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Abstract

We examine how much of the excess volatility of consumption puzzle in small open
economies (Aguiar and Gopinath (2007)) can be explained away by adding consumption of
durable goods. Once we account for that, consumption is not as volatile as income for both
developed and emerging market economies. However, the fact remains that consumption
is still more volatile (relative to income) in emerging markets than in developed ones. We
extend Aguiar and Gopinath’s model of a small open economy with shocks to trend and
cycle to include consumption of durable goods. Based on our simulations of a small open
economy model with consumption of durable goods, we question the role for shocks to
trend that have been previously documented in the literature. Furthermore, we find that
financial frictions, in the form of collateral requirements, seem to be shaping the business

cycle in developing economies.
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1 Introduction

The business cycle for emerging market economies is characterized by a strongly countercycli-
cal current account and by sovereign interest rates which are also highly countercyclical, very
volatile, and significantly higher than the World interest rate. In addition, consumption volatil-
ity exceeds income volatility. Aguiar and Gopinath (2007) report that consumption is 40%
more volatile than income for emerging economies, while slightly less volatility than income
for developed economies. This fact is known as the excess volatility of consumption puzzle.

The ultimate goal of this paper is to explore possible sources of the observed patterns for
consumption volatility when considering durables and nondurables.

One leading explanation for these regularities relies on shocks to trend income. Aguiar and
Gopinath (2007) find that a standard equilibrium model is consistent with the cyclical proper-
ties of emerging economies, once the income process incorporates shocks to trend in addition
to transitory fluctuations around the trend. The intuition comes from the permanent income
hypothesis: a change in the trend of income implies a stronger response of consumption than
a transitory fluctuation around the trend. They conclude that the business cycle in emerging
economies is principally driven by shocks to trend growth.

Limited access to international borrowing and other shocks which directly or indirectly
affect external interest rates have also been used as an explanations for the puzzle. This is a
natural driving force because empirical findings indicate a strong relation between sovereign
interest rates and output. Mendoza (1991) finds that for early real business cycle models models
for small open economies, interest rates disturbances play a minor role in driving the business
cycle. Resende (2006) models a small open economy with endogenous borrowing limits and
finds that consumption volatility increases substantially as savings cannot be used to smooth
consumption when the borrowing limit binds. Similarly, Neumeyer and Perri (2005) explain
the excessive volatility of consumption with a financial friction in the form of a working capital

borrowing requirement. In this case, a countercyclical borrowing premium amplifies the vari-



ability of consumption because it makes the demand for labor more sensitive to the interest rate.
Fernandez-Villaverde et al. (2009) also exploit the interest rate channel and find that shocks to
the volatility of the borrowing premium play a significant role in explaining the volatility of
consumption in emerging market economies.

In this paper, we decompose consumption into durables and nondurables and show that
the puzzle is explained away in the sense that (nondurable) consumption is not more volatile
than income either in emerging or in developed economies. In particular, we find that the ratio
of standard deviation of nondurables consumption to income is 0.9, for a sample of emerging
economies, and 0.72, for a sample of developed economies.

A good explanation of business cycles in emerging economies should reproduce strongly
countercyclical interest rates and current account, but at the same time, a volatility of consump-
tion of nondurables smaller than the volatility of income. We find that, to some extent, Aguiar
and Gopinath’s (2007) driving force fails the test, since it delivers too little nondurable con-
sumption and durable spending volatility, and more importantly, fails to replicate key business
cycle correlations observed in the data. In their environment, the preponderant role of shocks
to trend may emerge from treating consumption in an aggregate fashion.

Besides Aguiar and Gopinath’s (2007), our paper relates most to Neumeyer and Perri’s
(2005). However, unlike the latter, our focus is on volatility of consumption and we move
attention to the consumer side, and in particular, to the presence of durable goods, instead of
imposing frictions on the production side. The reason for this is that purchases of durable
goods act as a way of saving!, given that the consumption of durables can be postponed over
time. This way, the purchase of durable consumption goods should response strongly to the
interest rate. In contrast, the purchase of nondurables should be smoothed, as much as possible,
by the standard argument based on consumer preferences.

Related to the current paper is Gregorio et al.’s (1998) work on inflation stabilization pro-

'A similar hypothesis has been tested, for instance, by Rosenzweig and Wolpin (1993), according to whom,
farmers in India use a durable capital good (bullocks) as the primary vehicle for saving and dissaving.



grams in emerging market economies and the consumption of durable goods. There, a boom-
recession cycle in consumption is generated through the wealth effect associated with disinfla-
tion (in a cash-in-advance economy) and the existence of nonconvex adjustment costs for the
purchase of durables. Our paper, however, does not consider nominal rigidities and does not
exploit the timing of purchase of durable consumption goods. Closely related to our work is
Engel and Wang (2008) where a two-country model with durables and nondurables is used to
explain the volatility and ciclicality of exports and imports in the United States. In as much
as they are focusing on one economy such as the U.S., for which there is no excess volatil-
ity of consumption puzzle, their paper cannot be seen as an explanation of business cycles in
emerging market economies.

One of the main results of our paper is that, with durable and nondurable goods, the role
played by shocks to trend as a driving force for the cycle in emerging economies seems much
smaller than found in Aguiar and Gopinath (2007). This result is robust across the different
variations of the model and independent of the targets chosen for calibration purposes. If the
main source of fluctuations are shocks to trend, both durable and nondurable consumption
should be very volatile. However, as documented here, the volatility of durable expenditure is
significantly higher than the volatility of consumption of nondurables. The smaller volatility
of nondurable consumption relative to expenditure in durables seems to be incompatible with
a preponderant role of shocks to trend.

In alternative experimentations, under the benchmark model, we calibrate the variance of
the shocks to match certain targets. In each of these versions, the model fails to reproduce
some crucial regularities of the Mexican economy. In particular, the correlation between output
and both types of consumption is too low relative the data. More worryingly, net exports are
countercyclical, contrary to the data.>. However, under these alternative parameterizations,

the model does well in reproducing Canadian facts and, as in Aguiar and Gopinath (2007),

20Only when we set the variance of the shocks to trend to zero, do we get a coefficient of correlation of -0.06



we find that shocks to trend are less important for developed economies. We conclude that the
difference in performance between developed and emerging economies cannot rely exclusively
on the relative importance of shocks to trend.

In the benchmark model with durable goods, the strong countercyclicality for Mexico is
hard to get even if we target it. We explore the borrowing premium channel and calibrate the
sensitivity of the interest rate to borrowing. Although we are able to get countercyclical net ex-
ports, the model is far from being a satisfactory representation of the Mexican economy. This
suggests that this benchmark model needs to be augmented to fully account for the dynamics
of emerging economies. We bring into our model the countercyclicality of the borrowing pre-
mium by making the bond price dependent on future expected output. We get countercyclical
net exports but, again, less so than in the data.

