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This paper considers tax policies to deal with Sudden Stops – declines in aggregate
activity that are magniﬁed by a binding collateral constraint – that occasionally occur in
emerging market economies. Households and/or the government are assumed to face
model uncertainty and desire robustness against alternative models. Welfare gains from
optimal taxation are small if the government trusts its model of household expectations,
whether those expectations are altered by model uncertainty or not; in contrast, welfare
losses are large if the government is uncertain about the household’s probability model.
& 2012 Elsevier B.V. All rights reserved.

1. Introduction
Emerging market economies frequently experience episodes – called Sudden Stops – in which output falls, the terms of
trade deteriorate, and current accounts erode signiﬁcantly. Figs. 1 and 2 show one country – Mexico – that experienced a
Sudden Stop in 1995 (the Tequila crisis). The ratio of the current account to GDP went from 5% to 4% in one quarter, and
the trade balance went from  6% to 0. At the same time, output and consumption growth both collapsed—both were
below  10% for the quarter (annualized). Mexico is far from alone in experiencing these kinds of large events, and the
recent ﬁnancial crisis has a similar ﬂavor.
A recent debate has arisen over the nature of optimal policy in economies that face Sudden Stops. Contributions to this
debate include Bianchi (2010), Benigno et al. (2011a,b,c), and Jeanne and Korinek (2011a,b). The primary issue that the
literature has raised is when should the government intervene? Here, the literature comes to two different conclusions;
some papers (in particular Jeanne and Korinek, 2011b) argue for ‘‘prudential’’ interventions that take place before the
Sudden Stop, whereas others (Benigno et al., 2011b) argue for interventions only during the crisis (‘‘mopping up’’ policies).1
The question taken up here is how policy interventions change in the presence of a fear of model misspeciﬁcation
(model uncertainty), particularly on the part of the government; speciﬁcally, the interventions are taxes on various goods,
including new debt and nontraded consumption goods. A desire for robust decision rules distorts the intertemporal
relationship between the marginal utility of consumption today and tomorrow. As a result, the potential gains from
intervening prudentially – for example, by using a capital control aggressively before the constraint binds – could increase.
However, robustness acts as enhanced risk aversion (as noted in Tallarini, 2000).2 As a result, the economy may
endogenously move away from the region where marginal gains are large, rendering average welfare gains small again and
mitigating the prudential aspect of policy.

n
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1
Some papers in the literature consider Sudden Stops as zero probability events, such as Braggion et al. (2009), and investigate the optimal policy
once the economy is in a crisis. Obviously these papers have nothing to say about policies intended to prevent the crisis in the ﬁrst place.
2
In fact, Tallarini (2000) shows that robust decision-making implies that an agent has a restricted form of Epstein-Zin preferences; the restriction is
that the intertemporal elasticity of substitution is unity. The single parameter that governs the fear of model misspeciﬁcation can be reinterpreted as the
risk aversion coefﬁcient.
0304-3932/$ - see front matter & 2012 Elsevier B.V. All rights reserved.
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Fig. 1. Current account dynamics in Mexico, quarterly percentage of GDP, from Aguiar and Gopinath (2007).
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Fig. 2. Annualized real consumption and GDP growth in Mexico, quarterly, from Penn World Tables.

The main result from these experiments is that there is still little scope for prudential intervention—in the constrainedefﬁcient allocation the implied taxes in the region where the constraint does not bind are small. The welfare gains from
optimal policy are small if both agents want robust decision rules (and actually get smaller as the desire for robustness
increases, reﬂecting the precautionary response of saving); in contrast, welfare losses are large and negative if the
government distrusts its model of household expectations and chooses policy according to that distorted view. The
surprising part of the second result is not the sign, which is to be expected given that the government is not maximizing
the subjective utility of the household, but rather the magnitude: if the government distrusts its model of household
expectations even by a modest amount, the resulting welfare losses are orders of magnitude larger than the gains that are
obtained when the government trusts its model of household expectations.
To capture the agents’ concern about misspeciﬁcation, I assume that the stochastic process generating the shocks to
tradable TFP, trend productivity, and the interest rate are not completely trusted by the agents in the economy, and thus
they twist their expectations in order to guard against the worst process contained within some speciﬁed set (as in Hansen
and Sargent, 2007); with multiple shocks, the households have to consider not only models that imply uncorrelated shocks
but also models that introduce correlation.
Understanding the role of model uncertainty is important in models with Sudden Stops, since these events are rare by
deﬁnition. Here, I will roughly calibrate the model to Mexican data, where the Tequila crisis noted in Figs. 1 and 2 is the
only Sudden Stop.3 Assuming agents know precisely (and trust completely) estimates of transition probabilities based on

3
The large current account reversal in 1982 was not accompanied by a large decline in GDP growth, and thus should not be considered a crisis even if
it satisﬁes the typical deﬁnition of a Sudden Stop.
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a single observation seems too demanding, as the error bounds on these estimates are large. In addition, combining all
countries together to calculate a Sudden Stop probability, as in Calvo and Reinhart (2000) or the disaster literature (Barro
and Ursúa, in press), carries some issues as well; for example, if crises have a signiﬁcant country-speciﬁc (or regimespeciﬁc) aspect, the frequency estimated using pooled data could be highly misleading regarding the perceived probability
of recurrence.4
There is by now an extensive literature on optimal ﬁscal policy under model uncertainty; representative examples
include Karantounias et al. (2009) and Svec (2011), which consider Ramsey problems with commitment, and Luo et al.
(2012) which investigates tax-smoothing under robustness. There are also a number of papers on monetary policy with
model uncertainty, including Adam and Woodford (this issue) and Dennis (2010). Finally, the work here connects more
tenuously to optimal policy with sovereign debt in open economies, both with model uncertainty (Pouzo and Presno,
2011) and without (Aguiar and Amador, 2011). While there are more examples than these, I refrain from a tedious listing
and apologize to any authors whose work has not been referenced.
2. Model
This section is organized as follows. First, I detail the household decision problem, including a discussion of the
collateral constraint that limits international borrowing. Then I present the ﬁrm problem and the market clearing
conditions. I then present in detail the preferences of the household, including a discussion of the fear of model
misspeciﬁcation and deﬁne a recursive competitive equilibrium, given government policy. Last, I discuss the government’s
problem (including a constrained-efﬁcient planning problem) and deﬁne a Markov-perfect equilibrium for the game
between the government and the private sector.
2.1. Household decision problem
The model economy is populated by a continuum of identical households. Each household has identical preferences
given by


