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Abstract

The marginal utility of wealth in incomplete markets small open economy models

follows a unit root process. I study the nonlinear properties of devices often used

to remove the unit root and I find they generate different dynamics when matching

emerging markets. Models with endogenous discount factors reinforce consumption

response to shocks and increase the countercyclicality of the trade balance to output

ratio. Conversely, models with debt frictions ameliorate the responses of consumption

and trade balance. Hence, to generate dynamics similar to those in emerging economies,

the debt frictions need to be small, inducing a near unit root behavior in their Euler

equations. This difference across models is hidden when matching developed economies

because of consumption smoothing and the mild countercyclicality of the trade balance.
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1 Introduction

Since the seminal contribution by Mendoza (1991), the real business cycle small open econ-

omy model became the workhorse in the study of dynamic economies that have strong links

with the world economy but do not affect international prices nor quantities due to their

shares of global markets. Standard small open economy models are populated by firms,

households and the rest of the world, who plays the passive role of financing current account

imbalances. Additional assumptions include adjustment costs to capital accumulation and

incomplete international asset markets.

Due to the incomplete asset markets assumption, the marginal utility of wealth follows a

unit root process.1 This is not a desirable property of the model because it prevents us from

calculating statistical second-order moments, such as volatility and correlations. Hence, to

resolve the implications of this feature, authors have proposed different model specifications

to induce stationarity; these specifications are usually referred to as “closing devices”.

The central objective of this paper is to highlight the main issues that researchers face

when closing small open economy models. To this end, this paper compares a variety of

closing devices using nonlinear solution methods in a model calibrated to match certain

Argentinean stylized facts.2 There are two main reasons for going beyond linear approxima-

tions and for studying emerging economies’ facts. First, it has been shown that nonlinear

solution methods provide accuracy gains at minor computational costs.3 Moreover, there

are a number of research objectives and macroeconomic questions that require departures

from the certainty equivalent solution, for instance, the effect of volatility shocks or welfare

1In section 2.1, I present the benchmark model and equilibrium conditions to clarify the sources of
non-stationarity.

2I focus the core analysis of the paper on the basic RBC small open economy model as in Mendoza
(1991) because this is the workhorse model that a large part of international macroeconomics builds on.
Moreover, this model is the same model studied in Schmitt-Grohe and Uribe (2003), although they focus on
log-linear solutions for a model calibrated to Canada, which exhibit very different statistical properties, as
will be shown later. In a second step, I review the findings observed in the baseline economy using richer
models that include preference and volatility shocks. The results for these exercises are available in an online
appendix.

3As shown by Schmitt-Grohé and Uribe (2004) and Fernandez-Villaverde et al. (2006).
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comparisons.4 Additionally, studying these models calibrated for emerging markets high-

light a variety of interesting economic dynamics that are absent in developed economies.

Specifically, they are more volatile than developed economies; the volatility of consumption

is larger than the volatility of output (excess consumption volatility); and additionally, the

trade balance to output ratio exhibits significant countercyclical behavior. As a result of

these differences, studying the behavior of closing devices in this environment provides a

great deal of information regarding closing devices’ transmission channels.

In a recent paper, Schmitt-Grohe and Uribe (2003), using a log-linear solution with

a calibration to match Canadian data, find that different closing devices generate similar

dynamics. Contrary to these findings, I show that different closing devices have first and

higher-order differences when models are calibrated to match emerging economies.5 In par-

ticular, models with endogenous discount factors reinforce consumption responses to TFP

shocks while models with debt frictions tend to ameliorate them. The intuition behind this

finding goes as follows. In the small open economy real business cycle model with persistent

(but transitory) TFP shocks, a positive productivity shock increases consumption. When

discount factor is endogenous, the increase in consumption increases the households’ impa-

tience, which induces agents to substitute tomorrow’s consumption for today’s consumption.

This accelerates the response of consumption to a persistent productivity shock and boosts

debt level while the current account deteriorates. When consumption, trade balance and the

current account are volatile, as in the case of emerging markets, this mechanism helps the

model to fit the data.

