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Abstract

We study optimal policy in a small-open economy in which a foreign borrowing constraint

binds occasionally. The objective of the paper is to develop an optimal policy rule for both

crisis periods when the borrowing constraints binds, and for periods of relative tranquility

away from the crisis. Our approach to optimal policy allows us to determins the extent to

which the optimal policy has a precautionary component. That is, should the government

intervene before the constraint actually binds? In the model, the policy instrument is a

distortionary tax on consumption of non-tradable goods. The tax affects the relative price

of nontradable goods and is interpreted as an intervention to sustain the real exchange rate.

We find that the optimal policy is highly nonlinear. If the constraint is not binding, the

optimal tax rate is zero, as in an economy without a credit constraint, and hence there is

no exchange rate intervention. Therefore there is no precautionary component to policy. If

the constraint is binding, the optimal policy is to intervene aggressively by subsidizing the

consumption of non-tradable goods. The welfare gains associated with such a policy are

significant, and come about by both inducing lower self-insurance on the part of the private

sector and alleviating the constraint when it does bind.
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1 Introduction

Emerging market countries have experienced periodic crises that cause significant economic

dislocation. These episodes, labeled “sudden stops” (Calvo, 1998), are characterized by

a sharp reversal in private capital flows, large drops in output and consumption, coupled

with large declines in asset prices and the real exchange rate. Progress has been made

in understanding optimal policy responses in models in which the economy is in a sudden

stop.1 In this paper we address the complementary issue of optimal policy for an economy

that might face a sudden stop. In doing so we solve for optimal policy both in and away

from the crisis. Our approach allows us to address a key issue related to the design of

policy in emerging markets: How much of a precautionary component should there be in the

optimal policy? That is, at what point before a possible sudden stop should the government

intervene? Should the government wait until the sudden stop strikes, or should it intervene

as the conditional probability of the crisis rises?

We model sudden stops as a situation in which an international borrowing constraint

becomes binding. The constraint in our model binds endogenously, depending on the history

of production and savings decisions, as well as an exogenous technology shock. When the

constraint does not bind the model economy exhibits normal business cycle fluctuations.

The presence of the borrowing constraint, though, leaves the economy vulnerable to the

possibility that a sequence of bad technology shocks can push the economy into the borrowing

constraint, for certain levels of foreign indebtedness. When this happens, the economy enters

a crisis period and suffers the economic dislocation typically associated with a sudden stop

episode.

To solve for optimal policy in this model we develop a global solution method. That

is, we solve simulataneously for a policy rule across all states of the world–both when the

constraint binds and when it does not. Such an approach enforces that the rule away from

the crisis periods is designed with full knowledge of what the rule will be when we enter the

1See Braggion, Christiano, Roldos (2007), Caballero and Panageas (2007), Christiano, Gust, and Roldos
(2004), Cúrdia (2007), Caballero and Krishnamurthy (2005) on the optimal (monetary) policy response to
these crisis periods.
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sudden stop. This is true for both the policy maker and the agents in the economy. This

solution method, while computationally costly, is critical for understanding the interaction

between precautionary behavior on the part of the private sector with precautionary behavior

on the part of the policy maker. The technical challenge in solving such a model is that the

constraint binds only occasionally and changes location in the state space of the model.

To our knowledge, there are no contributions on the analysis of optimal policy in an

environment where a constraint both binds occasionally and is endogenous to the decisions

in the model. The most closely related work to ours includes Durdu and Mendoza (2005)

who analyze broad alternative policy rules in a similar environment, but do not characterize

optimal policy. Adams and Billi (2006a and b) study optimal monetary policy in a closed

economy new Keynesian model in which there is zero lower bound on interest rates. Their

zero-bound constraint is fixed and does not evolve endogenously. Bordo and Jeanne (2002)

and Devereaux and Poon (2004) investigate precautionary components of optimal monetary

policy responses to asset prices and sudden stops, respectively, but not in the context of a

fully specified DSGE models.

Our endogenous borrowing credit constraint is embeded in a standard two-sector (trad-

able and non-tradable good) small open economy in which financial markets are not only

incomplete but also imperfect, as in Mendoza (2002). The asset menu is restricted to a

one period risk-free bond paying off the exogenously given foreign interest rate. In addi-

tion, we assume that access to foreign financing is constrained to a fraction of households’

total income. Foreign borrowing is denominated in units of the tradable good, while total

income serves as collateral. This specification of the borrowing constraint captures “liability

dollarization,”one of the key features of emerging market capital structure. In this class of

models, agents self insure against the low-probability but high cost possibility of a sudden

stop generated by the occasionally binding credit constraint. This is accomplished through

precautionary saving by accumulation of net foreign assets.

Our policy instrument is a tax on non-traded consumption, which can be interpreted as

an intervention on the real exchange rate. When the tax instrument is used, the government

balances its budget period-by-period with lump sum taxation. The borrowing constraint
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is on the individual level, so the agent knows that his work effort affects his income (and

hence collateral for borrowing). However, in representative agent models, the individual

takes prices (i.e. the relative price of the nontradeables and wages) as given. The worker

then does not internalize the impact of his labor supply decisions on the relative price of

nontradeables. In a sudden stop, when the relative price of the nontradedable is falling, the

worker does not internalize the fact that by working less he is further lowering this price.

Optimal policy then intervenes to counteract this externality by supporting the price of the

nontraded good.

We find that the optimal policy is highly non-linear. If the credit constraint is not

binding, optimal policy would mimic the one that would arise in an economy without a credit

constraint (a zero tax rate in our model). Therefore, there is no precautionary component

to the optimal policy. If instead the credit constraint is binding, the optimal policy is to

intervene aggressively to subsidize the price of non-tradable consumption (i.e. defend the

real exchange rate). This subsidy increases demand for nontradable goods. The worker

then receives a higher wage, which increases labor supply and by extension the supply of

nontraded goods. The increase in income, which serves as collateral for the debt, is just

enough to keep the borrowing constraint from binding.

The commitment to implement the optimal policy has significant welfare implications.

When comparing the solution of the model with and without the optimal policy agents in

the model with the optimal policy accumulate 3.4 percent more foreign liabilities than in

the economy without the optimal policy. This additional foreign borrowing allows agents to

increase consumption by saving less (i.e. accumulating more foreign debt). In essence, agents

can forgo less consumption to self insurance. In welfare terms, the gain from committing

to the optimal policy is non-trivial. The amount one would pay in consumption equivalents

to move from a world without the policy to one with the policy is about 0.2 percent of

consumption at every date and stare of the world.2 Relative to the size of the welfare gains

reported in the business cycle literature, this is a significant number. Additionally, the

2By comparison, the gain from moving from the world with the borrowing constraint to a world with no
constraint is 0.5 percent of consumption.
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welfare gain is larger for those economies with greater relative debt positions.

This paper is related to two other literatures. The first focuses on financial frictions that

may help replicate the main features of the business cycle in emerging market economies

(for example, Mendoza 1991, 2002, 2006, Neumeyer and Perri 2005 and Oviedo 2006). The

second focuses on the analysis of optimal fiscal and monetary policy in dynamic general

equilibrium models (for example, Chari and Kehoe, 1999; Schmitt-Grohé and Uribe, 2004).

While studies of emerging market business cycles can provide a realistic description of the

economic environment in which these economies operate, the question of how policy should

be set in such environments, particularly outside of the crisis period, is very much open. The

optimal fiscal and monetary policies developed in standard open economy models may not

be appropriate to provide insight on how policy should be set in the environment faced by

emerging market economies.

The rest of the paper is organized as follows. Section 2 presents analytic results from

a simple deterministic two-period model to highight the intuition for our main numerical

results. Section 3 describes a fully speficied DSGE model. Section 4 discusses its calibration

and solution. Section 5 contains the main results of the paper, characterizing the optimal

policy, discussing its working, and showing the welfare impact of the opitmal policy. Section

6 reports on the sensitivity of the results to key parameters. Section 7 concludes. Technical

details, including the numerical algorithm we use to solve the model, are in appendix.