1
X
1
Gt1 d 1r
E0
bt
½ockT,t þ ð1oÞckN,t 1=k 
ht
,
ð1Þ
1r
d
t¼0
where r Z0 is the coefﬁcient of relative risk aversion (the inverse of the intertemporal elasticity of substitution), b o 1 is
the pure time discount factor, 1=ð1kÞ is the intratemporal elasticity of substitution between traded (cT) and nontraded
(cN) consumption goods, o 2 ð0; 1Þ is a share parameter, h is labor effort, 1=ðd1Þ Z 1 is the Frisch elasticity of labor supply,
and E0 is an expectation operator to be deﬁned below; for consistency with the numerical section I will assume k is such
that cT and cN are complements, and of course the utility function used here is known to have zero wealth effect on labor
supply. G is the trend component of TFP:

Gt ¼ expðg t ÞGt1

ð2Þ

for random variable gt; because these preferences do not balance wealth and substitution effects caused by permanent
wage increases, the household must ‘‘enjoy’’ leisure more as productivity grows. Normalizing by Gt1 yields an effective
discount factor of

bn ðg t Þ ¼ b expðg t ð1rÞÞ:
Households face a budget constraint of the form:
ð1 þ tT,t ÞcT,t þ ð1tN,t ÞpN,t cN,t þ

ð1 þ tB,t Þbt þ 1
r bt þ wt ht þDt þ T t
1þ r t

ð3Þ

and a collateral constraint of the form
bt þ 1
Z jðwt ht þ Dt Þ,
1 þ rt

ð4Þ

where b is the current net foreign asset position of the household, D is the dividend from owning the ﬁrms, w is the wage,
pN is the relative price of nontradable goods, r is the random real world interest rate, ti (i ¼ T,N,B,L) are ﬂat taxes/subsidies
on traded consumption, nontraded consumption spending, new debt, and labor income, respectively, and T is a lump-sum
tax/transfer. Normalizing the constraints by Gt1 yields
cT,t þ ð1 þ tN,t ÞpN,t cN,t þ

expðg t Þð1tB,t Þbt þ 1
rbt þ ð1tL,t Þwt ht þ Dt þT t
1 þr t

ð5Þ

4
To take one extreme example, Barro and Ursúa (in press) includes the US Civil War as a disaster observation, but it seems highly implausible to
view that as a relevant data point for Mexico.
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and
expðg t Þbt þ 1
Z jðwt ht þ Dt Þ,
1 þr t

ð6Þ

where all variables going forward are understood to be the normalized quantity. The fact that debt is denominated in
tradable goods (foreign currency) implies that the economy faces a ‘‘liability dollarization’’ problem, as discussed in Aghion
et al. (2004); it is rare that emerging economies can borrow externally in their own currency, so this assumption is
consistent with empirical observations.
The collateral constraint is central to the results presented here, so I will explicitly discuss what happens when the
constraint binds after presenting the rest of the model environment. The constraint implies that an individual household
can post as collateral a security that entitles the lender to some part of current and future income (note there is no
requirement that j o 1, so future income is also serving as collateral). The constraint is not motivated explicitly from
microfoundations, although it plays a role essentially identical to that in Kiyotaki and Moore (1997).
2.2. Firm decision problem
There are two stand-in ﬁrms in the domestic economy.5 One ﬁrm produces tradable output, the other produces
nontradable output, according to the production technologies:
Y T,t ¼ ð1tD,t Þexpðzt ÞHaT,t ,

ð7Þ

Y N,t ¼ AHyN,t :

ð8Þ

zt is a persistent but stationary shock to productivity in the tradable sector, a o 1 and y o1 are labor’s share of income in
each sector, A is a normalization constant, and tD,t is a tax on tradable sector revenue.6 The dividends for ﬁrm ownership
paid to the households are
Dt ¼ ð1tD,t ÞY Tt wt HTt þ pNt Y Nt wt HNt :

2.3. Competitive equilibrium
Market clearing for the consumption goods requires
C T,t ¼ Y T,t þBt 

expðg t ÞBt þ 1
,
1 þ rt

ð9Þ

C N,t ¼ Y N,t :

ð10Þ

The efﬁcient allocation of labor across sectors yields
y1
a1
wt ¼ ð1tD,t Þa expðzt ÞHT,t
¼ ypN,t AHN,t
:

ð11Þ

In equilibrium it must be the case that aggregate and individual allocations coincide, requiring that
ht ¼ HT,t þ HN,t ,

ð12Þ

bt ¼ Bt ,

ð13Þ

cT,t ¼ C T,t ,

ð14Þ

cN,t ¼ C N,t

ð15Þ

hold, and the government budget constraint
T t ¼ tT,t C T,t þ tN,t pN,t C N,t þ tB,t

expðg t ÞBt þ 1
þ tL,t wt ðHT,t þHN,t Þ þ tD,t Y T,t
1 þ rt

ð16Þ

must also be satisﬁed.
2.4. Recursive formulation with fear of misspeciﬁcation
Following Hansen and Sargent (2007), households may not trust the probability model they use to predict the
movements of the random variables in the model (z, g, and r). Here, I will represent this distrust using multiplier
preferences; Strzalecki (2011) provides the axiomatic foundations for multiplier preferences and connects them to a wide
5
6