4See Fernández-Villaverde et al. (2011).
5The reason behind attempting a different calibration instead of a sensitivity analysis, i.e., moving one

parameter at a time, lies at the core of the model comparison exercise. The comparison requires that models
are approximated around the same steady state. Hence, parameters that affect steady state should be the
same across models. Instead, the other parameters accommodate to match the same current account to
output ratio volatility. This means that if we change any parameter that affects the steady state, both the
steady state values and the volatility of the current account to output ratio would change. Changing the same
parameters in all of the models will make the steady states across models equal again, but it will not undo
the differences in the current account to output ratio volatility. To equalize them, we also need to calibrate
the parameter that does not affect the steady state. In this way, the exercise of changing one parameter at a
time would violate the model comparison exercise by introducing too many degrees of freedom and inducing
trivial differences across models.
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Conversely, in debt friction models as the “debt elastic interest rate” model, a technology

shock also increases consumption and debt. However, in this case an increase in debt raises

the cost of intertemporal trade, inducing consumption response to ameliorate. Hence, these

devices have negative impact on debt accumulation and on the variability of the current

account. Consequently, a calibration of this model to match the current account to output

ratio volatility of the endogenous discount factor model would need small costs of issuing

debt, generating a near unit root in the Euler equation. This is the key difference among

different closing devices that has not been addressed by the existing literature.

The previous reasoning depends on the excess consumption volatility. Consequently, we

should not observe differences in the dynamics generated by different closing devices when

matching small consumption volatility as in developed economies, for instance in Canada.

Hence, I show in section 6 that the findings in Schmitt-Grohe and Uribe (2003) are robust

to the use of higher order solution method. Moreover, higher order terms are relatively

unimportant as the dynamic properties of the model are mainly driven by the log-linear

terms. This is a key finding as it implies that even though different closing devices generate

intrinsically different dynamics, these differences are noticeable when we force the models to

capture the high consumption volatility and the strong countercyclicality of trade balance

to output ratio in emerging markets.

These findings stress a key point in modeling small open economies. Statistical moments

of small developed economies, such as Canada, might not contain information to evaluate

testable restriction for choosing between different closing devices. Even though a study of

the empirical plausibility of different closing devices is out of the scope of this paper, it

is important to highlight that emerging markets data -in particular the excess consump-

tion volatility- contain information about which closing device might be more empirically

plausible for this type of economies.

I study the robustness of my findings with two variations of the baseline models. Specif-

ically, I show that the findings for the workhorse small open economy also hold for larger
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models, including models with preference shocks and volatility shocks.6

This paper is closely related to Schmitt-Grohe and Uribe (2003), Kim and Kose (2003),

Boileau and Normandin (2008) and Bodenstein (2011). However, this paper is the first to

compare the dynamics of small open economy models with different closing devices using

nonlinear solution methods and emerging market dynamics.7 Additionally, this paper is also

related to Lubik (2007), who discusses existence of equilibrium for debt elastic interest rate

models with and without internalization, and to Airaudo (2014) who studies determinacy

properties in monetary small open economy models with currency substitution.

The remainder of the paper proceeds as follows. In section 2, I introduce notation and

present alternative model specifications. I first present a simple RBC model of a small open

economy without a closing device, i.e., the non-stationary model. Then, I introduce different

closing devices. In section 3, I discuss the calibration strategy used to capture the stylized

facts of emerging markets. In section 4, I study the ergodic statistical moments and impulse

responses and highlight the main findings of the paper. Section 5 discusses the source of the

differences between the dynamic properties of the models and provides the economic intuition

behind these differences while section 6 studies the models’ dynamics when parametrized to

Canada. Finally, section 7 concludes.

2 Small open economy models

This paper studies the following closing devices: two models with time-varying intertemporal

discount factor with and without internalization, two debt elastic interest rate models with

and without internalization, a portfolio adjustment costs model and a complete asset markets

6Due to space limitations, the results for these robustness checks are available in an online appendix.
7Kim and Kose (2003) studies the role of discount factors and compares endogenous and exogenous

discount factor models for small open economies. However, they calibrate the linearized model to match
the Canadian business cycle and do not study the implications for calibrations more appropriate to the
dynamics of emerging economies. Boileau and Normandin (2008) consider two country models and show
that the correlations among countries’ variables depend on the closing device. In this paper, however, I
consider small open economy models, that is, I focus on economies that do not affect international prices.
Bodenstein (2011) instead studies indeterminacy issues in incomplete market open economy models and the
differences stemming from the closing devices using linear solution methods.
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model. In all the cases, the economy is populated by a large number of identical firms and

households. Firms produce a unique good that can be consumed or invested and rent capital

and labor at given prices. The firms’ profit maximization problem is static and can be

written as follows,

max
ht,kt

Πt = F (ht, kt)− wtht − rkt kt,

where rkt is the rental rate of capital, wt stands for the rental rate of labor and F (ht, kt)

denotes the production function.

