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Empirical analysis reveals three regularities among middle-
income countries: consumption is highly procyclical and more volatile
than output, investment is highly procyclical and three to four times
as volatile as output, and real net exports are countercyclical and
about three times as volatile as output. Standard dynamic stochastic
general equilibrium (DSGE) small open economy models have failed
to match these regularities, as they predict excessive consumption
smoothing, low procyclicality and volatility of investment, and
procyclical real net exports. Some studies tackle these problems by
increasing the persistence of shocks (Aguiar and Gopinath, 2004
and in this volume) or by lowering the intertemporal elasticity
of substitution, as when using the preferences introduced by
Greenwood, Hercowitz, and Hoffman (1988) (Mendoza, 1995, 2001,
Neumeyer and Perri, 2005).

This study approaches the problem by considering market
imperfections relevant for middle-income countries; a limited access
to the foreign capital market, identified as an external borrowing
constraint; and asymmetric financing opportunities across tradable
and nontradable firms, identified as a sector-specific labor-financing
wedge (Caballero, 2002; Tornell and Westermann, 2003). The key
parameters associated with these frictions are deduced to match
selected data for Chile between 1986 and 2004, given the lack of data
on the economy’s net foreign asset position and sectoral financing
costs. This exercise narrows the discussion to whether the cyclical
properties of the deduced variables make sense according to previous
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studies, or whether they could be representing some other distortions
not identified in the model.

I conclude that a model with an external borrowing constraint
can capture the procyclical and volatile path of investment and
consumption of tradable goods and produce countercyclical real net
exports. However, it generates countercyclical employment and a low
volatility of nontradables consumption. Introducing a countercyclical
sector-specific labor-financing wedge enables the model to capture
the cyclical pattern of these other variables, as well. Moreover, the
cyclical properties of the key variables associated with both frictions
are consistent with previous studies (Caballero, 2002; Tornell and
Westermann, 2003).

An external borrowing constraint may arise from problems of
enforceability and risk of default. Atkeson and Rios-Rull (1996) and
Caballero and Krishnamurthy (2001) identify this friction as collateral
constraints, in which part of the export sector’s profits or revenues
could be seized by external lenders in case of default. Eaton and
Gersovitz (1981), Bulow and Rogoff (1989), Atkeson (1991), Kehoe and
Levine (1993), Kocherlakota (1996), Alvarez and Jermann (2000), and
Jeske (2001) consider exclusion from the external capital market as
the punishment for defaulting.

Atkeson (1991) derives an external borrowing constraint in an
environment in which foreign lending takes place under moral hazard
and risk of repudiation. External lenders cannot observe whether
borrowers are investing the borrowed funds efficiently or consuming
them, and sovereign borrowers can repudiate their debt at any time.
With no moral hazard and risk of repudiation, the optimal contract
produces full risk sharing between domestic agents and foreign
lenders. With these problems, however, foreign lenders can infer the
domestic agents’ allocations only after output is realized. The optimal
contract reduces risk sharing, transferring part of the output risk to
the domestic borrowers and thereby inducing them to invest efficiently
and repay their loans.

For practical convenience, the constraint is set as the foreign
lenders’ requirement for domestic households to self-finance a fraction
of their expenditures, 0 < ¥, < 1, with their current income at each
date ¢, as in Mendoza (2001). I then deduce ¥, to match the path
of the real net exports in Chile between 1986 and 2004. Full risk
sharing is equivalent to a sufficiently procyclical ¥, so that domestic
agents can borrow more relative to income in bad times than in
good to smooth expenditures. Partial risk sharing is equivalent to a
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less than sufficiently procyclical ¥, and less expenditure smoothing.
The constraint should always bind to prevent domestic agents from
building up savings that would lead them to repudiate their debt.

In the simulations for Chile, the external constraint slackens
when the economy receives positive shocks and tightens when it
faces negative shocks, but not enough to produce full risk sharing.
External financing becomes more (less) expensive during recessions
(booms), increasing the procyclicality and volatility of investment
and tradable goods consumption. It also reduces the procyclicality of
output of export goods, as there is less reallocation of production factors
across sectors, and it makes real net exports as countercyclical as in
the data. However, this friction makes employment countercyclical
and does not increase the volatility of nontradables consumption as
much as in the data. A countercyclical labor-financing wedge would
help the model match these moments by making labor demand more
procyclical and volatile.

The sectoral labor-financing wedge reflects credit constraints at
the firm level. They may arise from informational or enforcement
problems, which could be very severe for small and medium-sized
firms that lack the collateral to secure loans. Holmstrom and Tirole
(1998) derive credit constraints for firms from moral hazard problems,
while Bernanke and Gertler (1989) do it from costly state verification
problems. Albuquerque and Hopenhayn (2004) and Medina (2004)
derive them from enforcement problems. Kiyotaki and Moore (1997)
and Caballero and Krishnamurthy (2001) represent them as collateral
constraints. Tornell and Westermann (2003), using firm-level data for
twenty-seven middle-income countries, find that financing is a more
severe obstacle for firms in the nontradables sector, as they are mostly
small and medium-sized firms that lack collateral.

Here, I set this friction as a firm’s specific labor-financing wedge,
which represents the lending spread each firm is charged for the credit
needed to pay wages in advance of production. The spread depends
on the firm’s available collateral, as in Chari, Kehoe, and McGrattan
(2003).! The wedges are deduced to allow the model to replicate the
path of output in the data for each sector. Consistent with previous
studies, the resulting wedges are countercyclical, particularly in
the nontradables sector, reflecting a lower cost of financing during

1. This specification could be capturing some other distortions in the labor market,
such as sticky wages or unions (Chari, Kehoe, and McGrattan, 2003) or labor market
regulations (Caballero and others, 2004).
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booms when the collateral’s value increases and a higher cost during
downturns when the opposite valuation effect occurs. The wedge
allows the model to generate procyclical employment, as labor demand
becomes more procyclical and volatile, and to increase the volatility
of nontradables consumption.

Although this study does not endogenize the source of market
imperfections, it presents a simulated scenario for a lower incidence
of frictions to show what the economy’s cyclical properties would have
been if it had better access to external and domestic financing. The
self-financing requirement is made more procyclical and volatile to
achieve a constant borrowing constraint multiplier over time, and the
cyclical fluctuations of the sector-specific labor-financing wedge are
reduced. The cyclical properties of this economy would be qualitatively
similar to the frictionless case; the volatility of consumption and
investment would be smaller, and total work hours and the output
of exportable goods would be more procyclical and volatile, resulting
in procyclical and less volatile real net exports. This scenario would
be welfare improving, as households value a smoother path of
consumption over time.

The paper is organized as follows. Section 1 presents a discussion
of the empirical evidence and related literature. Section 2 presents the
model and simulations for the standard friction-less economy. I then
derive variations of the base model: section 3 presents the model and
simulations for an externally credit constrained economy, section 4
for an economy with asymmetric financing opportunities, and section
5 for an economy that features both frictions. Section 6 concludes.

1. EmPIRICAL EVIDENCE AND RELATED LITERATURE

This section compares the moments of middle-income countries
and small developed economies to highlight the particular features
of middle-income countries. Table 1 presents statistics for output,
consumption, investment, real net exports, and the terms of trade for
twenty-seven middle-income countries and the average of sixteen small
developed economies for annual data between 1980 and 2004. Each
variable corresponds to the log deviation from its trend, which was
obtained using the Hodrick-Prescott filter with a smoothing parameter
of 100. The statistics presented are the first-order autocorrelation and
standard deviation of gross domestic product (GDP) and the cross-
correlations and standard deviations of consumption, investment,
real net exports and terms of trade relative to GDP.
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The first distinctive feature is that GDP is almost twice as volatile
in the middle-income countries as in the small developed economies,
but only slightly less persistent. Second, while investment is as volatile
relative to output in both groups of countries, consumption and real
net exports are significantly more volatile relative to output in middle-
income countries than in small developed economies. Third, all three
expenditure items present roughly the same contemporaneous cross-
correlation with GDP in the two groups of countries. These findings
are robust to different data frequency. Aguiar and Gopinath (2004)
present similar evidence at a quarterly frequency for a smaller sample
of small developed economies and middle-income countries. They find
the same differences in volatility and similarities in correlations with
output, except for the ratio of real net exports to GDP, which is more
countercyclical in middle-income countries than in small developed
economies at quarterly frequency.