Finally, we study an alternative specification in which a borrowing cost enters explicitly in
the relevant resource constraint. We can think of this as a cost associated to posting collateral
to guarantee borrowing. In this setting, the interest rate does not depend on borrowing, but still
depends on expected output. The model improves its ability to match the data even for Mexico
and shocks to trend are still less significant than shocks to the cycle. The most important
teaching form this exercise is that Mexico and Canada differ importantly in the cost associated
with borrowing (collateral constraint). This suggests that differences in the economic dynamics
of developed and emerging economies are rooted in financial frictions and not only in the
properties of the socks affecting the economy.

In the next section, we present some stylized facts about the business cycle in open economies,
with emphasis on consumption of nondurables and spending in durable goods. In Section 3 we
set up a dynamic equilibrium model where preferences are defined over nondurables, durables,
and leisure, and technological shocks are analogous to the ones found in Aguiar and Gopinath
(2007). Section 4 presents the solution method, calibration procedure and results, and Section

5 concludes.



2 Data and Stylized Facts

2.1 Data

The countries for which we were able to find data and that form the sample we use in this paper
are split into three groups: small developed economies, large developed economies, and emerg-
ing market economies. The emerging market economies in the sample are: Chile, Colombia,
Czech Republic, Israel, Mexico, Taiwan, and Turkey. In the small developed economies we
include Canada, Denmark, Finland, Netherlands, New Zealand, and Spain. The large open
economies are: France, Italy, Japan, United Kingdom, and United States. For each country we
collect data (in real terms) on gross domestic product, total private consumption expenditure,
consumption of nondurable goods, and expenditure in durable goods. All data is quarterly,
except for Colombia for which it is annual. Sample sizes vary and are detailed in Table 2. Our
data come from a variety of sources. For the developed economies and the Czech Republic,
all data is from the OECD’s Quarterly National Accounts, except for the U.S., for which it is
from the Bureau of Economic Analysis. For Chile, data is from Central Bank of Chile. Data
for Colombia comes from DANE - Departamento Administrativo Nacional de Estadstica. Data
for Israel is from the Bank of Israel and the Central Bureau of Statistics. Mexican data comes
from INEGI - Instituto Nacional de Estadstica y Geografa. For Taiwan, we retrieve the data
from National Statistics, Republic of China (Taiwan). Finally, for Turkey we use data from the
Turkish Statistical Institute. All variables are seasonally adjusted when needed, converted to

logs and detrended using the Hoddrick-Prescott filter.

2.2 Facts

When it comes to emerging market economies and small open developed economies, the fol-
lowing stylized facts about the business cycle are often cited in the literature (see Neumeyer

and Perri (2005) and Aguiar and Gopinath (2007)):



1. Real interest rates are countercyclical and leading in emerging markets and acyclical and

lagging in developed economies;

2. Emerging market economies have higher volatilities of output and consumption when

compared to developed economies;

3. Consumption expenditure is more volatile than output in emerging markets while it is

not (quite) as volatile as output in developed economies;

4. Netexports are very volatile in emerging markets when compared to developed economies.

To these facts we add the following concerning spending in nondurables and durable goods,

based on our sample:

e Consumption of nondurables is not more volatile than output in either small open economies
or emerging markets. We find that the ratio of standard deviation of consumption-to in-
come is 0.9, for a sample of emerging economies, and 0.72, for a sample of developed

economies (see Table 3).

e Spending in durable goods is much more volatile than output in both sets of economies.

e Overall, consumption spending in both durables and nondurables is relatively more volatile

in emerging markets than in developed economies.

The facts concerning the volatility of consumption and, in particular, the relative volatility
of consumption of durables and of nondurables seem to be at odds with the literature stemming
from Campbell and Deaton (1989). Here, it is argued that consumption spending is not only
not very volatile, but in fact too smooth to comply with the Permanent-Income Hypothesis
(PIH from now on). For instance, Gali (1993) looks at the variability of durable and non-
durable consumption in six OECD countries and finds that total consumption and consumption

of nondurables is smoother that what is implied by the PIH and that consumption of durables



is extremely excessively smooth. We must add two caveats at this point. First, these studies
look only at developed economies. Second, one can reasonable argue against its applicability
in this context for several reasons. For instance, Diebold and Rudebusch (1991) argue that
these results are not robust to uncertainty around the choice of an ARIMA representation for
the income process. Furthermore, as noted in Campbell and Mankiw (1990), consumption
and income series are closer to being log-linear than linear, which implies time-varying het-
eroscedasticity. In this case, the statistic used by Gali (1993) for the volatility of durables
relative to the volatility of nondurables (the ratio of sample standard deviations of changes in
consumption) is not robust. In fact, just looking at the U.S. data, using the same sample size
as Gali (1993), the ratio of the standard deviations of durables and nondurables changes from
0.4, when using first differences, to 8.3, when using log-differences, much closer to estimates
presented in that paper consistent with the PIH. The bottom line is that choosing to scale the
data with logs matters and we follow the real business cycles tradition of working with log data
detrended either with the first difference or the Hoddrick and Prescott filters.

Looking at the data in Table (3) in more detail, it becomes apparent that the relative volatil-
ity of consumption (i.e. the ratio of the standard deviation of consumption to the standard
deviation of GDP) shows considerable variation within each group. In the case of the emerg-
ing market economies, we have Chile, Israel, and Turkey at the high end and Taiwan and
Colombia at the low end. While the low value (0.81) of Colombia can be attributed to the
annual frequency at which the data is sampled, the value for Taiwan (0.80) deserves further
exploration. It is certainly conceivable that Taiwan experienced throughout the sample period
smaller shocks to trend growth. Another possible explanation is that Taiwan has a high saving
rate and therefore its consumers are seldom facing binding borrowing constraints. In Figure
(1) we plot the relative volatitility of consumption against the average saving rate for the 1960-

1995 period for all countries in our sample®. Although we do not want to imply any sort of

3Data is from the World Bank’s World Saving Database



causation, at this stage, there clearly is a negative relationship.

3 The model

The importance of the distinction between durables and nondurables has been stressed by
Ogaki and Reinhart (1998) who establish that failing to do so severely bias downwards the
estimates of the intertemporal elasticity of substitution. This happens because of the intra-
temporal substitution effect between durables and nondurables arising from changes in the real
interest rate and nonseparability of preferences in nondurable and durable goods. Bernanke
(1985) shows that “the presence of adjustment costs of changing durables stocks may sub-
stantially affect the time series properties of both components [i.e., durables and nondurables]
of expenditure under the PIH [permanent income hypothesis|.” The time series properties of
durable purchases have been further investigated by Caballero (1993). In that paper, the ob-
served inertia observed for durables purchases at the aggregate level (which can be explained
with Bernake’s convex adjustment costs) is made compatible with the observed lumpiness and
discontinuous nature of this spending at the micro level*. Another take on the importance of
explicitly accounting for the spending in and consumption of durable goods is to be found in
the work of Yogo (2006) and Gomes et al. (2008) who develop a general equilibrium asset
pricing model to explain the observed correlations between expected asset returns of stocks of
durable goods and nondurable goods producers and market returns.

