. Therefore, in any period the future path
of taxes depends on the current state. Constraints (9) impose ad-hoc limits to
debt5 . Finally, equation (10) is the resource constraint of the economy.
Aiyagari et al. (2002) show that the optimal policy rules for the labor tax

rate and debt are time-invariant functions of the current state gt, the inherited
debt bt�1 and an auxiliary state variable  t�1 which is equal to the sum from
period 0 till t � 1 of the Lagrange multipliers associated to the intertemporal
budget constraints (8).6

Two observations are worth making. First, by including the costate variable
 t�1 in the vector of state variables the problem becomes recursive and standard
solution techniques can be applied. Second, the presence of  t�1 and bt�1
makes the allocation, and the cost of distortionary taxation, state- and history-
dependent.

2.2 Introducing fear of government default

In the benchmark model of section 2.1 households fully understand the structure
of the government problem and therefore attach zero probability to the event of
a government default, whatever the observed evolution of government debt. In
particular, as households understand the risk-free nature of government bonds,
they do not require to be compensated for any default risk. In this section

5For a discussion of the implications of these constraints and for the solution of the problem
we refer the interested reader to Aiyagari et al. (2002).

6This approach was pioneered by Marcet and Marimon (1998).
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we study what happens if agents fear that the government might not ful�ll the
promise of always paying back its debt. In particular, they perceive in t a budget
constraint for a generic future period t+ j > t given by

bt+j�1 + (1� � t+j)wt+j(1� lt+j) = ct+j + pt+jbt+j if �t+j = [1; 1; :::; 1]

(1� � t+j)wt+j(1� lt+j) = ct+j otherwise (11)

where �t+j 2 f0; 1g is equal to 1 if the government does not default on
its outstanding debt in the period t + j and equal to 0 otherwise, and �t+j �
(�0; �1; :::; �t+j) is the vector containing the history of defaults from period 0
until t + j. For j = 1, the previous equation di¤ers from (4) forwarded one
period as the agents assign a positive probability to histories at which default
happens. They also believe (as in Arellano, 2008) that, contingent on sovereign
default in the next period,7 the government will run a balanced budget rule
from that period onwards i.e. set taxes to satisfy � t+j(1� lt+j) = gt+j .
Distorted expectations also have an impact on households�objective func-

tion. Denoting by ~Et(:) agents�conditional expectations at time t, this is given
by

~E0

1X
t=0

�tu(ct; lt) =

1X
t=0

X
gt

X
�t

�tu(ct(g
t; �t); lt(g

t; �t))~�(gt; �tjg0) (12)

where ~�(gt; �tjg0) is a joint probability measure. In what follows we assume
that agents believe that �t and gh are independent 8t and h, and that �t is
independent from g0, so that:

~�(gt; �tjg0) = �(gtjg0)� Probt(�t):

The agents�perception about government default a¤ects non only the per-
ceived budget constraint but also the bond price as now expectations are taken
with respect to the distribution of the government expenditure shock and of the
event of default. Equation (6) becomes

ptuc;t =� ~Et(uc;t+1) =

=�Et(uc;t+1j�t+1 = 1)� Probt(�t+1 = 1)+
+ �Et(uc;t+1j�t+1 = 0)� Probt(�t+1 = 0) =

=�Et(uc;t+1j�t+1 = 1)� Probt(�t+1 = 1)+
+ �Etu

bb
c;t+1 � (1� Probt(�t+1 = 1)) (13)

Where Etubbc;t+1 is expected marginal utility of consumption after a default,
which agents can easily compute, given the balanced budget assumption and
the exogeneity of gt.

7Agents believe that default, if it happens, determines a loss equal to 100% of the invest-
ment.

