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Abstract

This paper investigates the properties of an international real business cycle model
with household production. We show that a model with disturbances to both market and
household technologies reproduces the main regularities of the data and improves
existing models in matching international consumption, investment and output correla-
tions without irrealistic assumptions on the structure of international financial markets.
Sensitivity analysis shows the robustness of the results to alternative specifications of the
stochastic processes for the disturbances and to variations of unmeasured parameters
within a reasonable range. © 1998 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Since the seminal work of Kydland and Prescott (1982) and Long and Plosser
(1983), many authors have investigated the properties of domestic business
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cycles within the framework of dynamic neoclassical general equilibrium
models. In international frameworks these models have been used to study the
determinants of aggregate fluctuations in open economies and the transmission
of idiosyncratic shocks across countries. For example, Mendoza (1991), and
Correia et al. (1992) have addressed the question of what generates aggregate
fluctuations in a small open economy; Backus, Kehoe and Kydland (BKK)
(1982) have considered a two country-one good model to investigate the interna-
tional propagation of domestic cyclical fluctuations. The basic one-good frame-
work has been extended to include multiple sources of shocks (e.g. government
spending (Ravn, 1993), multiple sources of transmission (production and con-
sumption interdependencies (Canova and Marrinan, 1996), nontradable con-
sumption goods (Stockman and Tesar, 1994) and the properties of these models
for trade issues (J-curve, see BKK (1993), policy questions (saving and invest-
ment correlations, see Baxter and Crucini (1993) or Van Wincoop and Marrinan
(1994) and insurance schemes (see e.g. Devereux et al., 1992) have also been
studied. There have also been a few attempts to introduce money into these
models, see e.g. Cardia (1991). Despite these efforts, there are still aspects of
international data that these models fail to account for, e.g. the relative ordering
of cross-country consumption and output correlations (an exception in Mar-
rinan (1995)) and some of the quantitative properties of the models, e.g. the
magnitude of the correlation between output and investment, are sensitive to the
choice of unmeasured parameters.

This paper contributes to this literature by examining the properties of an
international business cycle model with household production. There are several
reasons why this may be an interesting undertaking. Theoretically, household
production can provide a firm rationale for the presence of nontraded goods in
an international business cycle model and highlight a channel through which
substitution effects typical of labor and goods markets over the business cycle
ie.g. entering the work force vs. working at home; consuming home produced or
market produced goods) may be examined. Also, the presence of financial claims
=ontraded internationally helps to provide some friction needed to generate
~eatsstic correlations of international macrovariables. Moreover, Stockman and
Tesar (1994) have found that taste shocks may help to rationalize international
comovements of prices. Household production shocks may also be used to
justify the presence of otherwise uninterpretable taste shocks in the utility
function of the representative agent of a country.

Household production appears to be an important feature of the real world.
Formal and informal measures of the importance of the household sector have
suggested that this sector’s output represents between 20 and 50% of the value
of measured gross national product in several OECD countries (Eisner, 1988). In
addition, Hill (1985) and Juster and Stafford (1990) report that a typical US
married couple spends 25% of their time working unpaid at home, while Bonke
(1995), studying 14 different countries, finds that women work at home between
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25 and 57% of their time while men devote between 3 and 21% of their time to
household activities. These figures suggest that the inclusion of household
production in a business cycle model may have important implications for our
understanding of how cyclical dynamics are propagated both at a domestic and
at an international level and may account for some of the unexplained aspects of
the data.

Recently Benhabib, Rogerson and Wright (BRW henceforth) (1991), Green-
wood and Hercowitz (1991) and Greenwood, Rogerson and Wright (GRW)
(1993) examined the properties of closed economy RBC models with household
production and showed that they outperform existing RBC models in matching
the volatility of market output, the relative volatility of consumption and
investment to market output the correlation between market hours and produc-
tivity and the cyclical properties of household and business investments. Fisher
(1992) and McGrattan, Rogerson and Wright (1993) (MR W) estimated closed
economy models with household production, obtaining significant estimates of
household production parameters, and performed fiscal policy exercises which
reach very different conclusions from those of standard models. Rios-Rull (1993)
studied the cross-sectional wage, education and employment profile of workers
in a model with household production and finds that lower-wage, less skilled or
older individuals tend to devote more time to household activities.

To the best of our knowledge, no one has yet considered the effects of
houschold production in an open economy framework. Our work attempts to
fill this gap by asking whether it is possible to improve the performance of
existing models by considering shocks to both market and household technolo-
gies. In particular, we are interested in knowing whether the addition of
household production shocks in an otherwise standard model helps to solve
three remaining puzzles of the international business cycle literature, i.e. the size
of the volatility of the terms of trade, the relative magnitude of cross-country
consumption and output correlations and the sign and the magnitude of
cross-country investment correlations, without simultaneously affecting other
important aspects of the model. Intuitively, the presence of household produc-
tion may reduce the extent of the mismatch between theory and the data for
three reasons. First, the economy displays productivity differentials across
sectors in response to technology disturbances and, as argued by BRW, this
tends to enlarge the volatility of market variables. Therefore, we expect to be
able to generate higher variability in the terms of trade relative to models
without home production. Second, with home production there is an explicit
nontradable sector in the economy and this may break the tight link between
international market consumption correlations typical of models with complete
international financial markets. The higher is the substitutability between con-
sumption of market and nonmarket goods, the lower are likely to be interna-
tional market consumption correlations (relative to output correlations). Third,
when household production requires capital, negative shocks to the market
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technology may result in lower investment in the market sector both domesti-
cally and abroad, as capital is reallocated to household technologies, therefore
making the cross-country correlation of market investment less negative. Sim-
ilarly, with positive household technology shocks, investment in the market
sectors of both countries will tend to decline leading to a positive correlation of
market investments. Therefore, a combination of technology disturbances in
both sectors may help to generate cross-country investments correlations in the
range of values observed in the data.