2 Lessons from a deterministic, two-period economy

Before turning to the full model we first study a simple two-period deterministic economy

that can be solved analytically. We consider two cases: a one good economy and a two-good

economy. The objective is to illustrate the core of our optimal policy problem by comparing

the solution of the competitive economy with the planner’s solution in both cases. Doing

so provides intuition for the difference between the problem that the planner is solving and

that of the competitive equilibrium. It will also show when there will be a role for opitmal

policy to move us from the competitive equilibrium to the planners solution.
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2.1 The one-sector case

Consider a two-period, deterministic small open economy. Production takes place only in

the first period and the economy is subject to an endogenous borrowing constraint. The

household maximizes the two-period utility flow:

log c1 −
hd1
d

+ β log c2 (1)

where c1 and c2 are consumption in period 1 and 2, and h1 is period 1 labor. The household

is subject to the following period-specific budget constraints:

w1h1 + π + b1 − T = (1− τ)c1 + b2

c2 = b2(1 + r) + Y2

The wage rate in period 1 is w1, bi is the net foreign asset position in period i, π is the total

profit from owning the firm, T are lump-sum taxes, r is the net real interest rate, τ is the

distortionary subsidy (or tax) on period 1 consumption, and Y2 is the period 2 endowment

of the tradeable good. Borrowing is resticted and cannot exceed the following constraint:

b2 ≥ −
1− ϕ
ϕ

(w1h1 + π) ,

where ϕ is a parameter that governs the tightness of the borrowing constraint.3 The house-

hold solves the usual lifetime utility maximization problem subject to the two budget budget

constraints and the borrowing constraint.

The household owns the firm, which produces the good with the following production

function:

Y1 = zlα1

where z is a scale factor and l1 is the labor input. The firms’ profit maximization is static.

The firm maximizes its profits, π, by choosing the amount of labor input:

maxπ = zlα1 − w1l1.

3The borrowing costraint will be more fully explained in the full model.
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Government policy in this model is the use of a distortionary tax on consumption. The tax

can be used to subsidize the price of the consumption good. We assume that the government

runs a balanced budget rule so that the distortionary tax (subsidy) on consumption is offset

with lump sum taxes (i.e. T=τc1).

The competitive equilibrium in this economy is characterized by the first order conditions

of the household and the firm and the government budget constraint. The equilibrium

conditions for this model are straightforward to derive. (See the Technical Appendix for

a full derivation of the solution). The key equation governing the competitive equilibrium

allocations is:

hd−1
1 =

[
1

c1
− 1− ϕ

ϕ

(
1

c1(1− τ)
− 1

c2
β(1 + r)

)]
zαhα−1

1 (2)

We next turn to the problem that the planner would solve so that we can compare

the solutions. The planner maximizes the household’s utility (1) subject to the aggregate

resource constraint and the borrowing constraint. The period budget constraints are:

zhα1 + b1 = c1 + b2,

c2 = b2(1 + r),

while the borrowing constraint can be expressed as:

b2 ≥ −
1− ϕ
ϕ

zhα1 .

The key difference between the competitive equilibrium and the planners problem is that the

planner chooses quantities directly, rather than quantities being driven by price movements as

in the competitive equilibrium. Also, the planner’s problem, while respecting the borrowing

constraint, does not include a choice of taxes. An optimal policy then will be a tax rule that

equates the competitive equilibrium allocation to the allocation from the planners problem.

The solution of the planners problem (see Technical Appendix for full derivation) is given

by the following equilibrium condition:
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hd−1
1 =

[
1

c1
− 1− ϕ

ϕ

(
1

c1
− 1

c2
β(1 + r)

)]
zαhα−1

1 (3)

By comparing (2) with (3) it is evident that the two allocations will be equivalent if and

only if τ = 0, regardless of whether the borrowing constraint binds or not. That is, optimal

policy replicates the planners solution by choosing a tax rate of zero regardless of the state

of the world. In this case, the distortion imposed by the borrowing constraint cannot be

undone as the planner is unable to relax the borrowing constraint with the fiscal distortion

we are considering. Thus, the competitive allocation is constrained-efficient in this case (i.e.,

constrained by the existence of the borrowing constraint). In this one-good economy there

is no role for policy. We will see that the case with two goods is different. This result

motivates both our use of a multisector economy and our specification in the full model

that the collateral constraint be defined over total income, rather than just income from the

traded goods sector.

2.2 The two-sector case

Consider a two-sector small open economy. To keep the analysis simple, we assume that non-

tradeable goods are produced and consumed only in the first period, while tradeable goods

are endowed and consumed in both periods. Thus, the household maximizes the following

utility flow:

γ log cT1 + (1− γ) log cN1 −
hd1
d

+
1

2
β log cT2 (4)

where cT1 and cN1 are the consumption of the tradeable and non-tradeable goods in period

1, while cT2 is period 2 consumption of tradeable goods. The household is subject to the

following period budget constraints:

w1h1 + π + b1 − T = (1− τ)pN1 c
N
1 + cT1 + b2

cT2 = b2(1 + r) + Y2,
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in which pN1 denotes the relative price of non-tradeable in terms of tradeable, Y1 is the en-

dowment of tradeable goods in period 1, and distortionary taxation applies to non-tradeable

consumption. The borrowing constraint is similar to before as agents can borrow only a

fraction of the current income flow:

b2 ≥ −
1− φ
φ

(w1h1 + π) .

The first order conditions of the household becomes:

γ

cT1
= λ1,

1− γ
cN1

= λ1λ1(1− τ)pN1 ,

1

2

β

cT2
= λ2

−λ1 + λ2β(1 + r) + µ = 0,

hd−1
1 =

(
λ1 +

1− φ
φ

µ

)
w1

The firm’s problem is also similar to the one sector case, the only difference being that now

production choices are related to the non-tradeable sector: the firm maximizes profits,

π = Y1 + pN1 zh
α
1 − w1h1,

by choosing only the labour input, and its first order condition is

w1 = pN1 zαh
α−1
1 .

As before, the government budget constraint is

T = τpN1 c
N
1 .

The competitive allocation for this case is then characterized by the first order conditions of

the household and the firm, the government budget constraint, and the equilibrium condi-

tions in the tradeable and non-tradeable goods and labor markets.
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Consider the corresponding planner problem. The planner maximizes the household’s

utility (4) subject to the aggregate resource constraint, the borrowing constraint, and the

first order conditions of the competitive equilibrium by choosing τ :

cT1 + b2 = Y1 + b1

cN1 = zhα1 ,

cT2 = Y2 + b2(1 + r).

The borrowing constraint from the planner’s perspective can be written as:

b2 ≥ −
1− ϕ
ϕ

(
Y1 + pN1 z

(
lN1
)α)

,

with (1−γ)
γ

(
cT

cN

)
1

(1−τ) = pN1 , so that we can rewrite it as:

b2 ≥ −
1− ϕ
ϕ

(
Y1 +

(1− γ)

γ

cT1
(1− τ)

)
Thus, first order conditions for the competitive equilibrium become:

hd−1
1 = zαhα−1

1

1− γ
γ

cT1
cN1

1

φ(1− τ)

[
γ

(
cN1
cT1

)1−γ

uC1 − (1− φ)uC2(1 + r)β

]
,

γ

cT1
=

(1 + r)β

2cT1
, if b2 > −

1− φ
φ

(
Y1 +

1− γ
γ

cT1
1− τ

)
,

γ

cT1
≥ (1 + r)β

2cT1
, if b2 = −1− φ

φ

(
Y1 +

1− γ
γ

cT1
1− τ

)
.

Unlike in the one-sector economy, the planners problem differs from the competitive equilib-

rium because the planner internalizes the effect of varying τ on the relative price pN1 , while

agents take pN1 as given in the competitive equilibrium.

It is easy to see that if the economy is at a competitive equilibrium in which the collateral

constraint is not binding and τ = 0, then τ = 0 is optimal from the planner’s perspective as

well.