10



We make two assumptions about how default expectations Probt(�t+1 = 0)
evolve. First, at any moment in time,

Probt(�t+1 = 0) =
1

1 + �t�1(max(bt�1 � �b; 0))
� �̂t: (14)

Equation (14) captures the idea that the higher the level of outstanding
debt, the stronger the fear of government default, and in particular fear of
default appears when debt goes above some psychological threshold �b.
Second, we assume that agents revise their beliefs about the probability of a

public default as new evidence about government behavior becomes available. In
the literature various proposals have been made for modeling agents�learning.8

We adopt the approach pioneered by Marcet and Sargent, 1989. They study
agents which are similar to an econometrician, i.e. in each period they estimate
recursively those parameters which are relevant for their decision, and whose
values they ignore. In our model the only parameter that has to be estimated
is �. Let �t be the agents�estimate of � at time t. If agents use a constant
gain algorithm with gain parameter equal to k, a special case of the algorithm
studied by Marcet and Sargent (1989)9 , it can be shown that �t is given by the
following expression:

�t = �t�1(1� k(bt�1 � �b)2): (15)

The initial value ��1 is exogenously given. Several observations are worth
making. First, equation (14) nests the rational expectation case, discussed in
section 2.1, in which households understand that default cannot happen. In fact,
when �t = 0, �̂t = 1 and equation (13) becomes equation (6). Second, under
the condition that j(1 � kb2t�1)j < 1 equation (15) is such that �t converges to
its true value, 0.

We are now ready to state the following de�nition.

De�nition 1 Given b�1 and a stochastic process for the government expendi-
ture gt, a competitive equilibrium is an allocation fct; lt; gtg1t=0, state-contingent
beliefs about government default probabilities f�̂g1t=0, a price system fpt; wtg1t=0
and a government policy f� t; btg1t=0 such that: (a) given the price system, the
beliefs and the government policy the households�optimality conditions are satis-
�ed; (b) given the allocation and the price system the government policy satis�es
the sequence of government budget constraint (4); and (c) the goods and the bond
markets clear.

8For a comprehensive survey of learning models, see Evans and Honkapohja (2001). Several
papers have already used these models to explain real world phenomena. For example, Adam
et al. (2008), Carceles and Giannitsarou (2008) and Cogley and Sargent (2008) introduce
boundedly rational agents in a standard consumption-based asset pricing model to �t some
features of asset prices. Marcet and Nicolini (2003) and Adam et al. (2006) show how learning
can be an explanation of hyperin�ationary episodes. Kurz et al. (2005), Beaudry and Portier
(2004, 2007) and Eusepi and Preston (2008) stress the importance of shifting expectations for
business cycle �uctuations.

9 In any case, the economic intuition behind the result is robust to alternative learning
schemes.

11



Using households�optimality conditions to substitute out prices and taxes
from the government budget constraint, Aiyagari et al. (2002) deduce the con-
straints that a competitive equilibrium imposes on allocations. Using a similar
argument, we show that under incomplete markets and our assumptions about
expectations formation, the following result holds:

Theorem 1 Assume that for any competitive equilibrium �tAtuc;t ! 0 a.s..
Given b�1 and ��1, a feasible allocation fct; lt; gtg1t=0 is a competitive equilib-
rium if and only if it satis�es the following constraints

bt�1 = Et

1X
j=0

�jAt+j
Atuc;t

(uc;t+jct+j � ul;t+j(1� lt+j)) (16)

M < Et

1X
j=0

�jAt+j
Atuc;t

(uc;t+jct+j � ul;t+j(1� lt+j)) < M; (17)

where

At �
tY

k=0

�̂kuc;k + (1� �̂k)Ekubbc;k+1
uc;k

; (18)

A�1 = 1, �̂t follows equations (14) and (15)
and

1� lt = ct + gt (19)

8t > 0, 8gt:

Proof. See Appendix.
It is easy to see that, if �̂t = 1 8t, At is constant and equal to 1, so that

equations (16) and (17) coincide with their rational expectations counterparts
(i.e. equations (8) and (9)).
Moreover, just like its rational expectations counterpart, equation (16) can

be interpreted as the intertemporal budget constraint of the government. In-
deed, the left-hand side is the expected present value of present and future
primary surpluses, with the discount factor given by �j At+juc;t+j

Atuc;t
, and the right-

hand side is outstanding debt.

2.3 The government�s problem

Denoting by � the set of tax rates and sovereign debt for which a competitive
equilibrium exists, we can introduce the following de�nition.