After this introduction, we present in Section 2 an extension of the two-
country model of Backus, Kehoe and Kydland (BKK) (1993) where each
country produces one intermediate tradable good with a market technology and
one final nontradable goods with a household technology. Domestic and foreign
intermediate goods are combined to produce a final market good which can be
used for consumption and investment. Technologies are subject to productivity
disturbances and require capital and labor. Since the household good can only
be consumed, household production disturbances play the role of ‘taste’ shocks:
they change the composition of the bundle consumed by the agents in equilib-
rium, the allocation of time between market and nonmarket activities and the
composition of investment by sector therefore producing dynamics which are
different from those generated by disturbances to the market technology. In
addition, because household production is not part of measured GNP, distur-
bances to the household technology affect market output only to the extent that
the elasticity of substitution between market and nonmarket goods is different
from zero and the degree of substitution between the two types of goods is
crucial for determining the properties of domestic and international transmis-
sion. This feature critically distinguishes our model from those of Stockman and
Tesar (1994) or Ravn (1993) and will help us account for some of the puzzling
features of the actual data.

In Section 3 we describe the calibration of the model. In Section 4 we first
briefly discuss some features of the data and then present a quantitative analysis
of three symmetric versions of the model: one where only disturbances to the
market technology are present, which will serve as a benchmark; a second one
where only disturbances to the household technology exist, which will give us an
idea of what home production does in the model and third one, where both
types of shocks are present. We show that when both types of disturbances are
present, the model accounts for the relative size of cross-country consumption
and output correlation and the positive cross-country correlation of investment
while maintaining a reasonably good fit to the data in other dimensions. In
Section 5 we study whether the presence of asymmetries in the processes for the
disturbances alters the properties of the model. We also perform sensitivity
analysis to check whether the outcomes depend on the choice of unmeasured
parameters or of parameters for which a wide range of empirical estimates exist.
We find that the basic features of the simulations are robust to both the presence
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of asymmetries and to the choice of many parameters within a reasonable range.
Interestingly, international comovements have a nonlinear relationship with
some of the parameters. Section 6 concludes.

2. The model economy

The model we employ extends the two-country setup of BKK (1993) to
include household produced goods. Countries are populated by one representa-
tive agent maximizing her utility and living forever. There are no restrictions to
capital movements or trade in intermediate market goods, but labor and final
goods are not traded across countries.

Preferences of the representative agent of country h = 1, 2 are given by

W, =Eg Z ﬁtUh(CMhn CNy, th) (1
=0

where W is total discounted lifetime utility, U,(-) 1s the instantaneous utility

function, E is the conditional expectations operator, f is the subjective discount

factor, CM,, is consumption of the final market good, CNy, is consumption of

the household good and L,, is leisure. The instantaneous utility is of the form:
(Cl;:t Lhr‘b)l T

- 2
Ui 1—1 2)

where Gy, = [aCM;j, + (1 — a)CNg ] is a CES aggregator, 0 < a <1 is the
relative weight of market goods in total consumption, 1/(1 — e) is the elasticity
of substitution between market and household goods, 0 < b < 1 is the relative
weight of consumption to leisure and 7 is the risk aversion parameter. Total
endowment of time is normalized to one and leisure choices are constrained by

1> HN,+ HM, + L, =0 3)

where HM,, are hours worked in the market sector and HN,, are hours worked
in the household sector at time ¢ in country h.

Each country h specializes in the production of an intermediate market good
Y, and of a final household good CN, using a Cobb—Douglas technology

Y, :f(HMhu KMhr) = AMhtKMzt(Xht I‘”\/Ihz)1 70, {4)
CNy = g(HNy, KN,) = AN, KN} (X, HNht)l o, (5)

where AM,(AN,,) is a stationary disturbance to the market (household) sector,
KM,,(KN,) is the stock of capital used in the production of the market
(household) good, Xj, is a labor augmenting Hicks-neutral technological pro-
gress, assumed to grow at a common rate y — 1 across sectors and countries, and
0 and n are share parameters. While there is some evidence (see Greenwood and
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Herkowitz (1991) and MRW (1993)) that the household production function is
not exactly Cobb-Douglas, the marginal gain of having a more general speci-
fication in our setup is minimal and we neglect this possibility. As in BKK (1993)
we assume that Y, can be either used domestically or exported

I, .

Ylt = Alt + ’I-I_jAzt; (6)
H, -

Y21 = Bll + ’IT:BZt; (7)

where 4,, and B, are exports and imports of country 1 and I, is the share of
population living in country h(I1, + I1, = 1). We let A,, = (I1,/I1,) A,, and
B, = (I1,/I1,) B,,. Domestic and foreign intermediate market goods are com-
bined to produce a final market good in each country, V,, which can be used for
consumption or investment, according to a CES technology of the form:

Cht +hyy=Vy= (mlA}}tgp + sz}%t_p)l/(lip), h= 1,2 (8)

where 1/p is the elasticity of substitution between domestic and foreign goods
and ®,; and ®, are parameters regulating the domestic and foreign content of
market produced final goods.

The market sector produces investment goods but the national stock of
capital is used in both the market and household sectors. The law of motion of
capital is:

KhH—l = (1 - 5)Kht + Iy, h=1,2 (9)

where K,, = KM,, + KN, is the total stock of capital of country b, 0 < < 1is
the depreciation rate, common to both sectors and countries and I, is total
investment in country h. Contrary to BKK we do not introduce time to build in
(9) since it complicates the setup without adding too much to the dynamics of
the variables of interest. Also, contrary to standard one-good models, we do not
need to include adjustment costs in (9) to produce acceptable results because the
presence of two sectors in each country prevents the model from generating
excessively large capital flows in response to market technology disturbances.

Production disturbances are assumed to follow a first-order Markov process

Zii1=CZ + &4 (10)

where Z,. |, = [AN,,, AN,,, AM,,, AM,,]" and ¢, ~ N(0, V). This specifica-
tion for the disturbances is general enough to encompass several forms of
asymmetries across countries which we will discuss later on.

The relative price of imports to exports (the terms of trade) is given by (see
BKK, 1993):

_ 0V,/0By, _ B
SOV oA, ®ALf

P, (1)
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where By,/Ay, is the import ratio in country 1. Also, net export in country
1 relative to output is defined as nx, = (4,, — P,By))/ V1.