On the other hand, households utility is increasing in a unique consumption good, ct, and

decreasing in labor, ht; households issue foreign debt, dt, and accumulate capital, kt. Asset

markets are incomplete (except in section 2.5) which means that households can borrow and

lend using a single asset with the rest of the world. In our notation, if dt > 0, the household

is a net debtor to the rest of the world. The international real interest rate is exogenous and

constant, and the domestic economy does not affect foreign quantities or other prices. For

completeness, I first introduce the non-stationary model.8

2.1 Non-stationary model

In the non-stationary model, the households’ expected utility maximization problem is as

follows

max
{ht,ct,dt,kt+1}∞t=0

U = E0

∞∑
t=0

βtu(ct, ht),

subject to

dt + wtht + rkt kt = (1 + rt−1)dt−1 + ct + kt+1 − (1− δ)kt +
φ

2
(kt+1 − kt)2 ,

and the no-Ponzi-game constraint. Here, rt denotes the international risk-free interest rate

and φ
2
(kt+1 − kt)2 are the quadratic adjustment costs of capital. As discussed in Schmitt-

8This section presents the main features of each closing device. In the online appendix I include a full
description of each model and the full enumeration of all equilibrium conditions.
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Grohe and Uribe (2003), to avoid inessential dynamics, we assume that β(1 + r) = 1. Using

λt to denote the Lagrange multiplier, the optimality conditions for the households problem

are given by the following equations

λt = u′c(ct, ht) (1)

u′h(ct, ht) = −λtwt (2)

λt = Et [λt+1] (3)

λt (1 + φ (kt+1 − kt)) = βEt
[
λt+1

(
rkt+1 + 1− δ − φ (kt+2 − kt+1)

)]
. (4)

Equation (1) states that the Lagrange multiplier equals the marginal utility of consumption,

equation (2) is the intratemporal condition that states that the ratio of marginal utilities

equals the price ratio, while equations (3) and (4) are Euler equations with respect to foreign

debt and capital accumulation. The core of the non-stationarity problem in this model is

equation (3).

Intuitively, notice that Equation (3) implies that the marginal value of wealth follows a

unit root. Transitory changes in TFP have permanent effects in consumption and, hence,

in debt. This implies that the dynamics of the model depend on the initial value of debt

and given the unit root, second order moments are not defined, which is a problem for

quantitative evaluation of the model.

2.2 Time-varying intertemporal discount factor

Uzawa (1968) introduce preferences with time-varying discount factors used by Mendoza

(1991), among other authors. Under this specification, households solve the problem intro-

duced in 2.1 and discount the future at a rate θt+1 = βt(ct, ht)θt, with θ0 = 1, ∂βt(ct,ht)
∂ct

< 0

7



and ∂βt(ct,ht)
∂ht

> 0. For this model, the Euler equation becomes,

λt = βt(ct, ht)(1 + r)Et [λt+1] .

The presence of βt(ct, ht) in this equation breaks down the unit root in the marginal utility

of wealth. A simple variant of this model is one without the internalization of the impact of

ct and ht on the discount factor. Here, we would have θt+1 = βt(Ct, Ht)θt, where Ct and Ht

denote aggregate consumption and hours worked, not internalized by households. In what

follows, I use IUzawa to denote the Uzawa model with internalization and EUzawa to denote

the Uzawa model without internalization.

2.3 Debt elastic interest rate

The debt elastic interest rate model (DEIR), used by Aguiar and Gopinath (2007) and

Garcia-Cicco et al. (2010), assumes a constant discount factor β and an interest rate given

by

rt = r + ψ(eDt−d − 1),

where Dt denotes the aggregate level of debt that is not internalized by households and

d denotes the steady state level of debt. Given the representative agent assumption, in

equilibrium the domestic average debt equals individual debt, i.e., Dt = dt, and in steady

state interest rate is still equal to the risk-free rate, rt = r. However, during the transition

dynamics, the domestic interest rate is a positive function of the debt level. The parameter

ψ determines the elasticity of domestic interest rate to changes in foreign aggregate debt.

The Euler equation associated with foreign debt in this problem is given by

λt = β
(

1 + r + ψ(eDt−d̄ − 1)
)
Et [λt+1] , (5)
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hence, the speed of convergence to the steady state is governed by ψ. A variant of this model

with internalization would have rt = r+ ψ̂(edt−d−1), which delivers an Euler equation given

by

λt = β
(

1 + r + ψ̂(edt−d̄ − 1) + ψ̂edt−d̄dt

)
Et [λt+1] . (6)

I use IDEIR and EDEIR to denote the DEIR models with and without internalization,

respectively.

2.4 Portfolio adjustment costs

The portfolio adjustment costs (PAC), used by Fernández-Villaverde et al. (2011) and

Neumeyer and Perri (2005) assumes constant discount factor β, and interest rate rt = r.