We now focus on the case in which the constraint is binding and analyze the properties

of the optimal policy problem. Without loss of generality, assume that r = 0 and β = 1 and,
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φ = 1/2, and normalize z = 1. Then note first that, under this parametrization, the credit

constraint is slack (i.e, cT1 = 2γcT2 ) at the competitive equilibrium under τ = 0 if and only

if4

b1 ≥ −
4Y1 + (2− 4γ)Y2

3− 2γ
≡ b1∗. (5)

Note in addition that, if condition (5) is violated (i.e., the credit constraint is not slack),

there is always a τ∗ > 0 such that for τ ∈ [τ∗, 1) there is one solution of the problem,

not necessarily the optimal solution, such that the credit constraint holds with slack and

cT1 = 2γcT2 . In fact, if condition (5) is violated, from the credit constraint we have:

b2 + Y1 +
1− γ
γ

cT1
1− τ ≥ 0.

It is thus evident that for sufficiently large τ this last inequality always holds and there is

always a value of the subsidy that can make the constraint slack so that cT1 = 2γcT2 . The

smallest value of τ (i.e., the smallest subsidy) for which the credit constraint holds with

equality is

τ∗ = 1− 2(1− γ)(Y1 + Y2 + b1)

2γ(Y2 − Y1)− (2Y1 + b1)
.

In addition, utility is decreasing in τ , as τ gets further away from 0.

Consider now the case in which the credit constraint is binding and the allocation satisfies

2γcT2 > cT1 . It is possible to show that the boundary value of τ for which the condition

2γcT2 ≥ cT1 holds is the same as τ∗ above. Notice however that, in the case in which the

constraint is not slack, the feasible set of τ may include the negative region (taxation instead

4Suppose first the credit constraint is slack (i.e, cT1 = 2γcT2 ), we have

b2 =
Y1 + Y2 + b1

1 + 2γ
− Y2.

Substituting this back into the credit constraint and setting τ = 0, we get (5). Suppose now condition (5) is
violated (at τ = 0 and with Y1 + b1 + Y2 ≥ 0). The credit constraint can be rewritten as

Y1 + Y2 + b1
1 + 2γ

− Y2 + Y1 +
1− γ
γ

2γ
1 + 2γ

(Y1 + Y2 + b1) ≥ 0.

It is straightforward to see that the left hand side is no less than 0 if and only if b1 ≥ b∗.

10



of subsidy) for some values for the endowments Y1 + Y2 + b1. Specifically, there are two

subcases for the feasible region of τ , depending on the value of b1 relative to the endowments

and the value of γ :

1. If −(Y1 + Y2) ≤ b1 ≤ −2Y1 and γ ∈ (1/2, 1) or −(Y1 + Y2) ≤ b1 ≤ b1∗ and γ ∈ (0, 1/2],

there is a solution that satisfies cT1 < 2γcT2 if and only if τ ∈ (τ∗, 1).

2. If −2Y1 ≤ b1 ≤ b1∗ and γ ∈ (1/2, 1), a solution satisfies cT1 < 2γcT2 if and only if τ < τ∗.

From the first subcase we have two allocations for a given τ ∈ (τ∗, 1): one with cT1 = 2γcT2

from the discussion above, and the other with cT1 < 2γcT2 from the first subcase 1. However,

in the solution with cT1 < 2γcT2 the credit constraint binds, and thus it is dominated by the

solution with cT1 = 2γcT2 . In addition, utility decreases for τ ≥ τ∗ > 0. It follows that τ∗

achieves the global maximum.

In subcase 2, however, we only have one allocation for every value of τ < 1. That is, the

solution satisfies cT1 = 2γcT2 when τ ≥ τ∗ and satisfies cT1 < 2γcT2 when τ < τ∗. It follows

that τ∗ does not achieves the global maximum. For instance, if Y1 = 1, Y2 = 3, b1 = 1.2,

γ = 0.95, α = 0.5, d = 1.5, then τ∗ = 0.133, but optimal τ = 0.0467. Therefore, the optimal

τ is not necessarily equal to τ∗ in the second subcase.

More genrally, one should expect that, if the allocation is such that the collateral con-

straint is not satisfied with either equality or slack (i.e., an allocation that, for given τ , would

violate the collateral constraint), for any given τ , under certain values of the exogenous vari-

ables and the model parameters, only one of the two conditions above hold for given values

values of τ (that is to say that the set of feasible allocations for given τ contains only one

element and there is a one to one mapping between tau and allocations). For other values

of the exogenous variables, instead, both situations may be valid (that is to say that the set

of feasible allocations for given τ contains two elements). However, in the latter case, since

last condition imposes the credit constraint onto the planner’s problem, the solution with

the first dominates the solution with the second, and therefore we can rank them.

To summarize, the planner allocation is achieved at τ = 0 when (5) is satisfied. Otherwise,

in the first subcase, τ∗ achieves the global maximum. In the second subcase, the optimal
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value of τ may be strictly smaller than τ∗. Note that in the latter case we have a strictly

positive multiplier attached to the credit constraint at the planner solution.

3 Model

This section describes a standard two-sector (tradable and non-tradable good) small open

economy in which financial markets are not only incomplete but also imperfect, as in Mendoza

(2002). Key features of Mendoza’s model that we retain include an occasionally binding

credit constraint and production of goods with a variable labor input. We simplify his model

by considering only one disturbance, a shock to aggregate productivity in the tradable sector.

The specification of endogenous discounting is also simplified by assuming that the agents’

discount rate depends on aggregate consumption as opposed to the individual one, as in

Schmitt-Grohé and Uribe (2003).5

3.1 Households

There is a continuum of households j ∈ [0, 1] that maximize the utility function

U j ≡ E0

∞∑
t=0

exp (−θt)
1

1− ρ

(
Cj,t −

Hδ
j,t

δ

)1−ρ
 , (6)

with Cj denoting the individual consumption basket and Hj the individual supply of labor.

For simplicity we omit the j subscript for the remainder of this section, it is understood that

all choices are made at the individual level. The elasticity of labor supply is δ, while ρ is the

coefficient of relative risk aversion. The consumption basket, Ct, is a composite of tradable

and non-tradable goods:

Ct ≡
[
ω

1
κ

(
CT
t

)κ−1
κ + (1− ω)

1
κ
(
CN
t

)κ−1
κ

] κ
κ−1

. (7)

The parameter κ is the elasticity of intratemporal substitution between consumption of

tradable and nontradable goods, while ω is the relative weight of the two goods in the utility

5Our formulation corresponds to what Schmitt-Grohé and Uribe (2003) call “endogenous discount factor
without internalization”.
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function. The discount factor, θt, is endogenous and evolves as:6

θt = θt−1 + β ln

(
1 + Ct −

Hδ
j,t

δ

)
θ0 = 1.

We normalize the price of traded goods to 1. The relative price of the nontraded good is

denoted PN . The aggregate price index is then given by

Pt =
[
ω + (1− ω)

(
PN
t

)1−κ] 1
1−κ

.

Households maximize utility subject to their budget constraint, which is expressed in

units of tradeable consumption. The constraint each household faces is:

CT
t +

(
1 + τNt

)
PN
t C

N
t = πt +WtHt −Bt+1 − (1 + i)Bt − PN

t T
N , (8)

where Wt is the real wage, Bt+1 denotes the foreign lending with gross real return 1 + i,

τNt is a distortionary taxes on non-tradables consumption, and TN is lump sum taxes of

non-tradables. Households receive profits, πt, from owning the representative firm. Their

labor income is given by WtHt.

International financial markets are incomplete and access to them is also imperfect. The

asset menu includes only a one period bond denominated in units of tradable consumption.

This captures the effects of liability dollarization since foreign borrowing is denominated in

units of tradables. In addition, we assume that the amount that each individual can borrow

internationally is limited by a fraction of his current total income:

Bt+1 > −1− φ
φ

[πt +WtHt] . (9)

The constraint (9) depends endogenously on the current realization of profits and wage

income. We interpret this constraint as arising from a model in which only a fraction of

current income can be effectively claimed in the event of default. Lenders are then unwilling

6Endogenous discounting pins down a well defined net foreign asset position in the deterministic steady
state of the model.
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to permit borrowing beyond that limit. In such a model we would not observe default in

equilibrium. Our model does not allow for default for tractability.