It is equivalent to think of the model as populated by a single stand-in ﬁrm that produces two goods using different technologies.
This tax is needed to decentralize the efﬁcient allocation, but will otherwise play no role in the paper.
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range of other representations of uncertainty-averse preferences. A household who desires robustness solves the minmax
problem:
9
8

1 
d 1r
n
>
>
>
>
½ockT þ ð1oÞckN 1=k  1d h
þb
=
<
1r
vðb,B,z,g,rÞ ¼ 0max min

h
i
0 >
m
>

0
b ,cT ,cN ,h
>
;
:  Ep m0 vðb ,B0 ,z0 ,g 0 ,r 0 Þ 1B m0 logðm0 Þz,g,r >
where m0 is the increment to the probability distortion M and
M 0 ¼ m0 M,
E½M9z,g,r ¼ 1:
Note that M is not a state variable in the recursive problem because the value function is homogeneous of degree 1 in M,
meaning it can be dropped. The parameter B r 0 governs the strength of the demand for robustness and Ep is the standard
expectation operator with respect to the empirical density p. As shown in the working paper version (Young, 2012) and in
Backus et al. (2005), solving the minimization yields the utility recursion:
9
8

1r
>
>
>
>
>
> 1 ½ock þð1oÞck 1=k 1hd
>
>
=
< 1r
T
N
d
:
ð17Þ
vðb,B,z,g,rÞ ¼ 0max
n
>
>
b ,cT ,cN ,h>
b
>
0 0 0 0 0
>
>
þ
logðE
½expð
B
vðb
,B
,z
,g
,r
ÞÞ9z,g,rÞ
>
>
p
;
:

B

The essence of the robustness demand is that agents worry that their probability model of the shocks – taken here to be
the true data-generating process – is misspeciﬁed in a way that is difﬁcult to detect; speciﬁcally, they worry about
alternative distributions that are absolutely continuous with respect to the true distribution over ﬁnite samples.7 In this
paper I assume the shocks follow ﬁnite-state Markov chains, so agents’ fears will distort the transition probabilities but not
the realizations of the shocks.
2.5. Recursive competitive equilibrium
Denote the state vector by S  ðB,z,g,rÞ. Given a policy function for taxes cðSÞ, a recursive competitive equilibrium in this
model is then characterized as a solution to the system of functional equations:
FðSÞ ¼ 0;

ð18Þ

a complete statement of the equations is contained in the working paper version (Young, 2012), as well as the tricks
involved in converting the complementary slackness conditions into equations.8 The equilibrium value function is deﬁned
as VðB,z,g,rÞ  vðB,B,z,g,rÞ.
I now highlight the critical equations for understanding the mechanisms in the model. Under model uncertainty, the
expectation of future marginal utility is distorted by the ratio
expðBVðS0 ÞÞ
,
Ep ½expðBVðS0 ÞÞ9S
which means that states in which continuation utility is low are given more weight relative to those in which continuation
utility is high. Deﬁning
pðz0 ,g 0 ,r 0 9z,g,rÞ 

expðBVðB0 ,z0 ,g 0 ,r 0 ÞÞ
pðz0 ,g 0 ,r0 9z,g,rÞ,
Ep ½expðBVðB0 ,z0 ,g 0 ,r 0 ÞÞ9z,g,r

the Euler equation can be rewritten as

lðSÞ
mðSÞ
¼ bEp ½lðS0 ðB,z,g,rÞÞ9S þ
:
1þr
1 þr

ð19Þ

As B-0 pðz0 ,g 0 ,r 0 9z,g,rÞ-pðz0 ,g 0 ,r 0 9z,g,rÞ, so that the agent’s probability distribution is not distorted. It is easy to understand
which values of z and g the household views as unfavorable – low ones – but the values of r which are unfavorable depend
critically on B0 ; if the household is currently indebted, high realizations of r are bad. In the parametrization considered
here, the ergodic set will not place any mass on positive net foreign asset positions.
The other critical equation is
u3 ðSÞ ¼ wðSÞðlðSÞ þ jmðSÞÞ,

ð20Þ

7
A measure n is said to be absolutely continuous with respect to the measure m if nðAÞ ¼ 0 for each set A with mðAÞ ¼ 0; that is, two measures are
absolutely continuous if they have the same zero-probability events.
8
Existence and uniqueness of solutions is an outstanding question, but it lies well beyond my goals here.
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where u3 is the derivative of the utility function with respect to hours. This condition sets the marginal cost of labor supply
equal to the marginal value of labor; a discussion of these two equations and how they illuminate the effects of a binding
constraint are contained in the next subsection.
2.5.1. The effect of a binding constraint
The crucial equations are (20) and (19), the intratemporal tradeoff between consumption and labor and the
intertemporal Euler equation. Consider ﬁrst the static condition (20); if the constraint is not binding (m ¼ 0), then the
marginal rate of substitution between tradable consumption and leisure is equated to the wage. If m 40, however,
the marginal utility from consumption will be too low, implying that total labor effort will be excessively high in this
region. To see this, let
b 
m

mðSÞ

½oC kT þ ð1oÞC kN 1=k 1dðHT þ HN Þd

r

ð21Þ

be the multiplier on the collateral constraint normalized by marginal utility. Then (21) can be rearranged to obtain