It is useful to point out that our model specification differs from those of
Stockman and Tesar (1994) and Ravn (1993) since in their setups the nontraded
good’s output is part of the resource constraint so that a shock to the nontraded
technology affects GDP directly. In our model the nontraded (household) good
does not enter the computation of measured GDP so that a shock to the
household sector affects GDP only to the extent that market and household
goods are substitutes.

It is easy to decentralize the planner problem we have just described. To this
end, assume that countries are equally wealthy at time zero and that there are
two equities each country: one which pays as dividends units of the final market
good and one which pays as dividends units of the household good. These
equities are not traded in international markets. Moreover, we assume there is
one factor market, two goods markets (one for intermediate goods and one for
final goods) and an equity market for each country. On the factor market the
domestic household rents factors of production to the firms producing house-
hold and intermediate market goods and receive in exchange factor payments.
On the international market for intermediate goods, the firms producing final
goods acquire intermediate goods and combine them to produce one domestic
final market good which is sold on domestic markets to domestic households.
Domestic household own these firms and receive as dividends from equity
ownership whatever is leftover after payments to domestic and foreign inter-
mediate goods producing firms are made. We also assume that firms producing
intermediate goods are vertically integrated with and owned by firms producing
final market goods. The household also owns the firm producing household
goods and receive for its equity ownership whatever is leftover after factor
payments.

The household budget constraint in each country therefore is:

Cw + Ly + gmpemy oy + GNweNy, s
= Wht(HIVth + HMth) + rht(KNth + KMth) + tht(emm + dmhr)
+ thz(eNhr + thz) (12)

where gmy, (gN,,) 1s the shares of market (household) equities, em,, (eNy,) is the
price of market (household) equities and dm,, (dN,,) is the market (household)
dividend received by houschold £ at time t.

3. The calibration and the solution of the model

In calibrating the parameters of the model we follow the existing practice of
choosing share parameters to replicate long-run averages of the data and utility
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parameters to match estimates obtained in previous empirical studies. The
values we have selected for f = 098, = 0.025, I1, = I1, = 0.5 are standard and
do not require discussion. To economize on parameters and because results are
insensitive to this choice we set 7 = 1. # is set to 0.36 which is, approximately, the
mean value of the share of capital in production for developed countries (see
Zimmermann, 1994) and it is close to the capital share for the US, Germany and
Japan (see Canova and Marrinan, 1996). To match the steady-state ratio of
consumption of household goods to market output (CN/Y) (0.20-0.50 accord-
ing to Eisner (1988)), we set #, the share of capital in the household production
function, equal to 0.08 (as in BRW) and that gives us a steady-state CN/Y ratio
of 0.2631. In a model with household production and government expenditure,
GRW (1993) selected 8 = 0.29 and 1 = 0.32 when matching the ratio of con-
sumer durables plus residential structures to output instead of CN/Y. Because
the difference between the two values of # appears to be significant, we will
examine the sensitivity of the results to variations in this parameter in the range
[0.00, 0.401.

The parameters a and b are chosen so that hours worked in the market HM®
equal 0.33 and hours worked at home HN* equal 0.25, which are the long-run
values for the USA. The values we obtain, a = 0.35 and b = 0.63, are similar to
those used in BRW (1991). However, because HN™ appears to vary considerably
across the major 9 OECD countries (see Bonke, 1995), we will also study if
results depend on the value of HN*® chosen within the range [0.00, 0.36], which
includes the value of 0.12 estimated by MRW (1993).

The choice of e, the parameter describing the elasticity of substitution between
household and market goods in the utility function, is more problematic since
empirical evidence is controversial. Recall that the closer e is to zero, the smaller
is the contribution of the household production sector to fluctuations in the
market economy (see BRW, 1991). Eichenbaum and Hansen (1990) differentiate
services from market (nondurable) goods and from consumer durables (which
they identify with household production) and find that, regardless of the as-
sumptions made, the two groups of goods are very close substitutes, a result
which would suggest setting e = 1. BRW (1991) use cross-section data from the
PSID to estimate an equation relating the relative allocation of time to the
long-run wage of the form

1n<ﬁ—?\}i’>=ao + ay In(wy) + ;. (13)
They report an estimate of e of about 0.6, a value they believe underestimates the
true e because the panel underreports low-wage workers, which are the group
with presumably a lower ratio of market to household hours. MRW (1993)
obtain a value of e of 0.385 (with standard error of 0.145) estimating by
maximum likelihood a model with household production and a government
sector. Finally, Rupert et al. (1995), using PSID data, obtain values for ¢ ranging
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from —0.065 for single males to 0.355 for married couples. Here, as in BRW
(1991), we use an intermediate value among existing estimates (¢ = 0.8) for our
benchmark case and experiment with values in the range [0.0, 1.0] to examine
how sensitive the results are to variations in this parameter.

This set of parameters yields steady-state values for the consumption to
market output ratio (CM/Y) and for the investment to output ratio (1/Y) of 0.70
and 0.29, respectively. These values are somewhat larger than the mean ratios
for the US (CM/Y = 0.63 and 1/Y = 0.16) and the remaining largest 8 OECD
countries (CM/Y = 0.61 and 1/Y = 0.26), but they are not too far away once we
account for the fact that the model abstracts from taxes, government expendi-
ture and details related to depreciation rates that would affect these ratios.

For the share of imports MS and the elasticity of substitution of Armington
aggregator p_ ' we use standard values suggested in the literature. Empirically,
MS varies substantially across countries, normally being higher for smaller
countries. Ravn (1993) reports values ranging from 0.386 for Switzerland to
0.077 for the U.S. BKK {1992) use two values (0.15 and 0.30) as a ‘normal’ and
‘large’ import share. Here we set MS = 0.225, which is the cross-sectional
average of the largest 9 OECD countries for the benchmark case and check the
sensitivity of the results to variations of MS in the range [0.00, 0.50].