A contrarian view as to the importance of durables is defended by Baxter (1996). In spite of
finding that introducing home durables consumption helps solving the “comovement problem’
which used to plague international real business cycle models, Baxter claims that the durability

of consumer durables is not important to explain business cycle facts in a closed economy.

4The mechanism relies on some degree of consumer heterogeneity and nonconvexities in the adjustment tech-
nology. While, at this point, beyond of the scope of this paper, this is certainly an issue to keep in mind in future
research.

>This problem consists of the negative correlation between input uses across countries generated by one-sector
IRBC models.



This result, however, seems to come from the fact that, in her model, investment in capital is
uncorrelated across sectors (see Christiano and Fitzgerald (1998)).

The model we use here is a two-sector neoclassical growth model as in Aguiar and Gopinath
(2007). In this small open economy, there are two types of consumption goods, one durable
and one nondurable. The nondurable good is assumed to be nontradable while the durable good
is tradable across borders. We assume that markets are incomplete since individuals have only
access to one financial asset, a risk-free bond which pays interest in units of the durable good.
Output in each sector is produced with labor and a sector-specific capital stock and can be used
either for consumption or for own-sector capital accumulation. The economy is subject to two
temporary sectoral aggregate TFP shocks and one aggregate shock to trend. In particular, the
Cobb-Douglas technology in each sector i = {N, D} takes the following form:

Vi = K (DyLig)' ™ = Fy(Kiy, Liy), (1

)

where K;; and L, ; denote capital and labor inputs, ; € (0, 1) represents the capital’s share of
output, I'; is the common trend, g, is the (stationary) shock to trend, and z;; is the temporary
stochastic productivity process in sector ¢. As in Aguiar and Gopinath (2007), I'y = I',_1e%. It

is assumed that each shock follows an AR(1) process such that

214 = P1R-1 T €pg,
Zot = p222t-1t €py,
90 = (1—pg)Inpc+ pegi—1+eay

where {€x, €p,} is an i.i.d. bivariate random variable N'(0,Yz) and e¢ isii.d N(0,07). The
assumption that the nondurable goods and the durable goods sectors share a common shock to

trend is not overly restrictive®. For instance, Gali (1993) models the changes in consumption

%In fact, all that is required, with respect to this, in order for the problem to have an interior solution is to
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of nondurables and durables as ARMA processes using the same assumption.
We assume that labor can be freely allocated between these two sectors so that in each

period,
Ly = Lnt+ Lpy. (2)
The representative agent’s expected lifetime utility is

Ey Y B'U(Cy, 1 - Ly), 3)

t=0

where C; = C'(Ny, D;) is a total consumption bundle which depends on both the current con-
sumption of nondurable goods /V; and the stock of durable goods D;.

We assume a constant elasticity of substitution between durables and nondurables, constant
relative risk aversion, and a Cobb-Douglas specification for the aggregate consumption bundle

and leisure. The period utility function takes the form

O/ — L)) "7 —1
UCy,1—Ly) = (G 0") , where 4)

l1—0

Cy= (uN, "+ (1 —pD7) ™, (3)

|=

and ﬁ is the elasticity of substitution between durables and nondurables, 1 is the utility share
of nondurables, 6 is the utility share of consumption, and ¢ is the coefficient of relative risk
aversion.

We assume that the nondurable good is nontradable.”. Thus, the economy has the following

two resource constraints:

Ny + X%t =Yni (6)

restrict the trends to have the same long run mean growth.
"The assumption that nondurable goods are not traded across countries is needed to avoid an overdetermination
arising from the small country assumption for the bond market and factor price equalization across sectors.
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Xpt+ X}?,t + @tBiv1 = Ypy + By, (7

where B; denotes holdings of one-period risk-free bonds, and ¢; is the bond price issued in
period ¢.

Investment in capital goods X }Qt, and the expenditure in durable goods X p ; are given by

X%t = Knut1— (1 —=0x)Kns + Pn (KNt Kny), (8)
X}?,t = Kpuit1 — (1 —=9k)Kpy + Pp(Kpys1,Kpy), and )
Xpt = Diy1— (1 =6p)Dy + V(Dypq, Dy), (10)

where dx and 0p are depreciation rates. Moreover, W(D;4, D;), and @ (K41, Kn;) and
®p(Kpt+1, Kpy) represent quadratic adjustment cost for durables and each sector’s capital
stock, respectively. The importance of these convex adjustment costs to explain the slow ad-
justment of durable purchases has been highlighted by Bernanke (1985). Notice also that the
assumption of a second hand market for durable goods is implicit in (10).

The price of debt depends on the level of outstanding debt B;,; as in Schmitt-Grohé and
Uribe (2003), which takes care of the nonstationarity of net foreign assets. To reflect an in-
creased borrowing premium during recessions (possibly the consequence of higher perceived
probability of default as in Eaton and Gersovitz (1981)) we also allow ¢; to be dependent on

the expected next-period output level. This way

1

T 1t +X[exp(B;—jl — B) —1] +77(Ety;t1 -Y)

4t , 1)

where B and Y are the steady-sate levels of the detrended counterpart of the stock of bonds
and total output. A distinctive feature of emerging economies when compared to industrialized
small open economies is that 7 is much smaller, even negative, for the former than for the latter.

The borrowing premium described by (11) can be seen as reduced form of several underlying
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mechanisms which generate a strongly countercyclical real interest rate (see Neumeyer and
Perri (2005) for instance). Initially, to allow comparability with Aguiar and Gopinath (2007),

we setn = 0.

3.1 Pareto optimal allocation

We focus on the Pareto optimal allocation by solving the planner’s problem. The planner
maximizes (3) subject to (1), (2), and (6)-(11).

From the planner’s problem we obtain the following optimality conditions:

UCtCtht == ﬁEt {UCH_l |:CDH_1 + CNt+1pt+1(1 - 5D)] } ) (12)
OPn; | 0PN 141
1-— : =0k F 1-— — : 13
UCtCNt |: 8KN,t+1_ ﬁ t{UCt+ICNt+1 { N,K¢11 + 5K aKN,t+l ) ( )
0Pp, | OPp 141
UCtCtht |:1 - m_ = /BEt {UCt_‘_lCNtht—f—l |:FD,KH_1 + ]- - 5K - m )
(14)
Oqt | B
Uc,Cn, |q: + By | =BE{Uc,..Cn,.. }, (15)
OBy+1 |
Uc,Cn.Fnr, = U, (16)
Fnr, = piFp,L,, (17)

where Cp, and Cy, are the derivatives of the consumption aggregator with respect to durables
and nondurables, and F; x and F; ;, are the marginal products of capital and labor, respectively,
in sector : = { N, D}. Moreover, p, is the ratio (Ap /\y) of the Lagrange multipliers associated
with the resources constraints (7) and (6), which can be interpreted as the relative price of
durables to nondurables.

The first four equations correspond to intertemporal trade-offs between current nondurable

consumption and the accumulation of durable goods, capital and debt. The last two equations
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represent static optimality conditions for the consumption-leisure decision and labor allocation

between sectors.