One concern with the moments presented in table 1 is whether they
are representative of normal business cycles fluctuations in middle-
income countries or are biased as a result of crises. Although table 1
does not abstract from periods of crisis, Tornell and Westermann (2002)
argue that the typical lending booms that characterize middle-income
countries business cycles commonly end in a soft landing with the
same moments as in crisis periods, but with less volatility. To avoid
this problem, this paper studies the case of Chile between 1986 and
2004, abstracting from its last crisis in 1982.

Earlier studies reproduce the high volatility of consumption and real
net exports in middle-income countries by lowering the intertemporal
elasticity of substitution, by increasing the shocks’ persistence, or by
considering frictions in the access to foreign and domestic financing.
With regard to the former, Mendoza (1995, 2001) and Neumeyer
and Perry (2005), for Mexico and Argentina, respectively, solved
the problem by using Greenwood, Hercowitz, and Hoffman’s (1988)
preferences or by lowering the intertemporal elasticity of substitution.
Greenwood, Hercowitz, and Hoffman’s (1988) preferences make the
labor-leisure decision dependent only on real wages, which makes work
hours, consumption, and investment more procyclical and volatile,
while real net exports become countercyclical. A lower intertemporal
elasticity of substitution produces similar results.

Some empirical studies estimate a lower intertemporal elasticity
of substitution for middle-income countries than for small developed
economies (Ostry and Reinhart, 1992; Barrionuevo, 1993), but
Domeij (2006) shows that such estimates would be biased downward
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if borrowing constraints are ignored in the estimation. He applies
standard econometric methods to artificial data constructed for
credit-constrained agents, but ignores the constraints in the
estimation. This results in an estimated intertemporal elasticity of
substitution 50 percent lower than the true elasticity with which
the data were built.

With regard to increasing the shocks’ persistence, Aguiar
and Gopinath (2004 and in this volume) introduce a permanent
shock to the trend growth rate of productivity into an otherwise
standard DSGE small open economy model, to replicate the cyclical
regularities of Mexico. This model could replicate the high volatility
of consumption and real net exports observed in middle-income
countries, but it relies largely on the strong persistence of the
shock to the trend growth rate of productivity, which creates larger
procyclical fluctuations in consumption and investment and larger
countercyclical fluctuations in real net exports than do shocks to
productivity around a trend.

There is no evidence that foreign or domestic shocks are, in fact,
more persistent in middle-income countries than in small developed
economies. Although there are no data on total factor productivity
across countries, the cyclical properties of output and investment offer
clues. More persistent productivity shocks would presumably result in
more persistent fluctuations in output and investment, as the marginal
productivity of capital varies directly with the shock. However,
column 1 in table 1 shows that output is slightly less persistent in
the middle-income countries than in the small developed economies,
while columns 5 and 6 show that investment is less persistent and
procyclical in the middle-income countries. For foreign shocks, columns
10 and 11 show that the terms of trade are less persistent, but more
volatile in the middle-income countries, while the foreign interest rate
shocks should be as persistent and volatile across groups as long as
the risk premium is endogenous.

Finally, with regard to frictions in the access to foreign and
domestic financing, Caballero (2000) studies the source of volatility
in three Latin American middle-income countries: namely, Argentina,
Chile, and Mexico. He finds that these economies are weak in their
links with the foreign capital market and in the development of their
domestic financial markets. These frictions can account for a large
share of the fluctuations and crises in modern Latin America, either
directly or by leveraging a variety of shocks. Tornell and Westermann
(2002, 2003) provide evidence of asymmetric financing opportunities
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across tradable and nontradable firms for a sample of twenty-seven
middle-income countries. Estimating an ordered probit model, they
find that financing was a more severe obstacle for the nontradable
firms, as they were mostly small and medium-sized firms that lack
the collateral to secure loans.

Caballero and Krishnamurthy (2001) analyze the interaction of
these two frictions in a stylized model with two types of collateral
constraints: firms in the domestic economy have limited borrowing
capacity from foreign investors and from each other. Their interaction
produced two suboptimal allocations. First, disintermediation, by
which a fire sale of domestic assets causes banks to fail, triggered
a reallocation of resources across firms and resulted in wasted
international collateral. Second, a dynamic effect results when firms
with limited domestic collateral and a binding international collateral
constraint do not take adequate precautions against adverse shocks,
thereby increasing their severity.

This paper takes Chile as a case study for three reasons. First,
it presents roughly the same cyclical moments as other middle-
income countries, although with less volatility. Comparing table
2 with columns 1 through 9 in table 1 reveals that the first-order
autocorrelation of output is roughly the same in Chile as in other
middle-income countries, while the standard deviation of output is
about half the average of middle-income countries. Consumption and
investment are both a little more procyclical in Chile, but as volatile
relative to output, while real net exports are more countercyclical and a
little less volatile. Second, Chile is frequently cited in the literature for
its disciplined economic policy, which makes it reasonable to abstract
from monetary and fiscal policy shocks. This reduces the model to a
simple exchange-production economy, similar to that used by Aguiar
and Gopinath (2004 and in this volume), Mendoza (1995, 2001), and
Neumeyer and Perry (2005). Third, Caballero (2000, 2002) finds an
active role of the two financial frictions studied here in Chile’s business
cycles in the 1990s. With regard to the limited access to the foreign
capital market, he shows that in 1999 consumption and the current
account deficit fell more than what could be explained by the negative
terms-of-trade shock, in part because of the decline in capital inflows.
With regard to domestic financing opportunities, he shows that
domestic banks reacted to the shock by slowing down private loans,
even though domestic deposits were growing fast. They substituted
private domestic loans with public debt and external assets, and they
allocated a higher fraction of their credit to large firms, reducing the
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access to credit of small and medium-sized firms. Large firms, most
of them 1n the tradables sector, could substitute their financial needs
in the domestic market, while small and medium-sized firms, most of
them in the nontradables sector, could not do so.

Table 2. Data Moments?

(1) (2) (3) (4)
Variable X p(x, y,) p(x,y, 1) a(x) o(x)/a(y)
Aggregate output ¥ 1.00 0.59 2.29 1.00
Output exportables y* 0.84 0.39 1.78 0.78
Output nontradables Y 0.98 0.61 2.80 1.22
Aggregate consumption c 0.95 0.69 2.66 1.16
Consumption importables cm 0.25 0.45 4.98 2.17
Consumption nontradables ¢ 0.98 0.61 2.80 1.22
Investment i 0.80 0.44 8.50 3.71
Investment exportables i* n.a. n.a. n.a. n.a.
Investment nontradables i n.a. n.a. n.a. n.a.
Real net exports nx -0.74 -0.41 — 2.55
Nominal net exports nnx — — — —
Work hours h 0.40 0.12 1.78 0.78
Work hours exportables h* -0.09 -0.30 2.05 0.89
Work hours nontradables h" 0.53 0.25 1.96 0.85
Aggregate capital 0.33 0.68 2.88 1.26
Capital exportables k* 0.43 0.75 3.06 1.34
Capital nontradables k" 0.24 0.60 2.80 1.22

Source: Central Bank of Chile; author’s calculations.
n.a. Not available.
a. Data are HP filtered.

This study seeks to evaluate quantitatively, in a DSGE framework,
whether considering these two frictions in an otherwise standard small
open economy model can replicate the high volatility of consumption
and countercyclicality of net exports observed in middle-income
countries. The model is calibrated and simulated for shocks to the
terms of trade, foreign interest rate, and total factor productivity
between 1986 and 2004. I begin with a frictionless version of the
model and then incorporate each friction separately into the model to
quantify its specific role in the domestic cycles. Finally, a model that
features both frictions is simulated.
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2. MopEL 1: FricTIONLESS SMALL OPEN Economy

Consider a small open economy that is perfectly integrated with
the world in goods, but faces an aggregate upward-sloping supply of
external funds:

R =R +n®-b), (1)

where R, is the domestic rate of return, R,* is the foreign rate of
return, b, is the net foreign asset position, b is the level of foreign
assets at which the risk premium is zero, and 1 is the elasticity of
the risk premium to b,. R,* is stochastic according to

R =exp (efLE R, (&)

where R* is its unconditional mean and etR its first-order autoregressive
shock:

R R_R R
€1 =P & TUL, 3)

with E ©/,)=0 and V (v}, )= o}.