As emphasized in Mendoza (2002), this form of liquidity constraint shares some features,

namely the endogeneity of the risk premium, that would be the outcome of the interaction

between a risk-averse borrower and a risk-neutral lender in a contracting framework as in

Eaton and Gersovitz (1981). It is also consistent with anecdotal evidence on lending criteria

and guidelines used in mortgage and consumer financing. However, it is not derived as the

outcome of an optimal credit contract.

Households maximize (6) subject to (8) and (9) by choosing CN
t , C

T
t , Bt+1, and Ht. The

first order conditions of this problem are the following:7

CCNt
CCTt

=
(
1 + τNt

)
PN
t , (10)

uCtCCTt = µt, (11)

µt + λt = θt (1 + i)Et [µt+1] , (12)

and

zH(Ht) = CCTt Wt

[
1 +

λt
µt

1− φ
φ

]
. (13)

µt and λt are the multipliers on the budget and liquidity constraint. Equation (10) determines

the optimal allocation of consumption across tradable and nontradable goods by equating the

marginal rate of substitution between CN
t and CT

t with the relative price of non-tradable and

distortionary taxation in the nontradable sector. The presence of the tax in this equation

makes it clear that policy will be aimed at altering the housholds choice of consumption

basket through its affect on relative prices. Equation (11) determines the multiplier µt in

(12) in terms of the marginal utility of tradable consumption. Equation (12) determines the

7We denote with CCN
t

the partial derivative of the consumption index C with respect to non-tradable
consumption. uC denotes the partial derivative of the period utility function with respect to consumption
and zH denotes the derivative of labor disutility with respect to labor.
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optimal choices of foreign bonds and thus saving. Note that when the the credit constraint

is binding (λt > 0), the standard Euler equation incorporates effects that can be interpreted

as arising from a country-specific risk premium on external financing. The extent of this

affect is governed by the degree of risk aversion. Finally, (13) determines the optimal supply

of labor as a function of the relevant real wage and the multipliers. Again, it is important to

note that a binding international credit constraint increases the marginal benefit of supplying

one unit of labor since this improves households’ borrowing capacity. Consumption, saving,

equilibrium labor effort, and output are therefore distorted by the presence of a binding credit

constraint in a manner that depends on the interaction between the two effects highlighted

above.

3.2 Firms

The firms are endowed with a stochastic stream of tradable goods, exp(εTt )Y T , where εTt

is a stochastic process, and produces non-tradable goods, Y N . Unlike Mendoza (2002), we

assume that εT follows an autoregressive process of the first order(AR(1) for accuracy). We

abstract from other sources of macroeconomic uncertainty, such as shocks to the technology

for producing non-tradables, the world interest rate, and the tax rate. We will discuss the

sensitivity of our results to this simplification in the final section of the paper.

Firms produce non-tradables goods, Y N
t , with a variable labor input and Cobb-Douglas

technology

Y N
t = AH1−α

t ,

where A is a scaling factor. The firm’s problem is static and current-period profits (πt) are:

πt = exp
(
εTt
)
Y T + PN

t AH
1−α
t −WtHt.

The first order condition for labor demand is:

Wt = (1− α)PN
t AH

−α
t , (14)

so the value of the marginal product of labor is set equal to the real wage (Wt).
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3.3 Government

Policy is implemented by means of a distortionary tax rate τNt on private domestic non-

tradables consumption. The tax rate can be negative, in which case the government is

subsidizing nontraded consumption. The government runs a balanced budget in each period.

Changes in the policy variable τN are financed by lump-sum taxes/transfers on nontradables,

TNt . The government budget constraint is then given by

τNt P
N
t C

N
t = −PN

t T
N
t .

Lump sum financing of the optimal policy is a simplifying assumption that allows us to

focus on the implications of the occasionally binding constraint for the design of stabilization

policy, abstracting from other distortions that may arise with alternative financing arrange-

ments. In the final section of the paper we will investigate the importance of distortionary

financing of the policy intervention. Our interpretation of the lump sum taxation is that the

government has accumulated reserves, and once accumulated, these reserves can be used for

an intervention at no new cost.

The policy variable, τN , is a tax/subsidy on nontraded goods. We interpret this policy

instrument as an intervention to affect the real exchange rate.

3.4 Aggregation and equilibrium

Combining the household budget constraint, government budget constraint, and the firm’s

profit’s, we have the aggregate resource constraint:

CT
t + PN

t C
N
t +Bt+1 = exp

(
εTt
)
Y T + PN

t Y
N
t + (1 + i)Bt.

All goods produced in the nontraded sector are consumed, the price of the nontraded good

adjusts to ensure that this happens in the competitive equilibrium. The output of the traded

good is either consumed or used to pay off interest on debt:

CT
t = Y T

t −Bt+1 + (1 + i)Bt. (15)
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High levels of debt then, imply lower consumption of the traded good. Equation (15) shows

the evolution of the net foreign asset position as if there were no international borrowing

constraint. In this model though, using the definitions of firm profit and wages, the liquidity

constraint implies that the amount that the country as a whole can borrow is constrained

by a fraction of the value of its GDP:

Bt+1 > −1− φ
φ

[
exp

(
εTt
)
Y T + PN

t Y
N
]
. (16)

4 Calibration and solution

In this section we discuss the calibration of model parameters and describe the solution

method. We then solve for the competitive equilibrium in the model and show how a sudden

stop episode occurs in our model.

4.1 Calibration

The calibration of the model is reported in Table 1 and follows the work of Mendoza (2002,

2006) and Kim and Ruhl (2007). We follow Mendoza (2002) in setting the world interest

rate to i = 0.0159, which yields an annual real rate of interest of 6.5 percent.8 The elasticity

of intratemporal substitution between tradables and nontradables follows from Ostry and

Reinhart (1992) who estimates a value of κ = 0.760 for developing countries.9 The elasticity

of labor supply for the non-tradable sector is unitary, implying that δ = 2 while the elasticity

of intertemporal substitution is set to ρ = 2. These values are consistent with many studies

in the real business cycle literature.10 The value of the liquidity parameter determines the

tightness of the constraint, and hence the probability of a sudden stop. We choose this

parameter so that the probability of a sudden stop is 2 percent, which is consistent with

8This interest rate is greater than the 5 percent real rate in Kehoe and Ruhl (2005), and less than 8.6
real rate in Mendoza (2006).

9There is considerable debate about the value of this parameter (see Ruhl (2004)). The Ostry and
Reinhart estimate we use is consistent with Kehoe and Ruhl (2005) who set this parameter to κ = 0.5.

10Since estimates for the elasticity of labor supply in the non-tradable sectore are not available for Mexico,
Mendoza (2002) sets it to unitary value.
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Mexican data. We also consider a different value of φ to match the 10 percent probability

of a crisis as in Jeanne and Ranciere (2008) .

The labor share of production in the non tradable output sector is α = 0.636. This value

is the value that Kehoe and Ruhl (2005) estimate using an input-output matrix for Mexico

for the year 1989. We then set β, ω, and AKα to obtain a steady state foreign borrowing

to GDP ratio of 43 percent11, a steady state ratio of tradable to non-tradables output of

64.8 percent, and the steady state relative price of non-tradables equal to one. The implied

discount factor is β = 0.0177, which is slightly lower than in Mendoza (2002) because of the

different specification of endogenous discounting. The tax rate on nontradable consumption

in the steady state is fixed at τ = 0. Government spending and lump sum taxes are also set

to zero in the steady state. We normalize output by setting YT = 1 in the steady state.

In our analysis we focus on the behavior of the economy following a stochastic shock to

tradeable output, which we model as an AR(1) process. Specifically, the shock process is εt,

εt = ρεεt−1 + σvvt, (17)

where vt is an iid N(0,1) innovation, and σv is a scaling factor. The parameters of the AR(1)

process are chosen to match the standard deviation and serial correlation of tradeable output

in Mexico of 3.36 percent and 0.553, respectively.