Stationarity is introduced by assuming the existence of a convex adjustment cost associated

with the foreign debt position. The households’ maximization problem remains the same as

in 2.1 but households pay κ
2
(dt − d̄)2. The Euler equation associated with foreign debt is,

λt
(
1− κ(dt − d̄)

)
= Et [λt+1] . (7)

Here, κ regulates convergence to steady state and, hence, affects dynamics. However, as in

the case of DEIR, the parameter does not affect the steady state.

2.5 Complete asset markets

Complete financial asset markets (CAM) induces stationarity. As in the previous formula-

tions, I assume that the representative household maximizes the expected discounted sum

of instantaneous utility flows as in 2.1 subject to

bt + wtht + rkt kt = Etrt,t+1bt+1 + ct + kt+1 − (1− δ)kt +
φ

2
(kt+1 − kt)2.
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and the no-Ponzi-game constraint. Complete asset markets induce stationarity by equating

the domestic marginal utility of wealth to the world marginal utility of wealth. This equality

follows from perfect international risk sharing. This property allows us to consider a constant

marginal utility of wealth for all periods and contingencies.

2.6 Functional forms

I use the same functional forms as those in Schmitt-Grohe and Uribe (2003). The utility

function and the endogenous discount factor are given by

U(ct, ht) =

(
ct − hωt

ω

)1−γ
− 1

1− γ
, and, β(ct, ht) =

(
1 + ct −

hωt
ω

)−ξ
,

respectively. Assume Cobb-Douglas production function, F (ht, kt) = eztkαt h
1−α
t , and TFP

shock given by, zt = ρzt−1 + σεt, where εt ∼ i.i.d.N(0, 1) with |ρ| < 1.

3 Methodology and calibration

I solve the models using a 3rd order perturbation method as in Fernandez-Villaverde et al.

(2006).9 The comparison exercise requires imposing the same discipline to all models. I

proceed as follows: First, I implement a minimum distance strategy to match moments of

the IUzawa model. Matching second order moments with a nonlinear solution method is

more involved than using linear methods and we cannot use each parameter to target a

particular moment, but instead we have to target all our targets together.

The implied calibration pins down a particular steady state for the IUzawa model and a

specific value for the volatility of the current account to output ratio (non-targeted). Then,

calibrate the rest of the models in order to generate the same steady state and the same

current account to output volatility as the one obtained for IUzawa model. In this way, all

9The online appendix contains a full description of the nonlinear solution method closely following their
notation.
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the models are approximated around the same point, and the parameters associated to the

closing devices (namely, κ in PAC, ψ in EDEIR and ψ̂ in IDEIR), are calibrated to generate

the same current account to output volatility as the IUzawa model. Regarding CAM, I

follow Schmitt-Grohe and Uribe (2003) in calibrating the model such that we match the

consumption steady state level to that of the Uzawa model. This strategy imposes discipline

across models.10

3.1 Calibration

The first step is to find a calibration that is able to capture some of the stylized facts observed

in emerging economies. For this reason, I calibrate four parameters for the IUzawa model

to target seven moments in the data. The first row of Table 1 presents moments in the

data. The second row presents the moments implied by the IUzawa model. I use linearly

detrended Argentinean data for the period 1993Q1-2006Q4. To determine the appropriate

calibration, I use a numerical optimization routine to minimize the difference between the

seven theoretical moments generated by the model and their data counterparts.

Table 1: Moments to match (Argentina)

Moments σc σy σtby σi ρtby,y ρtby−1,tby ρy−1,y

Data 11.8 9.9 5.1 27.9 -0.76 0.93 0.94

IUzawa Model 12.3 9.5 4.14 25.9 -0.68 0.79 0.93

Note: Data moments are linearly detrended for the period 1993Q1 to 2006Q4. σi and
ρi,j denote the volatility of variable i and the contemporaneous correlation of variables
j and i, respectively. Volatility are in percentage terms.

As seen in the table, Argentina exhibits large differences in key statistical moments

10On the other hand, it prevents a variety of potentially interesting exercises: for instance, the estimation
of each model independently to match the same moments but without the discipline imposed by requiring
the same steady state. This exercise could be interesting but it does not allow for a pure comparison of
closing devices, given that in each case the models would be approximated at different points. A second
potentially interesting exercise would be a horse race between all these models to study which one is favored
by the data, from a Bayesian estimation perspective. Again, this exercise is not useful to study the different
dynamics imposed by different closing devices.
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from those usually observed in developed economies.11 First, Argentina is more volatile

than Canada and there is excess consumption volatility, while Canada has consumption

smoothing. Second, the trade balance to output ratio is strongly countercyclical in emerging

markets, when output grows, imports grow more than exports, but this is not the case in

developed economies. I fix some parameters to standard values in the literature, as shown