1=ðd1Þ
@C
bj
þm
w1=ðd1Þ :
ð22Þ
HT þHN ¼
@C T
b , so that a binding constraint implies high labor effort; with the utility function
The right-hand-side is increasing in m
employed here low leisure means low aggregate consumption.
Now consider the Euler equation (19). For notational simplicity ignore model uncertainty, so that the Euler equation
(19) becomes

lðSÞ
mðSÞ
¼ b expðg rÞEp ½lðS0 ðSÞÞ9S þ
:
1 þr
1þr

ð23Þ

A binding constraint implies that the marginal utility of tradable consumption today is too high relative to the
unconstrained case, so that tradable consumption is low; with complementarity between CT and CN, nontradable
consumption will also be low. The Euler equation also identiﬁes the role of model uncertainty with respect to policy;
model uncertainty alters the RHS of (23) by replacing Ep with Ep, increasing the RHS as it places more weight on states in
which lt þ 1 is large.
These two conditions identify the margins along which policy can improve allocations. In (21), the government can
potentially counteract the effects of the constraint by altering the (after-tax) wage; one method for moving the wage is
to alter the relative price of nontradables through tN (or tT ). In (23) the government can alter the marginal utility of
tradable goods today using tB (again, also tT ).
There is a third important equation where policy can play a role, although it is an indirect one. In equilibrium, a
household must be indifferent as to the sectoral allocation of her labor; that is, the marginal products of labor must be
equated across sectors:

a expðzÞHTa1 ¼ ypN AHNy1 :

ð24Þ

When the constraint binds, tradable and nontradable consumptions are not efﬁciently allocated; by extension, labor
supply is not efﬁciently allocated either. The government can use tT and tN to correct this imbalance by shifting the
relative price of nontradables or use tD to directly alter the labor allocation.
2.6. Government problem
If the government has a sufﬁciently rich set of policy tools, the allocation chosen by the government satisﬁes a
particular notion of constrained efﬁciency. Thus, to compute the model I follow Benigno et al. (20011a) and formulate a
constrained-efﬁcient social planning problem:
9
8
>
>
=
< uðC T ,C N ,HT þHN Þ
P
b
ð25Þ
V ðB,z,g,rÞ ¼ max
P 0 0 0 0
expðgð1
r
ÞÞlogðE½expð
B
V
ðB
,z
,g
,r
ÞÞ9z,g,rÞ
þ
>
>
cp :
;
B
subject to the resource constraints, the borrowing constraint, and the pricing equation:
pN ¼

u1
,
u2

ð26Þ

where ui is the derivative of the period utility function with respect to argument i. Following Bianchi (2010), I can
construct the taxes that implement this allocation as a competitive equilibrium.
When the set of policy tools is restricted (say to just tB and tN ) and the government is assumed to be unable to commit
to future taxes, one gets a problem similar to that in Klein et al. (2008). In this case, the current policymaker solves the
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problem

9
8
1
>
>
k
k 1=k 1
d 1r
>
>
>
>
ð½
o
C
þ
ð1
o
ÞC


ðH
þ
H
Þ
Þ
T
N
T
N
=
< 1r
d
WðB,z,g,rÞ ¼ max
>
b
cp , cg >
0 0 0 0
>
>
>
;
: þ expðgð1rÞÞlogðEp ½expðsWðB ,z ,g ,r ÞÞ9z,g,rÞ >

ð27Þ

s

subject to the conditions for a competitive equilibrium (18),where cg ¼ ðtT , tN , tB Þ is the vector of policy tools and
cp ¼ ðC T ,C N ,HT ,HN , l, m,B0 ,V,pN Þ is the vector of competitive equilibrium objects. Note that the government may have a
different preference parameter for robustness (s) than the private sector does (B)
In the government problem, if tN o 0 then the government is subsidizing the consumption (and therefore also the
production) of nontraded goods; of course, the same holds for tT . More subtly, if tB o 0 the government is taxing new debt.
To see why, consider a lending market in which the domestic household is issuing one new bond. In exchange for the new
bond, which is a promise to repay one unit of tradable output tomorrow, the household receives ð1tB Þ=ð1 þ rÞ units of
tradable output today (ignoring the normalization); therefore, if tB 40 the household receives fewer resources today in
exchange for the same amount of promised repayment. That is, the government is taxing the new issue.
0
Note that the Euler equation (23) contains future control variables (l and the continuation value function) which the current
government must take as given (as a function of future states); a Markov perfect equilibrium results when the current
government chooses the same functions today as are taken as given for tomorrow. Note also that the presence of the
occasionally binding constraint means that, in general, the policy functions are continuous but not differentiable; as a result, the
smooth equilibrium of Klein et al. (2008) does not exist, so I look for equilibria in which the functions are only required to be
continuous.9 The Online Appendix contains a discussion of the computational method used to solve the government problem.
A formal deﬁnition for the optimal policy equilibrium will now be given; for notational simplicity I use the ‘‘compact’’
deﬁnition deﬁned in Klein et al. (2008). The ‘‘noncompact’’ deﬁnition involves indexing the competitive equilibrium by
taxes today given tax functions for the future. Hopefully omitting a formal statement of this equilibrium does not leave the
reader too confused.
Deﬁnition 1. A Markov-perfect equilibrium for the government is (i) a government value function W : B  Z  G  R-R,
(ii) policy functions cg : B  Z  G  R-R2 , and (iii) equilibrium functions cp : B  Z  G  R-R9 such that ðW, cg , cp Þ
satisfy the recursion (27) and the competitive equilibrium conditions (18).
Essentially, a Markov-perfect equilibrium requires that the government’s choices for cp be consistent with an
equilibrium when policies are set using cg ; because the government takes the future functions ðl,VÞðB0 ,z0 ,g 0 ,r 0 Þ as ﬁxed,
the Markov-perfect requirement bites by requiring that the government ﬁnd it optimal today to use the same functions it
takes as given for tomorrow.
2.6.1. The meaning of s o0
Because it plays an important role in the paper, I want to discuss explicitly how one should interpret s o 0 when B ¼ 0
and when B o 0. If B ¼ 0, private agents do not face any model uncertainty; that is, they accept the objective probability
distribution at face value. But if s o 0, the government does not; in effect, the government distrusts its model of the
household’s expectations. In contrast, when I consider B ¼ s o0, I am considering a case where the households distrust the
model but the government trusts its model of household expectations. If both are negative but not equal, one would
interpret the resulting environment as a combination of both forces—households distrust the probability model and the
government distrusts its own model of the households’ model.
2.7. Welfare
I calculate the welfare change of a given set of policy instruments relative to the competitive equilibrium with zero
taxes. The percent increase in tradable consumption that makes an agent in the no-tax competitive equilibrium unwilling
to move to the equilibrium of the policy game is given by the solution wðB,z,g,rÞ to the following equation:
VðB,z,g,rÞ ¼ V n ðB,z,g,r; wðB,z,g,rÞÞ,
where
V n ðB,z,g,r; wÞ ¼ uðð1 þ wÞC T ,C N ,HÞ þ

b

B

expðgð1rÞÞ½logðEp ½expðBV n ðB0 ,z0 ,g 0 ,r 0 ; wÞÞ9z,g,rÞ;