Values of p~ ' of 1-1.5 have been generally used in general equilibrium models
of trade but they are believed to be lower bounds since estimates of this elasticity
parameter are downward biased because of large measurement errors (see
Whalley, 1985). Zimmermann (1994) obtains an expression for this elasticity in
his model that depends on tariffs, transportation costs, import shares and terms
of trade. The corresponding estimates for OECD countries he obtains are in the
range [0.6, 13.5], averaging 5.4. Because of the variety of values, we use 1.5 as in
BKK (1993) for the benchmark case and analyze the sensitivity of the results to
changes in this parameter in the range [0, 5]. Note that (11), together with the
import share and the value of p chosen, pins down ®; as ©, = 1{ — MSY’,
®, = MS” (see e.g. BKK, 1993, p. 92)).

Direct estimation of the parameters of the productivity process, i.e. the
matrices C and ¥, is not possible given the lack of time series data for household
production variables. Therefore, we select these parameters to model different
scenarios. In the benchmark case the shocks are completely symmetric across
countries. The standard deviation of the shocks is set to 0.007 and the persist-
ence parameter to 0.835, which are averages of the estimated persistence of
market technological shocks of the largest 9 OECD countries, the cross-country
correlation of the shocks is set to 0.25 and the spillover parameter between the
two market technological shocks to 0.088 as in BKK (1993). Spillovers between
the two household technologies, which could be interpreted as ‘fashions’ trans-
mitted from one country to the other, are set to zero because it is not clear if this
transmission would be contemporaneous or with some lags. Cross-sector—
cross-country spillovers as well as inter-sector—intra-country spillovers are also
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set to zero since the sign and the magnitude of these cross effects is unknown.
Given the arbitrarity of these choices, we will also examine the sensitivity of the
results to variations in the persistence parameter within the range [0.5, 1.0] and
of the spillover parameter in the range [0.00, 0.15]. Finally, we need to select the
contemporaneous correlation of the household and market disturbances within
a country. This parameter measures the technological incentive to shift eco-
nomic activity across sectors, since lower values of the correlation generate more
frequent sectoral productivity differentials. For the basic experiments we chose
a value 0of 0.66 as in BRW (1991). Such a value is high and limits the contribution
of the household sector to the dynamics of the model. In fact, MRW (1993)
obtain an estimate of —0.18 for this correlation, which gives greater importance
to the household sector in the model. Because of this uncertainty we perform
sensitivity analysis to investigate how alternative settings of this parameter in
the range [ —0.2, 1.0] influence the results.

With these parameters we study three versions of the model: one where no
household sector exists and the cycle is driven by disturbances to the market
technology, one where both sectors are present and household production
shocks are the sole source of disturbance and another where both types of
shocks displace the economies from their steady state. For each model specifica-
tion we consider three subcases (see Appendix): in the first one (named S1)
shocks are uncorrelated across countries and there are no domestic or interna-
tional spillovers. This setup mimics a situation where countries face idiosyn-
cratic disturbances but move together over the business cycle because of trade
interdependencies. The second setup (named S2) has correlated shocks and no
spillovers. Here we try to mimic a typical situation in OECD countries where
nations face somewhat common disturbances but there is little evidence of
lagged transmission of these shocks. In the third setup (name S3) we consider an
economy with correlated shocks and spillovers, a scenario which may realisti-
cally resemble the economic environment of highly integrated economies like
the EEC.

Because there are no distorting taxes or externalities, competitive allocations
can be computed via a restricted formulation of the social planner problem and
terms of trade can be determined using (11). To make the problem stationary we
first detrend all variables but hours worked and leisure dividing them by the
Hicks-neutral technological progress X,,. The stationary system is then solved
for the steady state and the dynamics in response to the shocks are calculated by
log-linearizing the first-order conditions around the steady state. We construct
100 samples of 96 periods (the number of quarters of our data) each time
drawing shocks from a multivariate normal with covariance matrix equal to
V for each model specification. Each sample is Hodrick—Prescott filtered,
standard deviations and cross correlations are computed, statistics are averaged
over the 100 samples and the importance of sampling variability in the experi-
ments is assessed. In all cases, the standard errors for the moments of interest are
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very small (of the order of 0.01-0.02). Therefore to save space, we only report the
average value of the statistics.

4. The results
4.1. Some empirical evidence

In this subsection we briefly report and comment on a set of summary
statistics of the data which we will use to informally compare the outcomes of
our simulations (see Canova (1994) and Kim and Pagan (1995) for a more formal
approach). In Canova and Ubide (1995) we have provided a more extensive
documentation and discussion of the features of international business cycles for
our data set. For complementary efforts, see also Backus and Kehoe (1992),
Ravn (1993), Fiorito and Kollintzas (1994).

Since the model features two countries of equal size, we use quarterly sea-
sonally adjusted data for US and the aggregate European Community (EU)
taken from OECD Main Economic Indicators for the period 1970:1 to 1993:4.
We have also used as the second country a weighted average of Europe, Canada
and Australia with weights based either on their share of output and or on their
share of trade and the results are broadly invariant to all these variations (see
also Canova and Marrinan (1996)). We therefore report results where the second
aggregate is the European Community.

To isolate the cyclical properties of the data, we follow the existing literature
and use the Hodrick and Prescott (HP) filter with 4 = 1600. Several authors
including Canova (1993), King and Rebelo (1993). Harvey and Jeager (1993) and
Cogley and Nason (1995) have noted that this filter creates distortions in the
compilation of basic statistics. However, because out task is to measure the
incremental explanatory power of a particular theoretical feature (i.e. household
production) over existing specifications, here we will restrict attention to this
filter only. Ubide (1995) documented the properties of the data when also linear
detrending and first-order differences are used. We focus on estimates of the
second moments of the data (standard deviations and contemporaneous domes-
tic and international correlations) and we also report their standard error
computed using a Newey and West procedure. The first two columns of Table 1
show the properties for the two aggregates we constructed.

Although we would have liked to build statistics for total (market and nonmar-
ket) investments, we were unable to do so because data for consumer durables,
which would closely proxy the definition of household capital we have given in the
model, are not available on a consistent basis for European countries. Therefore,
when we refer to investment we mean gross fixed private investment.