Table 2: Calibration for Argentina I

rf ω γ α δ

1.085
1
4 − 1 1.455 2.61 0.32 0.03

in Table 2. I set rf in line with Garcia-Cicco et al. (2010), taking into account that my

model is set at a quarterly frequency and theirs at annual frequency. ω and γ follows

Garcia-Cicco et al. (2010) and Mendoza (1995), respectively. Additionally α and δ are set to

standard values. Given this parametrization, I calibrate σ, φ, ρ and ξ to match the moments

presented in Table 1. The IUzawa model, being rather small, does an impressive job of

matching Argentinean second order moments when third-order approximations are used. It

Table 3: Calibration for Argentina II

φ ρ σ ξ(∗) κ(∗∗) ψ(∗∗∗) ψ̂(4∗)

0.0282 0.8598 0.0186 0.0809 0.000154 0.0034 0.0000337

Note: The calibration is in line with section 3. (∗), (∗∗), (∗ ∗ ∗), (4∗) only required for
IUzawa and EUzawa, PAC, EDEIR and IDEIR respectively.

is hard to compare the calibrated parameters to those found in the existing literature because

they are data and model dependent. However, it is well known that a relatively small φ and

large ρ increases the chances of capturing the lack of consumption smoothing and the large

countercyclicality of the trade balance to output ratio observed emerging economies. The

parametrization in Table 3 implies a rather small persistence of the TFP shock. The reason

is that ξ contributes to magnify the responses of consumption and trade balance, as will be

11See Aguiar and Gopinath (2007) for an exhaustive list of business cycle facts in emerging and developed
economies.
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clear in the following section. The table also includes the parametrization of the remainder

of the models.

4 Results

This section implements a quantitative comparison of the models discussed before. I first

study the ergodic second-order moments under different closing devices and, then, the dy-

namics of impulse response functions.

Table 4: Ergodic moments

Moments IUzawa EUzawa EDEIR IDEIR PAC CAM

σy 9.5 9.6 132 44 99 9

σc 12.3 13 324 59 268 8.3

σi 25.9 26 221 75 163 24

σtby 4.14 4.4 113 14 97 3.1

σcay 2.6 2.6 2.6 2.6 2.6 -

ρy,c 94 92 100 100 100 100

ρy,i 73 73 100 97 100 71

ρy,tby -68 -65 -100 -98 -99 -32

ρy,cay -21 -25 0.82 4.7 -4.1 -

ρtby,c -72 -74 -100 -98 -100 -32

ρtby,i -88 -84 -99 -100 -99 -89

ρyt,yt−1 93 93 100 100 100 92

ρct,ct−1 95 95 100 100 100 92

ρit,it−1 77 77 100 98 100 77

ρtbyt,tbyt−1 79 81 100 99 100 77

Note: Volatility, correlations and auto-correlations are in percentage terms. σi and ρi,j

denote the volatility of variable i and the contemporaneous correlation of variables j
and i, respectively. Moments are computed theoretically.

Table 4 presents second order ergodic moments for all models. First, as seen in the

table, IUzawa and EUzawa models induce the same type of dynamics, although a slightly

larger consumption variability for the second one. Second, as already discussed, the CAM
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model smooths out consumption variability more than the rest of the models, a result that

is exacerbated here because a calibration to emerging economies requires consumption to be

more volatile than output, a feature that is attained in the IUzawa model.

Third, note that the PAC, IDEIR and EDEIR models imply much more volatile con-

sumption and trade balance to output ratios than both Uzawa models. These models, in

order to capture the behavior of emerging economies with a low persistence of the technology

shock and a relatively large investment adjustment costs require a very persistent behavior

induced by the closing devices per-se. As seen there, the trade balance to output ratio and

consumption are highly persistent and negatively correlated than in the rest of the models.

This means that in these models, consumption and the deterioration of the trade balance

occurs on an almost one-to-one basis. Impulse response analysis complements the study of

statistical moments. It provides information regarding initial responses and the durations of

deviations from the ergodic distributions.

Figure 1 displays the impulse response functions of a selected set of endogenous variables

to a one standard deviation TFP shock, for all specifications.

As seen in the figure, the impulse response functions are significantly different across the

models. As in the previous section, the PAC and DEIR models differ from the Uzawa spec-

ifications in consumption, trade-balance-to-output ratio and investment. Interestingly, after

a TFP shock the consumption response is the largest in the Uzawa models. In line with this

finding, we can see a stronger deterioration in the trade balance to output ratio. This finding

supports the economic intuition described in the introduction. A productivity shock induces

an increase in consumption. In the case of the Uzawa models, the increase in consumption

reduces the intertemporal discount factor that increases households’ impatience and induces

them to consume more today. However, the response of consumption to a productivity shock

under EDEIR, IDEIR and PAC is initially smaller because when households increase con-

sumption, they also increase foreign debt, increasing the cost of intertemporal smoothing.