ð28Þ

the decision rules are evaluated using the competitive equilibrium functions with no taxes. This policy measure therefore takes
into account any transient dynamics associated with moving toward the stationary distribution of the optimal tax allocation.
9
If the equilibrium for a ﬁnite horizon is unique, then my method selects the unique inﬁnite horizon equilibrium that is the limit of these ﬁnite
horizon equilibria. Other equilibria that cannot be reached as the limit of ﬁnite horizon equilibria may exist; see Klein et al. (2008) for related examples of
multiplicity. Jeanne and Korinek (2011a) discuss multiplicity of the ﬁnite horizon equilibria in a simple, but related, model. Multiple equilibria for a ﬁnite
horizon can arise in this model if k is close enough to 1 (meaning CT and CN are very close substitutes).
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If saB the equilibrium policies chosen by the government may not improve welfare, at least not as measured using the
agent’s subjective utility function; in addition, if the government does not have a full set of policy tools, even if s ¼ B the
allocation with policy may not dominate doing nothing (because doing nothing may not be an equilibrium). Average
welfare changes are computed by integrating w with respect to the stationary distribution from the competitive
equilibrium.
3. Parametrization
I do not attempt to calibrate the robustness parameters. The detection error probability approach – advocated in
Hansen and Sargent (2007) – is too computationally costly given the nonlinearities inherent in the model. Therefore, I will
roughly calibrate the other parameters of the model and examine how changes in B and s affect the allocations.
I set r ¼ 1 (logarithmic preferences) and d ¼ 1:75 (a Frisch elasticity of 1.5). a ¼ y ¼ 0:66 is used to ensure that labor’s
share of income is consistent with Gollin (2002). k ¼ 0:32 ensures an elasticity of substitution consistent with Mendoza
(2002). I assume
zt ¼ 0:690zt1 þ0:0083ezt ,
g t ¼ 0:524g t1 þ 0:0138egt ,

ez  Nð0; 1Þ,
eg  Nð0; 1Þ,
and approximate each process as a Markov chain with 7 and 9 states, respectively, using the procedure from Rouwenhorst
(2005); these processes do a reasonable job matching the volatility of output and consumption growth (although
consumption growth is a bit more volatile than in Mexican data).10 The parameters for these processes, as well as
b ¼ 0:965, j ¼ 1:6667, and o ¼ 0:350, generate a debt/income ratio of  36%, a frequency of Sudden Stops (deﬁned as a
period in which a reduction in debt exceeds two standard deviations and the constraint is strictly binding) of 2.1%, and a
ratio of nontradable to tradable consumption of 1.66.
The interest rate follows a two-state Markov chain with realizations fr 1 ,r 2 g and transition matrix Pr , where
r 1 ¼ 1:0548,
r 2 ¼ 1:144
(both annualized) and


0:993 0:007
Pr ¼
:
0:333 0:667
Interest rate shocks therefore occur roughly 2% of the time in the stationary distribution, and last on average 1.5
quarters.11 Table 1 summarizes the parameters for the benchmark model.
The model’s predictions are insensitive to the parameters that are chosen; for example, I can vary the frequency of
Sudden Stops, the size of the nontraded sector relative to the traded sector, the average level of debt (provided it remains
everywhere negative), the elasticity of substitution between traded and nontraded goods, and the elasticity of labor supply
signiﬁcantly without changing them qualitatively (or quantitatively to any important degree).12
4. Results
The results section is divided into two main parts. First, I compare competitive equilibrium allocations with and
without model uncertainty; that is, I compare B ¼ 0 with B o0. Second, I compare allocations with and without model
uncertainty that solve the constrained social planning problem (25); here I consider cases where B ¼ 0 but s o0 and where
B ¼ s ¼ 0.
4.1. Competitive equilibrium
In this section, all taxes are assumed to be zero in all states.
10
I use more points for g because it generates more nonlinearity in the model. The answers are insensitive to increasing the number of points in each
Markov process, but not to approximating the model using a different method.
11
These two values are the average interest rate in Mexico in ‘‘normal’’ times and in the four quarters surrounding the Tequila crisis.
12
Provided the static equilibrium remains unique, at least; thus, I do not consider values of k that imply cT and cN are close substitutes.
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Table 1
Calibrated parameter values.

b

j

o

k

a

y

d

0.965

1.667

0.350

0:32

0.66

0.66

1.75

−1.1
o

45

−1.15
−1.2
−1.25

B (t+1)

−1.3
−1.35
B

C

−1.4
−1.45

A

−1.5
−1.55
−1.6
−1.6 −1.55 −1.5 −1.45 −1.4 −1.35 −1.3 −1.25 −1.2 −1.15 −1.1
B (t)
Fig. 3. Law of motion for debt B(t), solid line, Bðt þ 1Þ; dashed line, borrowing constraint.