This is not exactly a frictionless setup, in which R, = R,* at each
date t, because when the model is log-linearized around the steady
state, it yields a unit root process for consumption, work hours,
investment, net exports, and net foreign assets (see Correia, Neves,
and Rebelo, 1995). To have a unique steady state, it is necessary to
anchor the level of external debt in equilibrium. This can be done by
setting an upward-sloping supply of external funds, a cost function
of adjusting the external asset portfolio, or an endogenous discount
factor. Schmitt-Grohé and Uribe (2003) show that all of these three
forms yield the same first and second moments. I chose the first to be
consistent with the later specifications, and I kept n small to make
the model a good approximation of the frictionless setup.

There are three goods in this economy: an exportable good (X), an
importable good (M), and a nontradable good (V). The two production
factors are labor (k) and capital (k). The home economy produces X
and N goods, using A and k inputs. Capital is sector specific, and labor
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moves freely across sectors. The law of one price holds for both tradable
goods. The external price of M is normalized to one and assumed
constant, while the external price of X is stochastic, according to the
following process:

P* = exp[efx ]PX*, (€]

* . . .y . X .
where PX" is its unconditional mean and ¢/ the first-order
autoregressive shock:

PX PX PX PX
€1 =P & TUgs (%)

with E[vﬁi] =0 and V[vfﬁ] =00y

There are two types of domestic agents: households and firms.
Households own the firms, consume the N good, buy the M good for
consumption and investment, and supply 4 and & to the firms. They
are the only ones with access to foreign financing. There are two firms,
the export firm and the nontradable firm; both use A and & to produce
their goods. The economy follows a balanced growth path at a growth
rate of (y— 1), and population is constant. In the following, the model
is set in stationary form.

2.1 Households

Households maximize their lifetime utility according to
equation (6):

1-o

~ Bler (1=h) "
U=E Y [c( ) : ®)

t=0 1-o0

where 8" =3~"""", B is the discount factor, h, the normalized work
hours, and c, a constant elasticity of substitution (CES) aggregation
of consumption of importable (¢ ) and nontradable (c¢/) goods:

¢, :[wcf””Jr(lfm)c,pr]’T, (7)
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where 1/0 and 1/(1 — p) are the intertemporal elasticity of substitution
and the elasticity of substitution between M and N, respectively. Since
the foreign bonds and capital are the only assets in this economy,
asset markets are incomplete and the economy’s wealth varies with
the state of nature. The households flow budget constraint is

wh, + ¢k +q kY + Rb, =c” + PV +iF +iY +4b,., )

where w, is the wage rate, P the relative price of N to M goods, and
ki, and q; are capital, investment, and the rental rate of capital
in sector j, respectively. Investment is used to replace depreciated
capital, accumulate new capital, and cover the capital adjustment
costs, according to the following law of motion:

Rl =(1- 6)k1 +I’t __<lt) ) 9

for j =X, N, where § is the depreciation rate and 0 the coefficient on the
quadratic adjustment costs. Households choose the sequence {ctM , ctN h,

t , zt , kfil, kﬁl, b,.,} I, , to maximize equation (6), subject to equations
(8) and (9). Their first-order conditions are as follows:

w|weM? + (1 —w)cN? Py Y TTM 0 i3 10
t t 12 t to

a(t=m @ +(1—m)e 7 A=h )TN P )

(L a)fwe” + (1—w)e [ (1= h T Z Ny (12)
Of =N +0; 07 (13)
O =X\ 0 07 (14)

’\{(th = BEt [>\z+1qt)i1 + (bt)il (1 - 6)]’ (15)
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VO = BE Naglly + 00 (1-9); (16)
W\, =BE, (>\z+1Rz+1 ); and (17)
E,[Tim @, (5 + kY, +b,)| =0 (18)

where X, ath , and ¢! are the Lagrange multipliers on equations (8)
and (9), respectively.

2.2 Firms
Both firms have Cobb-Douglas constant-return-to-scale

technologies and choose { b/, k/}|*, to maximize profits, with j = X, N.
The first-order conditions for the nontradable firm are

w, = (A= ox)R  expEHE™) " @) " and (19)
N _ PN N th (I-ay) ka ((\Nfl)' 20
q, =oyby expE, )" ) (CAD) : (20)

while the first-order conditions for the export firm are

w, =1 —a )P  expE)E) " ¢fF) T and @1)
X _ pX X\ X (1—ay) BIX (ax-1) 99
q, =oxb” expE, Y ) ) , (22)

where e{ 1s the productivity shock in each sector j = X, N, respectively.
The shocks follow a first-order autoregressive process:

EiJrl = pjgg + Utj+1 ) (23)

with E@/,,)=0and V @/,,)=0".

t+1
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2.3 Competitive Equilibrium

: X N ) R _P X _N
Given b, k;, and k; and shocks’ processes (g, ,&,%,¢;,¢,), a
L. iqeq - . M
competitive equilibrium corresponds to sequences of allocations {c, ,
N X N X N ‘N ‘N |c : X
¢ h i5iN R RN b s AR RN, R, RNV, and prices {PF,
N X N c .
P, q ,q, ,w,, R} [°,such that:
: X N . M N .
—Given b, ky , ky , prices, and shocks’ processes, {¢,", c,’, h,, i

iV, kX, BN, b3, solve the households’ problem;

X
t 9

—Given prices and shocks’ processes, {h/*, k/*} I, solve firm X’s

problem;

0

—Given prices and shocks’ processes, {h/", k/N} [ solve firm N’s
problem;

—Market-clearing conditions are satisfied: ¢, = y~, k¥ = k¥,
kN =k, and h, = KX +h/"; and

—The resource constraint is satisfied:
Rb, +PzXYtX _ctM _izX _itN —b,; =0-

2.4 Steady State and Calibration

The parameters are calibrated to match Chile’s average
macroeconomic ratios between 1986 and 2004. Table 3 presents the
parameters, together with the ratios in the data and in the model in
steady-state. The risk premium elasticity, ), is 0.001 as in Schmitt-
Grohé and Uribe (2003), net foreign assets are —19 percent of GDP, and
b is 8.8 percent of GDP, to yield a spread R, — R: of 200 basis points.
The parameter ~ is equal to 1.056, or one plus the average growth of
GDP, while (3 is 0.94 in the steady state according to equation (17).

To calibrate the other parameters, it is necessary to construct the
sectoral series of output and hours of work. For output, the sectoral
series of GDP from national accounts were allocated as exportable
or nontradable goods as in Stockman and Tesar (1995) and Mendoza
(1995). The export sector’s GDP was defined as the sum of GDP in
the mining, agriculture, forestry, fishery, and manufacturing sectors,
equivalent to 36 percent of GDP, while the nontradables sector’s
GDP corresponds to the sum of GDP of the wholesale and retail
trade, construction, electricity, gas, and water, financial services,
housing, personal services, public administration and transport,
storage, and communication sectors, equivalent to 64 percent of



Table 3. Calibration and Macroeconomic Aggregates

Macroeconomic ratios

Model and
parameter Value Variable Data Model

Model 1: Frictionless economy

Preferences Aggregate demand
B 0.943 c/y 0.762 0.696
p -0.350 cN/y 0.634 0.600
w 0.079 cMyy 0.128 0.096
o 1.500 i’y 0.297 0.292
a 0.323 tb/y -0.059 0.012
bl/y n.a. -0.190
Technology Production
ay 0.523 yN/y 0.634 0.600
ay 0.435 yX/y 0.366 0.400
0 0.028
o 0.080
Supply of external funds Inputs
b 0.088 k/y n.a. 1.700
n 0.001 EN/R n.a. 0.555
kX/k n.a. 0.445
h 0.267 0.267
Long-term growth WN/h 0.670 0.640
v 1.056 hX/h 0.330 0.360

Models 2 and 4: Credit constraint

v 0.833
" 3.35E-08
® 0.019

Models 3 and 4: Labor-financing wedges

X 0.162 hN/h 0.670 0.638
™ 0.171 hX/h 0.330 0.362

Source: Central Bank of Chile; National Institute of Statistics.
n.a. Not available.
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GDP. A similar aggregation was used to allocate employment across
sectors. Employment in the export sector is the sum of employees
in the mining, agriculture, hunting and fishery, and manufacturing
sectors, equivalent to 33 percent of total employment, while in the
nontradables sector it is the sum of employees in the construction,
electricity, gas and water, trade, transport and communication,
financial services, and social services sectors, equivalent to 67 percent
of total employment.