4.2 Solution

The algorithm for computing the competitive equilibrium is adapted from Kydland (1989)

and Coleman (1991). The method involves solving a seqeuence of equilibria to construct

a recursive competitive equilibrium. The algorithm involves first solving a static model,

followed by solving a two-period model using the solution to the static model as the contin-

uation utility. The algorithm then continues in this forward fashion to construct the entire

equilibrium. Key ingredients of the procedure include the solution to a set of functions

governing the equilibrium prices and quantities, as well as the maximization of the value

function. A complete description of our procedures, including the functional equations we

11This corresponds to average in the Lane and Milesi Ferretti data (2007) for the period 1990-2006.
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solve and optimization techniques employed, is in the Appendix. It is important to note that

our optimization step does respect the occasionally binding borrowing constraint.

4.3 Competitive Equilibrium

In Figure 1 and 2 we compare the equilibrium decision rule (or policy function) for our

constrained model economy and an unconstrained economy (i.e. the real business cycle

small open economy case). Figure 1 plots the policy functions for foreign borrowing, Bt+1 =

g
(
Bt, ε

T
t

)
,12 conditional on a specific value of the tradable shock (i.e., the negative of one

standard deviation of its marginal distribution). This intersects the 45◦ line at the boundary

of the constrained region; that is, if the economy perpetually received this realization of the

shock, it would converge to a level of external debt for which the credit constraint is just

binding. If the economy happened to find itself in the interior of the constrained region,

it would diverge to B = −∞, violating the implicit trasversality condition that requires

long-run solvency. Therefore the decision rules must be truncated at the boundary. This

divergence would occur in any state in which there exists a positive probability of entering

the interior of the constrained region, and this probability is always positive with an AR(1)

process.

Figure 2 compares the equilibrium decision rules, with and without the credit constraint,

for the real wage (Wt), the relative price of non tradable (PN
t ), aggregate consumption (Ct),

employment (Ht). The first point to observe is that both employment and consumption

are lower in the presence of the credit constraint, reflecting precautionary savings driven by

the possibility of hitting the credit constraint. Consumption is lower because households

save a higher fraction of their income to accumulate foreign assets. Even if the constraint

is not binding, the reduction in consumption drives down the relative price of non-tradables

because demand of non-tradables falls more than the supply of non tradables since agents

save more for precautionary reasons. Supply of non-tradables falls as the negative effect of a

reduction in labor demand dominates the positive effect on labor supply of a decline in the

relative price of nontradables.

12As there is only one asset, gross and net foreign liabilities or assets (NFA) coincide.
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Equilibrium real wages, relative price and labor fall sharply as the economy approaches

the region in which the constraint becomes binding since, as NFA deteriorates, the precau-

tionary motive determines a bigger drop in consumption and the possibility of hitting the

constraint amplifies the equilibrium response.

Precautionary saving induced by the occasionally binding credit constraint is quanti-

tatively significant in the model. For instance, the average NFA position in the ergodic

distribution of the economy with no collateral constraint is B = −3.0 (this corresponds

to about -30 percent of annual average GDP), while in the economy with the constraint

B = −2.37 (or -22 percent of annual average GDP).13

This difference is large, considering the small shocks that hit this economy and the

relatively low degree of risk aversion. In contrast, Aiyagari (1994) finds that measured

uninsurable idiosyncratic earnings risk, which is an order of magnitude larger than the shocks

considered here, generates only a 3 percent increase in the aggregate capital stock. The

main reason why precautionary savings is larger here is that the return on saving increases

as the price of non-tradables falls, since gross real interest rate in terms of consumption

good increases. So additional saving does not reduce its return, a mechanism that tends

to weaken precautionary balances in a closed economy setting, such as the one studied by

Aiyagari (1994).

5 Optimal stabilization policy

Once we have examined the implications of endogenous borrowing constraint for the small

open economy, it is natural to ask how stabilization policy should be designed in this envi-

ronment. Does optimal policy exhibit any precautionary motive? And, how does optimal

policy affect private agents’ decisions?

To address these questions and solve the optimal tax problem, the only change needed

to the solution method discussed in the previous section is to add a second optimization

problem. The compettive equilibrium is first solved as a function of the tax rate. We then

13See below on the welfare implications of this precautionary saving.
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find the τt which maximizes the households utility. The appendix provides details of our

procedure.

The decision rule for τNt , as well as the implied lump sum transfer over GDP (PN
t T

T
t /Y ),

which adjust in order to satisfy the balanced budget rule by the government, are plotted

in Figure 3. Figure 4 plots the same decision rules reported in Figure 2, with and without

optimal policy for τNt . Figure 5 plots the policy function for the net foreign asset position with

and without the optimal policy. Figure 6 reports the ergodic distribution of net foreign asset

position for the economy without borrowing constraint, the one with borrowing constraint,

and the one in which policy expressed in terms of τNt is optimally set.

Optimal policy has two possible roles in the model.14 The first role is related to the

existence of the occasionally binding constraint, and there are two goals for policy due to the

presence of the credit constraint (though not exclusive)—to reduce the probability of reaching

the region in which the constraint is binding and to minimize the effects when it binds by

increasing the value of the collateral. The second possible role, as in other incomplete market

models (such as Aiyagari 1995), is to increase welfare by choosing policies that reduce agents

precautionary savings. This role for policy is independent of the presence of the credit

constraint and relies only on the general inefficiency of incomplete market models. As we

will see, there is no scope for this second role for policy with this formulation of the policy

problem.

As we can see from Figure 3, the optimal policy schedule, the equilibrium decision rule for

the policy instrument τN is highly non-linear: in states of the world in which the constraint

is not binding (in normal or tranquil times) the optimal policy is “no policy action”, i.e.,

τN = 0, while in states of the world in which the constraint is binding (in the “sudden stop”

region), the optimal policy is a subsidy to non-tradable consumption, i.e. τN < 0.

This result shows that there is no precautionary motive for the optimal policy either

related the presence of the borrowing constraint or market incompleteness. When the con-

straint is not binding, policy is set as to minimize the distortion associated with the use of

14Our model also features an externality—the endogenous discount factor depends on aggregate con-
sumption, and therefore agents do not internalize the effect of current consumption and labor supply on
discounting. But this effect should be minor since the discount factor is nearly inelastic.
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the policy instrument so that τN = 0, like in the unconstrained economy.15 In our relatively

simple model, the financing of the optimal policy response to the sudden stop is cost free.

Hence, a large subsidy can be applied right when the constraint binds. If the budget were

to be balanced by a distortionary source of financing (e.g., a tax on labor or capital income

rather then a lump-sum transfer), the government would find it optimal to start using the

consumption subsidy before hitting the credit constraint.16

When the constraint is not binding, there is a trade-off between efficiency (i.e., to min-

imize marginal distortions by setting τN = 0), and the need to mitigate the effects of the

credit constraint. The planner does so by subsidizing non tradable consumption, which in-

creases the value of the collateral in the sudden stop region, “lifting” the decision rules for

any level of foreign borrowing, thus relaxing the borrowing constraint. The worse is the state

of the world in terms of negative net foreign asset position, the bigger is the subsidy required

to rise the value of the collateral.

Specifically, with such a subsidy, demand and to a lesser extent supply, of non-tradable

goods increases, as a result the relative price of non-tradable goods rises, so that the value of

the collateral also increases. Demand of non-tradables raises relative to demand of tradables

to match the tax-adjusted relative price of non-tradable goods. Supply of non-tradable goods

also increases, as the post-tax real wage increases and stimulates labor supply, but by less

than the increase in non-tradable demand. In equilibrium, a higher non-tradable relative

price stimulates labor demand by increasing the value of the marginal product of labor, but

also offsets in part the expansionary effect of a lower tax on labor supply because it decreases

the pre-tax real wage relevant for households decisions.

Optimal policy affects private agents’ behavior even when the constraint is not binding.

As we can see from Figure 4, in the model with optimal policy, agents consume more, and

the equilibrium real wage, the relative price of non-tradable, and labor are higher than in the

model without optimal policy for all levels of foreign borrowing. Private agents anticipate

the policy response in the binding region and they reduce their precautionary saving by

15In the model without credit constraint, there is no policy trade off, and setting τN = 0 is always optimal,
because incompleteness of the international asset market is imposed as a constraint on the planner problem.