4.1.1. Rational expectations
I begin with the basic model where B ¼ 0, so that private agents trust their model of the stochastic process. To give
the reader some intuition about how the model works, Fig. 3 shows the process of a Sudden Stop. The solid lines are the
equilibrium functions for B0 for ﬁxed values of the exogenous states; speciﬁcally, for the highest and lowest values of z, given
the mean value of g and the low value for r. The dashed lines are the collateral constraints for these shock values; where the
dashed line disappears into the solid line is where the constraint begins to bind. Note ﬁrst that both decision rules lie below the
451 line when the constraint is not binding; because bð1 þrÞ o1, the agent would like to bring consumption forward in time
and accumulate debt. At low values of z the household wants to borrow more than at high z values, for standard consumptionsmoothing purposes. However, the collateral constraint for the low z state is tighter than for the high z state, implying that the
household cannot do so indeﬁnitely. Thus, a more indebted economy may actually have higher productivity.
To understand the dynamics of a Sudden Stop, suppose the economy has reached point A (it has received the highest z value
for a very long time). Now suppose there is a negative shock; for the ease of presentation, this shock consists of a shift from the
highest to the lowest value of z, but the intuition holds for smaller changes. The economy shifts to the ‘Low z’ decision rule, forcing
debt to contract immediately to point B. If this contraction is large enough – that is, if the decision rules are sufﬁciently far apart
at A – then the economy experiences a crisis event (remember that a sudden stop is deﬁned as a reduction in debt that exceeds
two standard deviations). If the economy remains in the low productivity state indeﬁnitely, it will converge to point C.
To give the reader further insight into the effects of a binding constraint, Fig. 4 plots the key endogenous variables
(tradable and nontradable labor supply, tradable consumption, and the price of nontraded goods). The kinks correspond to
the debt level (for the given shock values) at which the constraint begins to bind. As the economy approaches a debt level
at which the constraint will bind, labor in the nontraded sector is falling (due to a decline in pN) and labor in the traded
sector is rising. But when the constraint binds, labor effort in both sectors rise due to an incentive to shift the constraint
outward; the result is a large drop in the relative price of nontraded goods. The drop in pN enters into the collateral
constraint and causes it to become tighter, setting off a debt-deﬂation mechanism (because debt is denominated in
tradables, the drop in pN actually raises the value of the existing debt).
4.1.2. Model uncertainty
I now set B o0, introducing model uncertainty on the part of households. To make the comparisons as transparent as
possible, I consider two different parameter settings. First, I hold b ﬁxed and simply decrease B to  5; as noted elsewhere,
in this model a decrease in B is equivalent to an increase in risk aversion, so the debt distribution can shift signiﬁcantly and
complicate comparisons. With this effect in mind, I also set B ¼ 15 and recalibrate b ¼ 0:88 to equate the average debt-toincome ratios across the two allocations.
Fig. 5 shows the ergodic sets from the three different settings. As is clear, the direct effect of decreasing B is to increase
precautionary saving – the ergodic set of debt levels shifts far to the right and becomes very symmetric. The symmetry
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Fig. 4. Nontraded price pN, traded labor supply HT, nontraded labor supply HN, and traded consumption CT. Solid line, competitive equilibrium; dashed
line, social planning allocation.

arises because the constraint plays no role in this economy; the region where it might bind is far outside the ergodic set. As
noted in Hansen et al. (1999), increasing the demand for robustness is equivalent to increasing the discount factor.13 Since
the model economy with B ¼ 5 does not display any important role for policy, I will concentrate the rest of this section on
comparing the other two allocations. Even with the reduction in b the effect of B ¼ 15 is still evident in the ﬁgure; the
ergodic distribution is shifted a bit to the right and is noticeably more symmetric than the one with rational expectations.
While not obvious from the ﬁgure, the debt-to-income ratios in the two economies are identical; what has happened is
that labor supply has also changed, resulting in both less debt and less income and keeping the ratio constant.
Fig. 6 compares the laws of motion for debt for these two economies. Relative to rational expectations, the robust
environment has (for this particular constellation of shocks) a ﬂatter decision rule for B0 and a steeper constraint (the
dashed lines); with RE this set of shocks has the constraint binding essentially at the 451 line, while the robust control
economy has the constraint binding past any debt level that would be chosen. The ﬂatter decision rule is caused by a desire
on the part of households to ‘‘make hay while the sun shines’’ (as noted in van der Ploeg, 1993); that is, consumption (both
today and in the future) responds more strongly to changes in income under robustness.
Fig. 7 compares the ergodic set of debt levels in equilibrium to those in the worst-case scenario described by the probability
distribution p; the calculation of the worst-case distribution is described in the Appendix. The worst-case distribution has
several important differences from the objective distribution: it has a lower mean debt level (1.38 vs.  1.35), a lower
standard deviation (0.9% vs. 2.2%), and has signiﬁcant left-skew. These differences arise because the agents in the economy
distort the probabilities by adding correlation; speciﬁcally, the shocks in the worst-case scenario have positive correlation

13
This equivalence is exact for linear-quadratic economies; Tallarini (2000) shows a similar equivalence between increasing B and increasing risk
aversion.
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Fig. 5. Ergodic distribution of debt B(t), competitive equilibrium allocation. Solid line, standard preferences; dashed line, robustness with unchanged b;
dotted line, robustness with recalibrated b.
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Fig. 6. Law of motion for debt B(t), solid line, Bðt þ 1Þ; dashed line, borrowing constraint.

between z and g and negative correlation between r and both z and g. While the correlations are small, the effect on the
distribution is noticeable; furthermore, a formal test of the stochastic processes along the lines suggested by Hansen and
Sargent (2007) via detection error probabilities would ﬁnd it very difﬁcult to distinguish the two distributions.
4.2. Constrained-efﬁcient allocations
In this subsection I solve the government problem. As noted already, in this case I can solve the government problem by
computing the solution to a constrained-efﬁcient social planning problem and then construct the tax policies that
implement this allocation as a competitive equilibrium, as in Bianchi (2010). The implementation is not necessarily
unique, but the allocation is (because the planning problem has a unique solution).
4.2.1. Rational expectations
First, I present a proposition that describes the taxes that implement the solution to the government problem. The proof
of this proposition is straightforward from a comparison of the optimality conditions for the competitive equilibrium and
the social planner and is omitted.14
14