Consumption of the nontradable good is equal to nontradable
output, while consumption of importable goods is equal to the rest of
total consumption. In steady state, the current account balance has to
be equal to zero, whereas it is in deficit in the data, so I had to adjust
some ratios in the model to calibrate a consistent steady state. The
ratio of exportable GDP to total GDP was increased from 0.37 in the
data to 0.40 in the model; the ratio of investment was reduced from
0.301in the data to 0.29 in the model; and the ratio of importable goods
consumption was reduced from 0.13 in the data to 0.10 in the model.
As a result, the ratio of real net exports to GDP was increased from
—0.06 in the data to 0.01 in the model.

In line with the adjustments in output, the share of employment
in the export sector was increased from 0.33 in the data to 0.36 in
the model, and the nontradable share was reduced from 0.67 in the
data to 0.64 in the model. The prices of X and N relative to M were
both set equal to one in steady state. Next, o and p were set as in
Mendoza (1995) for the industrialized economies?, while o, @, X, ©%,
and oY were calibrated from equations (10) to (14), respectively. The
shares oy and o, were calibrated to generate the sectoral allocation
of labor in the model and an overall capital income share of 0.46, as
estimated by Gallego, Schmidt-Hebbel, and Servén (2005) and Garcia
and others (2005). Table 3 shows that the calibration is consistent with
the macroeconomic ratios in the data, except for the adjustments made
to achieve a zero current account balance in steady state.

2.5 Simulations

The model is simulated for exogenous shocks to the terms of
trade, foreign real interest rate, and productivity in the export and

2. I chose the benchmark parameters for industrialized economies because the
parameters for the developing economies can be biased as a result of more severe credit
constraints ignored in the estimation.
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nontradables sectors. The foreign real interest rate is defined as the
U.S. federal funds rate minus ex post inflation; the terms of trade is
the ratio of prices of exports to imports of goods and services. Total
factor productivity for each sector corresponds to the Solow residual,
for which I used the sectoral series of output described in the previous
section, while the aggregate and sectoral series of work hours and
capital were constructed.

Total work hours were built using total employment from the
National Institute of Statistics and average hours worked per
employee from the International Labor Organization (ILO). They were
normalized taking the average hours worked times the number of
employees, divided by the potential working time of the working-age
population. Its sectoral allocation was built assuming that labor is
freely mobile across sectors and that both sectors present Cobb-Douglas
production functions with constant return to scale, so that its marginal
productivity is equal across sectors according to equation (24):

ﬂz(]'_OLN)RNytN' (24)
h' o A—ax)B yS

The aggregate capital stock (k,) was estimated using the following
law of motion:

. 0.
Ve =1 =0)k +1, _Eltz’ (25)

where k, and i, are aggregate capital and investment, respectively. For
its sectoral allocation, capital was assumed to be sector specific, but
investment freely mobile across sectors. I used a three-step procedure.
First, the allocation of freely mobile capital was obtained, equating
its marginal productivity across sectors (equation 26):

t

kY _ OLNPzNyzN
kS axPryl

(26)

Second, the implicit series of investment were derived from
these allocations, considering capital as sector specific. Third, a
nonnegativity condition for investment in each sector was verified,
with the finding that the freely mobile allocation is consistent
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with positive investment in both sectors. Then, given that sector-
specific capital would only create one-period discrepancies in the
sectoral allocation of capital relative to freely mobile capital, I
decided to take the latter.?

Figure 1, panel A, presents all four shocks in log deviation from
their Hodrick-Prescott (HP) trend between 1986 and 2004. Table 4
shows that the autocorrelation of the two productivity shocks and the
terms of trade is low, ranging between 0.3 and 0.4. Only the foreign
real interest rate is more persistent. The terms-of-trade shocks are
the most volatile, about three times as volatile as output, while both
productivity shocks and foreign real interest rate are less volatile than
output. Finally, the innovations to all four shocks are positively cross-
correlated among them, particularly between both productivity shocks
and between the terms of trade and the foreign real interest rate.

Figure 1. Chile: Domestic and External Shocks and
Financial Frictions

A. Exogenous shocks for models 1, 2, 3, and 4
Real foreign interest rate Terms of trade
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AIVAN
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1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004
Productivity shock, Productivity shock,
exportables nontradables
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0.011
A 0.00 A A

wl NN mTY TV

-0.024 -0.03
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3. This would be optimal if domestic agents could foresee future shocks and invest
accordingly.
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Figure 1. Chile: (continued)

B. Self-financing requirement and external borrowing
constraint multiplier for model 2

Self-financing Borrowing constraint
requirement multiplier
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C. Labor-financing wedges for model 3

Exportable firm’s Nontradable firm’s
labor-financing wedge labor-financing wedge

0.20 0.06
0.151 0.04 1
0.101 0.021 /\_/\ N
0,051 0.00
000 -0.021

: / -0.04
-0.051 -0.061
-0.104 -0.081
-0.15 4=l 0. 10—

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Source: Author’s computations.

The model was log-linearized, so the variables represent log
deviations from their steady-state values. Table 5 presents the data
moments in columns 1-4 and model 1’s simulated moments in columns
5-8.Model 1 predicts excessive consumption smoothing of importable and
nontradable goods, a lower volatility and procyclicality of investment,
and procyclical, instead of countercyclical, real net exports.

Consumption smoothing results in a less procyclical and less
volatile nontradable output, but in a more procyclical and more volatile
exportables output. In response to the terms-of-trade shocks (the main
drivers of the domestic cycles), work hours are reallocated from the
nontradables sector to the export sector for positive shocks and vice
versa for negative shocks. Thus, hours of work in the export sector
are highly procyclical, contrasting with the highly countercyclical
employment in the nontradables sector. At the same time, aggregate
work hours become more volatile and procyclical.
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Figure 2. Data and Model 1 Simulations

Real GDP Aggregate consumption
0.06 0.06
0.051
0.04 1 0.044
0.03
0.02] 0.021
0.01 ; AN »
0.00 L 00013 N
-0.014 / 0.021 - 7
0011 \ 0.02
-0.031 e -0.044
-0.04

05+ T T T T T T T T T T T T T
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Aggregate investment

0f+——TTTT T T T T T T T T T T T
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Real net exports

0.20 0.05
0.041 A
0.154 0031 p A
0.10 0024 ;1 L
0.014 .\ RN
0.054 0.00 ; VARV ,
0.00 -0.014 \/\/‘ / NN \X\
-0.024 [N ' i
-0.051 -0.031 o s
| -0.04 4
-0.10 0,051

ST T T T T T T T T T T T T T T
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

0f6+——T—TT T T T T T T T T T T T T T
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Real GDP and consumption

Real GDP exportables of nontradables
0.15 0.08
0101 0.061
P | 0045
0.051 /Ty . 0024
0.00 Aol N 0001 =
SO N Y| 00 >
-0.05 v 004,

B s S S s s S, e e
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Consumption of importables

b+—T——T T T T T T T T T T T T T T T T
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Total hours of work

0.10 0.06
0.08

0.06 4 0.04 1
0.04 4 /

0.02 \/\ AN j\(,” Y J 0.02 4
0.00 —¥ = ———

.02y \/ |
-0.044 .0.02]
“0.06] 0.02
-0.084 -0.04 1
-0.10 4

-0.12 0.06

1956 1988 1990 1992 1994 1996 1998 2000 2002 2004

1956 1988 1990 1992 1994 1996 1998 2000 2002 2004

Model 1



Figure

2. (continued)
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Figure 2 presents the data series and model 1 simulations for
the same sample. Model 1 predicts a smaller fall in aggregate and
nontradables consumption in 1990-91 and 2001-03, and a lower
expansion in 1994-98, resulting in the lower procyclicality and
volatility relative to the data. For investment, the model also predicts
a lower expansion in 1989 and in 1995-98, together with a smaller fall
in 1991-92 and 1999-2004. Aggregate and export sector work hours
move similarly to the terms of trade. Labor supply is highly procyclical
and volatile. Together with the procyclical reallocations of labor from
the nontradables to the export sector, this results in highly volatile and
procyclical output and employment in the export sector and—when
added to the smooth path of consumption and investment—procyclical,
rather than countercyclical, real net exports.

Figure 3 presents the real exchange rate, defined as the price of
exportable over nontradable goods, and the spread between the domestic
and foreign interest rates in the data and in the different models. It
shows that model 1 is unable to replicate the real depreciation between
1988 and 1992 and since 2002, as well as the decline in the foreign
lending spread after 2000. Thus, a frictionless model with standard
preferences and a normal intertemporal elasticity of substitution
cannot generate the regularities observed in middle-income countries,
as it predicts excessive consumption smoothing and procyclical real
net exports. The next section explores whether adding an external
borrowing constraint to this setup can solve these problems.