4 Calibration and Results

The model presented in the previous section is solved using a standard first order log-linearization
procedure as described in the technical appendix to Aguiar and Gopinath (2007). The solution
consists of policy functions for the control variables (consumption of nondurables, spending in
durables, output of nondurables and durables, labor for durables and nondurables, and the rel-
ative price of durables) and laws of motion for the endogenous states (capital stocks, durables
stock, and bond holdings) as a function of the states and forcing variables (shocks to durables
and nondurables and shock to trend). For this effect, we used Dynare for Matlab. In Appendix
A, we present more details on how this is done.

After solving for the policy functions and laws of motions of the state variables we cali-
brate the model to match some empirical moments of output and consumption for Mexico. The
calibration closely follows that of Aguiar and Gopinath, with a few changes to accommodate
for durable goods. Specifically, the share of labor is set to 0.48 for nondurables and 0.68 for
durables, as used in Baxter (1996). From the same source, the annual depreciation rates for
capital and durables are set to 7.1% and 15.6%, respectively. The utility share of nondurables
(1) 1s set to match the share of consumption of nondurable goods in total consumption for Mex-
ico (91.8%), and Canada (74.5%). The elasticity of substitution (ﬁ) is set to 0.86, following
Gomes et al. (2008). The calibration parameters are summarized in Table 4.

The first set of simulation results are summarized in Tables 5 and 6. Here we stay as
close as possible to Aguiar and Gopinath’s model. In particular, in (11), we set n = 0. The
results show some mixed evidence as to how well this expanded version of their model (to
include spending in durable goods) matches the data. In these tables, we present the simulated

moments for output, consumption, nondurable consumption, spending in durables, net exports,
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labor supply, and investment when we solve for the variances and correlations of the temporary
sectoral shocks and the shock to trend (o,) and adjustment costs®.

In column (1), a solution for o, and o, is obtained by matching the standard deviations of
output and aggregate consumption while setting o; = 0 and all other parameters at benchmark
values (see Table 4). The results for Mexico show a relative volatility of nondurable consump-
tion somewhat smaller and a relative volatility of durables expenditure substantially smaller
than the one found in the data (see the first column in the table). The simulated correlation
of output with total consumption is somewhat smaller and the one with investment is much
higher than what is found in the data. Additionally, the simulation delivers only midly pro-
cyclical spending in durables (whereas evidence points to strong cyclicality) and cyclical net
exports (contrary to data). Finally, the estimates for the standard deviation of the shocks show
that almost all of the volatility has to come from shocks to nondurables.

The results for Canada, on the contrary, are remarkably good: the solution is exact (the
problem is exactly identified) and most moments are well approximated, except for the volatil-
ity of spending in durables and of net exports, which turn out to be too low when compared to
the data. In line with what is found by Aguiar and Gopinath, the shock to trend is much less
important than the temporary shock to nondurables.

We try again matching the volatilities of income and total consumption spending by solving
for the variances of the sectoral shocks (o, and o), while shutting down the shock to trend.
The results, in column (2) of Tables (5) and (6), show a good fit for Canada and a bad one for
Mexico. In particular and for the latter, all the variance is coming from durables but we cannot
find an exact solution for the moment-matching problem and the quality of fit (measured by
the sum of square deviations for all moments in the tables) is worse than in the previous case.

In column (3) of the same tables, we present the simulated moments that result from solving

for the standard deviations of shocks to trend and cycle in order to match the volatilities of

8None of these parameters affect the deterministic steady state around which the linearization is performed.
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output, consumption of nondurables, and spending in durable goods. Now we are able to find
an exact solution for Mexico and a slightly better quality of fit than in case (1) but we still
are unable to capture the strong countercyclicality of net exports and the results reinforce the
finding that the temporary sectoroal shocks dominate the shocks to trend. In the case of Canada,
it is interesting to note how well the model works. Take the example of columns (3) and (4) of
Table (6): we are able to match the mild countercyclicality of net exports even though we are
not targeting this moment. Additionally, Aguiar and Gopinath’s (2007) story holds here since
the shocks to trend are relatively unimportant, as expected.

We then try to match the volatilities of output and total consumption spending and the
correlation of net exports with output by solving for the variance of the sectoral shocks and the
adjustment cost of durables, ¢ (column (5)) or by solving for the variance of all three shocks
(column (4)). In the latter case, for Mexico, we have the same problem as before: we are not
able to match the correlation of net exports with output and the simulation delivers too much
volatility for the spending in durables. Shutting down the shock to trend and solving for ¢ does
not change results and neither does solving for all variances and the adjustment cost. In our
opinion this means something else must be happening. In particular, we need to exploit the
borrowing premium channel, more in line with Neumeyer and Perri’s (2005) explanation. This
is what we do in column (7) where we add x to the list of free parameters and set the variance
of the shocks to trend to zero. Compared to column (6), this calibration does a slightly better
job since it at least delivers countercyclical net exports (albeit only mildly so, i.e, -0.20).

As stated in Section 2, one of the stylized facts of emerging markets business cycles is a
countercyclical borrowing premium. We explicitly account for this in Table (7) while trying,
at the same time, to deliver a more countercyclical behavior in net exports. We do this by
allowing the parameter 7 in (11) to be different from zero. In the columns marked with (1) of
Table (7) we try to match the volatilities of output, consumption spending in nondurables and

durables, and of the borrowing premium, for Mexico and Canada. We see that the calibration
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delivers a countercyclical borrowing premium for Mexico and a procyclical one for Canada,
in line with the data. In both cases we are able to exactly match the targeted moments and
subsidiarily we get countercyclical net exports. In the case of Mexico, however, we still fail by
a mattter of degree: with a simulated correlation of net exports with output of -0.27 we are still
far from the -0.82 observed in the data.

In the columns marked with (2) of Table (7), we explicitly also try to match the correla-
tion between the net exports-output ratio and output by additionally solving for the borrowing
premium parameter x. In the case of Canada, we are able to exactly match all five moments
and the overall fit improves. For Mexico, there is no longer an exact solution mainly because
the model is not able to replicate the correlation of the net exports-output ratio and output.
However, we do get a more countercyclical net exports compared to column (1).

It is not hard to understand why this is the case. If net exports are strongly countercyclical
and there is a drop in output, we have that the trade balance increases. Since the current account
(CA), which is net exports (NX) plus net factor payments (NFP), and the capital and financial
account (KFA) have to sum to zero, it has to be the case that either NFP decreases or KFA
decreases, or both. On the one hand, given a negative initial level of borrowing (B < 0), a
decrease in NFP requires an increase of the real interest rate, i.e., of the borrowing premium.
On the other hand, a decrease in KFA means that the amount of borrowing falls (5 increases).
However, since most shocks to output are temporary (the shock to trend, in most calibrations,
is small), following a drop in output, the representative agent would like to borrow more. By
having a countercyclical borrowing premium due to n < 0, the model is able to generate
precisely an increase in the interest rate of enough magnitude in order to make borrowing too
costly. Moreover, by solving for , which turns out to be lower (i.e., higher in absolute value)
than its benchmark value, we are able to reinforce this channel. As a result, B and, therefore,
net exports end up increasing, which is precisely what we observe in emerging economies.