De�nition 2 A Ramsey equilibrium is a government policy � 2 �, allocations
of consumption and leisure ct(�) and lt(�), bond prices pt(�) and wages wt(�),
beliefs �̂t(�) such that: a) the policy � maximizes E0

P1
t=0 �

tu(ct(�); lt(�)) sub-
ject to equation (10); b) the allocation, the prices and the policy constitute a
competitive equilibrium.
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Combining the de�nition of a Ramsey equilibrium and Theorem 1, the gov-
ernment problem can be written as follows:10

Theorem 2

max
fct;lt;�t;At;bt;�̂tg1t=0

E0

1X
t=0

�tu(ct; lt)

subject to

bt�1 = Et

1X
j=0

�jAt+j
Atuc;t

(uc;t+jct+j � ul;t+j(1� lt+j)) (20)

M < Et

1X
j=0

�jAt+j
Atuc;t

(uc;t+jct+j � ul;t+j(1� lt+j)) < M (21)

At = At�1
�̂tuc;t + (1� �̂t)Etubbc;t+1

uc;t
(22)

�̂t =
1

1 + �t�1max(0; bt�1 � �b)
(23)

�t = �t�1(1� k(bt�1 � �b)2) (24)

ct + gt = (1� lt) (25)

for given b�1 and ��1.

Equations (20) and (21) constrain the allocation to be chosen among com-
petitive equilibria. Equations (22), (23) and (24) describe the law of motion for
At and for beliefs. Equation (25) is the resource constraint.11

The Lagrangian for the Ramsey problem can be represented as:

L =E0
1X
t=0

�tfu(ct; lt) +  tAt(uc;tct � ul;t(1� lt))

� �tbt�1At�1uc;t + t(At �At�1
�̂tuc;t + (1� �̂t)Etubbc;t+1

uc;t
)

+ �t(�t � �t�1(1� k(bt�1 � �b)2)) + �t(1� lt � ct � gt)

+ �t(�̂t �
1

1 + �t�1(bt�1 � �b)
)g

10At this point a clari�cation is needed. When the households and the benevolent govern-
ment share the same information, they maximize the same objective function. But when the
way in which they form their expectations di¤er, as in this setup, their objective functions dif-
fer as well. In what follows we assume that the �scal authority maximizes the representative
consumer�s welfare as if the latter were rational. Said di¤erently, the government under-
stands how agents behave and form their beliefs, and it understands that these beliefs are
distorted. We are now ready to state the following de�nition. The same assumption is made
in Karantounias et al. (2009) and Caprioli (2010).
11As expectations of future control variables appear both in equations (20) and (21), we

solve the model using the method described in Aiyagari et al. (2002).
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where  t =  t�1 + �t � �1;t + �2;t and �
t�1;t and �

t�2;t are the Lagrange
multipliers attached to the upper and lower debt constraints respectively. Since
At and �t have a recursive structure, the problem becomes recursive adding At
and �t�1 as endogenous state variables to the ones in the Aiyagari et al. (2002)
model, which are gt,  t�1 and bt�1.
First order necessary conditions 8t � 0 are:12

� ct:

uc;t +  t(At(ucc;tct + uc;t)�At�1
(1� �̂t)Etubbc;t+1

u2c;t
)�

�1;tbt�1ucc;tAt�1�̂t +
tAt�1(1� �̂t)Etubbc;t+1

u2c;t
= �t

(26)

� lt:

ul;t +  tAt(ul;t � ull;t(1� lt)) = �t (27)

� bt:

0:5Et�t+1�t(bt��b)+Et�t+1
�t

1 + �t(bt � �b)
�Et�t+1uc;t+1At+1 = 0 (28)

� �t:

�t � �Et�t+1(1� k(bt�1 � �b)2) + �Et�t+1
bt � �b

(1 + �t(bt � �b))2
= 0

� At:

 t(uc;tct�ul;t(1�lt))��tbt�1uc;t+t��Ett+1
�̂t+1uc;t+1 + (1� �̂t+1)Et+1ubbc;t+2

uc;t+1
= 0

(29)

� �̂t:

�t = tAt�1
uc;t � Etubbc;t+1

uc;t
(30)