3. MobpEL 2: BorRrROWING-CONSTRAINED EcoNnomy

Consider a small open economy that is perfectly integrated with
the world in goods, but faces individual specific external borrowing
constraints identified as the external lenders’ requirement that
domestic households finance at least a fraction ¥, of their expenditures
with their current income at date ¢ (Mendoza, 2001):

wh, +q kS +q kR >0, + PV +iF +i —Rb,), @7

where the left-hand side is the households’ current income and the
right-hand side the minimum fraction of expenditures to be self-
financed. When equations (27) and (8) are combined and equilibrium
conditions imposed, this constraint can re-expressed as
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Figure 3. Real Exchange Rates and Foreign Lending
Spreads?
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Source: J.P. Morgan’s EMBI Global; author’s computations.

a.Real exchange rate is measured as the ratio between the price of exportable goods and the price of nontradable
goods. Foreign lending spread corresponds to the differential between the domestic interest rate and the foreign
interest rate.

1-v
b 2 = BT BT, @28)
t

This constraint can replicate an optimal contract as in Atkeson
(1991), in which foreign lending occurs under moral hazard and risk
of repudiation. External lenders cannot observe whether borrowers
are investing the loans efficiently or consuming them, and sovereign
borrowers can repudiate their debt at any time. When there are no
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informational problems, domestic agents and external lenders share
risk fully, but with these problems, the optimal contract reduces risk
sharing, transferring part of the output risk to the domestic borrowers
to induce them to invest efficiently and repay their loans. Furthermore,
the external borrowing constraint should always bind to avoid saving
accumulation and debt repudiation.

In this setup, full risk sharing is equivalent to a sufficiently
procyclical ¥,, which allows domestic agents to borrow more relative
to income in bad times than in good, smoothing expenditures over
time. Less risk sharing is consistent with a less procyclical ¥, and less
expenditure smoothing. I assume that the constraint always binds and
deduce ¥, at each date ¢ to allow the model to replicate the real net
exports in the data as a proxy for the household’s net repayment to
the foreign lenders.* Then, ¥, and the borrowing constraint multiplier
are analyzed according to previous studies.

The rest of the model is the same. There are three types of agents:
domestic households, domestic firms, and foreign lenders. Foreign
lenders set the borrowing constraint on the domestic households.
Domestic households own firms, consume the nontradable good, buy
the importable good for consumption and investment, and supply labor
and capital to the firms. There are two firms—the export firm and
the nontradable firm—that demand capital and labor to produce their
goods. The economy follows a balanced growth path, and population
is assumed to be constant. In the following subsections, the model is
set in stationary form.

3.1 Households

Households choose the sequence {¢, ¢, 1, i, k,,, b,,,} I, to
maximize their lifetime utility (equation 6), subject to equations (8),
(9), and (27). Their first-order conditions are as follows:

a
[

—o)-1 —a)1-0o -
aw|we + A—w)e [T @R TN = s (29)

o (1—0)-1 —a)1l-o —
o= m)fme + A=) @R )T

=va0» + 1, )

(30)

4. This avoids private agents building up savings that would make the constraint
nonbinding again.
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N a(o—1)-o

(-ofme +a-=)e | a-n TV = bpow: @D
b = O\ 1)+ 0 08 (32)
oF = O\ 1Y)+ 0" 05N (33)
N0 = BE [Ny 1)@k + 05 =05 (34)
AR AINRERTAR VAR AN E (35)
~\, = BE, [(xHl ERTI )Rm] ; and (36)
E,[Tim @, (% + kY +b,)| = 0 (37)

where X, ¢, ¢V, and i, are the Lagrange multipliers on equations
(8), (9), and (27), respectively.

3.2 Firms

Firms solve the problem in model 1. Thus, their first-order
conditions are equations (19) and (20) for the nontradable firm and
equations (21) and (22) for the export firm.

3.3 Competitive Equilibrium

. X N ) R _P X _N

Given b, k; , and k, and shocks’ processes (¢, ,¢,*,¢; ,€,, V), a

L. iqeq - . M

competitive equilibrium corresponds to sequences of allocations {c, ,

N X N X N ‘N ‘N : X

b i 0 R R bt {hz/X’ htf ) kz/X’ ktf {12, and prices {P",
N X _N .
P", q,q,, w,, R}, such that:

—Given b, k(,x, kév, prices, and shocks’ processes, {c, , ctN, h,, i}

")
iV, kX, YL, b0, solve the households’ problem;
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—Given prices and shocks’ processes, {h/*, £/}, solve firm X’s
problem;

—Given prices and shocks’ processes, {h/~, k/N} [, solve firm N’s
problem;

—Market-clearing conditions are satisfied: ¢, = y~, k' = k¥,
kY =k, and h, = h/* + AV; and

—The resource constraint is satisfied:
Rb, +PtXYtX _CtM _itX _itN _'\(bzﬂ =0.

3.4 External Lenders
External lenders are risk neutral and face a complete asset

market. They maximize the profit function (38) subject to the domestic
households’ borrowing constraint (equation 27):

H* =k, li Q, ’\ft [Rtbt —-(1+ (I))ﬁfbu—l] ) (38)

. -1
with @, = R!| , where ® is the marginal cost of extending new
t s
s=0

loans. Their first-order conditions are:

Qt (1 + ‘I)) = Qt+1Rt+1 (1 - Mt+1\1}t+1 )’ (39)

which yields the following endogenous upward-sloping supply of
funds:

R, —R =R/ ®+Rp,Y,. (40)

This supply of funds depends not only on net foreign assets as in
model 1, but also on current expenditures and income, all of which are
reflected in the multiplier, j,. As before, this functional form allows
the model to have a unique steady state.
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3.5 Steady State and Calibration

The calibrated parameters and the implied macroeconomic ratios
from the model are the same as in model 1, as p is small. The only
difference is that the parameters associated with the previous upward
supply of funds (1 and b in equation 1) are now replaced by the
coefficients associated with the endogenous upward supply of funds
(®, ¥, and . in equation 40), which are presented in table 3.

3.6 Simulations

The value of ¥, is deduced and introduced as a shock, together
with the shocks in model 1, to make model 2 replicate Chile’s real
net exports between 1986 and 2004. Table 6, shows that ¥, is highly
persistent and more volatile than output. Its innovations are positively
correlated with all shocks, but this correlation is higher with the terms
of trade than with productivity, which is consistent with a high (low)
risk sharing between households and foreign lenders when shocks
are observable (unobservable). Figure 1, panel B, shows that ¥, was
increasing in 198695, decreasing in 1996-98, stable until 2003, and
increasing again in 2004. The multiplier, ji,, shows a more binding
constraint in 1990-91 and after 1998, when facing negative shocks
to productivity and the terms of trade, and a less binding constraint
when facing positive shocks (1992-98). This indicates that this
constraint may have contributed to the boom in 1995-98 and to the
bust in 1999-2003.

Table 7 shows that model 2 captures the volatilities of exportable
and nontradable output, consumption of importable goods, and
aggregate investment better than model 1. It also reduces the volatility
of export sector’s work hours, but increases that of the aggregate and
nontradables sector’s hours. Figure 4 shows that model 2 reproduces
investment, consumption of importable goods, and output of exportable
goods better than model 1. Investment is more procyclical and more
volatile since V¥, is highly persistent and highly correlated to the
terms of trade. The less binding constraint in 1992-98 produced
larger and longer-lasting increases in investment, while the tighter
constraint in 1999-2003 produced larger and longer-lasting reductions
in investment.
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Figure 4. Data and Model 1 and Model 2 Simulations
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Figure 4. (continued)
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FigHouseholds react to positive shocks and a less binding
constraint by increasing consumption and reducing their labor effort.
The importable goods are obtained abroad, while nontradables are
produced domestically, generating a reallocation of labor from the
exportable to the nontradables sector. The lower overall labor effort
further reduces employment in the export sector and lowers the
increase in employment in the nontradables sector. Thus, the demand
for tradable goods increases, but their production falls, generating
countercyclical real net exports. Figure 5 shows that model 2 replicates
the real exchange rate better than model 1, and it predicts a flat foreign
lending spread, as ut is small.