Consumption, employment, productivity and net exports are less volatile
than output while investment and the terms of trade (TOT) are substantially
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more volatile in both countries. Also, as expected because of the averaging, EU
aggregates are less volatile than US aggregates except for TOT. Note also that
productivity, proxied here by the Solow residuals of a market production
function, is less volatile than market output and more volatile in EU than in US.
It is well known that such a proxy may be very poor since it tends to capture
factors other than productivity disturbances (see e.g. Evans, 1992). Our measure
has additional problems because it is almost impossible, given existing data,
to consistently measure inputs across countries (see Canova and Ubide
(1995) for details). In any case, the fact that productivity is less volatile than
market output indicates that there must be an internal mechanism amplifying
the size of the fluctuations impinging on the economy. We also want to draw
the attention to the variability of TOT in both countries: the size of this
variability has been a stumbling block for previous models of the international
business cycle: all models, in fact underreproduce this moment by a considerable
amount.

All variable are procyclical with respect to output with the exception of net
exports to output ratio which is countercyclical in both cases, and of TOT. Basic
saving, constructed as S, = Y, — C, — G,, and investment are positively corre-
lated in both countries even if the correlation for US variables is surprisingly low
for this data set. In all cases, however, the correlation is significatively different
from zero at the 1% confidence level.

International comovements indicate that all variables positively comove
across the two countries and that output is more correlated across countries
than all other variables, even though differences are small. While the relative
behavior of cross-country consumption and output correlations have received
substantial attention in the literature, the magnitude and the sign of the cross-
country investment correlations constitute an important regularity previously
under-emphasized by the literature (see BKK, 1995). For the largest 9 OECD
countries the size of pairwise investment correlation ranges between
[ —0.01,0.77] with the median value around 0.45, A successful model of the
international business cycle must therefore be able to reproduce this important
feature of the data in addition to standard ones.

4.2. Simulation results

The results of the simulation exercises when the two countries are identical
are in the last eight columns of Table 1. When there are only household
disturbances experiments S2 and S3 are identical (the intercountry spillovers of
household disturbances is zero) and we only report one of them. The dynamic
response of variables of the system is presented in Fig. 1. In each box we plot the
response of one variable to three shocks: when there are only technology
disturbances (solid line), only household disturbances (dotted line) and when
both disturbances are present (dashed line).
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Fig. 1. Impulse responses; (——) technology shocks; (-~ -} household shocks; (— —) both shocks.

4.2.1. A model without the household sector

Columns 3 and 4 of Table 1 (labelled Benchmark) present statistics for
a model where the household sector is absent and fluctuations are driven by
disturbances to the market technology. This model specification, which is nested
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in our general setup by simply setting e = = 0 (see BRW, 1991), is standard
and we only use it to compare the improvements obtained with alternative
specifications. The model works well along many dimensions but, consistent
with previous findings (see BKK, 1995), there are at least three aspects of the
data which are mismatched, regardless of the experiment considered. First, net
exports and TOT do not fluctuate enough. Second, consumption is more
correlated than output across countries, while in the data the opposite is true.
Third, investment is negatively correlated across countries while in the data, it is
positively and significantly correlated. In judging the improvements produced
by adding household production to the model we will focus primarily on these
three aspects of the data.’

4.2.2. A model with disturbances to household technology

The results obtained when both sectors are present but only household
production disturbances hit the economy are displayed in columns 6 and 7 of
Table 1 (labelled ‘Household Shocks’).

As expected, the model generates higher relative variability in domestic
consumption and investment relative to the benchmark case since agents can
now substitute both intratemporally and intertemporally. The relative variabil-
ity of market hours and investment to output is similar to the one in the data,
while the relative variability of consumption is twice as large. Note that invest-
ments vary more than in the benchmark case, because its composition among
sectors fluctuates substantially over the cycle. The volatility of net exports is
consistent with the actual values while the volatility of TOT is low and
comparable to the one obtained in the benchmark case. To see why this
happens, recall from (11) that the variability of TOT is related to the variability
of the import ratio. For the experiments we have conducted the variability of the
import ratio is approximately 10 times smaller than it is in the data. We
conjecture that this has to do with the fact that the two countries are identical so
that the import ratio is close to 1 in every period. Varying country size makes
this ratio slightly more volatile, but not enough to match the actual one.

As in the benchmark case the model generates very high domestic correlations
of market hours and consumption with output while the correlation of invest-
ment and productivity with output drops. This pattern of domestic correlations
is easily accounted for by examining the impulse responses: a positive shock to
the household technology changes the willingness to work in the market for

The statistics we present here are slightly different from those of BKK (1995, Table 11.8, p. 351)
due to different values for the utility parameters (here 1 = 1 while for them t = 2 and we calibrate
steady-state hours while they calibrate the preference parameter), the lack of time to build, and
a different share of imports to GDP (here MS = 0.225 while for them MS = 0.15). The qualitative
features we emphasize, however, are independent of the exact parameterization chosen.
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a given wage, shifts the labor supply curve, lowers market consumption, market
hours, market investments and market output while raising total investment.
Such a disturbance therefore mimics a negative taste shock and induces a ‘reces-
sion’ in the market sector. When the shock dies out total investment smoothly
returns to its steady state and market consumption, market hours, market
investment and market output move together to the steady state from below.

Net exports is less negatively correlated with output relative to the bench-
mark case because exports and imports are asyncronous when household
production shocks drive the cycle. Note that with correlated shocks the correla-
tion of net exports with output drops to —0.16. Finally, the saving investment
correlation is positive and significant, in agreement with Baxter and Crucini
(1993), even when there are no direct cross-country spillovers.

All experiments generate cross-country consumption correlations which are
in the range of values found in the data and are substantially lower than output
correlations. The mechanism behind this fact can be easily discovered from the
impulse responses: a shock to household production is a shock to a nontraded
good sector. Therefore, while there are substantial adjustments in the consump-
tion bundle of domestic agents, this need to be the case in the consumption
bundle of foreign agents if the household good constitutes a significant share of
their consumption. This makes the cross-country correlation of market con-
sumption drop relative to the benchmark case even when the correlation of
market output increases. This model specification, however, fails to deliver the
positive comovements of investment we see in the data. Recall that a positive
shock to the household technology raises total investment and causes a fall in all
market variables. In the foreign country such a disturbance makes total invest-
ment drop substantially along with all market variables as the ‘negative’ shock is
transmitted from the domestic country. When the effects of the shock dies out,
the recovery will be very similar in both countries. Thus, a positive household
production disturbance generates unsyncronized comovements in the consump-
tion of the market good and negative comovements of market investment across
countries but highly positively correlated comovements in hours and outputs.