A related result can be found in Bianchi (2010), and the proof follows that approach.
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Proposition 1. The taxes that decentralize the constrained-efﬁcient allocation are

tTt ¼

y
1o k1 k
lSP
1t mt j expðg t ÞAHNt ð1kÞ o c Nt c Tt
1
CE
lt

ð29Þ

tNt ¼

y
1o k2 1k
lSP
2t mt j expðg t ÞAHNt ðk1Þ o c Nt cTt
1
CE SP
lt pNt

ð30Þ

SP
SP
lSP
1t bð1þ Rt ÞEt ½l1t þ 1 lt þ 1 
CE
lt

ð31Þ

lSP
1t
lCE
t

ð32Þ

tBt ¼ 1

tLt ¼ 1

tDt ¼

lSP
2t þ jmt
1
lSP
1t þ jmt

ð33Þ

where SP denotes a variable from the constrained-efﬁcient allocation and CE from the competitive equilibrium.
Fig. 8 plots the functions for tN and tB for a representative parametrization. The government uses the nontraded
consumption tax only when the constraint binds, and only uses tB signiﬁcantly in that region as well. Benigno et al. (20011a)
show that in the constrained-efﬁcient allocation the price of nontradables rises when the constraint binds, which is exactly
opposite from that found in the competitive equilibrium. It is this feature that drives the behavior of the government here – it
will strongly subsidize nontraded consumption via tN in order to eliminate the debt-deﬂation mechanism, and then use tB to
eliminate the excessive borrowing that a high price for nontradables would otherwise encourage (because CT and CN are
complements).15 The ﬁgure presents clearly the debate over prudential vs. mopping up policies – taxes in the region where
the constraint is nonbinding are small but increase signiﬁcantly when the constraint does bind.
4.2.2. Model uncertainty
Because the problem under unrestricted taxes is equivalent to a social planning problem, whether the household faces
model uncertainty or not is relevant only to the welfare calculations of moving to the constrained-efﬁcient allocation (and
the taxes that are needed to implement it); unlike the restricted tax case I consider brieﬂy below, the allocation itself does
not depend on B. However, I will present the welfare effects of moving from the competitive equilibrium with and without
model uncertainty.
15
The choppiness in the plot for tB when s ¼ 15 is due to problems accurately interpolating the ratio of marginal utilities (which are highly
nonlinear); smoothing it by using a much larger number of gridpoints has no effect on the results.
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It turns out that pN behaves under model uncertainty (s ¼ 15) very similar to the case where s ¼ 0 (recall that for
allocations it does not matter whether the private sector shares the model uncertainty of the government or not). Thus, the
main intuition regarding the behavior of the government derived in Benigno et al. (20011a) goes through unchanged.
The reason that the presence of model uncertainty does not change the main distortion is that the distortion is primarily static
– it is a misalignment of the current value of tradable vs. nontradable consumption and therefore pN – and model uncertainty
operates primarily through the dynamic relationship between consumption over time. However, indirectly the desire for
robustness could have strong effects, since precautionary saving effects can operate through the labor supply channel.
Based on the previous two paragraphs, one might conclude that model uncertainty is largely irrelevant for the study of
models of Sudden Stops. That conclusion would be premature, because the welfare effects of optimal policies will be
signiﬁcantly altered. Fig. 9 presents the welfare functions generated by moving from the CE allocation to the OP allocation
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for two cases – one where s ¼ 15 but B ¼ 0 and one where s ¼ B ¼ 15; in the ﬁrst case, the government is assumed to
distrust its model of household expectations, whereas in the second the household distrusts its own model and the
government is conﬁdent that it knows what the household thinks. What is remarkable is the difference in welfare costs – a
government that does not trust that the private agent expectations are rational imposes a welfare loss of 16% on
average! Even in the second case the difference is signiﬁcant – the welfare gain from optimal policy with robustness can be
over three times as large as under rational expectations, and the gap is increasing in the current stock of debt.
The welfare functions also have different slopes. For the two cases where the government and the private agents either
both ignore model uncertainty or the government is certain what private sector agents believe, the more debt the economy
has the higher the welfare gain from imposing the optimal tax system; this result is easy to understand, because the more
debt the economy has the more likely a bad shock will result in a Sudden Stop due to a suddenly binding constraint. For
the case where the government is unsure about the private expectations but private agents fully trust their model, the
welfare gains can be nonmonotonic in current debt, but generally slope upward – with more debt, the economy needs to
accumulate more precautionary balances and this accumulation is costly in terms of current consumption.
Similarly, the situation regarding the values of the shocks differs across the two cases. When the government trusts its
model of household expectations higher values of z generate smaller welfare gains, as again the key is the extent to which
the economy is exposed to a potentially binding constraint; with a high z the constraint is less likely to bind in the near
future since z is persistent and resources are abundant. In contrast, when the government is uncertain about private
expectations the welfare loss for large debt levels is larger when z is high.
Fig. 10 presents the average welfare cost for two different values of b across a range of values for s. As noted above, the
welfare losses associated with sa0 can be signiﬁcant, and are larger for the larger value of b (for large values of s the high
b case is numerically unstable and is not computed, which explains why the curve is truncated for this case). Welfare gains
are negligible for the high b case even if s ¼ B ¼ 0, but can be signiﬁcant if b is low; however, given that B ¼ 0 the relevant
line is the high b one. As also noted above, the changes in the stochastic probabilities are extremely small even for s ¼ 15.
Given the high cost of having a robust decision rule for the government, it is useful to understand what the government
fears about private expectations. As noted above, the worst-case distributions for this model involve a positive correlation
between the productivity shocks and a negative correlation between those shocks and r. Fig. 7 shows the ergodic
distribution of debt for s ¼ 15 compared to the ‘‘worst-case’’ distribution; the worst-case distribution is the one that
would result if the transition probabilities were given by p instead of p. The worst-case distribution has been shifted far to
the left relative to the equilibrium one and is skewed left in addition, reﬂecting the fact that in the worst-case distribution
the constraint would bind frequently.
Finally, I note that Fig. 8 shows that prudential policies are active only when s ¼ 15, and only for the tax on new debt
(the other taxes, which are not plotted to conserve space, are also inactive when the constraint is not binding). The
intuition is straightforward – from the government’s perspective households are not saving enough, so it taxes new debt in
regions where the constraint may bind. But given the large welfare losses associated with this system of taxes, this result
does not seem like one that advocates of prudential intervention would want to use.
5. Discussion
Here I want to make some comments on the robustness of the results that are discussed above. For brevity, and to avoid
repeating myself, I do not formally present any of the results discussed here; some can be found in Benigno et al. (2011b)
for the rational expectations case, and all are available upon request from the author.
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Fig. 10. Welfare gain/loss functions as a fraction of traded consumption CT. Solid line, b ﬁxed; dashed line, b recalibrated.
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5.1. Lump-sum taxation
First, the results are robust to eliminating the ability of the government to use lump-sum taxation; it turns out that the
tax system roughly balances revenues and expenditures, so that the presence of a lump-sum tax does not matter. The
intuition for this result is not clear, since the taxes used in decentralizing the constrained-efﬁcient allocation depend on
the strength of various distortions, and these distortions need not add up to zero, but the result is very robust numerically.
5.2. Denomination
Second, the results are also robust to the debt-denomination assumption. If I make the assumption that debt is
denominated in nontradable goods, the budget constraint is changed to
ð1 þ tT,t ÞcT,t þ ð1 þ tN,t ÞpN,t cN,t þ