This second-round effect induces agents to postpone consumption. Hence, Uzawa models

14



5 10 15 20

0.01

0.015

0.02

0.025

0.03

Output     

5 10 15 20

0.01

0.015

0.02

0.025

0.03

0.035

Consumption

5 10 15 20

0

0.05

0.1

0.15

Investment 

5 10 15 20

−0.02

−0.015

−0.01

−0.005

0

TB/Y       

5 10 15 20

−0.12

−0.1

−0.08

−0.06

−0.04

−0.02

0

CA/Y       

5 10 15 20

0

0.2

0.4

0.6

0.8

1

Lagrange M 

 

 

EUzawa IUzawa EDEIR IDEIR PAC CAM

Figure 1: Impulse response functions

Note: IRF after a TFP shock. Computed using Generalized impulse response functions.

capture a larger initial response of consumption compared to other closing devices because

in Uzawa models there is no penalty for an increase in foreign debt.

Moreover, note that consumption and the trade balance to output ratio are much more

persistent in the PAC and DEIR models than the Uzawa models. These behaviors are as-

sociated with the persistent response of a Lagrange multiplier to a productivity shock, as

depicted in right bottom plot of Figure 1. The Lagrange multiplier’s dynamics are dramat-

ically different across models. First, note that CAM model’s Lagrange multiplier does not

change, and this directly results from the full insurance provided by the complete markets

structure. Second, the Lagrange multiplier in PAC and DEIR models are highly persistent

and exhibit near unit root behavior. The relevant question is where this near unit root be-
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havior is coming from. Recall that the Euler equations in EDEIR, IDEIR and PAC models

are given by equations (5), (6) and (7), respectively. For the Argentinean calibration, we

require the coefficients in these equations to be very small, this implies that any deviation

in debt with respect to d̄ induces a minor effect on the difference E [λt+1] − λt. This is the

reason for the near unit root behavior of the marginal value of wealth in these models. These

calibrations are required to match the current account to output ratio volatility across mod-

els, but to do so, the free coefficients in these models are so close to zero that they almost

cease to function as stabilization devices.

5 Understanding the differences

The Lagrange Multiplier in the Uzawa models exhibits a faster convergence to the steady

state compared to the IDEIR, EDEIR and PAC models. The existence of a near unit root

is directly associated with a low elasticity of interest rate to debt and with a small cost

related to adjustment of the portfolio for IDEIR, EDEIR and PAC, respectively. When

these parameters approach zero in each model, they converge to a model without “closing

devices”.

Figure 2 plots different moments as a function of different adjustment costs and elastici-

ties. In the upper block, we plot the volatility of consumption, trade balance to output ratio

and current account to output ratio as a function (from left to right) of ξ, ψ, ψ̂ and κ while

in the lower block I plot the first order autocorrelations of consumption, trade balance to

output ratio and current account to output ratio as a function of the same parameters.

Notice that in the IUzawa model, the volatility of consumption, trade balance to output

ratio and current account to output ratio are increasing functions of ξ. Hence, here it is clear

that the larger the role played by the closing device, the easier for the model is to generate

volatility levels as the ones observed in the data. For these values of ξ, the implied first order

autocorrelations of these variables are mildly in line with those in the data. On the other

16



0.050.10.150.2

10

20

30

40

50

ξ

%

Volatility

0.050.10.150.2

80

85

90

95

ξ

%

Correlation

5 10

x 10
−3

100

200

300

ψ

%

Volatility

5 10

x 10
−3

70

75

80

85

90

95

ψ

%

Correlation

5 10

x 10
−3

10

20

30

40

50

60

ψ̂

%

Volatility

5 10

x 10
−3

20

40

60

80

ψ̂
%

Correlation

5 10

x 10
−4

100

200

300

400

κ

%

Volatility

 

 

5 10

x 10
−4

85

90

95

κ

%

Correlation

 

 

σ
c

σ
tby

σ
cay

ρ
c

ρ
tby

ρ
cay

Figure2:Volatilityandcorrelationsasfunctionsofξ,ψ,̂ψandκ

Note:Verticalaxismeasurethevolatilityandautocorrelationsofconsumption,trade
balancetooutputratioandcurrentaccounttooutputratioinpercentageterms.

hand,inthecasesofPACandDEIR,thedegreeoffrictioninducedbytheclosingdeviceto

makethevolatilityofthecurrentaccounttooutputratiocomparabletotheoneinIUzawa

generatesahumongousdegreeofconsumptionandtradebalancetooutputratiovolatility.