In principle, we could reproduce the strong countercyclicality of net exports by increasing
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the (indirect) response of the borrowing premium to shocks by setting a sufficiently negative x
and 7. However, since we are targeting the variance of the borrowing premium, the amount this
variable can fluctuate is limited. Therefore, we seem to have a conflict between the variance of
the interest rate and the degree of countercyclicality of net exports in the case of Mexico.

One solution to this problem is to have the volatility of the amount of borrowing or lend-
ing to depend on an adjustment cost which will not count towards the borrowing premium.
Schmitt-Grohé and Uribe (2003) find that, for a small open economy, the ergodic distribu-
tion of the simulated economy does not depend on the way the adjustment cost is introduced
(borrowing premium dependent on the debt level or a convex adjustment cost). This way, we
suggest setting ) to zero and adding a new adjustment cost, given by v(exp (—(B' — B)) — 1).

The resource constraint for durables (7) becomes

Diy1+ Kpgy1 + ¢ Bepr + y(emBrn=b 1) =

Yp++ (1 —04)Di + (1 —0x)Kpt — Pp(Kpti1, Kpt) — V(Diy1, Dy) + By,

Yit1
t

= }7). We can think of this adjustment cost a as a

and the real interest rate is r* + T}(Et
proxy for the cost of posting collateral to guarantee borrowing, as in Uribe and Yue (2006).
The approximation is not perfect since the adjustment cost is not floored at zero: for values of
borrowing below the steady state value it becomes a revenue (albeit a small one) rather than a
cost as it converges to —v as B — +00.

The results of the simulation are in the columns marked with (3) of Table (7). Specifically,
we solve for variances of the three shocks, 77 and v in order to match the variances of output,
consumption of nondurables, spending in durables, and of the borrowing premium, and the
correlation of net exports with output. Again, in the case of Mexico we cannot find an exact
solution but we are able to improve upon the preceding simulations. As expected, we get net

exports more strongly countercyclical and a very strongly countercyclical borrowing premium.

Compared to the exercise in column (3) of Table (5), which is the one closest in spirit to Aguiar
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and Gopinath (2007) and where we solve the variances of the shocks to match the volatilities of
output and spending in durables and nondurables, we find now a much more procyclical spend-
ing in durables and we capture the countercyclical behavior of the trade balance. Furthermore,
we also get a marked improvement relative to columns (5) and (6) of Table (5) where we were
targeting net exports as well. In this exercise, like in most exercises before, the dominant shock
to productivity is the shock to nondurables and the least important is the shock to trend. When
compared to the results for Canada, in the same table, we find that, as expected, we get a nega-
tive value for 7 for Mexico and a positive one for Canada and also a much larger value for the

adjustment cost v for the former than for the latter.

5 Conclusions

This paper presents an examination of the robustness of Aguiar and Gopinath’s (2007) findings
on consumption volatility by considering nondurables and durables. We find that the model
of shocks to trend and shocks to cycle does have some difficulty in matching the data for
Mexico, in particular when it comes to the countercyclicality of the current account and the
procyclicality of consumer durables spending.

We also find that a procyclical borrowing premium (possibly reflecting cyclically binding
borrowing constraints) does a better job at matching the business cycle moments for emerging
markets. The difference between what we propose and Neumeyer and Perri’s (2005) model
is that we do not need to include any rigidity on the firm side and exploit only the nature
of durables accumulation to achieve the desired magnification effect on spending. The sim-
ulations seem to show, though, that some work needs to be done in terms of matching some
moments like the volatility of investment and the correlation of the trade balance with output.

Summing up, the results indicate that shocks to trend are more significant in developing
countries than in developed economies; however, they do not appear to be the main source of

economic fluctuation in emerging economies. Moreover, developed and emerging economies
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differ beyond the nature of the shocks. In particular, the presence of important financial fric-
tions seem to be shaping the business cycle in emerging economies, but they seem unimportant
for developed economies.

An extension to this paper is to consider other types of shocks. For instance, exogenous
shocks to the borrowing premium when durables and nondurables are present, should be con-
sidered as an alternative explanation, as the work by Fernandez-Villaverde et al. (2009) and
Gruss and Mertens (2009) seems to suggest. Another avenue for future research should con-
sider exploring the importance of external shocks in explaining the properties of business cycles
in emerging markets. For example, we can think of shocks to external wealth which interact
with domestic spending in a variety of ways. One straightforward channel is to see how these
shocks trigger a portfolio rebalancing and cause foreign investors to sell out assets in emerging
markets. This in turn depresses domestic asset prices and lowers permanent income thereby
affecting consumption of both durables and nondurables.

An alternative driving force to be considered, under the presence of durable goods, are
shocks to the terms of trade. Many emerging economies are fundamentally producers of com-
modities and the prices of many commodities, by their nature, are subject to regime switching.
Consider for example an increase in the variance of the terms of trade. As external income
becomes more volatile, default incentives get smaller and, as a consequence, foreign debt con-
ditions endogenously improve. On the one hand, this allows for smoother consumption of
nondurables, but on the other hand, the purchase of durables may react as households want
to take advance of better borrowing conditions. As a consequence, this type of shocks may
imply a high volatility in the purchase of durable goods and a relatively small volatility of

consumption of non-durables with respect to income volatility.
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A Appendix

In this appendix, we describe the basic model setup, first order conditions and resource con-
straints, the non-stochastic steady state relations, and the resulting log-linearized equations.
The model is the one of Aguiar and Gopinath (2007) extended to include durables and non-
durables. This appendix describes the first order conditions amd market clearing conditions
of a decentralized equilibrium equivalent to the planner’s problem described in the text. It is
immediate to see that the relative price of durables used ahead is equal to the ratio of the mul-
tipliers associated with (6) and (7), in the text. This section draws heavily on that paper and its

technical appendix.

A.1 Problem
(09(1 _ L)l—e)l—a

V = max — + BGP“EV (K, K}, D',B', 7", 7" G") (A-1)
subject to
N+ PGD' + G(Ky + PK}p) + GPQB' =
K/
Yo 4 PYy+ (1 — 6)(Kx + PEp) — %(GKN K= (A)
N
K} D'
?(G D 11y)*PKp + (1 —64)PD — Pf(G— — 11y)*D + PB, (A-3)
2" Kp 2" D
where
_1
C=WuN"+0—-pwD) 7, (A-4)
L<1, (A-5)
Ly >0, (A-6)
Lp >0, (A-T)
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Ky =0, (A-8)

Kp >0, (A-9)
Q=(1+r"+x(exp(B' —B) - 1)+n(EY' -Y)) (A-10)

Yy = ZyKy " (GLy)™, (A-11)
Yp = ZpKp “P(GLp)*?, (A-12)
InG' = (1-pg)Inpug+ pcInG + eg, (A-13)
InZy = pyInZy + en, (A-14)
InZ,=ppInZp+ep. (A-15)

The forcing variables in this problem are the shocks to Zy, Zp, and GG. The endogenous states

are Ky, Kp, D, and B. The controls are P, N, Ly, and Lp.