ð1 þ tB,t Þbt þ 1
rbt þ ð1tL,t Þwt ht þ Dt þ T t
1 þr t

ð34Þ

and the collateral constraint becomes
bt þ 1
Z jðwt ht þ Dt Þ:
1 þ rt

ð35Þ

The results from the model are largely unchanged, except that the welfare gains are signiﬁcantly reduced for all cases. The
reason this reduction occurs is that there are large welfare gains of moving from tradable-denominated debt to
nontradable-denominated debt (on the order of 1.2% for the benchmark rational expectations economy), and this change
also reduces the Sudden Stop dynamics (as the nontraded price falls so does the face value of debt). Thus, there is less for
the government to correct, and the resulting welfare gains are dramatically reduced.
5.3. Restrictions on instruments
Suppose now the government cannot use all the instruments needed; as noted previously, the allocation will now no
longer solve the constrained-efﬁcient social planner problem, but is instead a nontrivial game between the current and
future governments. To make the comparison concrete, I suppose the government cannot use tT and tL , but the points here
would hold as well if the government is restricted to any combination of two instruments.16
The crucial difference between the unrestricted and restricted cases is that B ¼ 0 affects the allocation; that is, it matters
for outcomes, and not just welfare that private households do not face model uncertainty. The reason this result arises is
that the Euler equation (23) is now a relevant constraint, as the government can only implement allocations that respect
how agents tradeoff consumption across time. From the government’s perspective, private agents are not saving enough;
effectively, the government is more risk averse than households, and wants additional precautionary balances. To achieve
this goal, the government will use tB to tax debt even if the constraint is not currently binding; since tN is primarily useful for
correcting the misallocation of labor supply, it is not used unless the constraint is binding. The resulting equilibrium has
m ¼ 0 in every state.
As a result, the ergodic set for B is shifted far to the right (debt is reduced), similar to the unrestricted case. Of course,
this extra precautionary saving must come from consumption and leisure, so the economy will experience welfare losses
as it transitions to the new ergodic set. The average welfare loss is now 2.33%; as a comparison, the welfare gain from the
optimal policy in the benchmark economy is only 0.09%. The lesson here is that restricting the government’s options may
be valuable if it cannot trust its own model of household expectations (remember the welfare loss from the unrestricted
case was 16%); this result runs counter to that in Dennis (2010), where being robust improves performance in a standard
New Keynesian model, and may arise from differences in the objective criteria.
6. Conclusion
This paper explored robust policymaking in models with Sudden Stops – declines in aggregate activity exacerbated by a
binding collateral constraint – in an emerging market economy. Obviously, this paper is just a ﬁrst step and is unsuited for
making actual policy advice. A number of extensions would be natural, including the introduction of monetary factors
(including nominal rigidities), physical capital, and sovereign default, although each poses signiﬁcant computational
challenges. Deriving the collateral constraint from formal microeconomic principles and endogenizing the interest rate
also seem like important directions to proceed, perhaps by formally modeling the ‘‘rest of the world’’ lender.17
To conclude I will simply point out some challenges associated with these extensions. Benigno et al. (2011c) investigate
the role of optimal monetary policy in a model similar to the one used here, but uses a three-period environment for
tractability reasons. The primary obstacle for adding either nominal rigidities or capital is that the two-dimensional state
16

See Benigno et al. (2011b) for details.
Preliminary calculations using a patient, large country that simply imposes the collateral constraint (4) show counterfactual behavior of the
interest rate when the constraint binds; speciﬁcally, the real interest rate collapses during a crisis, rather than rising.
17
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space makes the optimal policy problem exceptionally difﬁcult; preserving the shape of the value function is not easy to do
in more than one dimension, and the algorithm relies critically on that shape. Sovereign default introduces nonconvexities,
rendering the computation of the competitive equilibrium more challenging.
Exploring the role of commitment is also important, although extremely difﬁcult from a computational perspective.
Benigno et al. (2011b) contain a brief discussion of how commitment matters in this context; here, I have avoided
discussing the role of commitment by assuming that the government has enough tools to solve a standard dynamic
programming problem – how to study commitment in the restricted policy case is unclear. Computationally, an extension
using the multiplier method of Marcet and Marimon (2011) seems straightforward, but preliminary investigations have
revealed that the domain of the multiplier state is difﬁcult to characterize.
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