12As is often the case in the optimal �scal policy literature, it is not easy to establish that
the feasible set of the Ramsey problem is convex. To overcome this problem in our numerical
calculations we check that the solution to the �rst-order necessary conditions of the Lagrangian
is unique.
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3 Solving the model numerically

Together, the �rst-order conditions and the constraints of the government pro-
gram represent a system of stochastic non-linear di¤erence equations in the
variables fct; lt; � t; bt;  t; At; �t; �̂tg. We solve the system using �rst order lin-
ear approximation around the initial steady state both in the case in which there
are no doubts about debt repayment (as in section 2.1) and in the case in which
agents fear a government default (as in section 2.2).13 In both cases we consider
an AR(1) process for government expenditure:

gt = (1� �g)�g + �ggt�1 + �
g
t (31)

where �gt is assumed to be normally distributed with zero mean and �g

standard deviation. We assume that consumers have the following CRRA period
utility function:

u(ct; lt) =
c1��1t

1� �1
ah +

l1��2t

1� �2
(32)

The following table summarizes the numerical values assigned to the parameters.

Table 1: Parameters�values

�1 �2 ah � �g �g �g
�b k

2 2 1 0.98 .2 .001 0 0 0.05

We use values which are quite standard in the literature. �1, the coe¢ cient
of relative risk aversion, and �2, the labor supply elasticity, are both set equal
to 2, as as in Pouzo (2009). The weight of private consumption vs. leisure,
ah is normalized to one, as in Karantounias et al. (2009). The discount factor
� is 0.98. The parameters in the government spending process, �g, �g and �g,
which represent respectively the steady-state level of government consumption,
its standard deviation and its auto-correlation coe¢ cient, are set at 0.2, 0.001
and 0 (as in Pouzo, 2009). The gain parameter k is equal to 0.05, in line with
Ormeno (2009).
As a �rst step, we study the di¤erences between the rational expectation

benchmark and an economy in which agents fear government default keeping
public expenditure constant at its unconditional mean �g = 0:2. Figure 2 shows
the evolution of endogenous variables (consumption, leisure, government debt,
primary surplus, labor tax rate and perceived probability of default) expressed

13This solution method, applied in a context in which there are transitional dynamics, can
generate sizable approximation errors as we move away from the initial steady-state. Taking
this problem into account , we also solved the model by using a global method whose solution
is accurate over the entire domain of the state variables. In particular, we solved the system
of �rst-order conditions and constraints of the government approximating the policy functions
of the endogenous variables using Chebichev polynomials on the state variables, as explained
in Judd (2005). In this case results are qualitatively similar to the ones shown in the paper.
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as deviations from the initial steady-state when the initial value of � is equal
to 0 (the rational expectation benchmark) and to 0.2. These values imply that,
given the initial level of government debt-to-GDP ratio, which is set equal to
15%,14 the perceived one-period-ahead default probability (1 � �̂) is equal to
0 under the �rst scenario and equal to about 1% in the second. In the second
scenario, as agents fear default, the optimal policy requires that the labor tax
rate be increased above its steady state value to reduce public debt. Households
will initially enjoy less consumption and more leisure, whereas the contrary will
be true later on, when the tax rate can be lowered, thanks to the reduction
attained in the burden of debt. To get an intuition of this result, it is important
to understand the trade-o¤ faced by the government. On the one hand, as in
the rational expectations benchmark, changes in taxes increase distortions and
therefore the government would like to keep them as constant as possible. On
the other hand, the government is aware that the higher the debt level, the
higher the perceived probability of default. These expectations translate into
higher interest rates on government bonds and higher interest payments, which
require higher taxes and therefore higher distortion. Since agents are learning,
reducing debt is the only way to accelerate the correction of their distorted
beliefs.
The impact of beliefs on the optimal policy is further clari�ed if we increase

the initial debt-to-GDP ratio from 15% to 50% (�gure 3).15 Indeed, confronting
�gure 3 with �gure 2, it appears that the higher the initial debt level the greater
the �scal consolidation, because the higher the debt the higher (for given ��1)
the perceived probability of default (see equation (14)), and therefore the higher
the interest expenditure.
Moving from a single realization of (gt)t�0 to a fully-�edged simulation, Table