Figure 5. Real Exchange Rate and Foreign Lending Spread?
A. Real Exchange Rate
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a.Real exchange rate is measured as the ratio between the price of exportable goods and the price of nontradable
goods. Foreign lending spread corresponds to the differential between the domestic interest rate and the foreign
interest rate.
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Work hours, however, are countercyclical instead of procyclical, and
the volatility of nontradables consumption is still low compared to the
data. In figure 4, work hours are higher in periods of negative shocks
and a tighter constraint (1990-91 and 1999-2003) than in periods
of positive shocks and a less binding constraint (1992—-98). Since the
countercyclical fluctuations in labor supply drive the cyclical path of
work hours, the next section explores whether countercyclical labor-
financing wedges can produce sufficiently procyclical fluctuations in
the labor demand to solve this problem.

4. MobEeL 3: AsyMMETRIC FINANCING CosTs

Consider a small economy that is perfectly open to the world in
goods, but faces the same upward-sloping supply of external funds
as in model 1 (equation 1). Domestic households own firms, consume
the NN good, buy the M good for consumption and investment, and
supply A and & to the firms. The export and nontradable firms demand
k and h to produce their goods. They face a specific labor-financing
wedge that can capture sector-specific labor market distortions such
as labor-financing frictions, sticky wages, or unions (Chari, Kehoe,
and McGrattan, 2003) or labor market regulations (Caballero and
others, 2004).

The appendix shows that this model is similar to a model in which
firms need to borrow from domestic banks to pay workers in advance
of production, such that they face a credit-in-advance constraint.
The cost of credit depends on each firm’s specific availability of
collateral. This is motivated by the evidence found by Tornell and
Westermann (2002, 2003) about asymmetric financing opportunities
across tradable and nontradable firms for a sample of middle-income
countries, and by Caballero (2002) for Chile. Given the lack of data
on sectoral financing costs, I deduced the sectoral labor-financing
wedge to make the model replicate output of both sectors in the data
between 1986 and 2004. The economy follows a balanced growth
path, and population is constant. In the following discussion, the
model is set in stationary form.

4.1 Households

Households solve the same problem as in the friction-less
economy setup. Their first-order conditions are thus given by
equations (10)—(18).
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4.2 Firms

Each firm’s labor-financing wedge is set as augmenting the cost
of labor by a fraction, T/, with j = X, N. Their total cost of production
is given by equation (41):

ok +wph! [1 + Tg], (1)

for j = X, N. The costs associated with the wedges are rebated to the
households as a lump sum transfer, such that the resource constraint
remains unchanged with respect to the previous specifications. The
firms’ static problem is to choose the allocation {A/,k/} to maximize
profits. The first-order conditions for the nontradable firm are

w, [1+va]:[1—OLN]PtN exp

z—:fv][k[N ]GN [h[N]_&A and (42)

(ay—1)

(I-ay)
@ =B exs|s 1] ] (13
while for the export firm, they are

w, [1 + ’rtx] = [1 - uX]BX exp[ef][kfX ]WX [hth]_nX and (44)

(o) (x-D)
g¥ = ayPX exp[ef‘][hf‘] [kzX ] . 45)

4.3 Competitive Equilibrium

Given b, kY, and k) and shocks’ processes (B efx X N X 1,
a competitive equilibrium corresponds to sequences of allocations {c,”,
¢ b i ) R R bt 10 RS RN R RN, and prices (B,
P", q, q, w,, R} [, such that:

—Given b, kY, kY, prices, and shocks’ processes, e, cl, h,, ¥,

iN, kYL, RN, b, 12, solve the households’ problem;
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—Given prices and shocks’ processes, {h/*, £/}, solve firm X’s
problem;

—Given prices and shocks’ processes, {h/~, k/N} [, solve firm N’s
problem;
—Market-clearing conditions are satisfied: ¢, = y~, k' = k¥,
kY =k, and h, = h/* + A; and
—The resource constraint is satisfied:
Xy X M - X -N
Rb,+P°Y" —c," —i —1, —~b,,,=0.

4.4 Steady State and Calibration

Both wedges, 75 and T, in table 3 are set to ensure that they
are always greater than or equal to zero in the simulations. The
nontradable wedge is about one percentage point above the export
wedge. This specification only marginally changes the relative
allocation of labor across sectors in steady state, while the other
parameters and macroeconomic ratios remain as in models 1 and 2.

4.5 Simulations

Both wedges are deduced and introduced as shocks to make the
model replicate the path of output of exportable and nontradable
goods in the data. The model is simulated for these shocks and for
the four shocks in model 1. Table 8 shows that the nontradable
wedge is more persistent and less volatile than the export wedge. Its
innovations are negatively correlated with both productivity shocks
and uncorrelated with the terms of trade, while the innovations to
the export wedge are highly correlated with the terms of trade and
less correlated with productivity.

Figure 1, panel C, shows that the nontradable wedge decreased
continuously between 1991 and 1998 and increased suddenly in 1999.
It then remained high until 2004, mirroring the path of nontradable
output, consistent with a lower cost of domestic credit during booms
than during recessions. The export wedge mimics the path of the
terms of trade in the data, probably reducing the reallocation of
labor across sectors rather than measuring changes in domestic
financing costs.

Table 9 presents the simulated moments for model 3, which
replicates the output moments in both sectors in the data by



'SUOIYB[NO[BD S OYINY :90IN0F

000'T  $80°0- CEV0- LOVO- €2€0— 0L0°0 ap'1 ¥82°0 e $a[qEpBIUOU 25pam T0qeT]
730°0- 0001  &FE0 6680 6090 €670 ve LEE0 x* sa[qe3aodxo a8pam 10qer]
Ggr’0— TFE'0  000'T  986°0  ¥LZO  OFT0 89°0 Lgg°0 N? S9[qEPEUOU £31ATIONPOI]
LOV'0— 6680 9860  000'T  &FE0  G0Z°0 1L°0 60770 X2 sa[qe3a0dxa £31a130NpoLd
€670~ 6090  FLZO  g¥E0  000'T  99¥0 9L°0 ¥LL0 ol 01 150107UT UFIAI0
0L0°0 9860  OFT'0  20%0  99%0  000'T 9T'¢ L850 xd opEL) Jo swd,

N Xt N? X2 wd xd dan "aop 18 J - ousuyvig y20Yg

/yo0ys "aap 1§
Y71M SUO1IDAOUUT O UOID]2LL0D SSO.U))

€ |9POIA Ul S8SS820.1d Y20yS ‘g a|qe.l



‘PoIYy JH oIe BlR( B
*9[qEB[TeAR JON "B'U
*SUOTIBINOTED S J0YINE D[TY)) JO Uy [BIJUI)) :92IN0F

gz'0 8G°0 €20 €€°0 GGl 082 090 ¥%'0 ufl so[qeperuou [ejrde)
6¢°0 L9°0 0€°0 €¥°0 el 90°¢ GL0 €70 xf sa[qejrodxo Tejrde])
Le'0 c9°0 9¢°0 8€°0 9¢'1 88'¢C 89°0 €€°0 [esrdes 93eda133y
8¢'1T €6'C 080 8L°0 ¢80 96°1 gz'0 €¢°0 uY S9[qeperjuou SINoy }.I10M
91'1 ¢9'¢ 1€°0 L0°0 68°0 ¢0'e 0€'0- 60°0— <Y 891qB)10dXd SINOY JI0M
L6°0 GG'% G8°0 69°0 8L°0 8L'1T ¢L'0 070 Y SINOY 10 M
eze — 20°0— Ze0 — — — — xuu $310dX0 30U [BUIWON
1¢'1 - 960 1¢°0 gae'e - 70— ¥L'0- xu s3r0dxoe jou [BAY
L7 1 9¢°¢ 6770~ 0%°0— eu e U e U U ul SO[(EPEBIJUOU JUSWISAAU]
LT 00°% 00— 61°0— ‘B ‘e ‘U ‘eu o1 $91qe310dX0 JUOWISOAU]
LG'T 19°¢ 06°0- 0%'0— 1L°¢ 0¢'8 ¥v0 080 ! JUDWISIAUL
Ge'l 08¢ 90 86°0 Ge'l 08¢ 19°0 86°0 u? sa[qeperjuou uordwnsuoy
STl ¥9'¢ e 0— 80°0 LTS 86'% gv'0 ¢z'0 w? seqejroduwt uorydwnsuo))
LO'T ¢v'e 8G°0 L6°0 91'1 99°¢ 69°0 §6°0 ? uorpdwnsuod 9330133y
GGl 082 %90 860 GGl 082 19°0 86°0 ull sa[qeperjuou ndinQ
8L°0 8L'T 0¥°0 98°0 8L°0 8L'T 6€°0 ¥8°0 o sa[qesrodxa gndinQ
00°T 62'¢ 8G°0 00T 00°T 63'¢ 690 00T < jndino a3ederddy
(£)o/(x)0 (x)o (7€ x)d (K Ix)d (£)0/(x)0 (x)o (7 x)d (€ x)d x 2]QD1UDA
() &) (@) () () () (@) (1)
& 1°Po pI0p pauailf-dH

sabpap\ 10geT] i€ [9POIA 10) SUOIIBINWIS pUe SJUSWOA Bleq ‘6 a|ge.l



Financial Frictions and Business Cycles in Middle-Income Countries 319

construction. Relative to model 2, model 3 better reproduces the
volatility and procyclicality of consumption and total and sectoral
work hours, but not the procyclicality and volatility of investment
and consumption of importable goods or the countercyclicality of
real net exports. Figure 6 shows that model 3 better replicates
aggregate consumption, as it replicates the nontradable part by
construction. Also, since the wedges generate a procyclical labor
demand, it better replicates total and nontradable work hours,
in particular their increase between 1994 and 1998 and their fall
between 1999 and 2003. It does not, however, capture the path of
hours in the export sector.