A.l.1 FO.C.
KI
UcCly (1 + oG — uG>> G =BG EVy, (A-16)
N
K/
UcCnP (1 + oG — u(;)) G =BG EVy, (A-17)
D
Dl
UcCnP (1 + ¢(G5 — ;m)) G = G EV,, (A-18)
UcCnQG = GO BV, (A-19)
1+6 C
UsCnFyp = —U 1 Ly=1-1
cUNINE L < ( + 7 CNOéNYN) N D,
(A-20)
Y, Y,
Fyp = PFpp & ay—Y = Pap-2. (A-21)
Ly Lp
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A.1.2 Envelope Conditions

(b K!/
VKEV :UC’ON’{FNK’+1_5K+§ |: —,ué}}, (A-22)
¢ IK//
VKb - UC’CN’P/ {FDK’ + 1— (5 + 5 |:( ) - Mé:| } 5 (A-23)
G’ D”
VD’ = UC’ (ON’ { (1 - §D) + P% |:( D ) - /J,QG:| } + CD’) , (A-24)
Vg = Uc/Cyr, (A-25)
where
Ue = 0C?1=)71(1 — [)=00=0), (A-26)
Cy = pNT" (uN~" + (1 — @)D™) 7", and (A-27)
Cp=(1— D™ (uNT 4 (1— D7) 7 (A-28)
A.1.3 Market Clearing and Resource Constraint Conditions
L=Lx+ Lp, (A-29)
v Ky
Yy =N+ GKly — (1 —6)Ky + = (G=X — ug)>. (A-30)

2" Ky

A.2 Steady State Relationships

The steady state variables are: Q,P,Ly,Lp, Kn, Kp, Yy, Yp, N, and D. The steady state is

defined by the following relationships:
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- 1—-Lp

LN - 1_|_ 1-0 C ’
7] O(NC'NYN

Y, Y,

Ly Lp

NZYN—FPYD—F(1—(5K—Mg>KN+P<1—(5K—ug)KD+
P(1—6p — pc)D + P(1 - Que)B.

YN=N+(M0—1+5K)KN.
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Figure 1: Relative Volatility of Consumption and Saving Rates
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Table 1: Volatility of Output and Relative Volatility of Consumption, Investment and Net

Exports.

Macroeconomic volatility measured by standard deviation (o) of GDP (y), total consumption
expenditure (c), consumption of nondurable goods (n), expenditure in durable goods (d), in-
vestment (I), and Net Exports as a fraction of GDP (nx). All data is quarterly except for
Colombia, for which it is annual. All variables are in logs (except nx) and detrended using the

HP filter.
Country Sample oy O Z—j On i_j 04 Z—‘j Z—j Ona
Emerging Market Economies
Chile 96:1-08:1 238 339 143 286 1.20 11.05 464 128 2.78
Colombia 65-06 270 275 1.02 218 081 953 354 389 494
Czech Republic  96:1-08:1 095 1.00 1.06 091 095 335 352 192 153
Israel 80:11-08:1 1.95 338 1.74 234 120 1272 652 324 122
Mexico 93:1-07:IvVv. 235 257 1.10 209 0.89 986 420 933 1.68
Taiwan 61:1-08:II 2.05 1.65 080 188 092 190 093 11.88 1.87
Turkey 87:1-07:1I 3.44 5.15 1.50 3.18 092 1585 4.61 434 3.25
Small Developed Economies
Canada 61:1-08:I1I 1.33 1.18 0.88 0.81 060 438 327 1.89 0091
Denmark 90:I-08:II 1.20 144 120 1.05 087 7.25 6.03 5.02 0.94
Finland 90:1-08:I 1.68 141 084 1.00 059 8.16 485 1.60 1.26
Netherlands 88:1-08:1 1.02 1.07 0.70 0.88 0.58 350 230 4.32 0.64
New Zealand 88:1-08:1 140 156 1.12 1.12 083 383 274 535 145
Spain 01:I-08:I 2.82 520 1.84 451 160 255 9.02 1.62 0.56
Large Developed Economies
France 78:1-08:I11 0.86 0.76 0.88 0.54 0.63 4.11 4.77 487 041
Italy 81:I-08:I 091 1.01 1.11 0.78 0.86 398 438 420 0.78
Japan 94:1-08:1 1.02 0.77 0.75 0.59 058 448 437 3.03 0.38
United Kingdom 80:1-08:1  1.14 130 1.13 096 0.84 433 3.79 4.63 0.54
United States 47:1-08:IV 1.65 126 0.76 0.79 048 5.13 3.11 4.77 0.36

29



Table 2: Correlations with Output.
All data is quarterly except for Colombia, for which it is annual. All variables are in logs
(except for NX/Y, which is in levels) and detrended using the HP filter (except for Ay).

Country Sample Pye  Pyn  Pyd Pyinv_ Pynz  Pyy_1  PAy,Ay_.

Emerging Market Economies

Chile 96:1-08:I 042 0.54 050 0.74 0.11 0.07 -0.52
Colombia 65-06 0.78 0.78 0.64 051 -045 0.51 -0.30
Czech Republic  96:1-08:1 036 0.34 0.29 0.55 0.18 0.89 0.70
Israel 80:II-08:I 045 041 045 040 0.04 057 0.03
Mexico 93:1-07:IV. 094 092 092 0.07 -0.82 0.81 0.25
Taiwan 61:1-08:II 0.70 0.63 0.57 -0.05 025 0.79 0.16
Turkey 87:1-07:11I 090 0.87 083 0.71 -0.70 0.67 -0.02

Small Developed Economies

Canada 61:1-08:1I 0.81 0.77 0.73 0.77 -0.19 0.84 0.47
Denmark 90:1-08:1I 0.51 045 040 0.64 -0.11 0.55 -0.28
Finland 90:1-08:1  0.79 0.67 0.69 0.85 -0.05 0091 0.49
Netherlands 88:11-08:1 0.78 0.73 0.67 0.70 -0.17 0.89 0.33
New Zealand 87:11-08:I 0.80 058 0.83 0.72 -0.27 0.74 -0.01
Spain 01:1-08:1 051 0.58 0.13 055 -0.17 0.77 0.32

Large Developed Economies

France 78:1-08:11 0.76 0.74 0.59 0.84 -0.30 0.89 0.38
Italy 81:1-08:I 0.66 0.60 059 0.78 -0.13 0.85 0.33
Japan 94:1-08:I 0.70 045 0.70 092 -0.19 0.79 0.13
United Kingdom 80:1-08:1 0.86 0.81 0.80 0.73 -0.32 0.89 0.43
United States 47:1-08:IV.0.76 0.78 059 0.83 -0.28 0.84 0.34

Table 3: Average Relative Volatility of Consumption.
All data is quarterly. Emerging Market economies exclude Taiwan and Colombia. All variables
are in logs and detrended using the HP filter.