Moreover,itgeneratesaunitrootthatisreflectedonthepersistenceoftradebalanceto

outputratioandconsumption.

Theeconomicintuitionbehindthismechanismoperatesasfollows. Supposethereis

apositiveproductivityshockaffectingtheeconomy.IntheUzawaspecification,ascan

beseenfromtheimpulseresponseanalysis,thisgeneratesapositivewealtheffectthat

increasesconsumption.Giventheassumptionthat∂βt(ct,ht)
∂ct

<0,thisincreaseinconsumption

reducestheintertemporaldiscountfactor,makesconsumersmoreimpatientandinducesa

substitutioneffectthatreinforcesthewealtheffect;thatis,agentsvaluecurrentconsumption

morethanfutureconsumption,causingalargerconsumptionresponsetoaproductivity

shockthanwhatisimpliedbythewealtheffectalone.Toconsumemoretoday,households
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issue more debt and, given that the current account is the change in foreign debt position, this

produces a larger response of the current account, ultimately leading to higher consumption,

debt and current account to output ratio volatility.

Instead, DEIR or PAC models have secondary effects that operate in the opposite direc-

tion. Consider the same productivity shock. The positive wealth effect induces an increase

in consumption similar to the one observed in the Uzawa specification that occurs along with

an increase in debt. For both the PAC and DEIR models, the increase in debt induces agents

to defer consumption. In the DEIR model, this occurs because the increase in debt increases

the risk premium and hence increases the foreign interest rate. For the PAC model, the situ-

ation is similar, but the change is generated through adjustment costs. These second-round

effects induce agents to delay consumption and weaken the response of debt and the current

account. For this reason, PAC and DEIR calibrations require that the risk premium and the

adjustment costs are very small in the absence of other frictions. This requirement generates

the observed near unit root behavior. As this occurs, consumption volatility also increases,

leading to the differences observed in the previous section.

6 An alternative calibration

This section studies the dynamic properties induced by different closing devices using the

calibrations in Schmitt-Grohe and Uribe (2003) that match Canadian economy’s features.

Table 3, presents the calibration.

Table 5: Calibration from Schmitt-Grohe and Uribe (2003)

φ ρ σ ξ(∗) κ(∗∗) ψ(∗∗∗) ψ̂(4∗)

0.028 0.42 0.0129 0.11135 0.00074 0.000742 0.00025

Note: (∗), (∗∗), (∗∗∗), (4∗) only required for Uzawa (with and without internalization),
PAC, EDEIR and IDEIR respectively. Schmitt-Grohe and Uribe (2003) do not compute
IDEIR, hence I calibrate ψ̂ following the same procedure as in previous section.
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Key aspects of this calibration is the low persistence and low standard deviation of TFP

shock, which is expected given that these calibrations target a developed small open economy.

Additionally, the authors assume rf = 0.04, γ = 2 and δ = 0.1.

Table 4 depicts dynamics implied by different “closing” devices. As seen in the table,

dynamics are very similar when matching Canadian facts. Moreover, from a comparison of

the results in the previous table with those in Table 3 in Schmitt-Grohe and Uribe (2003) it

can be seen that the 3rd order approximation gives rise to similar moments to those attained

under a log-linearization. This is not particularly surprising as in most of the cases 2nd

and 3rd order terms are numerically small and dominated by linear terms. A key difference

between the dynamics implied by this model and the ones for the Argentinean economy is

that the persistence of EDEIR, IDEIR and PAC are of the same order as for the Uzawa

models while in the case of Argentina they were close to 1, which is a clear consequence of

the near unit root behavior.

Table 6: Ergodic moments

Moments EUzawa IUzawa EDEIR IDEIR PAC CAM

σy 3.1 3.1 3.1 3.1 3.1 3.1
σc 2.3 2.3 2.7 2.8 2.7 1.9
σi 9.2 9.2 9.1 9.1 9.1 9.2
σtby 1.5 1.5 1.8 1.8 1.8 1.6
σcay 1.5 1.5 1.5 1.5 1.5 -
ρy,c 94 94 84 82 85 100
ρy,i 66 66 67 67 67 66
ρy,tby -1.2 -1.3 -3.8 -3.3 -4.1 13
ρy,cay 2.6 2.5 5.1 5.3 5.1 -
ρtby,c -7 -6.9 -32 -34 -30 13
ρtby,i -70 -70 -61 -59 -62 -66
ρyt,yt−1 61 61 62 62 62 61
ρct,ct−1 70 70 78 79 78 61
ρit,it−1 7 7 6.9 6.9 6.8 7
ρtbyt,tbyt−1 33 32 52 54 50 39