16Extending the analysis in this direction is work in progress.
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increasing consumption, so that PN is higher compared to the model without optimal policy.

A higher relative price of non-tradable stimulates labor demand, but tends to dampen labor

supply. As a result, in equilibrium, both labor and the wages are higher.

Another way to see the impact of the optimal policy on private sector behavior is to

look at how the region in which the constraint is binding changes. Figure 5 illustrates the

effect of optimal policy from this standpoint. The binding region of the constraint shrinks

with optimal policy so that, for a given realization of the shock and initial net foreign asset

position, the amount of foreign borrowing allowed before the constraint starts to bind is

larger. So, in general equilibrium, optimal policy “creates room” for precautionary saving to

fall and consumption and foreign borrowing to raise. Interestingly, in our model economy,

optimal policy also lowers the likelihood of entering the binding region for each pair (Bt, ε
T
t ),

despite the fact that households reduce precautionary savings in the presence of optimal

policy. In fact, the probability of hitting the constraint in the ergodic distribution decreases

by about 15 percent, from 0.6 percent without optimal policy to 0.5 percent with it.

Consistent with the effects on the binding region and the probability to hit the con-

straint, the average NFA position in the ergodic distribution of the economy is not affected

significantly by optimal policy. As Figure 6 shows, relative to the no-stabilization case (with

the credit constraint), the average net foreign debt in terms of the deterministic steady state

GDP increases only by 3.4 percent, to B=-2.45 under the optimal policy (or 22 percent of

average GDP that is also higher with optimal policy). The welfare implications of optimal

policy, however, are significant as we shall see below.

Figure 5 also shows that the optimal policy is such that the liquidity constraint becomes

“just binding”; that is, the policy function for Bt is tangent to the binding region and the

corresponding multiplier λt of the liquidity constraint remains 0. The goal of optimal policy

is to distort the economy as little as possible, and any deviation of the shadow price of foreign

borrowing from zero is costly. Therefore the planner relaxes the constraint just enough to

make it non-binding. But the constraint is not relaxed beyond this, because that involves

additional distortions that are welfare-reducing.

The optimal policy is state-contingent, requiring knowledge of the unobservable shocks
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and net foreign asset position for its implementation. We therefore also explore the impact

of simple, constant subsidy rules that are not state contingent, and can be easily financed

(meaning relatively small). Figure 7 shows how the constrained regions change moving from

the economy without policy to the ones with the non-state contingent subsidies that we

consider (τN = 0, τN = −0.01, τN = −0.05). This shows that the fixed tax rule moves the

economy in the direction of the optimal policy.17

6 Sensitivity analysis

In this section we explore the robustness of the optimal policy results to alternative values of

key structural parameters, as well as of the stochastic process for the tradable endowment.

From the outset, it is important to mention that none of these changes affect the main result,

namely the absence of a precautionary component in the optimal policy.18 This suggests that

the result is a robust qualitative feature of the model. The inner working of the model, as

illustrated by the decision rules for the main endogenous variables, is also fairly robust to

alternative parameterization.

As the optimal policy hinges on the labor effort behavior and the substitutability between

tradable and non-tradable goods in consumption, it is important to consider alternative

values for κ and δ. A second set of parameters potentially affecting the working of the

model include the degree of risk aversion (ρ), the tightness of the credit constraint in the

deterministic steady state (φ), and finally the parameters governing the stochastic process

for the tradable endowment (ρε and σn respectively).

We consider four alternative cases for κ and δ, two higher values and two lower values than

assumed in the baseline, changing only one parameter at a time. Specifically, we consider the

following alternative cases: κ = .3 or κ = 0.9 (less or more substitutability between tradable

and non tradable goods in consumption than in the baseline) and δ = 1.2 or δ = 5 (higher

17Interestingly, this also suggests that a small overvalaution, which effectively subsidizes consumption of
non-tradable goods, may be a desirable policy option.

18Adding endogenous capital accumulation without distortionary taxation also does not alter the main
result of the analysis.
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and lower labor elasticity than in baseline); and four cases for ρ = 5 (more risk aversion),

φ = 0.5 (looser constraint in the deterministic steady state and less likely to be occasionally

binding), ρε = 0.95 and σn = 0.05 (more persistent or more volatile AR1 process).

The results are summarized in Figure 8. The results are robust, except in the case

of a lower labor supply elasticity. When tradables and non-tradables goods become closer

substitutes (κ = 0.9), optimal policy would cut taxes less aggressively compared to the

baseline specification. The general principle of optimal policy is to relax the borrowing

constraint by increasing the value of collateral when the constraint becomes binding (i.e. by

raising PN
t Y

N
t ). When the intratemporal elasticity of substitution between tradables and non

tradables is higher, it is more efficient to do so by increasing the relative price of non-tradables

and decreasing non tradables production compared to the baseline parametrization. Indeed,

for a given relative price of non tradables and a given subsidy, a higher substitutability

between tradables and non tradables will push the demand for tradable goods higher. Since

tradable output is exogenously given, demand needs to be decreased in order to clear the

tradable goods market if the economy cannot borrow from abroad. For a relatively higher

κ this could be achieved with a relatively lower subsidy. Non-tradables demand will rise

relatively more than with a lower κ so that the relative price of non tradables is higher, real

wages are lower, and non-tradables production is lower since agents will decrease their labor

supply compared to the baseline case. The opposite logic applies in the case in which κ = .3.

When labor supply becomes more elastic (δ = 1.2), optimal policy would cut taxes less

aggressively compared to the baseline specification. Also in this case it is efficient to relax

the borrowing constraint by decreasing non-tradables production and increasing the relative

price of non-tradables compared to our baseline parametrization. The opposite logic applies

in the case in which labor supply is less elastic (δ = 5).

When the constraint is looser (φ = 0.5), the probability that the constraint tends to zero

and the economy tends to behave as the unconstrained one.

Higher risk aversion (ρ = 5) than the baseline parametrization doesn’t make any signif-

icant difference in terms of the policy function. On the other hand higher persistence and

volatility of the shock of the tradable shock would both imply a higher subsidy in the bind-

25



ing region and a lower level of debt beyond which the constraint starts to bind. Recall here

that we are plotting the policy functions conditional on the value of the tradable shock that

corresponds to the negative of the standard deviation of its marginal distribution. Increased

volatility of the shock for the given state of net foreign asset position requires bigger subsidy

since agents rise precautionary saving due to higher uncertainty. Similarly when the shock

is more persistent, given a bad realization of the shock the economy is more likely to hit the

borrowing limit. This increases precautionary saving and by reducing consumption requires

a higher subsidy to relax the constraint in the binding region.

7 Welfare Gains of Optimal Policy

In order to quantify the welfare gains associated with the optimal stabilization policy we

compute a “consumption equivalent” measure of welfare in the spirit of Lucas (1987). Specif-

ically, we compute the percent change in the average lifetime consumption, at every date and

state, that would leave the stand-in household indifferent between the economy with optimal

policy and the benchmark economy.19 We then compute an overall summary measure by

weighting the welfare gain at each state by the probability of being in that state, using the

ergodic distribution.

Note that there are two sources of potential welfare gain from the optimal policy in our

model. The first is the efficiency gain or loss from altering the tax distortion. The second is

welfare gain from mitigating the effects of the credit constraint and reducing the probability

of its occurrence: as we shall see, the former is one order of magnitude larger than latter. To

illustrate this we report results from three experiments in which we either remove the credit

constraint, or the tax distortion, or both.

Table 2 reports the results of these welfare experiments. The gain from eliminating

altogether the credit constraint while retaining the tax distortion is 0.5 percent in consump-

tion equivalent terms, consistent with the welfare gain computed and reported by Mendoza

19To recall, the benchmark economy has a fixed tax rate of 7.93 percent and the occasionally binding
credit constraint. Appendix B provides technical details on these calculations. Also note that the computed
gain includes the costs and gains associated with the transition from one state to the other.
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(2002). The gain from moving to a zero tax rate regime while retaining the credit constraint

is 3.41 percent in consumption equivalent terms. The gain from the joint removal of the

tax distortion and the credit constraint, which is an upper bound for the welfare gain from

optimal policy, is 3.84 percent.