It 1s important to stress that the main channel of reallocation of domestic
resources here is between consumption and hours in the household and market
sector and not between consumption and investment as in the benchmark
model. Also, the transmission of shocks across countries occurs both via trade in
consumption and investment goods. Canova and Marrinan (1996) show that in
a model with multiple goods and shocks to either the market technology or
government expenditure of transmission of shocks via trade in consumption
goods is minor. Our results suggest that when household disturbances drive the
cycle, the opposite may occur.

In sum, the properties of the model are fairly robust across experiments.
Contrary to models without the household sector, the current framework can
produce a reasonable volatility for net export and international consumption
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and output correlations which are closer to the actual ones. However, it still fails
to replicate the sign of investment correlations and the size of the volatility of the
terms of trade.?

4.3. A model with disturbances to market and household technologies

The presence of disturbances to both sectors improves over previous results
(summary statistics are in the last three columns of Table 1). The standard
deviations of market consumption and market hours are lower than in the case
where only household shocks drive the cycle, are at realistic levels and net
exports display the desired volatility. We also find high positive domestic
correlations of consumption, hours, productivity and investment with output
but, quantitatively, the correlations are reduced relative to the benchmark
model. There is also some improvements in the cyclical properties of trade
variables: net exports is still countercyclical but its correlation with output is
closer to those found in the actual data.

The most evident improvement over previous specifications appears in inter-
national comovements. The model is still able to reproduce the high saving-
investment correlation and the output-consumption relationship but, with
specifications S2 and S3, it also produces positive cross-country correlations of
investments.

To understand why this occurs it is useful to examine the dynamics of this
version of the model. Positive shocks to both domestic technologies result in
a transfer of resources to the production of the investment good and the
household good, with a subsequent drop of domestic market consumption. In
the foreign country such a combination of shocks causes an initial transfer of
investment resources to the domestic country, a decrease in the production of
the household good and an increase in the consumption of the market good.
Depending on the correlation and spillover of shocks, these movements may be
more or less persistent but even in the case of purely idiosyncratic shocks (case
S1), the cross-country correlation of consumption is low.

If no household sector was present shocks to market technology would
produce small cross-country output correlations because investment and hours
move in opposite directions in the two countries. When a household sector is
present this feature disappears. Domestically, the initial rise in market hours and
output due to shocks to the market technology is tempered by the decrease in

2To see what is the effect of having a deeterministic household production sector, we also conducted
an experiment with deterministic household production and stochastic market technology distur-
bances. The results are contained in an appendix available upon request. Overall, the dynamics of the
model are very similar to the case with only market technology disturbances. The major difference is
that the model displays positive cross country investment correlations. This occurs because both
investments respond positively, although with a lag, to market technology disturbances.
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market hours and output created by shocks to the household technology. In the
foreign country the increase in market hours and output due to domestic
household production shocks exceeds the decrease in market hours due to
domestic market production shocks. Therefore, output and hours across coun-
tries will track each other better.

When there is a household sector in the economy there will also be an initial
increase in investment in the home country but differences across countries will
be smaller relative to the two previous cases because the relative changes in
market productivity across countries will be smaller. Hence, after a few periods
both investment paths smoothly converge to their steady state from above and
this induces positive cross-country investment correlations.

The model still fails in replicating the volatility of the terms of trade. Stock-
man and Tesar (1994) show that when both technology and taste shocks are
present in a model with nontradable goods, terms of trade variability is much
larger than the one generated by this model. Two caveats are however necessary
to compare our results and theirs. First, terms of trade variability is 10 times
higher in their model relative ours even when only technology disturbances are
present. Second, the disturbances hitting their economy have a variability which
is substantially larger than ours and are asymmetric across sectors.

In conclusion, in agreement with Stockman and Tesar (1994), we find that
a model with ‘supply’ and *demand’ shocks is both qualitatively and quantitat-
ively superior to one where only ‘supply’ disturbances exist, in the sense that it
replicates features of the data that previous models were unable to generate
while maintaining a good fit along standard dimensions.

5. Sensitivity analysis

In this section we investigate whether the introduction of asymmetries in the
processes for the technological disturbances alter our basic conclusions. In
addition, we explore the robustness of the outcomes with respect to changes in
the parameters describing the household sector, the stochastic process for
technological disturbances and the extent of foreign trade. We focus attention
on the volatility of terms of trade and net exports and the cross-country
correlations of output, consumption and investment. Other statistics are
broadly insensitive to changes in these parameters and are therefore neglected
in this section. In all cases the remaining parameters are those of the model with
both household and market disturbances.

5.1. Asymmetries in the disturbances

We have conducted several experiments with asymmetric disturbances (see
Canova and Ubide (1995) for details). In general, changes relative to the
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symmetric case are minor and, if anything, the performance of the model
worsens in some of the cases. The most interesting outcomes are obtained when
there are one-way spillovers from the domestic market technology to the
domestic household technology and to the foreign market technology (see
Appendix for the exact specification of the process for disturbances). This case
mimicks a situation where country one is larger or more influential than the
other and its market sector is substantially more important than its household
sector. Three outcomes need to be noted. First, the risk sharing properties of the
model are affected. With one-way spillovers output changes are asymmetric and
this reduces international output correlations below international consumption
correlations. For the same reason cross-country investment correlations turn
negative and significantly so in these experiments. Second, the variability of the
terms of trade is slightly larger with one-way spillovers, but changes are small.
Third, the savings—investment correlation slightly decreases in country one (the
larger), and slightly rises in country two. Although the magnitude of the effect is
small, it goes against the existing empirical evidence (see e.g. Baxter and Crucini,
1993). One reason for this outcome is that asymmetric spillovers create a wedge
between domestic savings and investment: domestic investment does not benefit
anymore from the induced increase in foreign investment because of asymmet-
ries while domestic savings inherits the properties of output (and consumption)
which are only mildly affected by the presence of asymmetries.