Weighted Average of Ratio to o,

Variable Large Economies Small Economies Emerging Economies
Total Consumption 0.94 0.99 1.30
Non-durables 0.68 0.72 0.90
Durables 3.83 3.85 4.48
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Table 4: Benchmark Parameter Values.
Benchmark parameters taken from Aguiar and Gopinath (2007), Baxter (1996), and Gomes
et al. (2008) or chosen to match either Mexico’s or Canada’s national statistics.

Time preference rate 6] 0.98
Consumption utility share 0 0.36
Elasticity of substitution between durables and nondurables ﬁ 0.86
Risk aversion o 2
Income share of labor in nondurables sector an 0.48
Income share of labor in durables sector ap 0.68
Depreciation rate of capital stock o0 0.01775
Depreciation rate of stock of durables 0p 0.039
Utility share of nondurables (Mexico) 1 0.885
Utility share of nondurables (Canada) 7 0.654
Aggregate productivity’s long-run mean growth rate ha 1.006
Autocorrelation of shock to trend oG 0.01
Autocorrelation of shock to nondurable goods PN 0.95
Autocorrelation of shock to durable goods oD 0.95
Capital adjustment cost (benchmark) [0 1.0
Durables adjustment cost (0 4.0
Coefficient on interest rate premium (benchmark) x  -0.001
Steady-state normalized debt b -0.1
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Table 5: Simulated moments and GMM parameter estimates for Mexico.
Simulated moments for output (y), total consumption expenditure (C), consumption of nondurables (n), invest-
ment in capital goods (inv), durable goods expenditure (xd), and net exports (nx). Results in column (1) were
obtained by solving for o, and o4, while setting o4 = 0, in order to match the empirical standard deviation of
output and aggregate consumption. Results in column (2) were obtained by solving for o,, and o4, while setting
o4 = 0, in order to match the empirical standard deviation of output and aggregate consumption. Results in
column (3) were obtained by solving for ¢, 04 and o, in order to match the empirical standard deviation of
output, expenditure in nondurable goods, and expenditure in durable goods. Results in column (4) were obtained
by solving for 0,,, 04 and o4 in order to match the empirical standard deviations of output and total consumption
expenditure, and the correlation between normalized net exports and output. Results in column (5) were obtained
by solving for o,,, 04 and 1), while setting o, = 0, in order to match the empirical standard deviations of output,
total consumption expenditure, and the correlation between normalized net exports and output. Results in column
(6) were obtained by solving for oy,, 04, 04, and 9 in order to match the empirical standard deviations of output,
expenditure in nondurable goods and expenditure in durable goods, and the correlation between normalized net
exports and output. Results in column (7) were obtained by solving for oy, 04, %, and x while setting o, = 0,
in order to match the empirical standard deviations of output, expenditure in nondurable goods and expenditure
in durable goods, and the correlation between normalized net exports and output. Results in column (8) were ob-
tained by solving for 0,,, 04, 04, and 9 in order to match the empirical standard deviations of output, expenditure
in nondurable goods, expenditure in durable goods, normalized net exports and investment and their correlations
with output, and the first order autocorrelation of output. Results in column (9) were obtained solving for o,,,
Ods Og, ¥y @, X> Pn»> Pd, and pg in order to match the same moments as in (8). Results in column (10) were
obtained solving for o, 04, 04, Y, @, X, Pn» pd> P4 and py, 4 in order to match the same moments as in (8). Unless

otherwise specified, parameters are set at their benchmark values (see Table 4).

Data () 2 3) ) (5) (6) () ® ©) (10)
Oy 2.35 2.35 2.35 2.35 2.35 2.35 2.35 235  2.60 2.02 1.73
z—j 1.10 1.10  0.88 1.04 1.21 1.07 0.99 0.75 3.16 1.67 1.59
% 0.89 0.97 0.10 0.89 0.10 0.54 0.72 0.59 3.25 1.48 147
%Z" 9.33 2.78 2.22 2.65 2.22 2.57 2.25 1.86  8.30 8.92 9.09
%JZ" 4.20 2.81 11.56 420 1500 11.67 4.23 420 430 4.23 4.18
Ona 1.68 0.42 1.43 0.56 1.97 1.46 0.56 0.31 1.01 2.44 2.17
P(y,y-1) 0.81 0.71 0.76 072 076  0.76 0.72 0.72  0.64 0.83 0.68
P(n,y) 0.92 0.64 092 0.64 0.85 0.22 0.81 0.99 043 0.18 0.12
p(zd,y) 0.92 022 0.84 0.33 0.75 0.83 0.23 0.48 0.51 0.32 0.53
pinv,y) 0.07 0.64 093 0.68 0.93 0.76 0.84 0.99 -0.15 0.40 0.50
p(nz,y) -0.82 0.19 -0.06 0.12 -0.16 -0.05 0.02 -0.20 0.71 -0.18 -0.34
p(C,y) 094 062 077 0.65 0.67 0.66 0.69 0.97 043 0.22 0.21
On 10.56  0.00 10.11 0.15 0.00 10.61 10.87 6.99 8.04 4.69
oy 0 11.86 345 11.77 11.82 0.00 3.59  8.00 1.43 2.53
oy 1.33 0 1.18 0 0.88 0.73 0 6.03 0.28 0.99
P 0.46 0.04 1.08 9.27 1.21 0.09
10} 0.19 0.15
X -0.0823 -0.0000 -0.0006
On 0.98 0.53
Pd 0.52 0.67
Pg 0.82 0.12
Pn.d 1.00
Residual 0.00  0.05 3.9 044  0.59 0.74 047 991 2.23 2.25

x10731

Quality of fit 484 106.8 477 169.2 103.3 53.3 593 145 3.5 3.0
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Table 6: Simulated moments and GMM parameter estimates for Canada.
Simulated moments for output (y), total consumption expenditure (C), consumption of nondurables (n), invest-
ment in capital goods (inv), durable goods expenditure (xd), and net exports. Results in column (1) were obtained
by solving for o, and o4, while setting oq = 0, in order to match the empirical standard deviation of output and
aggregate consumption. Results in column (2) were obtained by solving for o, and o4, while setting o, = 0, in
order to match the empirical standard deviation of output and aggregate consumption. Results in column (3) were
obtained by solving for ,,, 04 and o in order to match the empirical standard deviation of output, consumption
of nondurable goods, and expenditure in durable goods. Results in column (4) were obtained by solving for o,
o4 and o4 in order to match the empirical standard deviations of output and total consumption expenditure, and
the correlation between normalized net exports and output. Results in column (5) were obtained by solving for o,,,
o4 and 9, while setting o, = 0, in order to match the empirical standard deviations of output, total consumption
expenditure, and the correlation between normalized net exports and output. Results in column (6) were obtained
by solving for 0, 04, 04, and ¥ in order to match the empirical standard deviations of output, consumption of
nondurables and expenditure in durable goods, and the correlation between normalized net exports and output.
Results in column (7) were obtained by solving for o,,, 04, 1, and x while setting o, = 0, in order to match the
empirical standard deviations of output, consumption of nondurables and expenditure in durable goods, and the
correlation between normalized net exports and output. Results in column (8) were obtained by solving for o,
04, 04, and 1) in order to match the empirical standard deviations of output, expenditure in nondurable goods,
expenditure in durable goods, normalized net exports and investment and their correlations with output, and the
first order autocorrelation of output. Results in column (9) were obtained solving for o, 04, 04, ¥, &, X, Pn,
pd, and pg in order to match the same moments as in (8). Results in column (10) were obtained solving for o,,,
Ods Ogs Vs @, X> Pns Pd> P4 and p,, g in order to match the same moments as in (8). Unless otherwise specified,
parameters are set at their benchmark values (see Table 4).