Figure 7 shows that model 3 does not replicate the real exchange
rate or the foreign lending spread. The main drawback, however, is
that real net exports are procyclical instead of countercyclical, since
investment and consumption of importable goods are not sufficiently
procyclical and volatile. Thus, the two frictions complement each
other: the external borrowing constraint creates countercyclical real
net exports, while the labor-financing wedge creates a procyclical
and volatile nontradables consumption and employment. The next
section considers the two frictions together.

5. MobDEL 4: EXTERNAL BORROWING CONSTRAINT AND
AsYMMETRIC FINANCING COSTS

Consider a small open economy that is perfectly integrated with
the world in goods, but has limited access to the external capital
market. Foreign lenders set individual borrowing constraints
on domestic households according to equation (27). Households
own firms, consume the N good, buy the M good for consumption
and investment, and supply A and k to the firms. The export and
nontradable firms demand %k and A to produce their goods. They face
a specific labor-financing wedge that captures different sources of
labor market distortions.

Asin models 2 and 3, the self-financing requirement and the labor-
financing wedge are deduced to make the model replicate the paths
of real net exports and of export and nontradable output in the data,
respectively. Their moments and the moments of the other variables
are then compared to those of models 2 and 3. The economy follows
a balanced growth path, and population is constant. In the following
discussion, the model is set in stationary form.



Figure 6. Data and Model 1 and Model 3 Simulations
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Figure 6. (continued)
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Figure 7. Real Exchange Rate and Foreign Lending Spread?
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a.Real exchange rate is measured as the ratio between the price of exportable goods and the price of nontradable
goods. Foreign lending spread corresponds to the differential between the domestic interest rate and the foreign
interest rate.

5.1 Households

Households solve the same problem as in model 2, so their first-
order conditions are given by equations (29)—(37).

5.2 Firms

Both firms solve the same problem as in model 3. Their first-order
conditions are thus given by equations (42) and (43) for the nontradable
firm and by equations (44) and (45) for the export firm.
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5.3 Competitive Equilibrium

: X N R P, X _N X
Given b, k; , and &, and shocks’ processes (¢, ,¢,*,&; ,&, , ¥, T, ,

N o vy . .
T, ), a competitive equilibrium corresponds to sequences of allocations

M N X N X N c X /N 1.fX 1IN :
{ct » G ht, Lol kt+1’ kt+17 bt+1} |;i0’ {ht s ht ’ kt ’ kt }ltoio and prices
X pN X N , .
{P*, P, q;,q, ,w, R}, such that:
—Given b, kY, kY, prices, and shocks’ processes, {c,", ¢, h,,i

iV, kX RN, b0, solve the households’ problem;

X
t

—Given prices and shocks’ processes, {h/*, £/}, solve firm X’s
problem;

—Given prices and shocks’ processes, {h/~, k/N} [, solve firm N’s
problem;

—Market-clearing conditions are satisfied: ¢, = y~, k' = E/*,
kY =k", and h, = B/ +h/N; and

—The resource constraint is satisfied:
Rb, +PtXYtX 7CtM 7itX 7itN 7“(bt+1 =0.

5.4 Steady State and Calibration

The self-financing requirement is set as in model 2 and the labor
wedges are set as in model 3, with the nontradable wedge about one
percentage point above the export wedge. The other parameters and
macroeconomic ratios remain as in model 1 (see table 3).

5.5 Simulations

As before, U, 5 and 7" are deduced and introduced as shocks to
make the model replicate the real net exports and sectoral output in the
data between 1986 and 2004. The model is simulated for these shocks
and the ones in model 1. Table 10 shows that the new ¥, presents
roughly the same moments as in model 2, while the new wedges are
slightly less persistent, but more volatile than in model 3, particularly
the nontradable wedge. The innovations to both wedges are highly
correlated, suggesting that the export wedge is no longer reducing
the reallocation of labor across sectors, as the external borrowing
constraint does it.

As in model 3, the innovations to the nontradable wedge are
negatively correlated to productivity in both sectors, but now they
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are also negatively correlated to the terms of trade and roughly
uncorrelated to ¥,. The innovations to the export wedge are no longer as
correlated with the terms of trade, but rather correlate more strongly
with W,. The lower (but still high) correlation with P* shows that
although the external credit constraint reduces the incentive for labor
reallocation across sectors, the wedge is still playing some role in the
process. There could also be a spurious correlation, as the innovations
to ¥, and RX are highly cross-correlated.

Figure 8, panel A, shows that the labor-financing wedge does not
change how the external borrowing constraint affects households,
since the self-financing requirement and borrowing constraint
multiplier follow a path similar to model 2. Although the new
nontradable wedge is more volatile than in model 3, it presents
roughly the same path as before: it falls continuously between 1991
and 1998, rises suddenly in 1999, and remains high until 2004 (see
panel B). The new export wedge, however, is more similar to the
nontradable wedge, suggesting that it is more representative of the
cost of domestic financing than in model 3.

The two frictions seem to be related because both wedges follow a
similar path to the external borrowing constraint multiplier, with a
cross-correlation of 0.7. According to the appendix, a high correlation
between T; and i, suggests that firm j’s cost of financing will vary not
only with the domestic interest rate, but also with additional direct
changes in its specific lending spread.

Table 11 presents the moments for model 4, which match those of
the real net exports and sectoral output in the data by construction.
Relative to models 2 and 3, model 4 better reproduces the volatility
and procyclicality of aggregate consumption and investment and the
countercyclicality and volatility of real net exports. However, although
it better replicates the volatility and correlation with output of hours
of work in the export and nontradables sectors, it does so at the cost of
overestimating the volatility and procyclicality of total work hours.

Figure 9 shows that model 4 replicates aggregate consumption
better than model 2, as it replicates consumption of nontradable
goods in the data by construction. It also better replicates the
path of investment and consumption of importable goods, which is
required to generate countercyclical real net exports. With regard
to total work hours, model 4 underestimates employment in 1991,
when the borrowing constraint multiplier and wedges were highest,
and overestimates employment in 1997 and 1998, when both were



Figure 8. Chile: Self-Financing Requirement and
Labor-Financing Wedges
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Figure 8. (continued)

D. Labor-financing wedges
for model 4 and reduced-friction model
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Source: Author’s calculations.

lowest. Since the procyclical labor demand generated by the labor-
financing wedge more than offset the countercyclical labor supply
generated by the external borrowing constraint, employment becomes
more procyclical and volatile than in the data, particularly in the
nontradables sector.

Finally, figure 10 shows that model 4 does a better job of replicating
the paths of the real exchange rate and the external lending spread
than the previous specifications. In particular, model 4 better captures
the real appreciation between 1995 and 2000, as well as the real
depreciation thereafter, although not before 1995. The fall in the foreign
lending spread, however, is much smaller than in the data because the
borrowing constraint multiplier, i, is very small in steady state.