5.2. Household sector parameters

Fig. 2 graphically displays how basic statistics change for different values of
the elasticity of substitution between market and household goods (e), the
capital share in the household production function (SK N), steady state hours in
the household technology (HN) and the contemporaneous correlation of market
and household disturbances (CNM).

The elasticity of substitution between market and household goods measures
the willingness of agents to move resources across sectors: the closer is e to 1, the
greater is the level of substitutability. The volatilities of market variables (except
investment) remain stable for various of ¢ up to 0.9 but raise dramatically as
e approaches 1. Such an increase is due to the more frequent transfer of
resources across sectors while the reduction in the volatility of investment is due
to the already discussed stabilizing effect that household production has on this
variable.

For low values of e the international investment correlation is about 0.5. As
e increases, the instantaneous response of investment to a household production
shock is larger, the convergence to the steady state slower and this lowers
investment correlations which turn negative for values of ¢ close to one.
Cross-country consumption correlations are nonmonotonically related to the
elasticity of substitution. For small values of ¢, consumption correlations are
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Fig. 2. Sensitivity analysis: Changing household production parameters. The first row shows the
effect of changing the elasticity of substitution between home and market goods (E) and the second
row the effect of changing the share of capital in the home production function (SKN). The third row
displays the effect of changing the steady-state hours worked at home (HN) and the fourth row the
effect of changing the intracountry correlation of the shocks (CNM). A **” denotes foreign variables.

high, as in the benchmark model. When the substitution effect dominates the
divergence of consumption paths across countries becomes larger and the
cross-country correlation decreases. However, for very high levels of e, the
correlation rises again. The combined effect of shocks on consumption and
investment makes the cross-country correlations of outputs covary positively
with e.

The capital share in household production function determines the relative
contribution of employment and capital fluctuations to output fluctuations: as
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this share increases employment fluctuations contribute less to output variabil-
ity and fluctuations of capital across sectors acquire a dominant role. Increasing
SKN reduces the volatility of investment since shocks that reallocate resources
between investment and consumption will also generate a higher need for
capital in the household sector. However, changes in the volatilities of net
exports and TOT are small. Disturbances that reallocate resources between
consumption and investment will also make cross-country investment correla-
tions higher since investment paths will be more similar. As the share of capital
increases, foreign investment decreases more and market consumption decrease
(increase) more in the home (foreign) country so that cross-country consumption
correlations are lower. Finally, changes in this parameter have almost no effects
on cross-country output correlations.

Increasing steady-state hours devoted to household activities should have
approximately the same effect of increasing the share of capital in the household
technology since in both cases the importance of the household sector in the
economy increases. As expected, the more important the household sector is, the
lower is the volatility of investment while no changes are evident in the
volatilities of other variables, in particular net exports and TOT. The qualitative
pattern of international comovements remains robust to changes in this para-
meter. Quantitatively as the importance of the household sector increases,
cross-country investment and output correlations increase and cross-country
consumption correlations decrease.

The contemporaneous correlation of market and household disturbances is
a measure of the technologica! incentive to shift resources across sectors. The higher
the correlation is, the lower is the incentive to shift resources across sectors, and
hence, the lower is the importance of the household sector in the economy. The
results of these experiments confirm previous outcomes: the more important the
household sector is, the smaller is the volatility of investment and the larger is the
volatility of market variables. In addition, low or negative values of this correlation
produce higher cross-country correlations of all variables but consumption.

In conclusion, results are robust to changes in the parameters of the house-
hold sector within a reasonable range. Only when the elasticity of substitution
between market and household goods approaches one is the relative ordering of
cross-country consumption and output correlations altered and the cross-coun-
try correlation of investment turns negative. Also, the volatility of net export and
TOT appears to be strongly insensitive to the size of these parameters. In
general, the more important the household sector is, the more satisfactory is the
performance of the model along the dimensions of interest.

5.3. Techological disturbances

Because the stochastic process for technological disturbances is not tied down
to the data we examine the robustness of the results to variations in persistence



F. Canova, A.J. Ubide [ Journal of Economic Dvnamics and Control 22 (1998) 545-572 567

and in the contemporaneous spillover parameters. The results of the investiga-
tion are reported graphically in Fig. 3.

More persistent shocks increase the volatility of market variables, including
net export and TOT, even though, relatively speaking, changes in the latter are
small. Also, there is a nonlinear effect on the cross-country output and invest-
ment correlations: on one hand, with more persistent shocks it takes more time
to compensate the productivity differentials induced by idiosyncratic distur-
bances and this lowers international correlations. On the other, when shocks
become more persistent the income effect dominates and both output and
investment correlations increase dramaticalily. Cross-country consumption cor-
relations are unaffected by changes in this parameter.
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Volatility measures are essentially unaltered by changes in the spillover
parameters. International correlations, however, change. When no spillovers are
present, a disturbance to household production causes domestic market con-
sumption to decrease while household consumption and investment increase.
The opposite occurs in the foreign country. With large spillovers consumption
paths across countries track each other more closely because the initial drop in
domestic consumption, induced by sectoral productivity differentials, is short
lived. The effect on investment is the opposite and for higher values of spillover
parameter the correlation across countries becomes negative as in the bench-
mark model. The cross-country correlation of outputs, on the other hand, is
nonmonotonically related to the contemporaneous spillover parameter.

Hence, the qualitative properties of the model are insensitive to alternative
specifications of the stochastic process for technological disturbances and only
extreme values of the persistence parameter (greater than 0.9) or the contempor-
aneous spillover parameters (greater than 0.1) alter the qualitative features of the
results.

5.4. Trade parameters

Finally, we examine whether results depend on alternative settings of the
import share (MS) and of the elasticity of substitution between local and
imported goods in the production of the final market good (p ™~ !). The results are
graphically reported in Fig. 3.