The gains associated with the optimal stabilization policy are significant. Moving from

the benchmark economy without optimal policy to the economy with the optimal policy,

average lifetime consumption increases by 3.6 percent. Subtracting from this the gain from

eliminating the tax distortion, which is 3.41 percent, we obtain a 0.2 percent gain from using

the optimal policy to mitigate the impact of the credit constraint. This gain represents about

40 percent of the gain from the complete elimination of the constraint.

While Table 3 provides valuable measures of the welfare gains from various policies, it

obscures the fact that the welfare gain also has a state contingent dimension. The amount

the stand-in household would pay to change policy is in fact dependent on the current state

of the world. In states near the binding constraint the gains can be much larger. Figure 9

plots the welfare gain in each state for the optimal policy rule, and the gains from moving to

the optimal rule are much larger for debt levels that are close to the constrained region. One

way to interpret this graph is that economies that spend more time near the constraint are

going to have bigger gains from the optimal policy, since these states will get larger weights

in the ergodic set. Alternatively, the gains from adopting the optimal policy are larger for

those countries with higher debt levels, as the conditional probability of a crisis is higher.

It is important to note also that our welfare gain, which is large by the standards of the

cost of business cycle literature, is accounting only part of the potential benefits from optimal

policy. The true gain could be even bigger.In our model in fact there is no idiosyncratic risk,

only aggregate risk, as markets are complete with respect to risk sharing across agents within

the country. For instance, Chatterjee and Corbae (2007), who do account for idiosyncratic

risk, show that the gains to eliminating the possibility of a crisis state can be as large as

seven percent of annual consumption. In their model, households face idiosyncratic risk that

is correlated with the aggregate shock, as in İmrohoroğlu (1989). As idiosyncratic risk is

important in emerging markets, we view the welfare numbers in Table 2 as a lower bound
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on the welfare gains.

8 Conclusions

In this paper we study the optimal stabilization problem for a small open economy subject to

an occasionally binding borrowing constraint. In our benchmark economy, we characterize

policy in terms of a distortionary tax on non-tradable consumption allowing for costless

financing through lump sum transfers.

We find that optimal policy is non linear: when the constraint is not binding, the tax rate

is set to zero while in the binding region optimal policy subsidizes non -tradable consumption

in order to relax the borrowing constraint. Thus, in our benchmark case, optimal policy

does not exhibit any precautionary motive. An implication of this result is that stabilization

policy in an economy with an occasionally binding financial friction, when the friction is not

binding, should be set as if the friction were not present. We find that this result is robust

to the choice of alternative parameter values.

Optimal policy when the credit constraint is binding is to intervene aggressively to sub-

sidize the price of non-tradable consumption (i.e. defend the real exchange rate). This

subsidy increases demand for nontradable goods. The worker then receives a higher wage,

which increases labor supply and by extension the supply of nontraded goods. The increase

in income, which serves as collateral for the debt, is just enough to keep the borrowing

constraint from binding.

An implication of our result is that the commitment to optimal policy affects private

agents’ behavior even when the constraint is not binding: agents consume more and accu-

mulate more debt. In welfare terms the gain from optimal policy are non- trivial and account

up to 40 percent of the gain that would arise from eliminating the borrowing constraint.
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A Appendix

This appendix reports the model steady state.

A.1 Steady state

The deterministic steady state equilibrium conditions are given by the following set of equa-

tions. The first four correspond to the first order conditions for the household maximization

problem, (
1− ω
ω

) 1
κ
(
CT

CN

) 1
κ

= (1 + τN)PN ,

(
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δ

)
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and the fifth is the definition of the consumption index:

C ≡
[
ω

1
κ

(
CT
)κ−1

κ + (1− ω)
1
κ

(
CN
)κ−1

κ

] κ
κ−1

.

The other equilibrium conditions are given by the liquidity constraint and the equilibrium

condition in the tradable sector that determines the level of tradable consumption in the

case in which the liquidity constraint is binding (i.e. λ > 0):

B > −1− φ
φ

[
Y T + PNY N

]
,

CT +B = Y T + (1 + i)B −GT .

We then have the production function for the non-tradeable sector and the good market

equilibrium for non tradeables:

Y N = AKαH1−α

CN +GN = Y N .
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A.2 Detailed Model Solution

First, we guess at the value function vn (b, B, εT ), the law of motion for the aggregate bond

position B′ = Gn
B (B, εT ), and two functions that map the aggregate state into aggregate

labor input N = Gn
N (B, εT ) and the nontradeable price P = Gn

P (B, εT ). We update these

guesses by solving the system of equations

N (B, εT ) = gh (B,B, εT ;P (B, εT ) , N (B, εT ))

AN (B, εT )1−α = gN (B,B, εT , P (B, εT ) , N (B, εT ))

Gn+1
B (B, εT ) = gb (B,B, εT ;P (B, εT ) , N (B, εT ))

for each (B, εT ), where

(gT , gN , gh, gb) (b, B, εT ;P,N) = argmaxcT ,cN ,h,b′

{
u (C (cT , cN) , 1− h) +

β (C (cT , cN) , 1− h)E [vn (b′, Gn
B (B, εT ) , ε′T ) |εT ]

}

subject to

cT + PcN + b′ ≤ (1 + r) b+ P (1− α)AN−αh+ εT + PαAN1−α

b′ ≥ −1− ϕ
ϕ

(
P (1− α)AN−αh+ εT + PαAN1−α)

and

vn+1 (b, B, εT ) = u (H (C, 1−N)) +

β (H (C, 1−N))E [vn (gb (b, B, εT ;P (B, εT ) , N (B, εT )) , Gn
B (B, εT ) , ε′T ) |εT ]

where

H (C, 1−N) =

C (gT (b, B, εT ;P (B, εT ) , N (B, εT )) , gN (b, B, εT ;P (B, εT ) , N (B, εT )) ,

1− gh (b, B, εT ;P (B, εT ) , N (B, εT )).

The value function is approximated using a one-dimensional cubic spline in the b direction

and a linear spline in the B direction. Due to numerical sensitivity with respect to the
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derivatives, we solve the system of equations using a polytope method that minimizes the

squared deviations. The optimization on the RHS of the Bellman equation is done using a

feasible sequential quadratic programming algorithm (FSQP from AEM Design). 20

For a competitive equilibrium with taxes, we have to add another function, the transfer

T = Gn
T (B, εT , τ), and another equation, the government budget constraint:

τP (B, εT , τ) gN (B,B, εT ;P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ)) = T (B, εT , τ) .

Appropriate modifications to the optimization problem of the households and the updating

of the value function are straightforward and are subsumed below into a discussion of the

optimal policy problem.

For the optimal policy problem, we use the same procedure to obtain a competitive

equilibrium for a given τ , by solving the system of equations:

N (B, εT ) = gh (B,B, εT ;P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ) , τ)

AN (B, εT , τ)1−α = gN (B,B, εT , P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ) , τ)

Gn+1
B (B, εT , τ) = gb (B,B, εT ;P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ) , τ)

T (B, εT , τ) = τP (B, εT , τ) gN (B,B, εT ;P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ))

where

(gT , gN , gh, gb) (b, B, εT ;P,N, T, τ) =

argmaxcT ,cN ,h,b′

{
u (C (cT , cN) , 1− h) +

β (C (cT , cN) , 1− h)E [vn (b′, Gn
B (B, εT , τ) , ε′T ) |εT ]

}
subject to

cT + (1 + τ)PcN + b′ ≤ (1 + r) b+ P (1− α)AN−αh+ εT + PαAN1−α + T

b′ ≥ −1− ϕ
ϕ

(
P (1− α)AN−αh+ εT + PαAN1−α) .