2 shows the average values for consumption and leisure and for �scal variables
(tax rate, government debt and primary surplus) in our two economies: one
populated by rational agents and the other by agents who fear government
default (the initial level of government debt-to-GDP ratio is set again at 15%).
The qualitative results previously obtained are con�rmed. While in the �rst
economy the average value of government debt over time is roughly equal to
b�1, in the second it is much lower, which means that a �scal consolidation is
indeed optimal. Debt-to-GDP ratio is on average equal to about 15% in the case
of a fully credible government, while it is equal to about 6% in the alternative
scenario. Debt reduction ensures that over time the perceived probability of
government default progressively goes to zero, as shown in �gure 4. The initial
� has an e¤ect on the long-run value of tax rate and debt: simulations con�rm
that the higher the former, the lower the latter, as shown in �gure 5.
Up to now, we either assumed that expectations are always rational, or that

the fear of default is already present at t=0. However, another interesting pos-
sibility is that households�expectations about government solvency are initially

14 In our economy, the debt-to-GDP ratio is given by b
1�l .

15Actually, what matters for dynamics is not the debt level per-se, but rather the di¤erence
between it and the psychological threshold �b. Therefore, the sensitivity analysis concerning
the initial debt level can be symmetrically read as sensitivity analysis concerning �b.
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rational, but they start to be pessimistic after an adverse public �nance shock
in a certain period T . We model this possible scenario by assuming that gt is
constant in all periods apart from T , where it can assume two values, gHT and
gLT with g

H
T > gLT . We also �x ��1 = 0 and b�1 = �b = 0.

Figure 6 shows the optimal way to cope with the bad realization gHT . The
government increases debt at T , even if this implies that the agents start to fear
default. On the other hand, unlike what would happen in the rational expecta-
tions benchmark (�gure 7) it also starts a process of debt reduction immediately
after T , in order to quickly regain investors�trust. As we have argued above,
this is the best way to deal with the trade-o¤ between consumption smoothing
and the need to anchor �scal expectations. These results are con�rmed when
we consider an unexpected expenditure shock lasting for more than one period.

4 Conclusions

This paper uses the tools of optimal �scal policy theory to provide a rationale for
implementing a debt reduction policy after an adverse �scal shock in a standard
RBC model. Moreover, we derive the optimal size of consolidation as a function
of the degree of government credibility and of the initial level of debt.
If agents fully trusted the commitment of governments to always honor their

debt obligations, no �scal consolidation would be required. But if agents fear
government default, a frontloaded debt reduction helps to reduce such fears,
thereby reducing risk premia on sovereign bonds and interest rates. In this case
a rapid �scal consolidation path, such as the one advocated by several interna-
tional organizations and observers after the recent crisis, would be optimal.
The model can be extended in several possible directions. First, the assump-

tion that default is not an equilibrium outcome should be relaxed. Another
extension would be to analyze �scal and monetary coordination. In particular,
it would be interesting to understand whether optimality requires that �scal
consolidation precedes or follows monetary tightening in the aftermath of a cri-
sis, and whether a certain amount of in�ation tax is an optimal way to pay the
�scal costs of the crisis.
Finally, in the paper we assumed that government expenditure follows an

exogenous stochastic process, as it is customary in the public �nance literature.
This assumption limits our analysis in two directions. First, we cannot address
the issue of the optimal composition of the post-crisis �scal adjustment. In
particular, should the �scal authority reduce debt by raising taxes or by lowering
expenditure? Under standard assumptions on the utility and the production
functions the optimal thing to do would probably be a mix of the two. Second,
would results be robust if we include productive public expenditures and not
only consumption spending?
We leave these extensions to future research.
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6 Appendix: proof of Theorem 1

First we show that constraints (4), (5) and (13) imply (??). The price of the
government bond is equal to

pt = �
�̂tEtuc;t+1 + (1� �̂t)Etubbc;t+1

uc;t
(33)

The period-by-period budget constraint after substituting for the household
optimality conditions becomes:

bt�1 = ct �
ul;t
uc;t

(1� lt) + �Et
�̂tuc;t+1 + (1� �̂t)ubbc;t+1

uc;t
bt (34)