Data (H 2 3) ) (5) (6) () (3) ©) (10)
oy 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 143 1.34 1.33
‘;—‘2 0.88 0.88 0.88 1.02 0.88 0.88 1.00 0.77 1.10 1.22 1.17
Z—: 0.60 0.67 0.53 0.60 0.53 0.53 0.60 0.54 0.61 0.64 0.64
% 1.89 2.00 1.90 3.69 1.90 1.90 2.08 1.74 2.01 1.90 1.90
‘%"' 3.27 1.25 2.54 3.27 2.53 2.53 3.27 3.27 331 3.28 3.27
Ong 0.91 0.25 0.00 0.61 0.46 0.46 0.59 0.00 0.72 0.90 0.90
P(y,y—1) 0.84 0.72 0.73 0.74 0.73 0.73 0.73 0.71 0.73 0.89 0.73
p(n,y) 0.77 0.87 0.96 0.82 0.96 0.96 0.80 0.95 0.85 0.79 0.79
Pxd,y) 0.73 0.73 0.59 0.58 0.59 0.59 0.60 0.70  0.52 0.74 0.74
plinv,y) 0.77 0.89 0.98 0.90 0.98 0.98 0.89 1.00 091 0.81 0.78
p(nz,y) -0.19 -0.13 -0.19 -0.20 -0.19 -0.19 -0.19 -0.21 -0.21 -0.16 -0.17
P(Cy) 0.81 0.89 0.92 0.62 0.92 0.92 0.84 1.00 0.79 0.79 0.85
On - 4.77 4.48 4.25 4.47 448 4.19 427 4778 4.06 5.40
o4 - 0 1.06 1.37 1.07 1.06 1.47 2.70 1.12 1.34 1.85
og - 0.25 0 0.22 0 0.02 0.23 0 023 0.18 0.00
P - 1.01 1.18 6.55 0.48 0.37 0.24
X - -3.77 -0.0001 -0.0003
10} - 2.92 3.55
Pg - -0.03 -0.61
Pn - 0.99 0.97
Pd - 0.84 0.85
Pnd - -0.54
Residual - 9.86 1.60 2.06 1.81 6.47 6.09 3.64 0.15 0.02 0.01

- x107%2 x107% x107?%  x107'7  x10732  x107'®  x107®

Quality of fit 4.58 1.49 3.44 0.88 0.88 0.20 1.01 0.19 0.12 0.10
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Table 7: Simulated moments and GMM parameter estimates for Mexico and Canada,
Model I1.

Simulated moments for output (y), total consumption expenditure (C), consumption of nondurables (n), invest-
ment in capital goods (inv), durable goods expenditure (xd), net exports (nx), the borrowing premium (spr), and
the amount of borrowing as a percentage of output (b). Results in column (1) were obtained by solving for o,,,
04, 04, and 7, in order to match the empirical standard deviation of output, consumption of nondurable goods,
expenditure in durable goods, and the borrowing premium. Results in column (2) were obtained by solving for
On, 0g, 04, X, and 7, in order to match the empirical standard deviation of output, consumption of nondurable
goods, expenditure in durable goods, and the borrowing premium and the correlation between output and net
exports. Results in column (3) were obtained by solving for o, 04, 04, v, and 7 in order to match the empirical
standard deviation of output, consumption of nondurable goods, expenditure in durable goods, and the borrowing
premium and the correlation between output and net exports. Results in column (4) were obtained by solving
for oy, 04, 04, v, and 7 in order to match the empirical standard deviations of output, expenditure in nondurable
goods, expenditure in durable goods, normalized net exports, investment, and the borrowing premium and their
correlations with output, and the first order autocorrelation of output. Unless otherwise specified, parameters are
set at their benchmark values (see Table 4). Data for spread and borrowing is from Neumeyer and Perri (2005).

Mexico Canada

Data (1) (2) (3) “4) Data (D (2 (€)) “4)
oy 2.35 2.35 2.31 2.43 2.71 1.33 1.33 1.33 1.33 1.33
‘;—S 1.10 1.07 1.00 1.06 3.10 0.88 0.95 1.01 1.01 0.97
g—/ 0.89 0.89 0.81 0.85 2.90 0.60 0.59 0.60 0.59 0.72
"o_—’; 9.33 2.66 2.40 2.50 7.24 1.89 1.95 1.81 1.77 2.41
%‘1 4.20 4.20 4.18 4.08 5.88 3.27 3.27 3.27 3.28 4.17
Ona 1.68 0.57 0.47 0.58 0.52 091 0.59 0.51 0.53 0.74
Ospr 2.64 2.64 2.68 2.66 2.61 1.54 1.54 1.54 1.54 1.49
op - 2.01 1.34 1.46 1.29 - 0.56 0.38 0.38 0.70
Py,y—1) 0.81 0.72 0.72 0.72 0.59 0.84 0.73 0.73 0.72 0.73
p(n,y) 0.92 0.69 0.78 0.78 0.58 0.77 0.74 0.89 0.93 0.78
pzd,y) 0.92 0.51 0.57 0.67 0.70 0.73 0.50 0.57 0.54 0.53
plinv,y) 0.07 0.71 0.78 0.77 -0.15 0.77 1.85 0.93 0.95 0.86
p(nz,y) -0.82 -0.27 -0.42 -0.59 -0.63 -0.19 0.11 -0.19 -0.19 -0.17
P(Cy) 0.94 0.72 0.81 0.82 0.61 0.81 0.77 0.87 0.87 0.78
P(spryy) -0.49 -0.99 -0.87 -1.00 -0.90 0.25 0.98 0.81 0.99 0.98
On - 10.76 10.96 11.65 12.02 - 3.79 4.45 4.59 4.65
7] - 2.85 2.53 1.65 0.15 - 1.55 1.38 1.28 1.94
og - 1.14 0.91 1.07 5.51 - 0.27 0.18 0.15 0.31
X - -0.0089 - -0.0062
n - -0.0034 -0.0040 -0.0034 -0.0031 - 0.0034 0.0019 0.0035 0.0026
v - 0.0345  0.0606 - 0.0091  0.0000
Residual - 8.00 0.17 0.08 13.15 1.35 6.41 2.19 0.88

x10710 x10726 x1072%  x1071'8

Quality of fit 46.96 50.48 48.79 17.28 1.97 0.58 0.84 1.73
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