20Fortran programs to solve the problem are available upon request. A proof of convergence for similar
models can be found in Coleman (1989,1997) and Greenwood and Huffman (1995).
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The value function is updated first to obtain welfare in the competitive equilibrium, condi-

tional on tax policy:

V (B, εT , τ) = u (H (C, 1−N)) + β (H (C, 1−N))E [vn (gb (B,B, εT ;P (B, εT , τ) ,

N (B, εT , τ) , T (B, εT , τ) , τ , Gn
B (B, εT , τ) , ε′T |εT ]

where

H (C, 1−N) = C (B,B, εT ;P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ) , τ) , 1−gh (B,B, εT ;P (B, εT , τ) , N (B, εT , τ) , T (B, εT , τ) , τ) .

Note that V 6= vn+1, because τ is a function of the state and not a state itself and V is not

a function of the individual state b. We then obtain the optimal tax policy by maximizing

V with respect to τ :

τ (B, εT ) = argmaxτ {V (B, εT , τ)} .

This maximization is done by approximating V as a one-dimensional cubic spline with respect

to τ and using Brent’s method. Substituting this function into the individual level Bellman

equation yields the updating equation for v:

vn+1 (b, B, εT ) = u (C (gT , gN) , 1− gh) + β (C (gT , gN) , 1− gh)E
[
vn
(
gb, G

n+1
B , ε′T

)
|εT
]

= V (B, εT , τ (B, εT ))

where the arguments of the functions are omitted for clarity.

To accelerate convergence, we initially iterate on the Bellman equation without solving

for and updating the competitive equilibrium function guesses. We also stop solving for

those functions when they have converged and then iterate solely on the Bellman equation

until v converges, which typically occurs much slower than the other functions.

A.3 Computing consumption equivalents

To compute welfare gains from optimal policy, we consider the functional equations

VPO
(
Bt, ε

T
t

)
= u(CPO

(
Bt, ε

T
t

)
− z(HPO

(
Bt, ε

T
t

)
)) + (18)

exp(−β ln(CPO
(
Bt, ε

T
t

)
− z(HPO

(
Bt, ε

T
t

)
)))E

[
VPO

(
BPO

(
Bt, ε

T
t

)
, εTt+1

)]
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and

VCE
(
Bt, ε

T
t

)
= u(CCE

(
Bt, ε

T
t

)
− z(HCE

(
Bt, ε

T
t

)
)) + (19)

exp(−β ln(CCE
(
Bt, ε

T
t

)
− z(HCE

(
Bt, ε

T
t

)
)))E

[
VCE

(
BCE

(
Bt, ε

T
t

)
, εTt+1

)]
the first corresponds to the value function in the optimal allocation and the second to the

value function in the economy without stabilization policy. We then inflate total consumption

in (19) by a fraction χ, keeping the decision rules fixed, so that

VCE
(
Bt, ε

T
t ;χ

)
= u((1 + χ)CCE

(
Bt, ε

T
t

)
− z(HCE

(
Bt, ε

T
t

)
)) + (20)

exp(−β ln((1 + χ)CCE
(
Bt, ε

T
t

)
− z(HCE

(
Bt, ε

T
t

)
)))E

[
VCE

(
BCE

(
Bt, ε

T
t

)
, εTt+1

)]
.

For each state
(
Bt, ε

T
t

)
, we set

VPO
(
Bt, ε

T
t

)
= VCE

(
Bt, ε

T
t ;χ

)
and solve this nonlinear equation for χ, which yields the welfare gain from switching the

optimal policy conditional on the current state. To obtain the average gain, we simulate

using the decision rules from (19) and weight the states according to the ergodic distribution.

33



References

[1] Aiyagari, S. Rao (1994), ”Uninsured Idiosyncratic Risk and Aggregate Saving,” Quar-
terly Journal of Economics 109(3), pp. 659-84.

[2] Aiyagari, S. Rao (1995), ””Optimal Capital Income Taxation with Incomplete Mar-
kets, Borrowing Constraints, and Constant Discounting,” Journal of Political Economy
103(6), pp. 1158-75.

[3] Braggion, Fabio, Lawrence J. Christiano and Jorge Roldos, 2007, “Optimal Monetary
Policy in a ‘Sudden Stop’,” NBER working paper 13254.

[4] Caballero, Ricardo J. and Arvind Krishnamurthy (2005), “Inflation Targeting and sud-
den stops,” in Bernanke, Ben S. and Michael Woodford, eds., The Inflation-Targeting
Debate, University of Chicago Press.

[5] Caballero, Ricardo J., and Stavros Panageas, 2007, “A Global Equilibrium Model of
Sudden Stops and External Liquidity Management,” Manuscript, MIT.

[6] Calvo, Guillermo A. (1998), ”Capital Flows and Capital-Markets Crises: The Simple
Economics of sudden stops,” Journal of Applied Economics 1(1), pp. 35-54.

[7] Carroll, Christopher D. (2004), ”Theoretical Foundations of Buffer Stock Saving,”
NBER Working Paper No. 10867.

[8] Chatterjee, Satyajit and P. Dean Corbae (2007), ”On the Aggregate Welfare Cost of
Great Depression Unemployment,” Journal of Monetary Economics, 54:1529-1544.

[9] Christiano, Lawrence J., Christopher Gust, and Jorge Roldos (2004), “Monetary Policy
in a Financial Crisis,” forthcoming Journal of Economic Theory.

[10] Coleman, Wilbur John, II (1991), ”Equilibrium in a Production Economy with an
Income Tax,” Econometrica 59(4), pp. 1091-1104.

[11] Coleman, Wilbur John, II (1997), ”Equilibria in Distorted Infinite-Horizon Economies
with Capital and Labor,” Journal of Economic Theory 72(2), pp. 446-61.
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Table 1. Calibrated parameters and steady state values for the model without capital

Structural parameters Values
Elasticity of substitution between tradable and non-tradable goods κ = 0.760
Intertemporal substitution and risk aversion ρ = 2
Labor supply elasticity δ = 2
Credit constraint parameter φ = 0.74
Labor share in production α = 0.636
Relative weight of tradable and non-tradable goods ω = 0.344
Discount factor β = 0.0177
Production factor AKα = 1.723
Tax rate on non-tradable consumption τ = 0.0793

Endogenous variables Steady state values
Per capita NFA B = −3.562
Relative price of non-tradable PN = 1
World real interest rate i = 0.0159
Tradable government consumption exp(GT ) = 0.0170
Nontradable government consumption exp(GN) = 0.218
Per capita tradable consumption CT = 0.607
Per capita non-tradable consumption CN = 1.093
Per capita consumption C = 1.698
Per capita tradable GDP YT = 1
Per capita non-tradable GDP YN = 1.543
Per capita GDP Y = 2.543

Productivity process
Persistence ρε = 0.553
Volatility σn = 0.028
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Table 2. Welfare Gains of Moving from Benchamerk Economy 1/

Gain 2/ Tax/Subsidy Credit Constraint
0.50 0.079 NO
3.41 0.000 YES
3.84 0.000 NO
3.60 Optimal Policy YES
1/ Benchmark is economy with fixed tax rate at 7.93 percent and credit constraint.
2/ Percent increase in average lifetime consumption.
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Figure 1: NFA policy function with and without constraintFigure 1: Policy function of net foreign asset with and without the liquidity
constraint and baseline τN

t ≡ 0.0793
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Figure 2: Decision Rules for wages, pn, consumption, hour (with and without
constraint)
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Figure 3: Optimal Tau and TnPn/Y (is this the graph?)
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Figure 4: Decision Rules for wages, pn, consumption, hour (with and without
optimal policy)
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Figure 5: NFA with constraint and optimal policy
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Figure 6: Ergodic distribution of NFA
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Figure 7: Fixed Tax Rules
Figure 9: Credit Constraint Binding Regions with Different Rules on Tax

−6.5 −6 −5.5 −5 −4.5 −4 −3.5 −3 −2.5
−8

−7

−6

−5

−4

−3

−2

−1

0

B
t

B
t+

1

 

 

Baseline

τN≡−0.05

τN≡−0.1
Optimal Tax

38

44



Figure 8: Sensitivity Analysis
Figure 7: Sensitivity Analysis
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Figure 9: Welfare by State
Figure 8: Distribution of Welfare Gain from Constrained Economy with τN

t ≡
0 to Optimal Policy on Tax
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