Multiplying both sides of (34) by uc;tAt, whereAt �
Qt
k=0

�̂kuc;k+(1��̂k)Ekubbc;k+1
uc;k

we get

bt�1uc;tAt = At(uc;tct�ul;t(1�lt))+�At(�̂tEtuc;t+1+(1��̂t)Etubbc;t+1)bt (35)

Forwarding equation (34) one period, substituting the expression for bt into
equation (35), and remembering the recursive formulation for At given by

At = At�1
uc;t�̂t + (1� �̂t)Et�1ubbc;t

uc;t
(36)

we get

bt�1uc;tAt = At(uc;tct � ul;t(1� lt)) + �Etuc;t+1At+1bt (37)

Keeping iterating forward equation (37) and imposing the transversality con-
dition

limt!1�
tAtbtuc;t ! 0

we get

bt�1uc;tAt = Et

1X
j=0

�t+jAt+1(uc;t+jct+j � ul;t+j(1� lt+j)) (38)

To prove the reverse implication, take any feasible allocation fct+j ; lt+jg1j=0
that satis�es equation (??).
De�ne

bt�1 = Et

1X
j=0

�jAt+juc;t+jst+j
1

uc;tAt
(39)

where st � ct � ul;t
uc;t
(1� lt).

Since

bt = Et+1

1X
j=0

�jAt+1+juc;t+1+jst+1+j
1

uc;t+1At+1
(40)
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it follows that

bt�1 =
Atuc;tst
uc;tAt

+ Et

1X
j=1

�jAt+juc;t+jst+j
1

uc;tAt
=

=
Atuc;tst
uc;tAt

+ �Et

1X
j=0

�jAt+1+juc;t+1+jst+1+j
1

uc;tAt
=

=
Atuc;tst
uc;tAt

+
�

uc;tAt
Etfuc;t+1At+1[Et+1

P1
j=0 �

jAt+1+juc;t+1+jst+1+j

uc;t+1At+1
]g =

=
Atuc;tst
uc;tAt

+
�

uc;tAt
Etfuc;t+1At+1btg =

(41)

Using equation (36) and the de�nition of st we get

bt�1 = st +
��̂tEtuc;t+1 + (1� �̂t)Etubbc;t+1

uc;t
bt (42)

Using the households�optimality conditions given by (5) and (13), equation
(42) coincides with the period-by-period budget constraint.
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Figure 1: Debt levels and yield spreads. Official public debt projections by the European

Commission; 10-year sovereign yield spreads with respect to Germany; biannual data for the

Euro-Area countries, years 2000-2009.

Table 1: Equilibrium allocation and optimal fiscal policy.

Rational expectations Fear of government default

Mean Standard deviation Autocorrelation Mean Standard deviation Autocorrelation

consumption .299 .002 .049 .300 .002 .143

leisure .500 .002 .049 .500 .002 .143

labor tax rate .403 .007 .049 .389 .007 .143

government debt .077 .034 .987 .028 .018 .995

primary surplus 0.001 .002 .073 .000 .003 .24

All statistics are averages over 1000 simulations of 500 periods each. Initial values: b
−1 = 0.06 and α

−1 = 0.2.
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Figure 2: Effects of different initial beliefs: α
−1 = 0 (the rational expectations benchmark)

and α
−1 = 0.2 (agents fear default), when the initial debt-to-GDP ratio is equal to 15%. All

variables, except for the perceived probability of default, are expressed as log-deviation from the

initial steady-state.
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Figure 3: Effects of different initial beliefs: α
−1 = 0 (the rational expectations benchmark)

and α
−1 = 0.2 (agents fear default), when the initial debt-to-GDP ratio is equal to 50%. All

variables, except for the perceived probability of default, are expressed as log-deviation from the

initial steady-state.
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Figure 4: Perceived default probability. Values are averages over 1000 simulations, with α
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0.2 and b
−1 = 0.06
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Figure 6: Optimal response to higher-than-expected government consumption. All variables,

except for the perceived probability of default, are expressed as log-deviation from the steady-

state.
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