Note: Volatilities, correlations and auto-correlations are in percentage terms. σi and
ρi,j denote the volatility of variable i and the contemporaneous correlation of variables
j and i, respectively. Moments are computed theoretically.
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The results in the table imply that Schmitt-Grohe and Uribe (2003) findings are robust

to the use of nonlinear solution methods. This finding reinforces the main results of my

paper. Specifically, this suggests that even though different closing devices generate different

intrinsic dynamics, these differences are noticeable only when we force the models to generate

a strong response of consumption to TFP shocks and a strong trade-balance to output

ratio countercyclicality. In other words, differences across closing devices are not hidden in

higher order terms, but instead, they are an intrinsically feature of the models in boosting or

penalizing consumption responses. However these features are less important when matching

developed economies, than when matching emerging economies.

7 Conclusions

This paper compares closing devices to induce stationarity in small open economy models:

a model with an endogenous discount factor with and without internalization (IUzawa and

EUzawa), a model with a debt elastic interest rate with and without internalization (IDEIR

and EDEIR), a model with portfolio adjustment costs (PAC) and a complete asset markets

model (CAM). I solve the models using 3rd order perturbation, and I compute theoretical

volatilities, correlations, and autocorrelations to study their dynamic properties under a

calibration that captures the main macroeconomic facts of Argentina.

I show that different closing devices generate substantial differences in volatilities, cor-

relations and autocorrelations when the models are calibrated to match emerging markets

data. Specifically, I find that the PAC, IDEIR and EDEIR models generate a larger con-

sumption volatility and trade balance to output ratio volatility compared to IUzawa and

EUzawa model. These findings are robust to several specifications, including model with

stochastic volatility and models with preference shocks.

As opposed to the findings of Schmitt-Grohe and Uribe (2003), when the calibration

matches emerging market data, a near unit root might appear in the Euler equation, in-
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ducing different dynamics for different closing devices. These findings suggest that induce

stationarity assumptions matter for the dynamics of the model.

The source of these differences lies in the Euler equation. I show that when a model

is calibrated to match the characteristics of the business cycles of emerging markets, the

Euler equation under a debt elastic interest rate model, and a portfolio adjustment costs

model exhibits near unit root behavior that induces differences in their dynamics. This near

unit root behavior is observed because the coefficients that regulate the interest rate to debt

elasticity and the cost of changing the portfolio have to be very small to generate the current

account to output ratio volatility generated by Uzawa models. This does not happen in the

endogenous discount factor model. Economically, this means that the debt elastic interest

rate and portfolio adjustment costs models require persistent economic dynamics to generate

a larger volatility of consumption than of output. This is not the case for an endogenous

discount factor model because this model has an extra transmission mechanism in the effect

of consumption changes in the intertemporal discount factor.

The intuition behind this is as follows. In the Uzawa models, a TFP shock increases con-

sumption, and, as a secondary effect, consumption increases households’ impatience, which

ultimately induces agents to substitute tomorrow’s consumption for today’s consumption,

accelerating the response of consumption to a TFP shock. This mechanism operates in such

a way that domestic agents have to issue larger amounts of foreign debt and increase the

response in the current account. Moreover, under this specification, it is easier for the model

to fit the business cycle facts of emerging markets. The opposite effect occurs for the other

models. In these cases, for our calibration, a transitory TFP shock increases debt that,

ultimately, increases the risk premium in DEIR model and adjustment costs in PAC model,

increasing the effective interest rate on foreign debt, which ultimately incentive households

to substitute today’s consumption for tomorrow’s consumption. Hence, to make this effect

weaker, the model induces near unit root behavior in the Euler equations.

The findings in this paper shed light on the recent discussion on Business Cycles in
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emerging markets by Aguiar and Gopinath (2007) and Garcia-Cicco et al. (2010). Aguiar

and Gopinath (2007) provides a DEIR model with shocks to the trend that is able to match

emerging markets business cycle facts. On the other hand Garcia-Cicco et al. (2010) repeat

their exercise using a different dataset and find that the trade balance to output ratio exhibits

a unit root behavior, not observed in the data. Both contributions calibrate the elasticity of

the interest rate to debt to a small value. My paper suggests that the concerns related to the

model in Aguiar and Gopinath (2007) are associated to the choice of closing device (DEIR)

and not necessarily to the trend shocks. Hence, when modeling emerging markets dynamics,

closing devices matter for dynamic behavior of the economy. This is a novel contribution of

my paper. Moreover, my analysis goes deeper by explaining which model features give rise

to the unit root in the trade balance to output ratio.
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