Variations in MS have no significant effect on the volatilities of market
variables, suggesting that the amplitude of the cycle does not significantly depend
on trade, but generate significant effects of the volatility of investment and imports.
As the share of imports increases, the increase in investment following positive
technology disturbances becomes larger since it is easier to import capital goods. As
a consequence, the volatility of net export also increases. From Fig. 3 it is clear that
this increase is more marked for MS larger than 0.25. The volatility of TOT is also
monotonically related to the import share increasing when MS increases, but even
in the extreme case of MS = 045, the volatility of TOT is only to 04.

International comovements are also affected by the degree of openness of the
countries. Increasing the import share affects the cross-country correlation of
investment which becomes negative for MS greater than 0.25. The cross-country
correlation of output is positively related to the import share, revealing the fact that
even though trade may not be a decisive factor for the amplitude of cycles it is
important for their international transmission. Similarly, because trade is mainly in
capital goods, cross-country consumption correlations decrease as MS increases.

Finally, variations in the import share have some effects on two other
correlations of interest. The correlation between the terms of trade and net
exports displays the S-curve property noted by BKK (1995) for values of the
import share in the range 0.10-0.35. For values of MS exceeding 0.35 an
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approximate tent-shape behaviour appears. The savings—investment correlation
is also affected by variations in the import share: the larger is MS, the less
dependent a country is on domestic resources, so that the correlation between
domestic savings and domestic investment decreases (down to 0.5 in the case of
MS = 0.45). Because empirically the import share is inversely related to the size
of the country, our results support the observation that the savings and invest-
ment correlation is higher for larger countries.

BKK (1993) show that the magnitude of p~! has important effects upon the
comovements of net exports and the terms of trade in standard models. Our
experiments indicate that varations of the elasticity of substitution in the final
market good technology over the range [0, 5] have no effects on the main
qualitative properties of the model. As we increase the complementarity of the
goods, the volatility of the terms of trade increases but not sufficiently to
produce values in the range of those observed in actual data. Also, the volatility
of net export is inversely related to p ™! since as p ' increases imports and
exports become more correlated. The relative ordering of international con-
sumption correlations is practically unaffected by changes in this parameters.
Quantitatively, the cross-country correlation of consumption and investment

increases with p '

6. Conclusions

In this paper we examine a two-country, two-good international RBC model
with household production. We argue that household production adds impor-
tant channels through which cyclical disturbances can be propagated both
domestically and internationally, channels which are missing in a model with
only a market technology, and can rationalize otherwise uninterpretable national
taste shocks which have been previously used in the literature (see e.g. Stockman
and Tesar, 1994).

We show that when both technology and household production shocks are
present the model replicates several characteristics of international business
cycles and account for previously unexplained features of the data. We also
discuss whether the introduction of asymmetries in the driving forces of the
model alters basic conclusions obtained with a symmetric process for the
disturbances and identify those parameters which may be crucial in determining
the sign and the magnitude of interesting statistics.

Despite the relative success of our modelling effort for the ‘quantity puzzie’
(see BKK, 1995). we are still unable to account for the ‘price puzzle’, i.e. the fact
that the volatility of the terms of trade in the model are so low relative to the
data. With our best specifications the standard deviation of the terms of trade is
still ten times smaller than the one of the actual data. We believe that the
introduction of additional sources of shocks, such as nominal disturbances, or of
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a imperfectly competitive environment, either nationally or internationally, will be
crucial in accounting for this additional aspect of international business cycles.

APPENDIX

BENCHMARK PARAMETER VALUES

B 6 1O r @

n

a b e MS 1/p

0.98 0.025 0.5

1.0 036 008 035

063 0.8 022 1.5

PROCESS FOR THE DISTURBANCES: BASIC EXPERIMENTS

¢ S1: Domestically correlated shocks without spillovers.

C MATRIX
AN1 AN2 AM1 AM?2 AN1 AN2 AM1 AM?2
AN1 | 0.835 0 0 0 AN1 | 0.007
AN2 0 0.835 0 0 AN2 0 0.007
AM1 0 0 0.835 [0} AM1 | 0.66 0 0.007
AM?2 (¢} 0] 0 0.835 AM?2 o] 0.66 0 0.007
e S2: Domestically and sectorially correlated shocks without spillovers.
C MATRIX CORRELATION MATRIX
AN1 AN2 AM1 AM2 AN1 AN2 AM1 AM2
AN1 {0835 0 0 4] AN1 | 0.007
AN?2 0 0.835 0 4} AN2 | 0.25 0.007
AM1 0 0 0.835 0 AM1 | 066 0 0.007
AM?2 0 o} 0 0.835 AM?2 0 0.66 0.25 0.007
¢ S3: Dommestic and sectorially correlated shocks with spillovers.
C MATRIX CORRELATION MATRIX
AN1 AN2 AM1 AM2 AN1 AN2 AM1 AM2
AN1 | 0.835 0 0 0 AN1 | 0.007
AN2 0 0.835 0 0 AN2 | 0.25 0.007
AM1 0 0 0.835 0.088 AM1 | 0.66 0 0.007
AM2 0 0 0.088 0.835 AM2 0 0.66 0.25 0.007

¢ EI: One way spillovers in both technologies.

PROCESS FOR THE DISTURBANCES: EXPERIMENTS WITH ASYMMETRIES

C MATRIX CORRELATION MATRIX
ANl AN2 AM1 AM2 AN1 AN2 AM1 AM:2
AN1 | 0.835 0 0 0 AN1 | 0.007
AN2 0 0.835 0 0 AN2 | 0.25 0.007
AM1 | 0.088 0 0.835 0.088 AM1 | 0.66 0 0.007
AM?2 0 0 0 0.835 AM2 0 0.66 0.25 0.007
o E2: One way spillovers, stronger in market technology.
C MATRIX CORRELATION MATRIX
ANl AN2 AM1 AM2 ANl AN2 AM1 AM2
AN1 [ 0835 0 0 0 AN1 | 0.007
AN2 0 0.835 0 (V] AN2 | 0.25 0.007
AM1 | 0.004 0 0.835 0.088 AM1 | 0.66 0 0.007
AM2 0 0 0 0.835 AM?2 0 0.66 0.25 0.007

On the main diagonal of the correlation matrix are standard deviations, on the lower half correlations.
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