This exercise suggests that an adequate characterization of
Chile’s business cycles since the mid-1980s—and probably of the
business cycles of most middle-income countries—should consider
the two frictions introduced in model 4, namely, limited access to
the external capital market and asymmetric financing opportunities
across tradables and nontradables sectors. The former can explain the
high procyclicality and volatility of investment and importable goods
consumption, as well as the countercyclicality of the real net exports.
The latter can explain the high procyclicality and volatility of work
hours and nontradable goods consumption, which results in a better
characterization of aggregate consumption when combined with the
more procyclical and volatile consumption of importable goods.
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Figure 9. Data and Model 2 and Model 4 Simulations
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Figure 9. (continued)
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Figure 10. Real Exchange Rate and Foreign Lending Spread?
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a.Real exchange rate is measured as the ratio between the price of exportable goods and the price of nontradable
goods. Foreign lending spread corresponds to the differential between the domestic interest rate and the foreign
interest rate.
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5.6 Lower Incidence of Frictions

This study does not endogenize the source of the market
imperfections to draw policy implications, but rather presents a
simulated scenario for a lower incidence of frictions to see what would
have been the cyclical properties of an economy with better access
to foreign and domestic financing. The self-financing requirement
is made more procyclical and volatile to get a constant borrowing
constraint multiplier over time, and the standard deviations of the
sector-specific labor-financing wedges are reduced to 30 percent of
its value in the data. Figure 8, panel C, shows that ¥, should have
been higher than in model 4 between 1996 and 2001, but lower in
2002 and 2003.

Table 12 presents the autocorrelations, standard deviations, and
cross-correlations of innovations in this new set of shocks. It shows
that to obtain a higher degree of risk sharing between domestic
households and foreign lenders, ¥, has to be less persistent, but more
volatile, and it should be more correlated to the terms of trade and
productivity in both sectors. Figure 11 and table 13 show that with
a lower incidence of frictions, the cyclical properties of the economy
would be qualitatively similar to the frictionless case. The volatility of
consumption and investment would have been smaller, and total work
hours and exportable goods output would have been more procyclical
and more volatile, resulting in more procyclical and less volatile real
net exports. This scenario would have been welfare improving, as
households value consumption smoothing.
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Figure 11. Data, Model 4, and Reduced-Frictions Model
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Figure 11. (continued)
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6. CONCLUSIONS

Business cycles in middle-income countries are characterized by
highly procyclical and volatile consumption and by countercyclical and
volatile real net exports. Standard DSGE small open economy models
have failed to reproduce these features, because they predict excessive
consumption smoothing and procyclical real net exports. Earlier
studies approach the problem either by increasing the persistence of
shocks or by lowering the intertemporal elasticity of substitution.

This study shows that the problem can be solved without changing
preferences or the shocks’ persistence, but rather by considering
two market frictions that are relevant for middle-income countries:
imperfect access to the foreign capital market and asymmetric
financing opportunities across tradable and nontradable firms. The
former, identified as an external borrowing constraint, generates more
procyclical and volatile investment and consumption of importable
goods, reduces the excessive reallocation of labor between the export
and nontradables sectors, lowers the volatility of exportable output,
and produces countercyclical and volatile real net exports. However,
it predicts countercyclical rather than procyclical labor supply
and employment, and it does not increase enough the volatility of
nontradable goods consumption.

The asymmetric financing opportunities across sectors, identified
as sector-specific labor-financing wedges, create procyclical fluctuations
in labor demand, which increases the procyclicality and volatility of
employment, nontradable goods output, and aggregate consumption.
It does not increase the procyclicality and volatility of investment and
importable goods consumption, nor does it produce countercyclical real
net exports. The two frictions thus seem to complement each other, as
they help the model to reproduce different features of the data. The
exercise considering both frictions together suggests that an adequate
characterization of Chile’s business cycles since the mid-1980s, and
probably the cycles of most middle-income countries, should consider
the role played by these two frictions in the origin and amplification
of the domestic cycles.

Finally, although this study does not endogenize the source of
the market imperfections to draw policy implications, it presents
a simulated scenario for a lower incidence of frictions to see the
cyclical properties of an economy with better access to foreign and
domestic financing. This exercise shows that the self-financing
requirement has to be more procyclical, and more correlated to
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the terms of trade and productivity, to produce a higher degree of
risk sharing between domestic households and foreign lenders. The
cyclical properties of this economy would be qualitatively similar to
a frictionless economy; the volatility of consumption and investment
would be smaller; and employment and exportable goods output
would be more procyclical and volatile, resulting in procyclical and
less volatile real net exports. This would improve welfare since
households value consumption smoothing.
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APPENDIX

Labor-Financing Wedges Based on Collateral
Constraints

Consider a small economy that is perfectly open to the world in
goods, but faces household-specific external borrowing constraints
defined as the requirement to self-finance a fraction of their
expenditures, ¥,, with their current income at date ¢ (equation 27).
There are four types of agents: foreign lenders, domestic households,
domestic firms, and domestic banks. Foreign lenders set the borrowing
constraints on the households. Households own the firms and banks,
consume the N good, buy the M good for consumption and investment,
and supply A~ and k to the firms. They supply funds to the domestic
banks within the period at the rate of return R, and demand funds
from the firms within the period at the same rate.

Both the export and the nontradable firms demand 4 and & for
production. They pay wages before production is realized, thus facing a
credit-in-advance constraint. The timing is as follows. Firm j get credit
from the banks at the beginning of each period at a rate of return, R/,
but it pays wages only at the end of the period, just before production
is materialized. It can thus lend its loan to the households within the
period at the rate of return, R,, which results in a net cost of the loan
of R/ — R, > 0.

Banks receive deposits from households within the period at the
rate of return, R,, and lend to the firms subject to collateral constraints.
The collateral is the fraction of the firm’s output they can seize, which
results in a lending rate of R > R, with j =X, N. All the lending costs
are rebated to the households in a lump sum, so that the resource
constraint does not change. The economy follows a balanced growth
path, and population is constant. In the following discussion, the model
is set in stationary form.

Households

The households’ problem is the same as in model 2, so their first-
order conditions are given by equations (29)—(37).

Firms

Both firms get credit from banks at the beginning of each period
and repay it at the end of the period. They lend their loans within the
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period to the households at the rate of return R,. As RV > R,, their
optimal decision is to hold just the necessary credit to pay wages in
each period, satisfying the credit-in-advance constraint in equality:

2l = w,hp! (46)

for j = X, N, where z/ is the credit received by firm j. The firm’s total
cost of production is given by:

w,h? [1 LRV - Rt] + ikl (47)

for j = X, N. Firm j chooses A, k/ to maximize profits. Its first-order
conditions are as follows:

w, [1+Rfj - Rt] = [1 —(xj]Rj exp[e{][ktﬁ] j [h[’] " and (48)
. ) . ANA=e) o @1

T e Y 1 N [ (49)

forj =X, N.

Banks

The banking industry is perfectly competitive. Banks take deposits
from households and lend them to the firms, subject to collateral
constraints. The collateral is a fraction, Q/, of firm j’s output that
banks can seize at the end of each period. They thus face the following
constraint when allocating loans:

QY >z, (50)

for j = X, N. The banks’ problem is to choose the allocation {2;", 2V }in
each period to maximize profits. Their first-order conditions are

R* - R =n and (51)
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RYN —R, =7, (52)

X N
where " and™ are the Lagrange multipliers on equation (50) for X
and N, respectively.

Competitive Equilibrium

Given initial values of b, k; , and k;', and shocks’ processes (eB,elx,
eX eV, v, QF,QY), a competitive equilibrium corresponds to sequences
of allocations {¢,", ¢¥, h,, i¥, i¥, kX, kY, by, 25, 283, (R R,
2%, kN WM, 2Ny, and prices {PX, BV, ¢, ¢, w,, R, R, R"} [,
such that:

—Given b, kY, kY, prices, and shocks’ processes, e, cl, h,,i¥,

iN, kYL RN b, 12, solve the households’ problem;

—Given prices and shocks’ processes, {h/*, k¥, 2/} [ solve firm
X’s problem;

—Given prices and shocks’ processes, {h/~, kN 2/}, solve firm
N’s problem,; ’

—Given prices and shocks’ processes, {2,z 11, solve bank’s
problem;

—Market-clearing conditions are satisfied: ¢, = y~, k¥ = k¥,

N ‘N

kY =N, h,=h* + RN, z}=2", and 2 =2z"; and

—The resource constraint is satisfied:

Xy X M - X -N

Rb+F7Y —c¢ —i; =i, —"b.,=0.

Equivalence to Labor Financing Wedges

The reduced form of this model is the same as for model 4, with
1/ =n/ = R* — R,. Thus, the sector-specific labor-financing wedges
deduced in models 3 and 4 can be interpreted as the spread over
the domestic interest rate that each firm pays on its credit from the
domestic banks.
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